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Ombitasvir, Veruprevir/Ritonavir and Dasabuvir (3D) with or without Ribavirin (RBV) were
assessed for sustained virologic response (SVR) or viral cure after a 12-week treatment.
Logistic regression analyses were used to identify factors independently associated with
positive response to direct-acting antivirals (DAA)-based therapies.

Overall 57.1% were male; 48.3% self-identified as white; 78.3% were over 50 years old; 44.1%
were from the Southeast region; 47.7% had genotype 1b; and 84.5% were treated for 12 weeks.
The SVR rates with DAAs ranged from 87% to 100%. Genotypes 1 and 4 had higher SVR rates
(96.3-100%), and genotypes 2 and 3 had SVR of 90.6-92.2%, respectively. Treatment durations
of 12 and 24 weeks were associated with an average SVR of 95.0% and 95.9%, respectively.
Females were half as likely (OR 0.5; 95% CI 0.4—0.6) to have a negative response to therapy
compared to males, and those with genotypes 2 and 3 were one and half fold more likely
(OR 1.5-2.2; 95 CI% 0.7-2.9; 1.2-3.6 and OR 2.7-2.8; 95% CI 2.0-3.8, respectively) to not have
SVR compared to genotype 1. Patients in the age-range of 50-69 years old were 1.2-fold (OR
1.2; 95% CI 0.7-1.9) more likely to not have SVR compared to other age groups, although not
statistically significant.

* Corresponding author at: Ministry of Health, Secretariat for Health Surveillance, Department of Chronic Conditions Diseases and other
Sexually Transmitted Infections, Brasilia, DF, Brazil.
E-mail address: simonevivaldini@gmail.com (S.M. Vivaldini).
https://doi.org/10.1016/j.bjid.2021.101573
1413-8670/© 2021 Published by Elsevier Editora Ltda. on behalf of Brazilian Society of Infectious Diseases. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.bjid.2021.101573
http://www.elsevier.com/locate/bjid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjid.2021.101573&domain=pdf
https://orcid.org/0000-0001-8888-2025
https://orcid.org/0000-0001-9799-9233
https://orcid.org/0000-0002-1687-5026
https://orcid.org/0000-0001-7629-8411
https://orcid.org/0000-0001-8886-1662
https://orcid.org/0000-0001-5186-021X
mailto:simonevivaldini@gmail.com
https://doi.org/10.1016/j.bjid.2021.101573
http://creativecommons.org/licenses/by-nc-nd/4.0/

2 BRAZ J INFECT DIS.(2021);25(2):101573

This study is the first of this magnitude to be held in a Latin-American country with high
SVR results, supported by a free-of-charge universal and public health system. The high
performance found in this study gives support to the Brazilian public health policy decision

of adopting DAA-based therapies as a strategy to eliminate HCV by 2030.
© 2021 Published by Elsevier Editora Ltda. on behalf of Brazilian Society of Infectious
Diseases. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Globally, in 2016 there were an estimated 71 million peo-
ple with chronic hepatitis C virus (HCV) infection and only a
small minority were able to access curative treatment.’? Due
to the substantial impact of HCV infection on patients, their
families, public health systems, and the World Health Orga-
nization (WHO) has set HCV elimination goals that include
reduction of HCV incidence by 80% and HCV-related mortal-
ity by 65% before 2030.1® As part of the strategy to achieve
these goals, WHO included all-oral, interferon-free, direct-
acting antiviral (DAA) regimens in the 2017 edition of the
treatment guidelines.3*

About 632,000 people in Brazil are infected with HCV,
with seroprevalence of 0.70% in the population aged between
15 and 69 years.” Most HCV-infected people are unaware
of their status until the virus has caused serious liver
damage.>>® The introduction of DAAs in 2015 has changed
the landscape of treatment and its associated outcomes
in the Brazilian Unified National Health System (SUS).”
Despite the high potency of DAAs, their high cost initially
represented a serious barrier, leading to the rationing of
HCV treatment for patients with high risk of disease pro-
gression and development of complications.®®'! However,
today all Brazilian patients have access to these thera-
pies.

