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Dual targeted therapy (DTT) has emerged as a promising approach in patients with refractory spondyloarthritis (SpA) or psoriatic arthritis (PsA) and extra-musculoskeletal manifestations of both diseases, but its effectiveness/safety ratio still remains unclear. This is a retrospective, real-world multicenter study in refractory SpA and PsA patients with simultaneous use of two biological or synthetic targeted agents. Effectiveness was assessed using Ankylosing Spondylitis Disease Activity Score with C-reactive protein (ASDAS-CRP) and Disease Activity in Psoriatic Arthritis (DAPSA) Score. We identified 39 different DTT combinations in 36 patients (22 SpA; 14 PsA), 25 of them with concomitant inflammatory bowel disease. The most commonly used combinations were TNF inhibitor plus antagonist of the IL12/23 pathway, followed by TNF inhibitor plus IL-17 antagonist. During a median exposure of 14.86 months (IQR 8-20.2), DTT retention rate was 69.4% (n=25/36; 19 SpA, 6 PsA). Major clinical improvement (change in ASDAS-CRP > 2 or improvement > 85% in DAPSA) was achieved in 69.4% of patients (n=25/36 therapeutical combinations; 17/21 SpA, 8/15 PsA), with a 58.3% (n=21/36 combinations; 15/20 SpA, 6/13 PsA) low-activity/remission rate. Of the patients who were receiving glucocorticoids, 55% managed to withdraw them during follow-up. Interestingly, only four serious adverse events in three patients were observed, leading to DTT discontinuation.
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1 Introduction

Combination therapy with either biologics (b) or targeted synthetic (ts) disease−modifying antirheumatic drugs (DMARDs) and conventional synthetic (cs) DMARDs has become an accepted practice in some difficult-to-treat patients with psoriatic arthritis (PsA) and spondyloarthritis (SpA), according to the predominant involvement of peripheral, or extra-musculoskeletal (extra-MSK) domains (1, 2). In patients with refractory disease, combination therapy involving bDMARDs/tsDMARDs has been proposed as an alternative approach to mitigate the risk of “escape mechanisms” that can result in a loss of response to bDMARDs (3). Therefore, this therapeutic strategy may provide synergistic benefits by targeting two different pathogenic pathways implicated in those diseases.

However, the use of two b/tsDMARDs in combination is usually not recommended in clinical practice or guidelines of immune-mediated diseases, due to lack of consistent evidence, potential safety concerns, and high cost. The potential adverse events (AEs) of dual blockade of different inflammatory pathways are still poorly studied. Conceivably, the rate of unexpected AEs, and especially the risk of infections could be increased due to a double immunosuppression mechanism derived from some combinations. To date, some reports have summarized the elevated safety risk associated with certain biological combinations, particularly in the context of rheumatoid arthritis (RA) (4, 5).

Despite those concerns, dual targeted therapy (DTT) is an emerging research topic in several fields of medicine following the successful experiences reported in refractory patients with inflammatory bowel disease (IBD) (6–9).

However, to date, little research has been published about DTT in rheumatic diseases, regarding appropriate combinations or target patients who could benefit more (4, 5). Previous case-series in PsA showed favorable efficacy results with DTT although some patients exhibited AEs (10, 11). In contrast, our previous case series with DTT in a cohort of nine selected patients with refractory multidomain SpA showed encouraging results (12). Herein, our aim was to assess the real-world experience of DTT in an extended multicentric cohort of refractory patients with PsA and SpA.




2 Methods

This is an observational, retrospective, multicenter, cross-sectional study conducted in Spain. We enrolled PsA and SpA patients exposed to simultaneous (combined) use of two biological or synthetic targeted agents with different therapeutic targets, from April 2017 to December 2022. SpA patients fulfilled axial or peripheral ASAS criteria for SpA (13) and PsA patients fulfilled the classification criteria for psoriatic arthritis (CASPAR) criteria (14). Sociodemographic, clinical, laboratory, and safety data were collected from electronic medical records.

We define dual or combined therapy as the simultaneous use of two targeted therapies in the same patient and at the same time. In particular, in our series, three patients out of 36 received two different combinations of DTT in different moments of their evolution. Combinations including apremilast were only identified in two patients, with insufficient data to assess properly efficacy or safety, and therefore, we did not include this agent in the present series.

As the outcomes for effectiveness were focused on the rheumatologic domains and considering the recognized differences between SpA and PsA in some pathogenic pathways, clinical presentation, and response to treatments, we choose to address both entities separately, that also warrant the use of distinctive disease activity indexes: Ankylosing Spondylitis Disease Activity Score with C-reactive protein (ASDAS-CRP) and Disease Activity in Psoriatic Arthritis (DAPSA) Score. The cut-off points for remission/low activity criteria were ASDAS-CRP <1.3/<2.1, and DAPSA <4/<14, respectively. Major clinical improvement (MCI) was defined as a change in ASDAS-CRP >2 or improvement greater than 85% in DAPSA. Data analysis included descriptive statistics for categorical and continuous variables and was performed using SPSS 20.0 software.

This study complies with the principles of the Declaration of Helsinki, and the locally appointed research ethics committee of the Hospital Universitario de la Princesa has approved the research protocol (reference number 5177). This is a non-intervention study and patient data was anonymized in the databases provided to all centers, guaranteeing the confidentiality of personal information. All patients received a patient information sheet about the study and provided written informed consent for the off-label use of the dual biologic therapy, in accordance with standard clinical practice.




3 Results

A total of 39 DTT combinations (23 SpA, 16 PsA) were identified in 36 patients (22 SpA, 14 PsA), 69.4% of them (25/36) presented concomitant IBD (20 SpA, 5 PsA). The main characteristics and outcomes of SpA and PsA patients on DTT are summarized in Tables 1, 2. The type and indications for different combinations are shown in Table 3. The main indication for initiation of DTT was active musculoskeletal (MSK) disease, upon approval of the corresponding specialists if IBD, psoriasis (Ps) or uveitis were under control monotherapy. In 10 patients, 11 combinations for a double indication MSK plus extra-MSK symptoms, were agreed with gastroenterologists (10 IBD) or dermatologists (1 Ps). In 4 patients, the recommendations for 3 isolated active IBD or 1 Ps were provided by the corresponding specialists. Almost all patients presented moderate-high MSK activity at baseline (33/36 patients). Patients with PsA had received a higher number of bDMARDs/tsDMARDs prior DTT compared to those with SpA (median 5 ± 3 vs 3 ± 2).


