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Abstract
AIM: To systematically review economic evaluations in gastroenterology, relating to

Brazil, published between 1980 and 2013.

METHODS: We selected full and partial economic evaluations from among those
retrieved by searching the following databases: Medline (PubMed); Excerpta Medica; the
Latin American and Caribbean Health Sciences Literature database; the Scientific
Electronic Library Online; the database of the Centre for Reviews and Dissemination;
the National Health Service (NHS) Economic Evaluation Database; the NHS Health
Technology Assessment database; the Health Economics database of the Brazilian
Virtual Library of Health; Scopus; Web of Science; and the Brazilian Network for the
Evaluation of Health Technologies. Two researchers, working independently, selected

the studies and extracted the data.

RESULTS: We identified 538 health economic evaluations relating to Brazil and
published in the 1980-2013 period. Of those 538 articles, only 40 dealt with
gastroenterology. Full and partial economic evaluations respectively accounted for 23
(57.5%) and 17 (42.5%) of the 40 studies included. Among the 23 full economic
evaluations, there were 11 cost-utility analyses, seven cost-effectiveness analyses, four
cost-consequence analyses, and one cost-minimization analysis. Of the 40 studies, 25
(62.5%) evaluated medications; 7 (17.5%) evaluated procedures; and 3 (7.5%) evaluated
equipment. Most (55%) of the studies were related to viral hepatitis, and most (63.4%)
were published after 2010. Other topics included gastrointestinal cancer, liver
transplantation, digestive diseases and hernias. Over the 33-year period examined, the
number of such economic evaluations relating to Brazil, especially of those evaluating

medications for the treatment of hepatitis, increased considerably.

CONCLUSION: Further studies are needed in order to ensure that expenditures on

health care in Brazil are made as fairly and efficiently as possible.

Key words: Costs and cost analysis; Cost-benefit analysis; Health care costs;

Gastroenterology; Brazil



Core tip: The volume and scope of economic evaluations relating to Brazil remain
unknown. To improve understanding of what studies are available as inputs for
resource-allocation decisions, as well as of how that body of knowledge can be
expanded, we conducted a systematic review of such economic evaluations. Although
there have been many economic evaluations related to gastroenterology in Brazil, most
have analyzed medications for the treatment of viral hepatitis. In most cases, decisions
to incorporate new technologies into the public health care system were made before
such studies were conducted and were therefore not based on local cost-effectiveness

analyses.



INTRODUCTION

In addition to safety and efficacy, economic considerations have increasingly been taken
into account in decisions regarding the use of health care technologies. Health economic
evaluations typically draw comparisons between and among alternative treatments,
devices and health programs, in terms of their costs and consequences. Such studies
analyze data regarding clinical effectiveness, in relation to cost. Although most health
economic evaluations examine only the direct costs of a technology —those related to
medications, services and hospitalization—some take a broader approach, also
evaluating the indirect costs—those related to lost productivity (on the part of the
patients and caregivers), as well as to other aspectsl(!]

In a number of countries, the decision-making process regarding the reimbursement
for and incorporation of new technologies have been informed by health economic
evaluations. In Brazil, the performance of such evaluations has been an obligatory part
of the process of incorporating new technologies into the Brazilian Sistema Unico de
Saiide (SUS, Unified Health Care System), as mandated by Federal Law no. 12,401, since
2011. However, health economic evaluations have been conducted in Brazil since the
1980s. One recent study demonstrated that, as of 2009, Brazil had produced more health
economic evaluations than had any other country in South Americal2l.

In the field of gastroenterology, economic evaluations are performed in order to
evaluate or compare new alternative medications, surgical techniques, diagnostic tests
or procedures. Now-classic studies include that in which omeprazole was shown to be
more cost-effective than ranitidine in the treatment of gastroesophageal reflux!®, as well
as those demonstrating that it was more cost-effective to eradicate Helicobacter pylori
than to provide symptomatic treatment to H. pylori-positive patients with suspected
peptic ulcer diseasel*>!.

Knowledge of economic evaluations related to gastroenterology can help health care
professionals make better choices from among the available technologies and can help
researchers identify segments in which there is a need for further studies. It is

incumbent upon researchers to identify technologies that have already been assessed
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and to understand the relationship between the emergence of new technologies (clinical
or surgical) and the need for specific studies. Such knowledge also provides health care
managers with additional input that can be used in the decision-making processes
related to the incorporation of new technologies into a health care system.