Brazil’'s National Treatment Guidelines for HCV was
launched in 2015, elaborated by the Brazilian Ministry of
Health (MoH-Brazil), and adopted by SUS.” In 2018, the MoH-
Brazil took a step forward to supporting the development
and implementation of national multi-sector policies and
strategies for hepatitis prevention and control in Brazil, for
all HCV-infected patients, regardless of the degree of liver
fibrosis.'? Since many countries are working on action plans
to address HCV, different methodologies, processes, and ways
to move forward have been identified. Therefore, the analysis
and comparison of Brazil’s policies may offer an opportunity
to accelerate the development and implementation of new
national plans.’® SUS supported the annual cost per capita of
US$ 6,152.85 on average for DAA-based therapies from 2015 to
2018." The MOH has developed a mathematical model to bet-
ter understand the national prevalence data and establish its
own elimination goals, including an estimation of the number
of people to be treated.>'>

The purpose of this study was to determine the impact of
DAA regimens within all 27 Brazilian states and to identify the
factors associated with SVR.

Materials and methods

A retrospective cohort study was conducted using dif-
ferent national databases of the Brazilian Public Health
System, including diagnostic information system (GAL), hos-
pital information system (SIH), and treatment information
system (HORUS). The sample for this study included peo-
ple with acute or chronic hepatitis C. They were part
of the first groups treated at the SUS network with
therapeutic regimens which sometimes included Ribavirin
(RBV) ]but, in most cases, consisted of only direct-acting
antivirals: Sofosbuvir (SOF), Daclatasvir (DCV), Simeprevir
(SMV) or Ombitasvir/Veruprevir/Ritonavir + Dasabuvir (3D).
These drugs were used in different therapeutic combina-
tions: SOF + DCV £ RBV; SOF + SMV + RBV; SOF + RBV, 3D + RBV;
SOF + PEG + RBV.

To obtain the final database with the selected popula-
tion, two steps were developed. The first step consisted of
identifying a probabilistic relationship among the following
databases: (i) Laboratory Environment Management System
(GAL) - which contains data from the Central Laboratories
of Public Health (LACEN); (ii) Ambulatory Information System
(SIA/SUS) — which includes records from the High Complexity
Procedures Authorization (APAC) database; and (iii) Individual
Outpatient Production Bulletins (BPAI) — which contain infor-
mation recorded by states concerning requests and delivery
of medication. From this relationship, a unique numeric code
(ID) was attributed to each patient and this code was repli-
cated in the different databases to allow the connection of
the information taken from different sources. Later, patients’
personal data were suppressed to maintain anonymity. This
step was developed by the SUS Department of Information
Technology (DATASUS) through a project called “VinculaSUS”,'®
whose objective is to facilitate researchers’ analyses of poli-
cies developed by the Brazilian MOH while maintaining ethical
commitments and the confidentiality of personal data.

The second step consisted of selecting patients with atleast
one viral load measurement by quantitative real-time qPCR-
HCV test from the GAL database and some record of treatment
for HCV in the SIA/SUS database, filtering patients who had
detectable qPCR-HCV following 12 weeks of treatment and
assessing how many of these patients presented SVR to HCV.
Fig. 1 details the procedures and quantifies the results of the
first and second steps.

From the final database, descriptive analyses were per-
formed with the objective of understanding the studied
population and the procedures of interest that were adopted.
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Fig. 1 - Relationship information from the databases used and final identification of 11,308 patients with post-treatment

investigation (quantitative qPCR-HCV test).

All available sociodemographic, clinical, and laboratory vari-
ables were analyzed: sex, age, race/color, place of residence,
genotype, time of treatment, therapeutic scheme, start and
end date of treatment, date of laboratory tests, and respec-
tive results of gPCR-HCV tests. Trend and dispersion measures
were used for numerical variables, and rates or proportions
were utilized for categorical variables.

Patients were spatially distributed into three groups: 1)
those registered in the APAC database who had at least one
exam registered in the GAL database; 2) those registered in
the APAC database who had at least one exam 12 weeks after
the end of treatment registered in GAL; and 3) those registered
in the APAC database who had at least one exam 12 weeks
after the end of the treatment registered in GAL and who had
reached SVR.

Some criteria were used to make the analyzed groups
more homogeneous and to promote greater internal validity:
analyses separated by genotypes; evaluation of therapeutic
schemes; treatment time; and results of gPCR-HCV tests eval-
uated after 12 weeks of treatment completion. We compared
the proportions to assess whether the results were statisti-
cally significant. Pearson’s chi-squared test was applied with
a significance level of a =5%. We used the odds ratio (OR) and
confidence interval (CI) of 95% to identify the factors associ-
ated with SVR.

