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and cyclophosphamide in the treatment
of Graves’ ophthalmopathy: a systematic review
and meta-analysis
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Abstract

Purpose To evaluate the efficacy and safety of combined glucocorticoids (GCs) and cyclophosphamide (CYC) treat-
ment in Graves ophthalmopathy (GO).

Methods We searched PubMed, Embase, Cochrane Library, and four Chinese databases (Chinese National Knowl-
edge Infrastructure (CNKI), China Science and Technology Journal Database (VIP), WanFang, and SinoMed) for any
published randomized controlled trials (RCTs) produced from inception to December 1, 2023. Articles obtained
using appropriate keywords were selected independently by two reviewers according to the established inclusion
and exclusion criteria.

Findings We retrieved 1120 records which were eventually reduced to 13 RCTs which were then included in this
evaluation. Pooled results indicated that the experimental group (CYC/GCs) showed a higher response rate than con-
trol group (GCs or negative control) (RR 1.27; 95% confidence interval 1.19 to 1.37). The subgroup analysis showed
that the difference in response rates among treatment protocols (CYC/P, CYC/MPS, CYC/DEX) was not statistically
significant (p=0.23).

Implications The combination of GCs and CYC could be recommended as a therapeutic option for GO, especially

in patients who experience recurrence after a withdrawal GCs, have a poor response to GCs, or cannot obtain mono-
clonal antibody agents for various reasons.
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Introduction

Graves’ ophthalmopathy (GO), also called thyroid-asso-
ciated ophthalmopathy (TAO), is mainly characterized by
proptosis, upper eyelid retraction, edema, and diplopia
and is described as an ocular autoimmune disorder with
complicated pathogenesis [1, 2]. Increased adipose tissue
and enlarged extraocular muscle within the ocular orbit
are the primary pathological changes associated with GO
[3], which causes increased pressure within the bony cav-
ity ultimately inducing a cascade of clinical symptoms
[1, 4]. Increasing evidence suggests that orbital fibro-
blasts are critical effector cells during the pathogenesis
of GO [4, 5]. Current evidence suggests that the thyro-
tropin and insulin-like growth factor receptors (IGF-1R),
both expressed on the surface of the orbital fibroblasts,
are the primary autoantigens in GO [1]. The immune
systems of patients with GO are known to be hyperac-
tivated with an increased proliferation of autoreactive B
cells that produce a large number of autoantibodies [1].
In addition, stimulation with anti-thyrotropin-receptor
antibodies induces a subgroup of orbital fibroblasts to
differentiate into adipocytes [1, 6, 7]. IGF-1R binding by
autoantibodies results in the secretion of interleukin-16,
leading to the recruitment of T cells and other mono-
nuclear immune cells into the ocular orbit [1, 8]. Orbital
fibroblasts can also be activated by these T cells via the
CD40-CD154 bridges, inducing interleukin-1 (IL-1)
secretion [1, 4]. Stimulation with IL-1, TNF, and IFN-y
induces orbital fibroblast-based production of hyaluro-
nan which then accumulates between the intact extraoc-
ular muscle fibers [1]. The cell-surface marker, Thy-1, is
expressed in a population of fibroblasts, which can differ-
entiate into myofibroblasts upon stimulation with trans-
forming growth factor (TGF)-f [1, 4]. These responses
act together to facilitate GO pathogenesis which can
be summarized as an autoimmune reaction that leads
to increases in the inflammatory response and tissue
changes in the orbit, eventually resulting in expanded
adipose tissue, extraocular muscle enlargement, and
fibrosis [1].

