
ORIGINAL ARTICLES

154 

22 2020

Background: Guidelines recommend initiation of parenteral 
biologic or oral target-specific disease-modifying anti-rheumatic 
drugs (bDMARDs/tsDMARDs) in rheumatoid arthritis (RA) pa- 
tients who do not adequately respond to conventional DMARDs.
Objectives: To compare the preferred route of administration 
of bDMARDs or tsDMARDs in RA patients who were previously 
treated with at least one type. 
Methods: A cross-sectional survey was conducted of con- 
secutive RA patients previously prescribed bDMARDs or 
tsDMARDs. We analyzed the factors associated with patients’ 
preferred route of administration.
Results: The cohort included 95 patients, mostly female 
(72.6%), seropositive (81.05%), mean age 63.4 ± 11.9 years. 
The oral route was preferred by 39 patients (41%) and 56 
(59%) preferred the parenteral route. Most patients (65.9%) 
preferred to continue with their current route (P < 0.001). 
Switching from a current route was less common with patients 
who were currently using the oral route (13.3% vs. 38.2%,  
P = 0.04). Many patients (53.8%) who preferred the oral route 
had never experienced it before, while this was rare (3.6%) 
regarding the parenteral route (P = 0.0001). Employment status 
was associated with preference of the subcutaneous route 
over the intravenous route of bDMARDs (P = 0.01). Of the 21 
patients who had previously experienced both parenteral and 
oral treatment, 16 (76.2%) preferred the oral route.
Conclusions: RA patients preferred to continue treatment 
with an administration route they have already experienced. 
However, when choosing an unexperienced route, significantly 
more patients preferred the oral route. Our results strengthen 
the understanding of patient preferences, which could improve 
drug adherence, compliance, and disease outcome. 
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R
heumatoid arthritis (RA) is a chronic autoimmune disease 
characterized by inflammatory erosive polyarthritis. Most 

patients test positive for rheumatoid factor (RF) and/or anti-
citrullinated peptide antibody (ACPA) [1]. The goal of treating 
RA is disease remission or a state of low disease activity (LDA), 
as assessed by recognized numerical scales [2,3]. The European 
League Against Rheumatism (EULAR) [4] and the American 
College of Rheumatology (ACR) [5] recommend that patients 
who do not adequately respond to conventional synthetic disease-
modifying anti-rheumatic drugs (csDMARDs such as methotrex-
ate) should be treated with a biologic DMARD (bDMARD) or 
a target-specific DMARD (tsDMARD) [4,5] to achieve disease 
remission or LDA . Biologic or target-specific therapies have been 
shown to be highly effective in treating RA. They ameliorate joint 
signs and symptoms [6,7] and halt progression of structural dam-
age and physical disability [4,8], with a commensurate decrease 
in cost of care [7]. They have also been associated with better 
quality-adjusted life-years than csDMARDs [8]. 

The bDMARDs can be administered intravenously (IV) at 
an infusion center or subcutaneously by self-injection at home. 
Some are available for use by both routes. The first approved 
tsDMARD was tofacitinib, a pan-Janus Kinase (JAK) inhibi-
tor [9]. Tofacitinib is administered orally, twice daily, and like 
bDMARDs, is indicated for the treatment of patients with 
active RA who did not respond completely to csDMARDs 
[1]. Both the bDMARDs and the tsDMARDs may be given 
together with methotrexate or as monotherapy. Although they 
have not been strictly evaluated in head-to-head trials, they 
are considered to be equally efficacious [10]. A recent study 
showed that tofacitinib median drug survival (the median time 
a patient uses a drug until stopping it for various reasons) was 5 
years, similar to other bDMARDS [11]. These findings leave the 
decision of which drug to use to the discretion of the physician. 
The relative importance of treatment attributes has barely been 
investigated in RA since the addition of oral medications such 
as the tsDMARDs to the list of available therapies. The route of 
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administration may be a major differentiator among the drugs, 
especially if the patient’s preference might influence adherence 
and disease outcome.