A univariate analysis was conducted to assess the rela-
tionships between positive and negative responses to therapy
and the available sociodemographic data. For the multivariate
analysis, we used the variables that presented a p-value <0.2
in the bivariate analysis. We identified collinearity in two vari-
ables using a correlation matrix, and variables that presented
R?>0.5 were selected. Three different models were evalu-
ated through the Akaike Information Criterion (AIC), and a
multivariate model of logistic regression was defined to deter-
mine the independent association between SVR responses to

therapy (cure vs no cure). These responses were defined by
the results of the qPCR-HCV test as undetectable (SVR) or
detectable (not SVR).

All statistical analyses were conducted using SPSS 20.0 for
Windows, with a significance level of 0.05 (Table 2). Statistical
analyses and graphical representations were performed using
the IBM-PASW Statistics version 18 and Microsoft Excel® 2013
programs. Analysis and maps were developed utilizing RStu-
dio, a free software program for an integrated development
environment for R, version 1.2.5019-6.17

As mentioned before, this study utilized a historical
database, and participants’ names and personal information
were kept confidential by substituting these data for an iden-
tification number (ID). As a result, the National Committee
for Ethics in Research (CONEP) waived the requirement to
obtain patients’ informed written consent and approved the
research, which is registered in Brazil under number 2,872,543.

Results

The SUS Department of Information Technology (DATASUS),
through a project called VinculaSUS,'® worked on establish-
ing a relationship among the various Ministry of Health’s
databases by providing a numeric identification key (ID) which
enables locating patients in these various information sys-
tems and facilitates researchers’ analyses of policies adopted
by the MoH-Brazil, while maintaining ethical commitments
and the confidentiality of personal data. From this relation-
ship, a unique numeric code (ID) was attributed to each
patient and this code was replicated in the different databases
to allow connecting the information taken from different
sources.

During the analyzed period, five million ambulatory pro-
cedures were recorded in the SIA/SUS databases, including
30,423 patients treated for hepatitis C, of which 19,100 patients
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were registered with laboratory tests related to hepatitis C in
the GAL database. Only 11,308 of these patients had a viral load
test performed 12 weeks after the end of treatment, allowing
the assessment of SVR and confirming the cure of hepatitis
C. Of these 11,308 patients, 10,758 had a sustained virologic
response and 550 individuals continued to present detectable
gPCR-HCV following treatment (Fig. 1).

The states of the North, Northeast and Southeast regions
presented the same proportion of cases (about 30%) in the
three groups of patients mentioned above (p-value >0.05). The
other states showed significant differences among the three
groups (p-value <0.05). This was due to the high concentra-
tion of patients in the first group from the Southeast region,
primarily from the state of Sdo Paulo, which represented
21.3% of the total number of patients. Although the other
two groups represent the majority of cases in the Southeast
region, the final analyzed group showed a higher concentra-
tion of treatments for the states along the South-Southeast
axis, translating into a more heterogeneous group.

Georeferencing of the treated and cured cases was carried
out and can be seen in Fig. 2, which shows the concentration
of treatments in the South and Southeastern states.

Among the evaluated patients (n=11,308), 6459 (57.1%)
were male, 4,847 (42.9%) self-identified as white, 13,046 (65.8%)
were between 50 and 69 years of age at the beginning of
treatment, 8,686 (43.8%) lived in the Southeast region of the
country, 4,983 (44.1%) had genotype 1b, 9494 (84.0%), and 1810
(16.0%) underwent treatment for 12 weeks and 24 weeks,
respectively. More details are available in Table 1.

Among those with undetectable qPCR-HCV at the end of
treatment (SVR), 6060 (56.3%) were male; 5179 (48.1%) iden-
tified as white; 3759 (34.9%) had initiated treatment at the
age range of 50-59 years; 4777 (44.4%) lived in the Southeast
region; 5215 (48.15%) carried genotype 1b; and 9075 (84,3%) and
1681 (15,7%) underwent treatment for 12 weeks and 24 weeks,
respectively. Treatment regimens for each of the different
genotypes identified in the study were compared. Genotypes
1 (without subtype results), 1a, 1b, 2, 3, 4 and some mixed
genotypes were present in the analyses. The average rate of
SVR with the use of DAAs was 95.0% and 95.9% for 12 and 24
weeks after treatment, respectively (Table 2).

