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Abstract

Purpose The dual antiproliferative mechanism of mycophenolate appears to be beneficial in Graves’ orbitopathy (GO).
Methods Safety data from the two published mycophenolate trials and the original database of the European Group on
Graves’ Orbitopathy (EUGOGO) trial were systematically analyzed. Treatment efficacy stratified by individual visual param-
eters of activity and severity were compared.

Results A total of 129 adverse events (AE) involving 50 patients (29.4%) were noted among all mycophenolate-treated
patients. Mycophenolate sodium plus intravenous glucocorticoid (MPS + GC) group of the EUGOGO trial recorded signifi-
cantly more AE (55.4% versus 4.6% of patients affected) and serious adverse events (SAE) (12.5% versus 0%) than mycophe-
nolate mofetil (MMF) group of the Chinese trial. None of those SAE was side effect (SE). Most SE in MPS + GC group were
mild. Gastrointestinal disorders, infection and liver dysfunction affected 8.8%, 7.1% and 1.2% of all mycophenolate-treated
patients (versus 5.4%, 5.4% and 1.2% of all patients on GC monotherapy, respectively). MPS + GC did not significantly
increase the risk of infection or liver dysfunction when compared to GC monotherapy. No cytopenia, serious infection or
treatment-related mortality was reported. The much higher AE rates of mycophenolate trials in other autoimmune diseases or
transplantations suggested that major mycophenolate toxicities were mostly dose- and duration dependent. Mycophenolate,
either as monotherapy or as combination, achieved better overall response than GC monotherapy.

Conclusion The risk—benefit ratio of low-dose mycophenolate treatment in active moderate-to-severe GO is highly favorable
given its reassuring safety profile with low rate of mild-to-moderate SE and promising efficacy.
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Introduction

Graves’ orbitopathy (GO) is the most common extra-thyroi-
dal manifestation of Graves’ disease (GD) [1, 2]. The preva-
lence of GO among patients with GD varies widely across
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and reduction of adhesion molecules which recruit lympho-
cytes, monocytes and neutrophils into sites of inflammation
[6, 7]. An antiproliferative effect on orbital target cells has
also been discussed. Mycophenolate mofetil (MMF) acts as
a pro-drug and is hydrolyzed by esterases to form the active
metabolite MPA [6]. Enteric-coated mycophenolate sodium
(MPS) contains MPA packed in a gastro-resistant capsule
and it was designed to improve MPA-related gastrointesti-
nal intolerance by delaying the release of MPA until reach-
ing the small intestine [8]. Considering their difference in
molecular weights, each 500 mg of MMF is equivalent to
360 mg of MPA or MPS.

A Chinese case series first reported that mycophenolate
was an effective treatment of GO in 2004 [9]. Recently, two
major randomized clinical trials, which reported promising
efficacy of mycophenolate in patients with active moderate-
to-severe GO, were published. As medication safety is of
utmost importance in immunomodulation, the safety data
in both trials were systematically evaluated. Mycophenolate
efficacy in GO was also briefly analyzed.

Materials and methods

A search of the NCBI PubMed database (National Library
of Medicine, Bethesda, MD, https://www.ncbi.nlm.nih.gov/
pubmed) was conducted in order to obtain data on clinical
trials evaluating mycophenolate in patients with GO with no
temporal limit. The following keywords were used: “Graves’
orbitopathy”, “Graves’ ophthalmopathy”, “Thyroid associ-
ated ophthalmopathy”, “Thyroid eye disease”, “Mycophe-
nolate” and “MMF”. All were searched as MeSH-Terms.

Combining the keywords, we found four original articles:

The first article consisted of a Chinese case series [9].
(“Chinese case series”)

The second article described for the first time the
safety profile in 53 consecutive patients with severe
GO on mycophenolate [10]. It represented an interim
assessment of the following European Group on
Graves’ Orbitopathy trial (“EUGOGQO trial”).

