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Abstract
Introduction/objectives Multiple modes of administration are available for systemic lupus erythematosus (SLE) treatments. This
study examined patient and physician characteristics associated with the choice of weekly subcutaneous (SC) injection or
monthly intravenous (IV) infusion for an unspecified SLE treatment.
Methods This was a cross-sectional, US web-based survey using a direct elicitation, stated-preference methodology (HO-16-
16706). Two hundred patients and 200 physicians were asked to choose between IV or SC administration in a hypothetical
scenario. Pairwise and multivariate analyses estimated the odds ratio (OR) for the likelihood of choosing SC over IV for
respondent characteristics.
Results Among patients, taking non-steroidal anti-inflammatory drugs increased the likelihood of choosing SC injection (OR
3.884), whilst having SLE-related skin problems, a fear of needles or self-injection, and never needing help around the house
decreased the likelihood (OR 0.28, 0.13, 0.12, respectively; all p ≤ 0.05). Among physicians, > 95% recommended SC injection
for patients who live or work far from an infusion center, prefer SC administration, and never or rarely miss medication doses.
Physician characteristics including age and treatment practice also influenced choice.
Conclusions Patient and physician characteristics influence choice of SC versus IV therapy for SLE. These findings might inform
shared decision-making, which could lead to improved patient outcomes.

Key Points
• Data regarding patient and physician preference for different modes of administration of SLE therapy are sparse.
• This cross-sectional, US web-based study showed that patient and physician characteristics influence choice of SC versus IV therapy for SLE.
• A degree of disconnect exists between how factors influence patients’ choice and how those characteristics influence physicians’ choice of SLE

treatment mode of administration.
• The findings from this study might inform shared decision-making, which could improve alignment between treatment choice and patient preferences,

treatment satisfaction, adherence, and improved patient outcomes.

Keywords Direct elicitation . Intravenous . Patient preference . Physician preference . Subcutaneous . Systemic lupus
erythematosus

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease characterized by diverse clinical manifesta-
tions and significant morbidity [1, 2]. Patients with SLE
frequently experience periods of increased disease activi-
ty, termed flares, that contribute to the burden of the dis-
ease [3–5]. Furthermore, SLE is associated with a risk of
organ-specific damage that increases steadily as the dis-
ease progresses [6].

Treatment strategies for SLE focus on managing symp-
toms, reducing disease activity, preventing organ damage,

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10067-020-05226-w) contains supplementary
material, which is available to authorized users.

* Christopher F. Bell
christopher.f.bell@gsk.com

1 GlaxoSmithKline, US Value, Evidence and Outcomes, Research
Triangle Park, NC, USA

2 Present address: Takeda Pharmaceuticals USA, Inc., Lexington,MA,
USA

3 RTI Health Solutions, Research Triangle Park, NC, USA

https://doi.org/10.1007/s10067-020-05226-w

/ Published online: 4 July 2020

Clinical Rheumatology (2021) 40:581–590

http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-020-05226-w&domain=pdf
https://orcid.org/0000-0001-6413-2537
https://orcid.org/0000-0001-8635-937X
https://orcid.org/0000-0001-7810-3411
https://doi.org/10.1007/s10067-020-05226-w
mailto:christopher.f.bell@gsk.com


and improving health-related quality of life [7]. Current
SLE treatment options are administered orally, or by in-
travenous (IV) infusion, or subcutaneous (SC) injection,
with some treatments offering multiple administration op-
tions [8, 9]. SC administration is less invasive and takes
less time than IV administration, which can improve pa-
tient convenience [10]. Additionally, SC therapies can be
administered outside of the clinic, enabling patient inde-
pendence, which is particularly important in long-term
conditions such as SLE [10]. However, some patients pre-
fer IV to SC administration, citing injection discomfort
and the inconvenience of medication storage as reasons
for their IV preference [11]. Belimumab, a human immu-
noglobulin G1λ monoclonal antibody against B lympho-
cyte stimulator (BLyS) [12], is an example of such a
treatment, with IV and SC formulations available for the
treatment of patients ages 5 years and older and 18 years
and older, respectively, with active, autoantibody-positive
SLE who are receiving standard therapy [13–16]. Since
2017 when belimumab became available as a SC formu-
lation, many patients have been switched from IV to SC
belimumab. One study showed that this transition was
successful in all cases, with no impact on disease activity
or patient satisfaction [17].

