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Abstract

The drug thalidomide has resurged in the world market under restrictive conditions for mar-
keting and use. In Brazil, there are still cases of pregnant women using thalidomide even
after the implementation of laws that regulate the control of use (Law No. 10.651/2003 and
Collegiate Board Resolution No. 11/2011). The objective of this study was to discuss the
control of thalidomide use in Brazil, based on a scoping review of the scientific literature,
documents, and data from the Ministry of Health. A total of 51 studies and documents
related to the following subthemes were selected: (1) organization of access and use of tha-
lidomide in the health system; (2) epidemiological and population characteristics of people
affected by leprosy; and (3) occurrence of pregnancy and cases of embryopathy with the
use of thalidomide. The results showed that Brazil has no unified information database
about thalidomide patients. Furthermore, there is inconsistency in the accreditation of public
health centers that dispense this medicine, in a country that has a high consumption of tha-
lidomide in the Unified Health System. A large part of this amount of dispensed medicine is
intended for the treatment of erythema nodosum leprosum, mainly in the North, Northeast,
and Central-West regions of the country, which are endemic for leprosy. This disease is the
only one among the clinical indications of the medicine approved in Brazil that does not
have a Clinical Protocol and Therapeutic Guidelines. The control of thalidomide use in Brazil
presents historical regulatory failures. These are currently linked to the organization and
structure of primary healthcare in the country, as well as to the lack of leadership of the Min-
istry of Health and National Health Surveillance Agency when it comes to managing the pro-
cess of control of this use.

Introduction

Thalidomide was discovered by Wilhelm-Kunz in 1953 in Germany, and it was synthesized by
the Chemie Griinenthal lab in 1954. Testing in animals showed sedative and hypnotic effects
and a lack of undesirable effects on the day after its consumption. Testing also showed the
absence of a relevant lethality rate, even when high doses were used. In 1956, the lab
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extrapolated the results to humans and printed informative leaflets discriminating a series of
therapeutic indications for thalidomide: irritability, lack of concentration, panic state, prema-
ture ejaculation, premenstrual syndrome, fear of being examined, functional disorders of the
stomach and the gall bladder, febrile infectious diseases, light depression, anxiety, hyperthy-
roidism, and tuberculosis; such leaflets also advocated its use by pregnant women [1,2]. In the
following year, Chemie Griinenthal promoted a variety of advertisement campaigns focusing
on doctors and pharmacists around the world, and the medicine quickly reached the market
in more than 46 countries, including Brazil, under various brand names [1,3,4].

Because of the great sales success, in 1958, a beverage company Distillers Biochemicals Ltd
(DBCL) became a distributor of the medicine too. At the beginning of the sales in Great Brit-
ain, the lack of toxicity was used as a sale argument for the substitution of barbiturates for tha-
lidomide, especially for pregnant women. In 1959, however, reports of newborn children with
malformations emerged. Nonetheless, only in 1961, 2 pieces of research associated 34 cases of
newborn children with malformations to the use of thalidomide by pregnant women in Ger-
many. Similarly, in Australia, McBride presented 2 other studies that identified anomalies in
various organs, called embryopathy [1,5].

Chemie Griinenthal withdrew the medicine from the market between the years of 1961 and
1963 in multiple countries after the researches were published. However, it is estimated that in
this period around 10,000 children were born with congenital defects in the whole world; the
number of abortions caused by the drug is unknown. The main identified defects were in the
limbs, heart, ears, and eyes [2,5-7]. The identification of children with embryopathy resulting
from the effects of thalidomide follows some essential patterns, which differentiates it from
other congenital diseases. Specifically, this phenotype is defined as any bilateral upper and/or
lower limb reduction defect of the preaxial and/or phocomelia types [3,8,9].

Controlled use of thalidomide has been an internationally important subject, since the late
1950s, when thousands of babies became victims of teratogenicity. Thalidomide toxicity trig-
gered investments in the public sector and the pharmaceutical industry to promote greater
safety and monitoring of drug production, marketing, and use [8,10,11]. Sixty years later, can
we confirm that lessons have been learned and that the population is protected from this type
of tragedy? Recent cases of pregnant women using thalidomide in Brazil indicate that the con-
trolled use of thalidomide needs further attention.

Beginning in 1998, countries such as the United States of America started to follow patients
who took thalidomide using computerized monitoring systems that were created by pharma-
ceutical companies. Although thalidomide has been approved for the treatment of erythema
nodosum leprosum (ENL), the largest volume of distribution was registered for use in treating
multiple myeloma (MM) [12,13]. Several European countries and Japan have also recorded
MM as the primary use for thalidomide [14,15].

In Brazil, thalidomide is indicated for the treatment of ENL, aphthous ulcers in patients
with HIV-AIDS, graft-versus-host disease, lupus erythematosus, MM, and myelodysplastic
syndrome [16]. The treatment for patients affected by these diseases is overseen by the Unified
Health System (Sistema Unico de Satide [SUS]) [17], which requires treatment to be organized
following country regulations.

Leprosy is a public health issue that is hard to eliminate in Brazil, which is currently the sec-
ond country in number of cases. The treatment prescribed in Brazil is the same one recom-
mended by the World Health Organization (WHO), and it is offered for free by the SUS. Over
the years, it is possible to observe that there has been, however slow, a tendency toward the
diminishing in the incidence and prevalence of leprosy. The elimination of leprosy as a public
health problem was achieved worldwide in 2000, based on the WHO Global Strategies
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introduction, implemented since the multidrug therapy introduction in the 1990s. Brazil, how-
ever, did not achieve the overall goal of less than one case per 10,000 inhabitants by 2015 [18-
20].

The most recent WHO strategy (2016-2020) for eliminating leprosy is aimed at early detec-
tion and immediate treatment. This strategy was elaborate to achieve a long-term “leprosy-free
world.” This refers to a situation wherein the community is free of morbidity, disabilities, and
social consequences due to leprosy. Thus, the goal is to achieve zero disabilities in children
diagnosed with leprosy, to have a Grade 2 Disability (G2D) rate of less than 1 case per million
inhabitants, and to prevent any country from discriminating against a person with leprosy.
For this reason, in countries where leprosy is endemic, the strengthening of government part-
nerships is crucial [19].