In the odds ratio (OR) assessment, we verified that females
are half as likely to have a negative response to therapy
when compared to males (Table 2). In relation to the variable
race/color, the rates did not present significantly different val-
ues for DAA-based therapies, with positive responses between
94.8 and 100%. The age group variable presented positive
responses to treatment, varying from 94.7% to 100%; how-
ever, the p-value indicated no significant differences among
the groups (Table 2).

The positive response rate for the five Brazilian regions
ranged from 94.0 to 96.7%, being significantly better in the
Center-West and Southeast with an OR of 0.5 and 0.7, respec-
tively (p <0,05). SVR proportion ranged from 90.6% (genotype
3) to 100% (genotype 1). Some patients (12) were classified as
infected by two different genotypes (mixed genotypes) and the
SVR proportion was 100%. Patients with genotypes 2 and 3
obtained the lowest SVR proportion: 92.2% and 90.6%, respec-
tively. When results were assessed according to genotypes,
patients with genotypes 2 and 3 were 1.5 and 2.8 more likely

Table 1 - Sociodemographic, clinical, and laboratory

characteristics of patients who underwent hepatitis C
treatment, from October 2015 to July 2018 in Brazil.

Characteristics Patients
Total (N =11,308)
N %
Sex
Male 6,459 57.1
Female 4,847 429
Ignored 2 0.0
Race/Color
White 5,464 483
Black 598 5.3
Asian 965 8.5
Brown 1,217 10.8
Indigenous 5 0.0
Ignored 3,059 27.1
Age group
0Oto9 0 0.0
10 to 19 2 0.0
20 to 29 71 0.6
30 to 39 516 4.6
40 to 49 1,884 16.7
50 to 59 3,970 35.1
60 to 69 3,522 311
Above 70 1,343 119
Region of Residence
North 617 5.5
Northeast 825 7.3
Southeast 4,983 441
South 4,393 38.8
Center-West 490 4.3
Genotypes
Genotype 1 56 0.5
Genotype 1a 1,674 14.8
Genotype 1b 5,395 47.7
Genotype 2 282 25
Genotype 3 1,934 17.1
Genotype 4 42 0.4
Mixed Genotypes 12 0.1
Unknown 1,913 16.9
Treatment Time
12 weeks 9,554 84.5
24 weeks 1,752 15.5
Unknown 2 0.0

to not have SVR, respectively, when compared to genotype la
and 1b (Table 2). These results were confirmed by the bivariate
and multivariate analyses (Table 2).

The treatment of genotype 1a and 1b reached results of 96.3
and 96.7%, respectively. For 56 patients with genotype 1, there
were no records of the subgenotype (1a and 1b). These patients
had a 100% positive response rate to therapy (Table 2).

The least efficient regimen was SOF +SMV, with an OR
of 1.4. We found no differences between treatment time
of 12 and 24 weeks (Table 2). When observing the data by
therapeutic scheme, the results of SVR after 12 weeks of DAA-
based treatment ranged from 92.2% (Sofosbuvir + RBV) to 100%
(3D +Ribavirin) (Table 2).

Bivariate and multivariate analyses showed that genotypes
1a and 1b presented significantly different results when com-
pared to others, responding better to therapeutic schemes.
Genotypes 2 and 3, on the other hand, responded less to treat-



Table 2 - Demographic, clinical, and laboratory characteristics of patients, and factors associated with SVR, bivariate and multivariate analyzes.

