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Abstract

Background

Mycophenolate is increasingly being used in the rheumatic diseases. Its main adverse ef-
fects are gastrointestinal, myelosuppression, and infection. These may limit use in sys-
temic sclerosis (SSc) since gastrointestinal involvement is common. The objective of this
study is to evaluate gastrointestinal adverse events of mycophenolate in SSc. Secondarily
we evaluated other adverse events, and the effectiveness of mycophenolate in skin and
lung disease.

Methods

A literature search of Medline, Embase, Cochrane Central Register of Controlled Trials, and
CINAHL (inception-2013) was performed. Studies reporting use of mycophenolate in SSc
patients, adverse events, modified Rodnan skin score (MRSS), forced vital capacity (FVC),
or diffusing capacity of carbon monoxide (DLCO) were included. The primary outcome was
gastrointestinal events occurring after the initiation of mycophenolate. Secondary safety
outcomes included myelosuppression, infection, malignancy, and death after the initiation
of mycophenolate.

Results

617 citations were identified and 21 studies were included. 487 patients were exposed to
mycophenolate. The mean disease duration ranged between 0.8-14.1 years. There were
18 deaths and 90 non-lethal adverse events. The non-lethal adverse events included 43
(47.7%) gastrointestinal events, 34 (26%) infections, 6 (5%) cytopenias and 2 (2%) malig-
nancies. The most common gastrointestinal events included diarrhea (n=18 (14%)), nausea
(n=12 (9%)), and abdominal pain (n=3 (2%)). The rate of discontinuation ranged between
8%-40%. Seven observational studies reported improvement or stabilization in FVC, and 5
studies report stabilization or improvement in MRSS.
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Conclusion

Mycophenolate-associated gastrointestinal adverse events are common in SSc, but not se-
vere enough to preclude its use. Observational data suggests mycophenolate may be effec-
tive in improving or stabilizing interstitial lung disease, and skin involvement.

Introduction

Systemic Sclerosis (SSc) is a systemic rheumatic disease characterized by extracellular collagen
deposition, fibrosis and altered endothelial function. Abnormalities in both T and B cells play
an important role in the pathogenesis of SSc.[1] The presence of specific autoantibodies that are
present at the onset of the disease is indicative of a pathogenic role.[2] These findings have been
the background of many trials of biologic and non-biologic disease modifying agents in SSc.
[3,4] Mycophenolate mofetil is a prodrug of mycophenolic acid (MPA), an inhibitor of inosine
monophosphate dehydrogenase[3,4], an enzyme involved in the synthesis of guanosine nucleo-
tides.[5] T and B lymphocytes are dependent on this pathway, resulting in immunosuppressive
effects of mycophenolate preparations.[5] MPA has been also found to reduce chronic allograft
nephropathy and interstitial fibrosis by inhibiting transforming growth factor 3[6,7] which has
been recognized as an important molecule in the pathogenesis of SSc and other fibro-prolifer-
ative diseases.[8] Its clinical efficacy, safety profile, pharmacokinetics and pharmacodynamics
properties made it a standard of care in solid organ transplantation and lupus nephritis.[9,10]
The main side effects observed are gastrointestinal disturbance, myelosuppression, and increase
risk of infection. Compared with mycophenolate mofetil, enteric-coated mycophenolate sodi-
um has delayed gastrointestinal absorption, thereby potentially reducing gastrointestinal ad-
verse events.[11] Its coating dissolves at pH >5, thereby facilitating small intestine delivery.[12]
Gastrointestinal side effects are dose dependent in patients treated with mycophenolate and
include nausea, vomiting, abdominal pain, diarrhea and rarely gastrointestinal bleeding and
perforation. Mycophenolate discontinuation or dose reduction is needed in 40% to 50% of
transplant patients which is associated with increased graft loss.[13] This maybe a limitation of
its use in SSc patients since gastrointestinal involvement is very common.[14] Gastrointestinal
involvement adversely affects the quality of life of SSc patients.[15,16] Treatment is usually
symptomatic with limited effectiveness in advanced cases.[14,17] Thus, clinicians are left with
a dilemma. Mycophenolate may have beneficial effects in SSc patients, however the adverse im-
pact on the gastrointestinal system may not warrant its use. A systematic review and meta-
analysis of mycophenolate in SSc related interstitial lung disease conducted between 2006
2011 reported clinically significant infection, leucopenia, and elevated liver enzymes; but did
not report detailed gastrointestinal adverse events.[18] The objective of this study was to evalu-
ate gastrointestinal adverse events of mycophenolate in SSc. Secondarily we evaluated the other
adverse events and the effectiveness of mycophenolate in treating SSc skin and lung disease.

Materials and Methods
Literature search

A systematic review of the literature was conducted through the University Health Network
(UHN) library with the assistance of an information specialist. Databases included Ovid MED-
LINE(R), Embase, Cochrane Central Register of Controlled Trials, Cochrane Database of Sys-
tematic Reviews, and CINAHL (all inception-2013).
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The following keywords with mapping of term to subject headings were used in the database
search: (systemic scleroderma or systemic sclerosis or diffuse scleroderma) and (mycopheno-
late mofetil or mycophenolate sodium or mycophenolic acid or inosine monophosphate dehy-
drogenase or cellcept or myfortic). The search was restricted to humans, but no language
restriction was applied. ChemID plus was used to identify other terms for mycophenolate. The
bibliographies of included studies and reviews were searched.

Study Selection

Abstracts were reviewed to identify studies that described the use of mycophenolate in SSc pa-
tients. Inclusion criteria included 1) peer reviewed observational studies and randomized trials,
2) report use of at least one dose of MMF or MS as an exposure, 3) report of efficacy or effec-
tiveness outcomes, or adverse events, 4) age >18 years. Machine translation software was used
to translate non-English language articles. Efficacy analysis included only prospective and ret-
rospective studies with 10 or more patients.

Data abstraction

Two investigators (MO, AA) independently reviewed the title and abstract of each citation and
applied the inclusion and exclusion criteria to select studies for full review. A standardized data
abstraction form was used to collect study design, sex, age, SSc disease duration, SSc subtype,
autoantibodies, organ involvement, and medication. The reviewers were blinded to the names
of journals, authors, and institutions when performing data abstraction.

Outcomes

The primary outcome was gastrointestinal events occurring after the initiation of mycopheno-
late or worsening after treatment exposure. This included nausea, vomiting, bloating, abdomi-
nal pain, diarrhea, upper and lower GI bleeding. Secondary safety outcomes included
myelosuppression, infection, malignancy, rate of discontinuation with reason (adverse event or
failure), and death occurring after the initiation of mycophenolate.

Secondary effectiveness outcomes included the modified Rodnan skin score (MRSS), total
joint count, swollen joint count, tender joint count, forced vital capacity (FVC), diffusing ca-
pacity of carbon monoxide (DLCO), vital capacity (VC) and changes on high resolution CT
scan. All outcomes were evaluated at 3, 6, 9 and 12 months after exposure to mycophenolate.
Outcomes were collected using a standardized data collection form by 2 independent abstrac-
tors. Disagreements were resolved by consensus or a 3rd party (SR]), if needed.

