

[image: image1]
The Role of Mycophenolate Mofetil for the Induction of Remission in ANCA-Associated Vasculitis: A Meta-Analysis












	
	SYSTEMATIC REVIEW
published: 01 March 2021
doi: 10.3389/fmed.2021.609924






[image: image2]

The Role of Mycophenolate Mofetil for the Induction of Remission in ANCA-Associated Vasculitis: A Meta-Analysis

Anji Xiong1*†, Chen Xiong1*†, Guancui Yang1†, Yu Shuai1, Deng Liu1, Linqian He1, Zepeng Guo1, Liangwen Zhang1, Yi Liu2, Yuan Yang3, Beibei Cui2 and Shiquan Shuai1


1Department of Rheumatology and Immunology, Nanchong Central Hospital, The Second Clinical Medical College, North Sichuan Medical College, Nanchong, China

2Department of Rheumatology and Immunology, West China Hospital, Sichuan University, Chengdu, China

3Department of Rheumatology and Immunology, The First Affiliated Hospital of Chengdu Medical College, Chengdu, China

Edited by:
Dimitrios Vassilopoulos, National and Kapodistrian University of Athens, Greece

Reviewed by:
Mitsuhiro Takeno, Nippon Medical School, Japan
 Sophia Lionaki, Laiko General Hospital of Athens, Greece

*Correspondence: Anji Xiong, xionganji@126.com
Chen Xiong, chenxiongjiapy@foxmail.com

†These authors have contributed equally to this work

Specialty section: This article was submitted to Rheumatology, a section of the journal Frontiers in Medicine

Received: 10 December 2020
 Accepted: 10 February 2021
 Published: 01 March 2021

Citation: Xiong A, Xiong C, Yang G, Shuai Y, Liu D, He L, Guo Z, Zhang L, Liu Y, Yang Y, Cui B and Shuai S (2021) The Role of Mycophenolate Mofetil for the Induction of Remission in ANCA-Associated Vasculitis: A Meta-Analysis. Front. Med. 8:609924. doi: 10.3389/fmed.2021.609924



Objectives: The successful introduction of mycophenolate mofetil (MMF) as a treatment for renal allograft reduced the incidence of acute rejection. The inspiring effects obtained by the MMF have led to an evaluation of its therapeutic potency on ANCA-associated vasculitis (AAV). However, there is little evidence of the MMF's efficacy on the AAV. The meta-analysis is carried out to evaluate the efficacy of MMF as a remission induction therapy in AAV.

Methods: Up to June 30th, 2020, PubMed, Cochrane Library, and Embase have been searched comprehensively. According to heterogeneity, the pooled remission rates are synthesized by either fixed-effect or random-effect models.

Results: The eight included studies comprising 230 patients who were treated with MMF as induction therapy are included in our analysis. The pooled overall remission rate is 74% (95% CI: 0.68–0.80). The remission rate, the infection rate and the rate of leukopenia of four randomized controlled trials aimed at comparing the effects of MMF with cyclophosphamide (CYC) during induction therapy for AAV have no statistical significance (P > 0.05).

Conclusion: MMF may be an alternative to CYC for remission induction therapy in AAV with MPO-ANCA, mild to moderate renal involvement and non-life-threatening state. Whether to observe the effect of MMF in AAV or to compare the difference between MMF and CYC in the future studies, risk stratification and subgrouping of AAV patients should be first carried out to correctly identify the AAV subgroup suitable for MMF.
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INTRODUCTION

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) was a rare group of autoimmune diseases of unexplained reason characterized by inflammatory cell infiltration leading to vascular necrosis (1). A study conducted by watts et al. (2) reported the incidence and prevalence of AAV that both of them had generally increased over the last 20 years. Treatments for induction of remission and maintenance of remission were required because of its remission and relapse in AAV (3).

Cyclophosphamide (CYC) has been widely used in induction therapy for AAV for decades with a remission rate of 70–90% (4, 5). However, CYC leads to many serious acute side effects, such as haemorrhagic cystitis, tumors of the urinary bladder, infertility, and bone marrow depression (6). Hence, exploration of new agents with similar efficacy and less toxicity is needed.

