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REVIEW

The use of the tyrosine kinase inhibitor 
Nilotinib in Spondyloarthritis: does targeting 
inflammatory pathways with a treatment lead 
to vascular toxicity?
Loukman Omarjee1,2,3,4* , Vincent Jaquinandi1,2 and Guillaume Mahe1,2

Abstract 

Spondylarthritis (SpA) is an inflammatory rheumatic disease associated with increased incidence of major adverse 
cardiovascular events (MACEs). Recently, Paramarta et al. proposed the use of the tyrosine kinase inhibitor Nilotinib 
in Spondyloarthritis to target certain inflammatory pathways. However, Nilotinib, which is highly effective for the 
treatment of patients with chronic myeloid leukaemia (CML), is also associated with an increased risk of MACEs. The 
authors suggest that Nilotinib may be effective in peripheral SpA by modulating inflammation, but not in axial SpA. 
Considering the vascular toxicity of Nilotinib and the acceleration of atherosclerosis in SpA patients, we suggest tak-
ing MACEs as an end-point in future trials.
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Background
Spondylarthritis (SpA) is a chronic inflammatory rheu-
matic disease that can result in significant disability 
[1]. It is associated with increased incidence of major 
adverse cardiovascular events (MACEs) [2]. With the 
emergence of Tumor Necrosis Factor Inhibitors (TNFi), 
such as  Infliximab®,  Etanercept®,  Adalimumab® or 
 Cetolizumab®, therapeutic outcomes in SpA have 
improved substantially [3]. However, there is still an 
unmet need for a subset of patients who do not respond 
adequately to TNFi [3]. New biological molecules block-
ing extra-cellular cytokines involved in new pathways of 
inflammation such as IL-17  (Secukinumab®) and IL-23 
 (Ustekinumab®) inhibitors showed their effectiveness 

in psoriasis, psoriatic arthritis and SpA [4]. Targeting 
the production of intracellular cytokines by synthetic 
small molecules such as Janus Kinase (JAK) Inhibitor 
 (Tofacitinib®), Phosphodiesterase-4 (PDE-4) Inhibi-
tor  (Apremilast®) or Tyrosine Kinase (TK) Inhibitor 
 (Imatinib®,  Nilotinib®) is a growing field. The later, origi-
nally developed to inhibit BCR-ABL in Chronic Myeloid 
Leukemia (CML), could also inhibit c-KIT, the receptor 
for stem cell factor, thereby inducing apoptosis of mast 
cells, including synovial mast cells involved in inflamma-
tory pathways [5]. However, Nilotinib, which is highly 
effective for the treatment of patients with CML, it is 
associated with an increased risk of MACEs [6]. In this 
review, we will discuss the concept of accelerated athero-
sclerosis in SpA and the vascular toxicity of Nilotinib.

Main text
Recently, Paramarta et  al. published “A proof-of-con-
cept study with the tyrosine kinase inhibitor Nilotinib in 
Spondyloarthritis” [1]. However, an acceleration of the 
atherosclerosis process leading to major adverse cardio-
vascular events (MACEs) in Spondylarthritis (SpA) has 
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been reported [2]. Nilotinib, which is highly effective for 
the treatment of patients with CML, is associated with 
an increased risk of MACEs [6]. Therefore it is question-
able to use Nilotinib in SpA patients. In what follows, we 
present a review on SpA and Nilotinib cardiovascular 
involvement:

1. SpA is a systemic autoimmune inflammatory rheu-
matic disease affecting the axial and/or peripheral 
skeleton [1]. A population-based study showed that 
SpA patients had an increased incidence of cardio-
vascular (CV) disease [2]. The association between 
SpA and CV risk should be investigated accord-
ing the European Society of Cardiology guidelines, 
which have a specific section dedicated to prevent-
ing CV disease in patients with systemic autoim-
mune inflammatory diseases [7]. Furthermore, an 
increase in CV mortality among SpA patients has 
been reported in several studies [8]. In one of them, 
677 patients with SpA were followed over a period of 
35 years [8]. The mortality rate in the SpA group was 
14.5% in this study [8]. CV diseases are the leading 
cause of death (40%), followed by cancer (26.8%) and 
infections (23.2%) [8]. Compared to a control popu-
lation matched for age, gender and geographic area, 
the survival rate was significantly lower in the SpA 
group [8]. In addition, an increase in CV morbidity 
was also found for the SpA patients [2, 9]. Two large-
scale epidemiological studies have been conducted, 
one in Canada and the other in Sweden [2, 9]. The 
Canadian study showed an increase in the incidence 
of ischemic heart disease by 37% and stroke by 25% 
compared to the general population [2]. The Swed-
ish study also showed a significant increase in the 
incidence of ischemic stroke with an estimated risk 
of 2.02 (95% confidence interval [95% CI] 1.90–2.14) 
[9]. One meta-analysis found a significant increase in 
myocardial infarction risk (MI) of 60% among 17,903 
patients compared to 1,300,000 controls (OR = 1.60 
[95% CI 1.32–1.93]). Similarly, in another study, 
the risk of stroke was increased by 50% in the SpA 
group (9791 patients) compared to the control group 
(1,239,041 controls) (OR = 1.50 [95% CI 1.39–1. 62]) 
[10]. Finally, the risk of PAD was increased by 13.5% 
in one study on SpA patients [11].

2. This increase in CV morbi-mortality can be linked to 
inflammation. Inflammation is at the cornerstone of 
the process, generating endothelial lesions and dys-
functions leading to atherosclerosis. But inflamma-
tion also amplifies the disease process arising from 
the classic CV risk factors [12]. Furthermore, in one 
study, values for markers of oxidative stress, lipid 
profile, and inflammation, as well as soluble CD40 

ligand (sCD40L), placental growth factor (PlGF), and 
carotid Intima–Media Thickness (IMT) were sig-
nificantly higher in the SpA group compared to the 
healthy group, leading to an increased risk for ath-
erosclerosis [13].

3. The use of synthetic and biological disease-modifying 
anti-rheumatic drugs (DMARDs) has completely 
changed the natural history of these systemic auto-
immune inflammatory diseases by targeting different 
pathways leading to chronic inflammation [14]. Data 
on the use of these drugs suggests favourable effects 
on CV risk in patients with rheumatoid arthritis and 
psoriatic arthritis [15]. However, the use of corticos-
teroid therapy is associated with unfavourable CV 
and metabolic effects in SpA patients [16]. On the 
other hand, in atherosclerotic patients without sys-
temic autoimmune inflammatory disease and with 
previous MI, the  Canakinumab® Anti-inflammatory 
Thrombosis Outcome Study (CANTOS) showed 
that therapy targeting the inflammatory cytokine 
interleukin-1β innate immunity pathway with 
 Canakinumab® led to a significantly lower rate of 
recurrent cardiovascular events than a placebo, inde-
pendently from the lowering of lipid levels [17].