The interest for this study came about as a result of the limited number of analyses of the
potential flaws in the control process of the use of thalidomide and of the factors that influence
this challenging scenario in developing countries.

This article will discuss the control of thalidomide use in Brazil based on an analysis of the
access regulation, the thalidomide consumption and distribution profile in the SUS, the epide-
miological profile and population characteristics of leprosy, cases of embryopathy, and the
occurrence, context, and consequences of thalidomide use during pregnancy.

Methods

This study was designed to be a scoping review. This technique consists of “mapping” relevant
studies in a specific area of interest and identifying the main concepts, theories, sources of evi-
dence, and research gaps. The goal of a scoping review is to generate a broad understanding of
the phenomenon being analyzed through systematic selection, collection, summarization of
knowledge, and analytical interpretation. It is, therefore, an ideal technique to address ques-
tions that use various research methodologies [21]. Despite the broader design than that of a
classic systematic review, our study of scoping review was submitted to a quality review
according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
criteria [22].

All articles published in PubMed, Web of Science, and the Thesis & Dissertations Catalog
of Coordination for the Improvement of Higher Education Personnel (CAPES) databases
were searched on October 14, 2018. The Latin American and Caribbean Health Sciences Liter-
ature (LILACS) database was searched on February 16, 2019. All searches used the indexed
descriptor “thalidomide” and retrieved 19,422 and 244 articles, respectively. The Scientific
Electronic Library Online (SciELO) database was searched on March 30, 2019, using the
indexed descriptors and their Portuguese version, “leprosy,” combined with “socioeconomic
factors,” “socioeconomic,” “primary health care,” and “erythema nodosum.” A total of 42 arti-
cles were retrieved from this search.

The inclusion criteria defined in the selection were studies that worked with topics related
to the following subthemes, in the Brazilian context: (1) organization of access to and use of
thalidomide in the health system; (2) epidemiological and population characteristics of people
with leprosy; and (3) occurrence of pregnancy and cases of embryopathy with the use of thalid-
omide. Clinical trials, pharmacokinetic studies, studies that dealt with international policies,
duplicate or inaccessible studies, congress annals, and abstracts were excluded.

The following types of documents were also consulted: (1) Brazilian laws related to the reg-
ulation of thalidomide; (2) epidemiological data from the Notifiable Diseases Information Sys-
tem (Sistema de Informagio de Agravos de Notificagio [SINAN]); (3) epidemiological bulletin
of the Ministry of Health (MoH) and WHO; and (4) protocols, manuals, and books published
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by the MoH and WHO that refer to public policies governing access to basic care, caring for
leprosy patients, pharmaceutical assistance, and treatments using thalidomide. In addition,
thalidomide consumption data were collected from the MoH, as allowed under the Access to
Information Law (No. 12.527/2011).

In total, 51 documents met the inclusion criteria (Fig 1). This included 23 articles published
in scientific journals [1,8,9,11,23-41], 3 postgraduate studies sensu stricto [3,4,10], 6 protocols,
manuals, or books published by the MoH and WHO [18-20,42-44], 1 epidemiological bulletin
[45], 13 laws [17,46-57], data from 2 databases of the MoH [58,59], and content from 3 inter-
net sites with the domain “.org” [60-62]. Secondary data are subject to underreporting and fail-

ures af recording systems.

Results

Organization of access to thalidomide in the health system

In 1958, thalidomide entered the Brazilian market for the treatment of several clinical condi-
tions. It remained on the market until 1962 when its marketing was suspended because of tera-
togenicity cases [10]. In 1965, the use of thalidomide in Brazil was approved for the treatment
of ENL [23]. However, regulations that outlined the control of thalidomide use in the country
were published decades later. They regulated the registration, production, manufacture, mar-
keting, exposure to sale, prescription, and dispensing of thalidomide-based drugs (Decree No.
354/1997), and substances and medicinal products (including thalidomide) that are subject to
special control (Decree No. 344/1998) [46,47].

In 2003, a law that requires mandatory control and supervision of thalidomide use in Brazil
(Law no. 10.651) was promulgated and determined that the thalidomide use is subject to spe-
cial control and sanitary supervision rules published by the National Health Surveillance
Agency (Agéncia Nacional de Vigildncia Sanitdria [ANVISA]). This law also enabled the refor-
mulation of the decree that regulated the thalidomide in 1997 (Decree No. 354/1997) to the
current Resolution of the Board (RDC) of the ANVISA (RDC No. 11, dated 03/22/2011). The
publication of this legislation reflected the articulation of civil society and was based on the
regulatory processes of other countries. In the end, this resulted in shared responsibility
between public laboratories, health managers including MoH and ANVISA, health profession-
als, and patients [17,48].

Following the implementation of these regulations, the organization of access to thalido-
mide in the SUS is as follows: (1) the drug is produced exclusively by a public laboratory and
purchased in a centralized manner by the MoH, to be made accessible solely through those
programs available in the SUS; (2) the MoH began distributing thalidomide to the State Health
Secretariats in accordance to the consumption in the public healthcare system; (3) the state’s
Pharmaceutical Services became responsible for distributing thalidomide to public facilities
that possessed valid accreditation, as well as maintaining the patient registry and forwarding
their data to the MoH national bank. The RDC allows records to be manual or computerized;
(4) thalidomide became dispensed only by a pharmacist, who is responsible for all activities
related to the pharmaceutical service within the accredited public health centers; (5) the patient
is required to present a “thalidomide prescription notification” and a “clarification and
responsibility term” at the time of drug dispensing to have access to thalidomide. This form
must be filled and signed by both the registered physician and the patient. Women of child-
bearing potential must demonstrate the use of effective contraception and pregnancy tests; (6)
the amounts dispensed from thalidomide may not exceed 30 days of treatment, and the “tha-
lidomide prescription notification” is valid for 20 days; (7) the local health authority is required
to register prescribing doctors and to accredit public health centers. This accreditation is based
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Pubmed Web of Science CAPES LILACS SciELO