As recommended in recent European League Against
Rheumatism (EULAR) guidelines, SLE care is multidis-
ciplinary, based on a shared patient-physician decision,
and should consider individual, medical, and societal
costs [18]. Given the availability of multiple modes of
administration for SLE treatments, choosing the most
appropriate route for a particular patient should be a
pivotal part of the shared decision-making process.
Shared decision-making has been shown to be a useful
tool in the management of chronic conditions [19–22],
and may also play a key role in the management of SLE
[22, 23]. Therefore, a thorough understanding of patient
and physician factors driving preference for different
modes of administration is of clinical relevance. This
concept has been studied in a number of other therapy
areas, including rheumatoid arthritis, severe asthma, and
inflammatory bowel disease [24–28]. These studies re-
vealed a number of factors that influence patient and
physician decisions regarding the preference for mode
of treatment administration, including age, hospital atten-
dance, economic considerations, level of medical follow-
up, injection frequency, convenience, and efficacy be-
liefs. However, few data are currently available regard-
ing the preference for IV versus SC administration of
SLE treatments from both the patient and physician
perspective.

The aim of this study was to examine how patient and
physician characteristics influenced preference for either IV
infusion or SC injection of SLE treatment.

Materials and methods

Study design and assessments

This was a cross-sectional, web-based survey study (HO-16-
16706) conducted with patient and physician respondents
recruited from web panels in the United States of America
(USA). The primary objective was to determine how respon-
dent characteristics influenced patients’ and physicians’
choice of administration method between weekly SC injection
and monthly IV infusion for an unspecified SLE treatment.
The secondary objective was to calculate the likelihood that a
patient with specific characteristics would choose a weekly
SC versus a monthly IV administration of the same treatment.

Respondents completed an online survey that used a stated-
preference methodology (termed direct elicitation), whereby
respondents were presented with a hypothetical scenario and
asked to make a choice between IV or SC administration of a
new, unspecified SLE medication. For patients, the survey
described the method of IV and SC administration and asked
one direct elicitation question: “Which way would you prefer
to take yourmedication?” (Fig. 1A). The physician survey had
two components. The first component examined how patient
characteristics influence physician preference for IV or SC
administration when each patient characteristic was explored
independently. In this component, the survey asked physi-
cians whether a series of patient characteristics (e.g., age, gen-
der, employment status, type of health insurance) would in-
fluence their recommendation of weekly SC or monthly IV
administration. If the physician indicated that a particular
characteristic would influence their recommendation, the sur-
vey asked them whether they would be more likely to choose
weekly SC or monthly IV administration for patients with that
characteristic. The second component of the physician survey
examined how physician preferences varied for each of a set
of nine hypothetical patient profiles (Supplementary Table 1).
Each profile was accompanied by a direct elicitation question:
“Which mode of administration would you recommend for
this patient?” It was assumed that the effectiveness, cost, and
safety profile were the same, except that SC administration
has a risk of mild injection site reactions and IV administration
has a risk of systemic infusion reactions (Fig. 1B and C).

The study complied with all applicable laws, regulations,
and guidance regarding patient protection, including patient
privacy, and was reviewed by an institutional review board.
Informed consent was obtained from all respondents.

Survey development

Development of a draft survey was informed by the results of
eight 45-min qualitative interviews with board-certified, prac-
ticing rheumatologists who treated patients with SLE. Half of
the interviews were conducted in person and half by
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telephone. Of the eight physicians interviewed, three had in-
house infusion capability and one was female. The concepts
elicited in the physician interviews, together with a review of
product labels and a targeted literature review of SLE treat-
ment outcomes, were used to develop the patient and physi-
cian surveys.

The draft surveys were pretested using in-person semi-
structured interviews with convenience samples of 15 patients
with a self-reported diagnosis of SLE and 15 SLE-treating
physicians. The objective of the interviews was to ensure that
the items, response options, and recall periods were under-
standable and easily answered by respondents. Respondents
were asked to think out loud as they completed the survey and
were then asked a series of debriefing questions to determine
whether they understood the definitions and instructions,
accepted the hypothetical nature of the survey, and success-
fully completed the choice question in the survey. The survey
was then finalized prior to online administration.