Characteristics SVR
No Yes Bivariate analysis Multivariate analysis
Total (N=550) Total (N=10,758) Odds Ratio Confidence Interval (CI) 95% p-Value Odds Ratio CI95% p-Value
N % N %
Sex
Male* 399 6.2 6,060 93.8 - - - - - -
Female 151 3.1 4,696 96.9 0.5 (0.4; 0.6) < 0.0001 0.5 (0.4; 0.6) < 0.0001
Unknown 0 0.0 2 100.0 0.0 = = 0.0 = =
Race/color
White* 285 5.2 5,179 94.8 - - - - - -
Black 23 3.8 575 96.2 0.7 (0.5;1.2) 0.1492 0.8 (0.5;1.3) 0.4599
Asian 50 5.2 915 94.8 1.0 (0.7;1.4) 0.9644 1.0 0.7;1.5) 0.8774
Brown 60 4.9 1,157 95.1 0.9 (0.7 ; 1.3) 0.6837 1.0 (0.7 ; 1.4) 0.8939
Indigenous 0 0.0 5 100.0 0.0 - 0.7350 0.0 - 0.9893
Unknown 132 4.3 2,927 95.7 0.8 (0.7 ; 1.0) 0.0648 0.9 (0.7;1.2) 0.2054
Age range
10 to 19 0 0.0 2 100.0 0.0 - 0.3587 - - -
20to 29 1 14 70 98.6 0.3 (0.0; 2.3) 0.2503 - - -
30 to 39* 23 4.5 493 95.5 - - - - - -
40 to 49 83 4.4 1,801 95.6 1.0 (0.6; 1.6) 0.9595 - - -
50-59 211 53 3,759 94.7 1.2 (0.8;1.9) 0.4105 - - -
60 to 69 182 52 3,340 94.8 12 (0.7;1.8) 0.4929 - - -
Above 70 50 3.7 1,293 96.3 0.8 (0.5;1.4) 0.4660 - - -
Region of Residence
North* 37 6.0 580 94.0 - - - - - -
Northeast 48 5.8 777 94.2 1.0 (0.6; 1.5) 0.8867 0.9 (0.5;1.4) 0.5730
Southeast 206 4.1 4,777 95.9 0.7 (0.5;1.0) 0.0332 0.8 (0.6;1.3) 0.3997
South 243 5.5 4,150 94.5 0.9 (0.6 ;1.3) 0.6377 1.0 (0.6;1.4) 0.8371
Center-West 16 33 474 96.7 0.5 (0.3;1.0) 0.0372 0.7 (0.4;1.3) 0.2121
Genotypes

1 0 0.0 56 100.0 0.0 = 0.3004 0.0 = 0.9666
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- Table 2 (Continued)

Characteristics SVR
No Yes Bivariate analysis Multivariate analysis
Total (N=550) Total (N=10,758) Odds Ratio Confidence Interval (CI) 95% p-Value Odds Ratio CI95% p-Value
N % N %
la* 62 3.7 1,612 96.3 - - - - - -
1b 180 3.3 5,215 96.7 0.9 (0.7;1.2) 0.4705 0.9 0.6;1.2) 0.3538
2 22 7.8 260 92.2 2.2 (1.2; 3.6) 0.0022 1.5 (0.7 ;2.9) 0.2831
3 181 9.4 1,753 90.6 2.7 (2.0; 3.6) < 0.0001 2.8 (2.0; 3.8) < 0.0001
4 1 24 41 97.6 0.6 (0.1;4.7) 0.6553 0.6 (0.1;4.5) 0.6200
Mixed genotypes 0 0.0 12 100.0 0.0 - 0.9826 0.0 - 0.9844
Unknown 104 5.4 1,809 94.6 15 1.1;2.1) 0.0143 1.2 0.9;1.8) 0.1968
Therapeutic scheme
3D +RBV 0 0.0 30 100.0 0.0 - 0.4212 0.0 - 0.9757
SOFO +DCV* 199 4.9 3,859 95.1 - - - - - -
SOF + DCV RBV 159 4.0 3,835 96.0 0.8 (0.6;1.0) 0.0449 0.8 (0.6;0.9) 0.0094
SOFO +PEG +RBV 9 4.9 175 95.1 1.0 (0.5;2.0) 0.9938 0.5 (0.2;1.0) 0.0369
SOF +RBV 29 7.8 342 92.2 1.6 (1.1;2.5) 0.0161 14 (0.8;2.5) 0.2218
SOF + SMV 79 4.6 1,649 95.4 0.9 (0.7;1.2) 0.5888 1.3 (1.0; 1.8) 0.0484
SOF + SMV + RBV 13 3.3 377 96.7 0.7 (0.4;1.2) 0.1671 1.0 0.5;1.7) 0.9092
Unknown 16 4.8 318 95.2 1.0 (0.6; 1.6) 0.9264 1.0 (0.6 ;1.8) 0.8644
Others therapies DAA 3 4.8 60 95.2 1.0 (0.3;3.1) 0.9587 1.2 (0.4;3.9) 0.7585
Peg+RBV 43 27.6 113 72.4 7.4 (5.1; 10.8) < 0.0001 7.5 (5.0;11.2) < 0.0001
Time of treatment
12 weeks* 479 5.0 9,075 95.0 - - - - - -
24 weeks 71 4.1 1,681 95.9 0.8 (0.6; 1.0) 0.0862 0.8 (0.6;1.1) 0.1973
Unknown 0 0.0 2 100.0 0.0 - 0.3904 0.0 - 0.9935
Fibrosis/Cirrhosis
Yes* 171 4.6 3,551 95.4 - - - - - -

