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Abstract

e AIM: To evaluate the benefit and harms of high-dose
intravenous glucocorticoids (IVGC) as first-line treatment
for Graves’ ophthalmopathy (GO).

e METHODS: A systematic review and Meta-analysis of
randomized clinical trials (RCTs) comparing IVGC for the
treatment of GO, with placebo or other treatments, were
conducted. Electronic databases were searched, and
standard methodological guidance of Cochrane Handbook
for Systematic Reviews of Interventions was used. The
primary outcome was overall response, and secondary
outcomes included the improvement and change in
clinical activity score (CAS), and adverse events.

e RESULTS: Ten RCTs were included in the Meta-analysis.
Low quality evidence (one trial) showed that participants
receiving IVGC achieved significantly higher response
compared to participants receiving placebo [risk ratio (RR)
7.50, 95% confidence interval (Cl) 1.14 to 49.26]. Moderate
quality evidence (four trials) support appreciable benefit
of IVGC in response compared with oral glucocorticoids
(OGC), with of RR being 1.51 (95%CI 1.25 to 1.83). There
was low quality evidence (one trial) compatible with
appreciable benefit for IVGC plus orbital radiotherapy in
response (RR 1.38, 95%Cl 1.07 to 1.79), compared with
OGC plus orbital radiotherapy. One IVGC versus rituximab
trial provided moderate quality evidence suggesting that
participants using IVGC achieved significantly lower

response compared to participants using rituximab (RR
0.70, 95%CI 0.50 to 0.98). One IVGC versus mycophenolate
mofetil (MMF) trial provided moderate quality evidence
suggesting that participants using IVGC achieved significantly
lower response compared to participants using MMF
(RR 0.74, 95%CIl 0.63 to 0.88). Very low quality evidence
(one trial) showed that participants with dysthyroid optic
neuropathy (DON) receiving IVGC were more likely to
achieve response compared to participants receiving
orbital decompression (RR 3.33, 95%CI 0.51 to 21.89).

o CONCLUSION: The current evidence is moderate
quality, which is sufficient to support IVGC to be as the
first-line treatment for moderate-to-severe GO, and the
use of rituximab or MMF to be the second-line treatment
instead of IVGC. However, the evidence is very low quality,
which is insufficient to support the use of IVGC or orbital
decompression as the first-line treatment of DON.
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INTRODUCTION

raves’ ophthalmopathy (GO) is an autoimmune disorder
G that has puzzled physicians and scientists for nearly
two centuries, which generally occurs in the patients with
hyperthyroidism, and sometimes occurring in patients with
hypothyroidism or euthyroid'™*. Recently, the European
Group on Graves’ Orbitopathy (EUGOGO) published the
first guideline for the management of GO, which recommend
high-dose intravenous glucocorticoids (IVGC) as the first-
line treatment for active and moderate-to-severe GO and the
immediate treatment for dysthyroid optic neuropathy (DON)™,
Since the 1950s, glucocorticoids have been the most common
immunosuppressive agents used in the treatment of active and
moderate-to-severe GO, and more and more randomized
trials and Meta-analyses have proven the beneficial effect
of high-dose IVGC in GO, However, the efficacy and
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safety of IVGC were not accurately estimated. Moreover, the
rigorous and detailed use of IVGC has not been established.
Hence, an evidence-based approach might need to evaluate
the benefit and harms, and the present study was conducted
as a systematic review and Meta-analysis of all published
randomized clinical trials comparing IVGC for the treatment
of GO, with placebo or other treatments.
METHODS
This Meta-analysis was performed using the standard
methodological guidance of Cochrane Handbook for
Systematic Reviews of Interventions, and also conformed to
the PRISMA statement'" ",
Outcome Measures The primary outcome of efficacy was
overall response. “Response” to treatment was defined as an
improvement in composite outcome, single sign such as visual
function, or symptoms. The secondary efficacy outcomes included
the improvement in clinical activity score (CAS), and the change
in CAS. Adverse outcomes were also assessed, including
total adverse events and Cushingoid symptoms, weight gain,
gastrointestinal events, hypertension, hyperglycaemia.
Search Strategy Published randomized clinical trials were
identified through a comprehensive search of PubMed,
EMBASE, and CENTRAL (which contains the Cochrane
Eyes and Vision Trials Register). The keywords for the
interventions were methylprednisolone, glucocorticoid,
corticosteroid, or steroid. The keywords for the disease were
Graves’ ophthalmopathy, Graves’ orbitopathy, Graves’ eye
disease, thyroid associated ophthalmopathy, thyroid associated
orbitopathy, thyroid ophthalmopathy, thyroid eye disease,
thyroid orbitopathy, endocrine ophthalmopathy, endocrine
eye disease, or endocrine orbitopathy. The limit for article
types was clinical trial. Language restriction was not used in
the electronic searches. The last search was performed on 31
December 2017. The reference lists of all identified full articles
were also retrieved for the additional studies.
Study Selection Published studies were selected, which
were based on pre-determined selection criteria. 1) Study
type: randomized clinical trials, including placebo- or active-
controlled. 2) Population: patients with the diagnosis of
GO. 3) Intervention: intravenous corticosteroid therapy,
with or without the combined therapy, versus placebo or
other interventions. 4) Outcome variables: one or more of
the outcome variables be covered, including response, the
improvement in CAS, and the change in CAS.
The electronic searches and trial eligibility were conducted
independently by two reviewers (Cheng JW and Zhao LQ).
First, the title and abstract of all obtained articles from the
comprehensive searches were screened to determine their
relevance. Then, if the title and abstract were definite or
ambiguous to identify, full articles were scrutinized.
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Data Extraction Data extraction was performed according
to the customized protocol, independently by two reviewers
(Cheng JW and Zhao LQ) and in duplicate. If there was any
disagreement, it was resolved by discussion. For each included
study, a customized form of data was extracted, as follows,
1) Method: randomization method, allocation concealment,
blinding (participants, investigators, examiners), loss to follow-
up, compliance, intention-to-treat or per protocol analysis,
and location. 2) Participants: inclusion and exclusion criteria,
sample size, patient age, sex, activity and severity of GO.
3) Interventions: dose, route, and duration of interventions,
comparison interventions, and co-interventions. 4) Outcomes:
efficacy outcomes (overall response, the improvement and
change in CAS), adverse outcomes, assessment times, and
length of follow-up. 5) Notes: general information such as
article title, authors and source, published year, and published
language.

