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Comparison of two regimens for patients with thyroid-associated
ophthalmopathy receiving intravenous methyl prednisolone:
A single center prospective randomized trial
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Abstract. Intravenous (i.v.) glucocorticoid is recommended for
active moderate-to-severe thyroid-associated ophthalmopathy
(TAO). However, the details of the treatment schedule are
still debatable. The present prospective randomized trial was
performed to compare clinical outcomes and serum cytokines
between the two regimens. A cohort of 90 patients with active
moderate-to-severe TAO was randomized to receive i.v.
methyl prednisolone on a weekly protocol or daily scheme.
The response rate was evaluated at the 12-week follow-up visit.
Serum interleukin (IL)-2,IL-6 and IL-17 levels were measured
in 160 patients with TAO, 60 patients with isolated Graves'
disease (GD) and 60 normal control (NC) at baseline, as well as
patients with active moderate-to-severe TAO at the 12th week
after treatment. The daily scheme had a higher response rate
than the weekly protocol without a significant difference (77.8
vs. 63.6%, P>0.05). No major adverse events were recorded
under either regimen. Overall, minor events were more
common on the daily scheme (11.36 vs. 4.35%, P<0.05)than on
the weekly protocol, whereas the deterioration of eye symp-
toms (two patients) was only reported on the weekly protocol.
At baseline, the IL-17 level in the TAO group was higher than
that in the isolated GD and NC groups (P<0.05). In addition,
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the IL-17 level in the active TAO group was higher than that
in the inactive TAO group (P<0.05). Furthermore, the IL-17
level had significantly decreased under the two regimens at the
12-week visit (P<0.05). In conclusion, for patients with active
moderate-to-severe TAO, daily i.v. glucocorticoid therapy has
a relative higher response rate than the weekly protocol with
a few more minor adverse events. These two regimens have
their own merits with regard to adverse effects. IL-17 has the
potential to be a biomarker for evaluating TAO activity and
treatment effects.

Introduction

Thyroid-associated ophthalmopathy (TAO) is one of the most
common extra-thyroidal manifestations of Graves' disease
(GD). It is frequently mild and self-limiting and only requires
observation or local treatment. However, 3-5% of cases of
TAO progress and require more intensive therapy, including
glucocorticoid therapy, orbital radiotherapy and orbital decom-
pression surgery (1). As one of the most important non-surgical
approaches, glucocorticoid therapy may be administered via
the oral, retrobulbar, subconjunctival or intravenous (i.v.) route.
Intravenous glucocorticoids have been confirmed to be more
effective and much safer than administration via oral and
local routes (2). Therefore, the preferred first-line treatment
for active moderate-to-severe TAO, as recommended by the
European Group on Graves' Ophthalmopathy (EUGOGO), is
iv. glucocorticoid therapy (3). There are two major regimens
for i.v. glucocorticoid therapy: one is a weekly protocol and
the other is a daily scheme. A recent study has indicated that
a weekly protocol was more effective and safer than a daily
scheme in a cumulative dose of 4.5 g i.v. glucocorticoid
therapy for moderate-to-severe active TAO (4). However, the
details of the treatment schedule are still debatable. More data
and further studies are required. On the other hand, the first
and most important step prior to starting therapy is to establish
whether TAO is severe and whether there is active inflamma-
tion (5). To date, no biomarker has been confirmed that is
able to definitely assess the activity and severity of TAO and
the effect of treatment. Therefore, the primary objective of the
present study was to compare the treatment effects between



2 MU et al: THYROID OPHTHALMOPATHY PREDNISOLONE REGIMENS

the two regimens. The secondary objective was to investigate
associated cytokines.

Patients and methods

Patients. The present study was a single center, prospective,
randomized, open-label trial performed at the Third Affiliated
Hospital of Sun Yat-sen University (Guangzhou, China)
between January 2012 and June 2017. A total of 160 consecu-
tive patients with TAO (including 54 inactive, 16 active mild
and 90 active moderate-to-severe), 60 patients with isolated
GD without ophthalmopathy and 60 normal controls (NC)
were enrolled. The diagnoses of TAO were based on the
EUGOGO consensus (3). Patients were excluded if they had
infectious diseases, allergies, autoimmune diseases, coronary
artery disease, diabetes mellitus, hypertension, liver disease,
kidney disease or a history of alcoholism. None of the
patients had received any previous steroid treatment, orbital
radiotherapy or orbital surgery.

