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CLINICAL AND TRANSLATIONAL RESEARCH

Enteric-Coated Mycophenolate Sodium Versus
Mycophenolate Mofetil in Renal Transplant Recipients

Experiencing Gastrointestinal Intolerance:
A Multicenter, Double-Blind, Randomized Study

Anthony J. Langone,1,5 Laurence Chan,2 Paul Bolin,3 and Matthew Cooper4

Background. Two open-label studies demonstrated that conversion from mycophenolate mofetil (MMF) to enteric-coated
mycophenolate sodium (EC-MPS) significantly reduces gastrointestinal (GI) symptom burden and improves GI-specific
health-related quality of life. Using a randomized design, this study evaluated changes in GI symptoms and health-related
quality of life in patients converted from MMF to EC-MPS versus patients who continued with MMF-based treatment.
Methods. In this 4-week, multicenter, randomized, prospective, double-blind, parallel-group trial, renal transplant
recipients with GI symptoms receiving MMF plus a calcineurin inhibitor�corticosteroids were randomized to an
equimolar dose of EC-MPS�MMF placebo or continue on their MMF-based regimen�EC-MPS placebo. The primary
efficacy outcome was a change from baseline in total Gastrointestinal Symptom Rating Scale score of a minimally
important difference of more than or equal to 0.3.
Results. Three hundred ninety-six patients (EC-MPS group: n�199; MMF group: n�197) were included. A greater
proportion of EC-MPS patients (62%) reached the primary efficacy outcome compared with MMF patients (55%);
however, the difference was not statistically significant (P�0.15). EC-MPS patients had a significantly greater decrease
in the Gastrointestinal Symptom Rating Scale indigestion syndrome dimension versus MMF patients. Within the
subgroups of patients with diabetes, patients transplanted 6 to 12 months of study enrollment, and patients on steroids,
a statistically significant greater proportion of EC-MPS versus MMF patients reached the primary efficacy outcome.
Conclusions. Conversion from MMF to EC-MPS may be associated with improvements in presence and severity of GI
symptoms, particularly in patients with indigestion, diabetes, on steroids, and in patients converted between 6 and 12
months posttransplantation.
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Mycophenolate mofetil (MMF, CellCept, Nutley, NJ) is an
esterified prodrug of mycophenolic acid (MPA), which

inhibits inosine monophosphate dehydrogenase and conse-
quently the pathway of de novo guanosine nucleotide synthe-
sis. T and B lymphocytes are critically dependent on de novo

synthesis of purines for their proliferation, whereas other cell
types can use salvage pathways. As a consequence, the cyto-
static effects of MPA are more selective for lymphocytes than
on other cell types (1).

MMF is associated with excellent short- and long-term
efficacy after renal transplantation (2–5). However, dose re-
ductions, omissions, and impaired compliance subsequent to
MMF-related gastrointestinal (GI) toxicity are associated
with an increased risk of rejection (6 – 8) and graft loss (8 –
10). MMF dose adjustments are also associated with in-
creased short-term treatment costs (7).

Enteric-coated mycophenolate sodium (EC-MPS [My-
fortic, Novartis, East Hanover, NJ]) is an advanced formula-
tion of MPS that delays the release of the MPA until it reaches
the duodenum where the enteric pH rises above 5. EC-MPS
was developed with the aim to improve GI tolerability of
MPA therapy. EC-MPS is not bioequivalent to MMF (11),
although the area under the curve is similar, and EC-MPS is
equal in efficacy and safety to MMF (12–14). Compared with
MMF, the use of EC-MPS is associated with fewer dose
changes, interruptions, and discontinuations (15).
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Two published open-label trials concluded that GI im-
provements occurred after a conversion from MMF to EC-MPS.
Patient Reported Outcomes in Renal Transplant Patients with or
without Gastrointestinal Symptoms (PROGIS) was a 1-month,
longitudinal, international, multicenter trial where GI outcomes
were evaluated for patients with MMF-associated GI complaints
converted to EC-MPS. Conversion to EC-MPS was associated
with significantly reduced GI-related symptom burden and im-
proved patient functioning and well being (16). The study also
incorporated a cohort where patients without GI complaints
who remained on MMF were followed up.

MyTime was a 3-month, longitudinal, US multi-
center, prospective trial in adult renal transplant patients
with self-reported GI symptoms considered by their phy-
sician to be related to MMF who were converted to an
equimolar dose of EC-MPS. Significantly reduced GI
symptom scores, improved GI-specific quality of life, and
improved overall well being were observed after conver-
sion from MMF to EC-MPS (17).

This study was conducted to further evaluate the
potential for GI tolerability improvements in an MMF to EC-
MPS conversion protocol. The aim of this study was to inves-
tigate, in a blinded, randomized fashion, the safety and
tolerability of converting kidney transplant recipients with
MMF-associated GI symptoms to an equimolar dose of EC-
MPS. The comparator arm was composed of patients who
continued on their MMF-based regimen.

RESULTS

Patient Disposition and Baseline Characteristics
Details on patient disposition are included in Table 1.

Four hundred patients from 67 centers (56 United States, 6
Canada, and 5 Mexico) were enrolled in the study (200 in
EC-MPS group and 200 in MMF group). The ITT and safety
population included 199 (99.5%) of enrolled patients in the
EC-MPS group and 197 (98.5%) of enrolled patients in the
MMF group. The per-protocol population included 170
(85.0%) of enrolled patients in the EC-MPS group and 171
(85.5%) of enrolled patients in the MMF group.