Quality Assessment The methodological quality of each
included study was independently assessed by two authors
(Cheng JW and Zhao LQ), using the Cochrane Collaboration’s
tool for assessing risk of bias. The parameters of the Cochrane
Collaboration’s tool included random sequence generation and
allocation concealment for assessing selection bias, blinding
of participants and personnel for assessing performance bias,
blinding of outcome assessment for assessing detection bias,
incomplete outcome data for assessing attrition bias, selective
reporting for assessing reporting bias, and other sources of
bias, such as stopping early for benefit.

We assessed each parameter of Cochrane Collaboration’s tool
and graded it as low risk of bias, unclear risk of bias, and high
risk of bias. If any parameter of any trial graded as high risk of
bias, a sensitivity analysis was used to assess the effect of the
trials on the results of Meta-analysis.

Statistical Analysis The statistical analysis was performed
using the Review Manager software version 5.3 from the
Cochrane Collaboration. For efficacy outcomes, risk ratios
(RRs) with 95% confidence intervals (Cls) for dichotomous
outcomes, and standardized mean difference (SMD) with
95%Cls for continuous outcomes were calculated. For safety
outcomes, odds ratios with 95%CIs for adverse events were
calculated.

The statistical heterogeneity was stated using the Cochran’s
O statistic and I* metrics. If no heterogeneity was identified,
when a P value >0.1 and I* value <50%, the fixed effects
model was used to Meta-analyses. Otherwise, if heterogeneity
was identified, the random effects model was used, and
also heterogeneity was explored by conducting subgroup
analyses!'*"".

The sensitivity analyses were performed, as the studies at high

risk of bias in one or more domains were excluded. Subgroup
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analyses were also conducted, based on the activity of disease
(active, and inactive), the severity of disease (mild, moderate to
severe, and sight threatening), the type of outcome criteria, the
protocols of interventions (daily, weekly, and monthly), and the
type of comparison interventions [placebo, oral glucocorticoids
(OGC), surgery, rituximab, and so on]. Standard funnel plots
were also constructed to investigate the potential of publication
bias, by examining visually the asymmetry"®’,

The ‘Summary of findings’ table of primary outcome (overall
response) was created using GRADEproGDT software.
The GRADE approach, were used to assess the quality of
clinical evidence, which might be downgraded depending on
five considerations, including study limitations (high risk of
bias), publication bias, imprecision (wide CIs), unexplained
heterogeneity or inconsistency, and indirectness of evidence!'”.
RESULTS

The selection flow chart is shown in Figure 1. A total of 275
articles were identified across the electronic searches, and
then 90 duplicates were removed. We reviewed the remaining
185 abstract reports, and 20 full-text articles potentially
met the selection criteria were scrutinized. Finally, 10
eligible randomized clinical trials included in the systematic
review'* 7,

Trials Characteristics The characteristics of 10 eligible
randomized controlled trials are shown in Table 1. Overall,
569 participants were evaluated, with the mean age of 45y,
and involving 411 females and 158 males. Eight trials reported
participants with the activity categorized as the active phase,
and two reported participants as both active and inactive.
One trial reported participants with the severity rated as sight
threatening (DON); seven reported participants as moderate to
severe; and two reported participants as mild to moderate. The
follow-up periods ranged from 12wk to 2y.

