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Background: Mycophenolate mofetil (MMF) is a prodrug of mycophenolic acid (MPA) and a key immunosuppressant for improving graft survival in patients with heart transplantation (HTx). However, dose reduction or interruption is occasionally needed due to gastrointestinal (GI) side effects. Enteric-coated mycophenolate sodium (EC-MPS) is an alternative form of MPA delivery to improve GI tolerability. In the present study, the efficacy of EC-MPS compared with MMF in HTx patients was investigated.

Methods: In this retrospective study, the Korean Organ Transplant Registry (KOTRY) data were used to analyze the efficacy and rejection rate of MMF and EC-MPS. A total of 611 patients was enrolled from 2014 to February of 2021. Patients were divided based on the use of MMF or EC-MPS at 6 months post-HTx. Patients who were not prescribed MMF or EC-MPS were excluded. Graft survival, all-cause mortality, and treated rejection were compared between the two groups. All statistical analyses were performed using SPSS; characteristics were compared using Pearson chi-square test and survival rate with Kaplan-Meier plot and log-rank test.

Results: A total of 510 HTx patients was analyzed (mean age: 51.74 ± 13.16 years, males: 68.2%). At 6 months after HTx, 78 patients were taking EC-MPA (12.8%) and 432 patients were taking MMF (70.7%). The median follow-up was 42.0 months (IQR: 21.7–61.0 months). Post-HTx outcomes including overall survival, all cause mortality, acute cell mediated rejection (ACR), acute antibody mediated rejection (AMR), treated rejection, and cardiac allograft vasculopathy (CAV) were comparable between the two groups during follow-up.

Conclusion: Notable differences were not observed in overall survival, all cause mortality, ACR, AMR, treated rejection, and CAV between MMF and EC-MPS groups. Efficacy of EC-MPS was similar to that of MMF in HTx patients during mid-term follow up after HTx.
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Introduction

Heart transplantation (HTx) is the standard treatment for end-stage heart failure (HF). Survival and prognosis of HTx have improved over the last two decades with introduction of effective immunosuppression therapy (1, 2). Generally, for maintenance immunosuppression, HTx patients receive a combination of two or three classes of medication, calcineurin inhibitors (CNIs), anti-metabolites, and proliferation signal inhibitors (3).

Mycophenolate mofetil (MMF, CellCept®, Roche Laboratories, Nutley, NJ, USA) is a potent anti-proliferative drug that recently replaced azathioprine as the drug of choice due to improved survival and reduced rejection rates compared with azathioprine (4). MMF is a prodrug of mycophenolic acid (MPA) and inhibits inosine-5′-monophosphate dehydrogenase to block proliferation of T and B cells, leading to repression of both cell- and humoral-mediated immunity (5). However, gastrointestinal (GI) intolerance is a common dose-limiting side effect often leading to interruptions in therapy, which increases risk of rejection (6). Enteric-coated mycophenolate sodium (EC-MPS, Myfortic®, Novartis Pharmaceuticals, East Hanover, NJ, USA) was developed to reduce GI effects of MMF. Clinical trials in kidney transplant recipients demonstrated that EC-MPS is therapeutically equivalent to MMF (7, 8).

Unlike kidney transplantations, data regarding long-term HTx outcome with use of EC-MPS are limited. In the present study, using a nationwide organ transplant registry in Korea, post-HTx outcome was evaluated between patients taking MMF or EC-MPS in combination with CNIs and corticosteroids.



Methods


Study population

The nationwide multi-center HTx data submitted to the Korean Heart Transplant Registry (KOTRY), the first nationwide organ transplantation registry in Korea, was used in the present study (9). From 2014 to 2019, a total of 611 patients underwent HTx. With the exclusion of follow-up losses, a final number of 510 patients were included in this study. The study was reviewed and approved by the institutional review board of each transplantation center. The KOTRY registry includes baseline and follow-up data of transplanted patients. After HTx, follow-up visits were recorded at 1, 6, and 12 months and annually thereafter. Patients were classified into MMF or EC-MPS groups based on immunosuppressive regimen at 6 months after HTx.