4. Finding new DMARDs in SpA is a daily challenge 
for several research teams worldwide. One thera-
peutic target is the use of protein tyrosine kinase 
inhibitors (PTKIs) as suggested by Paramarta et  al. 
[1]. These small molecules have revolutionized the 
treatment and outcomes of CML, changing it from a 
life-threatening disease to one with a life expectancy 
similar to the general population for patients who are 
responsive to treatment [18–20]. Protein tyrosine 
kinases (PTKs) are enzymes that catalyse the trans-
fer of phosphate from adenosine triphosphate (ATP) 
to tyrosine residues on specific proteins [21] and play 
a critical role in vascular, metabolic and myocardial 
biology and physiology [22]. All approved TKIs for 
the treatment of CML target the BCR–ABL pro-
tein with TK activity but they also possess different 
effects on other kinases, including those involved in 
the cardiovascular system, such as Platelet-derived 
growth factor receptors (PDGFRs) which can lead to 
CV toxic effects [6].  Nilotinib® is a highly effective 
TKI in the treatment of CML. However, reports of 
CV toxicity caused by  Nilotinib® have recently raised 
concern [23]. Reports of PAD and MACEs in patients 
exposed to  Nilotinib® are increasingly reported. 
The first concerns about the vascular toxicity of 
 Nilotinib® were reported for 3 patients under treat-
ment who developed PAD [23]. In a retrospective 
analysis of 179 patients, 12 patients (6.2%) developed 
PAD involving their lower limbs, 8 patients required 
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invasive therapy, such as angioplasty and stenting, 
and 4 patients required amputation [24]. Unfortu-
nately, PAD was also found not only in patients in 
whom CV risk factors were present, but sometimes 
also in younger patients without any risk factors [23]. 
In addition to PAD,  Nilotinib®-treated patients can 
develop cerebral ischemia and MI [23]. Further to 
this, data from the Food and Drug Administration 
Adverse Event Reporting System (FARES) shows an 
increase in coronary artery stenosis and angina pec-
toris after 1 year of  Nilotinib® in CML patients; MI 
and PAD after 2 years; femoral arterial stenosis and 
intermittent claudication after 3  years; and acute 
coronary syndrome, peripheral ischemia and femoral 
arterial occlusion after 4 years [25]. In a prospective 
study including 159 CML patients treated with either 
 Imatinib® or  Nilotinib®, PAD defined by an abnor-
mal ankle–brachial index (ABI) was more prevalent 
among patients treated with Nilotinib than among 
patients on  Imatinib®[26]. The atherothrombotic 
vascular events occurring in some  Nilotinib®-treated 
patients could arise from a combination of genetic 
and biochemical factors, such as increased lipid per-
oxidation due to detrimental Lipoxygenase-1 (LOX-
1) polymorphism and an imbalance in cytokine-
driven inflammation, mainly brought about by the 
strong reduction in anti-inflammatory cytokine IL-10 
levels [27]. Furthermore,  Nilotinib® is associated 
with several metabolic disturbances, including hyper-
glycemia, perhaps via insulin resistance, and dyslipi-
demia, which can develop within less than 3 months 
of treatment. However, these metabolic disturbances 
certainly do not explain all cases of vascular adverse 
events, and are probably among the many contribu-
tory mechanisms. In a mouse model of hind limb 
ischemia,  Nilotinib® was found to slow blood flow 
recovery after the induction of ischemia, which was 
accompanied by an increased levels of limb necro-
sis [28]. According to one report,  Nilotinib® was 
reported to exert direct pro-atherogenic and anti-
angiogenic effects on vascular endothelial cells, 
leading to PAD in patients with CML [28]. Further-
more,  Nilotinib® induced a significant depletion of 
TK cKIT+ mast cells, reported in peripheral SpA 
patients by these authors.  Nilotinib® was shown to 
promote the expression of pro-atherogenic cytoadhe-
sion molecules (CAMs) on cultured human umbilical 
vein endothelial cells (HUVEC), including ICAM-1 
(CD54), VCAM-1 (CD106) and E-Selectin (CD62E). 
Using chemical proteomic profiling and phosphor-
array analysis,  Nilotinib® was shown to bind to sev-
eral antigenic targets in endothelial cells, including 
Tie-2/TEK, JAK1, BRAF and EPHB2. In addition, the 

inhibition of several kinases involved in vascular cell 
homeostasis, such as DDR1, cKIT, and/or PDGFR, 
has been suggested as a potential mechanism impli-
cated in  Nilotinib®-induced vascular events. Finally, 
CV risk factors, PAD and other atherothrombotic 
events were screened in 75 patients who had received 
either  Imatinib® (N  =  39) or  Nilotinib® (N  =  36) 
[29]. Twenty-five per cent of the patients receiving 
 Nilotinib® developed PAD, ACS or stroke, as com-
pared to 7.6% of the patients receiving  Imatinib®. In 
this study,  Nilotinib®-treated patients had an unbal-
anced pro/anti-inflammatory network. The authors 
hypothesized that this pro-inflammatory state could 
cause pro-atherothrombotic activation via enhanced 
lipid peroxidation, and that genetic pro-atherothrom-
botic predisposition conferred by LOX-1 could play 
a role in the increased incidence of vascular events 
[29].