The third article was a clinical monocenter trial [11].
(“Chinese trial”)

The fourth article provided the final results of the
multi-center randomized EUGOGQO trial [12].

The original study database of the EUGOGO trial, but
not the Chinese trial, was available to us. Additional data
from the database were generated for further analysis and
comparison. We critically appraised and compared both tri-
als in the following key aspects:

1. Trial design and baseline characteristics
2. Adverse events
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¢ To systematically evaluate safety data of both trials, the
number of all adverse events (AE)/side effects (SE)/
selected AE (gastrointestinal disorders, infection,
liver dysfunction, weight gain) and the proportions of
patients affected in each treatment arm were compared.

e In both trials, an AE was defined as any undesirable
symptom or sign that occurred after the initiation of
the treatment.

e In the EUGOGO trial, AE were documented and
coded in accordance with the standardized medical
dictionary for regulatory affairs (MedDRA), and they
were assigned to the appropriate System Organ Class
(SOC) as recommended by the International Confer-
ence on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH).
An AE was deemed SE if related to the study drugs.
Every AE was classified as mild, moderate or severe
according to ICH E6 guideline for clinical practice.

e The Chinese trial did not mention its AE coding or
classification system. Only AE, but not SE, were
reported. Every AE was also classified as mild, mod-
erate or severe, but the seriousness criteria were not
disclosed.

3. Treatment efficacy

e Both trials defined treatment response rates at week
12 and week 24 using different composite outcomes
(Supplementary Table 1). In the EUGOGO trial
additional data concerning sustained response at
week 36 were collected.

e The Chinese trial further described the response rates
in eight individual visual parameters, four concern-
ing GO activity (improvement in pain, improvement
in soft tissue involvement, improvement in clinical
activity score (CAS) by at least two points, dis-
ease inactivation based on 10-point CAS <3/10 at
24 weeks) and the other four concerning GO sever-
ity (improvement in proptosis by at least 2 mm,
improvement in eye movement, improvement in
diplopia, increase in visual acuity by at least 2/10).

e To evaluate treatment efficacy of both trials, we
compared overall response rates and determined the
proportion of patients (within the whole treatment
arm) who achieved the above endpoints in the two
mycophenolate treatment arms of both trials.

Results

The Chinese case series described 12 GO patients who
received MMF monotherapy 1 g per day for 12 weeks and
reported no AE during the study period. A high response
rate of 92% (11/12) was demonstrated.
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The following analysis mainly focused on the Chinese
and EUGOGQO trials:

1. Trial design and baseline characteristics

170 patients were randomized to mycophenolate, either as
MMF monotherapy in the Chinese trial or MPS plus intra-
venous glucocorticoid (MPS + GC) in the EUGOGO trial.
Each trial had a glucocorticoid (GC) monotherapy arm. An
overview of the trial design and the reasons for trial discon-
tinuation was displayed in Fig. 1. Compliance in both trials
was good and only a few patients dropped out during the
treatment.

The baseline characteristics of mycophenolate-treated
patients were compared (Table 1). The patients in the
EUGOGO trial were older and more often smokers. They
had higher serum levels of thyroid hormones and were more
often positive with thyroid stimulating hormone receptor
autoantibody (TSH-R-AD). Regarding the pre-treatment GO

status, patients in the Chinese trial had higher baseline CAS
but it was based on the 10-point instead of the 7-point scale
used in the EUGOGO trial. Orbital pain was much less com-
mon in the Chinese trial. The baseline mean exophthalmo-
metric measurements were similar at around 21 mm. How-
ever, as Chinese people have significantly lower upper limits
of normal (18.6 mm versus 21 mm in Caucasians) [13-15],
proptosis among patients in the Chinese trial probably was
more severe and/or more prevalent. While the diplopia sta-
tus was similar, much more patients in the EUGOGO trial
suffered from ocular dysmotility. Intriguingly, patients in
the Chinese trial were much more likely to have diplopia
(80%) than decrease in eye movement (19%). The baseline
characteristics of patients who discontinued in the Chinese
trial (seven in MMF group) were not reported.