One study conducted across European countries showed that 
rheumatologists avoided selecting a treatment that the patient 
disliked [12]. Patient preference of route of administration has 
been investigated for other treatments such as chemotherapy [13], 
endocrine drugs [14], antimicrobials [15], and pain drugs [16]. 
The results often showed that when efficacy was not altered, 
patients tended to prefer oral therapy [13,14]. A study of patients 
undergoing intravenous (IV) or subcutaneous treatment with 
bDMARDs found that the majority, when given a choice, opted 
to continue with the route they were currently using [17]. A 
meta-analysis found subcutaneously administered therapy was 
often, but not always, preferred over IV therapy [18]. However, 
at the time of these investigations, oral tsDMARDs were not 
widely available. In a later study specifically addressing tsD-
MARDs, the majority of patients (56.4%) expressed a preference 
for the oral route over the other routes [19]. 

The purpose of this present study was to compare patient 
preference between the parenteral route of administration (sub-
cutaneously or IV bDMARDs) and the relatively new available 
oral route of administration (tsDMARD).

PATIENTS AND METHODS

PATIENTS

The study was conducted at Rabin Medical Center, a major ter-
tiary, university-affiliated, hospital. The 1995 National Health 
Insurance Act stipulates that all Israeli residents are entitled to 
publicly funded health insurance, which covers a comprehensive 
and uniform “basket” of healthcare services that is updated once 
a year. Due to this system, all bDMARDs and tsDMARDs have 
the same patient co-payment. For purposes of the present study, 
we conducted a cross-sectional survey of consecutive patients 
who fulfilled the ACR criteria for RA [20] and were under routine 
follow-up and treatment at the rheumatology outpatient clinic of 
Rabin Medical Center between March 2017 and January 2018. 
The study cohort included only patients who were previously 
treated with at least one bDMARD or tsDMARD. Patients unable 
or unwilling to answer the survey questions were excluded as were 
patients with an additional autoimmune or autoinflammatory 
rheumatic disease, except for secondary Sjogren’s syndrome and 
osteoarthritis. All patients who signed an informed consent com-
pleted the survey. The survey was administered and completed in 
Hebrew (help from an independent translator was permitted). The 
study was approved by our institutional ethics committee.

STUDY QUESTIONNAIRE

Questions on patient background were divided into categories. 
Demographics and social data: age, sex, employment status, 
marital status, and smoking

RA features at the time of the study such as: disease duration, 
seropositivity (RF and/or ACPA); and RA medications used 
(for at least 3 consecutive months) as well as at the time of the 
survey, including csDMARDs, bDMARDs, and tsDMARDs 

We systematically searched and reviewed the Clalit Health 
Services electronic database at the time of the survey to deter-
mine the following co-morbidities: past or present cardiovascular 
disease, diabetes mellitus, hypertension, chronic kidney disease, 
chronic lung disease, history of joint replacement surgery, and 
history of solid or hematological malignancy. In addition to the 
background questions, patients were asked three questions per-
taining to their preferred route of administration of bDMARDs 
or tsDMARDs. 

If the choice of the drug is based solely on personal consider-
ations, and assuming no differences in efficacy, would you prefer 
that the drug be administered by intravenous infusion at the 
outpatient infusion center at the hospital or subcutaneous injec-
tion at the patient’s place of living, or a twice daily oral drug?
If the choice of the parenteral drug is based solely on 
personal considerations, and assuming no differences in 
efficacy, would you prefer that the drug be administered 
intravenously at the outpatient infusion center in the hospi-
tal or twice daily orally?
If the choice of the drug is based solely on personal con-
siderations, and assuming no differences in efficacy, would 
you prefer that the drug be administered by subcutaneous 
injection at home or twice daily oral drug?

MEDICAL DATA

We systematically evaluated the Clalit Health Services elec-
tronic database of each patient for RA features and DMARDs 
that were prescribed and drawn from the pharmacy by the 
patient for at least 3 months. To assess disease status at the 
time of the survey, erythrocyte sedimentation rate (ESR), and 
serum high-sensitive C-reactive protein (hsCRP) levels were 
assayed. In addition, the treating physician completed several 
composite measures of disease. The Disease Activity Score-28 
(DAS28), which evaluates the number of tender and swollen 
joints (out of 28) along with the erythrocyte sedimentation rate 
(DAS28-ESR) or CRP (DAS28-CRP) measurements on the day 
the questionnaire was completed, the patient global assessment 
[7], the Simplified Disease Activity Index (SDAI), and Clinical 
Disease Activity Index (CDAI) [7,8]. Findings were analyzed in 
relation to demographic and social data, previous experience 
with bDMARDs, and disease activity at the time of the survey, 
as well as the presence of co-morbidities.