One study compared IVGC with placebo; five compared [IVGC
with OGC; one compared IVGC plus orbital radiotherapy
(IVGC+OR) with OGC plus orbital radiotherapy (OGC+OR);
one compared I[IVGC with rituximab; one compared IVGC
with mycophenolate mofetil (MMF); and one compared IVGC
with surgical decompression.

Risk of Bias and Publication Bias All trials had a
prospective, parallel design. One trial had a high risk of bias
in four domains; one trial had a high risk of bias in three
domains; two trials had a high risk of bias in two domains of
performance bias and detection bias; and four trials had a high
risk of bias in one domain of performance bias. Two trials were
found with low risk of bias (Figure 2).

Funnel plot for the response of IVGC (with or without
orbital radiotherapy) versus placebo or other interventions
is qualitatively symmetrical, indicating low probability of

publication bias (Figure 3).

Abstracts identified from
MEDLINE, EMBASE, CENTRAL —|
185 titles

Duplicate citations (90)

Excluded:

e Duplication (5)

e Reviews (13)

e Non-randomized studies (22)
e Unqualified patients (40)
[
o

Unqualified interventions (79)
No relevant outcomes (6)

A 4

Full-text papers after abstract
screening
20 titles

Excluded:

e Non-randomized (1)

e Unqualified interventions (8)
e No relevant outcomes (1)

[

Full studies included in
systematic review
10 studies

Figure 1 Flow diagram of study selection.
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Figure 2 Risk of bias of included studies.

Efficacy: response The forest plot of response compared
IVGC with control is shown in Figure 4, and the ‘summary of
findings’ table is shown in Table 2.

1179



(¢-) uorstoarduwr SnoLIos A10A JO 98123 PopeISUMO(,, :([-) UOISIAIdWIT SNOLIdS JO oSNEOq POPLISUMO(], *(1-) SOIPMIS POPN[OUL UI SEIq JO JSLI YSIY JO oSNL00q POPRISUMO(T, “OLLI JSTY 1YY {[eAIdIUT

douopyuo)) 1D ‘Adesayporper 1eyqgio snjd sproon10d0on|3 (1) YO+IDO (Aderdyiorper [e3iqio snjd sproonioo0n[3 snoudsenu] O+IDAL SP1oonIoo0on|3 [e1) :DDH() SPIOdNLI0000N[3 SNOUdABIU] :DDA]

ds for Graves’ ophthalmopathy

icoi

Intravenous glucocort

2,M0] KIOA (Dt (681701 16°0) £€°€ Y (0001 01 £8) 000T 12d 99¢ 0001 12d L1 A108mg sa DOAT

PIBIOPOIN (1) 851 (887003 €9°0) +L°0 WA (108 02 €£5) 0001 1od €9 0001 1d 016 AININ 54 DDAT

LIBIOPOIN (e (86°0 0305°0) 0L°0 WA (086 92 005) 0001 12d 00L 0001 2d 0001 quuIxmRy sa DOAI

MOT (D8 (6L°T01L0T) 8E'T WY (0001 9 £29) 000T 1od 698 0001 1od 09 YO+DD0 4 JO+IDAI

RIBIOPOTN () s¢t (€8'T015TT) IS T A (0L6 01 €99) 0001 12d 008 0001 1od 0gg D90 $4 DDAI

0T (Dt (9767 01 $1°1) 05'L AA (0001 03 6Z1) 0001 1od 58 0001 2d 11 0qaoe[d $4 DDAIT

UOTIUDAIdIU] [onuo)
(AAV YD) 2ouapIAL Y3 Jo Aiene) (so1pmys) syuedionaed jo ‘oN (1D%S6) 109130 ARy ysu1 Surpuodsorio)) S[SLI pownssy sawooINQ