The successful introduction of MMF as a treatment for renal allograft reduced the incidence of acute rejection (7). MMF has been used to treat immune-mediated kidney injury because it retards lymphocyte proliferation (8, 9). And unlike CYC, MMF is irrelevant to urothelial malignancy or infertility (10). AAV is a heterogeneous group of inflammatory diseases that affects the small vasculatures in multiple organs, but primarily the kidneys (11). MMF has been used as a remission induction therapy in AAV patients with CYC failure or intolerance (12–15).

A Brazilian guideline (16) recommended CYC, rituximab (RTX), methotrexate (MTX) and MMF to treat AAV. MMF had no reproductive toxicity of CYC, was cheaper than RTX and less hepatotoxic than MTX. However, only several small open-label studies (11, 17–19) compared the use of MMF to CYC in AAV induction therapy. The results of Hu et al. (17) showed that MMF led to a lower Birmingham Vasculitis Activity Score (BVAS) value compared with CYC for remission induction therapy in AAV and other three studies (11, 18, 19) found no difference between MMF and CYC in microscopic polyangiitis. There is no enough evidence to recommend the use of MMF in the induction therapy of AAV, thus, we conduct a meta-analysis to evaluate the role of MMF for the induction of remission in patients with AAV. Besides, two recently published meta-analyses (20, 21) have studied the randomized controlled trials (RCTs) comparing MMF with CYC. They reached conclusions that there was no difference in the therapeutic effects of MMF and CYC for AAV patients (20), and MMF was equivalent to CYC (21). Our article will further discuss the results of related studies.



METHODS


Materials and Methods

We conduct a meta-analysis following the methods specified in the Cochrane Handbook for Systematic Reviews of Intervention (22). Eligible trials are identified through electronic searches (conducted by two independent reviewers, Guancui Yang and Deng Liu). PubMed, Cochrane Library and Embase are comprehensively searched up to 30 June, 2020 for the pertinent studies. Medical Subject Headings (MeSH) terms or free text are used as follows: “Mycophenolate Mofetil” or “Mycophenolic Acid Morpholinoethyl Ester” or “Cellcept” or “Mycophenolate Sodium” or “Myfortic” or “Mycophenolate Mofetil Hydrochloride” or “RS 61443” and (“Antineutrophil Cytoplasmic Antibody Associated Vasculitis” or “ANCA-Associated Vasculitis” or “Pauci-Immune Vasculitis” or “Wegener's granulomatosis” or “Microscopic polyangiitis” or “Churg-Strauss syndrome.” In addition, the clinical trials registry (ClinicalTrials.gov) is searched to obtain information on the registered clinical trials. Moreover, we scan reference lists of qualifying studies to identify other relevant studies.



Selection Criteria

We first perform an initial screening of titles or abstracts. A second screening is based on full-text review. Studies written in English or Chinese are included in this meta-analysis if they meet the following conditions: (a) patients with AAV disease diagnosed based on positive or histologically proven ANCA disease; (b) studies demonstrating information of MMF for the induction of remission of AAV; (c) with or without a control group prospective or retrospective studies; (d) outcomes assessed by the overall response (OR). Exclusion criteria are as follows: case report for <5 patients, review, editorial, or meeting summary. All reported adverse events are included for safety assessment. Remission is defined as the absence of manifestations attributable to active disease [(BVAS) = 0)] and C-reactive protein <10 mg/dl. Relapse is defined as the reoccurrence or new appearance of organ involvement attributable to active vasculitis and requiring increase in or reintroduction of immunosuppression. Resistance is defined as a progressive decline in kidney function with persistence of active urine sediment, or persistence or new appearance of any extrarenal manifestations of active vasculitis despite immunosuppressive therapy.



Date Extraction

Relevant data are extracted by two reviewers (Yu Shuai and Linqian He) according to the predefined scheme. And they carefully extract the following characters: country, study design, disease category, follow-up months, numbers of patients with remission in the treatment and so on. Two authors (Yu Shuai and Linqian He) independently conduct the data extraction. Any disagreements are resolved by discussion.