STATISTICAL ANALYSIS

Data are expressed as mean and standard deviation (SD), 
median and interquartile range (IQR), or number and per-
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(range 2–37 years). Seropositivity for RF and/or ACPA was 
documented in 77 patients (81.05%).

PATIENT PREFERENCES

In response to the first question pertaining to the preferred 
route of administration of bDMARDs/tsDMARDs, 39 patients 
(41%) preferred the oral route and 56 (59%) preferred the 
parenteral route (subcutaneously or intravenously) [Table 2]. 
Within the parenteral group, 15 patients (15.8%) preferred the 
IV route and 41 (43.2%) preferred subcutaneously. In response 
to the second and third questions, when given the options of 
the IV or daily oral route, 33 patients (34.7%) preferred the IV 
route and 62 (65.3%), the oral route. When given the options of 
the subcutaneous or daily oral route, 40 patients (42.1%) pre-
ferred the subcutaneous route and 55 (57.9%), the oral route. 
The patients’ preferred route of administration of bDMARDs/
tsDMARDs was not associated with age, sex, level of education, 
seropositivity for RF and/or ACPA, disease activity scores at 
the time of the survey, or current use of csDMARDs such as 
methotrexate. There was a significant association of employ-
ment status with patient preference of the subcutaneous route 
over the IV route of bDMARDs (P = 0.01), but not over the oral 
route of tsDMARDs.

PREVIOUS EXPERIENCE

The bDMARDs administered (previously or currently) included 
tumor necrosis factor-α inhibitors (adalimumab, infliximab, 
etanercept, certolizumab, golimumab) (n=82), a B-cell deple-
tion drug (rituximab) (n=31), an anti-interleukin (IL)-6 recep-
tor antibody (tocilizumab) (n=23), and a T-cell co-stimulation 
blocker (abatacept) (n=22). The oral tsDMARD administered 
was tofacitinib (n=23). At the time of the survey 62 patients 
(65.3%) had been treated with more than one bDMARD 
or a tsDMARD, with a median of 2 (IQR 1–3) bDMARDs/
tsDMARDs. IV administration of a biologic drug had been 
experienced (present or past) by 52 patients (54.7%), subcuta-
neous administration of a biologic drug by 82 patients (86.3%), 
and oral administration of tofacitinib by 23 patients (24.2%). 
Both parenteral and oral administration were prescribed to 21 
patients (22.1%) with 8 patients using the oral and subcutane-
ous routes, 2 the IV and oral routes, and 11 all three routes. 
Previous experience was shown to correlate with the preferred 
route of administration since 14 of the 15 patients (93.3%) who 
selected IV treatment (P < 0.001), 40 of the 41 patients (97.6%) 
who selected subcutaneous treatment (P = 0.006), and 18 of 
39 patients (46.2%) who selected oral treatment (P = 0.001) 
previously experienced their preferred route. While only 2 of 
the 56 (3.6%) patients who preferred the parenteral route of 
administration of bDMARDs had never experienced it (one 
subcutaneous and one IV) 21 of the 39 patients (53.8%) who 
preferred the oral route of tsDMARDs had never experienced 
it (P = 0.0001). Of the 21 patients who had experienced both 

centage. We compared patients with RA according to their 
preferred route of administration (subcutaneous, intravenous, 
or oral) of bDMARDs or tsDMARDs using t-test, Chi-square 
test, and non-parametric tests, as appropriate. We then evalu-
ated the patient preferences according to their previous and 
current treatment with bDMARDs or tsDMARDs. Statistical 
analyses were performed using IBM Statistical Package for the 
Social Sciences statistics software, version 25 (SPSS, IBM Corp, 
Armonk, NY, USA).