Glucocorticoids (GCs) are strong immunosuppressive
and anti-inflammatory drugs considered the first-line
treatment for GO [9-11]. GCs inhibit both the prolif-
eration and function of lymphocytes by inhibiting the
release of lymphokines and cytokines [12—-14], thereby
exerting an immunosuppressive and anti-inflammatory
effect. However, in the case of more severe autoimmune
diseases, including those that cause organ damage (such
as GO), it is not unusual to combine GCs with other
potent immunosuppressive drugs. Cyclophosphamide
(CYC), a good option to combination therapy, has been
used in clinical practice for over 60 years and remains one
of the most useful anticancer and immunosuppressive
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agents [15, 16]. CYC inhibits immune responses by
directly inhibiting the proliferation of lymphocytes and
has significant effects on the treatment of various auto-
immune diseases [15, 17, 18]. The combination of GCs
and CYC is commonly applied in the clinical treatment
of GO in China and its curative effect has proven remark-
able [19, 20]. However, until December 1, 2023, there was
no published meta-analysis have assessed the efficacy of
this combination in the treatment of GO. Therefore, we
conducted a systematic review and meta-analysis of pub-
lished randomized clinical trial (RCT) data to assess the
efficacy and safety of combined GCs/CYC to treat GO.

Methods

Data sources and search strategies

Our study relied on data from PubMed, Embase, the
Cochrane Library, Google Scholar, and three Chinese
databases (the Chinese National Knowledge Infra-
structure (CNKI), China Science and Technology Jour-
nal Database (VIP), WanFang, and SinoMed). We
identified studies of interest published from inception
to December 1, 2023 and isolated all the RCTs. The
detailed search strategy is presented in Supplementary
Appendix 1.

Inclusion and exclusion criteria

Our database search yielded 1120 hits, which were then
narrowed to only the RCTs meeting the following cri-
teria: (1) patients were diagnosed with GO, with no age
limit; (2) All patients were routinely treated with antithy-
roid drugs or levothyroxine; (3) in experimental groups,
GCs and CYC were given as main intervention measure
in the treatment, regardless of cumulative dose or route
of administration; (4) in control group, patients were
treated with GCs alone or with negative controls; (5)
there were no significant differences in the general clini-
cal characteristics between these two groups (P>0.05);
and (6) evidence of at least one of the following four out-
comes (response rate, adverse events, clinical activity
score (CAS), and proptosis). The following exclusion cri-
teria were applied: (1) Studies were failing to comply with
these inclusion criteria (2) studies had duplicate data or
repeat analysis; (3) studies were case reports, reviews,
letters, or conference abstracts without full text. The lan-
guage of the articles was limited to Chinese and English.

Study selection and data extraction

All publications were reviewed by two independent
researchers (QX and MY) before their inclusion in this
study. These reviewers evaluated the eligibility of the
potential titles and abstracts and then rigorously reas-
sessed the full text following their initial selection using
the same inclusion criteria described above. Relevant
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data were then extracted by two different researchers (YC
and SS) as described by the predesigned review form.
They carefully extracted the following information from
each study: the first author’s name, year of publication,
number of patients, route of administration, and out-
comes (response rate, adverse events, CAS, and prop-
tosis). We resolved disagreements by discussing these
factors and then referring to a third reviewer where we
could not reach a consensus.

Quality assessment

Each of the included studies was then evaluated for qual-
ity by two other researchers (XW and AX) using the
Cochrane Collaboration risk of bias tool [21] for the fol-
lowing six aspects: random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
incomplete outcome data, selective reporting, and other
biases. We graded each item as “low;” “high,” or “unclear”
risks of bias. The GRADE framework was used to grade
the evidence quality of the outcomes. (Supplementary
Appendix 4).

Statistical analysis

Of the 13 RCTs, only one study [22] included reduction of
proptosis as its outcome. The remaining 12 RCTs either
did not evaluate or only reported start and end point data
for their continuous variables (i.e., proptosis, CAS) as the
mean + SD. Given that most of the continuous variable
data was incomplete, we chose to focus our data analysis
on the dichotomous variables (number of patients with
response). All data analysis were performed using R soft-
ware (R version 4.2.1) and we used the risk ratio and pro-
portion and their associated 95% confidence intervals to
assess outcomes. To enhance the methods, some previ-
ously published meta-analysis articles were referred [23,
24]. All P values of less than 0.01 were considered statis-
tically significant and heterogeneity was assessed using
the I? test. If significant heterogeneity was not present
(I2<50%), we used fixed effects models to pool outcomes
and if there was significant heterogeneity, we pooled out-
comes using random effects models (I>>50%). Sensitiv-
ity analysis was also performed by removing each study
in turn and publication bias was evaluated using funnel
plots and the Egger test. When publication bias occurred,
the “cut-and-fill method” was performed to adjust publi-
cation bias.