Table 1 | Main clinical features and outcomes of PsA patients under DTT combination.




Table 2 | Main clinical features and outcomes of SpA patients under DTT combination.




Table 3 | Main indications and effectiveness across the different combinations clustered by classes of targeted therapies used.



Monotherapy with at least one of the two therapies used in the combination had previously failed in most patients (n=32; 88%) In 27/39 (70%) combinations (11 PsA, 16 SpA) the patient was naïve to one of the two drugs in combination, but in 15/23 SpA (65%) and 11/16 PsA (69%) DTT, the patients had been previously exposed to both classes of targeted therapies used in combination (Table 3). While some patients had not tried all available therapeutic targets for their conditions when DTT was initiated, 4 patients incorporated a new medication through compassionate off-label use (2 guselkumab, 1 brodalumab, 1 risankizumab) before approval of these drugs for PsA or SpA in our country.

Nineteen different combinations were found (Tables 1, 2), and the most common class combination was a TNF inhibitor (anti-TNF) plus either an IL12/23 antagonist (anti-IL12/23) (n=22; 56.4%) or an IL17 inhibitor (anti-IL17) (n=9; 23%) (See Table 3 for detailed combined classes and indications). In IBD patients, five therapeutical combinations included vedolizumab (VED) and just one combination included an oral JAK inhibitor (JAKi). The most frequent drugs used in dual regimens were ustekinumab (UST) combined with adalimumab or certolizumab.

The median exposure to DTT was 14.86 months (IQR 8-20.2). At the end of follow-up, the retention rate of patients with DTT was 69.4% (25/36; 19 SpA; 6 PsA). Fourteen DTT combinations (35,8%) were discontinued during follow-up: 9/39 (22,2%) due to uncontrolled disease, 3/39 (7,6%) due to AEs, and 2/39 due to other causes (pregnancy and patient decision).

Regarding clinical efficacy in MSK disease, we analyzed only 36 combinations (21 SpA, 15 PsA) in 33 patients (20 SpA, 13 PsA) who exhibited high or moderate MSK activity at baseline. Of 30/36 combinations that reached 6 months of follow-up, 60% (18/30: 14/21 SpA, 4/15 PsA) achieved remission or low MSK activity. During complete follow-up, the overall remission/low activity rate across all combinations was 58.3% (21/36; 15/21 SpA, 6/15 PsA), and 69.4% (25/36 combinations; 17/21 SpA, 8/15 PsA) reached MCI at some point during follow-up (Table 3; Figure 1).




Figure 1 | Main effectiveness of dual targeted therapy. Results are shown as percentage of patients achieving different outcomes by type of combinations clustered by classes of drugs used in DTT in SpA (A), PsA (B) and in the overall population (C). DTT, dual targeted therapy; SpA, spondyloarthritis; PsA, psoriatic arthritis.



From 25 patients who were naïve to one of the two drugs in combination and exhibited MSK activity at baseline, 19 (76%) demonstrated MCI (6/11 PsA, 13/14 SpA). Conversely, 54% (6/11) of patients previously exposed to the tested drugs in DTT achieved MCI (1/4 PsA, 5/7 SpA). Of 20/36 patients who were under glucocorticoid therapy at baseline, 55% (11/20: 6 SpA, 5 PsA) were able to discontinue them during follow-up.

Only four serious AEs (SAEs) were identified in three patients leading to DTT discontinuation. In PsA cases, a cirrhotic woman with multiple comorbidities under secukinumab plus etanercept developed staphylococcal bacteremia at 8 months (Table 1: case 1). In SpA cases, a man under golimumab and UST presented a non-infectious acute hypersensitivity pneumonitis in the first month (Table 2: case 7) and another one under adalimumab and VED presented cytomegalovirus colitis and esophageal candidiasis (Table 2: case 22). Another two patients discontinued DTT, due to pregnancy and patient decision, respectively.




4 Discussion

DTT has been proposed as a feasible approach in selected patients with rheumatic diseases and a history of failure to multiple drugs, or refractory extra-MSK symptoms. Use of DTT, in PsA or SpA aims at improving the clinical efficacy of previous biologics used in monotherapy for MSK manifestations, or as an add-on therapy for uncontrolled or new onset extra-MSK condition, or to treat de novo MSK symptoms in a well-controlled extra-MSK disease under biological monotherapy. Moreover, may be DTT could be integrated into the treat-to-target strategy in severe PsA patients, as achieving sustained minimal disease activity requires a rigorous approach of all disease domains (15).

Herein, we present a multicenter real-world experience on 39 DTT, combinations in 22 SpA and 14 PsA patients, 69% with concomitant IBD. The most frequent indication for DTT was the presence of MSK symptoms. Our patients achieved drug retention in more than half of the cases with a significant reduction in glucocorticoids and a median exposure of more than one year. In those patients who presented MSK activity at baseline, 69.4% of the combinations achieved MCI at some point during the follow-up, despite being multi-refractory patients in many cases.

Our data on DTT, are comparable to those described in other studies on IBD patients on DTT (6–9). The most common drug combinations in these studies were VED in combination with anti-TNF, tofacitinib or anti-IL12/23 therapy, or anti-TNF in combination with anti-IL-12/23, with heterogeneity of effectiveness results between combinations (6–9). Alayo et al. (7) observed a greater clinical remission rate with the combination of anti-IL12/23 plus anti-TNF. In a recent Finnish multicenter study (8), the most successful combination was adalimumab plus UST, and no SAEs were reported. In our case series, DTT was indicated for IBD or IBD+MSK activity in 14/25 patients with associated IBD with at least five different combinations, which prevent us from drawing conclusions about the best combination.

Regarding safety, in two meta-analysis (7, 8) in patients diagnosed with IBD who were on DTT, the pooled rates of SAEs were 9.6% and 6.5%, respectively, and the most common SAEs reported were infections. None of the combination therapies assessed in these studies revealed any new safety concerns. Our data, with a 10% SAEs, all infections, are in line with those results and consistent with those AEs previously described for the same drugs in monotherapy, but a rigorous comparison should include adjusted incidence rates. Besides, safety results in IBD should be interpreted with caution, given the better safety profile of UST or VED in monotherapy compared to other drugs (3, 16), since it is one of the most repeated combinations in these studies.

