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How long does it take to translate research findings into routine
healthcare practice? —the case of biological drugs for rheumatoid
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Background: The literature reports long time lags between the several processes involved in the translation
of drug research and development into clinical application. To expedite these processes, translational research
has emerged as a process that can be applied to reduce the lag between scientific discoveries and their
practical application. Thus, the objective of this study was to estimate the time lag in translational research
of biological drugs for the treatment of rheumatoid arthritis included in the Brazilian Unified Health System
[Sistema Unico de Saiide (SUS)].

Methods: A descriptive retrospective study was conducted based on secondary data loaded by SUS users in
public sources and systems to estimate the time lag between the publication of phase I clinical trial results to
drug use in clinical settings. The dates of translational research activities were identified from markers and
steps. Structured searches were conducted in the literature and reports from the National Commission for
the Incorporation of Technologies in the SUS (Conitec) as well as from health authorities, and analyzed.
Results: Between 2012 and 2019, SUS included five biological agents for the treatment of rheumatoid
arthritis. The mean time lag from clinical development to use of these agents was 11.13 years (range, 8.57
to 12.90 years). The mean time lag for the stages of translational research were 5.30 (T'1—basic research
to clinical research), 5.08 (T2—clinical research to research synthesis), and 0.75 (T3—research synthesis to
evidence-based practice) years. A shorter time lag was observed in the Brazilian case when it was possible to
compare with other studies.

Conclusions: The estimated time lag of biological drugs used in the treatment of rheumatoid arthritis
was determined based on the translational research steps model adapted to the Brazilian context. Brazil has
instituted legal frameworks that set deadlines for sanitary registration, health technology assessment (HTA),
and the availability of drugs in the SUS, thus, allowing for a reduced stage T2 time lag. Nevertheless,

improvements are still required in stages T'1 and T2, especially in publishing the results of clinical trials.
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Introduction

The time lag between drug research and development and
ultimate translation into healthcare practice is still a major
barrier to health care access in different contexts (1,2).
The time lag from the initial drug discovery to identifying
a therapeutic target or receptor for drug development
and then final registration or market authorization of a
dosage form has been estimated to take 17 (3), 22 (4), or
even 36 years (1). Owing to this, translational research
seeks to reduce the time gap between obtaining data for
research and practical use of the acquired knowledge for
the benefit of society (5-7). Translational research allows
the identification of strategies and actions to integrate the
steps and stakeholders involved in order to optimize the
drug development processes and thus provide access to
therapeutics (8).

Rheumatoid arthritis is a systemic and progressive
autoimmune disease clinically characterized by joint
pain and swelling. Owing to its chronic and complex
inflammatory nature, several comorbidities and extra-
articular presentations can develop, the most common
being cardiovascular complications, respiratory diseases,
and infections (9,10). In addition to clinical consequences,
the socioeconomic impacts of rheumatoid arthritis, such as
functional disability, poor quality of life, loss of productivity,
and high individual and collective healthcare costs are also
a cause for concern (11). Estimates from the 2017 Global
Burden of Disease (GBD) study showed an age-standardized
global prevalence and incidence of 246.6 and 14.9 per
100,000 in that year, which corresponded to increases
of 7.4% and 8.2% compared to 1990, respectively (12).
Clinical guidelines recommend early diagnosis and
treatment (13-15) as delayed disease management is
associated with the worsening of the clinical condition,
including pain and loss of quality of life, more erosive
joint damage, extra-articular manifestations and increased
morbidity and mortality (16-19). In addition, treatment
delays are related to higher direct and indirect costs of
disease management, as patients fail to achieve better
outcomes and negatively impact health systems (11,20).

The treatment of rheumatoid arthritis involves
controlling inflammation to attain disease remission or low
activity. To this effect, three groups of disease-modifying
antirheumatic drugs (DMARDs) are used: conventional
synthetic, targeted synthetic, and biological drugs (9,13,14).
Biological DMARDs have changed the course of managing
rheumatoid arthritis, through increasing treatment
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safety and effectiveness and providing better clinical and
socioeconomic outcomes (21,22). Nevertheless, even with
the advancement of science and the availability of evidence
on the pathophysiology, diagnosis, treatment, and prognosis
of rheumatoid arthritis, a review of the literature indicated a
mean time lag of 11.76 months between symptom onset and
treatment initiation (16).