No 379 5.0 7,209 95.0 11 (0.9;1.3) 0.3524 = = =

€/5101:(2)s2!(120C) 'S1a LDI4NI [ Zvig
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Treatment evolution:

SVR ¢ non-SVR

Fig. 2 — Georeferencing of cases according to patients treated for hepatitis C, and patients who achieved viral cure, Brazil,

2015 to 2018.

ments when compared to genotype la and 1b. Genotype 4
had an SVR of 97.6%, but presented no significant difference
due to the small number of cases. In the evaluation, it was
observed that the SOF + RBV scheme had a significantly lower
response to HCV (SVR 92.2%; OR 1.6; IC 95% 1,1-2.5) along with
PEG +RBV (SVR 72.4%; OR 7.4; CI 5.1-10.8). We also verified that
the SOF + DCV +RBV scheme yielded a higher response than
the other antivirals (SVR 96%; OR 0.8; CI 0.6-1.0). The SVR of
3D +RBV was 100% (Table 2b).

Table 3 shows the SVR rates according to the various ther-
apeutic regimens and genotypes (1, 1a, 1b, 2, 3, and 4).

When the results of treatments for each genotype were
analyzed, we confirmed that the best SVR rates were reached
by using SOF + DAC (+) RBV therapeutic regimens. The same
was true for patients carrying genotypes 1a and 1b, whose SVR
rates ranged from 96.5 to 97.7% (IC 95-98.2%).

Discussion

A total of 11,308 patients had a viral load test performed 12
weeks after the end of treatment. The average rate of SVR with
the use of DAAs was 95.0% and 95.9% for 12 and 24 weeks after
treatment, respectively. It is important to highlight that the
study cohort had a large number of patients with advanced
fibrosis, cirrhosis, which is consistent with the treatment pro-
tocol used from 2015 to 2018. The rates of SVR were very
satisfactory, demonstrating that the treatment reached a high
cure rate with an average of 95.5% with DAA incorporated into

SUS (87-100%), being the largest study carried out to date in
Latin America. Similar data were found in other studies.®'81°

Treatment schemes in each of the different genotypes
identified in the study were evaluated to compare whether
the different responses were statistically significant. Among
those with sustained virologic responses (SVR), 56.3% were
male; 48.1% identified as white; 34.9% had initiated treat-
ment between 50-59 years of age; 44.4% lived in the
Southeast region; 48.15% carried genotype 1b; and 85.5%
underwent treatment for 12 weeks. Genotypes 1 (without
subtype results) 1a, 1b, 2, 3, 4 and some mixed genotypes
were present in the analyses. Patients with genotypes la
and 1b showed better cure rates than others (Table 2).
We also verified that treatments utilizing DAA-based, such
as 3D +RBV; SOFO +DCV +RBV; SOFO +PEG + RBV; SOF +RBV;
SOF + SMV £ RBV, obtained SVR rates ranging from 92.2 to
100%.

The analyses of the sociodemographic data showed that
being a woman aged between 20 and 49 years and residing
in the Southeast and Center-West regions were predictors of
a better response to DAA-based therapies (Table 2). The age
range 50-69 years yielded a slightly lower response to DAAs
when compared to other age groups (SVR of 94.8%), although
this finding was not confirmed in the bivariate analysis, and
the multivariate model could not be conducted (Table 2a). A
large retrospective cohort study with about 17,500 patients
with HCV, grouped into six age groups (<55 years of age, 55-59,
60-64, 65-69, 70-74, 75 years of age) and treated with DAA-
based therapies in 2014/2015 found high SVR rates ranging
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Table 3 — HCV qPCR results following 12 weeks of treatment for hepatitis C for 11,308 patients in Brazil, according to the

therapeutic scheme and patients’ genotype.