Conclusion
To conclude, considering the vascular toxicity of 
 Nilotinib® and accelerated atherosclerosis in SpA 
patients, we suggest taking MACEs as an end-point 
in future trials. Finally, patients with systemic autoim-
mune inflammatory diseases such as SpA should be 
strictly screened for modifiable risk factors such as obe-
sity, hypertension, dyslipidemia, diabetes, and cigarette 
smoking, especially under  Nilotinib® treatment. The 
management of such patients should follow guidelines 
on preventing CV disease in patients with systemic 
autoimmune inflammatory diseases [7]. In addition, the 
European LeukaemiaNet recommends PAD screening 
by ABI or duplex ultrasonography every 6–12  months 
for patients on Nilotinib [30]. We suggest that authors 
should take ABI as a safety variable in future trials. In 
the era of precision medicine and progress in pharma-
cogenomics, IVS4-14 G/G LOX-1 polymorphism should 
be investigated before  Nilotinib® introduction, insofar as 
it constitutes the strongest predictive factor for a higher 
incidence of CV events [27].

Abbreviations
SpA: Spondyloarthritis; TNFi: Tumor Necrosis Factor Inhibitor; MI: myocardial 
infarction; PAD: peripheral arterial disease; CI: confidence interval; OR: odds 
ratio; CML: chronic myeloid leukaemia; FDA: Food and Drug Administration; 
FARES: FDA Adverse Event Reporting System; CAM: cytoadhesion molecules; 
HUVEC: human umbilical vein endothelial cells; ICAM-1: intercellular adhesion 
molecule 1; VCAM-1: vascular cell adhesion molecule 1; E-Selectin: endothe-
lial selectin; JAK1: janus kinase 1; EPHB2: ephrin B2; DDR1: discoidin domain 
receptor tyrosine kinase 1; PDGFR: platelet-derived growth factor receptors; 
MACE: major adverse cardiovascular events; CV: cardiovascular; sCD40L: 
soluble CD40 ligand sCD40L; PlGF: placental growth factor; IMT: Intima–Media 
Thickness; DMARDs: disease-modifying anti-rheumatic drugs; CANTOS: 
Canakinumab Anti-inflammatory Thrombosis Outcome Study; TKIs: tyrosine 
kinase inhibitors; TK: tyrosine kinase; ATP: adenosine triphosphate.



Page 4 of 5Omarjee et al. J Transl Med  (2017) 15:255 

Authors’ contributions
LO contributed to the literature search, analysis and to writing the report. VJ 
and GM contributed to the literature search and to revising the intellectual 
content. All authors read and approved the final manuscript.

Author details
1 Vascular Medicine Department, CHU de Rennes, 35033 Rennes Cedex 
9, France. 2 Univ Rennes, CHU Rennes, INSERM, CIC 1414, 35000 Rennes, 
France. 3 Department of Vascular Medicine, Centre Hospitalier de Redon, 
35600 Redon, France. 4 Vascular Medicine Department, Pôle imagerie médi-
cale et explorations fonctionnelles, Hôpital Pontchaillou, CHU de Rennes, 2 rue 
Henri Le Guilloux, Rennes 35033, France. 

Acknowledgements
The authors wish to thanks Mrs. Angela Swaine Verdier and Mrs. Sarah Verdier 
Leyshon SARL L’Auracoise, Chevalet, 43230 Mazerat-Aurouze for the formatting 
of the article and English language correction.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analysed during the current study.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding
No funding was received for this work.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 23 November 2016   Accepted: 30 October 2017

References
 1. Paramarta JE, Turina MC, Noordenbos T, Heijda TF, Blijdorp IC, Yeremenko 

N, et al. A proof-of-concept study with the tyrosine kinase inhibitor 
Nilotinib in Spondyloarthritis. J Transl Med. 2016;14(1):308.

 2. Szabo SM, Levy AR, Rao SR, Kirbach SE, Lacaille D, Cifaldi M, et al. 
Increased risk of cardiovascular and cerebrovascular diseases in individu-
als with ankylosing spondylitis: a population-based study. Arthritis 
Rheum. 2011;63(11):3294–304.