Exposure

The exposure was defined as treatment with any preparation of mycophenolate. No minimum
dose or duration of treatment was pre-specified.

Analysis

Descriptive statistics were used to summarize the data. All analyses were conducted using
RStudio. The systematic review conforms with the PRISMA guidelines (S1 Table).

Results
Patients

Six hundred and seventeen citations were identified, of which 21 fulfilled the criteria for inclusion
in the analysis. (Fig 1) The clinical and serologic characteristics of patients are summarized in
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Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) n=66
citations

Embase n=537 citations

EBM Reviews - Cochrane Database of Systematic Reviews n=4 citations

EBM Reviews - Cochrane Central Register of Controlled Trials n=1 citations

CINAHL n=9 citations

Total citations n=617

Total duplicates removed
n=79

Citations remaining
n=538 citations

Excluded after full review:

Articles were not complete n=8

Did not fulfill study selection criteria
Article retracted due to statistical
error n=1

Screening titles and abstract
Included n=36
Excluded n=502

v

Included articles after full review
n=21

Fig 1. Systematic review flow diagram.

doi:10.1371/journal.pone.0124205.g001

Table 1. Study designs included prospective cohort (n = 7)[19-25], retrospective cohort (n = 6)
[26-31], case-control (n = 1)[32] and case reports/series (n = 7)[33-38]. Five studies compared
mycophenolate mofetil to placebo or to other treatment modalities[23,27,31-33]. A total of 487
patients have been reported to be exposed to mycophenolate, with the proportion of females
ranging between 50-100%. The mean disease duration ranged between 0.8-14.1 years.

Mycophenolate use

Mycophenolate preparations vary across studies (mycophenolate mofetil n = 19, mycopheno-
late sodium n = 1, both n = 1). Mycophenolate was used as a first line agent in 3 studies
[20,28,39]. Mycophenolate compounds were used for induction (n = 13 studies[20-22,24,26-
29,34,37,39-41]), for maintenance (n = 18 studies[19-22,24-29,33,34,37-42]), for both in-
duction and maintenance (n = 14 studies[20-22,24-29,34,36,37,39,41]), and as rescue therapy
(n =2 studies[30,43]). Herrick et al.[23] reported a prospective observational study which as-
sessed 5 immunosuppressive regimens: intravenous cyclophosphamide followed by myco-
phenolate mofetil; anti-thymocyte globulin (ATG) followed by mycophenolate mofetil;
mycophenolate mofetil alone; and other immunosuppressant treatment; and no disease-mod-
ifying treatment. Other induction regimens were ATG and glucocorticosteroids combination
[19], and cyclophosphamide[30,33,43]. Prior immunosuppression was reported in 12 studies.
[22-27,30,31,33,36,37,43] Concomitant glucocorticosteroids were used in 11 studies[19,21-
25,29,37-39,41]. Treatment of skin disease and lung involvement were the only 2 indications.
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Table 1. Clinical and serological characteristics of systemic sclerosis patients.
Author Design Controls n Age mean/  Disease Female Diffuse SCL70 ACA Other
median duration mean/  n(%) n(%) n(%) n(%)
(years) median (years)

Stratton et al.[19] P No 13 NA/52 NA/0.75 10 (77) 13(100)  2(15) 0 U1 RNP 2(15)
U3 RNP 1(8)
RNA PIIl 2(15)

Vanthuyne et al.[25] P No 16 47/NA 0.8/NA 12 (75) 13(81) NA NA NA

Nihtyanova et al.[27] R Yes 109 NA/NA NA 90(83) 101(93) 35(32.1) 2(1.8) U3 RNP 5(4.6)
RNA PIll 26
(23.9)

Le et al.[31] R Yes 98  48.4/NA 1.83/NA 81 (83) 98(100)  24(24)  2(2) NA

Mendoza et al.[20] P No 25  48.6/NA 14.1/NA NA 25(100) 9(36) 0 NA

Cuomo et al.[36] C No 1 63/NA 7/NA 1 (100) 1(100) NA NA NA

Saketkoo et al.[37] C No 4 50.5/55.5 6.25/6 4 (100) NA NA NA NA

Zamora et al.[28] R No 17  50.8/NA NA/2 10 (59) 15(88) NA NA NA

Gerbino et al.[26] R No 13  NA/52 NA/5 8 (62) 9(69) 4(31) Na NA

Derk et al.[21] P No 15  50/NA 1.1/NA 10 (66.7) 15(100) 6(40) 0 NA

Koutroumpas et al.[29] R No 10  59.7/NA 7.7/NA 8 (80) 10(100) 10(100) O NA

Simeodn-Aznar et al.[22] P No 14 NA/54.4 NA/6.5 13 (93) 8(57) 8(57) 1(7) NA

Liossis et al.[24] P No 6 46/NA 3.4/NA 4 (66.7) 6(100) 6(100) 0 NA

Plastiras et al.[33] C Yes 7 58/NA NA 6 (86) NA Na Na NA

Busquets et al.[34] (¢} No 1 NA/39 NA/0.67 NA 1(100) NA NA NA

Bandelier et al.[39] C No 1 63/NA 4/NA 1 (100) 1(100) NA NA NA

Bérezné et al.[30] R No 5 NA/NA NA NA NA NA NA NA

Gonzalez-Nieto et al.[43] C No 5 NA/NA NA NA NA NA Na NA

Gulamhusein et al.[38] C No 2 52/NA NA 1 (50) 2(100) Na Na NA

Herrick et al.[23]

Protocol 1 P Yes 29 NA/55.1 NA 18 (62) 29(100) 8(33) NA RNA PIII 1(8)

Protocol 2 P Yes 25 NA/B2.7 NA 20 (80) 25(100)  5(20) NA RNA PIIl 1(4)

Protocol 3 P Yes 61 NA 44(72) 61(100) 14(24) NA RNA PIII 9(22)

Panopoulos et al.[32] CcC Yes 26  48/NA 5.8 24 (92) 18 (69) 19 (73) NA NA

P: Prospective, R: Retrospective, C: Case report/series, CC Case-control, ACA: Anti-centromere antibody, RNA PIll: RNA polymerase Ill, CAU:
Caucasians, AA: African American, CAR: Caribbean, NA: Not available

doi:10.1371/journal.pone.0124205.1001

In most of the studies the target dose was 2g/day. This dose was achieved in 42%-88% of the
time.[20,21,27,41]