Retrieved Articles: 19.708

Excluded (duplicated): 8.379

Retrieved Articles: 11.329

Excluded after assessing of titles: 11.257
(Clinical trials, pharmacokinetic studies,
studies that dealt with international policies)

Retrieved Articles: 72

Excluded after assessing the abstract: 35
(Inaccessible studies)

Articles read in full: 37

Included after reference consultation Excluded after assessing the contents: 16
of articles read: 5 (Congress annals, and abstracts)

Total Articles: 26

Documents consulted:

- Manuals, protocols, and book
published by the MoH and WHO: 06

- Epidemiological bulletin: 01

- Laws: 13

- Epidemiological data: SINAN

- Thalidomide consumption data: MoH
database

- Contents of internet sites with
domain “.org”: 03

Total documents: 51

Fig 1. Flowchart for the handling of studies during the review process. CAPES, Coordination for the Improvement of Higher Education Personnel; LILACS,
Latin American and Caribbean Health Sciences Literature; MoH, Ministry of Health; SciELO, Scientific Electronic Library Online; SINAN, Notifiable Diseases
Information System (Sistema de Informagdo de Agravos de Notificagdo); WHO, World Health Organization.

https://doi.org/10.1371/journal.pntd.0008329.9001

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008329  August 6, 2020 5/24



https://doi.org/10.1371/journal.pntd.0008329.g001
https://doi.org/10.1371/journal.pntd.0008329

PLOS NEGLECTED TROPICAL DISEASES

on requirements such as having the necessary documents for operation, up-to-date sanitary
licenses, facilities compliant with current legislation, responsible pharmacists and professionals
trained on control activities, as well as conducting an annual evaluation. The local health author-
ity is also responsible for acts related to the use, production, manufacture, packaging, repackag-
ing, marketing, distribution, transport, storage, prescription, dispensing, disposal, or any other
activity related to thalidomide and to enforce the determinations of federal legislation; (8) the
ANVISA does postmarket surveillance of thalidomide, and it is mandatory that any adverse
event related to its use must be notified to the federal agency; and (9) the Brazilian government
should promote permanent education campaigns regarding the risks of thalidomide [17].

ANVISA initiated a national training program in 2011 to train professionals to follow RDC
No. 11/2011 [60], which continued until 2014 and reached all the states of Brazil [61]. After
2014, ANVISA and MoH performed the training activities together, promoting the 1*
National Meeting on the Control of Thalidomide in 2015; the publication of educational mate-
rials for health professionals and patients; the implementation of technical visits to various
states to assist in organizing services in 2016; and, between 2014 and 2016, the mapping of all
public thalidomide dispensing health centers in the country. This last activity was conducted
with local health authorities, in order to understand how access was organized [62].

In reference to the mapping of public health centers in the states, the reported data covered
both primary care and specialized care centers. These health centers included those with valid
accreditation, expired accreditation, after the expiry of the validity of 1 year, and those that did
not have accreditation but dispensed thalidomide (Fig 2).

In 2014, this study identified 1,326 health centers distributed across 22 states of Brazil. The
following year, this number increased to 1,734 health centers in 26 states, and in 2016, it
increased even further to 2,843 health centers in 22 states. Not all states responded, which was
partially justified by the lack of records from the local health authorities [58].

An increase in the number of public health centers with valid accreditation was observed,
particularly in 2016. There was also a considerable decrease in the number of health centers
that dispensed thalidomide without permission from the local health authority, even though
there were still some registers of such.

Profile of consumption and distribution of thalidomide in Brazil

The benefits of thalidomide in different clinical conditions has been sought since the 1960s
[1,24]. In 1965, after the discovery of the efficacy of thalidomide in the treatment of ENL [23],
Brazil allocated its use exclusively for leprosy [1]. In the 1990s, thalidomide use was expanded
to the treatment of systemic lupus erythematosus, aphthous ulcers in patients with HIV/AIDS,
and graft-versus-host disease. It was also approved for treating MM in 2000 and for myelodys-
plastic syndrome in 2015 [3,10].

Thalidomide is listed in Annex II of the National List of Essential Medicines, which is part
of the Strategic Component of Pharmaceutical Services (Componente Estratégico da Assisténcia
Farmacéutica [CESAF]). The CESAF is intended to guarantee equitable access to medicines
and supplies for prevention, diagnosis, treatment, and control of diseases, ailments, or condi-
tions with endemic profile, with epidemiological importance, socioeconomic impact or affect-
ing vulnerable populations, covered in strategic programs of health of the SUS [42].

Recommendations on the use of thalidomide were published by the MoH, as well as the
Clinical Protocol and Therapeutic Guidelines (Protocolo Clinico e Diretrizes Terapéuticas
[PCDT]) or the technical manuals; and recommendations on issues of control and sanitary
supervision were published by ANVISA. In 2015, the clinical indications were updated by
ANVISA (RDC No. 50, on 11/11/2015) (Table 1).
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Fig 2. Number of public health centers dispensing thalidomide in Brazil between 2014 and 2016 [58].

https://doi.org/10.1371/journal.pntd.0008329.g002

Table 1. Clinical indications approved for use of thalidomide in Brazil.

Clinical Indication

Technical Information

Description of the Manual or PCDT

Regulations in Force

Erythema nodosum
leprosum

Thalidomide is the first-line drug used in treatment.
Alternative therapies: prednisone and pentoxifylline.

Technical-operational manual provides
guidelines for surveillance, attention, and
elimination of leprosy as a public health
problem [49].

Consolidation Decree No. 2,
09/28/2017.

Aphthous ulcers in Pharmaceutical Assistance protocol in patients | Consolidation Decree No. 6,
patients with HIV/ with HIV/AIDS [50]. 09/28/2017.

AIDS

Systemic lupus Thalidomide is not a first-line drug for treatment. Approves the Clinical Protocol and Therapeutic | Decree of the Health
erythematosus Alternative therapies include chloroquine, Guidelines of Systemic Lupus Erythematosus Attention Secretariat/MoH

hydroxychloroquine, methylprednisolone, cyclosporine,
azathioprine, cyclophosphamide, methotrexate, and
danazol.

