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Objectives

Hip involvement is an important cause of disability and poor prognosis in patients with spondyloarthritis (SpA). Tumor necrosis factor (TNF)-α inhibitor treatment has been demonstrated to be effective in SpA patients with hip arthritis; however, quantitative assessment using MRI in long-term follow-up needs further application and observation.



Methods

A total of 239 patients were involved in this study. Methotrexate and sulfasalazine were given as basic treatment. In total, 165 patients received TNF-α inhibitors plus basic treatment, and 74 received basic treatment only, as controls. Clinical symptoms were assessed at baseline and at weeks 12, 24, and 52. MRI performances of hip arthritis, including bone marrow edema (BME) and synovitis, were quantitatively assessed using the Hip Inflammation MRI Scoring System (HIMRISS).



Results

The clinical values of erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Harris hip score, and Ankylosing Spondylitis Disease Activity Score (ASDAS)-ESR in both groups showed significant clinical remission at week 52 (p < 0.001). However, the change in disease activity levels at week 52 in the control group was significantly worse than in the TNF-α inhibitor group. At week 52, MRI showed a significant remission trend in the TNF-α inhibitor group versus baseline, and total HIMRISS scores were significantly decreased (26.49 ± 10.37 vs. 20.59 ± 9.41, p < 0.001); the control group only had slight improvement (p < 0.05).



Conclusions

TNF-α inhibitors could significantly improve clinical and MRI manifestations of hip involvement in patients with SpA. Quantitative MRI assessment combined with clinical assessment can be used to accurately evaluate the treatment effect of TNF-α in SpA patients with hip involvement to help guide targeted treatment.
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Introduction

Hip involvement is an important cause of disability and poor prognosis in approximately 10%–50% of patients with spondyloarthritis (SpA) (1, 2), and 47%–90% of those patients with hip involvement have it bilaterally (3). Progression of hip involvement is reported to be associated with more severe spinal involvement (4, 5) and seriously affects joint function and life quality. In addition, nearly 8% of patients with hip involvement have intractable pain and disability. Even if they are treated with total hip arthroplasty, there is a high likelihood of revision surgery and high rates of complication (6).

The principal clinical manifestations of hip involvement in SpA include inflammation of the subchondral bone marrow edema (BME) and synovitis effusion (7). MRI has been widely used as a sensitive tool to detect hip arthritis. MRI is helpful for early diagnosis to enable treatment to suppress inflammation and avoid further structural damage (8, 9). The Hip Inflammation MRI Scoring System (HIMRISS) is a new quantitative assessment method that is based on several MRI slices from one patient. The HIMRISS is used to systematically assess synovitis and BME of the femoral head and acetabulum (10). Although the association between the HIMRISS and disease activity has been validated in SpA (11), the sensitivity and accuracy of the HIMRISS in assessing treatment response in SpA with hip involvement require further validation.

Previous SpA treatment strategies have focused on global symptom management rather than SpA-related hip lesions or other peripheral joint diseases (12, 13). Increasing evidence indicates that early detection and diagnosis of hip inflammation are beneficial to active treatment, which is important to improve hip function and general prognosis of SpA (14). Tumor necrosis factor (TNF)-α inhibitors are a prompt and robust treatment to improve the signs and symptoms of SpA as well as function and spinal mobility (15, 16). In recent clinical studies, TNF-α inhibitors, including etanercept, adalimumab, and infliximab, were shown to be effective for patients with SpA patients with hip involvement in clinical and imaging assessments (1). However, the detailed clinical effects of TNF-α inhibitors in the long-term treatment cycle need to be further clarified. Previous imaging assessments have been limited to radiographic assessment of Bath Ankylosing Spondylitis Radiology Index (BASRI)-hip or ultrasound (17, 18). More accurate imaging tools such as MRI are not sufficiently applied in assessment of the effect of acute and long-term follow-up treatment with TNF-α inhibitors.

Thus, the purpose of this prospective study was to quantitatively assess the details of clinical remission and MRI changes in hip involvement under treatment with TNF-α inhibitors. Hip inflammation was quantitatively assessed using HIMRISS based on MRI changes, as well as systematic clinical evaluation. We aimed to suggest an assessment standard for patients with SpA patients with hip involvement, including MRI and clinical standards, to help guide accurate and targeted treatment.



Materials and Methods


Study Population

This clinical trial was registered in the Chinese Clinical Trial Registry on November 28, 2011 (ID: ChiCTR-ONRC-11001846, http://www.chictr.org.cn/showproj.aspx?proj=7701). The study was based on data from Xijing Hospital in China. All patients with a clinical diagnosis of SpA were enrolled, and long-term treatment and monitoring were conducted by rheumatologists in Xijing Hospital. Eligible patients were 18–65 years of age and fulfilled the recently published Assessment of SpondyloArthritis international Society (ASAS) classification criteria (19) or the Modified New York criteria for SpA (20).

The inclusion criteria for hip involvement were subject with i) spontaneous groin, thigh, and hip pain with or without history of trauma; ii) limited internal and external rotation of the symptomatic hip/hips after initial clinical assessment; and iii) both acute and chronic inflammatory changes on MRI.

