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ABSTRACT
Introduction Intra- articular (IA) and peri- articular 
glucocorticoid (GC) injections are common in sports 
medicine. However, from 1 January 2022, all injectable GC 
routes (including IA administration) will be prohibited in- 
competition by World Anti- Doping Agency (WADA). Owing 
to these rules, an IA GC treatment out- of- competition 
could result in an adverse analytical finding in- competition 
if the washout period is not clearly defined. The aim of 
this study is to determine the urinary excretion profile 
of triamcinolone acetonide following IA injection to 
strengthen the definition of the washout periods.
Methods and analysis This is a prospective multicentre 
trial to include 20 subjects who practice sports for 
at least 4 hours/week and present a knee disorder 
requiring IA injection of triamcinolone acetonide for 
therapeutic purposes. To determine the excretion profile of 
triamcinolone acetonide in both urine and blood following 
IA injection of the drug, We will perform 20 urinary tests 
and 20 dried blood spot tests, two prior to GC injection 
(baseline) and the last one at 35 days. Analyses will be 
performed by the French antidoping agency laboratory in 
accordance with WADA standards and regulations.
Ethics and dissemination The study protocol was 
approved by the French ethics committee (CPP Sud Est 
III—Lyon—2020- 070B on 06 October 2020). All subjects 
will provide written informed consent. The results of this 
study will be accessible in peer- reviewed publication and 
be presented at academic conference.
Trial registration number NCT04574232.

INTRODUCTION
Therapeutic use of intra- articular (IA) or 
peri- articular glucocorticoid (GC) injection 
is frequent in sports medicine and is subject 
to strict rules according to the World Anti- 
Doping Agency (WADA).1–4 Local GC injec-
tions are commonly used to treat sports 
injuries. In particular, they are used to relieve 

pain and allowing better rehabilitation.5 In 
addition, they provide effective management 
of musculoskeletal disorders such as synovitis, 
osteoarthritis, bursitis, tendinitis and others.6

GCs are currently prohibited in- competi-
tion when administered by systemic routes 
(orally, intravenously, intramuscularly or 
rectally) according to the 2021 WADA list of 
prohibited substances and methods. In addi-
tion, WADA Executive Committee approved 
in the September 2020 meeting that all inject-
able routes of administration of GCs will be 
prohibited in- competition. These new rules 
will come into effect from 1 January 2022.7 8 
The 1- year period is expected to allow athletes 
and medical personnel to get a better under-
standing of the practical implementation of 
the washout periods and sports authorities 
to develop educational tools for athletes, 
medical and support personnel, addressing 
the safe use of GC for clinical purposes in 

Strengths and limitations of this study

 ► This study determines the excretion profile of triam-
cinolone acetonide in urine following intra- articular 
(IA) glucocorticoid injection.

 ► Analysis from a dried blood spot test will be used to 
precise reporting value in the blood matrix after an 
IA treatment.

 ► Biological analyses will be performed by a laboratory 
accredited by World Anti- Doping Agency.

 ► A limitation of the study is the absence of documen-
tation of diet, fluid intake and kidney function.

 ► Another limitation of the study is the lack of result 
stratification according to the sport type and the 
conditions of physical activity.
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antidoping. Indeed, the ergogenic effects of GCs are the 
subject of debate in the literature.9 Some studies describe 
a positive effect regarding exhaustion, perception of 
fatigue and endurance performance while others suggest 
that GCs have no systemic effect on performance.10–14 In 
addition, GCs have for some years been placed on the 
WADA monitoring programme for out‐of‐competition 
use.

