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Methods: The ClinicalTrials.gov website and its advanced filtering were used to identify
registered CTs performed in Turkey during four six-year intervals. Various characteristics
of the CTs, such as design, phase distribution, participant age, and type of funding, and the
percentage of surgery-related CTs, were analyzed.

Results: The number of CTs conducted in Turkey increased exponentially during the 24-
year study period, from 23 studies between 01/01/1994 and 01/01/2000 to 1930 studies
between 01/01/2012 and 01/01/2018. Phase distribution analysis showed that there were
more late-phase CTs than early-phase CTs in Turkey during the study period.

Conclusion: Modernization of Turkey’s regulations for CTs facilitated the relevant growth
of CTs in Turkey. Considering Turkey’s unique geographic location, technological advance-
ments, and ease of patient recruitment, the observed exponential increase in the number
of CTs performed is not surprising. The higher number of late-phase CTs, as compared to
early-phase CTs in Turkey, indicates that late-phase CTs may be more common in developing
countries because they are less expensive to conduct that early-phase CTs and the pool of

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

INTRODUCTION

A clinical trial (CT) is a type of experiment that aims
to improve a conventional technology or to generate a
completely innovative way to improve the practice of
conventional medical treatment, based on studying the
effects of administrating a particular treatment or prod-
uct to selected groups of participants. Large groups of
participants with related complaints are selected to
achieve significant results concerning the benefits and
side effects of an innovative treatment/product.l'l CTs
are interventional studies of innovative surgical proce-
dures, drugs, nutritional products, and medical devices.
[l Observational studies, on the other hand, are based
on retrospective analysis and epidemiological investiga-
tion. Unlike observational studies, CTs are prospective
interventional studies that are designed to determine the
probable clinical outcomes of a treatment/product be-

potential participants are naive.

fore its release.” During a CT of a medical product or
procedure, many steps (or phases) must be successfully
completed. All CTs include the same four phases, and the
number of the participants required to effectively evalu-
ate the clinical outcome of an innovative treatment/prod-
uct increases dramatically with each progressive phase of
a CT.B! The large number of participants required for a
late-phase CT generally forces researchers to conduct
CTs in countries with a limited number of potential par-
ticipants to seek recruitment of participants from other
countries. In contrast to CTs, observational studies do
not include phases.[!

CTs require strong financial support and a large partici-
pant pool to achieve significant results. Financial support
is generally provided by governments and sponsors./]
Sponsors include such organizations as industrial com-
panies, healthcare institutes, and universities, as well as
individuals.’! Worldwide, the industry is a major source
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of funding for CTs that generally aim to identify optimal
methods for profit. Feasibility studies precede CTs and
play a crucial role in informing the authorities that perform
and/or support CTs about the future of a project and the
steps required for smooth progress.! Another factor that
facilitates CTs is guidelines that standardize the phases
of a CT and protect the rights of participants. The In-
ternational Conference on Harmonization-Good Clinical
Practice (ICH-GCP) guideline is a globally approved and
known to accelerate the phases of innovative medicinal
research, and facilitates rapid and continual investigation
of related products, and industrialization.”? Countries with
a sufficiently structured research network and optimized
research guidelines are considered valuable to those with
treatments/products ready for CTs. Furthermore, CTs can
contribute positively to a country’s GDP®

Turkey’s geographic location and high-quality research
facilities and researchers make it an attractive locale for
the utilization of innovative technologies.l”! Moreover, the
overall number of registered CTs performed in Turkey
renders it as a leader in the Middle East and North Africa
(MENA) region. Before the adoption of ICH-GCP guide-
lines and laws, CTs in Turkey were not properly designed
or performed.l'” In 1993, the primary outline for drug re-
search was formed by accepting of clinical drug research
regulation. This regulation is very similar to the initial ICH-
GCP guidelines it replaced as the primary Turkish regula-
tion concerning CTs.l' In 1995, globally approved guide-
lines (Good Clinical Practice (GCP), Good Laboratory
Practice (GLP), and Good Manufacturing Practice (GMP))
were adopted in Turkey, which, together with technolog-
ical advancements, resulted in an exponential increase in
the number of CTs conducted in Turkey.>'%