[51].

No. 100, 02/07/2013.

Graft-versus-host
disease

Used in patients who are refractory to first-line treatment
with corticosteroids.

Updates the protocols for use of thalidomide in
the treatment of disease of graft-versus-host and

Decree of the Health Care
Secretariat/MoH No. 298, 03/

Multiple myeloma Used as a first-line treatment or in refractory patients. multiple myeloma [52]. 21/2013.
Myelodysplastic Used in patients who are refractory to erythropoietin. Approves The Clinical Protocol and Decree of the Health
syndrome Therapeutic Guidelines of Myelodysplastic Attention Secretariat/MoH

Syndrome [53].

No. 493, 11/06/2015.

MoH, Ministry of Health; PCDT, Clinical Protocol and Therapeutic Guidelines (Protocolo Clinico e Diretrizes Terapéuticas).

https://doi.org/10.1371/journal.pntd.0008329.t001
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Fig 3. Number of 100 mg thalidomide tablets acquired by the Brazilian Ministry of Health for the treatment of ENL and other clinical conditions between
1998 and 2018. Other clinical conditions (lupus, multiple myeloma, aphthous ulcers in patients with HIV-AIDS, graft-versus-host disease, and myelodysplastic
syndrome). [58] ENL, erythema nodosum leprosum.

https://doi.org/10.1371/journal.pntd.0008329.9g003

In this context, both federal agencies (MoH and ANVISA) follow the prerogatives of the
current laws regarding recommendations for care of a patient in the public network and struc-
turing of services (Law No. 10.651/2003, RDC No. 11/2011), in particular, the law that regu-
lates assistance therapy and the incorporation of health technology within the SUS (Law No.
12.401 of 04/28/2011) and the law that controls the organization of the SUS, the planning of
health, healthcare, and interfederative articulation, taking additional action to regulate health
(Decree No. 7.508 of 06/28/2011, which regulates the Law No. 8.080) [17,48,54,55].

According to current legislation (Article 15 of the RDC No. 11/2011), it is the responsibility
of the MoH to create and maintain the “National Registry of Patient of Thalidomide-Based
Drugs,” which should contain detailed information about the patient, the prescriber, and the
dispenser, as well as the treatment. However, the MoH does not yet have this database. Specifi-
cally, there is no concrete information on the patient registry in the public network or infor-
mation on the control of thalidomide dispensation [17,58].

Data on consumption of thalidomide in the public network are based on drug purchase rec-
ords [58]. Between 1998 and 2018, the MoH acquired 103,889,280 tablets from the Ezequiel
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Dias Foundation (Fundagdo Ezequiel Dias [FUNED]), the only public laboratory producing
the drug in Brazil. The tablet unit price increased from BRL$0.16 in 1998 to BRL$1.41 in 2018.
Seventy percent of these tablets were then allocated to the leprosy program (Fig 3).

Between 1998 and 2002, when the laws that regulated the control of thalidomide and sub-
stances subject to special control were in force (Decree No. 354/1997 and Decree No. 344/
1998), 19,031,520 thalidomide tablets were purchased, an average of 3.8 million tablets were
consumed annually. Of the total tablets purchased, approximately 85% were intended for the
treatment of patients with ENL (16,092,960 tablets).

From 2003 to 2010, the number of tablets purchased increased to 46,591,680, which repre-
sented approximately 5.8 million tablets/year, about 53% more than in the previous period.
Although ENL was the most common clinical indication for thalidomide use (64%), there was
a significant (253.5%) increase in average annual consumption for other clinical conditions
(lupus, MM, aphthous ulcers in patients with HIV-AIDS, and graft-versus-host disease). These
years were marked by the promulgation of a law which made controlled use of thalidomide
mandatory (Law No. 10.651/2003).

From 2011 to 2018, there was a decrease in the number of tablets purchased when com-
pared with the previous 8 years, even though thalidomide was approved for the treatment of
myelodysplastic syndrome in 2015. The total number of tablets purchased in this period was
38,266,080, an annual average of 4.7 million tablets (approximately 18% less than the previous
period). Again, it can be observed that the leprosy program still showed the highest portion of
consumption, accounting for approximately 70% of the total acquired tablets (26,691,840
tablets).

According to the MoH, from 2011 to 2018, 27,230,440 thalidomide tablets were distributed
to states, of which 19,004,080 tablets went to the care of patients with ENL. The average rate of
distribution of thalidomide among Brazilian regions is shown in Fig 4. The Central-West, the
North, and the Northeast Regions showed the highest rates. The average rate of thalidomide
distribution for ENL was higher than for other clinical conditions in all regions.

Epidemiological profile of leprosy and population characteristics

The relationship between the consumption of thalidomide and the treatment of ENL indicates
aneed to evaluate the epidemiological and demographic profile of leprosy in Brazil.

Leprosy is a chronic infectious disease in which diagnosed cases are classified according to
the clinical presentation (indeterminate, tuberculoid, dimorphic, or lepromatous) and the
number of cutaneous lesions (multibacillary or paucibacillary) [18,25].

According to WHO, in 2017, Brazil, India, and Indonesia collectively contributed 80.2% of
the global burden of new cases of leprosy. Overall, 210,671 new cases were reported by 150
countries that year, with a general detection rate of 2.77 cases per 100,000 inhabitants. Of these
cases, 26,875 were Brazilian, with a detection rate of 12.94 cases per 100,000 inhabitants. There
were 1,718 new cases recorded in patients younger than 15 years old, with a detection rate of
3.72 cases per 100,000 inhabitants. According to the detection rate references, both rates are
considered high [45,59].

In addition, in 2017, the rate of G2D was 8.30 cases per 1,000,000 inhabitants, indicating a
late diagnosis in the population. Although approximately 80% of these cases were cured, the
registered prevalence was 1.35 cases per 10,000 inhabitants [45,59].

