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Abstract

Purpose As an autoimmune inflammatory
disorder, active thyroid-associated
ophthalmopathy (TAO) is managed optimally
by immunosuppression. In this study, we
aimed to evaluate octreotide scintigraphy and
the level of serum extraocular muscle
antibodies in TAO activity.
Patients and methods This prospective study
comprised 304 patients with active TAO (the
clinical activity score; CAS≥ 3), 73 with
inactive TAO (CASo3), 128 with Graves’
disease (GD) without ophthalmopathy, and
100 healthy subjects. Moderate-to-severe
active TAO patients (CAS≥ 5) received
intravenous injection of methylprednisolone;
mild active patients (3≤CAS≤ 4) received
periocular injection of triamcinolone
acetonide. 99Tcm-octreotide scintigraphy and
serum levels of calsequestrin, uveal auto-
antigen with coiled-coil domains and ankyrin
repeats (UACA) and G2s antibodies were
detected before and after treatment.
Results 99Tcm-octreotide scintigraphy was
positive in active TAO patients (97%) with
elevated uptake ratio (UR) (Po0.05), and
showed a significant correlation with CAS
(r= 0.816, Po0.01). After treatment both UR
and CAS decreased significantly (Po0.05).
The receiving operator characteristic curve
(ROC) showed that the best UR threshold for
discriminating active and inactive TAO was
1.34 (sensitivity, 100%; specificity, 89.4%).
The level of serum calsequestrin antibody
was higher in active TAO (Po0.05), showed
a significant correlation with CAS (r= 0.738,
Po0.05), and also decreased after treatment
(Po0.05). The best serum calsequestrin
antibody threshold of the ROC curve was
138 ng/l (sensitivity, 88.4%; specificity, 89.2%).
The UACA antibody was elevated in both

TAO and GD patients (Po0.05), with no
significant difference (P40.05). As to G2s, no
significant difference was found between all
groups (P40.05). Moreover, six GD patients
(4.69%) with elevated calsequestrin developed
active TAO 12 weeks later.
Conclusion 99Tcm-octreotide scintigraphy
played a critical role in the evaluation of the
clinical activity and therapeutic efficacy of
TAO. Autoimmunity against calsequestrin in
the pathogenesis of the eye muscle
components may provide further objective
evidence of myopathy in active TAO.
Furthermore, calsequestrin antibody may
predict myopathy in active TAO.
Eye (2017) 31, 668–676; doi:10.1038/eye.2017.42;
published online 7 April 2017

Introduction

Thyroid-associated ophthalmopathy (TAO) is
the most common extrathyroidal manifestation
of autoimmune thyroid disease occurring in
~ 50% of patients with Graves’ disease (GD)1

and 25% with Hashimoto’s thyroiditis.2

Although the pathogenesis of TAO is not clearly
understood, most researchers now agree that it
is an autoimmune disease with immunological
cross-reactivity between the thyroid and the
orbital preadipocytes, myoblasts, and
fibroblasts.3 Generally, the natural history of
TAO follows Rundle’s curve with early
inflammatory/congestive phase (the active
phase) lasting 1–2 years, followed by
stabilization (the plateau phase), and eventually,
remission (the inactive phase).1 The treatment
for TAO varies according to inflammatory
activity and severity. Inflammatory suppression
therapy with corticosteroids is always suggested
to treat moderate-to-severe active TAO to
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decrease orbital inflammation and congestion, and
surgery is indicated for the stable, inactive TAO.4,5

Clinical activity score (CAS), based on characteristic
ocular signs and symptoms, has been widely used for
TAO evaluation and as criteria and guideline for
therapeutic management.6–8 Clinically, most of the
diagnosed TAO patients have mild TAO (76.9%),9 and
15–25% of these patients will progress to more severe
disease as reflected in a change in CAS.10 So, it is
necessary to find more sensitive and objective criteria to
access TAO activity.
Nowadays, somatostatin receptor scintigraphy has

been used to predict efficacy of immunosuppressive
therapy for TAO. Somatostatin, a neuroendocrine peptide
hormone, has receptors on many human cells, including
fibroblasts, myoblasts, and lymphocytes, which are
involved in the pathology of active TAO. Orbital increase
of somatostatin analogs has been found to be correlated
with CAS and clinical disease severity.11 As a result of its
clinical associations, octreotide scintigraphy in TAO may
guide treatment by identifying and grading disease
activity.12 Previous studies have shown a sensitivity of
~ 90%, and a specificity of 100%, when octreoscan was
used for evaluation of treatment efficacy.13,14

