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ABSTRACT

Objectives: This study aims to assess the efficacy and safety of mycophenolate mofetil (MMF) on lung function and skin thickness in Korean patients 
with systemic sclerosis-interstitial lung disease (SSc-ILD) in a real-world setting.
Patients and methods: This retrospective, medical chart-based study was performed at four centers in South Korea and included 34 patients 
(2 males, 32 females; median age 50.5 years; range, 25 to 72 years) with SSc-ILD. We investigated changes in forced vital capacity (FVC), diffusion 
capacity of the lung for carbon monoxide (DLCO), and modified Rodnan skin score (mRSS) according to MMF treatment for 24 months.
Results: The mean dose and treatment duration of MMF were 1,338.2±439.0 mg/day and 13.1±9.3 months, respectively. Although FVC decreased 
significantly at 15 months, FVC and DLCO did not change significantly during treatment with MMF. Median mRSS decreased significantly from 
17.5 (2-40) to 10.5 (2-40) units (p<0.0001). Thirteen patients (38.24%) discontinued treatment with MMF [treatment duration 8.00 (3.0-24.0) months]; 
the predominant cause of discontinuation was of economic nature (46.15%). No serious adverse events were reported.
Conclusion: This real-world based study supports the role of MMF in the stabilization of lung function and the improvement in skin thickness with 
an acceptable safety profile in patients with SSc. Economic burden is the main cause of discontinued treatment with MMF.
Keywords: Interstitial, Korea, lung diseases, mycophenolic acid, scleroderma, systemic.

Systemic sclerosis (SSc) is a rare autoimmune 
disease, which involves multiple organs and often 
results in significant disability and mortality. 
SSc-interstitial lung disease (SSc-ILD) is now a 
leading cause of death in patients with SSc.1,2 
The 2017 update from the European League 
Against Rheumatism (EULAR) recommends 
cyclophosphamide (CYC) and methotrexate as 
an effective therapeutic option for lung and 

skin disease caused by SSc. The EULAR 
recommendations mentioned mycophenolate 
mofetil (MMF) as a research agenda in order to 
evaluate the efficacy and safety in the treatment 
of SSc.3 However, a high-quality randomized 
controlled trial (RCT), which compared MMF 
(up to 3 g/day for two years) with oral CYC 
(2 mg/kg/day with a one year follow-up and 
by matching a placebo for the second year) in 
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patients with SSc-related ILD,4 caused a move as 
a first-line preference for ILD induction therapy 
from CYC to MMF among experts.5 MMF versus 
oral CYC in scleroderma-related interstitial lung 
disease (SLS II) study showed that forced vital 
capacity (FVC) significantly improved in both 
MMF- and CYC-treated groups and MMF had 
a superior safety profile.4 SLS II trials also 
demonstrated significant improvements in the total 
modified Rodnan skin score (mRSS) using MMF.

Although RCTs represent the gold-standard for 
medical evidence to assess drug efficacy, this strict 
set of criteria and fixed patterns of treatment could 
affect the generalizability of results. Compared with 
RCTs, observational studies based on real-world 
data had numerous potential confounders; 
however, they had more of a practical nature 
rather than a tightly controlled design. Real-world 
data can also provide unrevealed treatment 
characteristics and safety profiles, which have 
not been captured by RCTs.6-8 A retrospective 
observational study showed that a treatment with 
lower than 3 g a day of MMF (majority of patients 
were on 2 g/day) slowed the rate of decline in 
lung function in patients treated with SSc-ILD. 
An Australian scleroderma cohort study observed 
that MMF (mean dose of 1.9±0.4 g/day and 
mean duration of 2.7±1.7 years) was associated 
with improvements in mRSS and showed good 
tolerability. However, studies conducted for Asian 
patients with SSc on the efficacy and safety 
of MMF are insufficient. Particularly in Korea, 
real-world based observational studies are lacking, 
due to the fact that the use of MMF for SSc-ILD 
has been limited in clinical practice as there 
is limited coverage by Korean national health 
insurance. Therefore, in this study, we aimed to 
assess the efficacy and safety of MMF on lung 
function and skin thickness in Korean patients 
with SSc-ILD in a real-world setting.