In contrast with a growing real-world data, only one phase II randomized controlled trial (RCT) on combination therapy with biologics in IBD have been published yet (the VEGA study) yet (17). This study evaluated the combination therapy with guselkumab plus golimumab vs. both drugs in monotherapy in patients with ulcerative colitis. This study reported equivalent AEs rate for the three treatment groups. After 12 weeks, dual therapy showed better clinical response than both drugs alone, with significant remission rates compared to monotherapy arms. Another phase IV clinical trial (EXPLORER) is currently underway in patients with Crohn’s disease, combining adalimumab, VED, and methotrexate (NCT02764762, clinicaltrials.gov).

Data on DTT in rheumatic diseases are currently limited, with most studies conducted in RA (4, 5). Two older RCT that evaluated the combination of etanercept plus anakinra or abatacept (18, 19), showed no treatment benefit of the combination therapy over monotherapy with increased risk of AEs, including higher rates of infections with combination therapy (18, 19). Other studies, including a RCT (20), have explored the combination of rituximab plus anti-TNF, showing an improvement in efficacy without more SAEs notification compared to rituximab in monotherapy (20, 21). Another clinical trial showed a rapid decrease in disease activity in RA patients treated with bimekizumab plus certolizumab compared with certolizumab plus placebo. They observed a higher number of non-serious infections in the dual treatment group with the same number of serious infections between both groups (22). A case series in six refractory patients (five RA and one PsA) explored combination treatment with tofacitinib and other biologic agents (tocilizumab, rituximab, and etanercept), and no patient experienced SAEs (23). However, comparisons between SpA or PsA and RA populations should be avoided, given the well-known increased risk in RA of serious infections, older age, wider corticosteroid use, and comorbidities.

In PsA, unlike RA, there are no published RCT on the efficacy and safety of two different targeted drugs in combination, and the available information is limited to observational studies. Several case series have explored DTT for the treatment of refractory PsA with effective results in several patients with anti-IL12/23 (11, 24–27) or anti-IL23 (27–30) in combination with an anti-TNF. The most used combination was anti-IL12/23 with anti-TNF which results effective in 15/18 patients and AEs were shown in 9/18 patients (7 of them were infections and 4 were SAEs). Six patients discontinued DTT due to AEs (11, 23–30). In our study, 2/4 PsA patients under this combination discontinued DTT due to inefficacy, but no SAE were recorded. Other reports have also documented positive efficacy outcomes in three patients with PsA under anti-IL23 + anti-TNF without any adverse events (27–30). Our experience in two patients with this combination (1 PsA, 1 SpA) was also successful and one additional combination with anti-IL23 plus IL17 in a PsA also rendered positive results.

In our patients with PsA, the most commonly prescribed DTT was anti-IL17 plus anti-TNF with a high efficacy rate (80% MCI) which suggests that this combination deserves more research as we have found only a case report on this DTT, which proved unsuccessful due to psoriasis activity (27). A novel bispecific monoclonal antibody (ABT-122) targeting TNF and IL-17A has demonstrated, in patients with PsA, acceptable tolerability compared to adalimumab monotherapy during a phase II trial (31), but combination therapy did not add an additional efficacy benefit compared to monotherapy. A recent case series described six patients with PsA treated with tofacitinib plus anti-IL23 (2/6), anti-IL12/23 (1/6) or anti-IL17 (3/6), reporting disease improvement in all patients and no SAEs were reported (32).

Another alternative for patients with refractory PsA is the combination of apremilast and biological therapy, since apremilast has a good safety profile even in combination (33, 34), but the presumed risk of infections is not comparable with the combination of other biological agents. Of note, a controlled clinical trial (AFFINITY) is ongoing to evaluate the efficacy of guselkumab plus golimumab combination treatment in patients with PsA and inadequate response to prior anti-TNF therapies compared with guselkumab monotherapy (NCT05071664, clinicaltrials.gov).

Little information is available about DTT in SpA and all patients are included in IBD studies, where the available data on SpA activity are generally insufficient (35–49). A recent European multicenter observational study involving patients with IBD and DTT (49), reported the presence of 25 patients with SpA, but did not specify the combinations or outcomes for SpA-IBD. Most frequent combinations included anti -TNF plus VED, followed by anti-TNF or VED plus UST or other “IL inhibitors”. Although findings suggest DTT can be a promising strategy, description of the results for overall extraintestinal manifestations makes comparisons with ours difficult. Additionally, they draw attention to the risk of serious or opportunistic infections, with a non-adjusted rate similar to ours and other studies (7, 8).

In studies where accuracy data on SpA were available (35–48), we identified a total of 27 combinations for IBD associated SpA, mostly involving VED with anti-TNF or JAKi, and less frequent combinations of UTK with anti-TNF, VED, or JAKi. In those cases, 25 combinations reported comprehensive efficacy and safety results regarding SpA activity, that were extended to intestinal domains in 18 DTT. No SAEs were reported, although in most cases the follow-up periods were less than one year (35–48).

According to the above data, a recent review highlights how VED or UST are often used as anchor therapies in drug combinations in IBD associated SpA, due to their intestinal selectivity or favorable safety profiles (3), also demonstrated for UST in PsA (16).

In our SpA population, the most frequent drug combination was anti-TNF plus anti-IL12/23 (17/23 combinations) likely selected due to active concomitant IBD indication in 9 patients, which restricted the use of IL17-targeting therapies that have shown highly effective for MSK domains.We obtained comparable efficacy outcomes compared to the previously described cases. Two patients with SpA combined anti-TNF plus anti-IL17A, and to our knowledge, no data on the association between anti-TNF and anti-IL17A inhibitors in SpA have been published yet. Previous research, in rat models of SpA and RA (50, 51), has demonstrated that dual inhibition of TNF and IL17 significantly reduces inflammation and structural damage compared with monotherapy, suggesting a synergic benefit.

Interestingly, our study revealed higher efficacy responses in the SpA group compared to those with PsA (71% vs. 40% remission/low disease activity; 80% vs 53% MCI) throughout the follow-up. We cannot rule out that a larger sample size in SpA compared to PsA cases could have influenced those results. Additionally, patients with PsA had experienced a higher number of bDMARDs/tsDMARDs prior DTT compared to those with SpA (median 5 ± 3 vs 3 ± 2), reflecting a more refractory population. Furthermore, it is noteworthy that 7 patients with PsA and axial involvement received either anti-IL23 or anti-IL12/23 therapy, which have not been proven effective in axial domains and are not recommended for this patient profile (2).