Respondent populations

Patients and physicians were recruited by Survey Sampling
International from a US web panel. For patients, the survey
opportunity was posted on the panel website and interested
panel members accessed the survey by clicking on the link.
Physician panel members were directly invited to participate.
Potential respondents were screened according to the follow-
ing eligibility criteria: age ≥ 18 years with a self-confirmed
diagnosis of SLE and resident in the USA. Physicians were
board-certified or board-eligible rheumatologists residing in
the USA who were currently treating patients with SLE each
week.

Data analysis

Data from all respondents who provided consent, answered ≥ 1
mode of administration direct elicitation choice question, and
did not complete the survey too quickly (i.e., spent more than
6 min, based on an algorithm that determined the threshold
survey length as a pre-specified fraction of the sample’s mean
survey length in minutes) were included in the analysis.

The first stage of the analysis used pairwise comparisons to
explore the relationship between patient characteristics and
patient or physician preference for SC or IV administration.
Patient characteristics were regressed on patient choice of
administration mode in a series of logit regression models.
Each regression included an intercept and a single patient
characteristic. A similar analysis regressed patient character-
istics on physician choice of mode.

The second stage of the analysis used three alternative mul-
tivariate analysis models to explore the relationship between
respondent (patient or physician) characteristics and respon-
dent preference for SC or IV administration mode. The

a

b

c

Fig. 1 a Example direct elicitation question from the online patient
survey. b Example direct elicitation question from the online physician
survey. cExample patient profile from the online physician survey. DNA,
deoxyribonucleic acid; IV, intravenous; SELENA-SLEDAI, Safety of
Estrogens in Lupus Erythematosus National Assessment-Systemic
Lupus Erythematosus Disease Activity Index; SLE, systemic lupus
erythematosus
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responses to the direct elicitation question were used in sepa-
rate logit regression models for physicians and patients.
Independent variables included patient or physician respon-
dent characteristics from each survey. For patients, the inde-
pendent variables included demographic traits, socioeconomic
status, and measures of disease severity and treatment. For
physicians, the independent variables included demographic
traits and training and practice characteristics. The physician
models also included the hypothetical patient profiles as
explanatory variables. Model specifications of the multivariate
logistic regressions were informed by the pairwise Spearman
correlation coefficients to identify pairs of variables likely to
be correlated; only one of each pair of candidate independent
variables with a statistically significant (p < 0.05) Spearman
rank coefficient of ≥ 0.40 was included in the model.

Odds ratios (OR) were calculated for the pairwise compar-
isons and multivariate analyses of the likelihood of choosing
SC injection over IV infusion for a variety of respondent char-
acteristics (OR > 1 = increased likelihood of choosing SC
administration; OR < 1 = reduced likelihood of choosing SC
administration). The analyses identified several characteristics
that had a statistically significant effect (p ≤ 0.05) on admin-
istration mode choice.

Finally, the average probability that a hypothetical patient
in the sample would choose a weekly SC administration of an
SLE treatment over a monthly IV administration was predict-
ed using the results from each of the multivariate logistic
models estimated with the patient data. These probabilities
were calculated for hypothetical patients matching five of
the nine hypothetical profiles from the physician survey. To
perform these predictions, respondent characteristics mea-
sured in the patient survey were mapped to the selected patient
characteristics in the hypothetical profiles.

Results

Respondent populations

Of 349 patients accessing the online survey, 219 were eligible
and provided informed consent; of these, 200 completed the
survey and were included in the final patient population.
Demographics and clinical characteristics are shown in
Table 1. A total of 6978 physicians were invited to participate,
and 390 accessed the online survey. Of these, 264 were eligi-
ble and provided informed consent; 30 did not complete the
survey, 7 completed it after the target sample size was
reached, and a further 27 were excluded in an attempt to in-
clude an adequate number of physicians without infusion fa-
cilities. The remaining 200 participants were included in the
final physician population; physician respondent characteris-
tics are shown in Table 2.