Patients were excluded from this study if they had i) hip surgery or hip trauma in the previous year; ii) pregnancy; iii) any condition that would limit lower extremity function and mobility, such as history of stroke, infection, lower extremity joint replacement, or amputation; iv) abnormal laboratory test at 4 weeks before treatment (routine blood test: hemoglobin <90.0 g/L, white blood cell count <3.0 × 109/L, and neutrophils <1.5 × 109/L; biochemical test: alanine aminotransferase (ALT) or aspartate aminotransferase (AST) or total bilirubin >normal upper limit, and positive for HIV or syphilis); v) MRI contraindications (e.g., implanted pacemaker or claustrophobia); or vi) if the acquired MRI images were suboptimal in quality.

In order to enhance treatment of SpA patients with hip involvement and reduce disability rate, all enrolled participants would receive basic treatment with methotrexate (10 mg every week) and sulfasalazine (SSZ; 2 g/day, given orally) from baseline to 52 weeks. For all eligible participants, patients who were disinclined to have TNF-α inhibitor or with TNF-α inhibitor contraindications such as the patients with a hepatitis B virus and mycobacterium tuberculosis infection were allocated to the control group and would receive basic treatment only. Other patients were allocated to the TNF-α group and received one of three kinds of TNF-α inhibitor plus basic treatment (etanercept 50 mg given once weekly subcutaneously (s.c.); adalimumab treatment 40 mg s.c. every other week; infliximab 3 mg/kg i.v. at baseline, week 2 and week 6, and then every 8 weeks). The cost of treatment was self-funded, and therapeutic options were determined on the consent of the doctors and patients. The study was approved by the ethics committee of Xijing Hospital, and all patients provided written informed consent before enrollment in this study.

Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and human leukocyte antigen B27 (HLA-B27) were measured with standard laboratory techniques. Serum CRP and ESR were measured at baseline and at 12, 24, and 52 weeks. At the same time point, evaluation of disease activity levels (Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Ankylosing Spondylitis Disease Activity Score (ASDAS)-CRP, and ASDAS-ESR) and hip function level [Harris hip score (HHS)] were conducted by experienced rheumatologists. At the same time point, the ASAS remission rates (including ASAS20, ASAS 40, ASAS50, and ASAS partial) were also calculated for the TNF-α group.



Quantitative MRI Assessment of Changes

The HIMRISS was used to assess the changes on MRI between baseline and week 52. MRI was performed with a coronal short tau inversion recovery (STIR) sequence with slice thickness of 4 mm and field of view 400 × 400 mm. The baseline and follow-up MRI examinations of both hips were recommended to be performed every 6 months during the 52-week follow-up. And the MRI scans at baseline and at week 52 were calculated by HIMRISS. The HIMRISS protocol was used to score the inflammatory changes on MRI images of the hip joints including BME of the femoral head, BME of the acetabulum, and synovitis (10, 11). The HIMRISS procedure was performed independently by two readers (YL and MZ) who had been well trained at a previous study (11). The final HIMRISS scores were mean scores of both readers. Statistical analysis was conducted by an independent technologist (YZ). The standard HIMRISS scores were calculated based on 15 MRI image slides; therefore, to avoid bias, patients with MRI images of the hip structure who had fewer than five slides were considered as missing samples.



Statistical Analysis

The Kaplan–Meier test was used to assess the differences in remission of clinical symptoms (ASAS20, ASAS40, ASAS50, and ASAS partial) and MRI improvement between different follow-up time points. The baseline status was taken into account, and non-parametric analysis of covariance was used. The statistical analyses were performed using IBM SPSS 22.0 (IBM Corp., Armonk, NY, USA). p-Values <0.05 were considered to be statistically significant.




Results


Demographic and Clinical Characteristics

Between January 1, 2014, and December 30, 2018, we enrolled 239 patients with SpA and coxitis, and treatment follow-up was completed in these patients. In total, 165 patients (69.04%) received TNF-α treatment, and 74 controls (30.96%) received basic treatment only (Table 1). In the TNF-α inhibitor group, 103 patients received etanercept treatment, 51 received adalimumab, and 11 patients received infliximab treatment. Patients with SpA in both the TNF-α inhibitor group and control group underwent evaluation of clinical symptoms and MRI examination during the 52-week observation period. As shown in Table 1, the differences in demographic and clinical characteristics including ESR, CRP, Harris, BASDAI, morning stiffness time, and ASDAS-CRP between the two groups were not significant at baseline, except for ASAS-ESR (p < 0.01) and disease duration (p < 0.001). Patients in the TNF-α inhibitor group had shorter disease duration and worse disease activity than the control group. All patients had serious disease activity with high BASDAI scores (5.76 ± 1.20 and 5.53 ± 1.29) and ASDAS score (2.78 ± 0.62 and 2.53 ± 0.57), as well as elevated CRP and ESR values.


Table 1 | Clinical characteristics including disease activity indexes and hip function in both groups at baseline.





Quantitative MRI Assessment

MRI changes in hip inflammation among patients with SpA were assessed using the HIMRISS, including BME and synovitis. Compared with those at baseline, patients in the TNF-α inhibitor group had significant improvement on MRI of both BME and synovitis at week 52 (all p < 0.001). However, the difference on MRI between week 52 and baseline in the control group was smaller (BME of the femoral head, p < 0.05; total BME, p < 0.05; synovitis, p < 0.05; total mean/max HIMRISS, p < 0.05); BME scores of the acetabulum were similar (p > 0.01) (Table 2).


Table 2 | HIMRISS values from baseline to 52 weeks in the biological group and non-biological group.