The present study aims to highlight improving the effects
of adopting CT regulations and international guidelines on
the number of CTs conducted in Turkey over the course
of 24 years. Despite the historical developments in Turkey,
to our knowledge, how these developments affected the
numbers and types of CTs conducted in Turkey has not
been studied previously. This study tracked the numbers of
registered CTs conducted in Turkey between 01/01/1994
and 01/01/2018 and classified these CTs according to type,
phase, funding, participant age, and treatment/product.

MATERIALS AND METHODS

Number of the CTs conducted between
01/01/1994 and 01/01/2018, according
to the ClinicalTrials.gov database

ClinicalTrials.gov is the largest worldwide CT registry; the
database includes approximately 305,000 CTs conducted
in 209 countries.’! Before public access was given, the
website only contained NIH-specific trials; however, be-
ginning on 01/01/2000, the public was given access to the
website and it began to also include privately funded CTs.
"l Advanced search filters provided by ClinicalTrials.gov

were used to analyze various aspects of CTs conducted in
Turkey between 01/01/1994 and 01/01/2018.

Research criteria

Using the advanced filtering options, Turkey was selected
as the region for the study’s ClinicalTrials.gov search. To
determine if there was an increase or decrease in the num-
ber of CTs in Turkey, the 24-year study period was divided
into four time intervals of six years each, using 01/01/1994
as the initial time stamp and 01/01/2018 as the last. Next,
the CTs were categorized according to phase via additional
filtering. Among the types of CTs, only interventional and
observational trials were considered. Participant age was
categorized as follows: child (birth-17 years) for pediatric
trials and adult (18-64 years) plus older adult (265 years)
for adult trials. Funding sources were grouped as industry-
funded studies versus other funding via selecting all op-
tions other than “Industry” from the “Additional Criteria”
section. Concerning CT participants, they were analyzed
as surgical and non-surgical.

Limitations of this study

The search of ClinicalTrials.gov identified some of the
same CTs when the child (birth-17 years), adult (18—64
years), and older adult (265 years) filters were used, which
indicates overlapping results in the case of age filtering.
The total number of the CTs was integrated into a graph
depicting study types, alongside observational versus inter-
ventional studies. Moreover, in addition to ClinicalTrials.
goVv’s enormous database of registered CTs, it also includes
unregistered CTs.l''3! For a more comprehensive inves-
tigation of the development of CTs in Turkey, registries
other than ClinicalTrials.gov should also be analyzed;!']
however, it is not expected that such an expanded study
will significantly change the findings presented herein,
as ClinicalTrials.gov includes the vast majority of all CTs
conducted worldwide. Lastly, despite the careful use of
filtering during the search of ClinicalTrials.gov, a negligible
number of relevant CTs may not have been found and in-
cluded in the present study’s analysis.

RESULTS

There was a significant increase in the number of CTs
(both observational and interventional) during the 6 year
of 01/01/2012-01/01/2018, reaching the maximum total
number of 1930. During the 24-year study period, there
was a nearly 84-fold increase in the number of regis-
tered CTs performed in Turkey, from 23 studies between
01/01/1994 and 01/01/2000 to 1930 studies between
01/01/2012 and 01/01/2018 (Fig. 1). The number of CTs
with different phases increased significantly during the 24-
year study period (Fig. 2). Among all CT phases, phase llI
trials were the most common in every time period fol-
lowed by phase IV, phase Il, phase |, and early phase | CTs
(Fig. 2). There were not any early phase | or phase | CTs
conducted in Turkey between 01/01/1994 and 01/01/2006,
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Figure 1. Distribution of the CT types and the total number of
the CTs in Turkey, according to each 6-year interval. The Clini-
calTrials.gov database was analyzed using Turkey in the “coun-
try” section, alongside the 24-year study period divided into
6-year intervals in the “Study start: from-to” section. A separate
analysis was conducted by selecting observational and inter-
ventional studies from the “Study type” section and for each of
6-year interval. The total number of the CTs was analyzed by
leaving the “Study type” section blank.