Other case series are exploring the combination of biological therapies in patients with rheumatic diseases but with different indications for biological treatment. Malik et al. presented three patients on dual biologics for rheumatic disease (two RA and other with Crohn´s-associated arthritis) and concomitant asthma, combining mepolizumab or omalizumab with anti-TNF and no SAEs were reported (52). Yıldırım et al. reported a case series in patients with Familial Mediterranean Fever and SpA treated with the combination of anakinra or canakinumab with anti-TNF or anti-IL17 or tocilizumab. All patients achieved remission with some dual therapy combinations and no SAEs were revealed (53). Successful experiences with DTT in patients with PsA and severe atopic dermatitis with secukinumab and dupilumab was also reported, without significant AEs (54). In a case series of 28 patients with rheumatic diseases treated with denosumab and biological therapy, a comparable safety was shown between control group compared with biological monotherapy (55).

Our study has several limitations. The retrospective and uncontrolled design, the limited sample size, the heterogeneity of MSK phenotypes and combination treatments, and a wide range of follow-up periods preclude drawing solid conclusions. Additionally, significant percentage of DTT cases were naïve to one of the two drugs, and these patients showed greater MCI compared with non-naïve patients. It is worth noting that some patients in the series had not tried all available therapeutic targets in SpA or PsA, such as JAKi or anti-IL23 drugs, and DTT should be reserved for patients who have not achieved all existing treatment options. However, in 9 out of 14 PsA patients, axial involvement was present, making anti-IL23 therapy an unsuitable option for these cases. Other cases started DTT, as compassionate therapy before our country approved these new drugs for SpA or PsA indications Another clinical situation we encountered was that some patients had controlled IBD but active MSK disease, so it was decided to maintain the drug that controlled the IBD and add another one in combination to treat the MSK symptoms, rather than replacing it with a different one. Finally, although no new safety signals were identified, the study design, a limited follow-up, and the heterogeneous population preclude drawing conclusions about unexpected AEs.

To the best of our knowledge, our study provides the largest and longest series reported to date on DTT, in patients with SpA and PsA. Furthermore, its multicenter design may also reduce the biases of single-center studies. In conclusion, our preliminary results suggest that DTT might be a good therapeutic alternative in selected cases of multidomain, refractory and difficult-to-treat SpA and PsA, with acceptable safety ratio. However, further controlled studies are needed to examine the long-term safety and efficacy of DTT.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

This study was approved by CEIm-Fundación para la Investigación Biomédica, Hospital Universitario de La Princesa, Diego de León 62, Madrid (28006), 91 520 22 00 (ext. 17528), ceim.hlpr@salud.madrid.org. The study was conducted in accordance with the local legislation and institutional requirements. This is a non-intervention study and patient data was anonymized in the databases provided to all centers, guaranteeing the confidentiality of personal information. All patients received a patient information sheet about the study and provided written informed consent to off-label use of dual biological therapy, according to standard clinical practice. The waiver of written informed consent for publication was requested and approved by the ethics committee. As a study involving humans, any potentially identifiable images or data are included in this article. The study complies with the principles of the Declaration of Helsinki, and the locally appointed research ethics committee of the Hospital Universitario de la Princesa has approved the research protocol (reference number 5177).





Author contributions

CV-M: Conceptualization, Data curation, Formal Analysis, Investigation, Project administration, Writing – original draft, Writing – review & editing. JF: Data curation, Project administration, Validation, Writing – review & editing. MS: Validation, Writing – review & editing. BJ-I: Validation, Writing – review & editing. AdJ: Validation, Writing – review & editing. JR: Writing – review & editing. XJ: Validation, Writing – review & editing. RA: Validation, Writing – review & editing. AL: Validation, Writing – review & editing. MM: Validation, Writing – review & editing. MP: Validation, Writing – review & editing. EB: Validation, Writing – review & editing. JP-T: Validation, Writing – review & editing. LC: Validation, Writing – review & editing. LS-I: Validation, Writing – review & editing. SC: Conceptualization, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. RG-V: Conceptualization, Data curation, Methodology, Project administration, Supervision, Validation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

The authors thank patients included in this study for the willingness to participate in research. We also are grateful to the pharmacy department staff of our hospital for their diligence in managing the approval of off-label use of dual biological therapy and Dr. Manuel Gómez Gutiérrez for assistance in editing the manuscript.





Conflict of interest

RG-V declares educational or research grants for her institution from Abbvie, Lilly, Janssen, MSD, Novartis and UCB, consultancies/speaking fees from Abbvie, Biogen, MSD, Pfizer, Spanish Society of Pharmacy and Spanish Society for Rheumatology, support for attending meetings from Abbvie, Janssen, Lilly, MSD, Pfizer and UCB.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Gossec, L, Baraliakos, X, Kerschbaumer, A, de Wit, M, McInnes, I, Dougados, M, et al. EULAR recommendations for the management of psoriatic arthritis with pharmacological therapies: 2019 update. Ann Rheum Dis (2020) 79(6):700–12. doi: 10.1136/annrheumdis-2020-217159

2. Ramiro, S, Nikiphorou, E, Sepriano, A, Ortolan, A, Webers, C, Baraliakos, X, et al. ASAS-EULAR recommendations for the management of axial spondyloarthritis: 2022 update. Ann Rheum Dis (2023) 82:19–34. doi: 10.1136/ard-2022-223296

3. Cozzi, G, Scagnellato, L, Lorenzin, M, Savarino, E, Zingone, F, Ometto, F, et al. Spondyloarthritis with inflammatory bowel disease: the latest on biologic and targeted therapies. Nature reviews. Rheumatology (2023) 19(8):503–18. doi: 10.1038/s41584-023-00984-8

4. Furer, V, and Elkayam, O. Dual biologic therapy in patients with rheumatoid arthritis and psoriatic arthritis. Rambam Maimonides Med J (2023) 14(2):e0007. doi: 10.5041/RMMJ.10494

5. Mutlu, MY, Tascilar, K, and Schett, G. Rationale, current state and opportunities in combining biologic disease modifying antirheumatic drugs in rheumatoid and psoriatic arthritis. Joint Bone spine. (2023) 90(5):105578. doi: 10.1016/j.jbspin.2023.105578

6. Ahmed, W, Galati, J, Kumar, A, Christos, PJ, Longman, R, Lukin, DJ, et al. Dual biologic or small molecule therapy for treatment of inflammatory bowel disease: A systematic review and meta-analysis. Clin Gastroenterol Hepatol (2022) 20(3):e361–79. doi: 10.1016/j.cgh.2021.03.034