Intergroup analysis showed little difference between the total HIMRISS scores of the TNF group and control group at baseline (p > 0.05) and at week 52 (p > 0.05). However, the treatment group with higher total HIMRISS scores at baseline demonstrated significant improvement at week 52 and lower scores than did the control group (TNF-α vs. control groups at week 52: 20.59 ± 9.41 vs. 22.33 ± 7.0). Additionally, acetabular BME scores indicated that patients in the TNF-α group had significantly more serious disease activity at baseline (p = 0.006) but had significant improvement at week 52 (p < 0.001) (Table 2).



Clinical Symptoms and Hip Function Assessment

Both the TNF-α inhibitor group and control group achieved significant amelioration of all clinical symptoms and hip function at week 52, but the improvement degrees of TNF group were significantly better than those of the control group (Table 3). Notably in TNF-α inhibitor group, BASDAI scores decreased from 5.76 ± 1.20 to 2.16 ± 1.90 at week 52 (p < 0.001); ASDAS-CRP/ASDAS-ESR decreased from 2.78 ± 0.62/2.76 ± 0.60 to 1.06 ± 0.46/1.42 ± 0.60 at week 52 (p < 0.001); CRP and ESR levels also improved significantly compared with baseline levels (p < 0.001 and p < 0.001). In addition, Harris score indicated significant hip function improvement to generally normal by week 52 versus baseline in the TNF-α inhibitor group (67.65 ± 9.26 vs. 92.26 ± 7.06, p < 0.001).


Table 3 | Clinical outcomes and hip function from baseline to 52 weeks between the TNF-α inhibitor group and control group.



Even the control group showed a significant clinical improvement at week 52 versus baseline (p < 0.001); the mean BASDAI score, ASDAS-CRP, ASDAS-ESR, and Harris scores of the TNF-α group were significantly better than those of the control group at week 52 (all p-values <0.001) (Table 3). In particular, the degree of ASDAS-CRP indicated a real-world clinical characteristic. Patients in the TNF-α group had more serious disease activity at baseline but obviously better remission at week 52 than had controls.

The ASAS remission rates of ASAS20, ASAS40, and ASAS50 and the ASAS partial remission rate were compared between the TNF-α group and control group at week 52. The TNF-α group had higher and better ASAS remission levels than the control group (Figure 1). Moreover, the distribution of disease activity including BASDAI, ASDAS-CRP, and ASDAS-ESR between the two groups at week 52 was significantly different. Patients in the TNF-α inhibitor treatment group were able to achieve inactive disease status (TNF-α vs. controls: BASDAI, 96.93% vs. 74.33%; ASDAS-CRP, 80.98% vs. 58.67%; ASDAS-ESR, 51.53% vs. 22.67%; p < 0.001). However, a considerable number of patients in the control group were still classified as having active disease (TNF-α vs. controls: BASDAI, 3.07% vs. 22.67%; p < 0.001), low disease activity (TNF-α vs. controls: ASDAS-CRP, 15.34% vs. 24.00%; ASDAS-ESR, 35.58% vs. 42.67%; p < 0.001), and moderate disease activity (TNF-α vs. controls: ASDAS-CRP, 3.07% vs. 17.33%; ASDAS-ESR, 11.66% vs. 32.00%; p < 0.001) (Figure 2).




Figure 1 | Distribution of Assessment of SpondyloArthritis international Society (ASAS) remission rates between the group that received tumor necrosis factor (TNF)-α inhibitors and the control group at week 52.






Figure 2 | Distribution of disease activity between baseline and week 52 in both groups. Notes. Inactive disease: ASDAS-CRP ≤ 1.3, ASDAS-ESR ≤ 1.3, or BASDAI ≤ 4. Low disease activity: 1.3 < ASDAS-CRP/ASDAS-ESR ≤ 2.1. Moderate disease activity: 2.1 < ASDAS-CRP/ASDAS-ESR ≤ 3.5. High disease activity: ASDAS-CRP/ASDAS-ESR > 3.5. Active disease: BASDAI > 4. ASDAS, Ankylosing Spondylitis Disease Activity Score; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index.



We also performed subgroup analysis of all patients in the TNF-α group to compare the treatment difference between different TNF-α inhibitors. First, for all patients receiving treatment with TNF-α inhibitors, all continuous parameters related to disease activity (i.e., CRP, ESR, BASDAI, and ASDAS) and hip joint function (i.e., Harris) were significantly ameliorated from week 12 (all p < 0.001) compared with baseline, and the significant remission levels persisted until week 52 (all p < 0.001) (Figure 3). ASAS remission rates, including those of ASAS20, ASAS40, and ASAS50, and ASAS partial remission rates were compared between different TNF-α inhibitors and follow-up times. The results indicated that the differences in ASAS remission rates between different TNF-α inhibitor groups during the 52 weeks were not significant (p > 0.01) (Figure 4). Additionally, the HIMRISS was also compared between different TNF-α inhibitor groups (Supplementary Table S1). Both TNF-α inhibitor groups had achieved significant imaging improvement at week 52, and the changed HIMRISS levels were similar between different TNF-α inhibitor groups. The treatment responses were similar, which may be consistent with the clinical presentations.




Figure 3 | The clinical performance of TNF-α inhibitor group from baseline to week 52. For each box-and-whisker plot, the whisker represents the range, the box represents the 5th–95th percentile, the solid lines within the box represent the mean values of clinical indexes, ***p < 0.001.