The elimination kinetics of GCs are known for most 
products used orally, there is less clarity in the literature 
when GCs are administered as an injection, even more 
so when it is not ultrasound- guided or radio- guided.8 15–18 
Studies describing elimination profiles of triamcinolone 
acetonide after intramuscular and IA administration and 
triamcinolone hexacetonide (excreted in urine as triam-
cinolone acetonide and metabolites) after IA injection 
have been described in detail.17 19–22 In addition, a recent 
review of the literature showed a urinary detection period 
of triamcinolone acetonide ranging from 3 to 8 days after 
the IA injection, in limited groups of up to eight people.22

During the Olympic Games in Rio (2016), a register 
specially created to report on the therapeutic injections 
performed found that there was significant use of GC 
injections.1 Medical doctors, sports and exercise physi-
ologist and sports organisations experts (eg, Fédération 
Internationale de Football Association and International 
Cycling Union) have already reported on the excessive 
use of GC injections prior to competitions, a procedure 
which is not without consequences to health.23 24

In that peculiar context of the implementation of the 
new antidoping rules, introducing the prohibition of all 
injectable GC routes during the in- competition period, it 
is crucial to clarify the excretion profile of triamcinolone 
acetonide in urine (and blood) following IA injection of 
the drug to help in the definition of the washout periods.

METHODS
Design and study population
This is to be an open, prospective, multicentre study 
involving two French hospitals (University Hospital of 
Nancy and Army Hospital of Metz). We will include 20 
patients who have sports practice of at least 4 hours/
week and who suffer from a knee pathology requiring 
GC IA injection therapy (triamcinolone acetonide). Only 
patients with negligible triamcinolone acetonide concen-
trations in urine (eg, <1 ng/mL) will be accepted to 
participate, to avoid results due to accumulation of the 
drug produced by previous administrations. Main eligi-
bility criteria are summarised in table 1. Biological anti-
doping samples are collected before and after the IA GC 
injection and periodically over the course of 35 days.

Protocol: research progress
The study is to be initiated from January 2021 with an 
anticipated end for subject recruitment in January 2023. 
Study completion is scheduled for June 2023.

Subjects will be included following a sports medicine or 
rheumatology appointment after validation of inclusion 
criteria (table 1). At baseline, before and after performing 
the GC IA injection, under careful aseptic conditions 
and with ultrasound guidance, a series of biological anti-
doping samples will be collected (urinary, dried blood 
spot (DBS) and hair). The same biological samples will 
then be regularly collected by the patient during the 35 
days of follow- up according to the schedule described in 
table 2. A clinical research nurse will be in regular contact 
with patients to remind them of the days and progress of 
biological specimen collection. At the end of the study, 
20 urinary samples, 20 DBS samples and 2 locks of hair 
will be studied.

All biological samples will be sent to the Lorraine Biolog-
ical Resource Center (CRB Lorraine—BB-0033-00035) 
in compliance with ISO 9001:2015 and NFS 96-900:2011 
standards. This biobanking centre will ensure the prepa-
ration and storage of biological samples and the sending 
of samples for assaying to the French Anti- Doping Labo-
ratory (Agence Française de Lutte contre le Dopage—
Analyses Department) but hair samples will be handled 
by the Department of Clinical Pharmacology and Toxi-
cology (Centre Hospitalier Régional Universitaire de 
Nancy) in accordance with the study procedures. The 
frozen samples will be kept for a period of 10 years.

During the 35 days of follow- up, all patients should 
report any adverse events to the investigating team via a 
single dedicated phone number.

Laboratory protocol
The antidoping tests performed prior to after the injec-
tion under ultrasound control will be analysed using the 
following methodology:

Urinary sample: 90 mL of urine will be collected in a 
single container by test. According to the WADA technical 
documentation (TD2019MRPL, May 2019), a sample with 
GC urinary concentration >30 ng/mL is considered as an 
adverse analytical finding. In line with new antidoping 
rules in force on 1 January 2022, GC urinary concen-
tration >15 ng/mL will also be considered.25 The urine 
samples will be analysed according to internal accred-
ited protocols routinely used as initial testing procedure. 

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Sports practice at least 
4 hours/week

Subject with GC allergy or GC 
medical contraindication

No comorbidities 
against indicating intra- 
articular knee injection

Pregnant women or women of 
childbearing potential without 
effective contraception

Subject with a knee 
disease requiring intra- 
articular injection of 
GCs

Washout period of all injectable 
routes and systemic use of GCs <3 
months

GCs, glucocorticoids.
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Analytical conditions are close to those described by 
Pereira et al.26 Briefly, for the direct detection of GCs, the 
sample treatment will be carried out on Evolute Express 
CX (30/3 mL, Biotage, Sweden) cartridges with aceto-
nitrile/methanol/aqueous ammonia (25%; 50/50/5, 
v/v/v) for elution. Analyses will be performed on an 
ultra- high- performance liquid chromatography U3000 
system coupled to a QExactive+ (Thermo Fisher Scien-
tific, USA).