RESULTS

STUDY COHORT

A total of 96 consecutive patients (72.6% female) met the 
inclusion criteria. One patient failed to complete the survey 
and was excluded from the final analysis. Table 1 shows the 
demographic parameters and co-morbidities of the cohort. The 
mean age of the cohort was 63.4 ± 11.9 years (range 35–86) 
at the time of the study and 47.7 ± 14.4 years (range 13–75) 
at diagnosis. The mean duration of RA was 14.9 ± 9.2 years 

Table 1. Epidemiological data and co-morbidities in 95 patients 
with rheumatoid arthritis 

Variable Value (n=95)

Demographics

Age in years, mean ± SD 63.4 ± 11.9
Age in years at RA diagnosis 47.7 ± 14.4
Female 69 (72.6%)

Education in years, median ± IQR 12.5 ± 4.2
Never smoked 58 (61.1%)

Current smoker 7 (7.4%)

Previous smoker 26 (27.4%)

Living with other family members 82 (86.3%)

Employed 36 (37.9%)

Co-morbidity

Cardiovascular disease 12 (12.6%)

Myocardial infarction 7 (7.4%)

Stroke 8 (8.4%)

Chronic lung disease 8 (8.4%)

Diabetes mellitus 15 (15.8%)

Hypertension 34 (35.8%)

Congestive heart failure 5 (5.3%)

Chronic kidney disease ≤ stage 3 2 (2.1%)

Malignancy 5 (5.3%)

Joint replacement 15 (15.8%)

Osteoporosis 39 (41.1%)

Bone fracture 19 (20%)

Values are presented as n (%), unless otherwise stated
IQR = interquartile range, RA = rheumatoid arthritis, SD = Standard deviation
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the parenteral and oral routes of administration, 16 patients 
(76.2%) preferred the oral route and only 5 (23.8%), the paren-
teral route (n=5, SC, n=0, IV).

CURRENT EXPERIENCE 

Current experience was associated with the preferred route of 
administration. For 34 of the 52 patients (65.4%) treated via the 
subcutaneous route (P < 0.001), 13 of the 24 patients (54.2%) 
treated by the IV route (P < 0.001), and 13 of the 15 patients 
(86.7%) treated with the oral route (P < 0.001), their current 
route was the one they preferred. Only 2 patients (13.3%) 
who were currently treated via the oral route preferred not to 
continue with it as opposed to 29 of the 76 patients (38.2%) 
currently treated via a parenteral route (P = 0.04).

DISCUSSION

The principle finding of our cross-sectional survey was that 
patients previously treated with bDMARDs or tsDMARD 
tended to prefer the route of administration they were already 
familiar with. This experience was the main factor affecting their 
current choice. The patients appeared to find the daily oral route 
of tsDMARDs more advantageous. Many patients preferred 
the oral route even when they had no experience with it, which 
was not the case for the parenteral route (IV or subcutaneous). 
The tendency to adhere to the current route of treatment was 
significantly higher in patients receiving oral tsDMARD treat-
ment than in patients receiving bDMARD parenteral treatment. 
Moreover, 76.2% of the patients who had experienced all three 
routes preferred the oral one. The increasing number of treat-
ment options for RA poses a complex decision-making issue for 
physicians in terms of how and when each medication should 
be initiated. The various bDMARDs, as well as the tsDMARD, 
are all considered to have equal efficacy [10]. Therefore, indi-
vidualized treatment strategies need to be used so patients can 
participate in the decision-making process [21,22].

 By taking patient needs and preferences into account, cli-
nicians can improve adherence to therapy with consequent 
improvement in disease control and overall outcome [23]. A 
previous survey showed that rheumatologists were even willing 
to trade efficacy for patient satisfaction if disease activity was 
moderate [24]. Our findings concur with previous studies sug-
gesting a tendency of patients with [25] and without [13-16] 
RA to opt for oral therapy. However, most of the studies that 
included patients with RA grouped csDMARDs and bDMARDs 
together and did not account for such confounders as cost 
and efficacy differences. Moreover, since the availability of the 
bDMARDs to treat RA patients, most studies were performed 
before the tsDMARDs era and therefore could not assess the 
preference of oral route in these modern treatments [25]. 
One study investigated tsDMARDs specifically and found that 
the majority of patients (56.4%) preferred the oral route [17]. 