7. Alayo, QA, Fenster, M, Altayar, O, Glassner, KL, Llano, E, Clark-Snustad, K, et al. Systematic review with meta-analysis: safety and effectiveness of combining biologics and small molecules in inflammatory bowel disease. Crohns Colitis 360 (2022) 4(1):otac002. doi: 10.1093/crocol/otac002

8. Eronen, H, Kolehmainen, S, Koffert, J, Koskinen, I, Oksanen, P, Jussila, A, et al. Combining biological therapies in patients with inflammatory bowel disease: a Finnish multi-centre study. Scand J Gastroenterol (2022) 57(8):936–41. doi: 10.1080/00365521.2022.2045350

9. Ribaldone, DG, Pellicano, R, Vernero, M, Caviglia, GP, Saracco, GM, Morino, M, et al. Dual biological therapy with anti-TNF, vedolizumab or ustekinumab in inflammatory bowel disease: a systematic review with pool analysis. Scand J Gastroenterol (2019) 54(4):407–13. doi: 10.1080/00365521.2019.1597159

10. Gniadecki, R, Bang, B, and Sand, C. Combination of antitumour necrosis factor-alpha and anti-interleukin-12/23 antibodies in refractory psoriasis and psoriatic arthritis: A long-term case-series observational study. Br J Dermatol (2016) 174(5):1145–6. doi: 10.1111/bjd.14270

11. De Marco, G, McGonagle, D, Mathieson, HR, Merashli, M, Magee, C, FitzGerald, O, et al. Combined inhibition of tumour necrosis factor-alpha and interleukin-12/23 for long-standing, refractory psoriatic disease: a differential role for cytokine pathways? Rheumatology. (2018) 57(11):2053–5. doi: 10.1093/rheumatology/key199

12. Valero, C, Baldivieso, JP, Gonzalez-Alvaro, I, Tomero, E, Castañeda, S, and García-Vicuña, R. Effectiveness and safety of combined biological therapy in patients with refractory multidomain spondyloarthritis. Ann Rheum Dis (2022) 81(6):899–901. doi: 10.1136/annrheumdis-2021-221812

13. Rudwaleit, M, van der Heijde, D, Landewé, R, Listing, J, Akkoc, N, Brandt, J, et al. The development of Assessment of SpondyloArthritis international Society classification criteria for axial spondyloarthritis (part II): validation and final selection. Ann Rheum Dis (2009) 68:777–83. doi: 10.1136/ard.2009.108233

14. Taylor, W, Gladman, D, Helliwell, P, Marchesoni, A, Mease, P, Mielants, H, et al. Classification criteria for psoriatic arthritis: development of new criteria from a large international study. Arthritis Rheumatol (2006) 54:2665–73. doi: 10.1002/art.21972

15. Ortolan, A, Lorenzin, M, Cozzi, G, Scagnellato, L, Favero, M, Striani, G, et al. Treat-to-target in real-life psoriatic arthritis patients: achieving minimal disease activity with bDMARDs/tsDMARDs and potential barriers. Semin Arthritis Rheum (2023) 62:152237. doi: 10.1016/j.semarthrit.2023.152237

16. Chimenti, MS, Ortolan, A, Lorenzin, M, Triggianese, P, Talamonti, M, Costa, L, et al. Effectiveness and safety of ustekinumab in naïve or TNF-inhibitors failure psoriatic arthritis patients: a 24-month prospective multicentric study. Clin Rheumatol (2018) 37(2):397–405. doi: 10.1007/s10067-017-3953-6

17. Sands, BE, Feagan, BG, Sandborn, WJ, Shipitofsky, N, Marko, M, Sheng, S, et al. Efficacy and safety of combination induction therapy with guselkumab and golimumab in participants with moderately-to-severely active Ulcerative Colitis: Results through week 12 of a phase 2a randomized, double-blind, active-controlled, parallel-group, multicenter, proof-of-concept study. J Crohns Colitis. (2022) 16(Suppl. S1):i042–3. Abstract retrieved from abstracts in database of European Crohn´s and colitis organization (OP36: Scientific Session 10: Beyond the gut). doi: 10.1093/ecco-jcc/jjab232.035

18. Weinblatt, M, Schiff, M, Goldman, A, Kremer, J, Luggen, M, Li, T, et al. Selective costimulation modulation using abatacept in patients with active rheumatoid arthritis while receiving etanercept: a randomised clinical trial. Ann Rheum Dis (2007) 66(2):228–34. doi: 10.1136/ard.2006.055111

19. Genovese, MC, Cohen, S, Moreland, L, Lium, D, Robbins, S, Newmark, R, et al. Combination therapy with etanercept and anakinra in the treatment of patients with rheumatoid arthritis who have been treated unsuccessfully with methotrexate. Arthritis Rheum (2004) 50(5):1412–9. doi: 10.1002/art.20221

20. Greenwald, MW, Shergy, WJ, Kaine, JL, Sweetser, MT, Gilder, K, and Linnik, MD. Evaluation of the safety of rituximab in combination with a tumor necrosis factor inhibitor and methotrexate in patients with active rheumatoid arthritis: results from a randomized controlled trial. Arthritis Rheum (2011) 63(3):622–32. doi: 10.1002/art.30194

21. Rigby, WF, Mease, PJ, Olech, E, Ashby, M, and Tole, S. Safety of rituximab in combination with other biologic disease-modifying antirheumatic drugs in rheumatoid arthritis: an open-label study. J Rheumatol (2013) 40(5):599–604. doi: 10.3899/jrheum.120924

22. Glatt, S, Taylor, PC, McInnes, IB, Schett, G, Landewé, R, Baeten, D, et al. Efficacy and safety of bimekizumab as add-on therapy for rheumatoid arthritis in patients with inadequate response to certolizumab pegol: a proof-of-concept study. Ann Rheum Dis (2019) 78(8):1033–40. doi: 10.1136/annrheumdis-2018-214943

23. Barroso, NS, Miller, EZ, and Furst, DE. A case series on patients on tofacitinib in combination with a biologic. J Clin Rheumatol (2018) 24(6):349–51. doi: 10.1097/RHU.0000000000000663

24. Cuchacovich, R, Garcia-Valladares, I, and Espinoza, LR. Combination biologic treatment of refractory psoriasis and psoriatic arthritis. J Rheumatol (2012) 39(1):187–93. doi: 10.3899/jrheum.110295

