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In systemic lupus erythematosus (SLE), treatment decisions are guided by clinical judgment based on 
disease manifestations and safety profiles rather than standardized protocols, particularly for extra-
renal involvement. In this study of 356 SLE patients, 190 receiving non-biologic immunosuppressants 
and 166 receiving biologics, we investigated the association of clinical phenotypes with treatment 
initiation and the impact of damage (SLICC-DI), comorbidities, and hospitalization history on these 
choices. Dominant clinical phenotypes were defined qualitatively using BILAG and SLEDAI domains. 
Logistic regression models with Simes-Hochberg correction revealed that renal phenotypes were 
strongly associated with mycophenolate initiation (OR = 4.09, p < 0.001), musculoskeletal phenotypes 
with methotrexate (OR = 4.86, p < 0.001). Belimumab was preferentially initiated in patients with 
musculoskeletal involvement and high SLEDAI scores (OR = 1.84, p = 0.03; OR = 2.03, p = 0.03, 
respectively). Notably, the association between mycophenolate and the renal phenotype persisted 
in the presence of comorbidities but was not observed in patients with SLICC-DI > 0 or more than 
one hospitalization in the previous year. Similarly, methotrexate and belimumab associations were 
diminished in patients with a Charlson comorbidity index > 1 or damage (SLICC-DI > 0). This study 
offers novel insights into the clinical determinants of immunosuppressive therapy selection in SLE and 
underscore the potential for tailoring treatment strategies to individual patient profiles.
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Systemic lupus erythematosus (SLE) is the paradigm of systemic autoimmune diseases, characterized by extreme 
heterogeneity in clinical manifestations and disease course both between patients and within patients1. Despite 
the advances in elucidating the molecular mechanisms underlying SLE and the development of novel therapeutic 
strategies, patients with SLE continue to face significantly higher morbidity, reduced quality of life, and elevated 
mortality rates compared to the general population2,3.

Management of SLE remains a complex challenge that international guidelines address through evidence-
based strategies integrating both established core principles and the latest innovations in therapeutic approaches. 
One notable example is the treat-to-target (T2T) approach, initially introduced in recent years and now widely 
accepted as a core principle in SLE management. This strategy emphasizes the goal of achieving disease remission, 
or low disease activity when remission is not attainable. The European League Against Rheumatism (EULAR) 
recommendations endorse the T2T approach4, with accumulating evidence indicating that its implementation 
may contribute to improved long-term outcomes and reduced cumulative organ damage over medium-term 
follow-up5,6.

However, the therapeutic pathway in achieving remission in SLE remains poorly defined. Hydroxychloroquine 
and the judicious use of glucocorticoids, with the ultimate goal of minimizing or completely sparing their use, are 
regarded as cornerstone therapies in the management of SLE7,8. For patients with moderate to severe disease, an 
optimal therapeutic strategy has yet to be standardized. Indeed, except in cases of lupus nephritis, there is a lack 
of high-quality evidence guiding the choice of immunosuppressants across different clinical manifestations9. 
EULAR recommendations place conventional non-biologic (NBI) and biologic (BI) immunosuppressants as 
equally suitable options, leaving the choice of specific treatment to the clinician4. The absence of standardized 
choices for immunosuppressive therapy-whether NBI or BI-often results in significant variability in treatment 
decisions, which are influenced by factors such as disease manifestations, patient age, conception potential, 
comorbidities, safety profile and regulatory restrictions.

Recently, the concept of disease phenotype, a categorization based on predominant organ involvement, has 
been proposed to facilitate the adoption of more targeted and effective therapeutic strategies. Fanouriakis et al.8, 
have described dermatologic, musculoskeletal, renal, neurological and haematologic SLE as organ dominant 
phenotypes with different prognosis and treatment strategy. Latin American Group for the Study of Lupus 
(GLADEL) produced the first SLE clinical practice guidelines to clearly present different treatment strategies 
for different organ involvement10; in Europe, the most recent EULAR recommendations are still based on the 
concept of global disease activity4, however the experts produced specific statements for renal, cutaneous, 
neuropsychiatric and haematological SLE management4,11.