Immunosuppression

CNI-based triple immunosuppressive therapy (tacrolimus, mycophenolate mofetil, and prednisone) was initially administered as maintenance therapy to most patients. Cyclosporine was administered if patients developed severe side effects from tacrolimus, such as seizures or encephalopathy. A regimen using a mammalian target of rapamycin (mTOR) inhibitor, either sirolimus or everolimus, in place of a CNI-free regimen was prescribed to eligible patients, including those with renal insufficiency or malignancy. An mTOR inhibitor was administered in conjunction with a CNI in patients who developed rejection with graft dysfunction, cytomegalovirus infection, or cardiac allograft vasculopathy (CAV). In case of intolerance to an mTOR inhibitor, a conventional CNI-based regimen was maintained. Patients at low risk of rejection were tapered off steroids 6 months after HTx according to transplantation clinic protocol. All HTx recipients underwent a protocol-based regular evaluation at their transplantation clinic (10). Post-HTx clinical outcome included overall survival, freedom from angiographic CAV (11), and any treated rejection. Rejection was diagnosed through endomyocardial biopsy and included both acute cellular rejection (ACR) and antibody-mediated rejection (AMR). Rejections were defined according to the revised International Society for Heart and Lung Transplantation (ISHLT) classification (12). Treated rejection was defined as events that require either intravenous steroids for acute cellular rejections or rituximab injections for antibody-mediated rejections.



Statistical analysis

Continuous variables are recorded as mean ± standard deviation, and categorical variables are reported as frequency and percentages. Baseline recipient/donor characteristics and clinical outcomes of HTx were compared between MMF and EC-MPS groups. Post-HTx outcomes included treated rejection and all cause mortality. The two groups were compared using chi-square test, and continuous variables using Student's t-test. The cumulative incidence of events and outcome analysis was assessed using the Kaplan-Meier method, and statistical significance was calculated using the log-rank test. Due to the number difference between the two groups, 1 to 1 individual matching within caliper by propensity score matching was performed. Analysis by chi-square test was used for group comparison, and two sample t-test was used for continuous variables. All data were analyzed using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) and R-version 4.2.0 (13).




Results


Baseline characteristics

Among the 510 HTx patients, 432 were taking MMF (70.7%) and 78 were taking EC-MPS (12.8%) post-HTx. Patients in EC-MPS group were younger and had longer warm ischemic time, aortic-cross clamp, and cardiopulmonary bypass time (Table 1). Significantly more patients in the EC-MPS group received extracorporeal membrane oxygenation before HTx (31.5 vs. 19.2%, p = 0.031). In addition, significantly more patients (65.3 vs. 91.0%, p < 0.001) in the EC-MPS group remained on steroid treatment at 6 months post-HTx compared with subjects in the MMF group. An average dose of 1,500 mg (1,000–2,000 mg) of MMF and 1,080 mg (720–1,440 mg) of EC-MPS was used in each group. This amount is an equivalent dose of the active form, MPA.


TABLE 1 Comparison of donor/recipient baseline characteristics between the MMF and EC-MPS groups.

[image: Table 1]



Post-HTx clinical outcomes

Significant differences in all-cause mortality and freedom from treated rejection were not observed between the two groups (Figures 1A,B) during the mean follow-up period (40 ± 23 months). Post-Hx overall survival, all cause mortality, freedom from ACR, AMR, and CAV were similar between the two groups (Table 2). Although significantly more patients in the EC-MPS group (4.4 vs. 10.3%, p = 0.049) experienced treated rejection during the first year compared with the MMF group, graft survival and overall survival were comparable between two groups. During follow-up, incidences of an infection requiring hospitalization were similar between the two groups.


[image: Figure 1]
FIGURE 1
 (A) Comparison of overall survival between HTx patients in EC-MPS and MMF groups. (B) Cumulative survival in freedom from treated rejection in heart transplantation patients using MMF vs. EC-MPS. Overall survival rates (A) and cumulative survival in freedom from treated rejection (B) were similar between HTx patients in the EC-MPS and MMF groups. HTx, heart transplantation; EC-MPS, enteric-coated mycophenolate sodium; MMF, mycophenolate mofetil.



TABLE 2 Comparison of clinical outcomes after HTx between the MMF and EC-MPS groups.
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We performed a subgroup analysis of patients treated with cyclosporine, because cyclosporine is known to influence MPA pharmacokinetics. Post-HTx clinical outcomes were comparable between MMF and EC-MPS group in subgroup of patients who were treated with cyclosporine (Supplementary Table 1).