Figure 4 | ASAS remission rates between groups receiving different TNF-α inhibitors. ETA, etanercept; ADA, adalimumab; INF, infliximab; ASAS, Assessment of SpondyloArthritis international Society.



Further, correlation analysis between HIMRISS and clinical outcome was also performed for both groups (Supplementary Table S2). In the TNF-α group, HIMRISS was significantly correlated with ASDAS-ESR, ASDAS-CRP, BASDAI, ESR, and CRP levels (all p < 0.05) in the TNF-α group at week 52, but the correlations were not significant at baseline. In addition, changed levels of HIMRISS between baseline and week 52 were significantly correlated with ASDAS-ESR changes in the TNF-α group. In the control group, HIMRISS was not significantly correlated with clinical outcomes at baseline and week 52, as well as changed levels (Supplementary Table S2).




Discussion

This study demonstrated that treatment with TNF-α inhibitors could achieve significant clinical remission in patients and can manifest changes on MRI for hip arthritis in patients with SpA. In the TNF-α inhibitor group, disease activity indexes including BASDAI, ASDAS, ASAS remission rate, and hip function demonstrated superior improvement as compared with the control group. Additionally, the HIMRISS method could detect obviously better improvement in hip inflammation, based on overall MRI slices, under TNF-α inhibitor treatment versus control treatment. TNF-α inhibitor therapy was confirmed to be a better treatment option for patients with SpA and hip involvement.

Previous studies of therapy in SpA have mainly focused on axial spine radiology, and, to some extent, peripheral arthritis or enthesitis (5, 21). Hip involvement is difficult to cure, and it is considered an important cause of disability and poor prognosis in SpA, especially in ankylosing spondylitis (AS) (17, 22). There has been greater attention recently regarding hip arthritis in SpA, and various clinical studies on TNF-α inhibitor treatment and classical disease-modifying anti-rheumatic drug (DMARD) treatment have been conducted to assess the clinical and/or radiographic progress of hip joint and function (23–25). TNF-α inhibitor treatment has been demonstrated to be effective in patients with SpA and hip involvement. However, the specific effect differences between TNF-α inhibitors and other agents have rarely been evaluated in long-term follow-up studies.

Among therapeutic studies of SpA patients with hip involvement, the BASRI-h method is often adopted to assess radiological changes of hip lesions (24). However, most hip involvement in AS is related to early coxitis and is characterized by inflammation of the subchondral BME and synovitis (7, 26). The BASRI-h method is performed based on structural damage, which may not sensitively reflect the treatment effect in patients during early and acute inflammation stages in short-time follow-up. Comparatively, MRI is considered to be a more sensitive assessment tool for hip inflammation and is especially helpful in early diagnosis (8, 23, 27).

Recent studies have shown that synovial enhancement with hyperintense signals on contrast-enhanced T1-weighted images is the most frequent imaging finding in early-stage hip involvement in AS (14). Joint effusion of the femoral neck and subchondral BME are frequent findings with hyperintense signals on T2-weighted images or STIR images (8, 27). However, lesion frequency analysis or description of characteristics cannot quantitatively reflect MRI changes under treatment. The HIMRISS can be used to systematically quantify inflammatory changes including BME of the femoral head, acetabular BME, and synovitis effusion of the hip based on overall MRI slices (10). The HIMRISS method has been previously applied in patients with SpA diagnosed with hip arthritis, and there is a significant correlation between MRI manifestations and Harris score or disease activity (11).

In past clinical studies, clinical manifestations assessed in patients with SpA and hip involvement mostly refer to global outcome indexes, including disease activity scores and inflammatory markers. Despite the fact that the association between hip impairment and axial disease in inflammatory back pain is still controversial (22), further evidence points to the fact that hip disease more frequently occurs in patients with SpA and severe axial disease (28). However, the treatment efficacy and changes in hip involvement during the early stage and long-term follow-up are still not fully understood. Thus, more detailed assessments of clinical and MRI manifestations are needed.

In this study, the clinical efficacy of TNF-α inhibitors was compared with that of control agents in a 1-year follow-up period. TNF-α inhibitors were demonstrated to be significantly more effective in improving disease activity and inflammation than usual DMARD treatment. All the clinical indexes of the TNF-α group including ESR, CRP, BASDAI, and ASDAS-CRP/ASDAS-ESR were significantly ameliorated at different follow-up times compared with baseline; this result is consistent with previous studies. Harris score was also significantly increased, which reflected outstanding improvement of hip function.

In this study, the HIMRISS method was used to quantify the acute and chronic inflammatory changes of hip arthritis in SpA under treatment with TNF-α inhibitors or control treatment. The results of the HIMRISS showed significantly better improvement on MRI in the TNF-α group than the control group at week 52. All HIMRISS parameters of the TNF-α group including BME of the femoral head, BME of the acetabulum, synovitis effusion, and total HIMRISS scores showed significant improvement, with p-values <0.001. These results indicated that, to some extent, TNF-α inhibitors could simultaneously achieve significant long-term remission on MRI and clinical remission versus control treatment, which showed no notable MRI remission. Thus, TNF-α inhibitors demonstrated outstanding advantages for patients with SpA and hip involvement.