Table 2. Comparison of patients with rheumatoid arthritis by their preferred route of 
administration of biologic or oral target-specific disease-modifying anti-rheumatic drugs

Variable
Intravenous 
(n=15)

Subcutaneous 
(n=41)

Oral  
(n=39)

P  
value

Demographics

Age in years, mean 64.6 (13.4) 63.4 (12.8) 62.9 (10.6) 0.51
Female 10 (66.6) 28 (68.3) 31 (79.4) 0.45
Living with other family members 13 (86.6) 35 (85.3) 33 (84.6) 0.93
Never smoked 11 (73.3) 27 (65.8) 20 (51.2) 0.09
Current smoker 2 (13.3) 13 (31.7) 18 (46.1) 0.09
Education in years, median (IQR) 12.0 (10.0–14.0) 12.0 (10.0–15.5) 12.0 (12.0–16.0) 0.79
Academic education 5 (33.3) 16 (39.0) 14 (35.8) 0.91
Distance of home from infusion 
center (km), median (IQR)

9.0 (3.0–15.0) 9.2 (3.1–25.0) 8.7 (4.0–26.0) 0.74

Currently employed 2 (13.3) 21 (51.2) 13 (33.3) 0.01†

Retired due to RA 6 (40.0) 6 (14.6) 12 (30.7) 0.23
Owns a car 8 (53.3) 26 (63.4) 25 (64.1) 0.71
Drives a car 7 (46.6) 25 (60.9) 21 (53.8) 0.52
Needs an escort for follow-up 4 (26.6) 10 (24.4) 8 (20.5) 0.90
Co-morbidity

Cardiovascular disease 3 (20.0) 4 (9.7) 5 (12.8) 0.59
Myocardial infarction 0 (0.0) 2 (4.8) 5 (12.8) 0.19
Stroke 2 (13.3) 3 (7.3) 3 (7.6) 0.70
Chronic lung disease 1 (6.6) 1 (2.4) 6 (15.3) 0.11
Diabetes mellitus 2 (13.2) 6 (14.6) 7 (17.9) 0.88
Hypertension 8 (53.3) 10 (24.4) 16 (41.0) 0.09
Congestive heart failure 1 (6.6) 2 (4.8) 2 (5.1) 0.96
Chronic kidney disease ≤ stage 3 1 (6.6) 1 (2.4) 0 (0.0) 0.30
Malignancy 1 (6.6) 0 (0.0) 4 (10.2) 0.11
Joint replacement 4 (26.6) 5 (12.1) 6 (15.3) 0.41
Osteoporosis 7 (56.6) 14 (34.1) 18 (46.1) 0.49
Bone fracture 3 (20.0) 7 (17.1) 9 (23.1) 0.79
Disease-related variables

Seropositive RA 14 (93.3) 31 (75.6) 32 (82.0) 0.31
Duration of RA in years, median (IQR) 17.0 (12.0–26.0) 12.0 (6.5–20.5) 12.0 (8.0–21.0) 0.09
ESR, median (IQR) 10 (5.0–27.5) 12.0 (6.0–30.0) 24.0 (5.0–46.5) 0.18
CRP, median (IQR) 0.20 (0.0–0.35) 0.31 (0.0–0.94) 0.34 (0.13–1.0) 0.15
DAS28-ESR, median (IQR) 3.13 (2.01–3.74) 2.53 (1.74–3.43) 3.27 (2.14–5.22) 0.34
DAS28-CRP, median (IQR) 2.21 (1.35–3.93) 2.10 (1.49–3.18) 2.45 (1.67–3.94) 0.37
CDAI, median (IQR) 4.0 (1.0–16.0) 4.0 (1.0–11.0) 7.0 (3.0–21.0) 0.23
SDAI, median (IQR) 4.21 (2.0–20.05) 5.45 (1.31–11.58) 6.60 (3.12–20.53) 0.37
MTX – current 7 (56.6) 16 (39.0) 19 (48.7) 0.67
MTX dosage, median (IQR) 15.0 (8.7–16.9) 15.0 (8.1–19.4) 16.2 (12.5–20.0)