Patients in the EC-MPS and MMF groups were similar
in demographic characteristics with no statistically significant
differences between the groups in age, gender, race, time since
most recent transplant, or types of end-stage renal disease
leading to transplantation (Table 2). Mean GSRS total scores
at baseline were the same for EC-MPS and MMF (2.6�0.9)
patients. There was no difference in the use of proton pump
inhibitors (EC-MPS 105 [52.8%] and MMF 106 [53.8%]). De-
mographic and background characteristics in the per-protocol
population were similar to those in the ITT population.

MPA Exposure
The average daily dose of MMF at baseline was similar

in both groups (1410 vs. 1389 mg MMF) as was the mean and
median duration of exposure to study medication. Most
(�95%) of the patients received more than or equal to 2
weeks of exposure to study medication, and 59% of patients
in the EC-MPS and 61% in the MMF group received 30 days
of exposure. However, 90.9% had more than or equal to 27
days of exposure. At the end of the study, the average doses

(equimolar) were 1053 mg EC-MPS (the equivalent of 1465
mg MMF) and 1491 mg MMF (1102 mg as MPA).

Primary and Secondary Efficacy Results
A numerically greater proportion of patients in the EC-

MPS group (62%) had an improvement in GSRS total score
of at least 0.3 compared with patients in the MMF group
(55%). However, the difference in response rates was not sta-
tistically significant (P�0.15). Similarly, for the per-protocol
population, a numerically greater proportion of patients in
the EC-MPS group (64%) had an improvement in GSRS total
score of at least 0.3 compared with patients in the MMF group
(58%). However, the difference in response rates was not sta-
tistically significant (P�0.25).

One patient in the MMF group experienced BPAR
(Banff type I-A) that was noted at visit 2 because of an in-
crease in serum creatinine to 1.9 mg/dL. The patient was
treated with methylprednisolone and rehydrated, and the
event was considered resolved 10 days later. There were no
cases of AR in the EC-MPS group.

TABLE 1. Patient disposition

Category

Treatment group

EC-MPS,
n (%)

MMF,
n (%)

Screened (n�412)

Enrolleda 200 (100.0) 200 (100.0)

ITT and safety populationb 199 (99.5) 197 (98.5)

Per-protocol populationc 170 (85.0) 171 (85.5)

Completed study medication 186 (93.0) 185 (92.5)

Discontinued study medication 13 (6.5) 12 (6.0)

Reason discontinued

Adverse eventd 9 (4.5) 8 (4.0)

Protocol violation 2 (1.0) 0 (0.0)

Withdrew consent 1 (0.5) 3 (1.5)

Lost to follow-up 0 (0.0) 1 (0.5)

Administrative problems 1 (0.5) 0 (0.0)

Completed study 195 (97.5) 191 (95.5)

Discontinued study 4 (2.0) 6 (3.0)

Reason discontinued

Withdrew consent 1 (0.5) 5 (2.5)

Lost to follow-up 2 (1.0) 1 (0.5)

Administrative problems 1 (0.5) 0 (0.0)

a All percentages are based on the number of patients enrolled.
b ITT population consists of all patients who received study drug.
c Per-protocol population consists of all patients who completed the

study without any major deviations from the protocol procedure. Reasons
for exclusion from the per-protocol population included study medication
taken for less than 17 d (nine EC-MPS and nine MMF), nonequimolar con-
version from MMF (seven EC-MPS and six MMF), ongoing infection requir-
ing therapy (five EC-MPS and three MMF), and MMF taken tid before
enrollment in the study (two EC-MPS and two MMF).

d Three patients discontinued study medication early because of BK virus
infections and are included in this count.

EC-MPS, enteric-coated mycophenolate sodium; MMF, mycophenolate
mofetil; ITT, intent-to-treat.
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Secondary Safety and Tolerability Results

The Proportion of Patients With GI Adverse Events
During the 30 Days of Treatment

GI adverse events (AEs) were relatively frequent (39%
EC-MPS and 46% MMF) and constituted the system organ
class with the highest number of AEs overall (Table 3). The
proportion of patients with severe GI AEs was similar in both
groups (11% EC-MPS and 13% MMF). Related GI AEs oc-
curred at a similar frequency in both groups (20% EC-MPS
and 22% MMF). Serious GI AEs occurred at a low rate in both
groups (1% EC-MPS and 2.5% MMF).

Change From Baseline to Day 30 in Severity of GI
Symptoms

Patients in the EC-MPS group had a statistically signif-
icant (P�0.03) greater improvement in total GI symptom
score from baseline to day 30 than patients in the MMF
group. Patients in the EC-MPS group also had a statistically
significant (P�0.05) greater improvement in GI symptom

subscale symptom scores including eructation, lower GI,
constipation, and flatulence, compared with patients in the
MMF group (Table 4).

Dose Changes or Interruptions
Dose changes or interruptions were relatively infre-

quent and did not significantly differ (P�0.44) between the
treatment groups (11/199 [5.5%] patients in the EC-MPS
group vs. 12/197 [6.1%] patients in the MMF group had dose
changes or interruptions of study medication over the 30 days
of treatment). Dose adjustments were most commonly made
as per protocol (7 [3.5%] EC-MPS and 5 [2.5%] MMF), re-
flecting dose increases back to baseline levels after a decrease
or interruption or because of AEs (e.g., leucopenia, thrombo-
cytopenia, neutropenia, or anemia; 5 [2.5%] EC-MPS and 8
[4.1%] MMF), primarily affected by dose decreases in re-
sponse to these laboratory values. No patients had their dose
interrupted for safety reasons for more than 4 consecutive
days during the first 2 weeks of the study or for more than 12

TABLE 2. Baseline demographic and background characteristics by treatment group

Treatment group

EC-MPS (N�199) MMF (N�197) P

Age (yr)