25. Babalola, O, Lakdawala, N, and Strober, BE. Combined biologic therapy for the treatment of psoriasis and psoriatic arthritis: A case report. JAAD Case Rep (2014) 1(1):3–4. doi: 10.1016/j.jdcr.2014.09.002

26. Gniadecki, R, Bang, B, and Sand, C. Combination of antitumour necrosis factor-α and anti-interleukin-12/23 antibodies in refractory psoriasis and psoriatic arthritis: a long-term case-series observational study. Br J Dermatol (2016) 174(5):1145–6. doi: 10.1111/bjd.14270

27. Thibodeaux, Q, Ly, K, Reddy, V, Smith, MP, and Liao, W. Dual biologic therapy for recalcitrant psoriasis and psoriatic arthritis. JAAD Case Rep (2019) 5(10):928–30. doi: 10.1016/j.jdcr.2019.08.015

28. Haberman, RH, Castillo, R, and Scher, JU. Induction of remission in biologic-naive, severe psoriasis and PsA with dual anti-cytokine combination. Rheumatol (Oxford). (2021) 60(7):e225–6. doi: 10.1093/rheumatology/keaa880

29. Hanna, S, Youssef, P, and Lowe, P. Novel combination biologic therapy for recalcitrant psoriasis and psoriatic arthritis in a medically complex patient. Australas J Dermatol (2022) 63(1):e63–6. doi: 10.1111/ajd.13752

30. Rathod, D, Weinberg, JM, Yamauchi, PS, Kircik, LH, Wollina, U, Lotti, T, et al. Successful treatment of refractory plaque-type psoriasis and psoriatic arthritis with guselkumab and adalimumab combination therapy: A case report. J Drugs Dermatol (2019) 18(4):394–6.

31. Mease, PJ, Genovese, MC, Weinblatt, ME, Peloso, PM, Chen, K, and Othman, AA. Phase II study of ABT-122, a tumor necrosis factor- and interleukin-17A-targeted dual variable domain immunoglobulin, in patients with psoriatic arthritis with an inadequate response to methotrexate. Arthritis Rheumatol (2018) 70(11):1778–89. doi: 10.1002/art.40579

32. Shurey, M, Yip, A, Ziouzina, O, Chan, J, and Dutz, JP. Combination therapy with tofacitinib and IL-12/23, IL-23, or IL-17A inhibition for the treatment of refractory psoriatic arthritis: A case series. J Clin Rheumatol (2022) 28(2):e626–8. doi: 10.1097/RHU.0000000000001767

33. Metyas, S, Tomassian, C, Messiah, R, Gettas, T, Chen, C, and Quismorio, A. Combination therapy of apremilast and biologic agent as a safe option of psoriatic arthritis and psoriasis. Curr Rheumatol Rev (2019) 15(3):234–7. doi: 10.2174/1573397115666181130094455

34. Gyldenløve, M, Alinaghi, F, Zachariae, C, Skov, L, and Egeberg, A. Combination therapy with apremilast and biologics for psoriasis: A systematic review. Am J Clin Dermatol (2022) 23(5):605–13. doi: 10.1007/s40257-022-00703-1

35. Mao, EJ, Lewin, S, Terdiman, JP, and Beck, K. Safety of dual biological therapy in Crohn's disease: a case series of vedolizumab in combination with other biologics. BMJ Open gastroenterology. (2018) 5(1):e000243. doi: 10.1136/bmjgast-2018-000243

36. Bethge, J, Meffert, S, Ellrichmann, M, Conrad, C, Nikolaus, S, and Schreiber, S. Combination therapy with vedolizumab and etanercept in a patient with pouchitis and spondylarthritis. BMJ Open Gastroenterol (2017) 4(1):e000127. doi: 10.1136/bmjgast-2016-000127

37. Fischer, S, Rath, T, Geppert, CI, Manger, B, Schett, G, Neurath, MF, et al. Long-term combination therapy with anti-TNF plus vedolizumab induces and maintains remission in therapy-refractory ulcerative colitis. Am J Gastroenterol (2017) 112(10):1621–3. doi: 10.1038/ajg.2017.242

38. Roblin, X, Paul, S, and Ben-Horin, S. Co-treatment with golimumab and vedolizumab to treat severe UC and associated spondyloarthropathy. J Crohns Colitis (2018) 12(3):379–80. doi: 10.1093/ecco-jcc/jjx142

39. Privitera, G, Onali, S, Pugliese, D, Renna, S, Savarino, E, Viola, A, et al. Dual Targeted Therapy: a possible option for the management of refractory Inflammatory Bowel Disease. J Crohns Colitis (2021) 15(2):335–9. doi: 10.1093/ecco-jcc/jjaa149

40. Le Berre, C, Loeuille, D, and Peyrin-Biroulet, L. Combination therapy with vedolizumab and tofacitinib in a patient with ulcerative colitis and spondyloarthropathy. Clin Gastroenterol Hepatol (2019) 17(4):794–6. doi: 10.1016/j.cgh.2018.08.017

41. Fumery, M, Yzet, C, and Brazier, F. Letter: combination of biologics in inflammatory bowel diseases. Aliment Pharmacol Ther (2020) 52(3):566–7. doi: 10.1111/apt.15891

42. Glassner, K, Oglat, A, Duran, A, Koduru, P, Perry, C, Wilhite, A, et al. The use of combination biological or small molecule therapy in inflammatory bowel disease: A retrospective cohort study. J Dig Dis (2020) 21(5):264–71. doi: 10.1111/1751-2980.12867

43. Bass, J, and Goya, A. P012 successful use of combination biologic therapy in medically refractory pediatric crohn's disease and sacroiliitis. Am J Gastroenterol (2019) 114:pS3–S4. doi: 10.14309/01.ajg.0000613016.81984.79

44. Kuehbacher, T, Leick, A, von Gogh, G, Porthun, M, Schreiber, S, and Cederqvist, M. Mo1906 – combination therapy of vedolizumab and tofacitinib in IBD patients with chronic active refractory disease course and spondylarthritis. Gastroenterology (2019) 156:S–881. doi: 10.1016/S0016-5085(19)39173-5

45. Lee, JA, Magavi, PR, and Konijeti, GG. Successful treatment of ulcerative colitis and seronegative inflammatory spondyloarthritis using concomitant vedolizumab and tofacitinib: A case report. Am J Gastroenterol (2019) 114:S1143–4. doi: 10.14309/01.ajg.0000597696.98363.85