Figure 3. Distribution of the pediatric CTs versus adult CTsin
Turkey, according to each 6-year interval. The ClinicalTrials.gov
database was analyzed using Turkey in the “country” section,
alongside the 24-year study period divided into 6-year intervals
in the “Study start: from-to” section. Pediatric studies were an-
alyzed by selecting the “Child (birth-17 years)” option, whereas
adult CTs were analyzed by selecting the “Adult (18-64 years)”
and “Older Adult (265 years)” options at the same time from the
“Age” section.
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Figure 2. Distribution of the CT phases in Turkey, according
to each 6-year interval. The ClinicalTrials.gov database was
analyzed using Turkey in the “country” section, alongside the
24-year study period divided into 6-year intervals in the “Study
start: from-to” section. Distribution of the CT phases was ana-
lyzed separately by individually selecting each phase from the
“Phase” section. The “Not applicable” option was ignored during
analysis.

whereas after 01/01/2006, there was an exponential in-
crease in the number of early phases and late phase CTs;
however, the shortage of early phase studies is preserved
despite the overall increase.

CTs were categorized as pediatric (participant age:
birth-17 years) and adult (participant age: >17 years) (Fig.
3). There was an exponential increase in both age cate-
gories during the 24-year study period, from 15 pediatric
and 23 adult CTs between 01/01/1994 and 01/01/2000 to
478 pediatric and 1707 adult CTs between 01/01/2012 and
01/01/2018. The distribution of CT funding sources dur-
ing the 24-year study period was also analyzed (Fig. 4).
Between 01/01/2012 and 01/01/2018, industry-funded CTs

Figure 4. Distribution of the industry-funded CTs versus other-
funded-CTs in Turkey, according to each 6-year interval. The
ClinicalTrials.gov database was analyzed using “Turkey” in the
“country” section, alongside the 24-year study period divided
into 6-year intervals in the “Study start: from-to” section. Fund-
ing sources were investigated by selecting the “Industry” option
and by selecting the “Other” options in the “Funder type” sec-
tion.

were less common than other-funded CTs in Turkey; how-
ever, between 01/01/2000 and 01/01/2012 industry-funded
CTs accounted for the 63% of CTs conducted in Turkey.
In between 01/01/1994 and 01/01/2000, there were three
industry-funded with 20 other-funded CTs performed in
Turkey, versus 756 industry-funded CTs and | 175 other-
funded CTs between 01/01/2012 and 01/01/2018.

Surgery-related trials accounted for 17.4% of all CTs con-
ducted in Turkey between 01/01/1994 and 01/01/2000,
and during the next |8 years that percentage decreased
significantly as the overall number of CTs increased sig-
nificantly (Fig. 5). There were four surgery-related CTs
between 01/01/1994 and 01/01/2000, followed by I1,
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Figure 5. Distribution of the surgery-related CTs versus other
CTs in Turkey, according to each 6-years interval. The Clini-
calTrials.gov database was analyzed using “Turkey” in the
“country” section, alongside the 24-year study period divided
into 6-year intervals in the “Study start: from-to” section.
Surgery-related CTs were analyzed by typing the keyword
“Surgery” and “Surgical” in the “Condition or Disease” section.
Studies not related to surgery were analyzed by extracting the
number of surgery-related CTs from the total number of the CTs
for each 6-year interval.

62, and 184 CTs during the next three interval periods,
respectively; yet, the percentage of surgery-related CTs
conducted in Turkey was only 9.5% between 01/01/2012
and 01/01/2018.