(1D0%56) sds1 oaneredwos oanensny[|

(asuodsau [[e1940) dwiodyno Arewrid jo djqe) ssuipuy jo Arewrwins 3Y [, 7 d[qeL

‘uonRNSIUIWPE [BI0) :Od ‘Snoudaenu] :Al (Aypedomau ondo proiAysAq :NOJ {[nejouwr 93ejoudqdookA NN

parade; £q ouostupard
Juowaaoidwt (myg) (m7) p/3w 09 0d 4q pamoyjoy 219438 (01/5T°9)
awoono apsodwio) Mg auoN Ae@  p/Bw 0001 dNIN Od Apreq ‘Fgeol  ouojosiupadAyowr Al 0] AJRIDPOIN PAOY  901/TS It 8S1 Lilte} Lal? 12 9K
uorssardwosap Omy) (L/9)
judwoAoxdur [ensip M9T QUON. - - [eng10 Areq 39 e10L, quojostupaidjAypour Al NOd QA €1/2 s S1 SPUBLIOYION /2 12 duuey[oxem
JuowoAodur (owy) (owy) QI0ADS 01/8-1)
owoono ayrsodwo)) Mg QUON Areq - oqooefd A1 Areq S 9 1eI0], ouojostupaxdjAyjowr AT A[oreIopoy ANy /s Lt ST SPUBLIOURN (/12 1S99D) UBA
(€>8vD) (mg)  Swog o Crap1) 210498 (01/9%)
UONBATIORUI 9SBASI] ML ELOING Ap1oopm 000C [®101, QRUIXNILT AT Ayoom S¢Le0]  ouojostupaidiAypow AT 0} 9JBIOPOIN AATOY 97/S IS e Areir 1vall? 12 TATES
judwaAoxdur pazadey £q (owy) Q1028 (L/SEY)
Qwodno ysodwo) A1 QUON Aneq p-8y/8uw | auojostupaid Od Appuon 39110, quojostupardjAyour A 0] 2JBIPOIN QAIOY SEMVT LE 9 BIpU] (cal? 12 K0y
yuawdAoiduwt (mz4Aoo0r)  (meo) Cimp1) 210438 (Lisey)
Qwoono dsodwo)) owg| Adexayporpey Areq S 9 e10L auojostupaid Od Aproom S71-61®0L  ouojostupardjAypowr AT 0] 9JRIOPOIA AAPY 89/ 1 oF 78 e (el 12 19200IBIN
JuowoAoxdurr (ow9-y)  parader £q (im9) (L/zs€)
swoydwAg Az JUON, Areq p-Sw 08-09 auojostupaid Od Apoom S 71 ®oL quojostupaidiAyjow Al d)eIopou 0) PIIA v op/11 P IS Areap Lgl? 12 BGOSR
(Imo1) CImpT) auojostupaIdjAyiow 9/9 (ol 72 UITBIN
ON owzy auON Aire@ S 66CIw0L  ouojostupaid Od Areq 891 (@0 Od £q pamoyjoy AT ejeIopow o) PN -0) [TV 1€/C 9% €€ pueury -uourddney
JuowaAoxdur 0mer) (ImzT) 210A3S WL/L-€)
wodno ysodwo) owg QUON Anreq 30 1801 auojostupaid Od APToom 3 ¢y oL JuojostupardiAyour A1 A[ore10pOoIN ANV 6¥/1C 0S 0L Auewron eul? 12 Areyes|
judwaAoxduwr Mz suojostupaidjAyjow (Mg QI0A2S 01/9-%)
Qwodno ysodwo) M QUON Anreq 3 ¢ el od APPoam 3 ¢y el auojostupardjAyour Al A[21210pOIN QAIOY TYT 94 s Kaanp [gnl? 12 uBIEDY
Anoy asoq JUQUIILAI], Anoy asoq JuoUILAI], (Sv) ®)
uoniuyop osuodsay  dn-mo[og  uoneurquo)) Aj11oAos oseasiq  AjAnoe “ oSe @) uones0] Apms
suonuaAIuI uostredwo)) UOT)UOAIU] aseasi(] /IN) X8 uBoN sjuaned

S[EL1) [BITUI[Y PIZIWOPUELI JQISI[I JO SONSLIdILIRYD durdseq [ dqeL

1180



Int J Ophthalmol,
Tel: 8629-82245172  8629-82210956

Vol. 12, No.7, Jul.18, 2019

www.ijo.cn

Email: ijopress@163.com

Table 3 Subgroup analyses of response compared intravenous with OGC

Items No. of trials RR (95%CT) Heterogeneity Overall effect
Activity of disease
Active phase 3 1.53(1.22, 1.91) P=0.97; I’=0 Z=3.75; P=0.0002
Active and inactive phase 1 1.46 (1.00, 2.11) Not applicable 7=1.98; P=0.05
Severity of disease
Mild to moderate 1 1.46 (1.00, 2.11) Not applicable 7=1.98; P=0.05
Moderate to severe 3 1.53 (1.22, 1.91) P=0.97; ’=0 7=3.75; P=0.0002
Type of outcome criteria
Composite outcome 1 1.46 (1.00, 2.11) Not applicable 7=1.98; P=0.05
Symptoms 3 1.53(1.22, 1.91) P=0.97; '=0 7=3.75; P=0.0002
Protocols of interventions
Weekly 3 1.48 (1.18, 1.87) P=0.99; '=0 7Z=3.38; P=0.0007
Monthly 1 1.59 (1.12, 2.25) Not applicable 7=2.61; P=0.009

OGC: Oral glucocorticoids; RR: Risk ratio.