Pairwise and multivariate analysis

Patient respondents

Multivariate analysis of patient responses indicated that fac-
tors associated with a higher likelihood of selecting SC
administration were being 51–70 years of age rather than
< 51 years or > 70 years of age (OR 4.18; p ≤ 0.10) and having
ever taken or currently taking non-steroidal anti-inflammatory
drugs (NSAIDs) rather than never having taken NSAIDs (OR
3.88; p ≤ 0.05) (Fig. 2). Conversely, characteristics most
strongly associated with significantly lower likelihood of
selecting SC administration over IV infusion were as follows:
having SLE-related skin problems (OR 0.28; p ≤ 0.05), com-
pared with not having SLE-related skin problems; having a

Table 1 Patient respondent demographics and clinical characteristics

All patients (N = 200)

Female, n (%) 172 (86.0)

Age, years, mean (SD) 50.4 (14.0)

Years since diagnosis, mean (SD) 13.2 (10.7)

SLE medications ever taken, n (%)

NSAIDs 158 (79.0)

Antimalarial drugs 122 (61.0)

Steroid tablets or pills 128 (64.0)

Immunosuppressants 78 (39.0)

Biologics 23 (11.5)

Other 33 (16.5)

None 6 (3.0)

SLE medications currently taken, n (%)

NSAIDs 102 (51.0)

Antimalarial drugs 88 (44.0)

Steroid tablets or pills 55 (27.5)

Immunosuppressants 40 (20.0)

Biologics 14 (7.0)

Other 25 (12.5)

None 19 (9.5)

Respondents who had ever experienced
a SLE flare, n (%)

185 (92.5)

Respondents currently experiencing
a SLE flare*, n (%)

64 (34.6)

Frequency of needing assistance to do things around the house†, n (%)

Never 61 (30.5)

Rarely 26 (13.0)

Some of the time 73 (36.5)

Most of the time 28 (14.0)

All of the time 12 (6.0)

NSAID non-steroidal anti-inflammatory drug, SD standard deviation, SLE
systemic lupus erythematosus

*Among patients who had ever experienced a SLE flare; †including
cooking, cleaning, and washing clothes
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fear of needles or self-injection (OR 0.13; p ≤ 0.01), compared
with not being afraid, and never needing help doing household
chores such as cooking and cleaning (OR 0.12; p ≤ 0.01),
compared with needing assistance (Fig. 2). The results of the

patient multivariate analysis were consistent with the results of
the patient pairwise analysis (data not shown).

Physician respondents

The pairwise analysis of physician-stated preferences showed
that five patient characteristics were considered by ≥ 75% of
physicians to be deciding factors when recommending either
SC or IV, and a further seven characteristics were considered
to be deciding factors by > 50% of physicians (Supplementary
Table 2). Of these physicians, a high proportion would rec-
ommend SC over IV administration for patients who live or
work far from an infusion center (98.9%), prefer SC adminis-
tration (97.8%), are employed (93.3%), have an active life-
style (91.8%), almost never leave home (81.7%), never or
rarely miss doses of medication (96.9%), prefer autonomy
and independence in treatment matters (95.3%), or have ex-
perienced a severe infusion reaction (86.5%) (Supplementary
Table 2). In contrast, physicians influenced by patient charac-
teristics would recommend IV over SC administration for pa-
tients who regularly miss or skip medication doses (94.7%),
prefer IV treatments (94.4%), are afraid of needles or self-
injection (94.0%), or have Medicare insurance (89.5%)
(Supplementary Table 2).

Physicians preferred SC administration for five out of nine
hypothetical patient profiles (patients 1, 3, 5, 7, and 9), IV ad-
ministration for three patient profiles (patients 4, 6, and 8), and

Fig. 2 Multivariate analysis of
patient responder surveys:
variables associated with the
likelihood of selecting SC
injection mode of administration.
aIncludes cooking, cleaning, and
washing clothes. Grey circles
denote values with p ≤ 0.1, orange
circles denote values with p ≤
0.05, blue circles denote values
with p ≤ 0.01. Variables with an
odds ratio > 1 indicate a
characteristic that increased the
likelihood of choosing SC
injection administration, whereas
an odds ratio < 1 indicate a
characteristic that decreased the
odds of choosing SC injection
administration. Error bars
represent 95% confidence
intervals. NSAIDs, non-steroidal
anti-inflammatory drugs; SC,
subcutaneous; SLE, systemic lu-
pus erythematosus

Table 2 Physician respondent information

All physicians (N = 200)

Female, n (%) 51 (25.5)