Considering that patients may experience failures to
control the disease, it is relevant that physicians and patients
have more medicines available promptly to contain the
progression of the disease. This could minimize the time lag
for switching drugs that have failed to control the disease
for others that can provide personalized treatment, with
better outcomes. Therefore, knowing the time lag of the
translational research process in the context of access to
biological drugs for rheumatoid arthritis is important to
identify priority strategies to reduce the wait. Accordingly, the
objective of this study was to estimate the time lag between
the initial phase of clinical development and the dispensing
of biological DMARDs incorporated in the Brazilian Unified
Health System for the treatment of rheumatoid arthritis.

Methods
Research context

To ensure provision of adequate healthcare in a country
with large socioeconomic and health inequalities, the 1988
Constitution of the Federative Republic of Brazil established
a public, universal, and free health system at the point of
service called the Unified Health System [Sistema Unico
de Saiide (SUS)] (23,24). In addition, the National Health
Policy of this system encompasses several sectorial policies,
including drugs and pharmaceutical services, and establishes
guidelines for free access and rational drug use. Prior to
their inclusion as part of the SUS medicines, drugs must be
authorized for use in the Brazilian market after approval by
the Brazilian Health Regulatory Agency [Agéncia Nacional de
Vigilincia Sanitdria (Anvisa)], a health regulator linked to the
Ministry of Health. According to legislation, the drugs must
be registered with Anvisa and should undergo evaluation
by the National Commission for the Incorporation of
Technologies in the SUS [Comissdo Nacional de Incorporagio
de Tecnologias no SUS (Conitec)] before being included as
part of the SUS. Having fulfilled these requirements, it is up
to the Ministry of Health to decide whether to adopt a new
treatment into the SUS. Since 2012, the Conitec evaluation
requires that it be conducted within 180 days, extendable

Ann Transl Med 2022;10(13):738 | https://dx.doi.org/10.21037/atm-22-397



Annals of Translational Medicine, Vol 10, No 13 July 2022

for 90 days, and considers efficacy, safety, effectiveness, cost-
effectiveness, and budget impact criteria. After a possible
inclusion decision, the provision of the drugs must occur
within 180 days of the decision date and is guided by clinical
guidelines (25,26). The drugs can be purchased directly
by the Ministry of Health or by States and municipalities,
as agreed between SUS managers. Clinical guidelines are
used as tools to help manage and regulate access to health
technologies, and include clinical indications, dosages,
monitoring mechanisms, and parameters related to drug
dispensing and clinical management (27).

Research design

The study had a descriptive, retrospective design, with
secondary public data collection to estimate the time
lag between the clinical development of drugs and their
dispensing by the SUS, considering the various stages of
translational research. The dates of events that made it
possible to estimate the time course of the drugs in the
context of translational research were identified within the
Brazilian scenario.

In addition to a structured literature search in medical
literature databases, the study included a documental
analysis of recommendation reports and clinical guidelines
issued by Conitec, drug registration reports issued by
health authorities [Food and Drug Administration (FDA),
European Medicines Agency (EMA), and Anvisa], and
normative acts issued by the Ministry of Health of Brazil.

The sample consisted of all biological drugs used for
the treatment of rheumatoid arthritis evaluated by Conitec
between 2012 and 2019 and incorporated into the SUS.
The data were collected for each drug to identify the dates
on which the events described below occurred.

Variables and data sources

Translational research steps and corresponding markers
previously identified in a review that investigated translational
drug research models, steps, and stakeholders in the Brazilian
context were used (28). Three stages of translational research
were defined as follows: T'1—from basic research to clinical
research; T2—from clinical research to research synthesis;
and T3—from research synthesis to evidence-based practice.
In each one, markers associated with the dates of certain
events were identified. Table 1 shows the steps, markers, event
definitions, and data sources. It should be noted that the
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data collected for each marker refers to the date on which a
particular event occurred.

The data were collected from several sources described
below, with assumptions being adopted to infer the date of
each activity. The date of result publications in scientific
journals or the date of result availability on the clinical trial
registration platform were used as a parameter to infer the
conclusion of phase I, II, and III clinical trials. With both
pieces of information, the oldest date was included.