We performed additional subgroup analyses to further compare the clinical effect among different TNF-α inhibitors. A previous study indicated that etanercept and adalimumab treatment led to similar ASDAS-CRP improvement in patients with AS (16). In this study, the ASAS remission rates and HIMRISS were simultaneously compared between etanercept/infliximab and adalimumab at follow-up time points. Results of the Kaplan–Meier test indicated that the difference in remission rates, including those of ASAS20, ASAS40, and ASAS50, and the ASAS partial remission rate were not significant among the different TNF-α inhibitors. At the same time, HIMRISS also had a similar improvement at week 52 between different TNF-α inhibitors with all p-values >0.5. This result indicated that all TNF-α inhibitors had a similar positive effect in patients with SpA complicated with hip involvement.

The follow-up cycle of hip joint function and clinical characteristics varies from 12 weeks to 24 months. In this study, we observed the treatment response between 12 and 52 weeks. Lian et al. and Huang et al. (23) demonstrated that TNF-α inhibitors could maintain stable hip function according to the Harris and clinical remission of hip arthritis in patients with SpA for 6 months. In this study, we simultaneously compared the effectiveness of TNF-α inhibitors and control therapy for the clinical outcome of hip arthritis in SpA from baseline to 52 weeks. Our results further confirmed that clinical remission levels at week 52 in the TNF-α inhibitor group were significantly better than those of the SSZ group in all clinical parameters including ESR, CRP, Harris, BASDAI, and ASDAS. TNF-α inhibitor treatment yielded rapid clinical remission within 12 weeks and hip function improvement, and this improvement tended to remain through week 52.

The correlation analysis between HIMRISS and systematic clinical symptoms only indicates significant correlations in TNF-α inhibitor group at week 52, but the correlations were not significant at other time points and not significant in the control group. This result indicated that clinical remission and imaging remission may not be achieved at the same time, and treatment effect needs to be evaluated by multi-aspects.

Based on the fact that the cost of TNF-α inhibitors is relatively high in comparison with that of classical DMARDs, the present results indicate a real-world characteristic at baseline that patients in the TNF-α group had more serious disease activity and shorter disease duration than those in the control group, which was consistent with previous studies (29). Patients with SpA who had active hip arthritis are recommended to receive TNF-α inhibitor therapy for quick pain reduction and symptom remission, based on the global effectiveness of TNF-α inhibitors (30). Although disease duration assessed by months at baseline is significantly longer in the control group than the TNF-α group, the difference of average disease duration between the two groups was less than 2 years. In addition, the systematic clinical indexes of ESR, CRP, B27 Harris, BASDAI, and ASDAS-CRP at baseline were not significantly different between two groups. To some extent, the disease activity is a little worse in the TNF group instead. The results showed that as a chronic disease, although the average duration of disease difference in SpA between the two groups was less than 2 years, it should not have a great impact on the treatment response in this study. Similarly, the baseline results of MRI analysis did not fulfill the criteria of no difference between the two groups, particularly regarding the parameters of acetabular BME score, total BME score, and effusion synovitis. The present real-world data revealed that both disease activity and MRI features in patients under treatment with TNF-α inhibitors are more serious. TNF-α inhibitor therapy is suggested in these patients to quickly improve clinical outcomes, relieve pain, and reduce adverse reactions. As a consequence of these real-world characteristics, the present results must be interpreted with caution.

Some limitations of this study should be acknowledged. First, the 1-year treatment and observation period were short; longer follow-up is needed. Next, this was a single-center study in real world, and population bias may influence the applications regarding treatment efficiency. Moreover, although the HIMRISS method was used based on accurate MRI slices, it is not commonly used; additional application and confirmation of this method are required in the future.



Conclusion

The results of our quantitative assessment demonstrated that TNF-α inhibitors could significantly and simultaneously improve clinical outcomes and the treatment response on MRI for hip arthritis in patients with SpA. This improvement was achieved quickly, within a 12-week treatment period, and was maintained in long-term follow-up. Our findings support a superior curative effect of TNF-α inhibitors over non-TNF-α inhibitor agents.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by the ethics committee of Xijing Hospital of China (instruction number: 20110303-7). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

KZ, YZ, and PZ contributed to the completion of the first draft and final version of the manuscript. PZ, KZ, and ZZ contributed to the initial design of the work. KZ, JD, ZZ, JJ, and PZ contributed to the clinical validation of the follow-up data. YL and MZ contributed to the interpretation of the MRI data. YZ, QH, WW, YW, and BZ contributed to the data acquisition and analysis. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Basic Research Program of China (No. 2015CB553704) and the National Natural Science Foundation of China (No. 81871273).



Acknowledgments

We thank LetPub (www.letpub.com, contact number of “PR_161230J04Y”) for its linguistic assistance during the preparation of this manuscript.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.740980/full#supplementary-material



Abbreviations

SpA, spondyloarthritis; BME, bone marrow edema; HIMRISS, Hip Inflammation MRI Scoring System; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; ASDAS, Ankylosing Spondylitis Disease Activity Score; ASAS, Assessment of SpondyloArthritis international Society; STIR, short tau inversion recovery; DMARDs, disease-modifying anti-rheumatic drugs; MTX, methotrexate; SSZ, sulfasalazine; HLA-B27, human leukocyte antigen B27; BASRI-h, Bath Ankylosing Spondylitis Radiology Index-hip score.