Methodological Quality Assessment

Corresponding binomial parameters are used to determine the quality score of each study based on previous reports (23, 24). Each parameter receive a numerical score of 0 or 1, with an overall quality score ranging from 0 to 10. Studies with a ≥5 quality score are rated as high, while those <5 are rated as poor. This quality assessment is detailed as shown in Supplementary Table 2.



Statistical Analysis

The estimated pooled remission rate is calculated through Log transformation (25). The I2 test is used to evaluate the statistic heterogeneity (26). Heterogeneity values of 25, 50, and 75% is designated as low, moderate and high. If heterogeneity existes, random effect model is used to assess the pooled rate and 95% confidence interval (CI), and if not, they would be assessed by fixed effect model (27, 28). The source of heterogeneity is detected by meta regression. Sensitivity analysis is performed to evaluate whether any single study influence the overall results in order to confirm the stability and liability of the meta-analysis. The presence of publication bias is evaluated by funnel plots. Any statistical test with a P-value <0.05 indicate the presence of statistically significant. All of these statistical analyses are performed by R software and Review Manager 5.3.




RESULTS


Search Results and Characteristics of Studies

One hundred and sixty-nine publications are recruited after being searched on online databases: PubMed (n = 153), Cochrane Library (n = 8), and Embase (n = 8) (Figure 1). A total of 72 full-test studies are assessed as qualified after eliminating duplicates and screening abstracts. We also obtain three additional studies (14, 17, 29) by scanning the reference lists of eligible studies. We exclude one study (30) after sensitivity analysis due to its high heterogeneity. Finally, eight studies (10, 14, 15, 17–19, 29, 31) that all published from 2005 to 2019, containing 230 patients, are included. Two studies (17, 18) were taken in China, two in USA (14, 31), two in UK (10, 29), and the remaining two studies come from Netherlands (15) and Canada (19), respectively (Table 1). The organ involvements in the included patients are show in Supplementary Table 1. Koukoulaki and Jayne (29), Jones et al. (10), Hu et al. (17), Han et al. (18), and Silva et al. (31) referred to patients with resistance to standard therapy or relapse who were treated with MMF as first-line therapy. Joy et al. (14), Stassen et al. (15), and Tuin et al. (19), used this agent as secone-line therapy.


[image: Figure 1]
FIGURE 1. Flow chart demonstrating process of study selection.



Table 1. Basic characteristics of included studies.
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Most studies were high-quality (average quality score = 6.75), see Supplementary Table 2 for details. This meta-analysis is carried out according to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement (Supplementary Table 3) (30).



Efficacy of MMF in AAV Patients

A total of 230 patients in eight studies (10, 14, 15, 17–19, 29, 31) reported the remission rate of MMF in AAV. Joy et al., Stassen et al., and Tuin et al., referred to patients with resistance to standard therapy or relapse who were treated with MMF as second line therapy. And other five studies used this agent as first line therapy. The remission rates of the included study are between 50 and 82%, and the pooled remission rate is 74.0% (95% CI: 68.0–80.0%) with statistical heterogeneity 0% (tau2 = 0, and P = 0.54; Figure 2A), according to the fixed effects model. The relapse rates is 45% (95% CI: 34.0–60.0%) with statistical heterogeneity 53% (tau2 = 0.0481, and P = 0.08; Figure 2B), Four randomized controlled trials (RCTs) (10, 17–19) aimed at comparing the effects of MMF with CYC during induction therapy for AAV include 147 cases in MMF group and 143 cases in CYC group. Heterogeneity test show that the heterogeneity of the remission rate among the studies is significant (I2 = 57%, P = 0.07), and random effect model is used for analysis. Figure 3A show that the remission rate of the two groups have no statistical significance (Z = 0.61, P > 0.05). Based on the use of MMF as first-line or second-line treatment, we map the forest plots. And the remission rate is shown in Figure 4.
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FIGURE 2. (A) Remission rates, (B) relapse rates, and (C) adverse events in patients undergoing MMF treatment in the included studies (By R software).
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FIGURE 3. (A) The remission rate, (B) the infection rate, and (C) the rate of leukopenia in four random controlled trials (By Review Manager 5.3).
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FIGURE 4. (A,B) The remission rate in patients undergoing MMF treatment in the included studies (The forest plots was mapped based on the use of MMF as first-line or second-line treatment).