To collect the date of publication of clinical trial and
systematic review results, a sensitive search strategy was
developed for each drug, aiming at retrieving a greater
number of documents from the Medline (via PubMed)
and ClinicalTrials.gov databases. The Drugbank (29)
database was used to identify terms and codes for each
molecule. Data sources and search strategies are available as
supplementary information (Appendix 1).

The date of the first health registration of the drug
was obtained from the Anvisa, FDA, and EMA websites.
The Conitec website was used to confirm the dates of the
evaluation request, Conitec initial and final deliberations,
decision of incorporation by the Ministry of Health, and
publication of the clinical guideline (30).

The date of the first drug purchase by the Ministry of
Health was retrieved from the Health Price Database,
a system maintained by the Ministry of Health for the
registration and consultation of information on the public
and private purchase of drugs and health products (31). To
infer the dispensing date, data from the SUS Outpatient
Information System [Sisterna de Informacoes Ambulatoriais
do SUS (SIA/SUS)] were extracted through the TABNET
tab (32). The SIA/SUS stores data on drug dispensing
which is accessible via the Specialized Component of the
SUS Pharmaceutical Assistance. Each drug is identified
as a procedure and has a unique identification code.
Dispensing is only allowed with a medical prescription
and by filling out a drug request form. The codes of the
International Statistical Classification of Diseases and
Related Health Problems (ICD-10)-10th Revision and
other parameters established in the clinical guideline of
the Ministry of Health can be observed. Through the SIA/
SUS, the federation units inform the Ministry of Health
about the drug units dispensed throughout their territory
using a month/year date. For calculation purposes, day 15
was standardized for this event. In addition, the date of the
first dispensation registration by any of the 27 Brazilian
federation units was taken into account.
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Table 1 Translational research steps, markers, definitions, and data sources

Data source

Step Marker (date) Marker event definition
T1—basic research to Phase |
clinical research Phase |l

Phase I

Health registration Approval of the first health registration by Anvisa, FDA,

and EMA

T2—clinical research to  Systematic review Publication of the first review with systematic search

research synthesis .
4 Conitec request

Conitec
recommendation

Conitec deliberation Conitec final decision

Decision

Conitec guideline  Guideline, manual, guide, or protocol publication

T3—research synthesis
to evidence-based
practice

Acquisition

Dispensation

Publication of the results of the first phase | clinical trial

Publication of the results of the first phase Il clinical trial

Assessment request from Conitec

Registration of the first purchase after incorporation

First dispensing record

Medline (via PubMed);
ClinicalTrials.gov

Publication of the results of the first phase Il clinical trial

Anvisa; FDA; EMA

Medline (via PubMed)

Conitec recommendation report

Conitec initial recommendation

Ministry of Health decision

Conitec website
Ministry of Health Price Database
SIA/SUS

Source: Own conception using the dates of translational research activities. Anvisa, Brazilian Health Regulatory Agency; Conitec, National
Commission for the Incorporation of Technologies in the SUS; EMA, European Medicines Agency; FDA, Food and Drug Administration;
SIA/SUS, SUS Outpatient Information System; SUS, Brazilian Unified Health System.

Statistical analysis

Descriptive statistics were used to calculate the total and
mean time lags between the clinical development and SUS
dispensing stages. Microsoft Excel 2019 software was used
to calculate the estimates and prepare tables and figures with
a schematic representation of the total time and step time
for each drug. As the variables of each event were “dates”,
the time interval was calculated by subtracting the date
of the marker immediately after the date of the previous
marker, according to the equation: Time (in months) = Date
(marker 2) - Date (marker 1).

Ethical aspects

Approval by an ethics committee is not applicable as this
research used secondary data available in the public domain.

Results

The study included five biological DMARDs: abatacept,
certolizumab, golimumab, rituximab, and tocilizumab.
These were all evaluated within the scope of the Conitec
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recommendation report no. 12/2012 and incorporated
into the SUS through Ordinance SCTIE/MS no. 24/2012,
published on 9/11/2012. Some common characteristics of
the drugs refer to high unit price, centralized acquisition
by the Ministry of Health, need for refrigerated storage,
and subcutaneous or intravenous administration (Tuble 2).
All dates of events related to markers and translational
research steps are available as supplementary information
(Appendix 2).