46. Richard, N, Hazel, EM, Haroon, N, and Inman, RD. Simultaneous inhibition of α4/β7 integrin and tumour necrosis factor-α in concomitant spondyloarthritis and inflammatory bowel disease. Ann Rheum Dis (2018) 77(12):e86. doi: 10.1136/annrheumdis-2017-212819

47. Wang, W, Cleveland, NK, Ollech, J, and Rubin, DT. Use of tofacitinib for the treatment of arthritis associated with ulcerative colitis. ACG Case Rep J (2019) 6(9):e00226. doi: 10.14309/crj.0000000000000226

48. Li, N, Leong, R, and Youssef, P. Combination non tumour necrosis factor biologic and small-molecule therapy in a patient with ankylosing spondylitis and Crohn disease. Intern Med J (2023) 53(6):1083–4. doi: 10.1111/imj.16120

49. Goessens, L, Colombel, JF, Outtier, A, Ferrante, M, Sabino, J, Judge, C, et al. Safety and efficacy of combining biologics or small molecules for inflammatory bowel disease or immune-mediated inflammatory diseases: A European retrospective observational study. United Eur Gastroenterol J (2021) 9(10):1136–47. doi: 10.1002/ueg2.12170

50. Hammoura, I, Fiechter, RH, Bryant, SH, Westmoreland, S, Kingsbury, G, and Waegell, W. Dual blockade of TNF and IL-17A inhibits inflammation and structural damage in a rat model of spondyloarthritis. Int J Mol Sci (2022) 23(2):859. doi: 10.3390/ijms23020859

51. Shen, F, Verma, AH, Volk, A, Jones, B, Coleman, BM, Loza, MJ, et al. Combined blockade of TNF-α and IL-17A alleviates progression of collagen-induced arthritis without causing serious infections in mice. J Immunol (2019) 202(7):2017–26. doi: 10.4049/jimmunol.1801436

52. Malik, M, Jones, B, Williams, E, Kurukulaaratchy, R, Holroyd, C, and Mason, A. Dual biologic therapy for the treatment of rheumatic diseases and asthma: a case series. Rheumatol Adv Pract (2023) 7(1):rkad018. doi: 10.1093/rap/rkad018

53. Yıldırım, D, Kardaş, RC, Özkızıltaş, B, Vasi, İ, Küçük, H, Öztürk, MA, et al. Dual biologic therapy in patients with familial mediterranean fever and spondyloarthritis: case-based review. Eur J Rheumatol (2023) 10(1):29–33. doi: 10.5152/EuJRheum.2022.21180

54. Balestri, R, Magnano, M, Girardelli, CR, Bortolotti, R, and Rech, G. Long-term safety of combined biological therapy in a patient affected by arthropathic psoriasis and atopic dermatitis. Dermatol Ther (2020) 33:e13498. doi: 10.1111/dth.13498

55. Bruni, C, Cigolini, C, Tesei, G, Cometi, L, Bartoli, F, Fiori, G, et al. Combination of denosumab and biologic DMARDs in inflammatory muscle-skeletal diseases and connective tissue diseases. Eur J Rheumatol (2021) 8(4):190–5. doi: 10.5152/eurjrheum.2020.21162




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Valero-Martínez, Urgelles, Sallés, Joven-Ibáñez, de Juanes, Ramírez, Juanola, Almodóvar, Laiz, Moreno, Pujol, Beltrán, Pinto-Tasende, Crespí, Sala-Icardo, Castañeda and García-Vicuña. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-14-1283251-g001.jpg
Combinations in DTT

Anti TNF + tofacitinib

SpA

B 100%

Anti TNE + vedolizumab By 50%

Anti TNF + anti IL-23

B 100%

Anti TNF + anti IL-17 [ 100%

Anti TNF + anti IL-12/23

73,3%

0

5 10 15

Number of combinations

® Major clinical improvement = All indications

20

Combinations in DTT
Vedolizumab + anti IL-23
‘Vedolizumab + anti IL-12/23
Anti IL-23 + abatacept
Anti IL17 + anti IL-23
Anti TNF + vedolizumab
Anti TNF + anti IL-23
Anti TNF + anti IL-17
Anti TNF + anti IL-12/23

PsA

o 0%
s 0%
—100%
—100%
— 100%
— 100%

80%

0 ! 2 3
Number of combinations

= Major clinical improvement

5 6

= All indications

Cc

nefficacy |8 46,6Y

.
Remission/low activity T

Major clinical improvement

#SpA ®PsA






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Dual targeted therapy in patients with psoriatic arthritis and spondyloarthritis: a real-world multicenter experience from Spain

      

        		

          1 Introduction

        



        		

          2 Methods

        



        		

          3 Results

        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Disease phe- Previous Indication DTT DTT Disease Disease Permanent

