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    Abstract
Background: Ankylosing spondylitis (AS) is a chronic systemic inflammatory disorder mainly affecting the axial skeleton, although peripheral joints, entheses, and extra-articular tissues such as eyes, heart, and lungs may also be involved. Raised inflammatory markers in patients with AS at the start of anti-tumor necrosis factor (anti-TNF) therapy are associated with more clinical response. Objectives: The aim of this article is to assess the role of raised inflammatory markers in predicting response to anti-TNF drugs in patients with AS. Materials and Methods: The prospective cohort study enrolled a total of 71 patients with AS. Nineteen patients were excluded from the study due to discontinuation of anti-TNF therapy and 52 patients continued in the study and were followed for 3 months. Results: The mean age of the patients was 35.2±9.6 years, males constitute 84.6% of them and the median disease duration was 5 (3–10) years. Univariate analysis showed that the predictors of response to anti-TNF drugs were raised baseline C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), Bath Ankylosing Spondylitis Disease Activity Index, and Bath Ankylosing Spondylitis Functional Index. Multivariate analysis showed that the only independent predictor for response to anti-TNF drugs was raised baseline CRP. The optimal cut point for CRP to predict response was >7.5 mg/L, whereas that for ESR was >32 mm/h. Conclusion: Raised inflammatory markers at baseline predict better response to anti-TNF drugs in AS patients. CRP had better prediction of response to anti-TNF drugs than ESR.
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    Introduction


    Ankylosing spondylitis (AS) is a chronic systemic inflammatory disorder mainly affecting the axial skeleton, although peripheral joints, entheses, and extra-articular tissues may also be involved, such as eyes, heart, and lungs.[bookmark: ft1][1]


    The prevalence of AS varies worldwide from 0 to 1.8% and is highest in northern European populations and lowest in sub-Saharan Africa.[bookmark: ft2][2] AS is more common in males, with a male: female ratio of 2:1 to 3:1.[bookmark: ft3][3] The peak age of onset is in the second and third decades of life.[bookmark: ft4][4] The estimated prevalence of AS in Iraq is 0.07%; 84% of Iraqi patients with AS are HLA-B27-positive, whereas 2.1% of healthy Iraqi populations are HLA-B27-positive.[bookmark: ft5][5]


    Raised inflammatory marker levels including C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) might identify patients with more active disease who are more likely to benefit from anti-tumor necrosis factor (TNF) treatment than patients with chronic, less active disease.[bookmark: ft6][6] Several studies concluded that raised inflammatory markers (CRP or ESR) in patients with AS at the start of anti-TNF therapy are associated with more clinical response.[bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9]


    The aim of this study is to assess the role of raised inflammatory markers (CRP and ESR) in predicting response to anti-TNF drugs in patients with AS.


    Patients and Methods


    Study design and population


    A prospective cohort study was conducted at the Rheumatology Unit in Baghdad Teaching Hospital during the period between September 2016 and June 2017.


    A total of 71 Iraqi patients with AS were enrolled in the study; all of them were fulfilling the modified New York criteria for AS[bookmark: ft10][10] and ASAS classification criteria for diagnosing spondyloarthropathy.[bookmark: ft11][11] Nineteen patients were excluded from the study due to discontinuation of anti-TNF therapy and 52 patients continued in the study and were followed for 3 months.


    Ethical issue, approval, and official permission


    Prior to data collection, a signed consent from each of the participants was obtained after explaining the purpose of the study and ensuring privacy of the data.


    The study protocol was reviewed; approval and official permission were obtained from the Ministry of Higher Education and Scientific Research, Baghdad University, College of Medicine to conduct the present study.


    Methods


    The following data were obtained using data sheet:


    
      	Sociodemographic data: include name, age, gender, weight (in kg), height (in m), body mass index (BMI), and smoking status.


      	Clinical data: include disease duration from onset of symptoms, current treatment and presence of peripheral arthritis, enthesitis, or uveitis.


      	Disease activity: evaluated at baseline and after 3 months of treatment with anti-TNF drugs by using Bath Ankylosing Spondylitis Disease Activity Index (BASDAI).[bookmark: ft12][12] The response to anti-TNF drugs is determined by improvement in BASDAI ≥ 2 score from baseline till 3 months.[bookmark: ft13][13]


      	Functional status: This is evaluated at baseline and after 3 months of treatment with anti-TNF drugs by using Bath Ankylosing Spondylitis Functional Index (BASFI).[bookmark: ft14][14]


      	Investigation data: These include baseline CRP, ESR, white blood cell (WBC), Hb, and platelets.

    


    Statistical analysis


    The Anderson darling test was done to assess whether continuous variables follow normal distribution; if they follow normal distribution, then mean and standard deviation are used, and if they did not follow normal distribution, then median and interquartile range will be used to present the data. Discrete variables are presented using number and percentage to present the data; the χ2 test is used to analyze the discrete variable or Fisher’s exact test is used to analyze the distribution between two groups. Two samples t-test was used to analyze the differences in means between the two groups. Mann–Whitney U-test was used to analyze the differences in median of the two groups. Binary logistic regression analysis was used to calculate odds ratio (OR) and their 95% confidence intervals, when the outcome can be categorized into two binary levels.