As an autoimmune-related orbital inflammation, TAO
comprises two main subtypes (1) congestive
ophthalmopathy, which is characterized by swelling of
the eyelid and periorbital connective tissues, and (2)
ocular myopathy, which reflects an autoimmune attack
against the extraocular muscle.15 The thyroid stimulating
hormone-receptor (TSH-R) is the most popular candidate
antigen for the development of TAO, but TSH-R cannot
explain the development of eye muscle swelling and
dysfunction.16 Several studies have implicated the role of
autoimmunity against eye muscle antigens, including the
calcium-binding protein calsequestrin, G2s, and the uveal
auto-antigen with coiled-coil domains and ankyrin
repeats (UACA). Calsequestrin was expressed 4.8 times
higher in eye muscle compared to other skeletal muscle.17

As reported, anti-calsequestrin antibodies were detected
in 40% of patients with clinically active TAO but only in
5% of normal subjects.18 G2s, the terminal 141 amino-acid
fragment of the winged-helix transcription factor FOXP1,
were found both in the extraocular muscles and thyroid,
but not in orbital connective or adipose tissue.19 Anti-G2s
antibodies were also reported to be associated with active
ophthalmopathy in the patients with Graves’s
hyperthyroidism, being detected in 54% of patients with
active TAO compared to 33% of those with inactive
disease.20 UACA is an auto-antigen associated with
panuveitis, and is expressed in eye muscle as well as
human thyroid follicular cells. Previous studies have
shown that the level of anti-UACA antibodies in TAO
was significantly higher than that in GD patients without

ophthalmopathy (29 vs 11%). Also, 75% of severe ocular
myopathy showed high UACA titers.21

The aim of this study was to evaluate 99Tcm-octreotide
scintigraphy, and serum levels of antibodies against
extraocular muscles antigens, such as calsequestrin, G2s,
and UACA antibodies, in the assessment of TAO activity
and response to medical treatment.

Materials and methods

Clinical subjects

In this prospective study, we analyzed a series of 377
patients with TAO, 128 with GD without ophthalmopathy,
and 100 healthy subjects attending First Hospital of Shanxi
Medical University from August 2011 to October 2014.
Local Ethical Committee approval was received for the
studies, and informed consent of each participating subject
was obtained. All subjects were euthyroid at the time of the
study, as shown by normal values of serum free thyroxine
(FT4), free triiodothyronine (FT3), and thyrotropin (TSH).
According to CAS,8 TAO patients were classified as active
TAO (CAS≥ 3, n=304) and inactive TAO (CASo3, n= 73).
All patients had no corticosteroids contraindication. The
pregnant and lactating women were excluded from the
study. Ocular examination was performed by the same
ophthalmologist, who evaluated the inflammatory/
congestive symptoms and signs of active TAO. The general
data of all subjects were summarized in Supplementary
Table 1.

Treatment protocols

Corticosteroids were used for management of active TAO.
Patients with moderate-to-severe active TAO (CAS≥5)
received intravenous methylprednisolone 500mg (SOLU-
MEDROL, 0.5 g, Pfizer Manufacturing, Puurs, Belgium NV)
weekly for 6 weeks followed by 250mg weekly for another
6 weeks for a cumulative dose of 4.5 g.22 The response rate
of this intravenous corticosteroid pulse therapy was about
85%. The eyes suffering from mild active TAO (3≤CAS≤4)
received periocular injection of triamcinolone acetonide
20mg (TRANSTON, 1ml: 40 mg; Kunming Jida
Pharmaceutical Co., Ltd., China) 3 weeks intervals, 5 times
total; the response rate was about 90%. The activity of TAO
before and after treatment was defined by CAS.

99Tcm-octreotide scintigraphy

The orbital scintigraphy was carried out in all subjects
using 99Tcm-labeled somatostatin analog octreotide, which
was prepared as described before.23 Minimum 4 h fasting
and good hydration was maintained, then 740 MBq 99Tcm-
octreotide was administered intravenously through a
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forearm vein. 1.0–1.5 h planar and tomographic (single-
photon emission computed tomography, SPECT; Adac,
USA) imaging of the skull was performed. The transaxial
slices with both eyes having optimum visualization were
selected for semiquantitative analysis. The regions of
interest (ROI) of right orbit (R), left orbit (L), and occipital
(O) were selected as Figure 1. The uptake ratios (UR)
were calculated as (R+L)/2O, and expressed as mean
pixel count ratios.23 99Tcm-octreotide scintigraphy was
performed in all active TAO patients before and after
therapy. Blood glucose level was measured for each
patient before radiopharmaceutical injection.