Study design. A total of 90 patients with active moderate-to-
severe TAO were randomized at a ratio of 1:1 to receive
glucocorticoid therapy for 12 weeks on a weekly protocol or
daily scheme. Sealed opaque envelopes, which were arranged
in a computer-generated random order prepared by a statisti-
cian prior to the study, were opened to determine the patients'
treatment assignments. The weekly protocol was as follows:
0.5 g methylprednisolone i.v. weekly for 6 weeks and then the
dose was tapered by 0.25 g/week over the following 6 weeks.
The daily scheme was as follows: 0.5 g methylprednisolone
i.v. daily for 5 consecutive days, followed by oral methyl-
prednisolone for 3 months. Oral methylprednisolone started
at 32 mg/day for 2 weeks and then the dose was tapered by
4 mg/day every 2 weeks. As a result, the cumulative doses of
glucocorticoid were 4.5 g in the weekly protocol and 4.3 g in
the daily scheme (P>0.05). All patients were required to quit
smoking, to take oral anti-thyroid drugs and received local
measures for relieving symptoms (including sunglasses, artifi-
cial tears, lubricant ointments and prisms) according to advice
from specialists. Within the cohort, two patients treated under
the weekly protocol and four on the daily scheme were infected
with hepatitis B. All of them received antiviral treatments.

Measurement of serum cytokines. Blood samples from all 289
subjects, which consisted of 69 NCs, 60 patients with isolated
GD and 160 with TAO, were collected at baseline. At the
12-week follow-up visit, blood samples from all 160 subjects
with TAO were collected, which comprised 54 patients with
inactive TAO, 16 patients with active mild TAO and 90 patients
with active moderate-to-severe TAO. Serum samples were
centrifuged and stored at -80°C for future analysis. Interleukin
(IL)-2, IL-6 and IL-17 concentrations were measured using
a solid-phase sandwich ELISA (Neobioscience Technology
Co.). The lowest detectable limits of the assays for IL-2, IL-6
and IL-17 were 2.23, 0.7 and 1.10 pg/ml, respectively.

Ophthalmic assessment. Ophthalmic assessments were
performed prior to therapy and at the 12-week follow-up visit.
The ophthalmic assessments included physical eye exami-
nations (eye symptoms, swelling, conjunctival congestion,

diplopia, visual acuity and proptosis) and orbital CT exami-
nations (thickness of the extraocular muscles and orbital fat
density). Physical eye examinations were performed by one
single ophthalmologist and orbital CT examinations were
determined by a single radiologist. Proptosis was measured
by a Hertel exophthalmometer. The upper limit of normal for
Chinese subjects in the present study was 18.6 mm (6). Soft
tissue involvement was assessed using a color atlas. The thick-
ness of the extraocular muscles was defined as the maximum
coronal section area of the most hypertrophic rectus muscle
in each eye, as measured by orbital CT. Activity of TAO was
assessed via the clinical activity score (CAS) (7). The severity
of TAO was assessed according to the EUGOGO (3).

Clinical outcome assessment. The primary clinical outcome
was the overall response rate. ‘Response’ was defined as an
improvement in at least two major criteria and one minor crite-
rion. Otherwise, the outcome was considered ‘non-response’.
The major criteria included the following: i) Improvement in
CAS by =2 points, ii) improvement in diplopia(disappearance
or reduction in degree), iii) improvement in visual acuity by
=1/10 and i.v.) reduction in proptosis or lid width of =2 mm.
The minor criteria were favorable changes in soft tissues and
improvement in the patient's self-assessment (8).

The secondary clinical outcomes were the remission rate
of major ophthalmic manifestations, average changes in the
CAS and adverse events.

