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Prevalence of biologics monotherapy in a
cohort of patients with Rheumatoid
Arthritis in daily clinical practice
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Abstract

Background: Real-life registry data reveal approximately one-third of patients taking biologic agents use them as
monotherapy, in spite that combination therapy with Disease Modifying Drugs is more efficacious than
monotherapy. The aim of our study was to assess the prevalence of biologics monotherapy in a cohort of patients
with RA followed at a single center, and to analyze the reasons for monotherapy, including patients with
prescriptions that do not take the medication.

Methods: All patients with Rheumatoid Arthritis, with biologic therapy followed at our Rheumatology Unit were
included. Prevalence and reasons for biologics monotherapy was calculated in general, for each biologic course and
for each biologic. Prescription data was obtained from the Electronic Medical Record, and drugs acquisition was
obtained from the Hospital Administrative database. Drug survival was also calculated and compared between
monotherapy and combination therapy.

Results: Seventy nine patients with 115 courses of biologic treatments were included. In 40 (35 %, 95 % CI:
26–44 %) of all biologics courses, biologics were initiated as monotherapy. In 27 courses (23 %, 95 % CI: 16–32 %)
biologic monotherapy was prescribed by the treating rheumatologists, and in the other 13 (11 %, 95 % CI: 6–18 %)
it was initiated as such by decision of the patient regardless of the physician indication. Reasons for prescription of
biologic monotherapy by the treating rheumatologists were adverse events with previous DMARDs in 55.5 %, and
was not specified in the remaining courses. Only 25 % of biologics’ courses were monotherapy from the beginning
to the end of the biologic therapy. The overall survival on biologics was 45 % (95 % CI: 35–55 %) at 3 years. There
were no statistically differences in biologics survival by modality (monotherapy vs combination) (p = 0.543), course
(p = 0.4454), or by biologic drug (p = 0.9612).

Conclusions: Almost 1/3 of patients on biologics use them as monotherapy. This is due to physician’s preferences
in 60 % of the cases, and to patients not compliance with the indication in around 40 % of the cases. Better
communications is needed to assure that physicians and patients agree on the prescribed and used medication.
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Background
The importance of early therapeutic intervention to re-
lieve symptoms, prevent newly evolving joint erosions
and joint space narrowing, improve functional abilities
and quality of life in patients with active RA is well
established [1, 2]. The conventional DMARD MTX is
the standard of care for patients with RA, however there
is still a substantial number of patients that do not
respond to MTX [1, 3]. On the other hand there are pa-
tients with RA that are intolerant to MTX, drug interac-
tions preclude the use of MTX with certain medications,
and some patients experience toxicity or adverse events.
The efficacy of biologic agents in combination with

MTX is well established and that appears to be the most
effective regimen currently available for patients with
early or established RA who have failed to respond to
traditional DMARDs [2]. However, biologic monother-
apy is commonly used in clinical practice. Data from
biologic registries and US claims databases indicate that
approximately 30 % of patients taking biologics use them
as monotherapy [4–7]. However, this figure does not
capture patients who fill prescriptions but do not take
some or all of the medication [6]. Many patients in
whom MTX or other traditional DMARDs are pre-
scribed in combination with biologics decide not to take
them, very often, without telling their Rheumatologist.
In an online survey of 1500 patients, 45 % admitted to
being less than forthright with their rheumatologists [8].
The purpose of our study was to assess the prevalence

of biologics monotherapy in a cohort of patients with
RA followed at a single center, and to analyze the rea-
sons for monotherapy, including patients with prescrip-
tions that do not take the medication.