2. Overview of adverse events (Table 2)
A total of 285 AE affecting 99 of 338 patients (29.3%)
were recorded during the treatment phase in both trials. 129

Fig. 1 Trial designs and reasons
for early discontinuation

397 eligible patients with ]

active moderate-to-severe GO from both trials

59 excluded
(26 Chinese trial; 33 EUGOGO trial)

\

[ 338 underwent randomisation ]

168 allocated to GC monotherapy
(87 Chinese trial; 81 EUGOGO trial)

~

170 allocated to Mycophenolate

Chinese trial (Single-center)
Assigned to MMF (n = 87)
MMEF 1g/day oral for 24 weeks

EUGOGO trial (Multi-center)
Assigned to MPS+GC (n = 83)
MPS 720mg/day oral for 24 weeks

1

i

Discontinued (n =7)
e Withdraw consent: 2 .
e Lost to follow-up: 5 .

Discontinued (n = 8)
Withdraw consent: 3
Lost to follow-up: 4

e Hyperthyroidism: 1

!

80 completed treatment 75 completed treatment
at week 24

at week 24
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Table 1 Demographic, clinical and serological baseline characteristics of mycophenolate trials in GO

Chinese trial

EUGOGTO trial

Therapy

Number of patients randomized

Demographics

Age (years; mean + SD)

Sex (male:female)

Smokers (%)

Clinical characteristics

Thyroid disease
Graves’ hyperthyroidism (%)
Primary hypothyroidism or

Hashimoto’s thyroiditis (%)

Euthyroid orbitopathy (%)

Duration of thyroid disease (months)

Current thyroid treatments
Methimazole (%)
Carbimazole (%)
Propylthiouracil (%)
Levothyroxine (%)

None (%)

Orbital disease

Duration of GO (months)

Previous GC for GO (%)

Clinical activity score (mean +SD)

Presence of pain (%)

Proptosis (mm; mean + SD)
Left eye
Right eye
Presence of proptosis (%)

Diplopia
Absent (%)

Present (%)
Intermittent (%)
Inconstant (%)
Constant (%)

Decrease in eye movement (%)

Serology

TSH, mU/l (mean + SD)

fT4, pmol/l (mean + SD)

fT3, pmol/l (mean + SD)

TSH-R-ADb positive (%)

Mycophenolate mofetil
87¢

40.7 (x14.5)
27:53
12 (15)

65 (81.1)
8 (10)

7(8.8)
13.68+31.85 [mean+ SD]

49 (61.25)
Nil

12 (15.0)
12 (15.0)
10 (12.5)

5.84 (+3.71) [mean+ SD]
6 (7.5)

5.25+1.24 (10-point scale)
35 (%)

21.38+2.54
21.27+2.42
Not available

28 (35.0)
52 (80.0)
21 (26.2)
18 (22.5)
13 (16.2)
19 (%)°

1.84 +1.13 (normal range not available)
9.93 +2.34 (normal range not available)
4.13+0.76 (normal range not available)
26 (32.5) (positive if >1.75 U/l)

Mycophenolate sodium

83

52.1 (+10.1)
22:61
44 (53)

78 (94)
4(5)

1)
13.5 (6.25-42) [median (IQR)]

23 (28)
11 (13)
0(0)

35 (42)
12 (14)

9 (5-19.5) [median (IQR)]
0(0)

3.85+0.92 (7-point scale)
79 (%)

20.98 +3.30
21.21+3.43
77 (%)°

26 (32.1)
55 (67.9)
19 (23.5)
23 (28.4)
13 (16.0)
78.2 (%)*

1.91 +£4.65 (normal range 0.4-4.9)

16.8 +1.50 (normal range 11.6-23.2)

4.70+0.73 (normal range 2.8-6.5)
65 (78.3) (positive if > 1.8 TU/I)