CJ IVGC+OR vs 0GC+OR

IVGC vs MMF
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Figure 3 Funnel plot for the response of IVGC versus control
RR: Risk ratio; IVGC: Intravenous glucocorticoids; OGC: Oral
glucocorticoids; IVGC+OR: Intravenous glucocorticoids plus
orbital radiotherapy; OGC+OR: Oral glucocorticoids plus orbital
radiotherapy; MMF: Mycophenolate mofetil.

One trial was included in the comparison of IVGC versus
placebo. Participants receiving IVGC achieved significantly
higher response compared to participants receiving placebo
(RR 7.50, 95%CI 1.14 to 49.26, P=0.04). The evidence (one
trial, 15 participants, low quality) was double-downgraded
because the 95%CI was very wide because of only one
included trial, subgroup analyses was not conducted.

Response was reported as outcomes in four trials comparing
IVGC with OGC. No heterogeneity across the results of four
included studies was identified (Chi*=0.12, df=3, P=0.99;
I’=0). The finding was compatible with significantly increased
chance of response for IVGC (RR 1.51, 95%CI 1.25 to 1.83,
P<0.0001, four trials, 235 participants, moderate quality
evidence). We did not perform sensitivity analysis as all
trials had a high risk of bias. Table 3 shows the subgroup
analyses, which also suggested that IVGC was associated with
significantly higher response.

One trial comparing IVGC+OR with OGC+OR reported
response as an outcome. The finding was compatible with
appreciable benefit for the combination of IVGC and orbital
radiotherapy (RR 1.38, 95%CI 1.07 to 1.79, P=0.01). The
evidence (one trial, 82 participants, low quality) was double-
downgraded because of serious imprecision (wide 95%CIs)
and study limitations (high risk of bias).
Response was reported as an outcome in one trial comparing
IVGC with rituximab. Participants receiving IVGC achieved
significantly lower response compared to participants receiving
rituximab (RR 0.70, 95%CI 0.50 to 0.98, P=0.04, one trial, 31
participants, moderate quality evidence).
One trial comparing IVGC with MMF reported composite
outcome improvement as response. The finding was compatible
with appreciable benefit for IVGC (RR 0.74, 95%CI 0.63 to
0.88, P=0.0005). The evidence (one trial, 158 participants,
moderate quality) was downgraded depending on study
limitations (high risk of bias).
One trial comparing IVGC with surgery reported visual
improvement as response. Participants receiving IVGC were
more likely to achieve visual improvement compared to
participants receiving surgical decompression (RR 3.33,
95%CI 0.51 to 21.89, P=0.21). Although the finding was
compatible with increased chance of response for IVGC (one
trial, 15 participants, very low quality evidence), the effect of
IVGC compared to surgery was uncertain because of serious
imprecision (wide 95%Cls) and study limitations (high risk of bias).
Efficacy: clinical activity score improvement One trial
was included in the comparison of IVGC versus placebo. The
finding was compatible with significantly increased chance
of the improvement of CAS for IVGC (RR 2.65, 95%CI 1.11
to 6.33, P=0.03). The evidence (one trial, 15 participants, low
quality) was double-downgraded depending on very serious
imprecision.
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IVGC Control

r r Events Total Events Total Weigh!
1.1.1 IVGC vs Placebo
van Geest 2008 5 6 1 9 100.0%
Subtotal (95% Cl) 6 9 100.0%
Total events 5 1
Heterogeneity: Not applicable
Test for overall effect: Z =2.10 (P = 0.04)
1.1.2IVGC vs OGC
Aktaran 2007 18 25 13 27 20.1%
Kahaly 2005 27 35 18 35 28.9%
Macchia 2001 21 25 15 26 23.6%
Roy 2015 27 31 17 31 27.3%
Subtotal (95% CI) 116 119 100.0%
Total events 93 63
Heterogeneity: Chi? = 0.12, df = 3 (P = 0.99); I>= 0%
Test for overall effect: Z = 4.24 (P < 0.0001)
1.1.3 IVGC+OR vs OGC+OR
Marcocci 2001 36 41 26 41 100.0%
Subtotal (95% Cl) 41 41 100.0%
Total events 36 26
Heterogeneity: Not applicable
Test for overall effect: Z = 2.46 (P = 0.01)
1.1.4 IVGC vs Rituximab
Salvi 2015 11 16 15 15 100.0%
Subtotal (95% Cl) 16 15 100.0%
Total events 1" 15
Heterogeneity: Not applicable
Test for overall effect: Z = 2.07 (P = 0.04)
1.1.5 IVGC vs MMF
Ye 2017 53 78 73 80 100.0%
Subtotal (95% Cl) 78 80 100.0%
Total events 53 73
Heterogeneity: Not applicable
Test for overall effect: Z = 3.46 (P = 0.0005)
1.1.6 IVGC vs Surgery
Wakelkamp 2005 5 9 1 6 100.0%
Subtotal (95% Cl) 9 6 100.0%
Total events 5 1