Methods
All patients with RA affiliated to the Hospital Italiano de
Buenos Aires Health Management Organization (Plan
de Salud) treated with biologics were included, in a
retrospective observational cohort study.
Patients fulfilled RA 1987 [9] or 2010 [10, 11] classifi-

cation criteria, and were treated with one of the follow-
ing biologic agents: TNF inhibitors (TNFi) (infliximab,
etanercept, adalimumab, certolizumab-pegol or golimu-
mab), anti-CD20 antibody (rituximab), a cytotoxic T
lymphocyte antigen-4 fusion protein (abatacept) or an
IL-6 receptor (IL-6R) antagonist (tocilizumab).
All patients with biologic treatment without excep-

tions, are register in our Unit’s registry of biologics, and
in the HMO administrative databases,, as it is a require-
ment to get the therapy. Treatment was decided by the
treating rheumatologists, according to National guide-
lines. Patients must fail at least one DMARD to receive
biologic therapy. The clinical data of all patients in-
cluded was reviewed and extracted from ours Hospital

Electronic Medical records and our register. Demo-
graphic data, dates on diagnostic, initial prescription of
DMARD therapy (DMARDs included were: Methotrex-
ate, leflunomide, sulfasalazine, and Hydroxychloroquine),
initial prescription of biologics, subsequent change of
DMARD (on top of the biologic), reasons for the change,
and last visit on follow up were collected. The number
of DMARDs and biologics actually acquired by each pa-
tient were captured from the HMO administrative data-
bases, in order to assess the compliance of each patient
with the prescribed medication during the 6–12 months
before and after the acquisition of the prescribed bio-
logic drug. All medications acquired by patients affiliated
to our HMO are registered in the HMO administrative
database, without exception. Patients could only acquire
DMARDs and biologics in Argentina with a prescription.
Hospital Italiano HMO has their own pharmacies, where
medications prescribed are sold to the patients at a
lower cost, and all transactions are registered in the
HMO administrative data base. Patients could also buy
their medications in other pharmacies adhered to the
Hospital Italiano HMO, where they buy them with an
important discount of 40 to 50 % of medication price,
and this transaction is also registered in the Hospital
Italiano HMO administrative database. Medications that
are used chronically are prescribed by the treating physi-
cians in the electronic medical records, and usually ac-
quired by the patients at the HMO’s pharmacies. The
only circumstance in which a medication acquired by a
patient would not be registered is if the patients buys it
in a private pharmacy paying the medication full price.
HMO’s private studies and surveys (unpublished infor-
mation) have shown that 70 % of chronic medications
are acquired in the HMO pharmacies, and that 98 % of
all medications are acquired within the HMO system.
The study was conducted according to the Declar-

ation of Helsinki and local regulations. Ethical ap-
proval for the study was obtained from the Hospital
local Ethics Committee (comité de ética y protocolos

Table 1 Baseline patient characteristics

Patient characteristics Total population

Sex, n female (%) 71 (92)

Mean age, years (SD) 62.7 (14)

Mean disease duration, years (SD) 14 (9.1)

Mean DAS28 (SD) 5.47 (0.84)

Mean HAQ (SD) 1.4 (1.2)

Rheumatoid factor positive, % 92

Anti CCP antibodies positive, % 75,3

Median follow up (IQ range), Yrs 1.2 (0.5–3)

Median number of DMARDs before
biologics (IQ range)

2 (1–3)
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de investigación (CEPI). As data was obtained from
Electronic Medical Records, and administrative data,
the Ethics committee considered that an informed
consent was not needed. All patients at entrance to
the Hospital Italiano HMO signed an informed con-
sent authorizing the use of their data for clinical
research.

Statistical analysis
The prevalence of monotherapy was calculated with
its 95 % confidence intervals, in general and for each
biologic drug and for each treatment course. Analysis
was done at course treatment level, (a patient with
more than one course of biologic treatment was in-
cluded more than once in this analysis). A biologic
treatment course was defined as the use of the bio-
logic drug since first prescribed until the drug was
definitively stopped (if the drug was temporarily dis-
continued it was considered the same treatment
course). First course was the first biologic prescribed,
second course was the second biologic prescribed,
etc.
Biologics monotherapy at initiation of the biologic

treatment was defined in two different ways:

1) Prescribed monotherapy: course of treatment in
which the treating Rheumatologist prescribed the
biologic without concomitant DMARD; data
obtained from the Electronic Medical Record.

2) Actual monotherapy: patients taking biologic as
monotherapy in that course of treatment,
independently of the treating Rheumatologist

prescription, as obtained by data on DMARDs
acquisition from HMO administrative database;

3) Prevalence of monotherapy during the complete
biologic treatment was also calculated, as some
patients started biologics monotherapy but then a
DMARD was added.