In Brazil, all states have cases of leprosy. However, the Central-West, the North, and the
Northeast regions are particularly notable because they have the highest risk. Accordingly,
these regions have high leprosy prevalence and high rates of general detection of new cases in
children younger than 15 years old, as shown in Fig 5 [59].
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Fig 4. Average rate of distribution of 100 mg thalidomide tablet/10 thousand inhabitants among the Brazilian regions, from 2011 to 2018. Average
number of 100 mg thalidomide tablets in the state between 2011 and 2018/average total population in the state between 2011 and 2018 per 10,000 inhabitants.
Other clinical conditions (lupus, multiple myeloma, aphthous ulcers in patients with HIV-AIDS, graft-versus-host disease, and myelodysplastic syndrome)
[58,63]. ENL, erythema nodosum leprosum.

https://doi.org/10.1371/journal.pntd.0008329.g004

Care for the people affected by leprosy occurs within the scope of the SUS, and basic treat-
ment is provided to adults and children in accordance with the operational classification.
Because the presence of bacilli, some people may experience alterations in the immune system
and develop reactional episodes, which can appear before, during, or after the basic treatment.
These reactions can be type 1 or type 2, which is characterized by reddish and scaly lesions or
the presence of painful subcutaneous nodules, respectively [18,20].

ENL, a frequent manifestation of type 2 reactions, occurs only in multibacillary-infected
patients who have lepromatous type and dimorphic leprosy. It is estimated that 37% of the
cases with multibacillary leprosy present as ENL [25]. In 2017, for example, this represented
8,993 people across the country, of a total of 24,306 cases diagnosed with multibacillary leprosy
[59].

Embryopathy cases due to thalidomide use during pregnancy

One important finding from the studies was that the type of anomaly was directly related to
the day thalidomide was taken during pregnancy, although all doses caused defects [8].
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Fig 5. General detection rates of new cases, detection rates of new cases in children younger than 15 years old and prevalence, among the Brazilian
regions, in 2017. (A) Number of leprosy new cases in the region in 2017/total population in the region in 2017 per 100,000 inhabitants. (B) Number of
leprosy new cases in children younger than 15 years old in the region in 2017/total population of the children younger than 15 years old in the region in
2017 per 100,000 inhabitants. (C) Number of leprosy cases in treatment in the region in 2017/total population in the region in 2017 per 10,000 inhabitants.
[59].

https://doi.org/10.1371/journal.pntd.0008329.9005

In Brazil, approximately 300 cases of malformations due to thalidomide use were identified
until 1965 [1]. Gollop and colleagues (1987) reported the case of a woman who had leprosy
and needed to take thalidomide, which she used until the 35th day of gestation [26]. After
severe phocomelia was identified, the couple decided to interrupt the pregnancy [26,27].
Between 1969 and 1995, 34 cases of malformation due to thalidomide were reported in South
America, of which 33 cases were Brazilian. In 10 cases reported to the Latin-American Collab-
orative Study of Congenital Malformations (Estudo Colaborativo Latino-Americano de Malfor-
magio Congénita [ECLAMC]), all women had leprosy and took thalidomide during
pregnancy [9]. In 2005 and 2006, 3 cases were registered in the Porto Alegre Teratogenic
Agents Information Service (Servigo de Informagées sobre Agentes Teratogénicos [SIAT]),
occurring in the states of Rondonia, Rio Grande do Sul, and Maranhao. In 2 cases, the women
took thalidomide prescribed to another person [28].
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The resurgence of embryopathy led a group of researchers to conduct proactive monitoring
between 2000 and 2008 in selected hospitals, to identify birth defects consistent with the thalid-
omide embryopathy phenotype (TEP). The method was considered sensible and feasible
because the clinical research identified 2 cases of newborns with TEP in the same hospital in
the Northeast of Brazil. Although maternal intake of thalidomide was not demonstrated,
researchers associated the increase of TEP with the availability of thalidomide and the fre-

quency of leprosy cases [29].

This same study was replicated for all births in the country between 2005 and 2010, using
data on the prevalence of leprosy and the distribution of thalidomide in the same period.
There was a direct correlation between the amount of thalidomide distributed and the number
of children born with TEP, suggesting the need for emergency education on the safe use of the

drug [30].

In 2013, 2 more cases were identified. In both cases, exposure to thalidomide happened as a
result of ENL treatment [3,31]. Table 2 provides an overview of the cases registered in Brazil.

Table 2. Reported cases of embryopathy registered in Brazil, from 1965 to 2010.

Year

Up to
1965

1987

1988
1992

1993
1996

1998

2005

2006

2006

2007
2010

ABPST, Brazilian Association of Thalidomide Syndrome Carriers (Associagdo Brasileira de Portadores de Sindrome de Talidomida); DEVEP, Department of
Epidemiological Surveillance (Departamento de Vigilancia Epidemioldgica); ECLAMC, American Collaborative Study of Congenital Malformations (Estudo

State/Region

Several states

Séo Paulo (Southeast Region)

Sao Paulo (Southeast Region)

Several states (North, Northeast
and South Regions)

Maranhao (Northeast Region)

Rondénia (North Region)

Maranhio (Northeast Region)

Rio Grande do Sul (South Region)

Northeast Region
Maranhio (Northeast Region)

Cases reported

Approximately 300 cases throughout Brazil. The drug was withdrawn from the market in 1962.

One case identified by the service of Human Genetics of the Maternity Hospital Association of Sdo Paulo.
The woman had leprosy and took thalidomide until the 35th day of gestation. The pregnancy was
interrupted.

One case identified by the MORHAN.

21 cases identified by MORHAN and a British television network (Yorkshire Television), and 26
cases identified after the release of the documentary “Thalidomide: the drug that came back.”

65 cases identified by MORHAN and by the ABPST.

33 cases identified in the states of Sio Paulo, Rio de Janeiro, Minas Gerais, Pernambuco, Bahia, Amazonas,
Pard, Parand, and Rio Grande do Sul. One child was born in 1969, 6 in the 1970s, 20 in the 1980s, and 6 in
the 1990s. Of the 10 cases reported to the ECLAMC, all women had leprosy and took thalidomide during
pregnancy.