Safety

There were 18 deaths and 90 non-lethal adverse events. The non-lethal adverse events included
43 (47.7%) gastrointestinal events, 34 (26%) infections, 6 (5%) cytopenias and 2 (2%) malig-
nancies. (Fig 2) The most commonly reported gastrointestinal events included diarrhea (n =18
(14%)), nausea (n = 12 (9%)), gastro-esophageal reflux disease (GERD) (n = 3 (3%)), abdomi-
nal pain (n = 3 (2%)), pseudo-obstruction (n = 2 (2%)), and vomiting (n = 1 (0.8%)). There
were no reports of gastrointestinal bleeding. (Fig 3) The most commonly reported non-gastro-
intestinal adverse events were infections (n = 34 (26%), cytopenias (n = 6 (5%)) and malignan-
cy (n =2 (2%)). Sites of infection included the respiratory tract (n = 11), urinary tract (n = 2),
skin (n = 4), eye (n = 1). The site of infection was not specified for 15 cases. Respiratory infec-
tions included the upper respiratory tract (n = 3), bronchus (n = 4), bacterial pneumonia
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Gastrointestinal n=43 (47.8%)

____4|- Malignancy n=2 (2.2%)
.'lII
/x‘“ Cytopenia n=6 (6.7%)

Other n=5 (5.6%)

Infection n=34 (37.8%) = =

Fig 2. Circle chart of non-lethal adverse events in SSc patients treated with mycophenolate.

doi:10.1371/journal.pone.0124205.9002

(n = 3) and aspergillus (n = 1). Cytopenias included lymphopenia (n = 2), neutropenia (n = 1),
anemia (n = 2) and not specified (n = 1).

Eighteen (14%) mycophenolate treated patients died. The cause of death was clearly de-
scribed in 1 patient (dilated cardiomyopathy).[20] In the study by Herrick et al. 23 death oc-
curred, 13 (57%) of whom were in the mycophenolate groups.[23] The cause of death was
identified in 17 of these patients but not attributed to a specific treatment. The mycophenolate
monotherapy group had significantly better survival than other treatment groups. This was
replicated by Nihtyanova et al. who reported a 5-year survival of 91.7% in mycophenolate treat-
ed patients compared to 77.8% in the control group (p = 0.01).[27] Fifty-two (10.9%) patients
discontinued mycophenolate. The reported rate of discontinuation ranged between 8%-40%.
Nihtyanova et al. reported a retention rate in the mycophenolate group to be 79%, 59% and
66% at 1-year, 1-3 years and 5-years, respectively.[27] Mendoza et al. reported that 72% of
their patients were still on mycophenolate at 1 year.[20]

Diarhea Hausea GERD Apcominal pain  Pseudo-cbstruction  Vomiting Gl Biped
Gastrointastingl adviess events

Fig 3. Bar graph illustrating gastrointestinal adverse events in SSc patients treated with
mycophenolate.

doi:10.1371/journal.pone.0124205.g003

PLOS ONE | DOI:10.1371/journal.pone.0124205 May 1, 2015 6/13



:qziiil‘:)ss‘cane

MMF in SSc

Effectiveness

Skin. The treatment duration ranged from 3-60 months. Eight studies reported values of
the MRSS.[19-21,23,25,27,29,41] Table 2. The mean and the median baseline MRSS ranged
from 17.2-28 and 21.5-32, respectively. Stratton et al. evaluated mycophenolate as mainte-
nance therapy in 13 patients with <2 years disease duration after receiving induction ATG for
5 days.[19] The MRSS improved from 28 to 17, and the finger to palm distance at 3 and 6
months (p<0.05) improved, but not at 12 months. Vanthuyne et al. treated 9 patients with
only skin involvement and disease duration less than 3 years with mycophenolate and IV
methylprednisolone for 3 days and then monthly for 5 months, in addition to daily low dose
glucocorticosteroids.[25] Fifty-six patients with only skin disease responded at 12 months com-
pared to 69% of the total study patients. Le et al. evaluated mycophenolate effects on MRSS dif-
fuse SSc patients in the Johns Hopkins Scleroderma Center with patients from 3 different
clinical trials (D-penicillamine, recombinant human relaxin and bovine type I collagen).[31]
The change in the MRSS was not superior to the human relaxin study at 6 months (p = 0.059),
but was statistically significantly lower than D-penicillamine study (p<0.001), and bovine type
I collagen study (p = 0.002) at 12 months.[31] A subgroup analysis suggested that the change
in the MRSS in the MMF combined with other immunosuppressive (methotrexate or IV im-
munoglobulins) agent group was greater than mycophenolate monotherapy (-0.83+7.6 versus
-4.64+6.2; p = 0.047). The MRSS mean change between groups at 12 months was not statistical-
ly different (-7.73£13.5 versus —10.14+8.6; p = 0.496).[31] Mendoza et al. studied the effect of
mycophenolate mofetil on MRSS and the extent of body surface area (BSA) affected assessed
by the rule of nines using the burns-victim diagram.[20] It was noticed that both the MRSS
and BSA progressed early in the study reaching a peak at 3-6 months. The MRSS improved
from 24.56+8.62 to 14.52+10.9 (p = 0.004) and affected BSA decreased from 36%=+16% to 14%
+13.3% (p = 0.00001). Additionally, effect of therapy was assessed on pre and post skin biopsies
in 3 patients. Post-treatment biopsy revealed decrease in the abundance and thickness of colla-
gen bundles and in their compact appearance in the dermis with reappearance of hair follicles
and sweat and sebaceous glands. Also, RNA was extracted from all the biopsies and expression
of fibrosis-related genes was evaluated. Treatment resulted in reduction in the expression of
COLIAI, COL1A2, COL 4A1, COL 11A1 COL 14A1, CTGF, FNI, ACTA2, and TGFBI.

Lung. Thirteen studies reported pulmonary function tests at baseline.[19-21,23-
26,28,29,32,37,41] Significant reductions in the level of DLCO occurred in 2 studies[24,25], but

Table 2. Effect of mycophenolate mofetil on modified Rodnan skin score.

Author Duration of Therapy Mean baseline Median baseline  MRSS at end of Level of significance
(months) MRSS MRSS study

Stratton et al.[19] 12 28 NA 17 p < 0.001

Vanthuyne et al.[25] 12 20 NA 13 p < 0.0001 for all patients p = 0.002

for skin group

Nihtyanova et al.[27] 60 NA 26 11 NA

Le et al.[31] 12 24.4 NA 17.5 p < 0.001

Mendoza et al.[20] Mean 18.2 24.56 NA 145 p = 0.0004

Derk et al.[21] 12 225 21.5 8.4 p < 0.0001

Koutroumpas et al.[29] 12 17.2 NA 17.7 p =0.55

Herrick et al.[23] p=0.43

Protocol 1 36 NA 24 NA —1.81 (95%C1—4.08, 0.460)

Protocol 2 36 NA 32 NA —4.46 (95%Cl—6.69, —2.23)

Protocol 3 36 NA 235 NA —-3.10 (95%Cl—4.27, —1.93)

doi:10.1371/journal.pone.0124205.t002
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change in the remaining studies was not significant.[19-21,26,28,29,41] Only the study by Kou-
troumpas et al. reported significant improvement in FVC.[29] Vanthuyne et al. reported a signif-
icant improvement in both the predicted and the forced expiratory volume at 1 second (FEV )
from 76% to 90% (p = 0.003) and 1971ml to 2347ml (p = 0.0009), and in VC from 2598 ml to
2943 ml (p = 0.012) but not the predicted VC (p = 0.099).[25] Additionally the 6 minute walk in-
creased from 506 meters to 567 meters, but not reaching significance (p = 0.011). Derk et al. re-
ported a non-significant 7% increase in the TLC from 100.2% to 107.2%,[21] while Mendoza

et al. reported a non-significant reduction of TLC from 89.5% to 85.3% (p = 0.13).[20] In this
subgroup of patients only 3 patients had a 10% or more reduction of the predicted TLC. Sime-
on-Aznar et al. report the use of mycophenolate sodium in 14 SSc patients with interstitial lung
disease. There was no change in median FVC, FEV1 and DLCO at 12 months compared to base-
line, suggesting mycophenolate sodium prevents worsening.[22] Table 3.