However, the complexity in lupus patients extends beyond the diverse clinical phenotypes of SLE: 
comorbidities and adverse events often limit therapeutic options, creating scenarios that current guidelines 
partially address. To further refine the therapeutic algorithm for managing moderate to severe SLE patients, 
registry and observational data derived from real-world experience provide invaluable insights, offering evidence 
that can bridge the gap between clinical guidelines and the needs of everyday practice. Using a multicentre 
Italian registry of patients undergoing routine clinical management, our study aims to: 1) assess the association 
between different clinical phenotypes and the use of specific BI or NBI therapies; and 2) evaluate the impact of 
various demographic and clinical factors, such as disease activity, damage, comorbidities, and hospitalization 
history, on the choice between BI and NBI treatments.

Methods
This is a cross-sectional analysis from the multicentre, non-profit, observational cohort study, the Lupus Italian 
REgistry (LIRE), promoted by the Italian Society of Rheumatology (SIR). The LIRE was established in 2015 and 
designed to assess the five-year risk and probability of efficacy and safety of NBI and BI in patients with SLE12. 
The patients fulfilling the 2012 Systemic Lupus International Collaborating Clinics (SLICC) were diagnosed by 
expert physicians13. The study included SLE patients aged 16 years or older who were initiating either a BI (such 
as belimumab or rituximab) or a NBI (such as methotrexate, azathioprine, cyclophosphamide, cyclosporin, 
tacrolimus, or mycophenolate) at their first visit, while excluding those with prior exposure to biologic drugs.

Belimumab was approved in Italy in February 2013, with reimbursement granted for adult patients with 
active, autoantibody-positive SLE exhibiting high disease activity despite standard therapy (SLE disease 
activity index, SLEDAI ≥ 10, or ≥ 8 combined with serological activity). Conventional NBI (e.g., methotrexate, 
azathioprine, mycophenolate, cyclophosphamide, tacrolimus) had no formal reimbursement criteria and were 
prescribed based on clinical judgment. The patients were enrolled between January 2015 and June 2022. All 
drugs analyzed in this study were accessible throughout the entire study period. The following variables were 
recorded: socio-demographic data, clinical and serological characteristics at disease onset (first SLE-attributable 
symptom) and at study entry disease duration, laboratory findings (including anti-dsDNA, C3 and C4 serum 
complement fractions tested in local laboratories at each centre), active clinical manifestations (ie, categorised 
as present/absent) according to the British Isles Lupus Assessment Group’s (BILAG) index glossary14, SLEDAI-
2K)15, Physician Global Assessment (PhGA) on a scale of 0–10016; irreversible organ damage (SLICC/ACR 
Damage Index, SLICC-DI)17 and ongoing treatments. A high-moderate SLEDAI was defined as a baseline 
SLEDAI-2K score of ≥ 6. Comorbidities were evaluated using the Charlson Comorbidity Index18, and the 
number of hospitalizations within the 12 months prior to enrolment was recorded.
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The following clinical phenotypes were analyzed according to the predominant disease manifestations, based 
on BILAG (mucocutaneous, neuropsychiatric, musculoskeletal, cardiorespiratory, gastrointestinal, ophthalmic, 
renal, and hematological) or SLEDAI domains (vasculitis, mucocutaneous, neuropsychiatric, musculoskeletal, 
cardiorespiratory, renal, and hematological). The total scores of both instruments were not used to quantitatively 
assess disease activity; instead, they were applied qualitatively to characterize the full spectrum of clinical 
phenotypes observed or potentially manifesting in SLE.

Study data were collected and managed using REDCap electronic data capture tools, hosted by the Italian 
Society for Rheumatology19. Written informed consent was obtained from all patients at the time of enrolment, 
covering both study participation and publication of the results.

This study was conducted in full accordance with the principles outlined in the Declaration of Helsinki. 
Ethical approval was obtained from the Ethics Committee of the Coordinating Center (Ethics Committee for 
Clinical Trials of the Province of Padua, approval code 3524/AO/15), as well as from the institutional review 
boards of all participating centres involved in the study.

Statistical analysis
Descriptive statistics were expressed as means (SD) and median (IQR) in case of continuous variables, as absolute 
and relative frequencies when categorical.