DISCUSSION

Before 1994, Turkey did not have sufficient organizational
ability to conduct CTs.l' The first law in Turkey related
to CTs was passed in 1926 and specially addressed ex-
perimental drugs.l'” A search of ClinicalTrials.gov showed
that before 1994, there were only four CTs conducted in
Turkey.P! Despite Turkey’s potential for clinical research,
the low number of Turkish CTs before 1994 is an indica-
tion of the negative effects of the lack of Turkey’s adop-
tion of globally approved CT guidelines. The present find-
ings show that after Turkey adopted ICH-GCP universal
guidelines in 1993 alongside GLP and GMP, the number of
CTs conducted in Turkey increased dramatically, rendering
Turkey a top producer of CTs in the MENA region.!']

The small number of observational CTs shown in Figure
I draws attention. However, the present study’s observa-
tional and interventional CT distribution rates shown in
Figure | are similar to earlier reports of global distribution
rates.’! As mentioned earlier, in contrast to observational
CTs, interventional CTs are phased trials that aim to intro-
duce and to test an innovative medical treatment/product.
[51 Worldwide, interventional CTs are conducted nearly
4-fold more frequently than observational CTs."! Similarly,
Figure | shows that the number of interventional CTs con-
ducted in Turkey was 5-fold higher than that of observa-
tional CTs.

Figure 2 shows the distribution of CT phases according to
each of the present study’s 6-year periods. It was reported

earlier that late-phase CTs are more common in Turkey
than early phase CTs,!'! which is typical for a develop-
ing country with a large pool of potential participants for
late-phase CTs. Early phase studies generally conducted in
regions that they were introduced, generally in developed
countries.>'l In contrast to the findings shown in Figure
2, phase Il CTs are the most common globally, followed by
phase |, phase lll, phase IV, and early phase | CTs.*! This
is further evidence that researchers in developing coun-
tries prefer conducting late-phase CTs. The present find-
ings show that the most common CT phase in Turkey was
phase lll, followed by phase IV, phase Il, phase |, and early
phase |; however, Turkey’s adoption of globally approved
CT guidelines together with technological advancements
increased the overall number of CTs conducted in Turkey,
even though the distribution of the CT phases remained
the same.

The high and young population of the MENA region is an
asset for the CT researchers.I'! Simultaneously, the re-
gion’s high prevalence of disease due to poor healthcare is
indicative of the need for innovative medical interventions
for both pediatric and adult patients.['" Figure 3 indicates
that the distribution of pediatric and adult CTs conducted
in Turkey is similar to the global distribution; globally, the
number of adult CTs is approximately 4.7-fold higher than
the number of pediatric CTs.’! The modernization of
Turkey is observable with an increased number of pedi-
atric studies as well as adult studies since 1994. However,
due to the large young population in the MENA region, it
is expected that the number of pediatric CTs in Turkey
would increase. However, 01/01/2012-01/01/2018 interval
in Figure 3, indicates that the difference between pediatric
studies and adult studies increased.

CTs require complex and expensive cost analyses and
budget planning,®'”) which often exceed the budget of in-
dividual stakeholders, especially in the case of late-phase
CTs; this makes securing financial support crucial for con-
ducting a CT. Despite its for-profit nature, the industry is
a critical source of funding due to the depth of its financial
resources. Accordingly, the present study evaluated indus-
try-funded CTs in Turkey separately from other-funded
CTs (Fig. 4). Figure 4 shows that the distribution of CT
funding changed during the 24-year study period; be-
tween 01/01/1994 and 01/01/2000, there were only three
industry-funded CTs in Turkey versus 20 other-funded
CTs, whereas between 01/01/2000 and 01/01/2012, there
were 702 industry-funded CTs in Turkey, versus 414 oth-
er-funded CTs. The observed increase in industry-funded
CTs in Turkey might be associated with the simultaneous
expansion of the pharmaceutical market in Turkey; none-
theless, between 01/01/2012 and 01/01/2018, there were
756 industry-funded CTs conducted in Turkey, versus | 175
other-funded CTs. This latest change is most likely related
to the expansion of academic and government funding in
Turkey that targets drug development. Globally, industry
funding and other funding each account for approximately
50% of all CTs (5), which is similar to the present study’s
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findings for 01/01/2012-01/01/2018 (industry-funded to
the other-funded ratio of 1:1.55).