Mean�SD 48.4�13.4 48.4�12.6 0.9562a

Sex, n (%)

Female 105 (52.8) 95 (48.2) 0.3662b

Male 94 (47.2) 102 (51.8)

Race, n (%)

White 112 (56.3) 119 (60.4) 0.8743b

Black 49 (24.6) 44 (22.3)

Asian 8 (4.0) 7 (3.6)

Other 30 (15.1) 27 (13.7)

Time since most recent transplant (d)c

Mean�SD 1136.2�1269.2 1011�1176.0 0.4146d

Median 541.0 562.0

Range 27–6141 30–7688

End-stage disease leading to transplantation, n (%)

Glomerulonephritis/glomerular disease 36 (18.1) 37 (18.8)

Pyelonephritis 3 (1.5) 2 (1.0)

Polycystic disease 26 (13.1) 19 (9.6)

Hypertension/nephrosclerosis 34 (17.1) 37 (18.8)

Diabetes mellitus 38 (19.1) 40 (20.3)

Interstitial nephritis 3 (1.5) 0 (0.0)

Vasculitis 1 (0.5) 0 (0.0)

Obstructive disorder/reflux 5 (2.5) 3 (1.5)

Renal hyperplasia/dysplasia 0 (0.0) 1 (0.5)

Unknown origin 13 (6.5) 13 (6.6)

Other 40 (20.1) 45 (22.8)

a P value based on t test.
b P value based on �2 test.
c Date of study day 1 minus date of most recent transplantation.
d P value based on Wilcoxon t test.
SD, standard deviation; EC-MPS, enteric-coated mycophenolate sodium; MMF, mycophenolate mofetil.
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consecutive or cumulative days during the 30-day study pe-
riod. The total number of patients with any amount of drug
interruption was trivial. Three patients in the EC-MPS treat-
ment arm and two patients in the MMF group interrupted the
study drug for a cumulative total of 14 days among the five
patients.

Change From Baseline to Day 30 in GSRS Total and
Dimension Scores and in GIQLI Total and Subscale Scores

Statistically significant (P�0.0001) decreases from
baseline in overall GSRS were seen in both the EC-MPS
(mean decrease from baseline to day 30: �0.6�0.9) and
MMF (�0.5�1.0) treatment groups. Between-group differ-
ences in change from baseline at day 30 were not statistically
significant (P�0.05). GSRS dimension scores were similar for
the EC-MPS and MMF groups at baseline and declined in
both groups at day 30 compared with baseline. A statistically
significant (P�0.02) greater decrease for the indigestion syn-
drome was seen in the EC-MPS group compared with the
MMF group (mean change: EC-MPS: �0.7�1.2 and MMF:
�0.5�1.4). Statistically significant changes from baseline to
day 30 were not observed for diarrhea, constipation, abdom-
inal pain, or reflux.

The baseline GIQLI scores were similar between the
treatment groups (P�0.05). The mean overall and subscale
scores significantly (P�0.003) improved in both treatment
groups compared with baseline with no statistically signifi-
cant difference between the EC-MPS and MMF groups in the
change from baseline.

Proportion of Patients at Day 30 Who Were Free of at
Least One of the GI Symptoms That Were Present at
Baseline

There were no statistically significant (P�0.62) differ-
ences between treatment groups in the proportion of patients
who were free of diarrhea, dyspepsia, acid reflux, or abdom-
inal pain that was present at baseline (% free of symptom at
day 30: EC-MPS: 65% and MMF: 62%). For diarrhea specif-
ically, the proportion of patients who were symptom free was
numerically greater in the EC-MPS group (42%) compared
with the MMF group (35%), but the difference was not sta-
tistically significant (P�0.33). The proportion of patients
whose diarrhea improved (EC-MPS: 64% and MMF: 67%),
remained the same (EC-MPS: 30% and MMF: 30%), or wors-
ened (EC-MPS: 6% and MMF: 3%) since baseline was similar
in both groups (P�0.28). A greater proportion of patients in
the MMF (43%) versus the EC-MPS (37%) group had a new
or worsening GI AE during the study; however, the difference
was not statistically significant (P�0.10).

OTE-HRQoL Scores at Day 30
The mean OTE-HRQoL score declined in both the EC-

MPS (mean decrease: �1.7�3.2) and the MMF (mean de-
crease: �1.9�2.7) treatment groups compared with baseline,
but there was no statistically significant difference between
the treatment groups (P�0.57). Categorical changes from
baseline (better: EC-MPS�43% and MMF�48%; same: EC-
MPS�50% and MMF�46%; worse: EC-MPS�7% and
MMF�6%) at day 30 were also similar between the groups
(P�0.32).

Efficacy Results: Planned Subgroup and Post Hoc
Analyses

Because CNIs can contribute significantly to GI side
effects and are more likely in patients taking tacrolimus, a
separate analysis was performed for cyclosporine versus ta-
crolimus patients. If CNIs played a role in the patient’s GI
symptoms at baseline, they would have been randomized
equally to the EC-MPS and MMF arms. No significant differ-
ence in response rate was observed between EC-MPS and
MMF patients using tacrolimus (61.4% EC-MPS and 54.3%
MMF, P�0.32), patients using cyclosporine (66.7% EC-MPS
and 60.0% MMF, P�0.60), patients not taking steroids
(53.0% EC-MPS and 77.0% MMF, P�0.10), patients without
diabetes (58.6% EC-MPS and 62.0% MMF, P�0.97), pa-
tients with transplant dates less than or equal to 6 months
(58.5% EC-MPS and 56.5% MMF, P�0.91) or more than 12
months of study start (60.4% EC-MPS and 55.9% MMF,
P�0.74), or between EC-MPS, and MMF African American
patients (63.3% EC-MPS and 52.3% MMF, P�0.29).