Simple correspondence analysis was employed to visualize the crude association between clinical phenotypes 
and treatment initiation20. Then, unadjusted and adjusted logistic regression models formally tested treatment-
phenotype associations in an exploratory analysis framework: of all combinations of treatment initiation and 
phenotypes, we developed adjusted models only for those showing association at the univariable analysis. In 
addition, to control for confounding by concomitant medications, a composite treatment intensity variable 
was created. This continuous variable incorporated weighted contributions from hydroxychloroquine (+ 0.5), 
glucocorticoids (+ 1.0), and additional immunosuppressants (+ 1.5). The treatment intensity variable was 
standardized to a mean of zero and unit variance. Interaction effects between phenotype -including treatment 
intensity- and confounder variables were formally tested.

Due to the high number of statistical tests on model parameters, control of the false discovery rate was 
implemented using the Simes-Benjamini–Hochberg correction21,22. Missing data were excluded from the 
analysis.

All analyses were performed using R version 4.4.1 (R Foundation for Statistical Computing, 2024, Vienna, 
Austria).

Results
Clinical manifestations and phenotypes at study entry
A total of 356 patients diagnosed with SLE were enrolled in this study. Among them, 190 started NBI therapy 
and 166BI therapy. Baseline characteristics of these patients are reported in Table 1. The two groups had 
comparable mean age (42.0  years in BI vs. 43.9  years in NBI, p = 0.196), conversely, disease duration from 
diagnosis was higher in BI cohort (mean  12.2 years in BI vs. 9.9 years in NBI, p = 0.001). Considering clinical 
and immunological features at the time of enrolment, no statistically significant difference was observed in renal 
involvement between the two groups (38.9% in NBI vs. 33.7% in BI, p = 0.364). In contrast, anti-dsDNA antibody 
positivity was significantly more frequent in the BI cohort (78.2% vs. 53.2% in NBI, p < 0.001). Disease activity 
and damage accrual were similar in the two cohorts, as expressed by mean SLEDAI-2k and SLICC-DI.

The Charlson index, was similar in the two cohorts; however, patients in the BI cohort experienced 
significantly fewer hospitalizations for all causes in the 12 months preceding the start of immunosuppressive 
therapy compared to patients in the NBI cohort .

In our cohort, musculoskeletal was the most frequently scored BILAG domain (52.2%), followed by 
mucocutaneous, renal, and haematological (42.4%, 36.5%, and 32.2%, respectively). Vasculitis, ophthalmic, 
and gastrointestinal phenotypes were rare in our study population. Musculoskeletal involvement was the only 
BILAG domain significantly more frequent in the BI cohort compared to the NBI cohort (58.4% vs. 46.8%, 
p = 0.038) (Table 1).

Treatment and SLE phenotypes
Upon analysing pharmacological history at study entry, no substantial differences emerged between the two 
cohorts in terms of concomitant therapy, even when considering treatment with anticoagulants and antiplatelet 
therapy.

The BI cohort exhibited a higher frequency of ongoing steroid therapy at study entry (88.8% in BI cohort vs. 
78% in NBI, p = 0.019) and greater steroid exposure during the course of the disease with 61.2% of BI patients 
having a cumulative prednisone dose > 10 g compared to 34.6% in the NBI cohort (p = 0.001). HCQ therapy 
was used in 71.1% of patients in the BI cohort and 68.3% in the NBI cohort (p = 0.644). Initiation of HCQ at 
enrolment occurred in 6.6% of patients in the NBI cohort and 2.6% in the BI cohort (p = 0.085). Belimumab 
was the most frequent therapy in the total cohort (141/356; 39.9%) and in BI cohort (141/165; 85.5%). In NBI 
cohort, mycophenolate mofetil therapy was the most frequent, followed by methotrexate and azathioprine . See 
supplementary Table 1 for additional data. Over time, the proportion of patients receiving BI increased steadily, 
while the use of NBI declined accordingly (See supplementary Fig. 2, Table 2).