Adverse events. To assess the treatment-associated side
effects, body weight, blood pressure, routine biochemical
analysis and electrocardiogram were measured at baseline and
at the 12-week follow-up visit. The measurements were also
performed whenever the patient felt uncomfortable. Major
adverse events were defined as life-threatening liver failure and
cardio- or cerebrovascular complications (5). Minor adverse
events included weight gain (an increase of at least 2 kg at
the 12-week follow-up visit compared to baseline), hypergly-
cemia (fasting blood glucose =7 mmol/l or 2-h postprandial
blood glucose =11.1 mmol/l), hypertension (systolic blood
pressure =140 mmHg or diastolic blood pressure 290 mmHg),
renal dysfunction (estimated glomerular filtration rate
<60 ml/min/1.73 m?), hepatic dysfunction (alanine amino-
transferase or aspartate aminotransferase elevated by 2.5-fold
above the upper normal limits), gastrointestinal discomfort,
sleeplessness and infection.

Statistical analysis. All statistical analyses were performed
with SPSS 18.0 (SPSS, Inc.). Continuous variables are
expressed as the mean + standard deviation or median (inter-
quartile range, 25th-75th percentile). Categorical variables
are expressed as frequencies and percentages. Differences
in continuous variables between groups were evaluated by
Student's t-test, while differences in categorical variables
between groups were analyzed by the %> test. Paired Student's
t-tests were used to compare continuous variables prior to and
after treatment. One-way analysis of variance was applied
for comparison of continuous variables among >2 groups,
which was followed by Fisher's Least Significant Difference
post-hoc test in the case of statistical significance. P<0.05 was
considered to indicate a statistically significant difference.
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Table II. Comparison of treatment outcomes between the two groups.

Weekly protocol (n=46)

Daily scheme (n=44)

Item Baseline 12 weeks Baseline 12 weeks
Eye symptoms
Photophobia (+/-) 26/20 4/42 30/14 10/34
Epiphora (+/-) 26/20 8/38 34/10 10/34
Swelling (+/-) 26/20 8/38 34/10 6/38
Grittiness (+/-) 34/12 0/46 24/20 10/34
Diplopia (+/-) 16/30 10/36 (2 worsened) 16/28 6/38
Vision loss (+/-) 26/20 10/36 (2 worsened) 30/14 10/34
Pain (+/-) 26/20 12/34 30/14 6/38
Proptosis (mm) 17.25+1.80 17.94+2.08 20.42+2.61 20.58+2.78
CAS score 4.0 (1.0) 2.0 (1.0 4.0 3.0 2.0 (2.0)
Thyroid function
FT3 (pmol/l) 12.39+11.15 5.33+1.588° 10.24+11.23 4.82+0.87°
FT4 (pmol/l) 31.08+30.44 15.56+4.36° 29.80+33.26 15.20+2.94°
TSH ( #IU/ml) 0.26+0.67 1.72+1.80° 0.38+0.41 2.82+0.76°
CT features
Thickness of EOM (mm) 8.9+3.7 8.6+3.4 9.7+£3.5 9.4+3.6
Orbital fat (HU) -91.99+12.49 -95.23+9.62 -93.92+7.28 -104.1x13.15

Reference value ranges: FT3, 3.5-6.5 pmol/l; FT4, 11.5-22.7 pmol/l; TSH, 0.55-4.78 uIU/ml. Values are expressed as the mean + standard
deviation, median (interquartile range) or n (%). P<0.01 vs. 0 weeks. "P<0.05 vs. 0 weeks. No significant difference was found between
the daily scheme and weekly protocol. CAS, clinical active score; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating

hormone; CT, computed tomography; EOM, extraocular muscle.

Table III. Remission of treatment outcomes between the two groups.

Item Total remission rate (n=90) Weekly protocol (n=46) Daily scheme (n=44)
Photophobia 42 (75.0) 22/26 (84.6) 20/30 (66.7)
Lacrimation 42 (70.0) 18/26 (69.2) 24/34 (70.6)
Swelling 46 (76.7) 18/26 (69.2) 28/34 (82.4)
Grittiness 48 (82.8) 34/34 (100.0) 14/24 (58.3)
Diplopia 18 (56.2) 8/16 (50) 10/16 (62.5)
Vision loss 38 (67.9) 18/26 (69.2) 20/30 (66.7)
Pain 38 (67.9) 14/26 (53.8) 24/30 (80.0)

Values are expressed as n (%). No significant difference was found between the daily scheme and weekly protocol.