CT findings were evaluated in 6 studies.[24-26,28,32,37] Vanthuyne et al. evaluated HRCT
by a semi quantitative score, which consists of ground-glass opacity, consolidation areas, inter-
lobular thickening and honeycombing on 5 predefined HRCT sections (aortic arch, azygos
arch, distal portion of the bronchus intermedius, right inferior pulmonary vein and liver
dome).[25] Grading was from 0 to 4 (0 = normal; 1 = 25% surface involvement; 2 = 26-50% in-
volvement; 3 = 51-75% involvement; 4 = 76-100% involvement). The radiological scores cor-
respond to the mean (+ SD) of the gradings made on the 5 HRCT sections. Except for
stabilization of the interlobular thickening, all scores improved at the end of study but not
reaching statistical significance. Saketkoo et al. reported the effect of mycophenolate mofetil
ion 10 patients with different connective tissue disease including 4 SSc patients.[37] HRCT im-
proved in 1 patient, stabilized in 2 patients, and not reported in 1 patient. These findings were
consistent with PFT results. Zamora et al. reported subjective assessment of HRCT by 2 radiol-
ogists in 15 patients, 11 of whom had nonspecific interstitial pneumonitis, and 4 had usual in-
terstitial pneumonitis.[28] The HRCT findings improved (n = 1 (7%)), remained stable (n = 11

Table 3. Effect of mycophenolate on pulmonary function.

Duration of Baseline DLCO atend of Level of Baseline FVC FVCatendof  Level of
Therapy DLCO (% study (% significance (% predicted) study (% significance
(months) predicted) predicted) predicted)
Stratton et al.[19] 12 66 63 Not significant 87 88 Not significant
Vanthuyne et al.[25] 12 63 76 p = 0.0009 NA NA NA
Le et al.[31] 12 77.4 79.2 p =0.336 79.4 80.7 p = 0.264
Mendoza et al.[20] 18.2 69 70.5 p=0.45 NA NA NA
Cuomo et al.[36] 5 60 NA NA 104 NA NA
Saketkoo et al.[37] 3 30 NA NA 80 NA NA
Zamora et al.[28] 24 50 NA p=0.84 72 NA p =0.57
Gerbino et al.[26] 24 51 NA p=0.38 NA NA NA
Derk et al.[21] 12 71.2 74.3 Not significant  99.2 105 Not significant
Koutroumpas et al.[29] 12 80.7 86.7 p=0.66 79.5 87.1 p = 0.04
Simeon-Aznar et al.[22] 12 40 37 NA 64 64 NA
Liossis et al.[24] 4-6 64.2 75.4 p =0.033 65.6 p = 0.057
Herrick et al.[23]
Protocol 1 36 58.8 NA NA 76 NA NA
Protocol 2 36 76.1 NA NA 93.3 NA NA
Protocol 3 36 71.5 NA NA 87.8 NA NA
NA not available, DLCO diffusing capacity of carbon monoxide, FVC functional vital capacity, VC vial capacity, TLC total lung capacity
doi:10.1371/journal.pone.0124205.1003
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(73%), and progressed (n = 3 (20%)). Gerbino et al. reported 13 patients with baseline HRCT.
[26] The most common baseline imaging finding was ground glass appearance with or without
reticular opacities (92%). They reported assessment of 6 patients with serial HRCT.[26] Three
of six improved, while the other 3 remained stable. Liossis et al. reported resolution of ground
glass appearance on the HRCT of 4 of 5 patients with early disease.[24] Nihtyanova et al. report
a retrospective cohort study where diffuse SSc patients on mycophenolate mofetil were com-
pared to patients on other immunosuppressive therapies.[27] At baseline, a greater proportion
of the control group had pulmonary fibrosis (14.3%) compared with mycophenolate mofetil
exposed patients (7.3%). Twelve percent of the mycophenolate mofetil group developed pul-
monary fibrosis compared with 19% of the control group (p = 0.037) over 5 years. Moreover, a
significant better 5-year survival was also identified in the MMF group treated both from dis-
ease onset (95.4% versus 85.7%, p = 0.027) and from treatment initiation (91.7% versus 77.8%,
p =0.012).[27] One study reported worsening CT findings in the mycophenolate exposed pa-
tients compared to the cyclophosphamide exposed patients.[32]

Quality of Life and Disability. Quality of life (QoL) and disability were reported in 4 stud-
ies.[19,21,25,41] Stratton et al. report the reduction in the MRSS and finger to palm distance
did not lead to a significant improvement in the patient global assessment, Euro-Qol score or
the SSc functional assessment score.[19] Vanthuyne et al. analyzed each component of the
scleroderma health assessment questionnaire (SHAQ).[25] Only the HAQ-DI (p = 0.021) and
the pain visual analog scale (p = 0.031) significantly improved. The GI component of the
SHAQ improved from 26 to 20 (p = 0.804). Le et al. reported that compared with baseline, the
HAQ-DI score improved after 12 months (1.1£0.6 versus 0.94+0.7; p < 0.001).[31] Derk et al.
reported that the mean SF-36 improved (65.9 to 77.6) p = 0.05.[21] When the 2 components
were analyzed separately, only the physical component increased significantly (p = 0.05) com-
pared to the mental health component (p = 0.15).[21]

Other Outcome Measures. The Medsger Severity Score (MSS) includes nine categories
(general, peripheral vascular, skin, joints, muscular, gastrointestinal, pulmonary, cardiac and
renal) of SSc organ involvement, which are rated on a scale of 0-4, where a higher the number
indicates more severe organ involvement.[44] The MSS was reported in 4 studies. Le et al. re-
ported that after 12 months of mycophenolate mofetil therapy the general (p = 0.013) and mus-
cle severity scores (p = 0.003) improved, whereas the cardiac (p = 0.655), pulmonary
(p = 0.490), peripheral vascular scores (p = 0.061), renal (p = 0.317), and joint scores
(p =0.103) did not change significantly.[31] They also report gastrointestinal severity score
(p = 0.025) worsening. Mendoza et al. reported only improvement in the skin index (2.2+0.71
versus 1.5240.77, p = 0.0003).[20] Derk et al. reported significant improvement occurred in the
general (p = 0.05), peripheral vascular (p = 0.04) and skin (p = 0.0003), while the GI score im-
proved from 0.33 to 0 but not reaching statistical significance (p = 0.08).[21] None of the stud-
ies reported the effect of mycophenolate on total joint count, swollen or tender joint counts.