The mean time lag (years) at each stage of the
translational research of the five biological drugs was 5.30
for T1, 5.08 for 12, and 0.75 for T3 (Figure 1). Added
together, the total mean lag was 11.13 years from the
publication of the results of phase I clinical trials to the first
SUS dispensing. The longest time lag corresponded to the
T1 stage, relating to the clinical development of the drug,
which comprises phase I, II, and III clinical trials, as well as
the registration evaluation by the health authority.

The total time lag (in years) for each drug was as follows:
12.90 for certolizumab; 12.48 for abatacept; 11.80 for
tocilizumab; 9.93 for rituximab, and 8.57 for golimumab.
Certolizumab, golimumab, and tocilizumab had a longer
time course at T'1, with abatacept and rituximab having
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Figure 1 Time course of the five biological DMARDs during stages of translational research. Stage 1 (T'1) has as initial and final markers

the publication of the first clinical trial of phase 1 and the registration by Anvisa, respectively. Stage 2 (T2) starts from the first systematic

review until the publication of the practice guideline; stage 3 (T3), from the medicines acquisition to its dispensation in the SUS. Source:

Own conception using the dates of translational research activities. DMARDs, disease-modifying antirheumatic drugs; Anvisa, Brazilian

Health Regulatory Agency; SUS, Brazilian Unified Health System.

longer durations at T2. The longest and shortest lags
at T1 were for certolizumab (8.77 years) and rituximab
(2.24 years). At T2, the lag for rituximab was 2.2 times
longer than for certolizumab, which had the shortest lag in
that stage. T'3 was very similar for all drugs, being shorter
than one year. The lag of the three steps for golimumab
(8.57 years) was shorter than the T1 lag for certolizumab
(8.77 years).

Table 3 shows the time lag between the markers of
the three translational research stages. As for T1, the
longest lag occurred between phase III and II clinical
trials, with certolizumab totaling 74 months (6.17 years).
No publications were found with phase I results for
certolizumab and abatacept, which made the first
calculation unfeasible. Rheumatoid arthritis was included
as a new indication for rituximab before the publication
of phase III results, which resulted in a negative time lag.
For tocilizumab, the calculation corresponded to 0, as the
results of phase II and I studies were available in only one
publication. Negative time lags indicate that certain events
occurred before another marker.

At stage T2, with the exception of rituximab, all drugs
were registered with Anvisa on dates subsequent to
the publication of the first identified systematic review,
resulting in a negative time lag. The longest lags were

© Annals of Translational Medicine. All rights reserved.

between requesting the demand for an assessment from
Conitec and the publication of the first systematic review.
These periods corresponded to 55% of the total time lag in
T2 for certolizumab and 81% for abatacept. The time lag
for abatacept was three times longer than for certolizumab.
More homogeneous time lags were found in T3, with a
longer period between the acquisition and incorporation
decisions than between dispensing and acquisition.

Discussion
Time lags in translational research and their implications

This study evaluated the mean time lag in three stages of
translational research for biological DMARDs, abatacept,
certolizumab, golimumab, rituximab, and tocilizumab,
included in the SUS following Conitec recommendations
in 2012. Added together, the total mean time lag was
11.13 years from the publication of the results of phase
I clinical trials to the first SUS dispensing. The longest
total time lag was 12.90 years for certolizumab and the
lowest was 8.57 years for golimumab. At each stage, the
determined mean time lags (years) were 5.30 for T'1, 5.08
for T2, and 0.75 for T3. At T1, the longest time lag was
between the publication of phase III and II results, while
at T2 it was between the publication of the first systematic