 3. Ward MM, Deodhar A, Akl EA, Lui A, Ermann J, Gensler LS, et al. American 
College of Rheumatology/Spondylitis Association of America/Spondy-
loarthritis Research and Treatment Network 2015 Recommendations 
for the Treatment of Ankylosing Spondylitis and Nonradiographic Axial 
Spondyloarthritis. Arthritis Rheumatol. 2016;68(2):282–98.

 4. Sieper J. New treatment targets for axial spondyloarthritis. Rheumatology. 
2016;55(suppl 2):ii38–42.

 5. Juurikivi A, Sandler C, Lindstedt KA, Kovanen PT, Juutilainen T, Leskinen 
MJ, et al. Inhibition of c-kit tyrosine kinase by imatinib mesylate induces 
apoptosis in mast cells in rheumatoid synovia: a potential approach to 
the treatment of arthritis. Ann Rheum Dis. 2005;64(8):1126–31.

 6. Moslehi JJ, Deininger M. Tyrosine kinase inhibitor-associated cardiovascu-
lar toxicity in chronic myeloid leukemia. J Clin Oncol. 2015;33(35):4210–8.

 7. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 
2016 European Guidelines on cardiovascular disease prevention in 
clinical practice: the Sixth Joint Task Force of the European Society of 
Cardiology and Other Societies on Cardiovascular Disease Prevention in 
Clinical Practice (constituted by representatives of 10 societies and by 

invited experts)Developed with the special contribution of the European 
Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur 
Heart J. 2016;37(29):2315–81.

 8. Bakland G, Gran JT, Nossent JC. Increased mortality in ankylosing spondy-
litis is related to disease activity. Ann Rheum Dis. 2011;70(11):1921–5.

 9. Zöller B, Li X, Sundquist J, Sundquist K. Risk of subsequent ischemic 
and hemorrhagic stroke in patients hospitalized for immune-mediated 
diseases: a nationwide follow-up study from Sweden. BMC Neurol. 
2012;18(12):41.

 10. Mathieu S, Pereira B, Soubrier M. Cardiovascular events in ankylos-
ing spondylitis: an updated meta-analysis. Semin Arthritis Rheum. 
2015;44(5):551–5.

 11. Agüero F, González-Zobl G, Baena-Díez JM, Dégano IR, Garcia-Gil M, 
Alzamora MT, et al. Prevalence of lower extremity peripheral arterial 
disease in individuals with chronic immune mediated inflammatory 
disorders. Atherosclerosis. 2015;242(1):1–7.

 12. Giollo A, Dalbeni A, Cioffi G, Ognibeni F, Gatti D, Idolazzi L, et al. Factors 
associated with accelerated subclinical atherosclerosis in patients with 
spondyloarthritis without overt cardiovascular disease. Clin Rheumatol. 
2017;36:2487–95.

 13. Stanek A, Cholewka A, Wielkoszyński T, Romuk E, Sieroń K, Sieroń A. 
Increased levels of oxidative stress markers, soluble CD40 ligand, and 
carotid Intima–Media Thickness reflect acceleration of atherosclero-
sis in male patients with ankylosing spondylitis in active phase and 
without the classical cardiovascular risk factors. Oxid Med Cell Longev. 
2017;2017:9712536.

 14. Rein P, Mueller RB. Treatment with biologicals in Rheumatoid arthri-
tis: an overview. Rheumatol Ther. 2017. https://doi.org/10.1007/
s40744-017-0073-3.

 15. Boehncke W-H, Boehncke S. Cardiovascular mortality in psoriasis and 
psoriatic arthritis: epidemiology, pathomechanisms, therapeutic implica-
tions, and perspectives. Curr Rheumatol Rep. 2012;14(4):343–8.

 16. Atzeni F, Corda M, Sarzi-Puttini P, Caso F, Turiel M. From old to new 
cardiovascular complications in ankylosing spondylitis. Isr Med Assoc J. 
2017;19(8):506–9.

 17. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne 
C, et al. Antiinflammatory therapy with Canakinumab for Atherosclerotic 
Disease. N Engl J Med. 2017;377:1119–31.

 18. Druker BJ, Talpaz M, Resta DJ, Peng B, Buchdunger E, Ford JM, et al. 
Efficacy and safety of a specific inhibitor of the BCR–ABL tyrosine kinase 
in chronic myeloid leukemia. N Engl J Med. 2001;344(14):1031–7.