*Baseline characteristics of patients who discontinued the trial (n=7) were not included in the original article by Ye et al. [7]

bProptosis was defined using sex/ethnicity specific exophthalmometric cutoffs [9] or as asymmetry of greater than 2 mm between the two eyes of

individual patients

“Decrease in eye movement was not clearly defined in the Chinese trial, which used Hess chart to assess eye movement function

9Decrease in eye movement was defined in the EUGOGO trial as monocular duction (perimeter arc) in at least one direction of gaze less than

45°
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AE involving 50 patients (29.4%) were noted among all
mycophenolate-treated patients and their detailed descrip-
tion was listed in Table 3. MPS + GC group of the EUGOGO
trial recorded significantly more AE and serious adverse
events (SAE) than MMF group of the Chinese trial. Those
10 SAE in the EUGOGO trial included seven patients with
optic neuropathy (which were in fact cases of treatment fail-
ure or relapse), as well as anal fistula, edema and depression
in one patient each. None of those SAE was classified as
SE. Most SE in the MPS 4+ GC group were mild in severity.
There was no SAE reported in MMF group. No death or
trial discontinuation due to AE or SE was reported in both
studies. The safety data of patients who discontinued in the
Chinese trial (seven in MMF group and nine in GC group)
were not reported.

3. Selected adverse events (Table 2)

Gastrointestinal disorders

Gastrointestinal (GI) disorders as AE were more com-
mon in MPS + GC group than MMF or GC groups (8.8%
and 5.4% of all patients on mycophenolate and GC mono-
therapy, respectively) while half of them were graded as SE
in MPS + GC group. All were mild in severity. Abdominal
discomfort and dyspepsia accounted for most GI SE.

Infection

AE coded as infection were more frequent in MPS + GC
group than MMF or GC groups (7.1% and 5.4% of all
patients on mycophenolate and GC monotherapy,
respectively), but only a minority were graded as SE in
MPS + GC group. All infective episodes were mild to

Table 2 Overview of adverse events and side effects during treatment phase

Chinese trial EUGOGQO trial Chinese trial EUGOGTO trial
GC group® GC group® MMEF monotherapy =~ MPS +GC group®
group?
All adverse events (AE)
Total number 104 52 8 121
% of affected patients 25.3% 33.3% 4.6% 55.4%
Serious adverse events (SAE)
Total number 0 8 0 10
% of affected patients 0% 8.6% 0% 12.5%
Side effects (SE)
Total number N/A 29 N/A 39
% of affected patients 19.7% 25.3%
Proportion of mild SE 66% 79%
Proportion of moderate SE 34% 21%
(1) Gastrointestinal disorders
Total number of AE 3 7 0 18
% of patients with GI disorders as AE 3.4%° 7.4% 0% 18.1%
Number of AE classified as SE N/A 5 N/A 10
% of patients affected by GI disorders as SE N/A 4.9% N/A 10.8%
(2) Infection
Total number of AE 1 8 1 15
% of patients with infection as AE 1.1% 9.9% 1.1% 13.3%
Number of AE classified as SE N/A 5 N/A 5
% of patients affected by infection as SE N/A 6.2% N/A 3.6%
(3) Liver dysfunction (liver enzyme >3x normal)
Total number of AE 1 1 0 2
% of patients with liver dysfunction as AE 1.1% 1.2% 0% 2.4%
Number of AE classified as SE N/A 1 N/A 2
% of patients with liver dysfunction as SE N/A 1.2% N/A 2.4%
(4) Weight gain > 0.5 kg
% of patients with weight gain as AE 19.5% 54.3% 0% 49.4%

#Percentages were calculated based on the number of patients randomized to respective treatment arms

® Assuming three AE of gastrointestinal disorders occurred in three different patients

N/A not available
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Table 3 Details of adverse events in mycophenolate treatment of GO

System organ class (SOC)