A statistically significantly better response rate was ob-
served for EC-MPS versus MMF patients in the subgroup of
patients with diabetes (EC-MPS: n�70 and MMF: n�76)
present pretransplantation (EC-MPS: 69.6% vs. MMF:
44.7%, P�0.009). There were no differences in time since
transplant, study drug dosing, MPA levels, GI medication, or
insulin use between the EC-MPS- and MMF-treated patients
with diabetes. Other subgroups with statistically significant
better response rates included patients who had a transplant
date between more than 6 months and less than or equal to 12

TABLE 3. Treatment-emergent GI AEs affecting �2% of
patients in any treatment group

Treatment group

P

EC-MPS
(N�199),

n (%)

MMF
(N�197),

n (%)

Patients with at least one
GI AEa

77 (38.7) 91 (46.2) 0.1545

Abdominal distension 27 (13.6) 31 (15.7) 0.5719

Diarrhea 22 (11.1) 19 (9.6) 0.7420

Dyspepsia 19 (9.5) 17 (8.6) 0.8616

Nausea 11 (5.5) 23 (11.7) 0.0320

Flatulence 11 (5.5) 19 (9.6) 0.1325

Eructation 9 (4.5) 20 (10.2) 0.0348

Abdominal pain upper 9 (4.5) 18 (9.1) 0.0754

Abdominal pain lower 11 (5.5) 14 (7.1) 0.5426

Intestinal functional
disorder

10 (5.0) 14 (7.1) 0.4079

Gastroesophageal reflux
disease

13 (6.5) 9 (4.6) 0.5115

Constipation 7 (3.5) 15 (7.6) 0.0829

Vomiting 6 (3.0) 11 (5.6) 0.2258

a A patient with multiple occurrences of an AE is counted only once in the
AE category for that treatment.

GI, gastrointestinal; AE, adverse event; EC-MPS, enteric-coated myco-
phenolate sodium; MMF, mycophenolate mofetil.
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months of the study start date (EC-MPS: 75.8% vs. MMF:
50.0%, P�0.035) and patients taking steroids (EC-MPS:
65.0% vs. MMF: 50.6%, P�0.012; Fig. 2).

DISCUSSION
This is the first randomized, double-blinded study to

compare GI symptom burden between maintenance renal
transplant patients with MMF-related GI symptoms con-
verted to EC-MPS and patients maintained on MMF. In this
study, 62% of patients converted from MMF to EC-MPS
reached the primary efficacy endpoint of a clinically impor-
tant improvement in GSRS score of at least 0.3 compared
with 55% of patients maintained on MMF. However, the dif-
ference between the groups was not statistically significant
(P�0.15). Patients converted to EC-MPS did have a statisti-
cally significant greater decrease in the GSRS indigestion
syndrome dimension. In addition, patients converted to EC-
MPS had a statistically significant improvement in severity of
overall and specific GI symptoms (eructation, lower GI, con-
stipation, and flatulence) during the 30-day course of the
study compared with patients maintained on MMF. Patients
in the EC-MPS group had numerically lower frequencies of
GI-related AEs, new or worsening GI AEs during the study,
and a numerically greater frequency of freedom from GI
symptoms present at baseline. The pattern of data regarding
improvements in GI-related outcomes tended to favor con-
version from MMF to EC-MPS, despite that some of these
differences were not statistically significant. This improve-
ment in GI outcomes with EC-MPS is consistent with previ-
ously published open-label studies (16, 17). Similar to other
studies, the incidence of AR was low and comparable between
the EC-MPS and MMF groups.

Independent of anticipated confounding variables, a
significantly greater proportion of patients with diabetes in
the EC-MPS conversion group had an improvement in GSRS
score of at least 0.3 compared with those in the MMF-
maintained group. Diabetes was the second leading primary
cause of kidney failure for kidney transplants performed be-
tween 1997 and 2006. Within the deceased-donor, expanded
criteria donor-kidney population, diabetes is the leading pri-
mary cause of kidney failure (27). The true prevalence of di-
abetes in the renal transplant population may be higher, as a

TABLE 4. Change from baseline to day 30 in severity of GI symptoms

Treatment group

EC-MPS MMF

BL
(N�198)

Day 30
(N�193)

Change from BL
(N�193)

BL
(N�195)

Day 30
(N�191)

Change from BL
(N�189) Pa

Overall total scoreb 0.7�0.4 0.4�0.4 �0.3�0.4 0.6�0.4 0.4�04 �0.2�0.4 0.026

Upper GI subtotalc 0.6�0.5 0.3�0.4 �0.3�0.5 0.6�0.4 0.4�0.4 �0.2�0.4 0.057

Eructationd 0.9�1.0 0.4�0.7 �0.4�0.8 0.7�0.8 0.5�0.8 �0.2�0.7 0.001

Lower GI subtotale 0.8�0.5 0.5�0.5 �0.4�0.5 0.8�0.5 0.5�0.5 �0.2�0.5 0.038

Constipationd 0.4�0.8 0.2�0.6 �0.2�0.7 0.3�0.7 0.3�0.7 0.0�0.5 0.004

Flatulence increasedd 1.0�1.0 0.6�0.9 �0.4�0.8 1.0�1.0 0.7�0.9 �0.2�0.8 0.007

Data are presented as mean�standard deviation.
a P value for treatment group comparison for change from BL based on analysis of covariance; model includes baseline severity score, center, and treatment

group.
b Mean of severity ratings of 16 individual symptoms; severity rating: 0�absent, 1�mild, 2�moderate, and 3�severe.
c Mean of severity ratings of 10 individual symptoms for upper GI tract; severity rating: 0�absent, 1�mild, 2�moderate, and 3�severe.
d Severity rating: 0�absent, 1�mild, 2�moderate, and 3�severe.
e Mean of severity ratings of six individual symptoms for lower GI tract; severity rating: 0�absent, 1�mild, 2�moderate, and 3�severe.
EC-MPS, enteric-coated mycophenolate sodium; MMF, mycophenolate mofetil; BL, baseline; GI, gastrointestinal.