Applying univariate analysis, we tested associations between BI/NBI therapies and specific SLE phenotypes 
in our cohort. We observed a positive association between mycophenolate treatment and renal phenotype [OR 
4.09 (2.20, 7.61); p < 0.001] and methotrexate and musculoskeletal phenotype [OR 4.86 (2.19, 10.79); p < 0.001]. 
Treatment with belimumab was associated with musculoskeletal phenotype [OR 1.84 (1.19, 2.83); p = 0.03] and 
high-moderate SLEDAI score [OR 2.03 (1.22, 3.40); p = 0.03].
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All N = 356 BI N = 166 NBI N = 190 P-value

Male sex 44 (12.4%) 21 (12.7%) 23 (12.1%) 1

Age (years), mean (SD) 43 (13.8) 42 (13.1) 43.9 (14.3) 0.196

Charlson index 0.315

Mean (SD) 1.5 (1) 1.6 (1.1) 1.4 (0.9)

Median (IQR) 1 (1—1) 1 (1—2) 1 (1—1)

Missing 1 (0.3%) 0 (0%) 1 (0.5%)

Hospitalizations in last 12 months 0.002

None 212 (60.1%) 114 (69.5%) 98 (51.9%)

1 118 (33.4%) 41 (25%) 77 (40.7%)

2–4 23 (6.5%) 9 (5.5%) 14 (7.4%)

Missing 3 (0.8%) 1 (0.6%) 2 (1%)

Comorbidities N (%) 0.267

None 176 (49.4%) 82 (49.4%) 94 (49.5%)

1 90 (25.3%) 45 (27.1%) 45 (23.7%)

2–4 80 (22.5%) 32 (19.3%) 48 (25.3%)

5 or more 10 (2.8%) 7 (4.2%) 3 (1.6%)

CVD 40 (11.2%) 18 (10.8%) 22 (11.6%) 0.959

Diabetes 10 (2.8%) 3 (1.8%) 7 (3.7%) 0.348

Pulmonary 14 (3.9%) 8 (4.8%) 6 (3.2%) 0.595

Renal 21 (5.9%) 16 (9.6%) 5 (2.6%) 0.01

Hepatic 20 (5.6%) 13 (7.8%) 7 (3.7%) 0.143

Cancer 14 (3.9%) 7 (4.2%) 7 (3.7%) 1

Disease duration (in years) 0.001

Mean (SD) 11 (9) 12.2 (8.9) 9.9 (8.9)

Median (IQR) 9.2 (3.4—16.6) 10.2 (4.7—18.1) 7.6 (2—15.7)

Missing 2 (0.6%) 0 (0%) 2 (1%)

SLEDAI-2K 0.195

Mean (SD) 10.2 (7.5) 10.4 (7) 10 (8)

Median (IQR) 8 (5—14) 8.5 (6—12) 8 (4—14)

Missing 2 (0.6%) 0 (0%) 2 (1%)

SLICC-DI 0.649

Mean (SD) 1.2 (1.5) 1.2 (1.6) 1.2 (1.5)

Median (IQR) 1 (0—2) 1 (0—2) 1 (0—2)

Missing 4 (1.1%) 0 (0%) 4 (2.1%)

BILAG involvement (phenotypes), N (%)

Musculoskeletal 186 (52.2%) 97 (58.4%) 89 (46.8%) 0.038

Mucocutaneous 151 (42.4%) 73 (44%) 78 (41.1%) 0.653

Renal 130 (36.5%) 56 (33.7%) 74 (38.9%) 0.364

Haematological 115 (32.2%) 60 (36.1%) 55 (28.9%) 0.182

Cardiorespiratory 63 (17.7%) 32 (19.3%) 31 (16.3%) 0.554

Neuropsychiatric 57 (16%) 27 (16.3%) 30 (15.8%) 1

Vasculitis 29 (8.1%) 16 (9.6%) 13 (6.8%) 0.442

Ophthalmic 12 (3.4%) 7 (4.2%) 5 (2.6%) 0.594

Gastrointestinal 8 (2.2%) 3 (1.8%) 5 (2.6%) 0.729

missing 0 (0%) 0 (0%) 0 (0%)