PATIENTS AND METHODS

This retrospective, medical chart-based 
research was performed at four centers in South 
Korea (Soonchunhyang University Seoul hospital, 
Korea University medical center, Catholic 
University Daegu medical center, and Keimyung 
University Dongsan medical center) between 
March 2014 and March 2017 and included 34 

SSc-ILD patients (2 males, 32 females; median 
age 50.0 years; range, 25 to 72 years). The 
inclusion criteria were SSc with the use of 
MMF having either progressive lung disease 
or inadequate responses with other treatments 
between March 2014 and March 2017. All 
patients fulfilled the 2013 EULAR/American 
College of Rheumatology classification criteria 
for SSc.9 Patients were excluded if (i) they 
were over 75 years old or under 20 years old; 
(ii) had previous immunosuppressant treatment 
for >4 months or use of any immunosuppressant 
drug other than MMF or CYC within the month 
prior to study entry. The study protocol was 
approved by the Institutional Review Board for 
Human Research of each center (SCH 2015-001). 
A written informed consent was obtained from 
each patient. The study was conducted in 
accordance with the principles of the Declaration 
of Helsinki.

The primary endpoint was the changes in 
lung functions over time. Lung function was 
assessed by FVC (FVC: % predicted) and diffusion 
capacity of the lung for carbon monoxide 
(DLCO: % predicted) (corrected for hemoglobin). 
The secondary endpoints were changes in skin 
thickness scores obtained via the mRSS,10 semi-
quantitative scores of nailfold capillaroscopy 
(NFC), and safety profile. NFC scores of mega-
capillary, avascular area, and ramification 
were used, with scores ranging from 0 to 3; 
where 0=no change, 1=less than 33% capillary 
alteration/reduction, 2=33%-66% of capillary 
alteration/reduction, 3=greater than 66% 
capillary alteration/reduction, per linear mm.11-13 
The basic demographic information, medication 
use, and presence of organ involvement of SSc 
were also obtained for all patients. The repetitive 
clinical assessment, including spirometry, DLCO 
(corrected for hemoglobin), mRSS, and semi-
quantitative scores of NFC were acquired at 3, 9, 
15, and 24 months.

Statistical analysis

All statistical analyses were performed using 
the PASW for Windows version 17.0 software 
(SPSS Inc., Chicago, IL, USA). Demographic 
and baseline data were analyzed using the 
Mann-Whitney U test. Categorical variables were 
compared between groups with the Chi-square test 
and Fisher’s exact test. The Wilcoxon signed rank 
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test was used to assess the effect of MMF on FVC, 
DLCO, and mRSS. Spearman’s rank correlation 
was used to assess correlations between treatment 
duration and clinical parameters. A p value <0.05 
was considered statistically significant.

RESULTS

A total of 34 patients with SSc were enrolled 
including 28 patients with diffuse cutaneous 
SSc and six patients with limited cutaneous 
SSc. The baseline characteristics of the study 
population are shown in Table 1. Patients’ median 
FVC and DLCO were 75.0 (42.0-116.0) %, 
62.5 (33.0-87.0) %, respectively. A comparison 
of demographic features between limited and 
diffuse SSc showed that patients with diffuse 
cutaneous SSc were younger, had a longer 
duration of disease period, higher positivity 
of anti-topoisomerase I, and lower FVC than 
patients with limited cutaneous SSc. There was 
no significant difference in presence of organ 
involvement, semi-quantitative scores of NFC, 
initial mRSS, DLCO, and use of medications.

Median FVC (median [min-max]) was 75.0 
(42.0-116.0) % (n=28), 75.0 (42.0-113.0) % (n=15), 
72.5 (46.0-110.0) % (n=14), 68.5 (46.0-103.0) % 
(n=10), and 60.5 (47.0-96.0) % (n=4) at baseline, 
3, 9, 15, and 24 months, respectively. Median 
FVC was significantly decreased at 15 months 

(p=0.028), otherwise, FVC was not significantly 
changed (Figure 1a).