The volume and scope of economic evaluations relating to gastroenterology in Brazil
remain unknown. To gain a better understanding of what kind of research is available
as input for resource-allocation decisions, as well as of how that body of knowledge can

be expanded, we conducted a systematic review of such economic evaluations.
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METHODS

We conducted this review, which is specific to gastroenterology and to Brazil, in
accordance with the guidelines for systematic review of economic evaluations published
by the UK National Health Service (NHS) Centre for Reviews and Disseminationl[¢l. The
methodology of the systematic review and the search strategy have been detailed
elsewherel’l. In brief, we searched multiple databases, including Medline (PubMed);
Excerpta Medica; the Latin American and Caribbean Health Sciences Literature database;
the Scientific Electronic Library Online; the database of the Centre for Reviews and
Dissemination; the NHS Economic Evaluation Database; the NHS Health Technology
Assessment database; and Health Economics database of the Brazilian Virtual Library of
Health. The last three sources are repositories of economic evaluations. We searched the
citation indexes: Scopus; Web of Science; and the Brazilian Network for the Evaluation
of Health Technologies, a bibliographic database of Brazilian health technology
assessment studies. We also performed hand searches of the Brazilian Journal of Health
Economics, which is not indexed for any of the previously mentioned databases. All
searches were limited to the 1980-2013 period.

Articles were included if they were partial or full economic evaluations, according to
the classification devised by Drummond et all®], if they dealt with gastroenterology, were
conducted in or related to Brazil, and if at least one of the authors was affiliated with an
institution in Brazil. We defined partial economic evaluations as those that examined
only costs (cost description studies), described the costs of a particular disease to society
(cost-of-illness studies), described the costs and consequences of a single service or
program (cost-outcome description studies), or compared two or more interventions
only in terms of their costs (cost analyses). Studies were considered full economic
evaluations if they compared the costs and consequences of two or more health care
interventions or alternatives, designs including cost-consequences analysis, cost-
minimization analysis, cost-effectiveness analysis, cost-utility analysis and cost-benefit
analysis.

The titles and abstracts of identified citations were screened for relevance by two

11



independent reviewers. The full texts of “relevant” and “potentially relevant” articles
were retrieved and evaluated independently by both reviewers. From each of the
selected studies, two reviewers independently extracted data on the year and journal of
publication; type of economic evaluation; the category of technology assessed
(medications, vaccines, equipment, clinical practices, surgical techniques, diagnostic
procedures, public health programs or health promotion programs); the purpose of the
technology assessed (treatment, prevention, screening or diagnosis); the category of
health problem studied (according to the tenth revision of the International
Classification of Diseases); the type of affiliation of the first author (academia,
government, research institute, health organization, consultancy, pharmaceutical
industry, equipment industry or international body); the geographical location of the
first author; and conflicts of interest, as defined by Valachis et alll. Disagreements
regarding the extracted data were resolved by consensus or through consultation with a
third reviewer. We summarized the characteristics of the selected articles and evaluated

them using narrative synthesis.

12



RESULTS

Characteristics of the studies

We identified 535 health economic evaluations relating to Brazil and published in the
1980-2013 period (Figure 1). Of those 535 articles, only 40 dealt with gastroenterology,
the first of those having been published in 1982. Partial and full economic evaluations
respectively accounted for 17 (42.5%) and 23 (57.5%) of the articles selected. Of the 23
full evaluations, 11 were cost-utility analyses, seven were cost-effectiveness analyses,
four were cost-consequences analyses and one was a cost-minimization analysis. Of the
17 partial evaluations, nine were cost analyses, seven were cost-description studies, and
one was a cost-outcome description study (Figure 2). Over the period under study, there
was an increase in the frequency of such economic evaluations (Figure 3), five articles
being published in the 1980s, only one being published in the 1990s, 14 being published
in the 2000s and 19 being published after 2010.