No. of AE in EUGOGO trial (MPS + GC) and their preferred No. of AE in Chinese

terms in each MedDRA SOC (SE marked as*)

trial (MMF monother-
apy) and their details

Cardiac disorders 4 Supraventricular extrasystoles, cardiovascular disorder,
palpitations (2x)*

Ear and labyrinth disorders 2 Vertigo (2x)*

Endocrine disorders 1 Hyperthyroidism

Eye disorders 8 Optic neuropathy (7x), episcleritis

Gastrointestinal disorders 18  Abdominal discomfort (5x)*****, dyspepsia (3x)**,
nausea (3x)**, diarrhea (3x)*, constipation, anal
fistula, flatulence, vomiting

General disorders and administration site conditions 15 Fatigue (5x)**, feeling cold (2x)*, feeling hot*,
peripheral edema (2x), influenza like illness (2x),
edema, performance status decreased, tenderness

Infections and infestations 15  Sinusitis (5x)*, cystitis (2x)**, upper respiratory tract
infection (2x), herpes zoster*, herpes simplex*,
abscess, bacterial infection, nasopharyngitis, infec-
tion

Injury, poisoning and procedural complications 2 Scratch*, joint injury,

Investigations 4 Weight increase (2x)*, liver function test increased
(2x)%**

Metabolism and nutrition disorders 2 Hyperglycemia*, decreased appetite*

Musculoskeletal and connective tissue disorders 9 Myalgia (4x)**, pain in extremity (2x), back pain,
arthralgia, muscle spasms

Nervous system disorders 10 Headache (5x)*, dizziness*, tremor, syncope, dysgeu-
sia, paresthesia

Psychiatric disorders 17 Insomnia (7x)*, sleep disorder (3x)**, depression
(2x)*, agitation (2x), depressed mood, apathy,
depressive symptom

Renal and urinary disorders 1 Polyuria

Respiratory, thoracic and mediastinal disorder 1 Rhinorrhea

Skin and subcutaneous tissue disorders 9 Hyperhidrosis (2x)*, rash (2x), pruritus (2x), eczema*,
erythema, rosacea

Vascular disorders 3 Hypertension, hot flush*, facial swelling (mild)*

Total 121

1 Infection

7 Mild impaired liver
function (6x);
hypokalemia

moderate in severity and they resolved uneventfully after

appropriate antimicrobial treatments.

patients with weight gain were similar between the two

treatment arms in the EUGOGO trial.

Liver dysfunction (liver enzyme more than three times

upper limit of normal)

4. Treatment efficacy

Liver dysfunction occurred in only two mycopheno-

late-treated patients (1.2% versus 1.2% of all patients on
GC monotherapy), both from MPS + GC group, who had
raised gamma-glutamyltransferase (GGT) level at week
24 (534 and 227 U/1). No severe hepatotoxicity or liver
failure was noted.

Weight gain

No weight gain was observed among patients from
MMF group. Weight gain of more than 0.5 kg was
recorded in 36.3% of all patients on GC monotherapy and
49.4% of those in MPS + GC group. The proportions of
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A direct comparison between the two trials was limited
by the different trial designs and drug regimens, as well
as unavailability of the Chinese trial database. The over-
all responses rates at weeks 12, 24 and 36 were shown in
Fig. 2. Overall, mycophenolate-treated groups demonstrated
superior response rates at 12 weeks (Chinese trial), 24 weeks
(both trials) and 36 weeks (EUGOGO trial) when com-
pared to their respective GC monotherapy groups (Fig. 2).
Approximately 70% (versus 90% in MMF group) and 30%
(versus 60-70% in MMF group) of patients in MPS + GC
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group achieved endpoints in most individual visual param-
eters of activity (Fig. 3a) and severity (Fig. 3b), respectively.
On the other hand, MPS + GC group of the EUGOGO trial
performed better than MMF group in terms of improvement
of pain and eye movement.