Results

Study selection and characteristics

Our initial retrieval strategy identified 1120 records,
which included 13 eligible trials [22, 25-36] that were
then used in the final meta-analysis. Figure 1 summarizes
our literature search and study selection process. All 13
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RCTs included in this study were conducted in China
and published in Chinese between 2004 and 2022. A total
of 932 patients were included in the meta-analysis, with
472 patients assigned to the experimental group and 460
patients randomly assigned to the control groups. Of the
13 studies included in this analysis, all 13 reported the
number of patients with responses, five studies reported
the adverse reactions, and one reported a reduction in
proptosis [22]. Treatment duration varied from 1 to 3
months and information was not available for one study
[29]. In all 13 studies, interventions of control groups
were GCs in 7 studies, and 6 studies had a negative con-
trol. Among the combined treatment protocols of experi-
mental groups, 2 studies used CYC/dexamethasone
(DEX), 8 studies used CYC/methylprednisolone (MPS),
and 3 studies used CYC/prednisone (P). The character-
istics of each of the included studies are summarized in
Table 1 and the detailed information on treatment proto-
cols and adverse reactions of each included study is sum-
marized in Table 2.

Risk of bias assessment

The Cochrane risk of bias assessment tool was used to
assess the quality of the included studies. The included
RCTs seemed to have a low to moderate risk of bias with
most providing some details on allocation concealment
and blinding. The risk of bias evaluations for each of
these RCTs is described in Fig. 2 and the details of each
risk of bias are shown in Supplementary Appendix 5.

Response rate

All 13 studies reported response rate. The criteria for
response differed between these studies, reduction of
proptosis > 2mm or>2mm, and decline of CAS >2 were
considered as responses. The total response rates for the
experimental and control groups were 85.4% and 60.7%,
respectively with the experimental group demonstrat-
ing a higher response rate than the control group (RR
1.27, 95% confidence interval 1.19 to 1.37, Fig. 3), with
some heterogeneity (I>=59%, random effects model).
We then explored this heterogeneity using a sensitivity
analysis which was performed by removing each study
in sequence. This sensitivity analysis showed that het-
erogeneity decreased (I=0%) after excluding the Zhang
(2005) study [22].

A subgroup analysis was then performed with each
subgroup separated based on the intervention of their
control group. From the subgroup CYC/GCs vs nega-
tive control, the experimental group showed a higher
response rate than the control group (RR 1.43, 95% con-
fidence interval 1.16 to 1.76, Fig. 3). From the subgroup
CYC/GCs vs GCs, the experimental group also showed
a higher response rate than the control group (RR 1.24,
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Fig. 1 Flow diagram for literature search and study selection

95% confidence interval 1.14 to 1.36, Fig. 3). Subgroup
analysis indicated that the combined treatment CYC/
GCs was effective and even more effective than GCs in
the treatment of GO.

For further exploration of the response rate of the com-
bined treatment (CYC/GCs) and a definition of which
combined treatment protocol was optimal in treating
GO, we performed another subgroup analysis according
to the combined CYC/GCs treatment protocols. The sep-
arate result of the subgroup (CYC/DEX) showed no sta-
tistically significant effect of the (CYC/DEX) treatment
protocol (RR 1.12, 95% confidence interval 0.88 to 1.41,
Fig. 4). Between another two subgroups, (CYC/P) had a
greater response rate (RR=1.69) compared with (CYC/
MPS) (RR=1.25), however, not statistically significant
(p=0.23, Fig. 4).

Publication bias

Publication bias was investigated using funnel plots and
the Egger test. The funnel plot was reasonably symmet-
rical aside from 2 outliers (Supplementary Appendix 6),

and the Egger test (t=3.94, P=0.0023) suggested a risk
of publication bias. Thus, the “cut-and-fill method” was
performed to adjust the publication bias. After the “cut-
and-fill method”, one missing study was added, and the
response rate had been estimated (RR 1.26, 95% confi-
dence interval 1.18 to 1.36, Supplementary Appendix 7).