notype +- bDMARDs/ for DTT exposure = activity at  activity at withdrawal
extra-MSK tsDMARDs (months) 6 [EREVEIER of DTT
disease months* tion* (reason)
(duration of
MSK disease)
Case 1 Peripheral and axial IFX, ADA, MSK disease SEC 68 Low Remission Yes No
28-year- + uveitis ETN, CTZ, +
old male (22 years) GOL, SEC, GOL
TCZ
Case 2 Peripheral and axial ADA, ETN, MSK disease ETN 38 Low Remission Yes No
46-year- + uveitis GOL, CTZ, +
old male (34 years) SEC SEC
Case 3 Peripheral and axial IFX, ADA, MSK disease GOL 24 Remission Remission Yes No
32-year- +IBD ETN, GOL +
old male (24 years) RIS
Case 4 Peripheral + IBD IFX, ADA, MSK disease VED 20 Remission Remission Yes No
22-year- (20 years) ETN, UST, +
old male VED GOL
Case 5 Peripheral + IBD IFX, ADA, MSK disease UsT 18 Low Low Yes No
75-year- (3 years) UTK +
old male GOL
Case 6 Peripheral and axial IFX, ADA, IBD + MSK GOL 17 High Low Yes No
60 year- +IBD ETN, SEC, UST disease +
old (7 years) UST
female
Case 7 Peripheral and axial IFX, ADA, IBD + MSK UsT 1 Not Not applicable No Yes (AEs)
40-year- + uveitis + IBD CTZ disease + applicable
old male (22 years) GOL
IBD + MSK UST 41 High High Yes No
disease +
ETN
Case 8 Axial + IBD CTZ IBD CTZ 15 d = 43 Yes (inefficacy:
41 year- (9 years) + IBD activity)
old UST
female
Case 9 Peripheral + uveitis IEX, ADA, IBD + MSK IFX 22 Remission Low Yes No
25 year- +IBD ETN, TOF, disease +
old male (23 years) TCZ TOF
Case 10 Axial + IBD IEX, UST MSK disease ADA 33 Low Remission Yes No
41 year- (4 years) +
old male UsT
Case 11 Peripheral + axial + UsT MSK disease ADA 17 Low High Yes No
61 year- IBD +
old (17 years) UST
female
Case 12 Axial + IBD ADA IBD IFX 16 Low Low Yes No
38 year- (10 years) +
old male UsT
Case 13 Peripheral + uveitis | IFX, CTZ, ETN IBD + MSK ADA 37 Remission Remission Yes No
49 year- +IBD disease +
old male (23 years) UST
Case 14: Axial + IBD IFX, ADA, MSK disease USsT 13 High High No Yes (inefficacy:
41 year- (13 years) CTZ, UST + IBD and MSK
old male ADA activity)
Case 15: Peripheral + IBD IFX IBD + MSK IFX 16 High High No No
36 year- (4 years) disease +
old male UsT
Case 16: Peripheral and axial =~ ADA, IFX, UST MSK disease UST 2 Not Low Yes No
63 year- +IBD + applicable
old male (24 years) CTZ
Case 17: Peripheral and axial IFX, ADA, MSK disease UsT 13 Remission Remission Yes No
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Case 20 Peripheral and axial ADA, UST MSK disease CTZ 8 Low Low Yes No
50 year- + IBD +
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ADA, adalimumab; AEs, adverse events; b/tsDMARDs, biologic or targeted disease-modifying anti-rheumatic drugs; CTZ, certolizumab pegol; DTT, dual targeted therapy; ETN, etanercept;
GOL, golimumab; IBD, inflammatory bowel disease; IEX, infliximab; IXE, ixekizumab; MI, major improvement; MSK, musculoskeletal; RIS, risankizumab; SEC, secukinumab; SpA,
Spondyloarthritis; SpA, spondyloarthritis; TCZ, tocilizumab; TOF, tofacitinib; VED, vedolizumab; UPA, upadacitinib; UST, ustekinumab.

* SpA disease activity was measured by ASDAS-CRP.

**These patients showed low SpA MSK activity at the start of DT, therefore the efficacy of DTT in the MSK domain was not tested.
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gender phenotype bDMARDs/ for DTT exposure  activity at activity at withdrawal
+- extra-  tsDMARDs (months) 6 last evalua- of DTT
MSK months* tion* (reason)
disease
(duration
MSK of
disease)
Case 1 Peripheral and IFX, ETN, MSK disease SEC 8 Moderate Low Yes  Yes (AEs)
62-year- axial GOL, SEC +
old (40 years) ETN
female
Case 2 Peripheral and IFX, ADA, MSK disease SEC 26 Low Low Yes  No
61-year- axial ETN, CTZ, +
old (9 years) SEC, IXE, TOF GOL
female
Case 3 Peripheral IFX, ADA, MSK disease SEC 6 Moderate High No  Yes (inefficacy:
64-year- (20 years) ETN, GOL, + MSK activity)
old male SEC, IXE ADA
Case 4 Peripheral IFX, ADA, IXE MSK disease IXE 9 Moderate Moderate Yes  Yes (inefficacy:
66-year- (19 years) + MSK activity)
old ADA
female
Case 5 Peripheral and ADA, TFX, MSK disease IXE 9 Moderate Moderate Yes = No
49-year- axial + uveitis CTZ, GOL, +
old (21 years) IXE, UPA GUS
female
Case 6 Peripheral IFX, ADA, Psoriatic SEC 12 e Ll i No
34-year- (23 years) ETN, CTZ, disease +
old GOL, SEC, ETN
female UsT
Case 7 Axial + IBD IFX IBD + MSK UST 12 High High No  Yes (inefficacy:
70-year- (19 years) disease + MSK and IBD
old male ADA activity)
Case 8 Peripheral and ETN, ADA, IBD + MSK VED 5 Not applicable High No  Yes (inefficacy:
58-year- axial + IBD CTZ, UST, disease P IBD activity)
old (9 years) SEC, VED GUS
female [
IBD VED 14 High High No | Yes (inefficacy:
+ MSK and IBD)
UST
Case 9 Peripheral and ADA, IFX, MSK + GUS 21 Moderate Low Yes  Yes (patient
54-year- axial SEC, UST, GUS psoriatic & decision)
old male (7 years) disease ABT
Case 10 Axial + IBD IFX IBD + MSK VED 3 High High No Yes (inefficacy:
70-year- (19 years) disease + MSK and IBD
old male ADA activity)
Case 11 Peripheral and IEX, UST MSK disease UST 2 Not applicable Not applicable No Yes (pregnancy)
32-year- axial + IBD +
old (4 years) ADA
female T
MSK disease UST 5 High Not applicable No  Yes (inefficacy:
+ MSK activity)
CTZ
Case 12 Peripheral and ADA, IFX, UST MSK disease UST 19 Low Low Yes = No
37-year- axial + IBD +
old (22 years) CTZ
female
Case 13 Peripheral ADA, ETN, MSK disease GUS 9 Low Low Yes  No
44-year- (12 years) IFX, SEC, IXE, +
old UST, GUS, CTZ
female
Case 14 Peripheral ADA, ETN, MSK disease GOL 8 Low Low Yes No
40-year- (20 years) IFX, GOL, IXE, +
old SEC, UST, TOF BRODA
female

ABT, abatacept; ADA, adalimumab; AEs, adverse events; b/tsDMARDs, biologic or targeted disease-modifying anti-rheumatic drugs; BRODA, brodalumab; CTZ, certolizumab pegol; DTT, dual
targeted therapy; ETN, etanercept; GOL, golimumab; GUS, guselkumaby; IBD, inflammatory bowel disease; IEX, infliximab; IXE, ixekizumab; MI, major improvement; MSK, musculoskeletal;
PsA, psoriatic arthritis; SEC, secukinumab, TCZ, tocilizamab; TOF, tofacitinib; VED, vedolizumab; UST, ustekinumab.

*PsA disease activity was measured by DAPSA or ASDAS-CRP in peripheral or axial involvement, respectively.

**This patient showed high psoriatic activity but low MSK activity at start of DT, therefore the efficacy of DTT in MSK domain was not analyzed.