 19. Gambacorti-Passerini C, Antolini L, Mahon F-X, Guilhot F, Deininger 
M, Fava C, et al. Multicenter independent assessment of outcomes in 
chronic myeloid leukemia patients treated with imatinib. J Natl Cancer 
Inst. 2011;103(7):553–61.

 20. Bower H, Björkholm M, Dickman PW, Höglund M, Lambert PC, Anders-
son TM-L. Life expectancy of patients with Chronic myeloid leukemia 
approaches the life expectancy of the general population. J Clin Oncol. 
2016;34(24):2851–7.

 21. Krause DS, Van Etten RA. Tyrosine kinases as targets for cancer therapy. N 
Engl J Med. 2005;353(2):172–87.

 22. Bellinger AM, Arteaga CL, Force T, Humphreys BD, Demetri GD, Druker 
BJ, et al. Cardio-oncology: how new targeted cancer therapies and 
precision medicine can inform cardiovascular discovery. Circulation. 
2015;132(23):2248–58.

 23. Aichberger KJ, Herndlhofer S, Schernthaner G-H, Schillinger M, Mitter-
bauer-Hohendanner G, Sillaber C, et al. Progressive peripheral arterial 
occlusive disease and other vascular events during nilotinib therapy in 
CML. Am J Hematol. 2011;86(7):533–9.

 24. Le Coutre P, Rea D, Abruzzese E, Dombret H, Trawinska MM, Herndlhofer 
S, et al. Severe peripheral arterial disease during nilotinib therapy. J Natl 
Cancer Inst. 2011;103(17):1347–8.

 25. Cortes J, Mauro M, Steegmann JL, Saglio G, Malhotra R, Ukropec JA, et al. 
Cardiovascular and pulmonary adverse events in patients treated with 
BCR-ABL inhibitors: data from the FDA Adverse Event Reporting System. 
Am J Hematol. 2015;90(4):E66–72.

 26. Kim TD, Rea D, Schwarz M, Grille P, Nicolini FE, Rosti G, et al. Peripheral 
artery occlusive disease in chronic phase chronic myeloid leukemia 
patients treated with nilotinib or imatinib. Leukemia. 2013;27(6):1316–21.

 27. Bocchia M, Galimberti S, Aprile L, Sicuranza A, Gozzini A, Santilli F, et al. 
Genetic predisposition and induced pro-inflammatory/pro-oxidative 

https://doi.org/10.1007/s40744-017-0073-3
https://doi.org/10.1007/s40744-017-0073-3


Page 5 of 5Omarjee et al. J Transl Med  (2017) 15:255 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

status may play a role in increased atherothrombotic events in 
nilotinib treated chronic myeloid leukemia patients. Oncotarget. 
2016;7(44):72311–21.

 28. Hadzijusufovic E, Albrecht-Schgoer K, Huber K, Hoermann G, Gre-
bien F, Eisenwort G, et al. Nilotinib-induced vasculopathy: identifica-
tion of vascular endothelial cells as a primary target site. Leukemia. 
2017;31(11):2388–97. https://doi.org/10.1038/leu.2017.245.

 29. Albrecht-Schgoer K, Huber K, Grebien F, Eisenwort G, Schgoer W, Kaun C, 
et al. Nilotinib exerts direct pro-atherogenic and anti-angiogenic effects 

on vascular endothelial cells: a potential explanation for drug-induced 
vasculopathy in CML. Blood. 2013;122(21):257.

 30. Steegmann JL, Baccarani M, Breccia M, Casado LF, García-Gutiérrez V, 
Hochhaus A, et al. European LeukemiaNet recommendations for the 
management and avoidance of adverse events of treatment in chronic 
myeloid leukaemia. Leukemia. 2016;30(8):1648–71.

https://doi.org/10.1038/leu.2017.245

	The use of the tyrosine kinase inhibitor Nilotinib in Spondyloarthritis: does targeting inflammatory pathways with a treatment lead to vascular toxicity?
	Abstract 
	Background
	Main text
	Conclusion
	Authors’ contributions
	References