The majority (90%) of the selected studies evaluated technologies that are employed
in the treatment of diseases of the gastrointestinal tract. There were two studies
evaluating diagnostic technologies and one evaluating a technology for the prevention
of viral hepatitis. Twenty-five studies evaluated medications; seven evaluated clinical or
surgical procedures; three evaluated equipment; and one evaluated vaccines. There
were four studies that evaluated more than one technology simultaneously.

The first authors of the selected articles had the following types of affiliations:
academia, in 33 studies; health care facilities, in four; consultancy, in two; and industry,
in one. There were only four articles in which the authors declared conflicts of interest,
all related to funding provided by industry or consultancy sources. However, when we
evaluated the articles using the criteria proposed by Valachis et alll, we identified
conflicts of interest in four other studies. In three of those four articles, the authors had
declared no conflicts, whereas the remaining article contained no conflict of interest
statement. According to the published statements of financial support, six of the 40
studies received financial support from industry sources, seven received financial

support from funding agencies, and two received no funding from external sources. The
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remaining 25 articles contained no information regarding financial support.

Of the 40 institutions at which the studies were conducted, 30 were located in
southeastern Brazil, nine were located in southern Brazil and one was located in
northeastern Brazil. The majority (67.5%) of the selected studies were published in
national journals. For the period evaluated, as a whole, the mean impact factor of the
journals in which the studies were published was 1.57 + 0.66. For the 2000-2005 period,
the mean impact factor was 2:09, compared with 1.38 for the 2006-2010 period and 1.53
for the 2011-2013 period (Figure 4).

Subtypes of economic evaluations in gastroenterology
We analyzed the type of disease addressed in the economic evaluations under study. On
that basis, we divided the studies into three main groups, by topic (Figure 3):

gastrointestinal cancer; viral hepatitis; and other.

Gastrointestinal cancer

We identified five economic evaluations related to gastrointestinal cancer: four related
to colorectal cancer (three dealing with the metastatic form); and one related to
esophageal cancer. All five studies evaluated treatments, and three were full economic
evaluations. Funding from the pharmaceutical industry was reported in only one of the
five studies.

The first of the five studies was published in 2001 and evaluated palliative treatment
for advanced esophageal cancer, comparing the costs of using a self-expanding metallic
stent with those of esophageal bypass(l?l. The authors concluded that endoscopic
treatment of dysphagia was as effective as was surgical bypass and could be performed
at a lower cost.

A cost-description study, published in 2010, evaluated the costs of hospitalizations
related to colorectal cancer in Brazil, drawing upon data obtained from the Information
Technology Department of the Brazilian Unified Health Care Systeml*! The study
showed that such costs increased from US$16.5 million in 1996 to US$33.5 million in
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2008.

The first of the three economic evaluations of metastatic colorectal cancer in Brazil,
published in 2008, was a partial evaluation, a cost analysis comparing the various first-
line chemotherapy treatments. The authors of that study concluded that chemotherapy
regimens containing capecitabine, especially capecitabine plus oxaliplatin, are less
expensive than are those containing 5-fluorouracil and leucovorin{!l. The next of those
studies, published in 2012, also compared first-line chemotherapy treatments for
metastatic colorectal cancer.[?l That study was a cost-effectiveness analysis comparing 5-
fluorouracil plus leucovorin, followed by irinotecan, versus oxaliplatin, 5-fluorouracil
and leucovorin, followed by irinotecan, 5-fluorouracil and leucovorin. The two
strategies provided estimated gains of 0.17 and 0.91 life-years (LYs), respectively, in
comparison with support, the incremental cost-effectiveness ratios (ICERs), in Brazilian
reals (R$), being R$50,504 and R$73,626, respectively, per LY gained. When comparing
the new and previous strategies, the authors found the gain to be 0.74 LYs, with an ICER
of R$78,188 per LY gainedI['2l.

The last of the studies dealing with the treatment of metastatic colorectal cancer was
a cost-utility analysis comparing two chemotherapy regimens, modified 5-fluorouracil,
leucovorin and oxaliplatin (mFLOX) and modified 5-fluorouracil, folinic acid and
oxaliplatin (mFOLFOX6). Over a 20-week period of treatment, the cost of the mFLOX
regimen was R$9,000, compared with R$22,000 for the mFOLFOX6 regimen. The
effective gain for the mFOLFOX6 regimen was 0.117 QALYs, with an ICER of R$110,344
per QALY gained[13l.