Birth of a male child with malformations in the upper and lower limbs. The woman was treated for leprosy
in 1995 and presented with ENL. However, she did not remember the exact dose and for how long she used
thalidomide during pregnancy.

Birth of a male child with malformations in the upper and lower limbs. The husband took thalidomide for
ENL. The woman took thalidomide without being aware of her pregnancy. The case was reported to the
DEVEP of the MoH. Technical visits were carried out to investigate the case.

Birth of a female child with malformations in the upper and lower limbs. She died due to severe congenital
heart disease. The woman had taken thalidomide for the treatment of ENL since 2003. The case was
reported to the DEVEP of the MoH. Technical visits were carried out to investigate the case.

Birth of male twins with malformations. The first one died due to defects in the urinary tract and
pulmonary hypoplasia. The second had bilateral symmetrical defects in the upper limbs. The woman was
17 years old, did not desire this pregnancy, and took thalidomide prescribed to her mother for MM
treatment. The case was notified to DEVEP of the MoH. Technical visits were carried out to investigate the
case.

Two cases identified with TEP, although ingestion of thalidomide by the women was not shown.

Birth of a female child with malformations in the upper and lower limbs. The woman took thalidomide to
treat ENL in the previous year. As she did not use contraceptives, thalidomide was suspended. However,
she had ingested several tablets at home before knowing that she was pregnant.

References
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[43]
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[28,43]

Colaborativo Latino-Americano de Malformagdo Congénita); ENL, erythema nodosum leprosum; MM, multiple myeloma; MoH, Ministry of Health; MORHAN,

Movement of Reintegration of People Affected by Leprosy (Movimento de Reintegragdo das Pessoas Atingidas pela Hanseniase); TEP, thalidomide embryopathy
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In compliance with Brazilian laws (Law No. 7.070 of 12/20/1982 and Law No. 12.190 of 01/
13/2010), the federal government should grant a lifetime special pension and indemnity to
people with physical disabilities that occurred as a consequence of thalidomide use [56,57].
However, the literature has given little attention to cases of congenital malformation and their
correlation with the use of thalidomide when compared with the benefits provided by the fed-
eral government. Santos (2018) pointed out that 1,073 victims of thalidomide were identified
until 2010. These individuals were compensated by the federal government and were spread
over all regions of the country: 27 in the North, 143 in the Northeast, 150 in the Central-West,
533 in the Southeast, and 220 in the South [4].

Between 2015 and 2018, 5 new cases of use of thalidomide during pregnancies were
reported to the MoH and ANVISA. These cases are currently under investigation and
occurred in the state of Piaui in 2015, the states of Maranhdo and Pernambuco in 2017, and
the states of Goias and Minas Gerais in 2018 [58].

In other words, since the publication of the law that regulates the control of thalidomide
use (RDC No. 11/2011), 5 cases of thalidomide use during pregnancy were identified in Brazil,
and of these, 4 have occurred in 2 endemic regions for leprosy and with high rates of consump-
tion of thalidomide—the Northeast region and the Central-West region (Fig 6).

Discussion

The analysis of documents and literature regarding the use of thalidomide in Brazil in recent
years indicates that there are 2 extremely worrying and important issues emerging: one is the
control of thalidomide distribution and use; the other is the control of leprosy as a triggering
factor for use of thalidomide.

The present study reveals that Brazil took nearly half a century to regulate the use of thalido-
mide. The analysis of the profile of use for this drug demonstrates that although thalidomide is
indicated for the treatment of several clinical conditions in Brazil, only leprosy is considered a
neglected disease. The guidelines regarding the proper care of leprosy patients are contained
within a technical-operational manual published by the MoH. Under these guidelines, it is up
to the prescriber to choose the dose of thalidomide used in the treatment of ENL (100 to 400
mg). In this context, leprosy is the only clinical condition that does not have a PCDT with
well-defined criteria for the diagnosis, monitoring, and discontinuation of thalidomide treat-
ment, that are available to managers, health professionals, and patients. This perception cor-
roborates the findings of Santana and colleagues (2018), who evaluated the methodological
quality of documents published by the MoH and pointed out that all poverty-related disease
guidelines were considered “not recommended” because “they did not meet the minimum cri-
teria of the scientific method description, failing to provide whether or not the document was
drawn up from an evidence-based health perspective,” or in other words, according to the
PCDT legitimized by the publication of Brazilian laws (Law No. 12.401/2011 and Decree No.
7.508/2011) [64].

Although there is no PCDT for leprosy, the distribution rate and amount of thalidomide
acquired by MoH indicate that there is high consumption of thalidomide in the SUS arising
mainly from ENL cases. Despite the extensive use, WHO does not recommend thalidomide
for ENL [23,65]. This high consumption, however, can not be confirmed through attendance
data because the Thalidomide Users National Database is not yet operational. This suggests
that the central domain of the MoH is to purchase and distribute the drug to the states. Conse-
quently, one can infer that there is no way to trace the patient, the profiles of drug use, clinical
and demographic conditions, or the dispensing process. It becomes impossible for managers
to monitor and evaluate the services offered and make decisions about their effective
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Fig 6. Average prevalence of leprosy, average rate of distribution of 100 mg thalidomide tablet, and reported cases of thalidomide use during
pregnancy in Brazil between 2011 and 2018. (A) Average number of leprosy cases in the state between 2011 and 2018/average total population in
the state between 2011 and 2018 per 10,000 inhabitants. (B) Average number of 100 mg thalidomide tablets in the state between 2011 and 2018/
average total population in the state between 2011 and 2018 per 10,000 inhabitants [58,59,63].

https://doi.org/10.1371/journal.pntd.0008329.g006
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functioning, as well as evaluate the entire system [66,67]. A factor that contributes indirectly to
the absence of such database is that the public health centers may not register thalidomide
patients at all because the law allows a manual registration of these patients’ data (RDC No. 11/
2011) [17].