Discussion

This is the first systematic and comprehensive safety analy-
sis evaluating 6-month courses of low-dose (equivalent of
one gram daily) mycophenolate treatment in GO. AE were
much more frequent in MPS + GC group when compared to
MMF group. The excess of AE may partly be contributed
by GC use. Nevertheless, the combination of mycophenolate
and GC did not appear to incur significantly more SE when
compared to GC monotherapy and, more importantly, most
SE in the combination group were only mild.
Hepatotoxicity is a well-documented side effect of
mycophenolate. Our analysis showed that mycophenolate-
treated patients had similar risk of liver dysfunction as those
on GC monotherapy. This finding is important because intra-
venous GC therapy itself carries a small risk of dose depend-
ent acute liver damage [16—19]. The absence of significant
hepatotoxicity reinforces the safety of low dose mycophe-
nolate, both as monotherapy and as combination with GC.
The two most feared side effects of mycophenolate
include bone marrow suppression and infection, which are
potentially severe and life-threatening [20-22]. We did not
observe any case of cytopenia among GO patients receiving

67.0%

Not available
in Chinese trial

12 weeks 24 weeks Sustained response at 36 weeks

B MMF (Chinese trial) W MPS+GC (EUGOGO trial)

Fig.2 Response rates (by composite outcomes) of mycophenolate
trials in GO. Response rates of GC monotherapy groups: 12 weeks:
51.3% (Chinese trial); 49% (EUGOGO trial); 24 weeks: 67.9% (Chi-
nese trial); 53% (EUGOGO trial); 36 weeks: 46% (EUGOGO trial).
The difference in response rate at 12 weeks of GC vs MPS+GC
groups in EUGOGO was not statistically significant. Otherwise the
differences in response rates at 12 weeks (Chinese trial MMF vs GC),
at 24 weeks (both trial) and at 36 weeks (EUGOGO trial MPS + GC
vs GC) were all statistically significant

mycophenolate. Only a small number of mycophenolate-
treated patients developed infections of mild to moderate
severity. Therefore, it is reassuring that significant myelo-
suppression did not occur at low dose of mycophenolate and
the risk of infection was not potentiated even in combination
with GC.

Furthermore, major mycophenolate toxicities are dose
dependent as evidenced by the safety profiles of recent
mycophenolate drug trials in other autoimmune diseases or
transplantations (summarized in Table 4):

e MMF monotherapy of daily dose 2-3 g was associated
with higher risk of cytopenia, SAE and treatment-related
death [23, 24]. In contrast, all these events were absent in
the Chinese trial using low-dose MMF 1 g per day, and
its rate of infections was also much lower.

e  When compared to the EUGOGO trial, the combination
of mycophenolate at higher doses (daily dose of MMF
1.5-2 g or equivalent) and GC was associated with higher
risk of cytopenia, infections, SAE and mortality [22, 25—
28]. Of note, a significant proportion of those infections,
ranging from 3 to 8.6%, were graded as serious or SAE
and they were occasionally fatal [22, 26, 28].

e 3-drug combinations with high dose MMF (up to 4 g/
day), glucocorticoid and tacrolimus/cyclosporin are com-
mon post-transplantation immunosuppressive regimens.
As expected, they gave rise to even higher risk of leuko-
penia, infections, SAE and mortality [29-31]. GI intoler-
ance was also significantly more common.

e All the above trials did not report significant hepato-
toxicity except one study which noted liver dysfunction
in almost 80% of post-lung transplantation patients on
MMF 2 g per day together with prednisolone and cyclo-
sporin [30]. Intriguingly, a 3-year follow-up study of
cardiac transplant recipients taking high-dose MMF of
3—4 g per day did not report any significant hepatotoxic-
ity. Therefore, it raised the suspicion that hepatotoxicity
may not be dose dependent.