Ann Transl Med 2022;10(13):738 | https://dx.doi.org/10.21037/atm-22-397
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Table 3 Time lag between translational research markers for the five biological drugs
Drugs (time lag in months)
Step Marker Anti-TNF Not an anti-TNF
Certolizumab Golimumab Abatacept Rituximab Tocilizumab
T Phase II-Phase | N/F 131 N/F 22.7 o'
Phase lll-Phase Il 74.0 8.6 17.5 4.2 53.4
Health registration-Phase Il 31.2 28.4 44.0 -0.2 20.9
T2 Systematic review-Health -12.7 -14.9 -7.9 39.7 -2.8
registration
Conitec request-Systematic 21.0 29.4 65.3 31.7 44.4
review
Conitec recommendation- 4.2 o* 2.6 0.5 0.5
Conitec request
Conitec deliberation-Conitec 1.1 1.1 1.1 1.1 1.1
recommendation
Decision-Conitec deliberation 2.3 2.3 2.3 2.3 2.3
Conitec guideline-Decision 9.7 9.7 9.7 9.7 9.7
T3 Acquisition-Decision 4.7 7.5 4.7 59 8.3
Dispensation-Acquisition 6.6 2.7 2.5 1.3 1.0

Stage 1 (T1) has as initial and final markers the publication of the first clinical trial of phase 1 and the registration by Anvisa, respectively.
Stage 2 (T2) starts from the first systematic review until the publication of the practice guideline; stage 3 (T3), from the medicines
acquisition to its dispensation in the SUS. ', phase | and Il clinical trial results published in only one scientific article; *, according to
Conitec Recommendation Report No. 12/2012 (30), the company that holds the registration of golimumab requested Conitec to evaluate
the drug for incorporation into the SUS on 6/21/2012. This date is after the recommendation date of the aforementioned report (6/1/2012).
Conitec decision was on 7/5/2012, while the incorporation decision was on 9/11/2012. TNF, tumor necrosis factor; N/F, not found;
Conitec, National Commission for the Incorporation of Technologies in the SUS; Anvisa, Brazilian Health Regulatory Agency.

review and the request for a Conitec evaluation. Shorter
and more homogeneous time lags were found in T3.

In a literature review by Morris et al. (3), the authors
discussed the trend toward convergence over a 17-year time
lag. The empirical studies cited in the review had different
methods, with varying start and end points for measuring
time. Eder ez al. (4) analyzed 113 innovative FDA-approved
drugs from 1999 to 2013 and found a median time lag of
22 years from the discovery of a therapeutic target to FDA
regulatory approval. McNamee et a/. (1) evaluated 138 new
drugs approved by the FDA between 2010 and 2014 and
found a time lag of 36 years, initiating the count from the
growth of scientific publications on biomarkers related to
the disease. Hanney ez a/. (2) focused on the investigation
of time lags in the UK health system based on the analysis
of two synthetic drugs: amlodipine, used in cardiovascular
diseases, and olanzapine, used in mental health. The
authors included markers from basic (preclinical) research.

© Annals of Translational Medicine. All rights reserved.

At T3 stages, the time lags for drug inclusion in clinical
guidelines and financing policies were considered. The
observed time lags were 23 years for amlodipine and
20 years for olanzapine. The present study identified no
similar comparable studies conducted in Brazil.

The literature shows a diversity of markers in a total
of up to five translational research stages, yet there is no
consensus on which and how many markers correspond to
a particular stage (8). This situation may be related to the
multiplicity of translational research meanings in biomedical
research (37). Whenever possible, individualized data were
sought from published studies to calculate the time lag with
markers similar to the ones used in this study. At T1, the
mean time lag from clinical trials to drug registration with
the FDA was 12 years as reported by McNamee et a/. (1).
Hanney ez al. (2) reported an approximate time lag of four
years from publication of the results of the amlodipine
phase I clinical trial to registration with the EMA. For
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olanzapine, registered in 1996, the time lag was negative
because the results of a phase I clinical study that started
in 1986 were only cited in a study published in 1997. In
the present study, T1 mean time was 5.30 years, which is
shorter than the time identified by McNamee ez a/. (1) but
longer than the amlodipine time lag reported by Hanney
et al. (2). As for T2 time lag, the inclusion of amlodipine
in the UK clinical guidelines took approximately 13 years,
counted from the initial health registration. For olanzapine,
this lag was 6 years. Thus, for amlodipine, the sum of T'1
and T2 corresponds to 17 years. In the present study, the
sum of T1 and T2 was 10.4 years, shorter than the one
calculated for amlodipine. The limited comparison with
the studies is highlighted, especially due to (I) inaccurate
starting points for the clinical trial markers; and (II) unique
health system contexts and different types of drugs (synthetic
versus biological).