    Receiver operating characteristics (ROCs) are used to see the validity of different parameters in separating cases with responders from non-responders. The trapezoidal method was used to calculate the curve.


    SPSS 20.0.0, Minitab 17.1.0, MedClac 14.8.1, and GraphPad Prism 7.0 software package are used to make the statistical analysis; P-value is considered when appropriate to be significant if it is less than 0.05.


    Results


    The study included 52 patients with AS: 28 of them were receiving etanercept and 24 were receiving infliximab. There was no significant difference between patients in the infliximab and etanercept groups in their demographic variables, disease duration, response, use of drugs, and presence of peripheral arthritis, enthesitis, or uveitis as illustrated in [Table - 1] and [Table - 2].
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        	Table 1: Demographic variables of AS patients according to therapy
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        	Table 2: Disease characteristics and use of drugs in patients according to therapy
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    In the univariate analysis, four variables were predictors of good response in all subjects which are raised baseline BASDAI, BASFI, ESR, and CRP. In patients receiving etanercept, three variables were the predictors of good response which are raised baseline BASDAI, ESR, and CRP. In the infliximab-receiving patients, two variables were the predictors of good response which are raised baseline ESR and CRP, as illustrated in [Table - 3].


    
      
        	[image: ]

        	Table 3: Univariate logistic regression analysis for predictors of response to anti-TNF drugs in AS patients according to therapy
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    In the multivariate analysis, only raised baseline CRP remained an independent predictor of response after 3 months of anti-TNF therapy, as illustrated in [Table - 4].
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        	Table 4: Multivariate logistic regression analysis of predictors of response to anti-TNF drugs to all patients
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    CRP had better prediction of 3 months response than ESR with an optimal cut point of >7.5 mg/L for CRP (and >32 mm/h for ESR), as illustrated in [Table - 5].
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        	Table 5: ROC analysis of predictors of response to anti-TNF drugs after 3 months in AS patients
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    Discussion


    This study showed in the univariate analysis that patients with raised baseline CRP and ESR had better response to anti-TNF drugs after 3 months of therapy than those with normal CRP and ESR. This agrees with the results of Arends et al.[bookmark: ft7][7] and Lord et al.[bookmark: ft8][8] Whereas in the multivariate analysis, only a raised baseline CRP value remained an independent predictor of response to anti-TNF drugs in AS patients. This is close to the results of Rudwaleit et al.’s study,[bookmark: ft15][15] which showed that raised baseline CRP is associated with better response.


    The optimal cut point of CRP to predict response to anti-TNF drugs is >7.5 mg/L. This disagrees with the results of Glintborg et al.’s study,[bookmark: ft6][6] which concluded that AS patients responded to anti-TNF when the baseline CRP was >14 mg/L. This difference may be due to different laboratory processes, disease activity, or genetic components.


    This study also showed that raised BASDAI and BASFI at baseline can predict response to anti-TNF drugs. This partially disagrees with the result of Rudwaleit et al.’s study,[bookmark: ft9][9] which showed that raised BASDAI and low BASFI at baseline predict better response to anti-TNF drugs. This difference may be attributed to the fact that BASFI depends only on patients’ evaluation of limitation in daily activities, and this limitation occurs either due to pain from active disease which responds to treatment or due to structural damage which does not respond to treatment, so patients in our study might have high baseline BASFI due to higher disease activity not due to structural damage, so that they responded better.


    The better response of patients with raised inflammatory markers might identify patients with more active disease who are more likely to benefit from anti-TNF treatment than patients with chronic, less active disease.[bookmark: ft6][6] This was shown in Visvanathan et al.’s study,[bookmark: ft16][16] which showed that patients with raised inflammatory markers had more spinal inflammation detected by MRI.


    The limitation of the study is the short duration of follow-up. However, this should not affect the results as 2016 Update of the ASAS-EULAR Management Recommendations for axial spondyloarthritis recommended that patients should be evaluated after 12 weeks of starting anti-TNF therapy and if there is no response, he/she should be switched to another anti-TNF or IL-17 inhibitor.[bookmark: ft13][13]


    Conclusions


    
      	Raised inflammatory markers (CRP and ESR) at baseline predict better response to anti-TNF drugs in AS patients.


      	CRP had better prediction of response to anti-TNF drugs than ESR.

    


    Recommendations


    
      	Inflammatory markers can be checked before starting anti-TNF in AS patients, especially CRP to predict patients with good response to the treatment.


      	A study with longer duration and larger sample size is recommended to confirm the results of this study.
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  Table 1: Demographic variables of AS patients according to therapy
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  Table 2: Disease characteristics and use of drugs in patients according to therapy
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  Table 3: Univariate logistic regression analysis for predictors of response to anti-TNF drugs in AS patients according to therapy
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  Table 4: Multivariate logistic regression analysis of predictors of response to anti-TNF drugs to all patients
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  Table 5: ROC analysis of predictors of response to anti-TNF drugs after 3 months in AS patients
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