    

References

1. Wink, F, Arends, S, Maas, F, Bootsma, H, Griep, EN, Bruyn, G, et al. High Prevalence of Hip Involvement and Decrease in Inflammatory Ultrasound Lesions During Tumour Necrosis Factor-Alpha Blocking Therapy in Ankylosing Spondylitis. Rheumatol (Oxford) (2019) 58:1040–6. doi: 10.1093/rheumatology/key382

2. Vander, CB, Munoz-Gomariz, E, Font, P, Mulero, J, de Vlam, K, Boonen, A, et al. Hip Involvement in Ankylosing Spondylitis: Epidemiology and Risk Factors Associated With Hip Replacement Surgery. Rheumatol (Oxford) (2010) 49:73–81. doi: 10.1093/rheumatology/kep174

3. Guan, M, Wang, J, Zhao, L, Xiao, J, Li, Z, and Shi, Z. Management of Hip Involvement in Ankylosing Spondylitis. Clin Rheumatol (2013) 32:1115–20. doi: 10.1007/s10067-013-2278-3

4. Bethi, S, Dasgupta, A, Weisman, MH, Learch, TJ, Gensler, LS, Davis, JJ, et al. Functional Limitations Due to Axial and Peripheral Joint Impairments in Patients With Ankylosing Spondylitis: Are Focused Measures More Informative? Arthritis Care Res (Hoboken) (2013) 65:607–14. doi: 10.1002/acr.21878

5. Vander, CB, Vastesaeger, N, and Collantes-Estevez, E. Hip Disease in Ankylosing Spondylitis. Curr Opin Rheumatol (2013) 25:448–54. doi: 10.1097/BOR.0b013e3283620e04

6. Hamdi, W, Alaya, Z, Ghannouchi, MM, Haouel, M, and Kchir, MM. Associated Risk Factors With Worse Functional Prognosis and Hip Replacement Surgery in Ankylosing Spondylitis. Joint Bone Spine (2012) 79:94–6. doi: 10.1016/j.jbspin.2011.05.021

7. Appel, H, Kuhne, M, Spiekermann, S, Kohler, D, Zacher, J, Stein, H, et al. Immunohistochemical Analysis of Hip Arthritis in Ankylosing Spondylitis: Evaluation of the Bone-Cartilage Interface and Subchondral Bone Marrow. Arthritis Rheum (2006) 54:1805–13. doi: 10.1002/art.21907

8. Huang, ZG, Chen, XL, Shi, KN, Yan, R, Chen, H, Yang, MX, et al. The Application of T2W SPIR-FLAIR in the Diagnosis of Hip Synovitis in Patients With Spondyloarthritis. Br J Radiol (2016) 89:20160566. doi: 10.1259/bjr.20160566

9. Krabbe, S, Eshed, I, Sorensen, IJ, Jensen, B, Moller, JM, Balding, L, et al. Whole-Body Magnetic Resonance Imaging Inflammation in Peripheral Joints and Entheses in Axial Spondyloarthritis: Distribution and Changes During Adalimumab Treatment. J Rheumatol (2020) 47:50–8. doi: 10.3899/jrheum.181159

10. Maksymowych, WP, Cibere, J, Loeuille, D, Weber, U, Zubler, V, Roemer, FW, et al. Preliminary Validation of 2 Magnetic Resonance Image Scoring Systems for Osteoarthritis of the Hip According to the OMERACT Filter. J Rheumatol (2014) 41:370–8. doi: 10.3899/jrheum.131083

11. Zheng, Y, Zhang, K, Han, Q, Hao, Y, Liu, Y, Yin, H, et al. Application and Preliminary Validation of the Hip Inflammation MRI Scoring System (HIMRISS) in Spondyloarthritis. Int J Rheum Dis (2019) 22(2):228–33. doi: 10.1111/1756-185X.13451

12. Garcia-Montoya, L, Gul, H, and Emery, P. Recent Advances in Ankylosing Spondylitis: Understanding the Disease and Management. F1000Res (2018) 7:F1000 Faculty Rev-1512. doi: 10.12688/f1000research.14956.1

13. Tam, LS, Wei, JC, Aggarwal, A, Baek, HJ, Cheung, PP, Chiowchanwisawakit, P, et al. 2018 APLAR Axial Spondyloarthritis Treatment Recommendations. Int J Rheum Dis (2019) 22:340–56. doi: 10.1111/1756-185X.13510

14. Chen, D, Yuan, S, Zhan, Z, Xiao, Y, Li, H, Liang, L, et al. Early-Stage Hip Involvement in Patients With Ankylosing Spondylitis: A Chinese Study Based on Magnetic Resonance Imaging. Mod Rheumatol (2016) 26:933–9. doi: 10.3109/14397595.2016.1153232

15. Zavada, J, Uher, M, Sisol, K, Forejtova, S, Jarosova, K, Mann, H, et al. A Tailored Approach to Reduce Dose of Anti-TNF Drugs may be Equally Effective, But Substantially Less Costly Than Standard Dosing in Patients With Ankylosing Spondylitis Over 1 Year: A Propensity Score-Matched Cohort Study. Ann Rheum Dis (2016) 75:96–102. doi: 10.1136/annrheumdis-2014-205202