Median DLCO was 62.5 
(min-max 33.0-87.0) % (n=28), 65.5 (30.0-102.0) 
% (n=15), 66.0 (38.0-82.0) % (n=14), 69.0 
(40.0-77.0) % (n=10), and 58.5 (34.0-78.0) % (n=4) 
at baseline, 3, 9, 15, and 24 months, respectively. 
Median DLCO was not significantly changed 
during treatment with MMF (Figure 1b). The 
DLCO and the last dose of MMF showed a positive 
correlation; however, it was insignificant (r=0.255, 
p=0.279). The patients were stratified into three 
groups by the severity of DLCO abnormality at 
baseline: mild (60-79%), moderate (40-59%), and 
severe decrease (below 40%). We then analyzed 
the effect of MMF according to the severity of 
DLCO at baseline. The median DLCO was not 
statistically different in the stratification of DLCO 
severity (data not shown).

The mean dose of MMF was 
1338.2±439.0 mg/day, and mean treatment 
duration was 13.1±9.3 months. Median dose of 
MMF (median [min-max]) at baseline, 3, 9, 15, 
and 24 months was 1,250 (500-2,000) mg/day 
(n=34), 1,250 (500-2,000) mg/day (n=34), 
1,500 (500-2,000) mg/day (n=19), 1,250 
(500-2,000) mg/day (n=16), and 1,000 
(1,000-2,000) mg/day (n=6), respectively. The 
dosage of MMF tended to increase according 
to the treatment duration; however, without 
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Figure 1. (a) Changes on the % predicted forced vital capacity (FVC). The number of patients was 28 at baseline, 15 
at 3 months, 14 at 9 months, 10 at 15 months, and 4 at 24 months. The vertical line represent the range. Median FVC 
was significantly decreased at 15 months (p=0.028), otherwise, FVC was not significantly changed. (b) Changes on % 
predicted diffusion capacity of lung for carbon monoxide. Median DLCO was not significantly changed during treatment 
with MMF. (c) Changes on dosage of MMF. The last dosage of MMF tends to increase according to treatment duration 
without statistical significance (r=0.128, p=0.469).
* p<0.05; FVC: Forced vital capacity; DLCO: Diffusion capacity of lung for carbon monoxide; MMF: Mycophenolate mofetil.
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statistical significance (r=0.128, p=0.469) 
(Figure 1c). On the other hand, there were no 
significant changes in the dose of MMF, and the 
last dose of steroids was significantly decreased 
from 5.0 (0-15.0) mg/day to 2.5 (0-15) mg/day 
(p=0.007). The use of calcium channel blocker, 
angiotensin converting enzyme inhibitors/
angiotensin II receptor blocker, and aspirin 
did not significantly change overtime after 
treatment with MMF.

The median mRSS (median [min-max]) was 
significantly improved after treatment with MMF 
from 17.5 (2-40) units to 10.5 (2-40) units 
(p<0.0001). The median mRSS was 15.0 (2-40) 
units (n=29), 8.0 (3-40) units (n=15), 14 (4-32) 
units (n=13), 9.5 (4-32) units (n=6) at 3, 9, 15, and 
24 months, respectively. Using observational data, 
there was a statistically significant improvement in 

mRSS at 3, 9, 15, and 24 months compared to 
baseline (p<0.001, p=0.002, 0.002, and 0.027, 
respectively) (Figure 2a). The correlation between 
dose of MMF and changes of mRSS was not 
significant (r=-0.202, p=251) (Figure 2b).

Treatment with MMF did not show any 
significant changes in semi-quantitative scores 
of mega-capillary, avascular area, or ramification 
grades of NFC overtime (Table 2).

A total of 13 patients (38.24%) discontinued 
treatment with MMF, the predominant reason of 
discontinuation was due to economic challenges 
(n=6, 46.15%). Other causes included inadequate 
responses to MMF (n=2), death (n=1), missed 
follow-ups (n=1), inefficacy (n=2), and pregnancy 
plans (n=1) (Table 3). The median treatment 
duration in patients who discontinued MMF was 
8.00 (3.0-24.0) months. The non-lethal adverse 

Figure 2. (a) Changes of the modified Rodnan total skin score over 24 months. The number of patients 
was 34 at baseline, 29 at 3 months, 15 at 9 months, 13 at 15 months, and 6 at 24 months. The vertical 
line represent the range. The mRSS significantly decreased after beginning of the treatment with MMF. (b) 
Last dose of mycophenolate mofetil and changes in modified Rodnan skin score shows negative correlation 
without statistical significance (r=-0.202, p=0.251).
mRSS: Modified Rodnan skin score; MMF: Mycophenolate mofetil; * p<0.05, *** p<0.001, **** p<0.0001.
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Table 2. Semi-quantitative scores of nailfold capillaroscopy at baseline and after treatment with mycophenolate mofetil

