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a b s t r a c t 

Background: Studies to evaluate the use of mycophenolate mofetil (MMF) in inflammatory bowel disease 

(IBD) are limited after the appearance of biological treatments. 

Aims: Our primary objective was to evaluate the effectiveness and safety of MMF in IBD. 

Methods: IBD patients who had received MMF were retrieved from the ENEIDA registry. Clinical activity 

as per the Harvey-Bradshaw Index (HBI), partial Mayo score (pMS), physician global assessment (PGA) and 

C-reactive protein (CRP) were reviewed at baseline, at 3 and 6 months, and at final follow-up. Adverse 

events and causes of treatment discontinuation were documented. 
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. Introduction 

Inflammatory bowel disease (IBD) is a chronic, relapsing inflam- 

atory disorder of the digestive tract that comprises Crohn’s dis- 

ase (CD) and ulcerative colitis (UC). It is characterized by dysreg- 

lated immune responses and altered cytokine production, which 

ltimately lead to damage of the gastrointestinal tract [1] . The as- 

ociation with the host genetic susceptibility, immunological ab- 

ormalities, the role of gut microbiota and its metabolites, and 

ther environmental factors, have been recently investigated [2] . 

Immunomodulatory drugs have been widely prescribed for the 

reatment of active IBD. However, efficiency for the maintenance of 

emission is limited, and AEs lead to treatment discontinuation in 

5% and 20% of patients on thiopurines and methotrexate, respec- 

ively [3] . In addition, a subset of patients may experience multiple 

ailures of immunosuppressants and/or biologics [4] . Thus, a need 

or alternative immunomodulatory medications remains. 

Mycophenolate mofetil (MMF) is a potent immunomodulator 

hat inhibits T and B cells [5] . Mycophenolic acid is a non- 

ompetitive, reversible inhibitor of inositol monophosphate dehy- 

rogenase, a key enzyme required for the de novo synthesis of 

uanosine nucleotides [6] , necessary substrates for DNA and RNA 

ynthesis. MMF is thought to suppress proliferation of B and T 

ymphocytes, as they depend solely on de novo nucleotide syn- 

hesis [5] . It decreases the recruitment of lymphocytes and mono- 

ytes, and consequently reduces the production of TNF α and IL-1 

nto inflammatory sites in vivo [ 7 , 8 ]. Besides, MMF decreases leu-

ocyte adhesion in vitro [ 9 , 10 ]. It was approved for the prevention

f rejection after heterologous renal allografting [5] , and has shown 

onsiderable efficacy and good tolerability in patients with autoim- 

une disorders [ 11 , 12 ]. In IBD, several series and two prospective

tudies support its use in patients refractory to conventional treat- 

ent [ 13 , 14 ]. Nevertheless, studies to evaluate its use in IBD are

imited, particularly after the availability of biological treatments 

 4 , 5 , 14–19 ], and MMF is not contemplated in most of major inter-

ational guidelines. 

The primary objective of this study was to evaluate the efficacy 

f MMF for the treatment of IBD in clinical practice. Secondary 

ims were to evaluate its safety and retention rate in these pa- 

ients. 

. Materials and methods 

Based on the ENEIDA registry (a large, prospectively maintained 

atabase of IBD patients promoted by the Spanish Working Group 

n IBD—GETECCU—and initiated in 2007) [20] , IBD patients aged 

18 years who had ever received MMF were identified. Only IBD 

atients with an established diagnosis of CD or UC in whom oral 

MF was prescribed for these conditions (except for perianal dis- 

ase) were evaluated. IBD had to be diagnosed according to stan- 

ard criteria [ 21 , 22 ]. 

Demographic and IBD clinical data (time from diagnosis, IBD 

henotype and extent, concomitant treatments, steroid use) were 
636 
ere included (66 Crohn’s disease, 17 ulcerative colitis), 90% of whom had

nosuppressants. In 61% of patients systemic steroids were used at initia-

gical agents were co-administered with MMF. Overall clinical effectiveness

pulation. At the end of treatment, 45.6% and 19.1% of subjects showed re-

espectively. MMF treatment was maintained for a median of 28.9 months

, in the largest cohort to date, that MMF may be an effective alternative

e in IBD. 

troenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

ollected. Clinical activity by means of the Harvey-Bradshaw In- 

ex (HBI) and partial Mayo score (pMS) and physician global as- 

essment (PGA), as well as C-reactive protein (CRP) levels, were 

eviewed at baseline (first dose of MMF), at pre-established time 

oints during treatment (3 and 6 months after starting the drug), 

nd at the end of follow-up (at MMF discontinuation or at last visit 

sing MMF) as long as these values were available. 