Regarding the accreditation of public health centers, the data showed that there were a
larger number of health facilities regularized with the local health authority. Although there
was a decrease in the number of health centers without accreditation at the end of the third
year of mapping, there were still irregularities. This situation is not permitted by law and was
reported by the local health authorities themselves. The lack of compliance in accreditation is
worrying, because it demonstrates poor performance by the local health authorities in accred-
iting, supervising, and authorizing public health centers to dispense thalidomide. Moreover, as
there are flaws in the accreditation process, some issues regarding facilities’ conditions may be
present, which could endanger patients’ safety. This situation may be worse considering the
precariousness of the health service’s ability to manage the organization, operation, and main-
tenance of pharmaceutical services [68]. This process is essential for the development of public
policies to control thalidomide use. This results in the provision of low-quality services and
often without the participation of a pharmacist.

The 2015 National Survey on Access, Use, and Promotion of Rational Use of Medicines in
Brazil (Pesquisa Nacional sobre Acesso, Utilizag¢do e Promogdo do Uso Racional de Medicamen-
tos [PNAUM)]) evaluated the access and rational use of medicines by the Brazilian population
and its effectiveness in primary healthcare in the SUS. Data from this survey illustrate the cur-
rent situation of the system, in which only 40% of the primary healthcare centers evaluated in
Brazil were reported as having a sanitary license to operate, and only 43% of the health centers
had a responsible pharmacist. This study also noted that 60% of pharmacies in the primary
healthcare centers did not have an environment conducive to care and lacked fundamental
tools for implementing pharmaceutical activities (53% were without a computer, 44% were
without internet access, and 58% of records were kept manually). The North and the Northeast
regions were the least economically developed, but they received more resources from the
National Program of Qualification of Pharmaceutical Services in the SUS (Programa Nacional
de Qualificagdo da Assisténcia Farmacéutica no Sistema Unico de Satide [Qualifar-SUS]) for
improvement, implementation, and systemic integration of pharmaceutical services activities
[68=70].

Another aspect that called our attention is the use of thalidomide without a prescription. Of
the cases reported in the literature of women who became pregnant during the use of thalido-
mide, 3 used a drug prescribed to another person. This attitude can be explained by the socio-
cultural context of the individual based on their knowledge and experiences in the health-
disease-care process, which influences the practice of self-medication. Self-medication is one
of the most widespread practices in society and therefore merits an understanding by health
professionals of the relationship between culture, health-disease-care processes, and the use of
medications [71]. Arrais and colleagues (2016) performed a study of the prevalence of self-
medication in Brazil between 2013 and 2014 and reported that the Brazilian population follows
this practice. This study found that self-medication was influenced by females and by the pres-
ence of diseases or chronic conditions and was more prevalent in the Northeast, the Central-
West, and the North regions of the country [72].

Regarding the control of leprosy, the epidemiological data show high general detection
rates, prevalence, and G2D in Brazil, which is the only country in the Americas where the dis-
ease is endemic [45]. These results can be attributed to the efforts of the MoH to detect the dis-
ease. One example of this was the creation of the project (2017-2019) “Innovative approaches
to intensify efforts for a Brazil free of leprosy,” in partnership with the Pan American Health
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Organization (PAHO/WHO). This project aimed to train primary healthcare professionals to
be able to diagnose and treat leprosy cases, with a focus on 20 priority municipalities in more
endemic regions to new cases diagnosed in children younger than 15 years old (Maranhéo,
Mato Grosso, Pard, Pernambuco, Piaui, and Tocantins) [73]. However, the diversity of
regional contexts and even between populations of the same region maintains the burden of
the disease a hard one to overcome. Precarious health, high household occupancy rates, low
economic and educational levels, and lack of food and sanitation directly influence the risk of
becoming ill. Therefore, areas with these characteristics have more cases of leprosy, which is
reflected in the general detection rate of new cases [18,33-37]. The indicator of the rate of
G2D, for example, suggests not only the ability of a team to detect leprosy early but also the
level of awareness of signs of leprosy and access to services. Because the reduction of this rate
was not achieved, it can be inferred that there are flaws in the process of actively searching for
cases, the training of health professionals, and the access to diagnosis and treatment. Late diag-
nosis suggests a hidden prevalence of disease and continued transmission, as well as the pres-
ence of uncured cases in the network [18,19,38].

Primary healthcare is the gateway for people affected by leprosy. For this reason, individual,
family, and collective health actions must be guaranteed under the National Primary Health
Care Policy [44]. With family health as its main strategy, primary healthcare should apply
greater efforts in the healthcare networks to increase service levels, increase resolution, and
coordinate actions so that the whole system works efficiently. This process requires the
involvement of managers, health teams, and professionals who are committed to producing
results that impact the main indicators of health and quality of life in the population [74]. One
of the major challenges for Brazil is to have quality services and adequate infrastructure in line
with public policies. Some studies that have evaluated control of leprosy in primary healthcare
have identified the fact that social determinants of the disease and the status of endemicity are
not the only factors that influence the risk of people getting sick. Organization of services is
directly correlated with the process of healing and with the improvement of quality of life. In
these studies, the factors that influenced risk of illness included a lack of adequate structure,
scarce resources, absence of reference service, low autonomy and management resolution, fra-
gility in the information system, precariousness of epidemiological surveillance and educa-
tional activities, and low articulation of partnerships with social actors and institutions [38-
41].

The National Program for Improving Access and Quality of Primary Health Care (Pro-
grama para Melhoria do Acesso e da Qualidade da Atengdo Bdsica [PMAQ)]) is a program that
encourages managers and teams to improve the quality of health services using a set of strate-
gies for qualification, monitoring, and evaluation of the work of the health teams, including
the transfer of resources. In 2012, this program revealed that 76.3% of the population was cov-
ered by primary healthcare teams and approximately 60% by teams of the Family Health Strat-
egy (Estratégia de Satide da Familia [ESF]). The authors believe that, in the Northeast region in
particular, the ESF has contributed to reduced inequalities in health. Despite promising cover-
age, some states, including those belonging to well-evaluated regions, had indicators of poor
infrastructure (Mato Grosso, Rondodnia, Para, Distrito Federal, Rio de Janeiro, and Sdo Paulo)
[75]. It is noteworthy that only 64% of the primary healthcare centers investigated by PMAQ
had a computer, and of these, only 45% had internet access. The North and the Northeast
regions had the lowest percentages of adequate healthcare infrastructure, 42% and 22%,
respectively. Of the municipalities in this region, the smaller ones had the least access (56%) to
household follow-up leprosy records, available in the Basic Attention Information System
[76]. Finally, the PMAQ also pointed out that the availability of drugs in the primary
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healthcare centers evaluated (about 38,000) was positively associated with the provision of bet-
ter organized pharmaceutical services and the presence of ESF teams [77].