Age, years, mean (SD) 51.4 (10.9)

Average number of patients with SLE treated each week, n (%)

≤ 5 16 (8.0)

6–10 59 (29.5)

11–20 65 (32.5)

21–30 28 (14.0)

31–40 17 (8.5)

41–50 5 (2.5)

> 50 10 (5.0)

Total years in practice since completion of medical training, n (%)

< 10 43 (21.5)

10–15 50 (25.0)

16–20 24 (12.0)

21–25 35 (17.5)

> 25 48 (24.0)

SD standard deviation, SLE systemic lupus erythematosus
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were evenly split for SC and IV for patient profile 2
(Supplementary Table 3). SC administration was selected by ≥
75% of physicians for four patient profiles; there was no patient
profile for which ≥ 75%of physicians selected IV administration.

In the multivariate analysis, physicians with a general pref-
erence for SC injections rather than IV infusion were signifi-
cantly more likely to select SC injection over IV infusions as
the form of administration (OR 2.32; p ≤ 0.01) (Fig. 3). In
contrast, physician characteristics most significantly associated
with a lower likelihood of selecting SC than IV administration
were as follows: treating 21–30 (OR 0.62; p ≤ 0.01) or 31–40
(OR 0.53; p ≤ 0.01) patients, compared with treating < 11
patients or ≥ 41 patients with SLE per week; treating a
population in which > 33–≤ 66% of patients have mild SLE
(OR 0.59; p ≤ 0.01), compared with fewer or more patients
with mild SLE; having > 8 infusion chairs in their office/
suite (OR 0.62; p ≤ 0.01), compared with ≤ 8; and being male
(OR 0.66; p ≤ 0.01) rather than female (Fig. 3).

Predicted choice probabilities

Across the three multivariate models, patients similar to pa-
tient profile 6, a Latin American woman in her early 20s with

moderate disease activity, no children, and a full-time job,
were least likely to choose SC administration over IV admin-
istration. Patients similar to patient profile 4, an Asian woman
in her mid-50s with high disease activity who cares for a
family member and works part time, were most likely to
choose SC over IV administration (Table 3).

Discussion

This exploratory preference study is among the first to include
patients with SLE and physicians who treat patients with SLE.
Findings suggest that a range of patient and physician character-
istics might play a role in choosing one mode of administration
over another. Patient characteristics influencing their choice of
once-weekly SC self-injection at home over monthly IV infusion
at a healthcare center were receipt of current or previous NSAID
treatment and being aged 51–70 years. In line with this, the
hypothetical patient profile associated with the highest probabil-
ity of choosing SC over IV administration was for a woman in
her mid-50s. Notably, patients with a profile similar to the hypo-
thetical patient with high disease activity (patient 4) were most
likely to choose SC over IV administration, whichmay indicate a

Fig. 3 Multivariate analysis of
physician responder surveys:
variables associated with the odds
of selecting SC injection mode of
administration. Grey circles
denote values with p ≤ 0.1, orange
circles denote values with p ≤
0.05, and blue circles denote
values with p ≤ 0.01. Variables
with an odds ratio > 1 indicate a
characteristic that increased the
likelihood of choosing SC
injection administration, whereas
an odds ratio < 1 indicate a
characteristic that decreased the
likelihood of choosing SC
injection administration. Error
bars represent 95% confidence
intervals. SC, subcutaneous; SLE,
systemic lupus erythematosus
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preference for SC administration in patients with high disease
activity. Patients with more severe disease, including those with
SLE-related skin problems, and thosewith a fear of needles, were
more inclined to choose IV administration; again, these findings
were supported by the predicted choice probability exercise.
When considering patient characteristics that influenced physi-
cian choice of administration mode, sociodemographic factors
such as patient age, gender, and race were generally not
influencers, nor were clinical characteristics such as symptoms,
time since diagnosis, disease activity, and treatment. This might
suggest that the factors influencing patient choice differ from the
factors that influence physician choice. Physicians considered
distance from an infusion center, patient preference for SC or
IV, patient lifestyle, adherence to medication, and attitude to-
wards treatment decisions as important factors. Physicians were
more likely to recommend SC administration for patients with an
active lifestyle and those with good adherence to medication.
When considering choice of administration mode for hypotheti-
cal patient profiles, of the five patients for whom physicians
selected SC administration, all had good medication adherence
and all but one worked or had an active lifestyle. However, the
age of the patients, time since diagnosis, and disease activity
varied. The key characteristic that affected the physician’s deci-
sion to recommend SC over IV administration was a general
preference to administer treatment by the SC route rather than
the IV route. Characteristics influencing physicians to recom-
mend IV over SC included treating 21–40 patients with SLE
each week, treating a patient population in which more than
one third have mild SLE, having > 8 infusion chairs, and being
male.