16. Ruwaard, J, L'Ami, MJ, Marsman, AF, Kneepkens, EL, van Denderen, JC, van der Horst-Bruinsma, IE, et al. Comparison of Drug Survival and Clinical Outcome in Patients With Ankylosing Spondylitis Treated With Etanercept or Adalimumab. Scand J Rheumatol (2018) 47:122–6. doi: 10.1080/03009742.2017.1330419

17. Lopez-Medina, C, Castro-Villegas, MC, and Collantes-Estevez, E. Hip and Shoulder Involvement and Their Management in Axial Spondyloarthritis: A Current Review. Curr Rheumatol Rep (2020) 22:53. doi: 10.1007/s11926-020-00930-7

18. Konsta, M, Sfikakis, PP, Bournia, VK, Karras, D, and Iliopoulos, A. Absence of Radiographic Progression of Hip Arthritis During Infliximab Treatment for Ankylosing Spondylitis. Clin Rheumatol (2013) 32:1229–32. doi: 10.1007/s10067-013-2263-x

19. Rudwaleit, M, van der Heijde, D, Landewe, 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

20. van der Linden, S, Valkenburg, HA, and Cats, A. Evaluation of Diagnostic Criteria for Ankylosing Spondylitis. A Proposal for Modification of the New York Criteria. Arthritis Rheum (1984) 27:361–8. doi: 10.1002/art.1780270401

21. Ungprasert, P, Erwin, PJ, and Koster, MJ. Indirect Comparisons of the Efficacy of Biological Agents in Patients With Active Ankylosing Spondylitis: A Systematic Review and Meta-Analysis. Clin Rheumatol (2017) 36:1569–77. doi: 10.1007/s10067-017-3693-7

22. Burki, V, Gossec, L, Payet, J, Durnez, A, Elhai, M, Fabreguet, I, et al. Prevalence and Characteristics of Hip Involvement in Spondyloarthritis: A Single-Centre Observational Study of 275 Patients. Clin Exp Rheumatol (2012) 30:481–6.

23. Huang, ZX, Deng, WM, Guo, X, Huang, ZP, Huang, YK, Lin, CL, et al. Clinical and MRI Response to Dose Reduction of an Etanercept-Biosimilar for Hip Arthritis in Patients With Ankylosing Spondylitis: An Observational, Retrospective Cohort Study. Clin Rheumatol (2019) 38:1595–604. doi: 10.1007/s10067-019-04466-9

24. Mahmoud, I, Maatallah, K, Ben, ND, Belghali, S, Ben, AK, Metoui, L, et al. Long Term Inhibition of Hip Joint Damage Under Tumor Necrosis Factor-Alpha Inhibitors in Spondyloarthritis. Int Immunopharmacol (2020) 88:106927. doi: 10.1016/j.intimp.2020.106927

25. Li, J, Wang, X, Han, Z, Zhang, Y, Wang, Y, Zhang, Y, et al. Dose Reduction of Recombinant Human Tumor Necrosis Factor Inhibitors (Etanercept) can be Effective in Ankylosing Spondylitis Patients With Synovitis of the Hip in A Chinese Population. Int J Immunopathol Pharmacol (2016) 29:510–5. doi: 10.1177/0394632016656013

26. Chen, WS, Chen, CH, Lin, KC, Tsai, CY, Liao, HT, Wang, HB, et al. Immunohistological Features of Hip Synovitis in Ankylosing Spondylitis With Advanced Hip Involvement. Scand J Rheumatol (2009) 38:154–5. doi: 10.1080/03009740802409504

27. Huang, ZG, Zhang, XZ, Hong, W, Wang, GC, Zhou, HQ, Lu, X, et al. The Application of MR Imaging in the Detection of Hip Involvement in Patients With Ankylosing Spondylitis. Eur J Radiol (2013) 82:1487–93. doi: 10.1016/j.ejrad.2013.03.020

28. Amor, B, Santos, RS, Nahal, R, Listrat, V, and Dougados, M. Predictive Factors for the Longterm Outcome of Spondyloarthropathies. J Rheumatol (1994) 21:1883–7.

29. Jones, GT, Dean, LE, Pathan, E, Hollick, RJ, and Macfarlane, GJ. Real-World Evidence of TNF Inhibition in Axial Spondyloarthritis: Can We Generalise the Results From Clinical Trials? Ann Rheum Dis (2020) 79:914–9. doi: 10.1136/annrheumdis-2019-216841

30. Ward, MM, Deodhar, A, Akl, EA, Lui, A, Ermann, J, Gensler, LS, et al. American College of Rheumatology/Spondylitis Association of America/Spondyloarthritis Research and Treatment Network 2015 Recommendations for the Treatment of Ankylosing Spondylitis and Nonradiographic Axial Spondyloarthritis. Arthritis Rheumatol (2016) 68:282–98. doi: 10.1002/art.39298




Conflict of Interest: The 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.