Efficacy of MMF on Clinical and Laboratory Parameters

Mean dose of MMF per day is shown in Table 2. The effect of MMF on serum creatinine, mean ANCA titres, Birmingham Vasculitis Activity Score (BVAS), estimated glomerular filtration rate, proteinuria, erythrocyte sedimentation rate and C-reactive protein are described in eight studies, respectively, except the study by Koukoulaki and Jayne (29) (Table 2).


Table 2. Clinical and laboratory parameters in patients undergoing MMF treatment in the included studies.
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Silva et al. (31) indicated that the patients had statistically lower parameters of mean ANCA titres and proteinuria in the treatment with MMF (P < 0.01), comparing with baseline.



Safety of MMF in AAV Patients

Four studies (10, 17, 29, 31) reported the number of patients with adverse events related to MMF use in AAV patients. The mainly adverse events were infections, gastrointestinal symptoms and leukopenia. Infections, accounting for 35.6%, including pulmonary infection, herpes zoster, and urinary tract infection, chiefly occurred in two studies (10, 29). Gastrointestinal symptoms, accounting for 14.8%, including diarrhea, bloating, abdominal cramping, nausea, vomiting, constipation, and mid-epigastric pain principally occurred in two studies (17, 31). And leukopenia accounts for about 14.8%. Psychological events attributable to MMF were reported in six patients (29). The incidence of adverse events range from 22.0 to 59.0% (95% CI: 34.0–61.0%; Figure 2C). Four studies reported the number of patients with relapse related to MMF use in AAV patients. Four RCTs (10, 17–19) aimed at comparing the efficacy of MMF with CYC during induction therapy in AAV patients show that the infection rate of the two groups has no statistical significance (Z = 0.47, P > 0.05; Figure 3B). Three (17–19) of the four RCTs reported the number of patients with leukopenia. The forest plot show that the rate of leukopenia of the two groups has no statistical significance (Z = 1.64, P > 0.05; Figure 3C).



Publication Bias

Figure 5 show that there is no significant evidence of publication bias for the remission rates with MMF in AAV patients when the funnel plot is analyzed.


[image: Figure 5]
FIGURE 5. Funnel plot standard error by remission rate for AAV. PLN, log transformation (By R software).





DISCUSSION

The meta-analysis of the eight studies shows that the remission rate of MMF for induction treatment in patients with AAV is 77.0%. One open-label, multicenter, randomized, controlled trial (4) showed that the remission rate of CYC for induction treatment in patients with AAV was 78.9%, which seemed to be no obvious difference from that of MMF. To improve the level of evidence, we combine the data of four RCTs and find no differences between the efficacies of MMF and CYC for induction treatment in AAV. And the recently published meta analyses (20, 21) included the same four RCTs and their results showed similar efficacy of MMF and CYC with no statistical significance for induction treatment in patients with AAV, which was the same as ours. Moreover, they reached conclusions that there was no difference in the therapeutic effects of MMF and CYC for AAV patients (20), and MMF was equivalent to CYC (21). Does MMF really have the same status as CYC for induction treatment in patients with AAV? Probably not.

Indeed, a full review of current limited trials in MMF is however preferable to an assembly of observations with an erroneous outcome. After more carefully and deeply reviewing the characteristics of the four RCTs and analyzing the existing data, we find that the study by Hu et al. (17) was not able to demonstrate any interventional findings due to its limited patient numbers and high loss in follow up (23% of patients were lost to follow up in the CYC group). One big trial by Tuin et al. (19) was comparing MMF and CYC as re-induction treatment for first or second relapse in patients previously treated with CYC. These patients were not treatment naïve with a potential bias toward CYC non-responder. One (18) of the remaining RCTs was a single-center study from China, and another (10) was a multi-center international trial. It is difficult to mix the remaining single-center study with the multi-center international trial to perform meta-analysis. In addition, error estimation deteriorates with <5 studies in a meta-analysis. Therefore, it is more inappropriate to mix the four RCTs together for analysis owing to the limitations of themselves. Stating that MMF is equal to CYC in inducing remission of AAV based on the results of these four RCTs could be incorrectly interpreted otherwise.