FIGURE 2. Response rates at day 30, enteric-coated my-
cophenolate sodium (EC-MPS) versus mycophenolate
mofetil (MMF), by specific subgroups. Black bars: EC-MPS;
gray bars: MMF; response�an improvement in Gastrointes-
tinal Symptom Rating Scale total score of at least 0.3. The
response rate for EC-MPS patients with diabetes identified
by the transplant center pretransplant was significantly
greater than MMF patients with diabetes. The response rate
for EC-MPS patients who also received steroids was signif-
icantly greater than MMF patients who also received ste-
roids. The response rate for EC-MPS patients who had their
transplant between more than 6 months to less than or equal
to 12 months from the start of the study was significantly
greater than MMF patients with a transplant date between
more than 6 months to less than or equal to 12 months at the
start of the study.
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significant proportion of recipients reported as having a primary
underlying condition of glomerular disease (the leading under-
lying condition) likely have diabetes. Thus, the population of
kidney transplant recipients with pretransplant diabetes rep-
resents a large segment of the kidney transplant population
that could uniquely benefit from the tolerability of an EC-
MPS-based immunosuppressive regimen. Analysis of three
clinical trials of EC-MPS versus MMF found that clinical
efficacy outcomes (BPAR, death, and graft loss) were compa-
rable between EC-MPS-treated and MMF-treated renal
transplant recipients with diabetes (28).

The lack of statistical significance between the ITT EC-
MPS and MMF groups for the primary efficacy endpoint may
reflect a true lack of difference between EC-MPS and MMF in
GI effects, or alternatively true differences may have been
masked by factors that were not anticipated a priori. Post hoc
subgroup analysis based on time since transplant identified a
potential bias that may have precluded finding statistically
significant improvements in the primary endpoint between
the EC-MPS and MMF groups. Within the subgroup of pa-
tients who were transplanted between more than 6 months
and less than or equal to 12 months of their enrollment in the
study, a statistically significant greater proportion of EC-
MPS-converted patients had an improvement in GSRS score
of at least 0.3. It is possible that the patients with a transplant
date between more than 6 months and less than or equal to 12
months of study enrollment may represent the patients with
GI symptoms most clearly attributable to MMF, and there-
fore, the subgroup most likely to benefit from a conversion to
EC-MPS. No significant difference in the primary endpoint
was observed between the EC-MPS and MMF groups for pa-
tients transplanted 1 to 6 months or those transplanted more
than 12 months from their study enrollment date. There was
a wide range of time since transplantation in the group of
patients with a transplant date more than 12 months of study
enrollment; in fact, some patients were several years post-
transplant at the time of enrollment. It is hypothesized that
these patients may have had GI complaints because of reasons
other than, or in addition to, MMF. This supposition stems
from the notion that MMF-related GI symptoms would likely
occur and lead to MMF dose changes or cessation with the
early use of MMF (i.e., within the first year) and that patients
more than a year posttransplant would have already had their
immunosuppressive regimens altered in response to MMF
intolerability. An analysis of the Scientific Registry of Trans-
plant Recipients data found that the majority of immunosup-
pressive regimen changes for kidney transplant recipients
transplanted between 1998 and 2002 occurred within the first
year posttransplantation (29). Conversely, GI complaints of
patients who are newly transplanted (�6 months) are often
because of the use of other medications with GI side effects
that are ultimately tapered or removed. Magnesium and
phosphorous supplementation, with their innate GI toxicity,
will wane in the majority of transplant patients the further
they are from their date of transplantation. In addition, the
target levels of the CNIs, which are inherently GI toxic, will
decrease in time when target trough levels are lowered. Pro-
phylactic antibiotics that may contribute to GI symptoms
would be removed or dose reduced by 6 months at all centers.
Finally, the postoperative period is fraught with GI concerns

such as constipation because patients are exposed to GI slow-
ing narcotics and nauseating anesthesia.

In addition, 55% of patients maintained on MMF
achieved the primary endpoint. The high response rate sug-
gests that many patients in the study had transient GI symp-
toms because of reasons other than MMF. The large number
of centers participating gives strength to the overall results as
it is less likely that a few centers that might make poor choices
with recruitment would significantly influence the overall re-
sults. The entry criteria allowed physicians per their clinical
acumen and standard of practice to exclude patients with
non-MMF–related GI symptoms without dictating how this
was done (e.g., stool culture or abdominal ultrasound). Pre-
viously completed open-label studies (PROGIS and My-
Time) used this entry criteria, and MyGain was designed to
confirm in a double-blind study the results observed in these
studies.

The double-blind, randomized nature of this study was
a strength of this study over the two previous studies that
evaluated changes in GI complaints after conversion from
MMF to EC-MPS (16, 17). However, some patients may have
experienced a placebo benefit from the possibility of being
switched to another medication or from their participation in
a clinical trial. Finally, we evaluated changes in GI symptoms
and HRQoL at 1 month postconversion to MMF. It is possi-
ble that additional significant differences between the groups
would have been realized with a longer follow-up period. This
was suggested in MyTime where the majority of improve-
ments in GI complaints were seen in the first month; how-
ever, the decrease in GSRS score was found to further decline
at 3 months (17). In PROGIS, the follow-up occurred at 4 to
6 weeks posttransplant, and in fact, GI improvements in some
patients were captured at 6 weeks (16).