PGA was categorized as remission (absence of symptoms), clin- 

cal response (improvement of symptoms) or absence of response 

no change or worsening). 

AEs, surgeries, and hospitalizations during MMF therapy, as well 

s causes of treatment discontinuation, were recorded from treat- 

ent onset to one month after treatment end. 

.1. Definitions 

Clinical response in CD was defined as any improvement in dis- 

ase symptoms (improved PGA or an HBI reduction ≥3 points) 

rom baseline, and as a progressive dose reduction of systemic 

teroids. In UC, clinical response was defined as any improvement 

n disease symptoms (improved PGA or a reduction in pMS ≥ 3 

oints) from baseline, and as a progressive dose reduction of sys- 

emic steroids. 

Clinical remission was defined in CD as a HBI score ≤ 4 points 

ogether with disappearance of symptoms according to PGA, and 

o use of steroids. In UC, it was defined as a pMS ≤ 1 point, with

 rectal bleeding subscore of 0 points with disappearance of symp- 

oms according to PGA, and no use of steroids. 

.2. Statistical analysis 

Continuous variables are expressed as mean and standard de- 

iation or median and interquartile range (IQR) as needed, and 

re compared using Student’s t- test. Categorical variables are ex- 

ressed as proportions and compared by means of the Chi-squared 

est. 

The potential association of different factors with drug efficacy 

as analysed by means of a logarithmic regression model. Besides, 

 Kaplan-Meier survival analysis was performed to determine the 

etention rate of MMF treatment. The time until treatment failure 

mong UC and CD patients was determined with a log-rank test. 

 Cox regression model was used to determine the association be- 

ween different factors and the risk of therapeutic failure. 

A p-value less than 0.05 was considered statistically significant. 

ll statistical analyses were performed using the SPSS V. 15.0 soft- 

are package. 

. Ethical considerations 

This cohort study used data from the ENEIDA (Estudio Nacional 

n Enfermedad Inflamatoria Intestinal sobre Determinantes Genéti- 

os y Ambientales ( Spanish National Study on Inflammatory Bowel 

isease: Genetic and Environmental Determinants ) database [20] . The 
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Fig. 1. Flow-chart of the study. CD: Crohn’s disease; UC: Ulcerative colitis; MMF: Mycophenolate mofetil; IBD: Intestinal Bowel Disease. 
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NEIDA registry was approved by the Research Ethics Committees 

f all participating centres. 

All patients included in ENEIDA signed an informed consent 

orm authorizing the use of their clinical data for research pur- 

oses. Registration with the Spanish Data Protection Agency means 

hat use of the information contained in the registry meets all legal 

equirements. 

This project was approved by the Committee of GETECCU in 

019. To improve the accuracy of ENEIDA data, all variables were 

ouble-checked and updated by each participating centre. 

. Results 

.1. Baseline characteristics of the cohort 

Among the 52,0 0 0 IBD patients registered in the ENEIDA reg- 

stry at the time of data extraction, a total of 168 received MMF 

etween June 1999 and November 2018. Eighty-five patients were 

xcluded because they did not meet the inclusion criteria. Finally, 

3 patients were included in the study, 66 of whom were diag- 

osed with CD and 17 with UC. MMF was indicated before 2010 in 

9% of the patients ( n = 49). The flow-chart of the study is shown

n Fig. 1 . 

The demographic and clinical characteristics of patients are 

ummarized in Table 1 . Males and females were evenly distributed. 

n average, MMF was administered 8.5 years after IBD diagnosis. 

f the total population, seventy-five patients (90%) had previously 
637 
eceived immunosuppressants (67% thiopurines and/or methotrex- 

te), and in eight patients (10%) MMF was the first immunosup- 

ressive therapy. Twenty-three patients (27.7%) used MMF com- 

ined with biologics. Forty-four patients (53%) had previously un- 

ergone surgery, and thirty-eight (45%) presented with extrain- 

estinal manifestations. As for clinical activity, HBI and pMS were 

vailable in 58 of 66 (87.8%) and 17 of 17 (100%) CD and UC pa-

ients. Disease was active in fifty-two (78.7%) CD patients and fif- 

een (88.2%) UC patients. The mean values of HBI and pMS were 

.6 ± 4 and 4.8 ± 2.5, respectively. 

The indications for MMF were maintenance (50%), induction of 

emission (43.6%), and postoperative recurrence (6.4%). Systemic 

teroids were co-administered when MMF treatment was initiated 

n 61% of cases, and in 27.3% of patients they were used concomi- 

antly with biologic agents (52% added MMF to their biological 

reatment, and 48% required initiation of a biologic despite being 

n MMF). Treatment characteristics are shown in Table 2 . 