This scenario shows that although social determinants of leprosy influence the incidence of
cases, Brazil has important weaknesses in the organization of services, particularly in primary
healthcare. This leads to inadequacy in the prevention and diagnosis of the disease and in the
control of thalidomide use. It is clear that to reduce the burden of the disease on the population
and to effectively control the distribution and use of thalidomide, there is a need for differenti-
ated standards of health, infrastructure, and management teams. These teams must have a
broader view of the health needs of the population and the ability to manage these services.
There is also a need to prioritize improvements in the quality of services in the areas that are
more endemic for leprosy (North, Northeast, and Central-West), which have a precarious pub-
lic health service and also consume the largest amounts of thalidomide in Brazil. In a recent
study conducted by researchers in Brazil, with socioeconomic data from the cohort of 100 mil-
lion Brazilians, it was identified that “within the poorest half of the Brazilian population, the
most deprived individuals have the greatest risk of leprosy. Strategies focusing on early detec-
tion and treatment in the poorest populations could contribute substantially to global disease
control.” Furthermore, along with early diagnosis and treatment of leprosy cases, social devel-
opment is a key strategy for reducing the prevalence of leprosy worldwide [78].

Another important aspect to note is the therapeutic benefits of thalidomide, mainly in cases
of ENL. Thalidomide’s use as a therapeutic justified its return to the world market, on the con-
dition that the main adverse effect resulting from its use would be avoided. The regulatory
changes and the structuring of services were the main focus of the governments of several
countries. However, this essentiality of the use of thalidomide suppressed the importance of
the development of new technologies, which could replace thalidomide in the first-line treat-
ment of ENL. Some studies have shown all currently available treatment modalities have some
drawbacks and are not effective to control the leprosy reaction for all patients because most of
them present ENL recurrently or chronically. Moreover, there are few quality controlled stud-
ies on ENL treatment, which were performed more than 20 years ago [25], making it difficult
to provide safe and effective therapeutic alternatives to thalidomide.

As demonstrated by Santana and colleagues (2017), there is a lack of investment in the
research of medicines to treat poverty-related diseases, a reflection of health inequities, of
which leprosy is an example. The lack of interest by the pharmaceutical industry in this type of
research has led to a low number of innovations and transfers to the state the responsibility of
providing access to the best therapies. The authors highlight that an equitable alternative for
analysis of technologies can be centered on the development by the SUS of activities known as
Horizon Scanning (Monitoramento do Horizonte Tecnolégico [MHT]) for poverty-related dis-
eases. This strategy would contribute to forming a definition of priority technologies for the
SUS and the orientation of investment in research and development of medicines that meet
national needs [79].

Conclusion

Despite the advances in the health surveillance public policies in Brazil, the rational use of tha-
lidomide by the population is still a challenge. The Brazilian scenario is a complex one, and it
is in such a trying scenario that the control of thalidomide use is inserted. Even though the
MoH and the ANVISA have promoted initiatives to ensure patients’ safety and minimize
exposure to risks, such as training programs, these actions have not been enough. First, the
majority of patients who make use of this medicine are in vulnerable socioeconomic condi-
tions, which prevent adherence to treatment. Secondly, the precarious organization and
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structure of the primary healthcare services, particularly in remote areas, are impediments to
an effective commitment of the health professionals and managers.

Health actions must integrate educational campaigns for the general public, not excluding
popular mobilization, as well as continuous education for all health professionals in every level
of care. Such educational actions should emphasize the precautions and risks inherent to the
treatment to ensure high-quality standards. There is also the need for allotting resources to
improve the computerized monitoring system not only for the control of the medicine use but
also the congenital defects vigilance.

The identification of cases of pregnant women using thalidomide in Brazil suggests that the
country needs to redesign the thalidomide access flow, including medical care in specialized
health centers, which have high-quality structure and pharmaceutical services permanently
available.

The government’s actions in fostering and developing technologies in the SUS are key to
defining new lines of treatment for ENH. Parallel to that, it is also possible to minimize the
exposure risks to thalidomide embryopathy by instituting a PCDT for the treatment of ENH
that allows the direction and unification of the use of thalidomide for this clinical condition, to
establish criteria for treatment, also considering other already available drugs such as predni-
sone and pentoxifylline. In addition, the Brazilian health system must prioritize the develop-
ment of research that makes it possible to identify safe and effective therapeutic alternatives to
thalidomide. This measure allows the establishment of a deadline for thalidomide to be
replaced with safer and effective treatment alternatives.

Existing studies highlight the fundamental role of public policies for reducing the preva-
lence of leprosy and reaching the goals of the WHO Global Leprosy Strategy 2016-2020. Inter-
rupting the transmission of the disease means investing efforts in increasing diagnosis, early
detection and treatment, as well as improving access to healthcare and conditions of subsis-
tence for the poorest populations in endemic regions. Brazil must set a goal of eliminating lep-
rosy in the country because it has not yet reached the target set by WHO.

Finally, it is important the development of other studies that address the control of thalido-
mide use in countries endemic for leprosy and also develop a comparative table of the control
system in various countries.

Key learning points

1. There are still cases of pregnant women using thalidomide in Brazil.

2. Brazil has a high consumption rate of thalidomide associated with the endemicity of
leprosy.

3. Brazil’s organization and structure of primary healthcare impact the control of thalidomide
use.

4. There are no safe substitutes to thalidomide available in Brazil’s Unified Health System for
erythema nodosum leprosum.

5. Itis critical to implement quality clinical protocols for the safe use of thalidomide in ery-
thema nodosum leprosum.
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