Initial (n=24) 3 months (n=4) 9 months (n=9) 15 months (n=4) 24 months (n=2)

Nailfold capillaroscopic 
scores

Median Min-Max Median Min-Max Median Min-Max Median Min-Max Median Min-Max p

Maga-capillary (0-3) 1 0-2 0 0-1 1 0-1 0.5 0-2 0.5 0-1 0.125

Avascular area (0-3) 2 0-3 1.5 1-3 1 3-1 2 1-2 2.5 1-3 0.531

Ramification (0-3) 0 0-2 0 0-0 0 0-3 0 0-0 0 0-0 0.500

Min: Minimum; Max: Maximum.
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Table 3. Treatment duration and cause of discontinuation

n % Mean±SD Median Range

Overall treatment duration 34 13.1±9.3 12.00 3.0-36.0

Treatment duration in discontinued group 13 10.9±7.7 8.00 3.0-24.0

Maximum dose of discontinued group 13 1,346.2±375.5 1,500 1,000-2,000

Cause of discontinuation

Economic problem 6 46.15

Adequate response 2 15.38

Inefficacy 2 15.38

Death 1 7.69

Follow-up loss 1 7.69

Adverse events 0 0

Prepare pregnancy 1 7.69

SD: Standard deviation.

events included leukopenia (n=2), diarrhea (n=2), 
and minor infection (n=3). One death occurred 
due to acute exacerbation of SSc-ILD.

DISCUSSION

The present real-world based observational 
retrospective study assessed the effect of MMF 
on treatment and safety of SSc in Korea. The 
results of this study have shown that treatment 
with MMF is associated with a reduction in the 
extent of cutaneous sclerosis; however, not with 
improvements in lung function tests. We have 
also confirmed the acceptable safety profile of 
MMF. Considering that there is a progressive 
decrease in lung function in SSc-related ILD, 
which is the natural course of SSc-related ILD,14 
non-significant decrease of DLCO in the current 
study supports the beneficial effects of MMF on 
stabilization of lung function.

Compared to previous studies which reported 
improvements of lung function, the analysis of 
this real-world based data has demonstrated 
disappointing results by particularly showing 
significant decrease of FVC at 15-month MMF 
treatment. The possible explanation of these 
findings could include relatively lower dose 
of MMF (mean dose 1338.2±439.0 mg/day) 
and short treatment duration (mean treatment 
duration 13.1±9.3 months) compared to previous 
studies. The SLS II study, which is a head-to-head 
comparative study of MMF versus oral CYC, has 

led to the change of first-line preference for 
SSc-related ILD from CYC to MMF, according to 
the expert opinion based treatment algorithms 
for SSc.5 In the SLS II study, the patients 
who completed the entire treatment of MMF 
showed an overall improvement of FVC, 
whereas the premature withdrawal population 
from the treatment had an overall worse FVC 
(75%). Moreover, most patients in the MMF 
group reached and maintained the target dose 
(3 g/day).4 In other reported studies, pulmonary 
function has also improved or stabilized after 
treatment with at least more than 2 g/day of 
MMF.15-18 The SLS II study has shown an average 
peak improvement of FVC at 18-21 months. 
The Australian Scleroderma Cohort study has 
demonstrated that treatment with MMF was 
associated with stability of the SSc-ILD for up 
to 36 months.19 Results from our study and 
previous data suggest that optimal dosage of 
MMF for an adequate period of time is essential 
to prevent progression of SSc-ILD.

Interstitial lung disease accounts for up to 
30-35% of mortality in patients with SSc.20 
The standard treatments for ILD includes MMF 
and CYC, both of which have shown improved 
pulmonary function.1 Although there are numerous 
positive results of MMF treatment in the attenuation 
of the disease,4,18,21 MMF for SSc-related ILD 
is not covered by the Korean national health 
insurance. Owing to the high burden of expenses 
of this drug, the treatment options of SSc-related 
ILDs are definitely limited. High costs of MMF 
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could lead to suboptimal dosage and duration of 
the treatment in our study. Based on our real-
world experience, the financial support through 
expansion of reimbursement guidelines is urgently 
needed to provide appropriate treatment with 
MMF with sufficient dose and period in patients 
with SSc.