Results

Clinical characteristics at baseline. A total of 280 indi-
viduals (158 men and 122 women; age, 35.1+9.8 years) were
enrolled. A total of 82 (29.3%) individuals were smokers
and 198 (70.7%) were non-smokers. The detailed clinical
characteristics at baseline are summarized in Table 1. No
significant differences were observed in terms of age, sex, or
smoking status among all groups. Patients with isolated GD
and TAO had similar levels of thyroid hormones (P>0.05).
Free triiodothyronine and free thyroxine levels in these two
groups were significantly higher than those in the NC group,

whereas thyroid stimulating hormone was significantly lower
(P<0.01).

The duration of eye disease in the subjects with active TAO
(either mild or moderate-to-severe) was much shorter than
that in the subjects with inactive TAO (P<0.01). The subjects
with active moderate-to-severe TAO were more inclined to
experience epiphora and pain in the eyes than the subjects
with inactive TAO (P<0.01). Numerous subjects with active
moderate-to-severe TAO suffered from diplopia and vision loss
(35.6 and 62.2%, respectively). However, none of the patients
with active mild TAO complained of diplopia and decreased
vision. Proptosis, thyroid function and ocular CT features were
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Figure 1. Serumlevels of (A and B) IL-2, (C and D) IL-6 and (E and F) IL-17 at baseline. "P<0.05 vs. NC. “P<0.01 vs. NC. #P<0.05 vs. isolated GD. #/P<0.01
vs. inactive TAO. IL, interleukin; NC, normal control; TAO, thyroid-associated ophthalmopathy; GD, Graves' disease.
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Figure 2. Changes in IL-2, IL-6 and IL-17 at the 12-week follow-up visit compared to baseline. (A) Overall serum IL-2, IL-6 and IL-17 levels in all patients
with active moderate-to-severe thyroid-associated ophthalmopathy. Changes in serum (B) IL-2, (C) IL-6 and (D) IL-17 on the weekly protocol and daily
scheme. “P<0.01 vs. 0 weeks. IL, interleukin.

similar among patients with inactive TAO, active mild TAO There were no significant differences between the patients
and active moderate-to-severe TAO (P>0.05). allocated to the weekly protocol and those allocated to the
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Table I'V. Adverse events of glucocorticoid therapy.

Weekly Daily
Item protocol scheme
Number of adverse events 16 (4.35) 40 (11.36)*
Patients with adverse events 12/46 (26.1)  28/44 (63.6)°
Weight gain 8 4
Hyperglycemia 0 12
Hypertension 0 0
Gastrointestinal discomfort 4 8
Sleeplessness 4 12
Hepatic lesion 0 0
Renal dysfunction 0 0
Infection 0 4

"P<0.05 vs. weekly protocol, "P<0.01 vs. weekly protocol. Values are
expressed as n, n (%) or n/total (%).

daily scheme in terms of clinical variables, biochemical
features and ocular CT characteristics (P>0.05).

Clinical outcomes at the 12-week follow-up visit. The overall
response rate was 69.8% in all patients receiving i.v. gluco-
corticoid therapy at the 12-week follow-up visit. The response
rate in patients on the daily scheme was higher than that in
those on the weekly protocol, although the difference was not
significant (77.8% vs. 63.6%, P>0.05). In addition, patients
had similar CAS responses, which decreased significantly
from 4 to 2 under the two regimens(P<0.01), but there was no
difference between the two regimens (P>0.05; Table II).

The major ocular symptoms in all patients, which consisted
of photophobia (75%), lacrimation (70%), swelling (76.7%),
grittiness (82.8%), diplopia (62.5%), vision loss (67.9%) and
pain (67.9%), improved significantly (Table III). The two
regimens had a similar remission rate of major ophthalmic
manifestations (P>0.05). Of note, two patients on the weekly
protocol acquired diplopia with vision loss and their conditions
worsened. As a result, they received additional i.v. glucocorti-
coid therapy and they improved gradually with the additional
treatment.

Serum cytokine levels at baseline and after glucocorticoid
therapy. The serum levels of IL-2, IL-6 and IL-17 at baseline
are summarized in Fig. 1. From the NC group to the isolated
GO group followed by the TAO group, the IL-2 level decreased
gradually (P<0.05), while the IL-17 level increased progres-
sively (P<0.05). The IL-6 level in the isolated GD group
was similar to that in the TAO group (P>0.05), both of which
were significantly higher than those in the NC group (P<0.05).