Viral hepatitis

Of the 40 studies evaluated, 19 dealt with technologies related to the treatment of viral
hepatitis. Those studies were published more recently phase, the first in 2007 and the
majority (14 of the 19) after 2010. Of those 19 studies, 14 evaluated medications for the
treatment of hepatitis, one evaluated a vaccine, one evaluated a piece of diagnostic

equipment and three evaluated multiple technologies (combinations of procedures,
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medications and diagnostic equipment). Most of the studies (15 of the 19) were full
economic evaluations. Eleven of the articles dealt with hepatitis C, and eight dealt with
hepatitis B.

The study published in 2007 was a cost-of-illness study showing that, if hepatitis B
was left untreated, the related health care expenditures rose in parallel with advances in
the stage of the diseasell. Of the studies evaluated, the first to evaluate the treatment of
hepatitis B was a cost-utility analysis, published in 2008, comparing lamivudine and
entecavirl!®l. The authors concluded that entecavir reduced the incremental cost per
QALY gained, making it the more cost-effective option for the treatment of hepatitis B.
A cost-effectiveness analysis published in 2011 compared interferon and lamivudinel19],
the result being that interferon proved to be the more cost-effective therapeutic option
for the treatment of hepatitis B. Another economic evaluation of hepatitis B treatments
compared the cost-effectiveness of telbivudine with that of lamivudinell”l, showing that
the latter was more cost-effective. Studies evaluating the use of nucleoside analogues as
treatments for hepatitis B in Brazil began to be published in 2013[18], evaluating the cost-
effectiveness of entecavir and tenofovir. Only one of those studies was a cost-utility
analysis, the findings of which were favorable to tenofovir(’l. However, a cost-
effectiveness analysis, published in the same year, showed that lamivudine was the
more cost-effective option(20l.

Of the 11 economic evaluations related to hepatitis C in Brazil, the first, published in
2008, analyzed the cost-effectiveness of diagnostic methodsl?!l. The first such article
dealing with treatment, published the following year, evaluated the cost-effectiveness of
treatment with pegylated interferon (peginterferon) alpha-2b in comparison with that of
ribavirin[?2l. There were a number of subsequent economic evaluations related to the
treatment of hepatitis C in Brazil, all of which were based on the use of peginterferon!-
28], In all of those studies, treatment with peginterferon proved cost-effective. A budget
impact analysis, published in 2011, evaluated the treatment of hepatitis C in patients
who are candidates for kidney transplantation[?4l. In 2012, Blatt et all26] published a study

evaluating the use of ribavirin in combination with interferon alpha, peginterferon
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alpha-2a or peginterferon alpha-2b, comparing the three combinations in terms of the
microeconomics of their use in the treatment of hepatitis C[?¢l. In addition, there were
two studies that analyzed the cost-effectiveness of including hepatitis C patients who
are slow responders to treatment with peginterferon, both studies showing that to be a

cost-effective strategy for the public health care system in Brazil[27.28].

Other topics

The first economic evaluations related to gastroenterology in Brazil, published in the
1980s, dealt with therapeutic approaches to epigastric hernial®! and peptic ulcers[30311.
More recently, there were three economic evaluations that dealt with liver
transplantation3234l. Of those three studies, two were cost-description studies based on
retrospective analyses of medical records; and one was a cost analysis comparing the
costs of living donor liver transplantation with those of deceased donor liver
transplantation33. The remaining studies were related to a variety of topics:
inflammatory bowel diseasel353¢]; colonic diseases!®’38]; the equipment used in patients
undergoing colostomy or ileostomy!%]; appendicitis?l; and peritonitis*ll. There was
only one study comparing the costs of surgical procedures—laparoscopic versus
conventional appendectomy*)l. As would be expected, the authors found that the
minimally invasive (laparoscopic) procedure had a higher cost. One study, comparing
the costs of nutritional therapy provided in the hospital with those of that provided in
the home environment*?l, showed that the home therapy model allowed a savings of

US$3,132 per patient.
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DISCUSSION

Overview

In various countries, economic evaluation has become an integral part of the decision-
making processes related to the incorporation of and reimbursement for the use of new
technologies, primarily new medications. In gastroenterology, the medications with the
highest costs are chemotherapy agents used for the treatment of gastrointestinal cancer,
antiviral agents used for the treatment of hepatitis and immunosuppressants used in
solid organ transplant recipients. Therefore, it is expected that these technologies would
give rise to further studies seeking evidence to support the incorporation of these high-
cost medications into the public health care system and to justify their use in the private

system.