.2. Clinical efficacy of mycophenolate mofetil 

Overall clinical efficacy comprising both clinical remission and 

linical response, as determined by PGA, was observed in 64.7% of 

he study population at the end of follow-up. 

When assessed by type of IBD, 84.6% and 60% of UC and CD 

atients showed clinical efficacy, respectively. At the end of treat- 

ent, 45.6% of the total population were in clinical remission, cor- 

esponding to 69.2% and 40% of UC and CD patients, respectively. 
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Table 1 

Characteristics of the study population. Data are expressed as mean ± SD, median 

(interquartile range), or number (%). 

N = 83 

Age (years) mean + /- SD 36.4 ± 12 

Female gender, n (%) 52 (62) 

Type of disease: CD/UC n (%) 66(80)/ 17(20) 

Months since diagnosis until MMF use, mean ± SD 102 ± 77 

Disease location (%) 

CD (L1/L2/L3/L4/p) 17 / 22 / 48 / 13 / 40 

UC (E1/E2/E3) 12 / 29 /59 

Previous use of immunosuppressants, n (%) 75 (90) 

MMF as first immunosuppressant, n (%) 8 (10) 

Previous surgery, n (%) 44 (53) 

Extraintestinal manifestations, n (%) 38 (45) 

Clinical activity 

HBI (CD) 

mean + /- SD 7,6 ± 4 

median (IQR) 8 (6.5–8.8) 

pMS (UC) 

mean + /- SD 4.8 ± 2.5 

median (IQR) 6 (3.5–6.1) 

SD: standard deviation; IQR, interquartile range; CD: Crohn’s disease; UC: ulcera- 

tive colitis; MMF: mycophenolate mofetil; L1: ileal, L2: colonic, L3: ileocolonic, L4: 

isolate upper disease, p: perianal disease; E1: ulcerative proctitis, E2: left-side UC, 

E3: extensive UC; HBI: Harvey-Bradshaw Index score; pMS: partial Mayo score. 

Table 2 

Treatment characteristics. 

Characteristic N = 83 

MMF indication, (%) 

Induction of remission 44 

Maintenance of remission 50 

Post-surgical prophylaxis 6 

Mean MMF dose (mg/day), mean ± SD 1269.8 ± 741 

Concurrent IBD medications, n (%) 

Immunosuppressants, n (%) 47 (56.6) 

Biologics, n (%) 23 (27.7) 

IFX/ADA/VEDO/UST, n 18/3/1/1 

Corticoids, n (%) 51 (61.4) 

Duration of MMF treatment (months) 

Median (interquartile range) 13 (20.4–37.5) 

SD: standard deviation; MMF: mycophenolate mofetil; IFX: in- 

fliximab; ADA, adalimumab; VEDO: vedolizumab; UST: ustek- 

inumab. 
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dditionally, clinical response without clinical remission was ob- 

erved in 19.1% of patients, corresponding to 15.4% and 20% of UC 

nd CD patients, respectively. 

In CD patients, a statistically significant reduction in HBI was 

bserved from baseline (7.6 ± 4.3) to 6 months (5.9 ± 4.8, 

 = 0.04) and to end of follow-up (5.7 ± 5, p = 0.014) but not

t 3 months (7.1 ± 4.9; p = 0.4) ( Fig. 2 A). Similarly, in UC patients

e observed a statistically significant reduction in pMS from base- 

ine (4.8 ± 2.5) to 6 months (2.1 ± 2.7, p = 0.018) and to end of

ollow-up (1.8 ± 2.6, p = 0.003), but not at 3 months (2.8 ± 2.7; 

 = 0.06) ( Fig. 2 B). 

Clinical efficacy was observed in 52% (12/23) of the patients 

ho received MMF combined with biologics. Biological treat- 

ent was added to previous MMF in 16 patients, reaching clin- 

cal efficacy in 43% ( n = 7) of them, while MMF was added

o biological therapy in 7 patients, with clinical efficacy in 71% 

 n = 5) of them. The concomitant use of biologics and MMF 

as significantly associated with clinical response (OR, 1.36, 95% 

I [1.08–1.73]), though the regression model performed separately 

n both situations did not reveal any association with clinical 

esponse. 

When we explored the changes in CRP values (available in 60 

atients) during follow-up, no significant differences were found 
638 
t any of the pre-established time points versus baseline (baseline 

edian 2.3 mg/L; IQR [7.4–21]). 