Heterogeneity: Not applicable
Test for overall effect: Z=1.25 (P = 0.21)
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Figure 4 Forest plot of response compared IVGC with control IVGC: Intravenous glucocorticoids; OGC: Oral glucocorticoids; IVGC+OR:

Intravenous glucocorticoids plus orbital radiotherapy; OGC+OR: Oral glucocorticoids plus orbital radiotherapy; MMF: Mycophenolate mofetil.

The improvement of CAS was reported as an outcome in one
trial comparing IVGC with OGC. Participants receiving IVGC
achieved significantly more improvement of CAS compared
to participants receiving OGC (RR 1.50, 95%CI 1.04 to 2.17,
P=0.03). Because of serious imprecision (wide 95%ClIs) and
study limitations (high risk of bias), the evidence (one trial, 70
participants, low quality) was double-downgraded.
One trial comparing IVGC+OR with OGC+OR reported
the improvement of CAS. Participants receiving [IVGC+OR
achieved significantly more improvement of CAS compared to
participants receiving OGC+OR (RR 2.36, 95%CI 1.35 to 4.12,
P=0.002). The evidence (one trial, 82 participants, low quality)
was double-downgraded depending on serious imprecision
(wide 95%Cls) and study limitations (high risk of bias).
One trial compared IVGC with rituximab. Participants
receiving IVGC were less likely to achieve the improvement of
CAS compared to participants receiving rituximab (RR 0.76,
95%CI 0.56 to 1.02, P=0.07). Because of serious imprecision,
the evidence was downgraded (one trial, 31 participants,
moderate quality).
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The improvement of CAS was reported as an outcome in one
trial comparing IVGC with MMF. Participants receiving [IVGC
were significantly less likely to achieve the improvement of
CAS compared to participants receiving MMF (RR 0.76,
95%CI 0.65 to 0.89, P=0.0007). Because of high risk of bias,
the evidence was downgraded (one trial, 158 participants,
moderate quality).

Efficacy: clinical activity score change Four trials comparing
IVGC with OGC reported the change of CAS. Significant
heterogeneity across four included studies was identified
(Chi’=14.09, df=3, P=0.003; I’=79%), and the random effects
model was used. The decrease of CAS was significantly
higher in the IVGC group compared to the OGC group (SMD
-1.07, 95%CI -1.73 to -0.40, P=0.002). Depending on serious
imprecision (wide 95%Cls) and study limitations (high risk of
bias), the evidence was double-downgraded (four trials, 198
participants, low quality).

One trial reported the change of CAS between IVGC+OR and
OGC+OR. The decrease of CAS was significantly higher in
the IVGC+OR group compared to the OGC+OR group (SMD
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-1.09, 95%CI -1.56 to -0.63, P<0.00001). Because of serious
imprecision (wide 95%CIs) and study limitations (high risk
of bias), the evidence was double-downgraded (one trial, 82
participants, low quality).

The change of CAS was reported in one trial comparing [IVGC
with rituximab. The finding was compatible with significantly
lower decrease of CAS for IVGC (SMD 0.95, 95%CI 0.20 to
1.69, P=0.01). The evidence was downgraded (one trial, 31
participants, moderate quality) because of imprecision.

One trial reported the change of CAS between IVGC and
MMF. The finding was compatible with significantly lower
decrease of CAS for IVGC (SMD 0.67, 95%CI 0.35 to 1.00,
P<0.00001). The evidence was downgraded (one trial, 158
participants, moderate quality), because of study limitations.
Adverse Events Participants receiving IVGC were more
likely to achieve Cushingoid symptoms (OR 19.00, 95%CI
0.77 to 469.21, P=0.07), and hypertension (OR 8.00, 95%CI
0.58 to 110.27, P=0.12) compared to participants receiving
placebo.