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 © 2021 Zhang, Zheng, Han, Liu, Wang, Ding, Wang, Zhang, Jia, Zheng, Zheng and Zhu. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Clinical and MRI Effect of TNF-α Inhibitors in Spondyloarthritis Patients With Hip Involvement: A Real-World Observational Clinical Study

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Population

          



          		

            Quantitative MRI Assessment of Changes

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Demographic and Clinical Characteristics

          



          		

            Quantitative MRI Assessment

          



          		

            Clinical Symptoms and Hip Function Assessment

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-740980-g002.jpg
TR I- |
i

il

SESS S ES S

1
4
:

Lzt






OEBPS/Images/fimmu-12-740980-g004.jpg
——

S ———

& 8 S

~ASASSO remission

porcentage

Ji—

ESS————

/\_ﬁ

R

ASAS partlromission





OEBPS/Images/table2.jpg
Group Baseline Treatment 52 weeks Changed levels Baseline vs. week 52 p-value

BME of femoral head™®*" TNF-o. group 10.53 £ 6.78 7.74 £5.77 2.86 +£0.38 0.000

(0-65) Control group 9.74 £5.77 8.73 £ 5.06 0.74 £ 0.40 0.018
TNF vs. control p-value 0.124 0.3156 0.001

BME of acetabular™=" TNF-o. group 7.06 + 3.68 5.51 £3.81 1.60 +£0.23 0.000

(0-35) Control group 6.27 £ 2.82 5.89 +2.45 0.33 £ 0.26 0.164
TNF vs. control p-value 0.006 0.000 0.028

Total BME™" TNF-o. group 17.59 + 9.36 13.26 + 8.75 4.46 + 0.52 0.000

(0-100) Control group 16.056 +7.11 14.61 + 2.44 1.06 + 0.55 0.019
TNF vs. control p-value 0.047 0.037 0.005

Synovitis effusion score™®" TNF-o. group 8.90 + 3.33 7.34£297 1.53 +0.23 0.000

(0-30) Control group 8.44 £2.19 7.71+224 048 +0.23 0.011
TNF vs. control p-value 0.002 0.088 0.000

Total HIMRISS**® TNF-o. group 26.49 + 10.37 20.59 + 9.41 5.99 £ 0.58 0.000

(0-130) Control group 24.49 + 8.07 2233 +7.07 1.54 + 0.66 0.039
TNF vs. control p-value 0.073 0.079 0.011

Total HIMRISS™* TNF-o. group 29.95 + 11.70 23.03 + 10.31 7.07 +0.66 0.000

(0-130) Control group 27.31 £9.50 24.64 £ 8.38 1.91 £0.73 0.015
TNF vs. control p-value 0.118 0.126 0.007

ave, the average score of two hips; max, the max score of two hips; changed levels, score at baseline minus score at week 52; HIMRISS, Hip Inflammation MRI Scoring System; BME, bone

marrow edema.





OEBPS/Images/table3.jpg
Groups Baseline Treatment 52 weeks p-Value

ESR (mm) TNF-o.group  26.91 + 14.90 11.01 £ 12.58 0.000
Control group 25.04 + 14.34 17.07 + 12.23 0.000
p-Value 0.367 0.002

CRP (mg/l) TNF-o.group  1.42+1.28 0.73 £1.17 0.000
Control group ~ 1.27 +1.23 0.88 + 0.91 0.047
p-Value 0.364 0.371

Harris TNF-o. group  67.65 + 9.26 92.26 + 7.06 0.000
Control group  66.27 + 10.85 82.95 + 7.93 0.000
p-Value 0.313 0.000

BASDAI TNF-o. group 5.76 +1.20 216 +1.90 0.000
Control group ~ 5.53 + 1.29 281 +1.42 0.000
p-Value 0.199 0.000

ASDAS-CRP  TNF-o. group 2.78 + 0.62 1.06 + 0.46 0.000
Control group ~ 2.53 + 0.57 1.40 + 0.63 0.000
p-Value 0.004 0.000

ASDAS-ESR  TNF-o. group 2.76 + 0.60 1.42 + 0.60 0.000
Control group ~ 2.90 + 0.67 1.88 +0.62 0.000
p-Value 0.124 0.000

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BASDA, Bath Ankyiosing
Spondylitis Disease Activity Index; ASDAS, Ankylosing Sponaylitis Disease Activity Score.





OEBPS/Images/fimmu-12-740980-g001.jpg
0

08

05

0.

0

00

- TNFa
I non-TNF-a
ASAS20 AsAsd0 ASASS0 ASAS partial

T T—





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu.2021.740980_cover.jpg
’ frontiers
in Immunology

The Clinical and MRI Effect of
TNF-a Inhibitors in Spondyloarthritis
Patients With Hip Involvement:

A Real-World Observational
Clinical Study





OEBPS/Images/fimmu-12-740980-g003.jpg
= e

1 N

J @

J N

5 -

Ji== :

A &

Harris BASDAI

120- —_— 12-
i






OEBPS/Images/table1.jpg
TNF-o group Control group p-Value

Number 165 74

Age 28.67 +10.21 273711 0.362
Sex 117:48 = 71%:39% 43:31 = 58%:42% 0.067
B27 93% 87% 0.163
Disease duration (m) 25.19 + 34.52 45.41 + 40.48 0.000
ESR (mm) 26.91 + 14.90 25.04 + 14.34 0.367
CRP (mg/L) 142 +1.28 127 +1.23 0.364
Harris 67.65 + 9.26 66.27 + 10.85 0.313
BASDAI 5.76 +1.20 5.53 +1.29 0.199
Morning stifiness (h) 0.43 £0.18 0.39 + 0.42 0.276
ASDAS-ESR 2.76 + 0.60 2.90 +0.67 0.124
ASDAS-CRP 2.78 + 0.62 2.53 +0.57 0.004

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BASDAI, Bath Ankylosing
Sponayiitis Disease Activity Index; ASAS, Assessment of SpondyloArthritis international Society.