Serum extraocular muscle antibody measurement

The standard enzyme-linked immunosorbent assay
(ELISA) was used to measure serum extraocular muscle
antibodies, including anti-calsequestrin, anti-UACA,
and anti-G2s IgG (Anti-Calsequestrin IgG ELISA kit,
Anti-UACA IgG ELISA kit, Anti-G2s IgG ELISA kit;
Shanghai Future Industrial Co., Ltd, Shanghai, China).
In preliminary studies, the assays were optimized with
respect to serum dilution (1 : 50).

Statistical analysis

Statistical analysis was carried out using SPSS 16.0. All
data were expressed as mean± SD. One-way ANOVA
analysis was used for statistical analysis of the differences
between groups. Spearman’s correlation test was used to
compare the CAS and the UR ratio or antibodies levels.
The efficiency of 99Tcm-octreotide scintigraphy or serum

extraocular muscle autoantibodies to assess TAO activity
and predict the response to corticosteroid treatment was
evaluated by receiving operator characteristic curve
analysis. The level of statistical significance was
determined as Po0.05.

Results

99Tcm-octreotide scintigraphy and correlation analysis
with CAS

In 97% of patients with active TAO (CAS≥ 3), 99Tcm-
octreotide accumulated intensively in the orbital area
(Figure 2), while patients with inactive TAO, GD, and
normal controls showed no obvious 99Tcm-octreotide
accumulation.
The URs were calculated as (R+L)/2O. On the 2-h

99Tcm-octreotide scintigraphy, the UR in active TAO
patients was significantly higher than that in patients
with inactive TAO, GD, and normal controls (Po0.05)
(Figure 3). Moreover, there was a significant correlation
between UR and CAS in TAO patients (r= 0.816,
Po0.01).
After treatment, with the stabilization of ophthalmopathy,

CAS and UR were decreased accordingly in active TAO
patients (Po0.05) (Figure 4).

Serum extraocular muscle antibody levels and correlation
analysis with CAS

Before and after treatment, we tested sera from patients
with TAO, GD, and normal controls for autoantibodies
against calsequestrin, UACA, and G2s by ELISA.
The calsequestrin antibody levels were significantly

higher in patients with active ophthalmopathy than in
patients with inactive TAO, GD, and normal controls
(Po0.05) (Figure 5a) and also showed strong correlation
with CAS (r= 0.738, Po0.05). We also evaluated the
efficiency of calsequestrin antibody levels for assessment
of TAO activity and response to the corticosteroid
therapy. After treatment, the level of calsequestrin
antibody was also decreased significantly (Po0.05)
(Figure 5b).
Compared with normal controls, serum UACA

antibody levels were higher in TAO and GD
patients (Po0.05), although there was no significant
difference between active and inactive TAO (P40.05)
(Figure 5a) and, no correlation with CAS (r= 0.213,
P40.05).
As to serum G2s antibody levels, no significant

difference was observed between the TAO group, GD
group, and normal controls (P40.05) (Figure 5a).

Figure 1 The rectangular ROIs on one of the transverse images
of 99Tcm-octreotide scintigraphy in a patient with active TAO.
Mean pixel counts were measured in right (R) and left (L) orbital
ROIs, and in the occiptal (O) ROI. The UR were calculated as
(R+L)/2O.
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Correlation of 99Tcm-octreotide scintigraphy and
calsequestrin antibody levels with active TAO

The efficiency of the orbit 99Tcm-octreotide 2 h UR for
assessing disease activity and for predicting a response to
corticosteroid therapy was evaluated by receiving
operator characteristic curve analysis. The area under
the curve was 99.6%. The optimal threshold for
discriminating active and inactive TAO was 1.34
(sensitivity, 100%; specificity, 89.4%), therefore, there was
a positive predictive value of 90.7%, and a negative
predictive value of 100%.
Another parameter for evaluation of TAO activity

and the response to the therapy was the serum
calsequestrin antibody level. The area under the curve

was 87.9%. The threshold was 138 ng/l (sensitivity,
88.4%; specificity, 89.2%), therefore, there was a positive
predictive value of 83.5%, and the negative predictive
value of 81.9%.