Reasons for monotherapy was listed and categorized in
toxicity/intolerance to DMARD, reluctance of the pa-
tients to receive concomitant DMARDs and Physician
decision.
Kaplan–Meier survival curves on different biologics

and for patients in monotherapy and in combination,
using Breslow (generalized Wilcoxon) test for compari-
son among different groups were constructed. In
addition, the median (IQR) durations of intake of vari-
ous biologics and between monotherapy and combin-
ation therapy was compared using Kruskal Wallis test. A
p-value < 0.05 was considered to be significant for all
statistical comparisons

Results
Seventy-nine patients with 115 courses of biologic treat-
ments were included. Patients’ characteristics are shown
in Table 1. All patients have received at least one
DMARD before biologics. Most patients (54 %) were re-
ceiving combination therapy (of which the most frequent
combination was MTX plus LFN) at the time of starting
biologics, 27 % were receiving MTX monotherapy and
11 % were receiving LFN monotherapy.
Taking into account all courses of biologic treatments,

in 40 (35 %, 95 % CI: 26–44 %) biologics were initiated

Table 2 Percentage of patients on monotherapy according to treatment course and drug

1st Course 2nd Course 3rd Course 4th Course Total

Number of patients 79 25 9 2 115

% Patients on biologic monotherapy at initiation
of biologics (95 % CI)

24 (15–35) 60 (39–79) 44 (14–79) 100 35 (26–44)

% Patients on biologic monotherapy at initiation
of biologics due to Medical prescription (95 % CI)

15 (8–25) 48 (28–69) 33 (7–70) 0 (0) 23 (16–32)

% Patients biologic monotherapy at initiation of
biologics, due to patient’s decision (95 % CI)

9 (3.6–17) 12 (2.5–31) 11 (0.2–48) 100 11 (6–18)

Table 3 Percentage of patients on monotherapy according to the biologic treatment

1st Course 2nd Course 3rd Course 4th Course Total

N Patients on adalimumab monotherapy/patients on adalimumab (%) 5/27 (18) 2/3(67) - - 7/30 (23)

N patients on etanercept monotherapy/patients on etanercept (%) 12/39 (31) 4/6 (67) 1/1 (100) - 17/46 (37)

N patients on Infliximab monotherapy/patients on Infliximab (%) 0/7(0) 1/1 (100) 0/0 0/0 1/8 (12)

N patients on Abatacept monotherapy/patients on Abatacept (%) 1/1 (100) 6/10 (60) 0/3 (0) 1/1 (100) 8/15 (53)

N patients on Rituximab monotherapy/patients on Rituximab (%) 1/5 (20) 0/2 (0) 0/1 (0) 1/1 (100) 2/9 (22)

N patients on Tocilizumab monotherapy/patients on Tocilizumab (%) 0/0 (0) 2/2 (100) 3/4 (75) 0/0 (0) 5/6 (83)
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as monotherapy. In 27 courses (23 %, 95 % CI: 16–32 %)
biologic monotherapy was prescribed by the treating
rheumatologists, and in the other 13 (11 %, 95 % CI: 6–
18 %) it was initiated as such by decision of the patient
regardless of the physician indication (Tables 2 and 3).
Reasons for prescription of biologic monotherapy by the
treating rheumatologists were adverse events with previ-
ous DMARDs in 15/27 courses (55.5 %), and was not
specified in the remaining coues. There were some dif-
ferences among the different biologics related to the per-
centage of monotherapy that was due to rheumatologists
prescription compared to patient’s decision. TNFi, rituxi-
mab, abatacept and tocilizumab were prescribed as
monotherapy by the treating rheumatologist in 77 %,
50 %, 25 % and 60 % of the courses of monotherapy re-
spectively. Some patients that initiated the biologic
course as monotherapy added traditional DMARDs dur-
ing treatment. Only 29/115 (25 %) courses of biologic
therapy were as monotherapy from the beginning to the
end of the biologic therapy. Among the 40 monotherapy
courses, 29 (72.5 %) continued as monotherapy for the
complete course, while in the others a traditional
DMARD was added (Table 4). On the other hand some
patients initiated MTX with biologic therapy in combin-
ation, and subsequently discontinue it due to adverse
events, or other causes, so we also looked at the preva-
lence of monotherapy with biologics at the end of the
biologic course (or last follow up for those patients not
stopping/switching biologics) that was 33 % (95 % CI:
24–42) (Table 5).
Median follow up of this cohort was 1.2 years (IQR:

0.5–3). The overall survival on biologics was 45 % (95 %

CI: 35–55 %) at 3 years and 39 % (95 % CI: 28–50 %) at
4 years. The survival by biologic are shown in Table 6.
There were no statistically differences in biologics
survival by course (p = 0.4454), or by biologic drug
(p = 0.9612). There were no statistical differences on
drug survival at 3 years between patients on mono-
therapy throughout the complete course and those
with combined therapy (58 %; 95 % CI: 37–74, vs
52 %; 95 % CI: 39–63, respectively) (Fig. 1).

Discussion
Concurrent use of MTX and a biologic is generally the
standard-of-care in patients with RA who continue with
disease activity despite MTX. Many patients, however,
do not take MTX concomitantly as prescribed. This
figure however is not clear, as few studies have investi-
gated that prevalence.
We found that 35 % of patients started their biologic

therapy as monotherapy. Among them 11 % used mono-
therapy because they did not take traditional DMARDs
concomitantly as prescribed, 23 % of patients initiating a
biologic therapy did so as monotherapy due to the
Rheumatologist prescription.
A recent study on 6744 patient records in private and

public practice in Canada showed that among patients
on their first biologics, 45 % did not purchase a
DMARD. By contrast, physicians reported that they pre-
scribed a DMARD with a biologic in 80–90 % of patients
[6, 12]. Another study on 1652 patient records also in
Canada showed biologic monotherapy prescribing rate
of 12 %, but 29 % did not acquired their DMARD within
6 months after starting biologic therapy [6, 13]. In the

Table 4 Percentage of patients on monotherapy during the complete biologic course, according to biologic treatment course

1st Course 2nd Course 3rd Course 4th Course Total

Number of patients 79 25 9 2 115

% Patients on biologic monotherapy during the
complete biologic course (95 % CI)

15 (8–25) 48 (28–69) 44 (14–79) 50 (13–99) 25 (18–34)

% Patients on biologic monotherapy during the complete
biologic course due to Medical prescription (95 % CI)

10 (4–19) 40 (21–61) 33 (7–70) 0 18 (12–26)

% Patients biologic monotherapy during the complete
biologic course due to patient’s decision (95 % CI)

5 (1–12) 8 (1–26) 11 (0.2–48) 50 (13–99) 7 (3–13)

Table 5 Percentage of patients on monotherapy at the end of biologic course, according to the biologic treatment course

1st Course 2nd Course 3rd Course 4th Course Total

Number of patients 79 25 9 2 115

% Patients on biologic monotherapy at the end
of the course (95 % CI)

25 (16–36) 52 (31–72) 44 (14–79) 50 (13–99) 33 (24–42)

% Patients on biologic monotherapy at the end
of the course due to Medical prescription (95 % CI)

20 (12–31) 40 (21–61) 33 (7–70) 50 (13–99) 25 (17–34)

% Patients biologic monotherapy at the end of
the course due to patient’s decision (95 % CI)

5 (1–12) 12 (2.5–31) 11 (0.3–48) 0 8 (4–14)
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US, Yazici et al. found that 30 % of patients initiating bi-
ologics did that as monotherapy in a study involving a
large database of patients with newly diagnosed RA [7].
Only 42 % of patients had filled a traditional DMARD
prescription during the 6 months prior to initiating the
TNFi. In summary, these studies showed that a high per-
centage of patients did not purchase the prescribed
DMARD when they are taking biologics.
In a US study of 7074 biologic naïve patients, found

that up to 31 % of patients receiving an anti TNF agent
in the real word received it as monotherapy [14].
In CORRONA registry on 9905 patients, 25 % received

biologic monotherapy. Among patients that were previ-
ously biologic naïve, 19 % initiated a biologic as mono-
therapy, whereas monotherapy initiation rates for
patients who received one prior biologic was 29 %; two
prior biologics 26 %; and three or more prior biologics
31 %. Prior biologic experience and individual physician’s
prescribing patterns were associated with increased like-
lihood of initiating a biologic as monotherapy [15].