Participants receiving IVGC were significantly less likely to
achieve adverse events compared to participants receiving
OGC (OR 0.24, 95%CI 0.08 to 0.67, P=0.006). The findings
were compatible with significantly decreased chance of
Cushingoid symptoms (OR 0.12, 95%CI 0.02 to 0.66, P=0.01)
and hypertension (OR 0.24, 95%CI 0.08 to 0.69, P=0.008)
for IVGC. Participants receiving IVGC were less likely to
weight gain (OR 0.40, 95%CI 0.07 to 2.20, P=0.29) and
gastrointestinal events (OR 0.60, 95%CI 0.24 to 1.50, P=0.28)
compared to participants receiving OGC. The finding was
compatible with little difference in hyperglycaemia between
IVGC and OGC (OR 1.02, 95%CI 0.46 to 2.27, P=0.96).
Participants receiving IVGC were less likely to achieve
adverse events compared to participants receiving rituximab
(OR 0.26, 95%CI 0.04 to 1.55, P=0.14). Participants receiving
IVGC were more likely to achieve adverse events compared
to participants receiving MMF (OR 0.26, 95%CI 0.04 to 1.55,
P=0.14).

DISCUSSION

Intravenous Glucocorticoids Versus Placebo The IVGC
versus placebo trial provided low quality evidence which
supported the use of IVGC for the treatment of active and
moderate-to-severe GO.

The finding was compatible with significantly increased
chance of composite outcome improvement for IVGC,
suggesting that for patients using placebo with a response
rate of 11%, the response rate using IVGC would be between
12.5% and 100%. Additionally, participants receiving IVGC
achieved significantly more improvement of CAS compared
to participants receiving placebo. Participants receiving
IVGC were more likely to achieve Cushingoid symptoms and

hypertension compared to participants receiving placebo.
Although good methodological quality of the IVGC versus
placebo trial was found, a small sample size was the main
limitation. The evidence of the effect of IVGC on both
response and CAS improvement was low quality.
Intravenous Versus Oral Glucocorticoids The IVGC
versus OGC trials provided moderate quality evidence which
was sufficient to support appreciable benefit of IVGC for the
treatment of active and moderate-to-severe GO.
Participants receiving IVGC achieved significantly higher
response compared to participants receiving OGC, assuming
approximately 53% overall response of participants receiving
OGC, the anticipated overall response of participants receiving
IVGC would be between 66.3% and 97.0%. The findings
were compatible with significantly increased chance of the
improvement and decrease of CAS for IVGC. Additionally,
participants receiving IVGC were less likely to achieve
adverse events compared to participants receiving OGC.
All five included trials had limitations in methodology.
Therefore, we downgraded the evidence of the effect of
IVGC on overall response to moderate quality. In addition,
the evidence of the effect of IVGC on CAS improvement and
change was double-downgraded to be of low quality.
Intravenous Versus Oral Glucocorticoids Combined With
Orbital Radiotherapy The IVGC+OR versus OGC+OR trial
provided low quality evidence which supported appreciable
benefit of the combination of IVGC and orbital radiotherapy.
The finding was compatible with significantly increased
chance of response for IVGC+OR, suggesting that for patients
receiving OGC+OR with approximately 63% response rate,
the response rate receiving IVGC+OR would be between
67.4% and 100%. Participants receiving IVGC+OR achieved
significantly more improvement and higher decrease of CAS
compared to participants receiving OGC+OR.
The included trial had a high risk of bias in performance
bias. The evidence of the effect of between IVGC+OR and
OGC+OR was double-downgraded to be of low quality.
Intravenous Glucocorticoids Versus Rituximab The IVGC
versus rituximab trial provided moderate quality evidence
which supported the use of rituximab for moderate to severe
and active GO. Participants using [VGC were significantly less
likely to achieve disease inactivation compared to participants
using rituximab, assuming approximately 100% inactivation
rate of rituximab, the anticipated inactivation rate of IVGC
would only be between 50.0% and 98.0%. Participants
receiving IVGC achieved significantly less improvement and
lower decrease of CAS compared to participants receiving
rituximab. However, participants receiving [IVGC were less
likely to achieve adverse events compared to participants
receiving rituximab.
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The included trial had low risk of bias in the majority of
domains, however, small sample size was still one main
limitation. The evidence of the effect of between IVGC and
rituximab was downgraded to be of moderate quality.
Intravenous Glucocorticoids Versus Mycophenolate Mofetil
The IVGC versus MMF trial provided moderate quality
evidence which supported the use of MMF for moderate-to-
severe and active GO.
Participants using IVGC were significantly less response
compared to participants using MMF, assuming approximately
91% response rate of MMF, the anticipated response rate of
IVGC would only be between 57.3% and 80.1%. Participants
receiving [IVGC achieved significantly less improvement and
lower decrease of CAS compared to participants receiving
MME. Otherwise, participants receiving IVGC were more
likely to achieve adverse events compared to participants
receiving MMF. The included trial had a high risk of bias in
performance bias, and the evidence of the effect of between
IVGC and MMF was downgraded to be of moderate quality.
Intravenous Glucocorticoids Versus Surgery The IVGC
versus surgery trial provided the evidence of very low quality
which was insufficient to support the use of either IVGC or
orbital decompression as the first-line treatment of DON.
Assuming that approximately 17% of participants receiving
surgical decompression achieve visual improvement, the
anticipated rate of visual improvement using IVGC would
be between 8.7% and 100%. Participants receiving IVGC
were more likely to achieve visual improvement compared
to participants receiving surgical decompression, but no
significant difference was found.
The included trial had a high risk of bias in performance bias
and detection bias. A small sample size was also the limitation.
Therefore, the applicability of the available trial data to clinical
practice is still relatively limited.
Depending on very serious imprecision and study limitations,
the evidence of the effect of between IVGC and surgery on
visual improvement was downgraded to be of very low quality.
Potential Biases in the Review Process No obvious bias
could be identified from the review process. However, there
are several limitations should be discussed. First, the limitation
is the potential of publication bias. It was attempted to avoid
the potential of publication bias by searching in multiple
databases. Unfortunately, it is possible that some papers might
be missed, especially those published in languages other
than English. A second limitation is different durations of the
examination of the data across included studies. Third, the
criteria of “response” also differed among studies. Fourth,
the cumulative doses and protocols were different among the
included studies, which significantly influenced the efficacy
and safety of IVGC™**”),
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Agreements and Disagreements with Other Studies
or Reviews A previous systematic review included 33
randomized clinical trials of all treatment modalities for GO™.
Four trials compared OGC with IVGC, and the findings
suggested that in patients with moderate-to-severe GO,
participants receiving IVGC achieved significantly higher
chance in the decrease of CAS compared to participants
receiving OGC (SMD -0.64, 95%CI -1.11 to -0.17, random
effects model), also less likely to achieve adverse events.
However, the systematic review did not assess methodological
quality of the included studies.