Figure 2 99Tcm-octreotide scintigraph images from an active TAO patient and a normal control subject. The active patient (upper
images) showed intensive accumulatioin of 99Tcm-octreotide in the orbital area, while the normal control (lower images) showed no
obvious signal.

Figure 3 The UR of 99Tcm-octreotide scintigraph images in
different patient groups. The 2-h UR in active TAO was
significantly higher than that in inactive TAO, GD patients, and
normal controls (*Po0.05).

Figure 4 A 99Tcm-octreotide scintigraph images from an active
TAO patient before and after corticosteroid therapy. (a) 99Tcm-
octreotide scintigraph image before (left image) and after
treatment (right image). The accumulation of 99Tcm-octreotide
in the orbital areas was significantly decreased after therapy.
(b) For active TAO patients, the 2-h UR (*) and CAS (#) were both
decreased after treatment (*Po0.05, #Po0.05).
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More interestingly, six GD patients with higher
concentration of calsequestrin antibody (4.69%) showed
active ophthalmopathy 12 weeks later.

Discussion

The TAO is an autoimmune disorder of the extraocular
muscles and orbital connective tissues closely associated
with autoimmune thyroid disease.15 The natural history
of TAO undergoes two main phases, the active
inflammatory phase and the inactive chronic fibrotic
phase.1 It is vital to identify the phase of ophalthmopathy
to achieve an effective response to corticosteroid therapy.
As a measure of periocular soft tissue inflammation, CAS
was devised to identify active TAO; however, we should
be aware of the deficiencies of the CAS scale. Each clinical
feature of CAS is weighted equally and scored in binary
fashion. CAS cannot predict the risk of developing

significant complications. Thus, we should recognize that
some patients with severe disease complications can
present with low-CAS scores, and other patients with
high CAS may have mild long-standing congestive
changes. Even so, because the CAS scale is relatively easy
to score, we still used it as a preliminary diagnostic
criterion to identify TAO activity.24

Based on the CAS, the average disease duration for
active TAO in this study was 20.7 months, which almost
reached the reported maximum duration for the active
inflammatory/congestive phase of 24 months.25 Most of
the patients who came to our clinic, and were identified as
active TAO, had long-standing pre-existing congestive
changes. In future studies, we will focus on the TAO
patients with disease duration of less than 6 months.
The expression of somatostatin on fibroblasts,

myoblasts, and lymphocytes may contribute to the
pathology of active TAO, and a number of studies
have revealed that the octreotide analog 111In-
octreoscan/99Tcm-octreoscan is able to efficiently assess
the TAO orbital soft tissue inflammation/
congestion.23,26,27 In this study, 99Tcm-octreotide
scintigraphy in patients with TAO had a strong
correlation with the CAS (r= 0.816, Po0.01), and the
99Tcm-octreotide UR was higher in the active TAO
patients than in the inactive and normal control subjects
(Po0.05). More importantly, the positive orbital
octreoscan that was performed in clinically active eye
disease in which corticosteroid treatment might be of
therapeutic benefit had a positive predictive value of
90.7% and a negative predictive value of 100%. The
99Tcm-octreoscan showed improvement when the
ophthalmopathy stabilized after 12 weeks of treatment.
Our findings were similar to results of previous studies.28

Thus, 99Tcm-octreotide scintigraphy might provide a
useful criterion in prediction of immunosuppressive
treatment in active TAO patients.
In TAO, the eye muscles are targets of the autoimmune

reaction, and more than 90% of GD patients with or
without clinical signs of ophthalmopathy have
extraocular muscle enlargement by orbital imaging
techniques.29 The extraocular muscles and thyroid share
antigens with clinical relevance in TAO, such as
calsequestrin, G2s,19 and UACA21 antigens. In this study,
we observed a close relationship between positive
reactivity of serum calsequestrin antibodies (87.9%)
and active TAO, which corroborates previous report.30

Moreover, the level of calsequestrin antibody was strongly
correlated with CAS in active TAO (r= 0.738, Po0.05) and
also could be used to assess the efficacy of corticosteroids
therapy (Po0.05), however, calsequestrin antibody levels
were not as efficient as 99Tcm-octreotide scintigraphy in
evaluation of therapy response. Since calsequestrin was
expressed 4.8 times higher in eye muscles compared to