Hepatitis
In Brazil, the reported prevalence of hepatitis C in the general population is 0.28-
1.42%143], and 75-85% of all cases progress to the chronic form. The successful treatment
of hepatitis C (achieving a sustained virological response) is associated with a better
prognosis, reducing the rate of evolution to end-stage liver disease and consequently the
need for liver transplantation(?8l. Initially, the treatments available for hepatitis C were
based on the use of conventional interferon in combination with ribavirin. With the
introduction of peginterferon and the advent of studies demonstrating its greater
efficacyl?¢l. Because it is an expensive medication, petitions were filed with the judicial
system in Brazil, seeking public funding for its use. In 2006, peginterferon alpha-2 was
the fifth most requested medication through such petitions!#4. Soon thereafter, the use of
peginterferon alpha-2 was incorporated into the standard practices of the SUS. Although
economic evaluations of treatment with peginterferon alpha-2 in Brazil were published
only after its incorporation into the standard practices of the public health care system,
those studies have shown that it is cost-effective at the national level.

Treatment of hepatitis C with the protease inhibitors telaprevir and boceprevir has

now also been incorporated into the standard practices of the SUS. Triple therapy —the
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association of one of those protease inhibitors with peginterferon and ribavirin—is
becoming the standard treatment for viral hepatitis, further increasing the cost of
treatment. To our knowledge, there have as yet been no analyses of the cost-

effectiveness of this new treatment option in Brazil.

Cancer

In the field of oncology in Brazil, we observed a predominance of publications related to
chemotherapy in patients with metastatic colorectal cancer, as was expected, given the
prevalence of the disease. Colorectal cancer is the second most prevalent type of cancer
worldwide. In Brazil, approximately 30,000 new cases are diagnosed each year, and 24 %
of those cases are already metastatic at diagnosis®>l. The use of the various
chemotherapy regimens, all aimed at increasing survival in such patients, often results
in a significant increase in costs. Oncology studies have attempted to determine the
most cost-effective options for the treatment of metastatic colorectal cancer to be
incorporated into the standard practices of the SUS.

In Brazil, chemotherapy is provided at hospitals and accredited oncology clinics,
which provide the medications to the patients and are subsequently reimbursed by the
SUS. Beginning in 2010, the reimbursement values for the treatment of metastatic
colorectal cancer were revised and new therapeutic regimens were incorporated(12l. It
then became possible to prescribe regimens such as FOLFOX and the combination of
folinic acid, 5-fluorouracil and irinotecan. performed were after that date, comparing the
new arrangements with existing ones. It is unlikely that the decision to incorporate the
new treatments was based on local cost-effectiveness analyses, given that there were no

economic evaluations of such treatments published before 2010.

Other topics
The studies on the costs of liver transplantation in Brazil identified here were partial
economic evaluations. Transplantation is the only therapeutic option for the treatment

of end-stage liver disease. It is highly complex procedure, associated with high hospital
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costs, implying high costs to the public health care system. The economic evaluations
performed were the basis for setting the reimbursement values for this procedure.

The remaining studies were heterogeneous in their focus and reflect the evolution of
technologies, from the initial studies for the treatment of peptic ulcer to more recent

studies evaluating minimally invasive therapies.
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CONCLUSION

Although there have been a significant number of economic evaluations related to
gastroenterology in Brazil, most have focused on the analysis of medications for the
treatment of viral hepatitis. In addition, a temporal evaluation of the implementation of
the studies showed that these were published after the incorporation of those
technologies into the public health care system, which should, ideally, be based on prior
economic evaluation.

In the field of gastroenterology, there are currently a number of new technologies
that merit evaluation in order to shape the direction of future investments. Minimally
invasive surgery is a rapidly expanding area and involves the use of expensive,
increasingly specialized, equipment, including the use of robotics. With increasing
frequency, such equipment is employed in simple procedures such as cholecystectomy
and hernia surgery, although its use is advancing at a more rapid pace in procedures
that are more complex and costly, such as cancer and liver surgery.