Discussion

In the early stages of the pathogenesis of GO, there are a
large number of inflammatory reactions that can only be
controlled by the powerful anti-inflammatory effects of
the GCs. However, the abnormal autoimmune responses
causing the ocular lesions in GO cannot be corrected
by treatment with GCs, which serves only to reduce the
immune response in these patients. If GCs treatment
did not need to be reduced over time, as recommended
in the guidelines, recurrence would probably not occur.
However, in clinical practice, recurrence often occurs
during GCs reduction or following GCs withdrawal [3,
37-39]. Additionally, if patients with GO receive long-
term treatment with moderate to high doses of GCs
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Table 1 Characteristics of included studies
Study Sample size Experimental Cumulative  Control Treatment for Treatment Number of Criteria for
(E/Q) groups (CYC/ CYC/GCs groups the thyroid duration patients with  response
GCs) dose disorder response (E/C)
Shi 2004 [25] 53/52 CYC/DEX 0.19/0.05¢g GCs (DEX) ATD 10 weeks 29/25 Reduction
of propto-
Sis=2mm
Liu 2005 [26] 30/30 CYC/MPS 1.29/3¢g GCs (MPS) ATD 1 month 29/24 Decline
of CAS>2
Zhang 2005 30/30 CYC/MPS 249/69 Negative ATD 1 month 30/2 Reduction
[22] control of propto-
sis>2mm
Ruan 2006 [27]  54/51 CYC/DEX 0.5g/0.05g GCs (DEX) ATD 10 weeks 35/30 Reduction
of propto-
sis>2mm
Tang 2006 [28]  30/27 CYc/p 169/0.96 g GCs (P) ATD 1 month 29/11 Reduction
of propto-
sis>2mm
Su 2014 [29] 24/24 CYC/MPS NA/NA Negative Thiamazole NA 23/19 NA
control
Dai 2015 [30] 22/22 CYC/MPS 69/3g GCs (P) ATD 3 months 19/14 Reduction
of propto-
Sis>2mm
Wang 2015 [31] 40/40 cyc/p 4489/1.16g  Negative ATD 4 months 36/19 Reduction
control of propto-
sis>2mm
Wen 2016 [32]  46/46 CYC/MPS 1.89/459 Negative ATD/Levothy- 3 weeks 40/32 Reduction
control roxine of propto-
sis=2mm
and decline
of CAS>2
Gao2018[33]  29/29 CYC/MPS 1.89/45 g Negative ATD/Levothy- 3 weeks 25/18 Reduction
control roxine of propto-
sis=>2mm
and decline
of CAS>2
Liang 2020 [34] 40/39 CYC/MPS 3g/096¢g GCs (MPS) ATD 3 months 39/31 NA
Cajal 2020 [35]  40/40 CYC/MPS 2.79/549 GCs (MPS) ATD 3 months 38/31 NA
Wang 2021 [36] 34/30 CYc/p 569/2739g Negative Thiamazole 3 months 31/23 Reduction
control of propto-
sis>2mm

Abbreviations: CYC cyclophosphamide, GCs glucocorticoids, MPS methylprednisolone, DEX dexamethasone, P prednisone, ATD antithyroid drug, NA not available

designed to prevent recurrence, they almost inevitably
develop a series of adverse reactions including glaucoma,
severe hypertension, gastrointestinal bleeding, osteopo-
rosis, adrenal gland atrophy, and uncontrolled diabetes,
among others [13, 37], which would outweigh the ben-
efits of continued therapy. Moreover, for patients with
GO with contraindications such as hepatic dysfunction,
cardiovascular morbidity, diabetes, or hypertension,
GCs therapy could be even more undesirable. There-
fore, therapeutic management of autoimmune diseases
such as GO require the use of other immunosuppressive
agents. Since the eye is an essential organ, it is even more
essential to identify a rapid acting, effective immunosup-
pressing therapy (CYC) designed to prevent irreversible

fibrosis in these patients. Furthermore, CYC can facilitate
the successful withdrawal of GCs from patients with GO.
This explains why several studies have proposed the com-
bination of GCs and CYC in the initial phases of GO.