Therapeutic scheme Patients (N) % Genotypes SVR
No (%) Yes (%)
3D +RBV with 4 0.0% genotype la = 100
DAA 26 0.2% genotype 1b = 100
SOF + DAC 18 0.2% genotype 1 - 100
604 5.3% genotype 1a 3.5 96.5
1,899 16.8% genotype 1b 2.5 97.5
20 0.2% genotype 2 5 95
782 6.9% genotype 3 11.9 88.1
31 0.3% genotype 4 3.2 96.8
6 0.1% Mixed genotypes - 100
698 6.2% ignored 5 95
SOF + DAC +RBV 18 0.2% genotype 1 - 100
610 5.4% genotype la 2.3 97.7
1,753 15.5% genotype 1b 2.7 97.3
9 0.1% genotype 2 = 100
893 7.9% genotype 3 7.3 92.7
8 0.1% genotype 4 = 100
4 0.0% Mixed genotypes - 100
699 6.2% ignored 4.6 95.4
SOF + PEG-RBV 8 0.1% genotype 2 125 87.5
146 1.3% genotype 3 4.1 95.9
30 0.3% ignored 6.7 93.3
SOF +RBV 14 0.1% genotype la 7.1 92.9
60 0.5% genotype 1b 33 96.7
225 2.0% genotype 2 7.6 92.4
26 0.2% genotype 3 11.5 88.5
46 0.4% ignored 13 87
SOF + SMV 10 0.1% genotype 1 - 100
289 2.6% genotype la 55 94.5
1,147 10.1% genotype 1b 4.4 95.6
3 0.0% genotype 2 = 100
3 0.0% genotype 3 = 100
2 0.0% Mixed genotypes — 100
274 2.4% ignored 4.7 95.3
SOF + SMV + RBV 6 0.1% genotype 1 - 100
84 0.7% genotype 1a 3.6 96.4
246 2.2% genotype 1b 4.1 95.9
54 0.5% ignored = 100
Unknown therapy 3 0.0% genotype 1 - 100
36 0.3% genotype 1a = 100
197 1.7% genotype 1b 4.1 95.9
11 0.1% genotype 2 = 100
51 0.5% genotype 3 11.8 88.2
1 0.0% genotype 4 = 100
35 0.3% ignored 5.7 94.3
Other DAA therapies 1 0.0% genotype 1 = 100
15 0.1% genotype 1a - 100
27 0.2% genotype 1b = 100
1 0.0% genotype 2 100
8 0.1% genotype 3 = 100
2 0.0% genotype 4 - 100
9 0.1% ignored 22.2 77.8
Other non-DAA therapy 18 0.2% genotype 1a 38.9 61.1
40 0.4% genotype 1b 35 65
5 0.0% genotype 2 40 60
25 0.2% genotype 3 32 68
68 0.6% ignored 17.6 82.4

from 90 to 94%, similar to those found in our study. It is being the largest group — had cirrhosis or neoplasms and that
worth highlighting that advanced age was not a predictor for may have influenced the relatively lower SVR rates for this
a negative response, but rather the presence of cirrhosis. It is age group. However, when the factor age was analyzed inde-
probable that in our cohort, people of more advanced age - pendently, it was not a predictor of a lower SVR in relation
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to other age groups, according to other published studies.?*??
The positive response rate in the five regions of the country
ranged from 94.0 to 96.7%, being significantly better in the
Center-West and Southeast, with an OR of 0.5 and 0.7, respec-
tively. These finding are difficult to interpret, although quality
oflife and access to healthcare in these regions may contribute
to a better regional response to DAAs. The state of Sdo Paulo
accounts for a large representation of patients in the South-
east region and this state is known as having a good public
healthcare system. On the other hand, other conditions influ-
encing the achievement or not of SVR are discussed in depth
throughout this study.

The best therapeutic results for genotype 1la and 1b, uti-
lizing these regimens, ranged from 96.3 to 96.7%, respectively.
Patients with genotypes 2 and 3 obtained the lowest SVR rates
(92.2% and 90.6%, respectively) and were 1.5 and 2.8 more
likely to not have SVR, respectively, when compared to geno-
type la and 1b, a finding that has been confirmed in other
studies.’®?* Genotype 4 had an SVR of 97.6%, an excellent
result, but the difference cannot be established as significant
due to the small number of cases. Ferreira and collabora-
tors evaluated 296 patients in the South region, obtaining
SVR rates of 92%.% Another study including 1002 patients
treated for HCV, with genotypes 1, 2 and 3, also carried out
in the South region by Holzmann et al, found that even
patients with liver cirrhosis achieved SVR rates ranging from
88.5% to 100%.%* In another study, in which 219 patients
underwent therapy with DAAs, a high rate of SVR and excel-
lent drug tolerability were found. Failure to achieve SVR was
observed mainly among patients with at least one negative
response predictor: cirrhosis and/or genotypes 2 or 3.2> Other
studies carried out in the Southeast region yielded similar
data,17-20,26,27