e The longer duration of mycophenolate treatment in those
non-GO trials also impacts negatively on the safety as
patients with certain autoimmune conditions (e.g. sys-
temic lupus erythematosus with renal involvement [32])
or solid organ transplantations often need long-term
mycophenolate as maintenance therapy. On the contrary,
GO is typically characterized by an initial active inflam-
matory phase (during which immunomodulation is most
effective) lasting for 6- to 12 months followed by a sta-
bilization phase [33], and disease relapse or reactivation
is much less common. Therefore, long-term immuno-
suppressive therapy is not a standard treatment in GO
[34]. A finite and relatively short duration of 6-month
mycophenolate treatment in GO further optimized its
safety profile by avoiding more prolonged drug exposure.
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Fig.3 a Individual visual A
parameters of clinical disease
activity at 24 weeks. *Defined
as improvement by one grade

in any of the following: eyelid
swelling, eyelid erythema, con-
junctival redness, conjunctival
edema. ®Based on 10-point and
7-point clinical activity score
(CAS) in the Chinese trial and
the EUGOGO trial, respectively.
b Individual visual parameters
of clinical disease severity at

24 weeks. *Not defined in the
Chinese trial (measured by Hess
Chart); defined in the EUGOGO
trial as > 8° improvement in eye
muscle motility measured by
perimeter arc

Improvement in pain

Improvement in soft tissue involvement#

Improvement in CAS 2 2 points@

Disease inactivation (10-point CAS <3)

Improvement in proptosis > 2mm

Improvement in eye movement*

Improvement in diplopia

Increase in visual acuity 2 2/10

Our analysis of the two trials demonstrated that combi-
nation treatment gave rise to slightly more GI intolerance,
albeit mild in severity, than mycophenolate or GC alone.
No mycophenolate-treated patient required dosage reduction
or medication discontinuation because of GI intolerance.
Although diarrhea is believed to be the most common GI
adverse reaction to mycophenolate, we did not observe the
same phenomenon. Only one out of 10 GI SE in MPS + GC
group was diarrhea, while the remaining ones were mostly
nausea and abdominal discomfort. MPS may have less GI
intolerance than MMF, although to date this theoretical
advantage is not proven by high-quality clinical evidence
[5].

Mycophenolate has been shown to be more efficacious
than GC monotherapy in active moderate-to-severe GO,
either as monotherapy or as combination with intravenous
GC. However, as the Chinese trial employed an uncon-
ventional steroid regimen, whether MMF monotherapy
remains superior to the standard weekly intravenous GC
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MMEF in Chinese trial

48.5% B MPS+GC in EUGOGO trial

87.5%

69.1%

92.5%

65.6%

69.8%

Proportion of patients achieving endpoints

MMEF in Chinese trial
68.8%

26.9% B MPS+GC in EUGOGO trial

12.5%

30.0%

58.8%

27.7%

37.5%

29.9%

Proportion of patients achieving endpoints

regimen remains to be determined. Several key differences
in patients’ baseline characteristics, which include higher
mean age [35], more prevalent smoking [36], longer dura-
tion of GO [37] and greater proportion of patients with
positive TSH-R-Ab [38-44], are predictive of more severe
GO or less favorable response to immunosuppressive treat-
ment among patients in the EUGOGO trial. These factors
may explain the lower response rates (overall response by
composite outcomes and most individual visual param-
eters) in the EUGOGO trial in comparison to the Chi-
nese trial. In addition, as patients in the Chinese trial
probably had more severe or more prevalent proptosis at
baseline, unsurprisingly more patients in MMF group had
improvement in proptosis. It was difficult to comment on
the improvement in eye movement as this parameter was
not clearly defined in the Chinese trial. The more prevalent
orbital pain at baseline in the EUGOGO trial probably
explained why pain improvement was more common in
MPS + GC group.