Discussion

This systematic review suggests that gastrointestinal adverse events are common in SSc patients
treated with mycophenolate. Almost a half of adverse event were gastrointestinal including di-
arrhea, nausea, vomiting, pseudoobstruction and abdominal pain. The most commonly re-
ported non-gastrointestinal adverse events were infections and cytopenias. The reported rate of
discontinuation ranged between 8-40%. However mycophenolate appears to be effective in im-
proving or stabilizing interstitial lung disease, and may be effective for skin involvement.
Despite the frequent worsening of GI symptoms after use of mycophenolate, it appears to
be a reasonably tolerated therapeutic option. The etiopathogenesis behind gastrointestinal
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adverse events could be due to the effect on enterocytes that are 50% dependent on the purine
synthesis pathway that is blocked by mycophenolate. As a result, mucosal erythema, excess
fluid secretion, gastric and small intestine ulceration occur. In addition, intestinal invasion by
common pathogenic and opportunistic organism may occur, especially in the presence of leu-
copenia.[45] Interestingly, there were no reports of gastrointestinal bleeding. The rate of gas-
trointestinal adverse events in SSc patients is at least similar, if not less frequent, than renal
transplant patients.[46] It should be noted however, that reporting of gastrointestinal adverse
events was subjective in most of the studies. The UCLA Scleroderma Clinical Trial Consortium
Gastrointestinal Tract Instrument (UCLA-SCTC GIT) 2.0 is a validated tool that is capable of
assessing the entire GI tract and can be used to assess the impact of mycophenolate on the GI
tract in a more objective manner.[47]

With regards to other adverse events, the rate of infection was low compared to patients
with SLE in clinical trials evaluating mycophenolate mofetil and mycophenolate sodium.[48—
50] We also observed that the rate of discontinuation of mycophenolate in SSc patients due to
adverse events was quite wide. However, it should be noted that the studies we report in this
systematic review were not clinical trials, so it may be that adverse events were not collected
systematically and are likely underreported.

Mycophenolate mofetil appears to have a beneficial effect of skin, interstitial lung disease
and survival. The observed reduction in the MRSS and the MSS skin index is more than ex-
pected from the natural history of the disease. In studies evaluating mycophenolate mofetil in
SSc associated interstitial lung disease, respiratory symptoms, lung physiology and radiological
changes improved or at least stabilized. This suggests that aiming at stabilization of lung func-
tion would be a reasonable goal. Although speculative is seems rational that MMF represents a
safe and relatively efficacious immunomodulatory agent for maintenance treatment in patients
with SSc. Nevertheless, results from Scleroderma Lung Study II are greatly anticipated to shed
further light on that issue. The promising results of mycophenolate compounds in SSc patients
may be related to their anti-fibrotic effect through inhibiting TGF-f and fibroblast proliferation
through IMPDH-dependent and IMPDH-independent pathways.[51,52] Additionally they
have been shown to inhibit collagen deposition.[53]

A limitation to our study is that heterogeneity in study design and sample selection prevented
us from aggregating all the data in a meta-analysis. Furthermore, all of the studies involved non-
random allocation of exposure to mycophenolate, thereby potentially introducing bias. It should
be noted that the majority of patients treated with mycophenolate had previously received cyto-
toxic treatment or were also under corticosteroid or other immunosuppressant treatment while
on mycophenolate therapy. It is possible that the previous or co-interventions account for some
of the reported side-effects and/or beneficial effects that are attributed to mycophenolate use.
None of the published studies reported the effect of mycophenolate on total or swollen joint
counts, so we were unable to comment on the effectiveness of mycophenolate on inflammatory
arthritis in SSc. Other reports have shown that joint counts are infrequently reported outcomes
in SSc studies.[54,55] This systematic review does synthesize the known literature, and is the
first to explicitly synthesize the safety profile. Mycophenolate sodium is thought to have less gas-
trointestinal adverse events than mycophenolate mofetil. However, there was insufficient evi-
dence in the published literature to evaluate if this hypothesis is true in SSc.

Conclusion

Gastrointestinal adverse effects are common in SSc patients treated with mycophenolate, but
are usually not severe enough to preclude its use. Observational data suggests mycophenolate is
a safe and may be an effective therapeutic modality with a beneficial effect on skin thickening
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and progression of lung involvement. Randomized controlled trials evaluating mycophenolate
in SSc patients, including the Scleroderma Lung Study II, are needed to confirm these findings.

Supporting Information

S1 Table. PRISMA checklist.
(DOCX)

Acknowledgments
The authors would like to thank Ms. Viola Machel for conducting the literature search.

Author Contributions

Conceived and designed the experiments: MO AA SJ. Performed the experiments: MO AA SJ.
Analyzed the data: MO S] AA. Wrote the paper: MO AA §].

References

1. Chizzolini C. T cells, B cells, and polarized immune response in the pathogenesis of fibrosis and sys-
temic sclerosis. Curr Opin Rheumatol. 2008; 20: 707—712. doi: 10.1097/BOR.0b013e32830c45a¢e
PMID: 18946333

2. Senecal JL, Henault J, Raymond Y. The pathogenic role of autoantibodies to nuclear autoantigens in
systemic sclerosis (scleroderma). J Rheumatol. 2005; 32: 1643—1649. PMID: 16142854

3. Quillinan NP, Denton CP. Disease-modifying treatment in systemic sclerosis: current status. Curr Opin
Rheumatol. 2009; 21: 636—641. doi: 10.1097/BOR.0b013e3283310d57 PMID: 19726995

4. Phumethum V, Jamal S, Johnson SR. Biologic therapy for systemic sclerosis: a systematic review. J
Rheumatol. 2011; 38: 289-296. doi: 10.3899/rheum.100361 PMID: 21041277

5. Allison AC, Eugui EM. Mycophenolate mofetil and its mechanisms of action. Immunopharmacology.
2000; 47: 85-118. PMID: 10878285

6. Hueso M, Bover J, Seron D, Gil-Vernet S, Sabate |, Fulladosa X, et al. Low-dose cyclosporine and
mycophenolate mofetil in renal allograft recipients with suboptimal renal function. Transplantation.
1998; 66: 1727—1731. PMID: 9884267

7. Djamali A, Vidyasagar A, Yagci G, Huang LJ, Reese S. Mycophenolic acid may delay allogratft fibrosis by
inhibiting transforming growth factor-beta1-induced activation of Nox-2 through the nuclear factor-kappaB
pathway. Transplantation. 2010; 90: 387-393. doi: 10.1097/TP.0b013e3181e6ae0a PMID: 20548261