Among all subjects with TAO, the IL-17 level in the active
TAO group (either mild or moderate-to-severe) was higher than
that in the inactive TAO group (P<0.01), whereas neither IL-2
nor IL-6 was different between the active TAO and inactive
TAO groups (P>0.05).

The levels of serum IL-2, IL-6 and IL-17 after glucocorti-
coid therapy are summarized in Fig. 2. The IL-2 level in the
active moderate-to-severe TAO group was not significantly

changed at the 12-week follow-up visit (P>0.05); however,
the IL-6 and IL-17 levels were significantly decreased after
treatment (P<0.05). Notably, the IL-6 and IL-17 levels were
markedly declined after treatment with either of the two regi-
mens (P<0.01). Furthermore, the changes in IL-6 and IL-17
were similar between the two regimens (P>0.05; Fig. 2D).

Adverse effects. Intravenous glucocorticoids were fairly well
tolerated in the two regimens without any serious adverse
events, including serious liver function impairment (liver
enzymes >2.5 times the upper limit) and cardiovascular events.
The total number of patients suffering minor side effects was
higher on the daily scheme than that on the weekly protocol
(P<0.05; Table IV). Sleeplessness, gastrointestinal discomfort
and hyperglycemia were the most common adverse events on
the daily scheme, while weight gain was relatively common
on the weekly protocol. Blood pressure and liver and renal
function parameters remained normal under the two regimens.

Discussion

The present study was a single center prospective randomized
trial in which the efficacy and safety of two regimens of i.v.
glucocorticoid were compared. In this trial, the improvement
in clinical manifestations, including photophobia, epiphora,
swelling, grittiness, diplopia, vision loss, pain, proptosis and
CAS score, and thyroid function and CT features on extra-
ocular muscle after 12-week treatment were the primary
outcomes and the levels of three cytokines were also inves-
tigated at the same time. The results suggested that the daily
scheme had a higher response rate than the weekly protocol,
although the difference was not significant and that these two
regimens yielded similar improvements in serum cytokines.
Numerous minor side effects were recorded in patients on the
daily scheme, whereas two patients worsened on the weekly
protocol.

Although the pathogenesis of TAO is remains to be
fully elucidated, glucocorticoid therapy is the recommended
first-line treatment for TAO (9). Glucocorticoid therapy may
be administered via oral, local (retrobulbar or subconjunc-
tival) and i.v. routes. Studies have indicated that high-dose
glucocorticoids administered via the i.v. route are more
effective and better tolerated than those taken orally (10-12).
There are various schedules for i.v. glucocorticoid therapy.
A recent study indicated that a weekly protocol (4.5 g of i.v.
glucocorticoid therapy) is safer and more effective than a daily
scheme (4). However, the present results suggested that the
daily scheme and the weekly protocol were effective for active
TAO and that the daily scheme had a relative higher response
rate than that of the weekly protocol, although the difference
was not statistically significant. Why did the response rate in
the present study differ that in the previous study? This may be
due to the different details of the daily scheme. In a previous
study, i.v. glucocorticoid was administered for 3 consecutive
days per week for 4 weeks (4). However, in the present trial,
iv. glucocorticoid was administered for 5 consecutive days.
It is possible that extending the treatment time of i.v. gluco-
corticoid intensified immunosuppression, which leads to
favorable effects (5). The difference in the selection of patients
may be another reason (5). The response rate was 77.8% on



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 153, 2020 7

the daily scheme and 63.6% under the weekly protocol in
the present study. Although the difference appeared obvious,
it was not statistically significant. Future studies with larger
sample size and longer study duration would be required to
determine whether there was truly no difference or whether
the 12-week follow-up period was not long enough or whether
a total of 90 patients was not large enough to reach statistical
significance in the present study.

The two regimens were able to improve soft tissue inflam-
mation. However, neither regimen improved extraocular muscle
dysfunction and proptosis. This may be due to two reasons.
One was the short follow-up time. Improvement in extraocular
muscle dysfunction and proptosis requires more time than
amelioration of soft tissue inflammation. Another reason was
probably the fibrosis in the extraocular muscles, which is more
difficult to resolve than edema. Although certain studies indi-
cated that glucocorticoid therapy improved extraocular muscle
dysfunction and proptosis (5,13,14), other studies were in
agreement with the present results (10-12,15,16). A systematic
review also indicated that glucocorticoid therapy had a limited
effect on proptosis (5). Further studies are required to clarify
these effects.