A positive effect of myfortic was observed in patients
taking steroids. Although the study was not stratified for ste-
roid use, the majority of patients were taking steroids (80%
EC-MPS and 82% MMF), and the steroid analysis was
planned before the study initiation. Results from this trial
indicate that intervention in patients with self-reported and
personally concerning GI symptoms that are considered to be
related to the use of MMF is associated with improvements in
the presence and severity of GI symptoms and that conver-
sion from MMF to EC-MPS shows a numerical advantage
that does not reach significance. Statistically significant im-
provements in the presence and severity of GI symptoms were
detected in patients with pretransplant diabetes and in pa-
tients converted to EC-MPS between 6 and 12 months post-
transplantation. The results from the post hoc analyses
suggest future modifications to the experimental design that
may potentially lead to better characterization of patients
with GI symptoms who may benefit from conversion of MMF
to EC-MPS. It should be emphasized that these statistically
significant benefits were discovered on post hoc analysis and
might not prove to hold true whether these specific popula-
tions are vetted in a prospective study.

MATERIALS AND METHODS

Study Design and Conduct
MyGAIN (Myfortic [Novartis, East Hanover, NJ] and MMF [CellCept,

Nutley, NJ] when administered in combination with calcineurin inhibi-
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tors [CNI] in renal transplant recipients experiencing GI intolerance) was
a 4-week, multicenter, randomized, prospective, double-blind, parallel-
group trial in which MMF-treated and EC-MPS-treated adult renal trans-
plant patients were evaluated for GI symptom burden and health-related
quality of life (HRQoL) (clinical trial NCT00400400). The follow-up of 4
weeks was chosen because it was adequate in the PROGIS and US02
(myTIME) studies to demonstrate a statistical change in response.

Patients with self reported and personally distressing GI complaints,
which the investigators determined to be related to MMF, were randomly
assigned to one of the following two treatment arms in a 1:1 ratio: group 1:
equimolar dose of EC-MPS�MMF placebo�CNI�steroids; group 2:
MMF�EC-MPS placebo�CNI�steroids (Fig. 1). Twelve-hour trough MPA
concentrations in peripheral blood were measured at baseline and day 30 to
monitor compliance with study medication.

Randomization
Study medications were double blinded. Patients, investigator staff, per-

sons performing the assessments, and data analysts were blinded to the iden-

tity of the treatment from the time of randomization until database lock,
using the following methods: (1) randomization data were kept strictly con-
fidential until the time of unblinding and (2) the identity of the treatments
was concealed by using study drugs with matching placebos that were iden-
tical in packaging, labeling, schedule of administration, appearance, and
odor. A double-dummy design was used because the identity of the study
drugs could not be disguised because of their different forms.

At the baseline visit, all patients who fulfilled the inclusion or exclusion
criteria for the study and provided informed consent were assigned a ran-
domization number in the order in which they were enrolled, each successive
patient receiving the lowest number available at the site. The randomization
list was generated by Novartis Drug Supply Management using a validated
system that automated random assignment of treatment arms to randomiza-
tion numbers in a 1:1 ratio. The randomization numbers ranged from 1001
to 2268 and were assigned to sites in blocks of 4; numbers were entered on the
randomization case report form only. On all other case report forms, patients
were identified only by their 9-digit patient identification number.

Patient Population
Eligible patients were those aged 18 to 75 years who had undergone renal

transplants at least 4 weeks from baseline and had been receiving an immuno-
suppressive regimen that included MMF (up to 3 g/day dosage allowed)�Neoral
(Novartis, East Hanover, NJ) (or its generic equivalent, cyclosporine United
States Pharmacopeia [MODIFIED]) or tacrolimus, with or without corticoste-
roids, and with self-reported but personally distressing GI symptoms deter-
mined to be associated with MMF therapy. The study was not stratified for
steroid use, and steroid doses were permitted to be altered during the study.
Major exclusion criteria included: multiorgan transplant patients, severe GI
disorder, preexisting significant GI conditions without a presumed causal
relationship with MMF, modification of GI medication or MMF dose
within 1 week before baseline, evidence of graft rejection, treatment of
acute rejection (AR), unstable renal function within 4 weeks before the
baseline visit, inability to self-administer the study questionnaires, and
patients receiving generic formulations of MMF.

The intent-to-treat (ITT) population, defined as all enrolled patients who
took at least one dose of blinded study medication, was the primary popula-
tion for analysis; the safety population was identical to the ITT population.
The per-protocol population included all patients who received at least 17
days of study drug and completed the study without any major deviations
from the protocol. Planned subgroup analyses were conducted by specific
CNI (tacrolimus and cyclosporine) and for patients with and without ste-
roids; post hoc analysis was conducted for patients with pretransplant dia-
betes, African American patients, and by time since transplantation to study
enrollment (i.e., �6 months, �6 to �12 months, and �12 months).

Patient-Reported Outcomes
Three self-administered questionnaires were used: the Gastrointestinal

Symptom Rating Scale (GSRS) (18 –20), the Gastrointestinal Quality of Life
Index (GIQLI) (18, 21), and the Overall treatment effect (OTE) in HRQoL
(22–25) (Fig. 1); each have been previously validated in renal transplant
recipients (18). The severity of any GI condition was also assessed by the
attending physician.