Blood sample: A collection of DBS obtained after a 
fingertip capillary prick will be analysed to establish the 
correlation between urinary and blood excretion of GCs. 
Moreover, we will measure cortisol levels in DBS to eval-
uate any systemic effect. Indeed, only urinary criteria are 
currently available for antidoping laboratories and clinical 
studies are still needed to establish blood criteria (TDDBS 
2021).27 28 A specific protocol will be implemented in the 
laboratory for this purpose based on an already published 
protocol.29 Briefly, after a first step of desorption with an 
organic solvent such as methanol and tert- butyl methyl 
ether, the extract will be analysed by mass spectrometry.

Hair sample: A lock of hair cut from the vertex posterior 
region as close as possible to the skin and with a diam-
eter of approximately 5 mm will be collected. The sample 

treatment of the hair will be performed according to the 
method described by Gaillard et al.30 The analyses will be 
realised by ultra- high performance liquid chromatog-
raphy Nexera X2 (Shimadzu, Japan) linked to a 6500+ 
QTRAP triple quadrupole (Sciex, USA).

Primary endpoint
 ► Determination of the excretion profile of triamci-

nolone acetonide in urine following IA ultrasound- 
guided injection.

Secondary endpoints
 ► Modelling of the excretion profile of triamcinolone 

acetonide in urine following IA ultrasound- guided 
injection.

 ► Determination of the excretion profile of cortisol in 
urine following IA ultrasound- guided injection to 
evaluate systemic effect.

 ► Determination of the excretion profile of triamci-
nolone acetonide in DBS antidoping test following IA 
ultrasound- guided injection.

 ► Modelling of the excretion profile of triamcinolone 
acetonide in DBS antidoping test following IA 
ultrasound- guided injection.

 ► Determination of cortisol levels in DBS to evaluate 
systemic effect.

 ► Identification of GCs on hair mark present 1 month 
after IA ultrasound- guided injection of triamcinolone 
acetonide.

 ► Evaluation of the impact of exogenous corticosteroids 
on endogenous steroids profile (androgens and GCs) 
in DBS samples.

Statistical analysis
Descriptive analyses will be conducted according to the 
nature and the distribution of the variables. Qualitative 
variables are described with frequencies and percent-
ages; quantitative variables are reported as mean±SD. 
Delay mean values will be calculated with their 95% CIs. 
Studies of relation and of association will be conducted. 
For excretion profile, we will use curve fitting to choose 
the best model for the analysis.

Sample size
It is a pilot study. The inclusion of 20 patients is envisaged 
to be in accordance with the potential for recruitment. 
We are considering the possibility of at least two subjects 
with a value above WADA standards (<30 ng/mL) at 
baseline which will not be included for the primary or 
secondary endpoints. However, they will be integrated 
into the kinetics analysis and will be identifiable there.

Data management
Before the launch of this pilot study, all investigators 
and members of the investigative team took part in 
good clinical practice workshops. The sponsor’s clinical 
research associates from the University Hospital of Nancy 
(France) will perform periodic monitoring in each centre 
throughout the trial. The data required to meet the 

Table 2 Schedule of collection

Date
Urinary 
sample

Blood 
sample by 
DBS

Hair 
sample

D0 (before injection) + + +

D0 (after injection) + +

D1 (H0+H24 max) + +

D2 (H0+H48 max) + +

D3 (H0+H72 max) + +

D4 (H0+H96 max) + +

D5 (D0+5 days) + +

D6 (D0+6 days) + +

D7 (D0+7 days) + +

D8 (D0+8 days) + +

D9 (D0+9 days) + +

D10 (D0+10 days) + +

D11 (D0+11 days) + +

D13 (D0+13 days) + +

D15 (D0+15 days) + +

D17 (D0+17 days) + +

D19 (D0+19 days) + +

D21 (D0+21 days) + +

D28 (D0+28 days) + + +

D35 (D0+35 days) + +

The patient collects a total of 20 urinary samples and 20 DBS 
samples and makes 2 collections of hair locks.
DBS, dried blood spot.
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research objectives will be collected in case report forms 
(CRFs) specifically designed for this study and will come 
from the patient’s medical records and the results of the 
analysis of biological samples.