Abatacept, certolizumab, golimumab, and tocilizumab
had negative time lags between the publication of the
systematic reviews and the product registration by
Anvisa. This may be partly due to the Anvisa registration
having occurred, for the most part, after FDA and EMA
registrations. With the exception of tocilizumab, systematic
reviews were published after the date of registration in
those agencies. Brazil has a large consumer market, with
a diverse pharmacological-epidemiological profile, an
internationally compatible ethical and sanitary environment,
and professional capacities and infrastructure with potential
for the internationalization of clinical research (38,39).
Nevertheless, a first FDA or EMA registration may
reflect several factors, including: (I) the greater innovative
technological density and concentration of pharmaceutical
companies based in the United States and Europe; (II) skills
in conducting clinical trials, especially those with greater
complexity and innovation, such as phase I and II; and (III)
greater investments by the United States and European
countries in research, development, and innovation (40,41).

According to McNamee ez a/. (1), basic research advances
may positively reflect on the characterization of molecular
targets for drugs and on clinical trial designs. In the context
of rheumatoid arthritis in the 1990s, the literature already
indicated that pro-inflammatory cytokines, especially tumor
necrosis factor (TNF), played an important role in its
pathogenesis (42,43). The development of many biological
DMARDs was based on this knowledge, particularly
golimumab, an anti-TNF agent. This drug had the shortest
time lag in the three stages of the translational research,
with 8.57 years. Its clinical development has very close
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dates between clinical trial records and result publications.
For example, phase II started in November 2003 and the
primary outcome was concluded in February 2005 (44). In
a few months, one of the phase III studies was commenced
in December 2005 and completed its primary outcome in
September 2007 (45). Publications with phase I, II, and
IIT results occurred in March 2007, February 2008, and
December 2008, respectively (46-48).

Undesirable delays occur when more time than necessary
is spent to develop activities according to ethical, sanitary,
and best practice standards. T'1 activities classically take
about 10 to 20 years during drug development (4,49), with
low probability of success (50,51) and million to billion
dollar costs (49,52,53). A significant part of this time is
invested in clinical trials and includes processes such as
ethical and health authorizations, registration of the clinical
trial on registration platforms (e.g., ClinicalTrials.gov),
and submission of the clinical development dossier to the
health authority for registration purposes. Implementation
strategies could still be applied in the development of
clinical research to accelerate the translation of knowledge
into its use in real world scenarios (54). In Brazil, evaluation
processes for the registration of drugs by Anvisa have been
increasingly transparent and delimited. The setting of
maximum deadlines for the final decision in registration and
post-registration change processes stands out, with 120 days
for priority drugs and 365 for others (55,56).

T2 delays occur in the dissemination and scientific
publication of clinical trial results, as well as in the
generation of evidence that supports health technology
assessment (HTA) processes. The publication of clinical
trial results is considered an ethical and scientific conduct
obligation (57). The World Health Organization
recommends that such results be submitted to peer-
reviewed journals within 12 months of study completion,
with a view of being published within 24 months (58).
However, studies (59,60) indicate low percentages of
clinical trials that reported results within 12 months:
40.9% (1,722/4,209 trials) on the ClinicalTrials.gov
platform and 49.5% (3,601/7,274 trials) on the EU Clinical
Trials Register. Communicating results is important for
several reasons; it avoids exposing research participants to
ineffective interventions (57,58), reduces selective reporting
bias (61,62), avoids funding research with ineffective
technologies (63), generates data and information for HTA
processes, knowledge translation, and clinical guideline
constitution, and informs decision-making in clinical and
management settings (57,63,64).
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The shortest time lags at T2 were related to Conitec
processes. This may be a reflection of the HTA
institutionalization and improvement in Brazil over the
years. The definition of procedures and deadlines in Law
no. 12.401/2011 provides a solid guideline for structuring
and implementing activities in the country (25,65). It
is noteworthy that Conitec has similar structure and
functioning policies compared to HTA agencies in Australia,
Canada, and the United Kingdom (66). Transparency and
civil society participation are also guaranteed in regulatory
frameworks and have advanced in recent years, although

they may differ (65,67,68).