8. Rosenbloom J, Jimenez SA. Molecular ablation of transforming growth factor beta signaling pathways
by tyrosine kinase inhibition: the coming of a promising new era in the treatment of tissue fibrosis. Arthri-
tis Rheumatol. 2008; 58: 2219-2224. doi: 10.1002/art.23634 PMID: 18668575

9. Staatz CE, Tett SE. Clinical pharmacokinetics and pharmacodynamics of mycophenolate in solid organ
transplant recipients. Clin Pharmacokinet. 2007; 46: 13-58. PMID: 17201457

10. Hahn BH, McMahon MA, Wilkinson A, Wallace WD, Daikh DI, Fitzgerald JD, et al. American College of
Rheumatology guidelines for screening, treatment, and management of lupus nepbhritis. Arthritis Care
Res. 2012; 64: 797-808. doi: 10.1002/acr.21664 PMID: 22556106

11. Sanford M, Keating GM. Enteric-coated mycophenolate sodium: a review of its use in the prevention of
renal transplant rejection. Drugs. 2008; 68: 2505—-2533. doi: 10.2165/0003495-200868170-00007
PMID: 19016576

12. Amns W, Breuer S, Choudhury S, Taccard G, Lee J, Binder V, et al. Enteric-coated mycophenolate sodi-
um delivers bioequivalent MPA exposure compared with mycophenolate mofetil. Clin Transplant. 2005;
19: 199-206. PMID: 15740555

13. Bunnapradist S, Ambuhl PM. Impact of gastrointestinal-related side effects on mycophenolate mofetil
dosing and potential therapeutic strategies. Clin Transplant 2008; 22: 815-821. doi: 10.1111/j.1399-
0012.2008.00892.x PMID: 18798850

14. Forbes A, Marie |. Gastrointestinal complications: the most frequent internal complications of systemic
sclerosis. Rheumatology. 2009; 48 Suppl 3: iii36—39. doi: 10.1093/rheumatology/ken485 PMID: 19487222

15. Omair MA, Lee P. Effect of gastrointestinal manifestations on quality of life in 87 consecutive patients
with systemic sclerosis. J Rheumatol. 2012; 39: 992—-996. doi: 10.3899/jrheum.110826 PMID: 22467930

PLOS ONE | DOI:10.1371/journal.pone.0124205 May 1, 2015 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124205.s001
http://dx.doi.org/10.1097/BOR.0b013e32830c45ae
http://www.ncbi.nlm.nih.gov/pubmed/18946333
http://www.ncbi.nlm.nih.gov/pubmed/16142854
http://dx.doi.org/10.1097/BOR.0b013e3283310d57
http://www.ncbi.nlm.nih.gov/pubmed/19726995
http://dx.doi.org/10.3899/jrheum.100361
http://www.ncbi.nlm.nih.gov/pubmed/21041277
http://www.ncbi.nlm.nih.gov/pubmed/10878285
http://www.ncbi.nlm.nih.gov/pubmed/9884267
http://dx.doi.org/10.1097/TP.0b013e3181e6ae0a
http://www.ncbi.nlm.nih.gov/pubmed/20548261
http://dx.doi.org/10.1002/art.23634
http://www.ncbi.nlm.nih.gov/pubmed/18668575
http://www.ncbi.nlm.nih.gov/pubmed/17201457
http://dx.doi.org/10.1002/acr.21664
http://www.ncbi.nlm.nih.gov/pubmed/22556106
http://dx.doi.org/10.2165/0003495-200868170-00007
http://www.ncbi.nlm.nih.gov/pubmed/19016576
http://www.ncbi.nlm.nih.gov/pubmed/15740555
http://dx.doi.org/10.1111/j.1399-0012.2008.00892.x
http://dx.doi.org/10.1111/j.1399-0012.2008.00892.x
http://www.ncbi.nlm.nih.gov/pubmed/18798850
http://dx.doi.org/10.1093/rheumatology/ken485
http://www.ncbi.nlm.nih.gov/pubmed/19487222
http://dx.doi.org/10.3899/jrheum.110826
http://www.ncbi.nlm.nih.gov/pubmed/22467930

@ PLOS | one

MMF in SSc

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Johnson SR, Glaman DD, Schentag CT, Lee P. Quality of life and functional status in systemic sclero-
sis compared to other rheumatic diseases. J Rheumatol. 2006; 33: 1117—-1122. PMID: 16622903

Kowal-Bielecka O, Landewe R, Avouac J, Chwiesko S, Miniati |, Czirjak L, et al. EULAR recommenda-
tions for the treatment of systemic sclerosis: a report from the EULAR Scleroderma Trials and Research
group (EUSTAR). Ann Rheum Dis. 2009; 68: 620—628. doi: 10.1136/ard.2008.096677 PMID: 19147617

Tzouvelekis A, Galanopoulos N, Bouros E, Kolios G, Zacharis G, Ntolios P et al. Effect and safety of
mycophenolate mofetil or sodium in systemic sclerosis-associated interstitial lung disease: a meta-
analysis. Pulmo Med 2012; 2012: 143637. doi: 10.1155/2012/143637 PMID: 22655194

Stratton RJ, Wilson H, Black CM. Pilot study of anti-thymocyte globulin plus mycophenolate mofetil in
recent-onset diffuse scleroderma. Rheumatology. 2001; 40: 84—-88. PMID: 11157146

Mendoza FA, Nagle SJ, Lee JB, Jimenez SA. A prospective observational study of mycophenolate
mofetil treatment in progressive diffuse cutaneous systemic sclerosis of recent onset. J Rheumatol
2012; 39: 1241-1247. doi: 10.3899/jrheum.111229 PMID: 22467932

Derk CT, Grace E, Shenin M, Naik M, Schulz S, Xiong W, et al. A prospective open-label study of myco-
phenolate mofetil for the treatment of diffuse systemic sclerosis. Rheumatology. 2009; 48: 1595-1599.
doi: 10.1093/rheumatology/kep295 PMID: 19846575

Simeon-Aznar CP, Fonollosa-Pla V, Tolosa-Vilella C, Selva-O'Callaghan A, Solans-Laque R, Vilardell-
Tarres M.Effect of mycophenolate sodium in scleroderma-related interstitial lung disease. Clin Rheu-
matol. 2011; 30 (11): 1393-1398. doi: 10.1007/s10067-011-1823-1 PMID: 21881859

Herrick AL, Lunt M, Whidby N, Ennis H, Silman A, McHugh N, et al. Observational study of treatment
outcome in early diffuse cutaneous systemic sclerosis. J Rheumatol. 2010; 37: 116—124. doi: 10.3899/
jrheum.090668 PMID: 19955050

Liossis SNC, Bounas A, Andonopoulos AP. Mycophenolate mofetil as first-line treatment improves clini-
cally evident early scleroderma lung disease. Rheumatology 2006; 45 (8): 1005—1008. PMID: 16490756

Vanthuyne M, Blockmans D, Westhovens R, Roufosse F, Cogan E, Coche E, et al. A pilot study of
mycophenolate mofetil combined to intravenous methylprednisolone pulses and oral low-dose gluco-
corticoids in severe early systemic sclerosis. Clin Exp Rheumatol 2007; 25: 287-292. PMID: 17543155

Gerbino AJ, Goss CH, Molitor JA. Effect of mycophenolate mofetil on pulmonary function in scleroder-
ma-associated interstitial lung disease. CHEST 2008; 133: 455-460. PMID: 18071023

Nihtyanova S, Brough GM, Black CM, Denton CP. Mycophenolate mofetil in diffuse cutaneous system-
ic sclerosis—A retrospective analysis. Rheumatology 2007; 46 (3): 442—-445. PMID: 16899504

Zamora AC, Wolters PJ, Collard HR, Connolly MK, Elicker BM, Webb WR, et al. Use of mycophenolate
mofetil to treat scleroderma-associated interstitial lung disease. Resp Med 2008, 102: 150-155.