At present, many treatment options for GO exist but
GCs remain the preferred treatment option [11]. Com-
bination therapeutic regimens include GCs in combi-
nation with immunosuppressants such as cyclosporine
or azathioprine, or orbital radiotherapy [11]. In addi-
tion, monoclonal antibodies such as rituximab (CD-20
antibody), tocilizumab (IL-6 receptor antibody), and
teprotumumab (IGF-1 receptor antibody) are also rec-
ommended therapies for GO [11]. However, there are
certain limitations to the treatment options above. For
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Shi 2004 29 53 25 52 1.14[0.78; 1.65] 3.5%
Liu 2005 29 30 24 30 —— 1.21[1.00; 1.46]  13.4%
Tang 2006 29 30 1M 27 ———+—>  237[1.50; 3.76] 2.3%
Ruan 2006 35 54 30 51 1.10[0.81; 1.49] 5.4%
Dai 2015 19 22 14 22 1.36 [0.95; 1.94] 3.8%
Cajal 2020 38 40 31 40 —— 1.23[1.02; 1.47]  14.9%
Liang 2020 39 40 31 39 —— 1.23[1.04; 1.45] 17.6%
-
Zhang 2005 30 30 2 30 > 12.20 [3.72; 40.01] 0.3%
Su 2014 23 24 19 24 1.21[0.97; 1.511  10.0%
Wang 2015 36 40 19 40 —_—— 1.89 [1.35; 2.67] 4.2%
Wen 2016 40 46 32 46 —=— 1.25[1.00; 1.56]  10.0%
Gao 2018 25 29 18 29 1.39[1.01; 1.91] 4.8%
Wang 2021 31 34 23 30 1.19[0.95; 1.49] 9.8%
—~—
Random effects model 472 460 < 1.27 [1.19; 1.37] 100.0%
Heterogeneity: /2 = 59%, t2 < 0.0001, p < 0.01 0’5 ; ‘2 ‘3

Test for overall effect: z =6.80 (p < 0.01)
Test for subgroup differences: Xf =1.37,df=1(p =0.24)

Fig. 3 Forest plot of meta-analysis of response rate (CYC=cyclophosphamide; GCs =glucocorticoids; by R language 4.2.1)

patients treated with GC monotherapy, the relapse rate
during GC dose tapering or after GC withdrawal can be
remarkable [38]. Cyclosporine and azathioprine have a
relatively slow onset of action and are therefore not suit-
able for relapsing patients with GO whose symptoms
need to be controlled rapidly. The combination of orbital
radiotherapy and GCs is recommended based on expert
opinion only and there is insufficient evidence in support
of the treatment [11]. The main therapeutic mechanism
of radiotherapy is the inhibition of the proliferation of
effector cells, which is similar to CYC. Teprotumumab
was approved by the FDA to treat GO in 2020 [40]; the
benefits of rituximab and tocilizumab in the treatment of

GO still require more clinical trials and evidence-based
medical research. These monoclonal antibody agents
may be not effective for all patients because of the sin-
gle therapeutic targets [41] and they are costly and thus
not affordable for all patients. In comparison, CYC is
cheaper and available, with a fast onset of action, and the
efficacy of CYC/GCs is supported by the results of our
study. Therefore, for patients with GO who are prone to
relapse after GC withdrawal, have difficulty in deriving
therapeutic benefits from GCs, and in those who cannot
obtain monoclonal antibody agents for various reasons,
we believe that combined CYC/GCs treatment could be a
therapeutic option.
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Study Events Total Events Total Risk Ratio RR [95%-CI] Weight
Shi 2004 29 53 25 52 1.14[0.78; 1.65] 3.5%
Ruan 2006 35 54 30 51 1.10[0.81; 1.49] 5.4%
i
Liu 2005 29 30 24 30 e 1.21[1.00; 1.46]  13.4%
Zhang 2005 30 30 2 30 > 12.20 [3.72; 40.01] 0.3%
Su 2014 23 24 19 24 1.21[0.97; 1.511  10.0%
Dai 2015 19 22 14 22 1.36 [0.95; 1.94] 3.8%
Wen 2016 40 46 32 46 s 1.25[1.00; 1.56]  10.0%
Gao 2018 25 29 18 29 e 1.39[1.01; 1.91]  4.8%
Cajal 2020 38 40 31 40 —— 1.23[1.02; 1.47]  14.9%
Liang 2020 39 40 31 39 e 1.23[1.04; 1.45] 17.6%
-
Tang 2006 29 30 1" 27 ————  237[1.50; 3.76] 2.3%
Wang 2015 36 40 19 40 e 1.89[1.35; 2.67]  4.2%
Wang 2021 31 34 23 30 e i 1.19[0.95; 1.49] 9.8%
e
Random effects model 472 460 <+ 1.27 [1.19; 1.37] 100.0%
Heterogeneity: /2 = 59%, 2 < 0.0001, p < 0.01 0’5 ; ‘2 ‘3