So, what role does MMF play in the induction therapy of AAV? As is known, AAV is a group of diseases with strong heterogeneity (with non-life-threatening and life-threatening patients, different ANCA types and different organs involved, such as lung, kidney, eye, and so on). MMF as an induction therapy in AAV highlights our treatment dilemma that we do not adequately differentiate our patients into risk categories and perform subgrouping. A certain subgroup of patients certainly responds to MMF and it is of great importance to identify these patients to minimize toxicity of CYC. How can we find this subgroup and identify it? There are some phase II trials (18, 31) that showed the potential effects of MMF in AAV, but the phase III trials (10, 19) were negative for induction of remission. This is because these phase II trials and retrospective studies were selecting 100% MPO-ANCA positive AAV patients (18, 31). Moreover, a meta-regression analysis (20) of the four RCTs (10, 17–19) that used MMF as induction therapy showed a positive correlation between the risk ratio of the remission rates and MPO-ANCA. Therefore, MMF may be effective in inducing remission treatment for MPO-ANCA positive AAV subsets. Besides, another characteristic of these phase II trials and retrospective studies is that they included patients with mild to moderate renal involvement (17, 31). In addition, the successful introduction of MMF as a treatment for renal allograft reduced the incidence of acute rejection (7) and it had been used in various immune-mediated nephritis (8, 9). Therefore, we speculate that MMF may be more suitable for patients with immune-mediated renal involvement, such as AAV with mild to moderate renal involvement.

MMF, being the potentially less potent agent in comparison to CYC, may be not suitable for life-threatening AAV patients. CYC and RTX are recommended for remission induction therapy in patients with life-threatening AAV, because RTX has been shown to be as effective as CYC in life-threatening AAV (32). In non-life-threatening AAV, immunotherapy with RTX has however demonstrated similar rates of serious infection, compared to life-threatening AAV (33). That may be because when using RTX in the treatment of immune-related diseases, the occurrence of infection correlated poorly with the types of immune-related diseases and correlated more strongly with the depletion of B-cells, as the use of RTX may cause CD20-expressing B-cells reduction and confer susceptibility to bacterial, viral and fungal infections. Consequently, there is no necessity to use RTX, the strong immunosuppressant, in non-life-threatening AAV patients. Instead, MMF should be used as a complementary drug to CYC, as the immunomodulatory effect of MMF may be less pronounced due to different pharmacokinetics. It is false to conclude that MMF is as effective as CYC in the treatment of AAV as in reality it is only suitable for a subgroup of AAV patients. Patients with MPO-ANCA positive, mild to moderate renal involvement and non-life-threatening state may be included in a subgroup of patients certainly responds to MMF. The false conclusion may be potentially dangerous for the less experience clinicians.

Our study found that the relapse rate of MMF in inducing remission of AAV was as high as 45%, while one big trail by de Groot et al. (4) reported that the rate of CYC was 14.5%. According to the meta-analysis of the four RCTs, MMF, despite being the potentially less potent agent in comparison to CYC, did unfortunately demonstrate similar side effects of infection. Based on the poor performance of MMF in relapse rates and infection rates, it can be confirmed again that we cannot reach the conclusion that MMF has the same status as CYC in the induction treatment of AAV. We sometimes hesitate to use CYC for induction therapy in patients with AAV because of its malignancies and infertility (32). However, it is not the reason why MMF can replace CYC in the induction treatment of AAV. This is because (i) long-term side effects of CYC such as malignancy and infertility were not investigated due to the nature of short follow up of interventional trials; (ii) the peak age of AAV is at 55–64 (34), 65–74 (35), and ≥75 years (36), who may have less need for reproduction.