Hospitalization was required by 27% (22/83) of patients (CD 

4.2% CD and UC 35.3%). Ten percent (8/83) of patients (12% 

D and 0% UC) underwent surgery during MMF treatment. No 

eaths occurred during MMF administration. No association was 

ound between clinical response and use of steroids or IBD 

ype. 

.3. Retention rate and safety profile of mycophenolate mofetil 

MMF treatment was maintained for a median of 28.9 months 

IQR: 20.4–37.5) ( Fig. 3 ), with 69.1% of patients receiving the drug 

or at least 6 months. MMF was maintained as a combined treat- 

ent with biologic agents for a median of 6 months (IQR: 5.5–

2.3). 

Treatment with MMF was terminated during follow-up in 84% 

68/83) of patients (41 due to insufficient response; 14 because 

f loss of response; 12 due to remission, and 1 because of other 

auses). 

There were no severe AEs. A total of 22.8% (19/83) patients de- 

eloped AEs related to MMF, with abdominal pain being the most 

requent ( Table 3 ). In 47.3% (9/19) of these patients AEs resulted in

rug discontinuation. 

. Discussion 

In our study, including 83 patients with IBD, MMF has shown 

ong-term benefits in both UC and CD selected patients, with a 

anageable safety profile when used either in monotherapy or in 

ombination with biologics. A statistically significant reduction in 

linical scores was observed from baseline to 6 months and to end 

f follow-up. To our knowledge, this is the largest clinical real- 

orld study of IBD patients in which the clinical benefit of MMF 

as been assessed. 

The efficacy of MMF has been clearly demonstrated in allograft 

ransplant recipients, and in several autoimmune [ 7 , 23–26 ] and 

hronic inflammatory disorders [ 6 , 27 , 28 ]. In IBD, despite its poten-

ial application, data on the efficacy of MMF have not been ob- 

ained in hard-to-treat patients [ 18–22 , 32–36 ]. Most of the stud- 

es have been retrospective, using heterogeneous endpoints and 

mall populations leading to inconsistent outcomes [ 15–19 , 32–34 ]. 

he use of MMF in IBD has been reported particularly in patients 

ho are steroid-dependent, and refractory or intolerant to more 

onventional therapies [ 16–19 , 29-33 ]. Neurath et al. found that 

MF combined with prednisolone may be an effective and well- 

olerated treatment for patients with active CD, with beneficial ef- 

ects comparable to those of thiopurines [30] . 

In our study, 90% of patients had previously received immuno- 

uppressants. At the beginning of MMF treatment systemic steroids 

ere co-administered in 61% of cases, and were used concomi- 

antly with biologic agents in 27.3%. To date, data on MMF effi- 

acy among patients previously exposed to anti-TNF α agents were 

nly available in 13 patients from 3 different case series [15–17] . 

ndeed, one of the most appealing potential applications of MMF 

ay be in patients developing secondary non-response to anti- 

NF α monotherapy [ 4 , 34 ]. As could be expected, in our study the

oncomitant use of biologics was significantly associated with clin- 

cal response, as shown by the regression model. 

We observed a clinical benefit in nearly 65% of our cohort, with 

5.6% of patients achieving steroid-free clinical remission at the 

nd of follow-up. Of note, a statistically significant reduction from 

aseline in both HBI and pMS was observed at 6 months and at 

he end of follow-up. Fellerman et al. revealed contradictory find- 

ngs in a population of thiopurine-naïve IBD patients, with only 4% 

chieving remission with MMF at 6 months [5] . In a retrospective 
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Fig. 2. Clinical activity during follow-up of treatment with mycophenolate mofetil in Crohn’s disease (A) and ulcerative colitis (B) patients. Activity was determined at 

baseline, at 3 and 6 months, and at the end of follow-up. HBI: Harvey-Bradshaw Index; pMS: partial Mayo score; m: months. 

Fig. 3. Mycophenolate mofetil retention rate by disease type. CD: Crohn’s disease; 

UC: Ulcerative colitis; MMF: Mycophenolate mofetil. 
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Table 3 

Adverse events, surgeries, and hospital- 

izations observed during the study. Data 

are expressed as number (%). 