Test for overall effect: z = 6.80 (p < 0.01)
Test for subgroup differences: Xg =2.96,df =2 (p =0.23)

Fig. 4 Forest plot of subgroup meta-analysis according to treatment protocols (CYC = cyclophosphamide; DEX = dexamethasone;

MPS =methylprednisolone; P =prednisone; by R language 4.2.1)

Unfortunately, as CYC is rarely administrated by
endocrinologists and ophthalmologists, practitioners
may not be familiar with the characteristics of CYC. As
rheumatologists, we have accumulated extensive expe-
rience in the use of CYC for a range of autoimmune
diseases. It must be emphasized that CYC may cause
significant cytotoxic effects such as infections, bone
marrow suppression, impairment of the reproductive
system, hemorrhagic cystitis, and pulmonary fibro-
sis [15]. However, these adverse reactions are often
dose-related [15], making it critical to determine the
minimum dose of CYC needed to prevent recurrence
in these patients. Measures need to be undertaken to
maximize the therapeutic efficacy of CYC and mini-
mize undesirable reactions as much as possible. First,
patients who present with CYC-associated contraindi-
cations, such as bone marrow suppression or lympho-
penia, should not be considered for CYC treatment;
it is also important to eliminate infections before the
initiation of CYC treatment. Second, close observa-
tion of patients is essential, and those showing a trend
toward adverse events should undergo adjustment of
medication. Considering the heterogeneity in patient
response to CYC, an individual optimal CYC dose in
combined treatment should be gradually explored if

patients can tolerate CYC and do not exhibit serious
adverse events.

However, we acknowledge that there were some limi-
tations to our study. First, because data for some of the
continuous variables were incomplete, we were forced
to complete our data analysis only using the dichoto-
mous variables, limiting precision. Second, out of the
limitations in safety-related data of included studies, our
assessment on the safety aspect was unfortunately not
enough. Third, the total number of studies and patients
included in the meta-analysis for safety was small, so the
quality of the evidence was not high. Fourth, most of
these RCTs did not provide systematic follow-up data,
which makes it difficult to assess the prognosis of GO
after treatment. Fifth, all of the included patients were
Chinese which means that the efficacy and safety of this
combined therapeutic approach remains unknown for
other ethnic groups. Sixth, among the included studies,
only the Cajal (2020) study followed a treatment pro-
tocol consistent with the recommendations of interna-
tional scientific societies. Seventh, sensitivity analysis
suggested the Zhang (2005) study may be the source of
the heterogeneity. It is possible that more severe and
complex patients were included in this study, which
resulted in a low response rate in the negative control.
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In addition, publication bias exists accordingly to the
Egger test.

Conclusion

Our systematic review and meta-analysis are the first to
assess the efficacy of the combined regimen of CYC/GCs
in the treatment of patients with GO. The combination
of GCs and CYC could be a viable therapeutic option in
GO especially in patients who have a poor response to
GCs treatment, who relapse after GC withdrawal, or who
cannot obtain monoclonal antibody agents. More clinical
studies are required to determine the optimal medica-
tion regimen for the combination of GCs and CYC in the
treatment of GO.
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