Primary and Secondary Efficacy Outcomes
The primary efficacy outcome was the proportion of EC-MPS versus MMF

patients with MMF-associated GI intolerance that responded to the intervention
of conversion of MMF to EC-MPS therapy. Response to intervention was de-
fined as meeting or exceeding the minimal important difference of 0.3 in change
from baseline in GSRS total score at day 30. The minimal important differ-
ence is the smallest difference in score in the domain of interest (i.e., sub-
scales of questionnaires) that patients or clinicians perceive to be important,
as beneficial or harmful (26). The secondary efficacy outcomes were the
proportion of EC-MPS versus MMF patients with biopsy-proven acute re-
jection (BPAR) and treated AR.

Patients with mild, moderate, or severe GI complaints attributable to MMF 
therapytherapy

MMF + CNI + Corticosteroids

Day 1 (Visit 1): Randomization (N=400)

Group 1:
(N=199 – ITT population

N=170 – Per protocol population)

EC-MPS (equimolar conversion)

Group 2:
(N=197 – ITT population

N=171 – Per protocol population)

MMF (same pre-trial dosing)EC-MPS (equimolar conversion)
+ CNI + Corticosteroids
+ MMF placebo

MMF (same pre-trial dosing)
+ CNI + Corticosteroids
+ EC-MPS placebo

GSRS, GIQLI, and evaluation of GI 
SymptomatologySymptomatology

Day 30 (Visit 2): End-of-study assessments; GSRS, GIQLI, 
OTE-HRQOL-P, and GI Symptomatologyy p gy

FIGURE 1. Schematic of study design. GI, gastrointesti-
nal; MMF, mycophenolate mofetil; CNI, calcineurin inhibi-
tor; EC-MPS, enteric-coated mycophenolate sodium; GSRS,
Gastrointestinal Symptom Rating Scale, a 15-item instru-
ment assessing symptoms associated with common GI dis-
orders. It has five subscales/dimensions (reflux, diarrhea,
constipation, abdominal pain, and indigestion). Subscale
scores range from 1–7, and higher scores represent higher
symptom burden (i.e., more discomfort). Each of the GSRS
dimensions was summarized by determining the mean of
the individual questions within that dimension. The total
score was also determined by computing the mean of all 15
questions. GIQLI: Gastrointestinal Quality of Life Index, a
36-item GI-specific health-related quality of life (HRQoL)
instrument with five subscales (GI symptoms, emotional
status, physical function, social function, and stress of med-
ical treatment), and scores ranging from 0 to 4, and a total
score ranging from 0 to 144. Higher scores indicate better
GI-specific HRQoL. OTE-HRQL-P, overall treatment effect
for health-related quality of life; the OTE was used to assess
change in HRQoL since the baseline visit. Higher scores
represent greater improvement or deterioration, depend-
ing on the scale. GI symptomotology: the severity of any GI
condition was assessed by the attending physician as 0 for
absent, 1 for mild, 2 for moderate, and 3 for severe. In ad-
dition, total scores were determined for upper GI tract
symptoms, lower GI symptoms, and overall symptoms.
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Secondary Safety Outcomes
Secondary safety outcomes included: the proportion of patients with no new

or worsening GI symptoms within 30 days, the change from baseline in the
severity of GI symptoms at day 30, the proportion of patients with dose changes
or interruptions of study medication within 30 days, the change from baseline in
GSRS total and subscale scores at day 30, the change from baseline in GIQLI total
and subscale scores at day 30, the proportion of patients at day 30 who were free
of at least one GI symptoms that was present at baseline (diarrhea, dyspepsia, acid
reflux, and abdominal pain), the proportion of patients at day 30 who were free
of diarrhea that was present at baseline, HRQoL OTE scores at day 30, and the
change in the severity of diarrhea from baseline to day 30.

Statistical Analyses
For the primary efficacy outcome, response rates were summarized as num-

ber and percent of responders in each treatment group. A Cochran-Mantel-
Haenszel test, adjusting for center was used to test for a significant difference
between groups in response to treatment. For the secondary efficacy evaluations,
the proportion of patients with BPAR or AR-treated patients at day 30, the num-
ber and percent of AR per patient, and the severity of BPAR, assessed according
to the Banff ’97 criteria, were summarized descriptively.

For the continuous secondary safety evaluations, the change from base-
lines were compared between treatment groups using an analysis of covari-
ance model with baseline measurement as a covariate and treatment and
center as main effects. The statistical significance of the mean change from
baseline was assessed using a paired t test. HRQoL OTE scores at day 30 were
compared between treatment groups using an ANOVA model with treat-
ment and center as main effects when analyzing the score and by Cochran-
Mantel-Haenszel test for association, adjusting for centers, when analyzing
the categorical outcome of better, about the same, or worse. The categorical
secondary safety evaluations were compared between treatment groups us-
ing Cochran-Mantel-Haenszel tests adjusting for center.

The sample size was calculated to detect at least a 15% difference in re-
sponse rates between the EC-MPS treatment group and the MMF treatment
group using a two-sided, chi-square test with a significance level of 0.05 and
80% power. Chi-square was chosen because of the larger sample size and not
the Fisher’s exact test, which can be used for 2�2 tables if the population
number were smaller. Assuming an MMF response rate of 45%, 173 patients
per treatment group would be needed. Assuming a dropout rate of 10%, 384
randomized patients would ensure approximately 346 completed patients.

Statistical analyses were performed using SAS, version 9.1 (SAS, Inc., Cary,
NC) and were based on the pooled data from the individual study centers. All
statistical tests were conducted under a two-sided alternative hypothesis,
using a significance level of 0.05. Institutional review board approval was
obtained at each participating center, and informed consent was obtained
from all patients. The study was undertaken in accordance with the The
International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use’s Harmonized Tripartite
Guidelines for Good Clinical Practice and with the ethical principles laid
down in the Declaration of Helsinki.