Alongside with the conventional techniques, the variation
of CTs determines the amount of innovative approaches
targeting the specific fields in a country. According to
Figure 5, surgery-related CTs in Turkey increased from
four studies between 01/01/1994 and 01/01/2000 to 184
studies between 01/01/2012 and 01/01/2018. Between
01/01/1994 and 01/01/2000, the percentage of surgery-
related CTs to all CTs was 17.4%, while it drops to 9.5%
between 01/01/2012 and 01/01/2018. However, the total
number of the CTs increased between 01/01/2012 and
01/01/2018 (1930 CTs), so did the number of surgery-re-
lated CTs, which indicates that the innovations of surgery
in Turkey have also increased.

CONCLUSION

Overall, there is an 83-fold increase in the number of CTs
over a 24-year duration in Turkey after the adoption of
clinical drug research regulation, starting with 23 studies
between 01/01/1994 and 01/01/2000 and reaching 1930
studies between 01/01/2012 and 01/01/2018. However,
late phase studies form the majority of all CTs in Turkey
over the course of 24 years, which indicates the lack of
local introductions of novel approaches in Turkey. Turkey
resides in a very good position among the MENA region
concerning the clinical trial conducting potential. However,
when the unique geographical location, high target popu-
lation alongside with its high-quality institutions with suf-
ficient investigator potential is considered, it appears that
there is no reason for the lack of conducting early phase
studies in Turkey.
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p
Klinik ilac Arastirma Yonetmeliginin Kabulu Sonrasi Turkiye’de Yapilan

Klinik Calismalann Gelismesi

Amag: Bu calisma, Tiirkiye’nin klinik ¢alismalarin yiirGtiilmesi konusunda uyguladigi uluslararasi ydnetmeligin etkilerini 24 yillik bir donem iginde
gostermektedir.

Gereg ve Yontem: ClinicalTrial.gov sitesi ve igerisinde sunulan filtreler kullanilarak klinik alisma sayilar kategorize edilmistir. Bu arastirmalar
alti yillik dort farkli zaman araligi kullanilarak yapildi. Calismalarin gesitleri, faz dagiimlari, yas araliklari, sponsor gesitleri ve cerrahi klinik galisma-
larin tim ¢alismalara orani incelendi.

Bulgular: Tirkiye'nin konusu gegen 24 yillik donemine bakildiginda yuritilen klinik galismalarin sayisinin katlanarak arttigi gézlemlendi.
01.01.1994 ile 01.01.2000 tarihleri arasinda kayith 23 klinik galisma, 01.01.2012 ile 01.01.2018 tarihleri arasinda 1930’a yiikselmistir. Buna ek
olarak, Tirkiye'de geg fazli galismalara, erken fazli galismalara kiyasla daha blyiik bir egilim oldugu gorildi.

Sonug: Tirkiye'nin klinik ilag arastirma yonetmeligindeki reformu, inovatif tip igin uyumlu bir alan yaratmistir. Turkiye’nin benzersiz cografi
konumu, teknolojik gelismeleri ve hedef hasta kitlesinin uygunlugu géz éniinde bulunduruldugunda bu ivmeli artis beklenmedik degildir. Tirki-
ye'deki geg fazli calismalarin sayisinin erken fazli ¢alismalara kiyasla az olusu, gelismekte olan ilkelerde olasi disiik maliyet ve tedavi edilmemis
hasta grubunun varlig nedeniyle olusan gekiciligi yansitmaktadir.

Anahtar Sozciikler: Klinik calisma faz dagilimi; klinik calismalar; Tirkiye.