Concomitant therapies

Glucocorticoids 303 (85.4%) 146 (88%) 157 (83.1%) 0.251

Hydroxychloroquine 247 (69.6%) 118 (71.1%) 129 (68.3%) 0.644

Concomitant non-biologic therapy

Mycophenolate 52 (14.6%) 3 (1.8%) 49 (25.8%)  < 0.001

Azathioprine 39 (11%) 1 (0.6%) 38 (20%)  < 0.001

Cyclophosphamide 12 (3.4%) 0 (0%) 12 (6.3%) 0.003

Methotrexate 44 (12.4%) 2 (1.2%) 42 (22.1%)  < 0.001

Cyclosporine 18 (5.1%) 3 (1.8%) 15 (7.9%) 0.018

Leflunomide 2 (0.6%) 0 (0%) 2 (1.1%) 0.501

Tacrolimus 2 (0.6%) 0 (0%) 2 (1.1%) 0.501

Continued
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We observed negative associations between mycophenolate treatment and musculoskeletal phenotype [OR 
0.43 (0.23, 0.79); p = 0.03]; azathioprine and high SLEDAI values [OR 0.22 (0.11, 0.44), p < 0.001]. We recorded a 
positive association between cyclosporin treatment and vasculitic phenotype [OR 6.85 (2.35, 19.91); p < 0.001], 
and haematological phenotype [OR 2.77 (1.06, 7.23); p = 0.14] however, due to a very small sample size, we 
considered the last one at high risk of bias (Table 2 and Fig. 1). We did not find significant associations for 
leflunomide, cyclophosphamide, tacrolimus and rituximab treatment. The analysis highlights a strong alignment 
between clinical phenotypes and treatment choices in SLE, with renal phenotypes linked to mycophenolate, 
cyclophosphamide and tacrolimus, and musculoskeletal phenotypes associated with methotrexate and 
belimumab, underscoring the phenotype-driven nature of therapeutic decisions.

Immunosuppressive treatment and interaction with comorbidities, damage and 
hospitalization
To further investigate the propensity for initiating either BI or NBI therapies across different phenotypes 
and immunosuppressants, we evaluated the interactions with potential confounding factors, including 
comorbidities, hospitalizations, and organ damage (Table 3). The association between mycophenolate therapy 
and renal phenotype was confirmed in the presence of comorbidities, but not in the case of SLICC-DI > 0 (OR 
8.66, 95%CI 0.98, 76.24, p = 0.129) or more than one hospitalization in the previous year (OR 2.98, 95%CI 1.06, 
8.37, p = 0.190; Table 3). The association between the musculoskeletal phenotype and methotrexate therapy 
remained statistically significant, except when the Charlson comorbidity index was greater than 1 (OR 4.14, 
95% CI 0.57, 30.18, p = 0.333; Table 3). Belimumab and musculoskeletal phenotype remained associated in the 
presence of single comorbidity, but not in patients with hospitalizations- (OR 1.40, 95%CI 0.81, 2.41, p = 0.439), 
Charlson index  > 1 (OR 1.47, 95%CI 0.67, 3.24, p = 0.582) or SLICC-DI > 0 (OR 2.51, 95%CI 0.60, 10.46, 
p = 0.409); similarly, the association between belimumab therapy and high/moderate SLEDAI was confirmed in 
the presence of single comorbidities and frequent hospitalizations but lost significance in patients with acquired 
damage (OR 2.29, 95%CI 0.43, 12.11, p = 0.578) and a Charlson index > 1 (OR 2.22, 95%CI 0.89, 5.57, p = 0.202; 
Table 3). No significant interactions were observed for cyclosporin and vasculitic phenotype. The propensity-
adjusted analysis, which accounted for concomitant therapies including glucocorticoids, hydroxychloroquine, 
and combinations with other immunosuppressants, showed results consistent with the previous model 
(supplementary Table 3).

Discussion
This study provides a comprehensive real-life analysis of the factors influencing treatment decisions in SLE, 
considering not only disease manifestations but also acquired damage, hospitalizations and comorbidities. In 
our cohort, predominant disease manifestations, such as renal or musculoskeletal involvement, played a key role 
in treatment selection, with mycophenolate preferred for renal involvement, and methotrexate and belimumab 
for musculoskeletal manifestations. Belimumab use was also associated with moderate-to-high SLEDAI scores; 
however, this may have been influenced by country-specific regulatory prescribing requirements. The presence 
of acquired damage (SLICC-DI > 1) or hospitalization in the previous year reduced the likelihood of prescribing 
mycophenolate in cases of renal involvement. Acquired damage and a Charlson index >  1 attenuated the 
association to non-significance between belimumab and moderate-to-high disease activity,  as well as between 