Due to significant difference of baseline characteristics between MMF and EC-MPS groups, a propensity score matching analysis was conducted with adjustment of age, gender, pre-HTx ECMO and prolonged steroid use (Table 3). In this analysis, post-HTx clinical outcomes including all-cause mortality were comparable between two groups.


TABLE 3 1 to 1 individual matching between MMF vs. EC-MPS within caliper by propensity score.
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Discussion

To the best of our knowledge, this is the first mid-term study in which post-HTx outcomes from a multi-center registry were compared between patients receiving MMF or EC-MPS. During the mean follow-up of 40 months, post-HTx clinical outcomes were similar between MMF and EC-MPS groups, although significantly more patients with EC-MPS experienced treated rejection at 1-year follow-up.

MMF, due to its effectiveness in reducing acute rejection rates (4), is now the drug of choice for post-transplantation immunosuppression in multiple organs including the heart. However, GI side effects caused by MPA, the active form of MMF (14, 15), and leukopenia are dose-limiting side effects. Dose reduction due to MMF intolerance increases the risk of acute rejection (16). In previous kidney transplantation registries, the incidence of MMF intolerance leading to dose reductions reportedly ranged from 42 to 59% (15–17). In a single-center study, the recommended dose of 3 mg/day of MMF in adult HTx patients was poorly tolerated, and the median dose of MMF at 6 months post-HTx was 1,560 ± 984 mg/day (18), similar to median doses of MMF at 6 months post-HTx in the present study. In the study cohort, 12.8% were taking EC-MPS at 6 months after HTx because patients either experienced or were predisposed to GI disorder.

EC-MPS was developed to decelerate the release of MPA, contrary to MMF, which shows instant release of MPA into the GI tract. In pharmacokinetic studies, despite delayed delivery, administration of EC-MPS resulted in a similar maximal plasma concentration and MPA exposure (19, 20). In maintenance and de novo trials, similar safety and efficacy of EC-MPS compared with MMF were observed in kidney transplant patients with similar rejection, infection, and graft survival at 12 months post-kidney transplant (7, 8).

In a previous single-blinded multi-center trial including 154 HTx patients, similar rates of treatment failure and combination of treated acute rejection, graft loss, and death at 6 months (52.6 vs. 57.9%) and 12 months (57.7 vs. 60.5%) (21, 22) post-HTx were reported. A previous single center randomized study showed that EC-MPS treated HTx patients are less likely to require multiple dose reductions than those on MMF and was associated with a significant lower incidence of treated rejection (23). However, these studies are limited due to a short follow-up of 12 months with a small numbers of patients. In the present study, we analyzed real-world clinical outcomes after HTx with nation-wide multi-center data and longer follow-up duration. Results of the present study indicate similar long-term efficacy of EC-MPS to MMF in HTx patients compared to previous studies (20–22). In addition, our study showed that eventually the average of MPA dose in both groups did not significantly differ.



Limitations

The present study had limitations due to the retrospective design and the different number of subjects in the MMF and EC-MPS groups. Data regarding MPA level were lacking, as this is not a routine practice in many centers. Time-dependent dose change of MMF and EC-MPS might not have been reported due to pre-specified follow-up intervals in the KOTRY registry and other immunosuppressive regimens determined based on the protocol of each transplantation clinic.

The main use of EC-MPS being an alternative for MMF intolerance due to its gastrointestinal side effects, and this study might been more profound if the actual incidence and severity of GI side effects was assessed after HTx. Unfortunately, due to the nature of our retrospective study, the severity and rate of intolerance were not consistently assessed with objective tools in this registry, therefore, difference in gastrointestinal complications between two groups could not be provided. However, the present study is valuable because our study described and compared real world post-HTx clinical outcomes between MMF and EC-MPS groups from a multi-center, nationwide registry.



Conclusion

In conclusion, HTx patients treated with EC-MPS and MMF have similar incidence of overall survival, ACR, AMR, treated rejection, CAV, and all cause mortality. Mid-term post-HTx clinical efficacy of EC-MPS was similar to that of MMF in HTx patients.
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