A substantial number of studies have 
highlighted the therapeutic effectiveness of MMF 
on skin involvement in patients with SSc.4,16,22-26 
In the current study, we have also observed 
significant decline in mRSS associated with MMF 
treatment. The baseline mRSS in the present 
study versus SLS II was similar (17.5 [range 2-40] 
in the current study versus 15.3±10.4 in SLS II). 
Although the dosage of MMF was lower in our 
study than in SLS II trials, the observed changes 
of mRSS at 24 months from baseline were 
comparable (-7.0 in the current study versus 
-4.9 in SLS II).4,22 A prospective, observational 
cohort study has also shown that 2 g of MMF 
was associated with significant reductions in 
mRSS at 12 months (-4.1 units) in patients with 
early diffuse cutaneous SSc.27 Although CYC 
and hematopoietic stem cell transplantation 
have demonstrated clear benefits for skin in 
SSc,28 the high risk limits the use of those 
treatments, and alternative safe options are 
necessary in clinical practice. For treatment 
of skin involvement, MMF lower than 2 g/day 
may be sufficient. Further studies are needed 
to define the proper dosage of MMF according 
to organ-based complications, considering the 
risks and benefits. Accumulative evidence of 
consistent effects may lead to incorporation of 
MMF as the preferred treatment option for skin 
manifestations in patients with SSc in the near 
future.

Although treatment of the underlying disease 
with a suitable immunosuppressant is important, 
the role of immunosuppressive therapy is unclear 
in patients with autoimmune diseases associated 
with Raynaud’s phenomenon.29 Additionally, 
there have been no studies evaluating the effects 
of MMF on microcirculation in SSc. We have 
investigated the changes of semi-quantitative 
scores of NFC at 24 months after MMF treatment in 
patients with SSc; however, we failed to show any 
significant improvement of the microvasculature 
structure. MMF administration was reported to 
restore renal microvascular oxygenation, reactive 

oxygen species (ROS) production, and immune 
cell-mediated inflammatory activation in a rat 
model of supra-renal aortic occlusion-mediated 
ischemia/reperfusion injury.30 Although 
inflammatory cascade and ROS play a role 
in the pathogenesis of SSc,31 structural and 
functional abnormalities of microvasculature are 
the main drivers for digital ischemia.32 Therefore, 
immunosuppressants including MMF could be 
ineffective to obliterative vasculopathy in patients 
with SSc.

We have confirmed an acceptable safety of 
MMF in patients with SSc. In the present study, 
leukopenia, diarrhea, and minor infections were 
observed in 5.9%, 5.9%, and 2.9% of the 
patients, respectively. Likewise, leukopenia and 
pneumonia occurred in 5.7% and 10.1% of 
MMF-treated patients in SLS II study.4 No serious 
adverse events related to MMF treatment were 
observed.

The main weakness of this study is its 
observational, retrospective, and uncontrolled 
design with a relatively small number of patients. 
Moreover, treatment with MMF was not compared 
to the use of placebo or other immunosuppressive 
agents such as CYC. About 40% of enrolled 
patients (n=13) discontinued treatment with MMF 
(mean treatment duration of less than one year), 
only six patients retained the treatment with 
MMF at 24 months (the remaining 15 patients 
on MMF treatment did not reach 24 months), 
and the data about changes on lung function 
and skin thickening were limited. We suggest 
that suboptimal dosage and treatment duration 
of MMF may cause a significant decline of 
FVC and a non-significant decrease of DLCO. 
Therefore, to confirm our speculation, further 
studies on the efficacy of MMF according to the 
dosage and duration are needed. Furthermore, 
this is a multicenter observational study, thus 
the inter-observer reliability of mRSS was not 
studied, which is another limitation of our study. 
However, the same experienced examiners in 
each institution have evaluated skin thickness 
throughout the trial, and good inter-observer 
reliability was observed in previous studies of 
mRSS.33

In conclusion, our observational study 
supports the role of MMF in the stabilization 
of DLCO and FVC, and the improvement in 
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skin thickness in patients with SSc. However, 
meaningful improvement of lung function 
was not achieved with suboptimal dosage and 
duration of MMF in a real-world setting. Despite 
the favorable safety profile of MMF, economic 
burden is the main cause of discontinued 
treatment with MMF.
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