A database will be created specifically for this study and 
will use the double entry method. To ensure data quality 
and data concordance, two data entry technicians will 
independently feed data from the CRFs into the data-
base. If inconsistencies are detected, a third investigator 
will decide on the data to be entered. The data manager 
will send queries to the investigative teams to correct or 
confirm outliers. Before any decision to freeze the data-
base and to ensure a clean database, all CRF data will be 
incorporated into the database and all queries will be 
resolved. The final milestone will be the database lock.

The data from all patients will be centrally stored in 
Nancy. Data management will be carried out by CHRU 
de Nancy (Direction de la Recherche et de l’Innovation). 
The conditions for data transfer of all or part of the study 
database are decided by the study sponsor and are the 
subject of a written contract. This study and the data 
collected fall within the scope of Reference Methodology 
MR001.

The data may be transmitted to the companies in the 
group to which the promoter belongs and to its contrac-
tual partners in a form which should not permit the direct 
or indirect identification of persons lending themselves 
to research.

DISCUSSION
The results of this pilot study will identify the blood and 
urinary excretion profiles of triamcinolone acetonide 
following IA injection of the drug (primary endpoint) 
and will also provide complementary data to establish 
potential reporting values for GCs in DBS in connection 
with the urinary concentrations. These information are 
essential for the antidoping community to strengthen 
the washout periods, recommended to athletes after an 
IA treatment during out- of- competition periods close to 
competitions. This study will help to get a better under-
standing of the practical implementation of the washout 
periods but also to confirm reporting limits applied by 
antidoping laboratories. To consider this point, experts 
must have kinetic reference values and GC peak urinary 
and blood concentration evolution after IA injection.

To date, although there is no consensus on the poten-
tial consequences of their possible ergogenic effect, GCs 
are one of the most frequently detected substances in 
antidoping tests.9 Their deleterious impact on athlete’s 
health (bone tissue, muscle tissue, metabolism and cardio-
vascular system) justifies their presence on the WADA 
list of prohibited substances and methods of administra-
tion24 31–33 However, the benefit–risk balance is oriented 
in favour of the introduction of GCs for therapeutic 
purposes for some diseases (eg, endocrine disorders and 
rheumatic disorders). To allow athletes in competition 
who have these types of pathologies and require systemic 

administration of a WADA prohibited substance such 
as GCs, a therapeutic use exemption (TUE) must be 
obtained. The TUE request can be submitted for compe-
tent expert assessment of the indication of treatment and 
may be proactive, before start of treatment, or retroac-
tive, after treatment has started. In this latter case, TUE 
often follows an adverse analytical finding, with the risk 
of a refusal from experts and the initiation of proceed-
ings from a disciplinary commission. In addition, a recent 
study by Vernec et al4 found that the retroactive TUE 
percentage (taken from the WADA ADAMS database for 
2012–2016) was 21% for all substances against 39% for 
GCs alone. These results highlight the highly extensive 
use of GCs and argue for the need for further research, 
clarifying when the use is for therapeutic purposes and 
when for ergogenic effect.

Ethics and dissemination
This study received approval from the French ethics 
committee (CPP Sud Est III—Lyon—2020- 070B on 
06 October 2020) and has been registered with the 
French competent authority (ANSM- no. ID- RCB: 
2020- A01448-31).

It will be conducted according to the European good 
clinical practice recommendations, the general ethical 
principles of the declaration of Helsinki and specific 
French regulations.

Before inclusion, each patient will receive, both verbally 
and in writing, a full brief on the study objectives, its 
progress, and its constraints, before giving their written 
consent to participate in the trial.

Patient and public involvement
Patients and the public were not involved in the design or 
planning of the study

Potential amendments
We do not plan to modify the protocol to avoid reporting 
bias. However, if necessary, any amendment in the review 
process will be reported for transparency.
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