Leflunomide current 0 (0.0) 3 (7.3) 1 (2.5) 0.38
Salazopirin current 0 (0.0) 2 (4.8) 2 (5.1) 0.67
Hydroxychloroquine current 2 (13.2) 4 (9.7) 5 (12.8) 0.88
Prednisone current 0 (0.0) 5 (12.1) 7 (17.9) 0.20

*Values are presented as n (%), unless otherwise stated
†Refers to intravenous vs subcutaneous routes
CDAI = clinical disease activity index, CHF = congestive heart failure, CKD = chronic kidney disease, 
CRP = C-reactive protein level, DAS = disease activity score, ESR = erythrocyte sedimentation rate, 
IQR = interquartile range, MTX = methotrexate, RA = rheumatoid arthritis, SDAI = simplified disease 
activity index
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CONCLUSIONS

The present study expands current knowledge on therapeutic 
preferences of patients with RA in the era of oral tsDMARDs. 
While there was no significant difference in preferences for the 
oral or parenteral route as a group, the patients preferred the 
routes with which they already had previous or current experi-
ence. However, when both routes were experienced, or when 
choosing an unexperienced route, significantly more patients 
preferred the oral route. This understanding of patient prefer-
ence has important implications for the role of drug attributes 
in individualized treatment strategies, patient participation 
in the decision-making process, and adherence to treatment 
and might improve drug adherence and compliance as well as 
improve disease outcome.
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Synucleinopathies are neurodegenerative diseases that are 
associated with the misfolding and aggregation of α-synuclein, 
including Parkinson’s disease, dementia with Lewy bodies, 
and multiple system atrophy. Clinically, it is challenging to 
differentiate Parkinson’s disease and multiple system atrophy, 
especially at the early stages of disease. Aggregates of 
α-synuclein in distinct synucleinopathies have been proposed 
to represent different conformational strains of α-synuclein 
that can self-propagate and spread from cell to cell. Protein 
misfolding cyclic amplification (PMCA) is a technique that 
has previously been used to detect α-synuclein aggregates 
in samples of cerebrospinal fluid with high sensitivity and 
specificity. Shahbawaz and colleagues showed that the 
α-synuclein-PMCA assay can discriminate between samples of 
cerebrospinal fluid from patients diagnosed with Parkinson’s 
disease and samples from patients with multiple system 
atrophy, with an overall sensitivity of 95.4%. The authors used 
a combination of biochemical, biophysical, and biological 

methods to analyze the product of α-synuclein-PMCA, and 
found that the characteristics of the α-synuclein aggregates in 
the cerebrospinal fluid could be used to readily distinguish 
between Parkinson’s disease and multiple system atrophy. 
They also found that the properties of aggregates that were 
amplified from the cerebrospinal fluid were similar to those of 
aggregates that were amplified from the brain. These findings 
suggest that α-synuclein aggregates that are associated with 
Parkinson’s disease and multiple system atrophy correspond 
to different conformational strains of α-synuclein, which can 
be amplified and detected by α-synuclein-PMCA. The results 
may help to improve understanding of the mechanism of 
α-synuclein misfolding and the structures of the aggregates 
that are implicated in different synucleinopathies, and may also 
enable the development of a biochemical assay to discriminate 
between Parkinson’s disease and multiple system atrophy.
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Discriminating α-synuclein strains in Parkinson’s disease and multiple system atrophy

Anticancer nanoparticle development has relied on the 
assumption that nanoparticles passively cross leaky blood 
vessels to enter solid tumors. Using transmission electron 
microscopy to analyze a glioblastoma xenograft model, 
Sindhwani et al. found that gaps between endothelial cells 
lining blood vessels are infrequent and do not account for 
observed nanoparticle accumulation in tumors. Instead, 

nanoparticles actively enter tumors by transendothelial 
extravasation. They also show that the vascular architecture 
in human tumor samples is mostly intact, which supports the 
observations that nanoparticles enter tumors by means of an 
active process rather than by a generalized leakiness.
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