Journal of Endocrinological Investigation (2020) 43:767-777 775

Table 4 Safety of mycophenolate in the treatment of other autoimmune diseases or in transplantations compared to GO

Reference / Treatment arm Daily dosage of Duration of | % of Patients with Adverse events (AE)
Disease (number of patients) MMF/MPS MMF/MPS
(years)
IWBC | |Hb |PIt | GI symptoms | Liver Infections SAE Death

dysfunction

Mycophenolate monotherapy trials

Rathinam et al. MMF 2g (1-1.5gif 0.5 N/A 5% N/A | 5% 5% 10% 3% 0%
2014 [19] (n=39) intolerant) (nausea)

10%
Noninfectious (diarrhoea)
uveitis 5%

(Vomiting)
Tashkin et al. MMF 1g initially, then 2 6% 12% 0% | N/A N/A 7% 39% 7%
2016 [20] (n=169) increased to 3g max (pneumonia)

Scleroderma
related interstitial
lung disease

Yeetal. MMF g 0.5 0% 0% 0% | 0% 0% 1.3% 0% 0%
2017 [7] (n=287)
(Chinese trial)*
Mycophenolate plus GC trials
Hou et al. MMF + prednisone 1.5g 0.5 N/A N/A N/A | 8% 10% 31% 6% 0%
2017 [21] (n=287) Pneumonia as

SAE: 3%
IgA nephropathy
Ordi-Ros et al. MPS + prednisone Average 1.18g 2 0% N/A N/A | 7.5% 0% 32.5% 9.2% 0.8%
2017 [18] (n=120) (~ MMF 1.6g) Serious

infection:
Active SLE 4.2%
Remy et al. MPS + prednisone 1.44g 0.5 N/A N/A Grade >3: 155% | 3.4%
2018 [22] (n=58) (= MMF 2g) 8.6%

No significant changes
Minimal change

disease
Yunyun et al. MMF + 1-1.5g for 6 months | 1 5.9% N/A N/A | 17.7% 2.9% 20.6% 0% 0%
2019 [23] prednisone/prednisolone | then 0.5-1g for 6
(n=34) months
1gG4-related
disease
Tuin et al. MMEF + prednisolone 2g 0.5 9% 87% 7% | N/A N/A 21%; 27% 4.9%
2019 [24] (n=41) Grade >3: 5%
ANCA associated
vasculitis
Kahaly et al. MPS + intravenous 0.72g MPS 0.5 0% 0% 0% | 18.1% 2.4% 13.3% 12.5% | 0%
2018 [8] methylprednisolone (= MMF 1g)

(EUGOGO trial)* | (n=83)
[ycophenolate plus 2 other immunosuppressants in transplantations

Eisen et al. MMEF + steroid + CsA 3-4g 3 343% | N/A N/A | 52.6% N/A 57.4% N/A 6.2%
2005 [25] (n=289) (diarrhoea)
9%
Cardiac (Esophagitis)
transplantation
Strueber et al. MMF + prednisolone + 2g 2 12% 3% 2% | N/A 78%" N/A 42% 13%
2016 [26] CsA (n=95)
Lung
transplantation
Qazi et al. MMEF + prednisone + 2g (reduced to 1- 1 21.7% | 22.7% | N/A | 39.8% N/A 64.1% 46.7% | N/A
2017 [27] Tacrolimus 1.5gif AE (constipation)
(n=304) develops) 44.7%
Kidney (nausea)
transplantation 41.8%
(diarrhea)
23%
(vomiting)

AStatistics of the two GO trials were presented in the grey rows for more convenient comparison, highlighting the dose dependency of major
mycophenolate toxicities

Defined as raised alanine transaminase (ALT)/aspartate transaminase (AST) of more than three times upper limit of normal

|WBC leukopenia, | Hb anemia, | Plt thrombocytopenia, N/A not available, SLE systemic lupus erythematosus, ANCA antineutrophil cytoplasmic
autoantibodies, CsA cyclosporin A, MMF mycophenolate mofetil, MPS mycophenolate sodium

Conclusion the risk—benefit ratio of low-dose mycophenolate treatment
in active moderate-to-severe GO is highly favorable given

Mycophenolate, either as monotherapy or as combination  its reassuring safety profile and promising efficacy.

with intravenous GC, is associated with low rate of mild

to moderate SE and absence of major toxicities. Therefore,
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