Treatment, phenotype Odds IC 95% p-value

Treatment: mycophenolate, Phenotype: renal 4.09 (2.20, 7.61)  < 0.001

Treatment: mycophenolate, Phenotype: musculoskeletal 0.43 (0.23, 0.79) 0.03

Treatment: azathioprine, Phenotype: SLEDAI-2K 0.22 (0.11, 0.44)  < 0.001

Treatment: methotrexate, Phenotype: renal 0.41 (0.19, 0.87) 0.08

Treatment: cyclosporine, Phenotype: heamatological 2.77 (1.06, 7.23) 0.14

Treatment: cyclosporine, Phenotype: vasculitis 6.85 (2.35, 19.91)  < 0.001

Treatment: methotrexate, Phenotype: musculoskeletal 4.86 (2.19, 10.79)  < 0.001

Treatment: belimumab, Phenotype: musculoskeletal 1.84 (1.19, 2.83) 0.03

Treatment: belimumab, Phenotype: SLEDAI-2K 2.03 (1.22, 3.40) 0.03

Table 2.  Treatment associations with specific phenotypes (only significant results are displayed).

 

All N = 356 BI N = 166 NBI N = 190 P-value

Other non-biologic 1 (0.3%) 0 (0%) 1 (0.5%) 1

Concomitant biologic therapy

Rituximab 24 (6.7%) 24 (14.5%) 0 (0%)  < 0.001

Belimumab 142 (39.9%) 142 (85.5%) 0 (0%)  < 0.001

Other biologic 0 (0%) 0 (0%) 0 (0%) NA

Table 1.  Demographic and clinical characteristics.

 

Scientific Reports |        (2025) 15:35721 5| https://doi.org/10.1038/s41598-025-19654-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


belimumab and methotrexate and musculoskeletal manifestations. In contrast, individual comorbidities did not 
significantly influence these treatment-phenotype associations.

Although the efficacy of therapeutic regimens based on mycophenolate and cyclophosphamide for renal SLE 
is well-documented and their use is endorsed by current international treatment guidelines4,11,23, the choice of 
immunosuppressive agents for specific extrarenal manifestations of SLE remains challenging due to the paucity of 
high-quality evidence in this area, as highlighted by a recent systematic review by Kostopoulou et al.24. A limited 
number of randomized controlled trials (RCTs) and prospective observational studies have investigated the use 
of methotrexate in the management of cutaneous and articular manifestations of SLE reporting improvements 
in the SLEDAI scores. Notably, disease-specific measures for musculoskeletal involvement, such as tender and 
swollen joint counts, as well as skin-specific indices like the Cutaneous Lupus Activity and Severity Index, were 
often absent in these studies, leading to a gap in the comprehensive assessment of both articular and cutaneous 
improvement25. Regarding belimumab, RCTs have demonstrated its significant effectiveness in patients with 
both joint and skin involvement in SLE26. Recent real-life data and a systematic review and meta-analysis further 
confirm these findings27–29.

However, it is well known that SLE patients included in clinical trials are not completely representative of those 
managed in routine clinical practice. Our study underscores how the individual complexities associated with 
acquired damage, comorbidities, and hospitalization history can jeopardize our confidence in managing patients 
with SLE. Our analysis indicated that despite the presence of dominant disease phenotypes, acquired damage 
(SLICC-DI > 1) or multiple hospitalizations in the past year, the likelihood of prescribing immunosuppressive 
therapy (mycophenolate for the renal phenotype and methotrexate for the musculoskeletal phenotype) was 
reduced. This trend was also observed for the use of belimumab. One possible interpretation of these findings 
is that treatment decisions are influenced by multiple factors beyond disease manifestations alone. Specifically, 
clinicians appeared to adopt a more cautious approach when managing patients deemed vulnerable, such as 
those at high risk of infections due to comorbidities or previous hospitalizations. An additional insight from 
our data highlights the role of physicians’ perceptions regarding the safety of therapies. At the time of our study, 
belimumab was still a relatively new treatment option, and rheumatologists had primarily gained experience with 