Literature contributions and study limitations

This study contributes to the literature in several aspects.
First, a translational research steps model adapted to the
Brazilian case was adopted (28), which allowed a closer
approximation with the reality of the country. Second,
explicit, transparent, and reproducible methods were
adopted for each marker, increasing the reliability of the
results obtained. Third, the adopted methodology can
be used for other drugs to investigate whether there are
associated factors that influence the course of time from
drug discovery to use in clinical settings. These include
factors such as type of disease (prevalent versus rare), type of
drug (synthetic versus biological), the existence of generics
available at the time of incorporation, the type of applicant
for Conitec assessment (SUS versus non-SUS). Fourth, it
provides time lag estimates for an upper-middle-income
country with marked socioeconomic health inequalities. As
far as we know, time lag estimates published in the literature
come from high-income countries.

Some limitations of the study should be noted. First,
there was a high heterogeneity in the definition of markers
for each stage of translational research in published studies,
which limits the comparison of time lags between studies.
To get around this limitation, we tried to calculate the
time lag between the markers used in this study when
this information was available. Second, our empirical
strategy was restricted to the five biological DMARDs for
rheumatoid arthritis. Thus, the lags estimated in this study
may not be extrapolated to other classes of drugs, diseases,
drugs demanding incorporation into the SUS, and the form
of drug acquisition. Therefore, it is important to study
other drugs. In addition, the average time it takes to switch
from one biological to another is also not included in the
time interval estimated in this study. When few treatment
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alternatives are available, patients may experience a longer
delay when they need to access other DMARDs. Third,
our estimates may contain some inaccuracies as some data
sources only show the month and year of the marker. In
this case, we adopted the rule of considering day 15 of each
month. Fourth, there may be other scientific articles or
information disclosures with clinical trial results that were
not identified through our sensitive search strategy. This
could influence the measured time lag.

Implications and perspectives for bealth policy, clinical
practice, and research

Some implications for health policy and clinical practice
lie in the fact that the results presented here can be used to
find out whether the time lag is compatible with the desired
situation. Policy makers, the production sector, researchers,
and society must ask themselves what the optimal deadlines
are to access the technologies available, guaranteeing safety,
efficiency, quality, and rationality. Specifically in the clinical
practice, the benefits of faster translation of new biological
drugs can expand therapeutic options for managing the
disease on time. With this, patients could have better
results and quality of life, such as control of erosive joint
damage and fewer extra-articular complications. Thus,
the reasonable time frame to make the drug available
would require the completion of each of the stages of the
translational research. By establishing plausible deadlines
for carrying out the steps, factors that impact, positively
or negatively, on reaching the agreed deadline and the
consequent implementation of access programs and rational
use of medicines could be investigated. Above all, there is
the opportunity to improve legal frameworks to guarantee
timely access to technologies. The creation of a schedule
for the translation of knowledge, implementation, and use
of evidence in the context of translational research would
be an area of special interest to promote more healthcare
benefits to society in a shorter period. Nevertheless,
improving the sharing of documents and experiences among
regulatory agencies could accelerate the analysis needed for
registration and H'TA in health systems.

Among the implications for further research, we
specifically highlight two: the need for a standardization
of translational research markers and research involving
more drug categories. Based on the results of this research,
studies could be carried out with application of the method
to a larger sample with other types of drugs and analyses of
factors related to an increased or reduced time lag.
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Conclusions

The objective of this study was to estimate the time lag
of translational research of biological drugs incorporated
into the Brazilian Unified Health System between 2012
and 2019 for the treatment of rheumatoid arthritis. The
mean time lag from the publication of the results of phase
I clinical trials to the first SUS dispensing was 11.13 years.
A shorter period was observed in the Brazilian case when it
was possible to compare markers between studies. Brazil has
instituted legal frameworks that set deadlines for sanitary
registration and the assessment of health technologies and
their availability in the SUS, which allows reducing stage 2
translational research lags. Improvements are still needed
in the T1 and T2 stages, especially in conducting clinical
trials and publishing their results. Future research should
investigate associated factors that influence the course of
time.
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