This study showed that the SOF + RBV scheme had a sig-
nificantly lower response to HCV (SVR 92.2%; OR 1.6; CI
95% 1.1-2.5). We also verified a higher response for the
SOF + DCV + RBV scheme than for other antivirals (SVR 96%; OR
0.8; C1 0.6-1.0). The SOF + SMV regimen, with an SVR of 95.6%,
yielded values that were very similar to SOF + DCV (95.1%); The
addition of RBV to both schemes increased the rates to 96.7%
and 96%, respectively (Table 2b). However, in the multivariate
analyses, the SOF + SMV scheme proved to be less effective
than SOF + DCV (OR 1.3), results that have also been corrobo-
rated in other studies.?®?”

Although the SVR of 3D + RBV was 100%, we were not able
to verify whether this result was significant due to the small
number of treated patients (Table 2).

The high cure rate after using the therapeutic schemes con-
sidered in this study, with data from all Brazilian states, has
great relevance to demonstrate that public policies developed
by the Brazilian Ministry of Health, including the incorpora-
tion of therapies requiring large investments, providing cure
for thousands of hepatitis C patients, has brought Brazil closer
to the goal of eliminating the disease as a public health hazard,
and over 140,000 people have been treated to date. This study
can help to understand the dynamics of response to therapy in
the Brazilian population. The average positive response with
the use of DAAs ranged from 95.0% to 95.9%, demonstrating

that it is possible to obtain good results with therapies for
hepatitis C in the public health system.

Limitations

This study was conducted using, initially, secondary data
collected from the Ministry of Health’s information systems
(DATASUS). However, in order to collect data, it was necessary
to work with several independent areas of that institution, as
there is no interface between the different systems. There-
fore, investments to increase the performance of the Ministry’s
systems - in charge of so many diseases - would facili-
tate research and permit more efficient analyses of data by
managers at all levels (municipalities, states, and the federal
government).

Although around 80,000 treatments were distributed
throughout the period of this study, when the databases were
merged, only 29,033 patients were found in the GAL database
for undergoing some hepatitis C exam while also being regis-
tered in other databases related to the treatment of Hepatitis
C (SIASUS - BPAI and APAC). Of these, 19,100 (66%) had qPCR-
HCV in the GAL, but only 11,308 (~60%) had qPCR-HCV after
12 weeks of treatment for hepatitis C (Fig. 2). Therefore, it can
be inferred that most patients may have undergone testing
through Supplementary Health Care (Health Insurance Plans)
or bore the costs of laboratory tests themselves, and therefore,
were not included in the GAL system database.

Among the main limitations to this study, the incom-
pleteness of data in all systems stands out. The main data
refer to results of viral genotype; race/color (Tables 1 and 2).
The study was conducted with secondary data that did not
always adequately control confounding factors. The absence
of sociodemographic data (resulting from poorly filled out
forms), such as information about race/color (27%) is common
in the various SUS databases (e.g.: GAL and Sinan- Notifiable
Diseases Information System).

In the evaluated age groups, we found some differences
in the SVR rate, but this was not confirmed by the bivariate
analyses. SVR rates varied from 98.6 to 100% in the age group
between 10 and 29 years. This indicates that there is a bet-
ter response to therapy among younger populations; however,
the number of patients assessed was small (73) and this posi-
tive difference in SVR could not be confirmed in the statistical
models.

Conclusion

Even without obtaining data for all patients initially located
in the SIA/SUS, it is possible to conclude that the data in this
study obtained excellent results, consistent with the study
performed. Brazil is also a signatory to the World Health Orga-
nization resolution and has a National Plan for the Elimination
of Hepatitis C as a public health hazard by 2030. One of the
main goals of this plan is to offer more diagnosis and treat-
ment for 50,000 people annually, by 2025.1328

Our work shows that the incorporation of DAAs was of
prime importance to achieve high cure rates in the stud-
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ied population and highlights the importance of monitoring
treatments and achieving virologic cure. The Brazilian Public
Health System must be included among the public institu-
tions that offer treatments to its population in a universal and
egalitarian way.

Currently, new treatments are being incorporated into SUS,
with other drugs that are as good or better than the ones we
studied. Our study demonstrates that the excellent results
obtained in curing patients with hepatitis C may have even
better results in the future. This is significantly important,
confirming the excellent results of the treatment of hepatitis
Cin the national territory and the need to maintain treatment
for the elimination of hepatitis C as a public health problem
by 2030.%1428
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