Another area in which there is a lack of economic evaluations is that of endoscopy.
Endoscopic procedures are no longer used solely for diagnosis, having a variety of
therapeutic applications, such as the resection of polyps and the palliative treatment of
cancer. To our knowledge, there have been no economic evaluations is the field of
endoscopy in Brazil.

Therefore, it is evident that, although there have been a number of economic
evaluations related to gastroenterology in Brazil, there should be a push for further
studies of this kind, so that expenditures on health care in Brazil are made as fairly and

efficiently as possible.

COMMENTS

Background

Economic evaluations in gastroenterology evaluate or compare medications, surgical
techniques, diagnostic tests or procedures. The volume and scope of economic

evaluations relating to gastroenterology in Brazil remain unknown.
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Research frontiers

New technologies in the field of gastroenterology, such as minimally invasive surgery
(including the use of robotics), merit detailed evaluation in terms of their cost-
effectiveness in simple procedures, such as cholecystectomy and hernia surgery, as well
as in those that are more complex and costly, such as surgical procedures used in the
treatment of cancer and liver disease.

Innovations and breakthroughs

We identified certain trends among economic evaluations related to gastroenterology in
Brazil, most of which have focused on the analysis of medications for the treatment of
viral hepatitis. In addition, a temporal evaluation of the implementation of the studies
showed that many were published after the incorporation of those technologies into the
public health care system, which should, ideally, be based on prior economic evaluation.
Furthermore, studies on the costs of liver transplantation in Brazil appear to have been
predominantly partial, rather than full, economic evaluations. Moreover, although triple
therapy —the combination of a protease inhibitor with peginterferon and ribavirin—is
becoming the standard treatment for viral hepatitis in Brazil, there have as yet been no
analyses of the cost-effectiveness of this new treatment option in the country.
Applications

Our data should prompt researchers in Brazil to conduct additional economic
evaluations related to gastroenterology, attempting to bridge the knowledge gaps that
exist at the present time.

Terminology

We considered two broad categories of economic evaluations, partial and full. Partial
economic evaluations were designated “cost description studies” (those that examined
only costs), “cost-of-illness studies” (those that described the costs of a particular disease
to society), “cost-outcome description studies” (those that described the costs and
consequences of a single service or program) or “cost analyses” (those that compared
two or more interventions only in terms of their costs). Full economic evaluations (those

that compared the costs and consequences of two or more health care interventions or
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alternatives) were designated “cost-consequences analyses”, “cost-minimization

analyses”, “cost-effectiveness analyses”,

analyses”.

“cost-utility analyses”,

or

“cost-benefit
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Figure legends

Figure 1 Flow diagram of the process for the selection of economic
evaluations in gastroenterology related to Brazil, 1980-2013.

EMBASE: Excerpta Medica; LILACS: Latin American and Caribbean Health Sciences
Literature; SciELO: Scientific Electronic Library Online; NHS EED: (United Kingdom)
National Health Service Economic Evaluation Database; HTA: Health Technology
Assessment; BVS ECOS: Biblioteca Virtual em Satide Economia da Saiide (Health Economics
[database] of the [Brazilian] Virtual Library of Health); Bireme: Biblioteca Regional de
Medicina (Regional Library of Medicine); JBES: Jornal Brasileiro de Economia da Satide
(Brazilian Journal of Health Economics); SISREBRATS: Sistema de Informagdo da Rede
Brasileira de Avaliacdo de Tecnologias em Satide (Brazilian Network for the Evaluation of

Health Technologies); EES: economic evaluation study.

Figure 2 Number of economic evaluations in gastroenterology related
to Brazil, by type, 1982-2013.

CUA: cost-utility analysis, CCA: cost-consequence analysis, CEA: cost-effectiveness
analysis, CMA: cost-minimization analysis, CD: cost description, CA: cost analysis,

COD: Cost-outcome description.

Figure 3 Number and proportional distribution of economic
evaluations in gastroenterology related to Brazil, by publication date and theme,

1982-2013.

Figure 4 Means and standard deviations for Journal Citation Report
impact factors among economic evaluations in gastroenterology related to Brazil, by

year of publication, 2000-2013.
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