APPENDIX
The members of MyGAIN Study Group are as follows:

Rafel Reyes Acevedo, Centenario Hospital Miguel Hidalgo,
Aguascalientes, Mexico; Kenneth Andreoni, The University
of North Carolina School of Medicine, Chapel Hill, NC;
Ahmed Awad, St. Luke’s Hospital of Kansas City, Kansas City,
MO; Mary T. Behrens, Mid-Atlantic Nephrology Associates,
Baltimore, MD; Kenneth A. Bodziak, University Hospitals of
Cleveland, Cleveland, OH; Paul Bolin, East Carolina Univer-
sity Brody School of Medicine, Greenville, NC; Daniel C.
Brennan, Barnes Jewish Hospital Plaza, St. Louis, MO;
Suphamai Bunnapradist, UCLA Kidney and Pancreas Trans-
plant Research Office, Los Angeles, CA; Laurence Chan, Uni-
versity of Colorado Health Sciences Center, Denver, CO;
Edward Cole, University Health Network, Toronto, ON,

Canada; Matthew Cooper, University of Maryland, Balti-
more, MD; Bryan Curtis, Memorial University Eastern Re-
gional Health Authority St. John’s, NL, Canada; Randall
Detwiler, The University of North Carolina School of Medi-
cine, Chapel Hill, NC; M. Francesca Egidi, Medical University
of South Carolina, Charleston, SC; Mohamed El-Ghoroury,
Saint Clair Specialty Physicians, PC, Detroit, MI; Richard
Fatica, Cleveland Clinic, Cleveland, OH; George Francos,
Thomas Jefferson University, Philadelphia, PA; Steven Gab-
ardi, Brigham and Women’s Hospital, Boston, MA; Brian
Gallay, University of California, Davis Medical Center, Sac-
ramento, CA; Eric M. Gibney, Virginia Commonwealth
University, Richmond, VA; John S. Gill, St. Paul’s Hospital,
Vancouver, BC, Canada; Muralikrishna Golconda, Oregon
Health & Science University, Portland, OR; Sita Gourishan-
kar, University of Alberta Hospitals, Edmonton, AB, Canada;
Stuart Greenstein, Montefiore Medical Center, Bronx, NY;
Kristene Gugliuzza, University of Texas Medical Branch
Galveston, Galveston, TX; Marquis E. Hart, University of
California, San Diego, San Diego, CA; David Robb Holt, Loy-
ola University Medical Center, Maywood, IL; Isabelle Houde,
Centre Hospitalier Universitaire de Quebec, Quebec City,
QC, Canada; Raja Kandaswamy, University of Minnesota,
Minneapolis, MN; Paul Keown, Vancouver General Hospital,
Vancouver, BC, Canada; Anthony Langone, Vanderbilt Uni-
versity Medical Center, Nashville, TN; David Laskow, Robert
Wood Johnson University Hospital, New Brunswick, NJ;
Edgardo Laurel, Arizona Kidney Disease & Hypertension
Center Medical Research Services, LLC, Phoenix, AZ; Nicolae
Leca, University of Washington Medical Center, Seattle, WA;
Jimmy A. Light, Washington Hospital Center, WA, DC;
James Lim, Robert Wood Johnson University Hospital, New
Brunswick, NJ; Melissa L. Lynn, Northwest Louisiana Ne-
phrology Research, Shreveport, LA; Gustavo Martinez-Mier,
Hospital Regional de Alta Expecialidad de Veracruz, Vera-
cruz, Mexico; Rodrigo Mateo, Keck School of Medicine of the
University of Southern California, Los Angeles, CA; Herwig-
Ulf Meier-Kriesche, University of Florida College of Medi-
cine, Gainesville, FL; Joseph Keith Melancon, Johns Hopkins
Hospital, Baltimore, MD; David F. Mercer, University of Ne-
braska Medical Center, Omaha, NE; Shamkant Mulgaonkar,
St. Barnabus Medical Center, Livingston, NJ; Laura L. Mul-
loy, Medical College of Georgia, Augusta, GA; Ali Olyaei, Or-
egon Health & Science University, Portland, OR; Alice Peng,
Cedars-Sinai Medical Center, Los Angeles, CA; Yasir Qazi,
Keck School of Medicine of the University of Southern Cali-
fornia, Los Angeles, CA; Carlos Gaston Ramirez, Hospital
Christus Muguerza del Parque, Chihuahua, Mexico; Tariq
Shah, National Institute of Transplantation, Los Angeles, CA;
Fuad Shihab, University of Utah Health Sciences Center, Salt
Lake City, UT; Steven M. Steinberg, California Institute of Renal
Research, San Diego, CA; Timothy Taber, Clarian Health
Partners-Methodist Campus, Indianapolis, IN; Bekir Tannover,
Dallas Transplant Institute, Dallas, TX; J. Richard Thistleth-
waite, The University of Chicago, Chicago, IL; Stephen J. Tom-
lanovich, University of California, San Francisco, San Francisco,
CA; Eduardo Mancilla Urrea, Instituto Nacional de Cardiologia
“Ignacio Chavez,” Mexico City, Tlalpan, Mexico; Thomas Waid,
University of Kentucky Chandler Medical Center, Lexington,
KY; Connie Wang, University of Kansas Medical Center, Kansas
City, KS; Harold C. Yang, Pinnacle Health System Harrisburg
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Hospital, Harrisburg, PA; Angelito Yango, Rhode Island Hospi-
tal, Providence, RI; Carlos Zayas, Piedmont Hospital, Atlanta,
GA; Gazi Zibari, Louisiana State University Health Sciences
Center Willis Knighton Health System Regional Transplant
Center, Shreveport, LA.
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