MMF may be a complementary immunosuppressive agent for induction therapy in mild to moderate renal involvement with MPO-ANCA-positive and non-life-threatening AAV. When assessing the efficacy of new drugs in AAV or comparing the effects of different drugs in AAV, risk stratification (life-threatening or non-life-threatening) and subgrouping (such as different ANCA types and different organs involved) should be carried out first as AAV is a group of diseases with strong heterogeneity.
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Tuin etal. (19) Canada  Randomized 84 NA MPO (9) PR3 (75) 48 27/41 (VC: 85/43) 9

ANCA, Antineutrophil cytoplasmic antibody; AASY, Antineutrophil cytoplasm antibodies associated systemic vasculitis; IVC, Intravenous cyclophosphamide; WG, Wegener's
granulomatosis; MPA, Microscopic polyangiitis; GPA, Granulomatosis with polyangitis; CSS, Churg-Strauss syndrome; NCGN, Necrotizing and crescentic glomerulonephritis alone;
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Study At MMF onset At the follow-up period of 6 months Mean does of MMF per day (¢/day) P-vaule

Serum creatinine

Joyetal. (14) 2322 (mg/dl) 1.8+ 1.2 (mg/dL)* 2030 0.4679
Stassen et al. (15) 106 (73-542) pmol/l #  CR: 110 (73-500) umoV/ NR and PR: 99 (88-542) pmol/t 20 NA
Huetal. (17) 3.55 1.1 (mg/dL)" NA 15-2.0 NA
Han etal. (18) 318.7  283.4 mol/* 114.9 mol (mean sCr level) 10 NA
Mean ANCA titres

Joyetal. (14) 57 £29.2 w/ml* 43.3 £ 35.0 w/ml* 20-30 0.3736
Siva etal. (31) 54 (16-113) EU/mi# 5 (4-10) EU/ml#t 1520 <0.01
Han et al. (18) 97.6 + 83.7 w/ml * 22.4 w/ml (mean anti-MPO antibody leve)) 10 NA
BVAS

Stassen et al. (15) 14 (5-29)# CR: 13 (5-29); NR and PR: 15 (6-27)# 20 NA
Huetal. (17) 16.6+3.3" 02089 1520 NA
Han etal. (18) 17.844.2 NA 10 NA
Jones et al. (10) 19 (13-25)# NA 20-3.0 NA
Tuin et al. (19) 15 (13-19)# NA 20 NA
CRP

Stassen et al. (15) 39 (1-861) mg/l# CR: 39 (1-311) mg/l; NR and PR: 35 (6-361) mg/li 20 NA
Siva etal. (31) 0.5 (0.3-35.3) mg/dlf NA 1520 NA
Han et al. (18) 85.7  50.2 mmol/t* NA 10 NA
Jones et al. (10) 22 (7.5-62) mg/L# NA 2030 NA
Tuin et al. (19) 33 (10-57) mg/L# NA 20 NA
ESR

Siva etal. (31) 38 (24-73) mmvhit NA 1520 NA
Han et al. (18) 76.1 % 43.0 mmvh® NA 10 NA
Jones et al. (10) 54 (31-98) mvhi#t NA 2030 NA
eGFR

Siva etal. (31) 46 (34-63) mU/min#t 47 (33-72) mi/mint 1520 NA
Han etal. (18) 35.5 & 29.2 ml/min/1.73 m?* 21.64 ml/min/1.73 m? (mean eGFR level) 1.0 NA
Jones et al. (10) 51 (29-92) mV/min/1.73 m?# NA 2030 NA
Proteinuria

Huetal. (17) 3.05 +2.85 (g/24h)* NA 1520 NA
Siva etal. (31) 889 (400-2,208) mg/24 h#t 384 (151-1,071) mg/24 hit 1520 <0.01
Han et al. (18) 221:£1.68(g/24h)* 1.256 g/24 h (mean proteinuria leve)) 10 NA

*Median (range); *Mean < standard variance; BVAS, Birmingham Vasculitis Activity Score; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; eGFR, estimated glomerular
filtration rate; NA, not available.
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