Fig. 1.  Correspondence analysis: association between variables is represented as distance in a two dimensional 
space, the closer two variables are, the stronger the positive association is. The figure illustrates the phenotypic 
clustering of SLE manifestations and their corresponding therapeutic associations, emphasizing the strong 
phenotype-driven rationale in treatment selection, particularly the alignment of renal phenotypes with MMF, 
CYC, and TAC, and musculoskeletal phenotypes with MTX and BEL. AZA Azathioprine, BEL Belimumab, 
CYC Cyclophosphamide, CYA Cyclosporine A, LEF Leflunomide, MMF Mycophenolate mofetil, MTX 
Methotrexate, RTX Rituximab, TAC Tacrolimus.
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Mycophenolate

Confounding factor Renal phenotype OR (95%CI) p-value

Male sex and age > 45y 4.90 (2.00, 11.99) 0.004

CVD 4.56 (2.32, 8.96)  < 0.001

Diabetes 3.88 (2.07, 7.27)  < 0.001

Pulmonary involvement 3.97 (2.12, 7.41)  < 0.001

Renal 4.64 (2.43, 8.84)  < 0.001

Hepatic 4.10 (2.19, 7.68)  < 0.001

Cancer 4.30 (2.25, 8.20)  < 0.001

Hospitalizations > 1 2.98 (1.06, 8.37) 0.190

Charlson index > 1 6.35 (2.13, 18.97) 0.004

SLICC-DI > 0 8.66 (0.98, 76.24) 0.129

Methotrexate

Confounding factor
Musculoskeletal phenotype 
OR (IC 95%) p-value

Male sex and age > 45y 9.07 (2.03, 40.58) 0.004

CVD 4.71 (2.10, 10.54)  < 0.001

Diabetes 5.48 (2.36, 12.73)  < 0.001

Pulmonary involvement 4.84 (2.17, 10.78)  < 0.001

Renal 4.92 (2.21, 10.95)  < 0.001

Hepatic 5.05 (2.27, 11.26)  < 0.001

Cancer 4.84 (2.17, 10.78)  < 0.001

Hospitalizations > 1 4.04 (1.60, 10.23) 0.011

Charlson index > 1 4.14 (0.57, 30.18) 0.333

SLICC-DI > 0 22.39 (1.43, 351.02) 0.076

Belimumab

Confounding factor MSK phenotype OR (IC 95%) p-value

Male sex and age > 45y 1.95 (1.05, 3.61) 0.089

CVD 1.81 (1.14, 2.85) 0.035

Diabetes 1.81 (1.17, 2.79) 0.027

Pulmonary involvement 1.73 (1.11, 2.68) 0.047

Renal 1.85 (1.18, 2.90) 0.024

Hepatic 1.92 (1.23, 3.00) 0.014

Cancer 1.77 (1.14, 2.75) 0.035

Hospitalizations > 1 1.40 (0.81, 2.41) 0.439

Charlson index > 1 1.47 (0.67, 3.24) 0.582

SLICC-DI > 0 2.51 (0.60, 10.46) 0.409

Belimumab

Confounding factor
High/moderate SLEDAI OR 
(IC 95%) p-value

Male sex and age > 45y 2.29 (1.08, 4.83) 0.083

CVD 2.10 (1.22, 3.59) 0.024

Diabetes 2.17 (1.29, 3.66) 0.014

Pulmonary involvement 2.13 (1.26, 3.59) 0.018

Renal 2.05 (1.20, 3.49) 0.027

Hepatic 2.13 (1.25, 3.62) 0.018

Cancer 2.00 (1.18, 3.38) 0.033

Hospitalizations > 1 2.98 (1.59, 5.59) 0.004

Charlson index > 1 2.22 (0.89, 5.57) 0.202

SLICCDI > 0 2.29 (0.43, 12.11) 0.578

Table 3.  Effect of adjustment for confounders on the propensity for each treatment initiation across 
different phenotypes (statistically significant (α = 0.05) associations only). P-values are corrected for multiple 
comparisons
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biologics in other settings, such as rheumatoid arthritis. Concerns regarding its safety profile likely influenced 
clinicians’ treatment decisions, particularly in patients with complex comorbidities. This reveals the crucial role 
that familiarity and confidence with a therapy play in its clinical use.