Interestingly in our study physicians, more often
prescribed Biologics as monotherapy in the 2nd and
3rd biologic course than in the 1st (48, 33 and 15 %
respectively). However, the number of patients not
purchasing the traditional DMARD was similar
among all treatment courses (9, 12 and 11 % for the
1st, 2nd, and 3rd courses respectively). Survival on
drug therapy was shorter than in clinical trials, but
similar to that found in some other registries. We did
not find differences on drug survival among patients
on biologic monotherapy and combination therapy,
but our study was underpowered to detect such dif-
ferences. More than 2000 patients would be required
to show significant statistical differences with the sur-
vival rate we found. Survival on drug therapy in some
way is a surrogate of efficacy and absence of toxicity.
In that sense as we do not have data on efficacy,
survival on the drugs seemed to be showing similar
efficacy for patients on combination and on
monotherapy.
Our study has some strength. We combined clinical

records with full administrative data, providing informa-
tion on actual use of concomitant DMARDs. We also in-
cluded data from different treatment courses, showing
that with each biologic course patients are more willing
to receive the biologic treatment as monotherapy. On
the other side our study has some weakness, mainly the
small number of patients and short time of follow up,
and the lack of data on efficacy. Another weakness is
that this is a single center study, so results might not be
extrapolated to other settings.

Table 6 Drug survival by biologic drug

Biologic drug Interval % biologics’ survival (95 % CI)

Etanercept 3 years 59 (41–73)

Infliximab 3 years 20 (2–52)

Adalimumab 3 years 54 (33–70)

Rituximab 3 years 45 (10–75)

Abatacept 3 years 63 (33–83)

Tocilizumab 2 years 75 (13–96)

Fig. 1 Biologics survival by Biologic therapy modality: Monotherapy throughout all the course of biologic therapy vs biologic therapy combined
with DMARDs
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Conclusions
In summary we found that almost 1/3 of patients on
biologics use them as monotherapy. This is due to physi-
cian’s preferences in 60 % of the cases, and to patients
not compliance with the indication in around 40 % of
the cases. Better communications is needed to assure
that physicians and patients agree on the prescribed and
used medication.

Abbreviations
Anti CCP: anti-cyclic citrullinated peptide autoantibodies; CI: confidence
interval; DAS28: disease activity score 28 joints using erythrosedimentation
rate; DMARD: disease modifying antirheumatic drug; EMR: electronic medical
record; HAQ: health assessment questionnaire; HMO: health management
organization; IL-6R: IL-6 receptor; IQ: interquartile range; MTX: methotrexate;
TNFi: tumor necrosis factor inhibitors; US: United States.

Competing interests
E.R. S. has received grants, participated in advisory boards, or given
conferences for: Abbvie, Pfizer, Bristol Myers Squibb, UCB, Roche, Novartis,
and Janssen
J.R. has participated in advisory boards or given conferences for: Abbvie,
Pfizer and Bristol Myers Squibb.
Other authors declare not having any competing interests.

Authors’ contributions
ERS was involved in the conception and design of the study, statistical
analysis, and interpretation of data, and revising the manuscript critically for
important intellectual content. JR was involved in the conception and design
of the study and revising the manuscript critically for important intellectual
content. EC and MB were involved in data acquisition and drafting the
manuscript. All authors gave final approval of the version to be published.

Acknowledgements
This study was supported by a Grant from Roche.

Received: 22 September 2015 Accepted: 23 February 2016

References
1. Knevel R, Schoels M, Huizinga TW, Aletaha D, Burmester GR, Combe B,

Landewe RB, Smolen JS, Sokka T, van der Heijde DM. Current evidence for a
strategic approach to the management of rheumatoid arthritis with disease-
modifying antirheumatic drugs: a systematic literature review informing the
EULAR recommendations for the management of rheumatoid arthritis. Ann
Rheum Dis. 2010;69(6):987–94.