Adverse events 

Total 19 

Abdominal pain 10 (52.6) 

Nausea 3 (15.7) 

Diarrhea 3 (15.7) 

Arthralgia 2 (10.5) 

Esophageal candidiasis 1 (0.05) 
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K case series of 70 patients with IBD, 24% achieved steroid-free 

emission after a mean follow up of 28 months [16] , similar to the

gures reported by McDermott et al. with a remission rate of 29% 

t 1 year [35] . A higher remission rate has been described in a

ore recent retrospective analysis performed by Smith et al. on 36 

BD patients treated with MMF for a median of 21.5 months [15] . 

t 8 weeks, 81% of patients had either achieved or maintained re- 

ission, and after 6 months 58% were in sustained steroid-free re- 

ission. At the end of the observation period, 81% of patients re- 

ained on MMF. Thirteen patients maintained steroid-free remis- 

ion, with a median time of 21.4 months in remission. 
639 
Fifty-two percent of the patients who used MMF combined 

ith biologics in our study showed clinical efficacy. These val- 

es were 43% and 71% when biological treatment was added to 

revious MMF or when MMF was added to the biological ther- 

py, respectively. The regression model performed separately in 

oth schemes did not reveal any association with clinical response, 

robably due to the small sample size, even though globally there 

as a signifficant association between the concomitant use of bio- 

ogics and MMF and the clinical response. 

In 2015, Eigner et al. [14] evaluated MMF in combination with 

n anti-TNF α agent in 17 patients intolerant to azathioprine who 

ere compared to 29 randomly chosen patients treated with MMF 

n combination with azathioprine for a median follow up of 12 

onths. Treatment response for both groups was similar. Macaluso 

t al. [4] reported in 2017 the clinical benefit of MMF in 24 pa-

ients with IBD and multiple previous failures of other immuno- 

uppressants and/or biologics. Four weeks after MMF initiation 

teroid-free remission was achieved in 16.7% of patients, and clini- 

al response in 54.1%. At the end of follow-up, half of the patients 

emained on MMF. Six achieved and maintained steroid-free re- 

ission throughout the study period (25%), and a further 6 pa- 

ients achieved a clinical response with complete discontinuation 

f steroids. 

In our study, MMF treatment was maintained for a median du- 

ation of almost 29 months, with 69.1% of patients receiving the 

rug for at least 6 months. With respect to its side-effect profile, 

he available studies reported discontinuation rates due to EAs of 

–36% [ 11–14 , 29–34 ], with one of the commonest adverse events 

eing diarrhea (enterocytes are vulnerable to its antimetabolic ef- 

ects, which hamper their growth and replication, and alter fluid 

bsorption) [36] . Nevertheless, it has also been reported that MMF 

as fewer side effects than other immunosuppressants [18] . Smith 
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t al. [15] found MMF to be well tolerated: 19% of patients had 

As but only 6% discontinued MMF for this reason, with dose re- 

uction being a useful strategy perhaps not employed in other 

tudies. In our study, 22.8% of patients developed AEs related to 

MF. There were no serious EAs, only one case of infection and no 

ases of neutropenia. Diarrhea was present in less than 1% (3/83) 

f the study population. In the previously cited study by Macaluso 

t al. 5 of 12 patients (considered as treatment failures) under- 

ent surgery [4] . This reduced number of adverse events could be 

ue to the retrospective collection of data, particularly if they were 

ild. In our population, surgery was required for 10% of patients 

uring MMF treatment. 

The advent of new agents has revolutionized the therapy of 

oderate-to-severe IBD patients. However, the IMM like MMF still 

ould play a role in the treatment of patients with IBD who have 

articular characteristics, in specific scenarios and in places where 

he access to biologic is not optimal. In this context, our study of 

he role of MMF can offer a wide range of useful clinical data. 

The present study is subject to a series of limitations. First, as is 

ften the case in retrospective, multicenter, and observational stud- 

es, data collection is heterogeneous; however, in order to reduce 

his bias, data were double-checked. As it is a real-world study, 

reatment prescription and patient monitoring were performed at 

he physician’s discretion, with the attendant inter-observer vari- 

bility. Second, we used HBI because, in a retrospective study, the 

ariables associated with this index are easier to collect from the 

linical history, though they may not be very objective. The retro- 

pective review only allowed us to collect scarce data on the en- 

oscopic evolution of these patients, so they are not included in 

he results presented. Finally, HB and pMS data were not available 

or all patients. However, and to our knowledge, this is the largest 

opulation of IBD patients in which the benefit of MMF in a real- 

orld setting has been analysed, shedding light on a field were 

ata are scarce. 

. Conclusion 

In conclusion, we report data on the efficacy and safety of MMF 

n IBD patients, administered either as monotherapy or in combi- 

ation with biologic agents. Our results show the effectiveness and 

afety of the drug in selected CD and UC patients, thus suggesting 

he benefits of MMF administration for patients with primary non- 

esponse to or contraindication of IMMs or biologics. We propose 

hat MMF might be an option for patients refractory or not toler- 

nt to IMMs, and could also be used concomitantly with biologics. 

rospective studies are necessary to clarify these recommendations 

nd further evaluate these findings. 
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