Generally, intravenous glucocorticoids are fairly well
tolerated. Cardiovascular risk and hepatotoxicity are the most
severe adverse effects of high-dose glucocorticoids (3-5). In
the present study, no cardiovascular events or impaired liver
function was recorded in the subjects on either the weekly
protocol or daily scheme. The daily scheme had a slightly
higher incidence of total adverse effects than that of the
weekly protocol. However, the deterioration of eye symptoms
was only recorded on the weekly protocol. Thus, the present
results indicated that the two regimens had their own merits.

TAO is regarded as an autoimmune disease (1).
Glucocorticoid therapy is a well-established treatment for
TAO owing to its anti-inflammatory and immunosuppressive
actions (9). Previous studies have focused on T lymphocytes,
particularly CD4*T-helper (Th) cells, which are the principal
immune effector T cells (17,18). Activated CD4*Th cells
differentiate into Thl, Th2, Th17 and Treg subsets, which
produce numerous cytokines (17). These cytokines have
been proven to have an important role in TAO (3,19,20).
Accordingly, cytokines that regulate inflammation have the
potential to be biomarkers to evaluate the activity of TAO
and the efficacy of treatment options. IL-2 is a characteristic
cytokine of Thl T cells and IL-6 is one of the key cyto-
kines secreted by Th2 T cells (19). In addition, IL-17 is the
signature cytokine of Th17 T cell-derived population with
highly pro-inflammatory properties (21). It is considered to
have a significant role in numerous autoimmune diseases,
including rheumatoid arthritis and systemic lupus erythema-
tosus (22,23). Therefore, IL-2, IL-6 and IL-17 were selected
in the present study.

In the present study, the IL-2 levels in the TAO and isolated
GD groups were lower than those in the NC group. The IL-6
and IL-17 levels in the TAO and isolated GD groups were
higher than those in the NC group. These results implied
that all three cytokines are involved in GD. Previous studies
suggested that cytokines produced by Thl T cells were
dominant at the early stage and in active TAO, whereas those
secreted by Th2 T cells had a greater role in later stages and

in inactive TAO (24,25). Certain previous studies reported that
IL-2 and IL-6 levels in active TAO were higher than those in
inactive TAO (26-29). However, this result was not supported
by other reports (4,30,31). In the present study, IL-2 and IL-6
levels in active TAO were similar to those in inactive TAO.
Taken together, the present results indicated that neither IL-2
nor IL-6 was an ideal biomarker for the evaluation of TAO.
Notably, the IL-17 level was significantly higher in the TAO
group than that in the isolated GD and NC groups. In addi-
tion, the IL-17 concentration in the active TAO group was
higher than that in the inactive TAO group, which is consistent
with previous reports (32-34). Furthermore, the IL-17 level
was markedly decreased at the 12-week follow-up visit after
glucocorticoid therapy under the two regimens. The present
results are in line with those of a previous study (32). Evidence
has indicated that IL-17 has a key role in the pathogenesis of
autoimmune thyroiditis and GD (35-38). These data suggested
that IL-17 may reflect the inflammatory state and be a poten-
tial indicator for the severity and activity of TAO. However,
a recent study indicated that the IL-17 concentration was
elevated in GD with/without TAO but reduced in active and
inactive TAO (31), which was not in agreement with previous
studies. Given that IL-17 has only recently been studied, more
data should be accumulated.

The present study assessedIL-2, IL-6 and IL-17 to provide
novel insight into TAO. Considering the complexity of the
immunopathogenesis and diversity of cytokines, further
studies are required. The sample size should be enlarged in
future studies. Furthermore, other cytokines produced by infil-
trating immunocompetent cells and orbital fibroblasts should
be investigated to help understand the pathogenesis of TAO
more comprehensively.

In conclusion, the present results provide evidence indi-
cating that: i) For patients with active moderate-to-severe TAO,
the daily scheme of intravenous glucocorticoids had a higher
response rate than the weekly protocol and these two regi-
mens had their own merits with regard to adverse effects; and
ii) IL-17 has the potential to serve as a marker for evaluating
the activity of TAO and the efficacy of treatment options.
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