Koutroumpas A, Ziogas A, Alexiou |, Barouta G, Sakkas LI. Mycophenolate mofetil in systemic sclero-
sis-associated interstitial lung disease. Clin Rheumatol. 2010; 29: 1167-1168. doi: 10.1007/s10067-
010-1498-z PMID: 20532938

Berezne A, Ranque B, Valeyre D, Brauner M, Allanore Y, Launay D, et al. Therapeutic strategy combin-
ing intravenous cyclophosphamide followed by oral azathioprine to treat worsening interstitial lung dis-
ease associated with systemic sclerosis: A retrospective multicenter open-label study. J Rheumatol.
2008; 35: 1064—1072. PMID: 18464307

Le EN, Wigley FM, Shah AA, Boin F, Hummers LK. Long-term experience of mycophenolate mofetil for
treatment of diffuse cutaneous systemic sclerosis. Ann Rheum Dis. 2011; 70 (6): 1104—1107. doi: 10.
1136/ard.2010.142000 PMID: 21378404

Panopoulos ST, Bournia VK, Trakada G, Giavri |, Kostopoulos C, Sfikakis PP. Mycophenolate versus
cyclophosphamide for progressive interstitial lung disease associated with systemic sclerosis: a 2-year
case control study. Lung 2013; 191: 483—489. doi: 10.1007/s00408-013-9499-8 PMID: 23925736

Plastiras SC, Vlachoyiannopoulos PG, Tzelepis GE (2006) Mycophenolate mofetil for interstitial lung
disease in scleroderma. Rheumatology 45: 1572. PMID: 16998235

Busquets J, Del Galdo F, Kissin EY, Jimenez SA. Assessment of tissue fibrosis in skin biopsies from
patients with systemic sclerosis employing confocal laser scanning microscopy: an objective outcome
measure for clinical trials? Rheumatology 2010; 49: 1069—1075. doi: 10.1093/rheumatology/keq024
PMID: 20202926

Gonzalez-Nieto JA, Martin-Suarez |J, Gil-Munoz FL. [Efficacy of mycophenolate associated with meth-
otrexate as a maintenance treatment for systemic sclerosis-associated interstitial lung disease]. Arch
Bronconeumol 2011; 47: 575. doi: 10.1016/j.arbres.2011.06.007 PMID: 21821334

Cuomo G, Abignano G, ludici M, Petrillo A, Valentini G. Effectiveness and safety of mycophenolate
mofetil in the treatment of interstitial lung disease in patients with systemic sclerosis. Arthritis and Rheu-
matism Conference: American College of Rheumatology/Association of Rheumatology Health Profes-
sionals Annual Scientific Meeting, ACR/ARHP 09 Atlanta, GA United States. 2009; 60: 1735.

PLOS ONE | DOI:10.1371/journal.pone.0124205 May 1, 2015 12/183


http://www.ncbi.nlm.nih.gov/pubmed/16622903
http://dx.doi.org/10.1136/ard.2008.096677
http://www.ncbi.nlm.nih.gov/pubmed/19147617
http://dx.doi.org/10.1155/2012/143637
http://www.ncbi.nlm.nih.gov/pubmed/22655194
http://www.ncbi.nlm.nih.gov/pubmed/11157146
http://dx.doi.org/10.3899/jrheum.111229
http://www.ncbi.nlm.nih.gov/pubmed/22467932
http://dx.doi.org/10.1093/rheumatology/kep295
http://www.ncbi.nlm.nih.gov/pubmed/19846575
http://dx.doi.org/10.1007/s10067-011-1823-1
http://www.ncbi.nlm.nih.gov/pubmed/21881859
http://dx.doi.org/10.3899/jrheum.090668
http://dx.doi.org/10.3899/jrheum.090668
http://www.ncbi.nlm.nih.gov/pubmed/19955050
http://www.ncbi.nlm.nih.gov/pubmed/16490756
http://www.ncbi.nlm.nih.gov/pubmed/17543155
http://www.ncbi.nlm.nih.gov/pubmed/18071023
http://www.ncbi.nlm.nih.gov/pubmed/16899504
http://dx.doi.org/10.1007/s10067-010-1498-z
http://dx.doi.org/10.1007/s10067-010-1498-z
http://www.ncbi.nlm.nih.gov/pubmed/20532938
http://www.ncbi.nlm.nih.gov/pubmed/18464307
http://dx.doi.org/10.1136/ard.2010.142000
http://dx.doi.org/10.1136/ard.2010.142000
http://www.ncbi.nlm.nih.gov/pubmed/21378404
http://dx.doi.org/10.1007/s00408-013-9499-8
http://www.ncbi.nlm.nih.gov/pubmed/23925736
http://www.ncbi.nlm.nih.gov/pubmed/16998235
http://dx.doi.org/10.1093/rheumatology/keq024
http://www.ncbi.nlm.nih.gov/pubmed/20202926
http://dx.doi.org/10.1016/j.arbres.2011.06.007
http://www.ncbi.nlm.nih.gov/pubmed/21821334

@ PLOS | one

MMF in SSc

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Saketkoo LA, Espinoza LR. Experience of mycophenolate mofetil in 10 patients with autoimmune-relat-
ed interstitial lung disease demonstrates promising effects. Am J Med Sci. 2009; 337 (5): 329-335. doi:
10.1097/MAJ.0b013e31818d094b PMID: 19295413

Gulamhusein A, Pope JE. Squamous cell carcinomas in 2 patients with diffuse scleroderma treated
with mycophenolate mofetil. J Rheumatol. 2009; 36: 460-462. doi: 10.3899/rheum.080611 PMID:
19208586

Bandelier C, Guerne PA, Genevay S, Finckh A, Gabay C. Clinical experience with mycophenolate
mofetil in systemic autoimmune conditions refractory to common immunosuppressive therapies. Swiss
Med Wkly 2009; 139: 41-46. doi: smw-12441 PMID: 19169902

Cuomo G, Abignano G, Valentini G. Early onset neutropenia after mycophenolate mofetil in systemic
sclerosis. Rheumatol Int 2009; 29 (12): 1529-1530. doi: 10.1007/s00296-009-0879-6 PMID: 19247660