Non-adherence to treatment is a substantial problem in
SLE. A systematic literature review reported that 43–75% of
patients with SLE are non-adherent to treatment, with most
studies in the review reporting more than 50% non-adherence
[29]. Lower education level, depression, and polypharmacy
were consistently reported as factors associated with non-
adherence [29]. Several studies have demonstrated that non-
adherence with therapy is associated with poor outcomes in
SLE [30–32]. Shared decision-making is associated with
improved adherence [33], and a better understanding of factors
that influence choice of administration mode by patients and
physicians may ultimately help to improve adherence rates, and
therefore, outcomes, in SLE. Indeed, patients with SLE who
participate more actively in physician–patient consultations
have been shown to accrue less organ damage over a ~ 5-year
period [34]. In addition, therapeutic levels of SLE treatments in
the blood, which can provide a measure of adherence, have
been associated with decreased disease activity compared with
undetectable or subtherapeutic levels [35]. Furthermore, the
study by Durcan et al. demonstrated that with routine blood
testing and patient counselling, adherence can be significantly
improved. Data from these studies highlight the real clinical
importance of joint decision-making involving both the patient

and physician to ensure that the patient receives the most ap-
propriate treatment, ultimately leading to improved adherence
and both short-term and long-term clinical benefits.

Previous studies from other therapy areas, including rheuma-
toid arthritis, severe asthma, and inflammatory bowel disease,
have revealed several patient and physician decisions that influ-
ence the preference for IV versus SC administration methods
[24–28]; however, minimal data are available for SLE therapies.
The findings of our study build upon previous studies investi-
gating patient preference for IV versus SC administration of
SLE treatment. A survey of patients in Italy evaluating prefer-
ences for administration of biological therapy showed that 41%
preferred SC administration, 37% preferred IV infusion, and
22% were uncertain [36]. Patients who preferred SC adminis-
tration were primarily motivated by convenience, whilst those
preferring IV administration were motivated by the safety of
having healthcare professionals present during treatment [36].
In an analysis of the Lupus Plus Project, which reported real-
world data from patients receiving belimumab in the USA, 51%
of patients stated that they would prefer to self-administer beli-
mumab at home, 20% preferred IV administration at a clinic,
and 29% had no preference [37]. A study among patients who
switched from belimumab IV to self-administering belimumab
using the autoinjector found that the majority (76%) preferred
treatment with the autoinjector, considering it to be more con-
venient than belimumab IV due to shorter administration time,
less travel time, less interference with work, portability, and
reduced/no pain [11].

This study has a number of strengths; namely, the surveys
were carefully designed and were pretested using in-depth
interviews with patients with self-reported diagnosis of SLE
and with physicians who treat patients with SLE. However,
there are several potential limitations of this type of assessment.
One inherent limitation is that the respondents evaluated hypo-
thetical treatments, and their choices did not have the same
significance as choices involving actual treatment decisions.
Actual treatment choices may depend on several contextual
factors that were beyond the scope of this study. Another lim-
itation is that the study used a convenience sample of patients
recruited through a web-based panel, which might not be rep-
resentative of the overall populations of patients with SLE and
physicians treating SLE in the USA.Moreover, the influence of
potential language barriers for patients or physicians
conducting the surveys was not determined. In addition, infor-
mation regarding SLE diagnoses and respondent characteristics
was self-reported, and it is possible that some patients who
completed the study did not have SLE. Furthermore, the prima-
ry objective of the study was descriptive; as such, the results of
the study cannot be formally validated.

In conclusion, the insights from this study into the charac-
teristics influencing patient and physician preferences for dif-
ferent modes of administration of SLE treatment may inform
shared decision-making, which may lead to better alignment
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between treatment choice and patient preferences, treatment
satisfaction, adherence, and improved patient outcomes.
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