Data analysing the role of comorbidities in SLE treatment are scarce and information on this aspect can 
only be deducted by studies on safety profiles of different immunosuppressants. A recent study attempted to 
identify predictors of adverse events associated with conventional immunosuppressive therapy30. However, only 
moderate to low-quality evidence supports the prognostic value of factors such as demographic characteristics, 
lifestyle, comorbidities, and baseline laboratory or serologic markers. Given the need to treat moderate to severe 
SLE manifestations, a careful balance between benefits and harms is essential, particularly in complex patients. 
A Cochrane metanalysis of different RCTs found no differences between belimumab and placebo on serious 
infections and adverse events, although this evidence came from moderate to poor quality data31; different 
real life experience confirm though the good safety profile of belimumab29,32. One systematic literature review 
investigated adverse events rate for different SLE therapy found an increased risk of serious leukopenia and 
ovarian failure with cyclophosphamide compared with other NBI and belimumab, but didn’t find an increased 
risk of cardiovascular events or serious infections33. RCTs or their post hoc analysis often exclude patients with 
comorbidities, as happened with belimumab34. Consequently, real-world data, despite their inherent limitations, 
provide a crucial contribution to improving the management of complex SLE patients.

This study has several limitations that warrant discussion. First, the predefined design with equal sample sizes 
for the biologic and non-biologic cohorts does not accurately reflect the true prevalence of biologic use in the SLE 
population. This approach introduces a potential selection bias and may distort the observed associations with 
disease phenotypes. For instance, belimumab emerged as the most frequently prescribed biologic in the cohort, 
but its association with specific phenotypes could have been influenced by this sampling approach. Second, the 
study is subject to a cohort effect bias35. At the time of patient enrolment, belimumab was still relatively new, and 
its safety profile, particularly regarding the risk of infections or its use in patients with complex comorbidities, 
was not as well-established as it is today. This has likely influenced clinicians’ therapeutic preferences and led 
to more cautious use of belimumab, even in patients with high disease activity or musculoskeletal involvement. 
Since then, the increase real-world evidence has significantly expanded the understanding of belimumab’s 
safety and efficacy, potentially altering its current utilization patterns. In particular, robust data now support 
the drug’s safety and tolerability, especially with regard to its infectious risk compared to conventional 
immunosuppressants36. These advancements may have influenced its current use, as indicated by a rising 
preference for biologic treatments over time (supplementary Fig.  2), potentially reflecting evolving clinical 
practice standards and prescribing guidelines. Nonetheless, our findings, collected during an earlier period, may 
not fully capture contemporary clinical practice. In addition, anifrolumab was not available in routine clinical 
practice during the study period. Its recent introduction is expected to shift therapeutic strategies, emphasizing 
the need for updated analyses to understand the evolving landscape of SLE management37,38.

Third, the exploratory nature of our analysis, coupled with the assessment of multiple interactions, inherently 
reduces statistical power. This limitation may have contributed to the lack of significant associations for less 
commonly used therapies, such as rituximab and cyclophosphamide, with the renal phenotype. The small 
sample sizes for these treatments, compounded by rigorous corrections for multiple testing, underscore the need 
for caution when interpreting these results.

Lastly, the dynamic nature of SLE treatment decisions introduces complexity and highlights additional 
biases, such as the influence of physician experience and perception of treatment safety. While challenging to 
quantify, these factors likely have a substantial impact on therapeutic choices, particularly for patients with 
complex clinical profiles.

A key strength of this study lies in its use of real-life data from a large, multi-centre cohort of patients 
managed in specialized SLE clinics. This approach reflects the practical, day-to-day management of SLE, 
providing valuable insights into how expert rheumatologists navigate the complex decision-making process in 
treating lupus. The integration of comorbidities, hospitalization history, and cumulative damage into therapy 
choices offers important information on the factors influencing treatment decisions. The large cohort allows 
for a robust analysis of treatment patterns across various disease manifestations or "phenotypes," a concept that 
is increasingly important in SLE management. Moreover, our analysis highlights that clinicians’ perception of 
treatment safety and their familiarity with therapies significantly impact treatment choice. Interplay between 
clinical judgment and external factors, often steering decisions beyond the assessment of disease activity alone. 
This emphasizes the need for continued research and education to enhance clinicians’ confidence in using novel 
therapies, especially in patients with complex comorbidities or greater fragility, where clinical activity alone may 
not be the sole determinant. In conclusion the management of SLE presents a significant clinical challenge, as it 
requires harmonizing guideline-based recommendations with individualized treatment approaches.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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