Nikpour M, Hissaria P, Byron J, Sahhar J, Micallef M, Paspaliaris W, et al. Prevalence, correlates and clin-
ical usefulness of antibodies to RNA polymerase Ill in systemic sclerosis: a cross-sectional analysis of
data from an Australian cohort. Arthritis Res Ther 2011; 13: R211. doi: 10.1186/ar3544 PMID: 22189167

Swigris JJ, Olson AL, Fischer A, Lynch DA, Cosgrove GP, Frankel SK, et al. Mycophenolate mofetil is
safe, well tolerated, and preserves lung function in patients with connective tissue disease-related inter-
stitial lung disease. CHEST 2006; 130: 30—36. PMID: 16840379

Gonzalez-Nieto JA, Martin-Suarez IJ, Gil-Munoz FL. Efficacy of Mycophenolate Associated with Metho-
trexate as a Maintenance Treatment for Systemic Sclerosis-Associated Interstitial Lung Disease. [Span-
ish]. Arch Bronconeumol. 2011; 47 (11): 575. doi: 10.1016/j.arbres.2011.06.007 PMID: 21821334

Medsger TA Jr., Silman AJ, Steen VD, Black CM, Akesson A, Bacon PA, et al. A disease severity scale
for systemic sclerosis: development and testing. J Rheumatol 1999; 26: 2159-2167. PMID: 10529133

Behrend M. Adverse gastrointestinal effects of mycophenolate mofetil: aetiology, incidence and man-
agement. Drug Saf. 2001; 24: 645-663. PMID: 11522119

Bunnapradist S, Ambuhl PM. Impact of gastrointestinal-related side effects on mycophenolate mofetil
dosing and potential therapeutic strategies. Clin Transplant 2008; 22: 815-821. doi: 10.1111/.1399-
0012.2008.00892.x PMID: 18798850

Khanna D, Hays RD, Maranian P, Seibold JR, Impens A, Mayes MD, et al. Reliability and validity of the
University of California, Los Angeles Scleroderma Clinical Trial Consortium Gastrointestinal Tract In-
strument. Arthritis Rheum 2009; 61: 1257—1263. doi: 10.1002/art.24730 PMID: 19714600

Houssiau FA, D'Cruz D, Sangle S, Remy P, Vasconcelos C, Petrovic R. et al. Azathioprine versus
mycophenolate mofetil for long-term immunosuppression in lupus nephritis: results from the MAINTAIN
Nephritis Trial. Ann Rheum Dis 2010; 69: 2083-2089. doi: 10.1136/ard.2010.131995 PMID: 20833738

Dooley MA, Jayne D, Ginzler EM, Isenberg D, Olsen NJ, Wofsy D, et al. Mycophenolate versus azathio-
prine as maintenance therapy for lupus nephritis. N Engl J Med 2011; 365: 1886—1895. doi: 10.1056/
NEJMoa1014460 PMID: 22087680

Zeher M, Doria A, Lan J, Aroca G, Jayne D, Boletis I. et al. Efficacy and safety of enteric-coated myco-
phenolate sodium in combination with two glucocorticoid regimens for the treatment of active lupus ne-
phritis. Lupus 2011; 20: 1484—1493. doi: 10.1177/0961203311418269 PMID: 21976398

Roos N, Poulalhon N, Farge D, Madelaine |, Mauviel A, Verrecchia F. In vitro evidence for a direct antifi-
brotic role of the immunosuppressive drug mycophenolate mofetil. J Pharmacol Exp Ther. 2007; 321
(2): 583-589. PMID: 17272676

Petrova DT, Brandhorst G, Brehmer F, Gross O, Oellerich M, Armstrong VW. Mycophenolic acid dis-
plays IMPDH-dependent and IMPDH-independent effects on renal fibroblast proliferation and function.
Ther Drug Monit 2010; 32: 405—412. doi: 10.1097/FTD.0b013e3181e44260 PMID: 20592645

Badid C, Vincent M, McGregor B, Melin M, Hadj-Aissa A, Veysseyre C, et al. Mycophenolate mofetil re-
duces myofibroblast infiltration and collagen Il deposition in rat remnant kidney. Kidney Int 2000; 58:
51-61. PMID: 10886549

Phumethum V, Jamal S, Johnson SR. Biologic therapy for systemic sclerosis: a systematic review. J
Rheumatol 2011; 38: 289-296. doi: 10.3899/jrheum.100361 PMID: 21041277

Omair MA, Phumethum V, Johnson SR. Long-term safety and effectiveness of tumour necrosis factor
inhibitors in systemic sclerosis patients with inflammatory arthritis. Clin Exp Rheumatol 2012; 30: S55—
59. PMID: 22691210

PLOS ONE | DOI:10.1371/journal.pone.0124205 May 1, 2015 13/13


http://dx.doi.org/10.1097/MAJ.0b013e31818d094b
http://www.ncbi.nlm.nih.gov/pubmed/19295413
http://dx.doi.org/10.3899/jrheum.080611
http://www.ncbi.nlm.nih.gov/pubmed/19208586
http://dx.doi.org/smw-12441
http://www.ncbi.nlm.nih.gov/pubmed/19169902
http://dx.doi.org/10.1007/s00296-009-0879-6
http://www.ncbi.nlm.nih.gov/pubmed/19247660
http://dx.doi.org/10.1186/ar3544
http://www.ncbi.nlm.nih.gov/pubmed/22189167
http://www.ncbi.nlm.nih.gov/pubmed/16840379
http://dx.doi.org/10.1016/j.arbres.2011.06.007
http://www.ncbi.nlm.nih.gov/pubmed/21821334
http://www.ncbi.nlm.nih.gov/pubmed/10529133
http://www.ncbi.nlm.nih.gov/pubmed/11522119
http://dx.doi.org/10.1111/j.1399-0012.2008.00892.x
http://dx.doi.org/10.1111/j.1399-0012.2008.00892.x
http://www.ncbi.nlm.nih.gov/pubmed/18798850
http://dx.doi.org/10.1002/art.24730
http://www.ncbi.nlm.nih.gov/pubmed/19714600
http://dx.doi.org/10.1136/ard.2010.131995
http://www.ncbi.nlm.nih.gov/pubmed/20833738
http://dx.doi.org/10.1056/NEJMoa1014460
http://dx.doi.org/10.1056/NEJMoa1014460
http://www.ncbi.nlm.nih.gov/pubmed/22087680
http://dx.doi.org/10.1177/0961203311418269
http://www.ncbi.nlm.nih.gov/pubmed/21976398
http://www.ncbi.nlm.nih.gov/pubmed/17272676
http://dx.doi.org/10.1097/FTD.0b013e3181e44260
http://www.ncbi.nlm.nih.gov/pubmed/20592645
http://www.ncbi.nlm.nih.gov/pubmed/10886549
http://dx.doi.org/10.3899/jrheum.100361
http://www.ncbi.nlm.nih.gov/pubmed/21041277
http://www.ncbi.nlm.nih.gov/pubmed/22691210