A recently systematic review of methylprednisolone pulse
therapy for GO included eight randomized clinical trials"”.
The study quality was assessed by the Jadad scoring system
(range from 1 to 5). A higher response rate using IVGC was
found than using placebo (RR 7.50, 95%CI 1.14 to 49.26)
and OGC (RR 1.48, 95%CI 1.18 to 1.86), and IVGC+OR was
markedly more effective than OGC+OR (RR 1.40, 95%CI
1.11 to 1.77). One trial (15 patients) compared IVGC with
surgery, with an RR of 3.33 (95%CI 0.51 to 21.89). Except for
PubMed, EMBASE, and CENTRAL, the systematic review
also searched Chinese Biomedicine Database, and one trial (75
participants) published in Chinese was included. However, the
“response” in the included trial was defined as an improvement
in diplopa, which was found in 60 participants at baseline.

The present systematic review included nine randomized
clinical trials of IVGC therapy for GO. The Meta-analysis
was performed using the standard methodological guidance of
Cochrane Handbook for Systematic Reviews of Interventions.
There is currently moderate quality evidence which is
sufficient to support IVGC for moderate-to-severe and active
GO. In addition, low quality evidence supports the effect of the
combination of orbital radiotherapy with IVGC.

Currently in the present systematic review, there is moderate
quality evidence of to support the appreciable benefit of
rituximab, compared to IVGC. A prospective, randomized,
double-masked, placebo-controlled trial published recently™”,
and the finding was compatible with no significant difference
in disease inactivation between rituximab and placebo (RR
1.50, 95%CI 0.60 to 3.74, P=0.38). However, depending on
very serious imprecision and high risk of bias (stopping early
for benefit), the evidence of rituximab versus placebo was
downgraded to be of very low quality.

In conclusion, currently evidence is sufficient to support
IVGC for the treatment of moderate-to-severe and active
GO, compared to placebo (low quality) and OGC (moderate
quality). There is evidence of moderate quality to support
the use of rituximab or MMF, which might be a second-line
treatment instead of IVGC. In addition, there is low quality
evidence to support orbital radiotherapy as the combined
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therapy of IVGC. However, the evidence is very low quality
which is insufficient to support the use of either IVGC or
orbital decompression as a first-line treatment of DON.

Of note is that the findings of the rituximab versus IVGC trial,
which were compatible with appreciable benefit of rituximab
on disease inactivation, conflicted with those of the rituximab
versus placebo trial, which were compatible with no significant
difference between rituximab and placebo on disease
inactivation. Therefore, in order to draw more comprehensive
conclusions, much more RCTs should focus on the benefit
and harms of rituximab for the treatment of GO, compared
to IVGC, measuring as the efficacy outcomes such as overall
response defined as an improvement in composite outcome,
the improvement and change in CAS , and adverse outcomes.
In addition, it is needed to evaluate the balance of benefit and
harms of between IVGC and orbital decompression for the
treatment of DON.
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