2. Combe B, Landewe R, Lukas C, Bolosiu HD, Breedveld F, Dougados M,
Emery P, Ferraccioli G, Hazes JM, Klareskog L, et al. EULAR recommendations
for the management of early arthritis: report of a task force of the European
Standing Committee for International Clinical Studies Including
Therapeutics (ESCISIT). Ann Rheum Dis. 2007;66(1):34–45.

3. Smolen JS, Landewe R, Breedveld FC, Dougados M, Emery P, Gaujoux-Viala
C, Gorter S, Knevel R, Nam J, Schoels M, et al. EULAR recommendations for
the management of rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs. Ann Rheum Dis. 2010;69(6):964–75.

4. Heiberg MS, Koldingsnes W, Mikkelsen K, Rodevand E, Kaufmann C,
Mowinckel P, Kvien TK. The comparative one-year performance of anti-
tumor necrosis factor alpha drugs in patients with rheumatoid arthritis,
psoriatic arthritis, and ankylosing spondylitis: results from a longitudinal,
observational, multicenter study. Arthritis Rheum. 2008;59(2):234–40.

5. Lee SJ, Chang H, Yazici Y, Greenberg JD, Kremer JM, Kavanaugh A.
Utilization trends of tumor necrosis factor inhibitors among patients with
rheumatoid arthritis in a United States observational cohort study.
J Rheumatol. 2009;36(8):1611–7.

6. Emery P, Sebba A, Huizinga TW. Biologic and oral disease-modifying
antirheumatic drug monotherapy in rheumatoid arthritis. Ann Rheum Dis.
2013;72(12):1897–904.

7. Yazici Y, Shi N, John A. Utilization of biologic agents in rheumatoid arthritis
in the United States: analysis of prescribing patterns in 16,752 newly

diagnosed patients and patients new to biologic therapy. Bull NYU Hosp Jt
Dis. 2008;66(2):77–85.

8. Why do you lie to your doctor? 2004. http://www.medicinenet.com/script/
main/art.asp?articlekey=46985. Accessed August 30 2012.

9. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, Healey
LA, Kaplan SR, Liang MH, Luthra HS, et al. The American Rheumatism
Association 1987 revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum. 1988;31(3):315–24.

10. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, 3rd,
Birnbaum NS, Burmester GR, Bykerk VP, Cohen MD, et al. Rheumatoid
arthritis classification criteria: an American College of Rheumatology/
European League Against Rheumatism collaborative initiative. Arthritis
Rheum 2010. 2010;62(9):2569–81.

11. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, 3rd,
Birnbaum NS, Burmester GR, Bykerk VP, Cohen MD, et al. rheumatoid
arthritis classification criteria: an American College of Rheumatology/
European League against Rheumatism collaborative initiative. Ann Rheum
Dis 2010. 2010;69(9):1580–8.

12. Choquette D, Arundine M, Thomas OC. Large discrepancy between
expected and observed ratios of biologic treated rheumatoid arthritis
patients also compliant on DMARDs. Ann Rheum Dis. 2011;70(Suppl3):197.

13. Choquette D, Thomas O, Arundine M. Lower than expected levels of
DMARD acquisition immediately pre and post biologic initiation in
rheumatold arthritis patients. Arthritis Rheum. 2012;64(Suppl 10):1841.

14. Engel-Nitz NM, Ogale S, Kulakodlu M. Use of Anti-Tumor Necrosis Factor
Monotherapy and Adherence with Non-Biologic Disease-Modifying Anti-
Rheumatic Drugs in Combination with Anti-Tumor Necrosis Factor Therapy
Among Rheumatoid Arthritis Patients in a Real-World Setting. [abstract].
Arthritis Rheum. 2012;64(Suppl 10):378.

15. Pappas DA, Reed GW, Saunders K, John A, Shewade A, Greenberg JD,
Kremer JM. Rheumatol Ther. 2015 (2):85–96.

•  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:

Catay et al. BMC Musculoskeletal Disorders  (2016) 17:110 Page 6 of 6

http://www.medicinenet.com/script/main/art.asp?articlekey=46985
http://www.medicinenet.com/script/main/art.asp?articlekey=46985

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References