Figure 5 The level of serum extraocular muscle antibodies and
efficacy in evaluation of the treatment of active TAO. (a) The
concentration of calsequestrin antibody in active TAO patients
was significantly higher than that in inactive TAO, GD patients,
and normal controls (*Po0.05). Compared with normal controls,
the level of UACA antibodies in patients with TAO and GD were
higher (#Po0.05). Serum G2s antibody levels showed no
difference between the groups (P40.05). (b) After treatment,
both serum calsequestrin antibody and CAS in active TAO
patients decreased significantly (*Po0.05, #Po0.05).
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other skeletal muscle,17 calsequestrin antibodies may be
correlated with the onset of ocular myopathy30 rather than
congestive ophthalmopathy. More interestingly, six GD
patients (4.96% of GD patients) without ophthalmopathy,
but with elevated levels of calsequestrin antibodies,
developed signs of active TAO after 12 weeks. A recent
cohort study on the natural history of Graves’
ophthalmopathy showed that about 4.9% of patients
without ophthalmolpathy or mild TAO progressed to
moderate-to-severe TAO.9 Perhaps, serum calsequenstrin
antibody can be used as a sensitive predictor for active
ocular myopathy of TAO. In future studies, we will collect
more data to support this finding.
As reported previously, the prevalence of anti-UACA

antibodies was significantly higher in GD patients than in
normal subjects (15 vs 0%), and higher in TAO patients
compared with GD patients without ophthalmopathy (29
vs 11%).21 In this study, we found that UACA antibodies
to be elevated in all active TAO, inactive TAO and GD
patients compared with normal controls (Po0.05). There
was no significant difference between TAO and GD
patients (P40.05). TSH may upregulate the expression of
UACA in skeletal muscles, including extraocular muscles
and thyroid tissue,21 and TAO activity is not correlated
with TSH. The thyroid function of all subjects in this
study was controlled at normal level, so it was reasonable
to detect no difference in the levels of serum UACA
antibody between TAO and GD groups.
As to G2s, we found no significant difference between

patients with TAO, GD, and normal controls. Actually,
the function of anti-G2s antibody in TAO or GD is still
disputed.31,32

In conclusion, we have demonstrated that 99Tcm-
octreotide scintigraphy played a critical role in evaluation
of therapeutic efficacy in active TAO. In addition,
autoimmunity against calsequestrin could provide
another objective evidence for the pathogenesis of the eye
muscle components in active TAO. It is possible that
serum calsequestrin antibody can predict the activity of
ocular myopathy in TAO.

Summary

What was known before
K Octreotide scintigraphy played a critical role in evaluation

of the clinical activity and therapeutic efficacy of TAO.
Calsequestrin, UACA, and G2s antibodies could be
valuable evidences of active TAO.

What this study adds
K We proved 99Tcm-labeled octreotide scintigraphy also

played a critical role in evaluation of the clinical activity
and therapeutic efficacy of TAO. We only proved
calsequestrin antibody played an important role in
evaluation of active TAO. Calsequestrin antibody could be
a predictive biomarker for active TAO.
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To obtain credit, you should first read the journal article.
After reading the article, you should be able to answer the
following, related, multiple-choice questions. To complete
the questions (with a minimum 75% passing score) and earn
continuing medical education (CME) credit, please go to
http://www.medscape.org/journal/eye. Credit cannot be
obtained for tests completed on paper, although you may
use the worksheet below to keep a record of your answers.
Youmust be a registered user on http://www.medscape.org.

If you are not registered on http://www.medscape.org,
please click on the ``Register'' link on the right hand side of
the website.
Only one answer is correct for each question. Once you

successfully answer all post-test questions you will be able to
view and/or print your certificate. For questions regarding this

activity, contact the accredited provider, CME@medscape.net.
For technical assistance, contact CME@medscape.net. Amer-
ican Medical Association’s Physician’s Recognition Award
(AMA PRA) credits are accepted in the US as evidence of
participation in CME activities. For further information on
this award, please go to https://www.ama-assn.org. The
AMA has determined that physicians not licensed in the US
who participate in this CME activity are eligible for AMA
PRA Category 1 Creditst. Through agreements that the AMA
has made with agencies in some countries, AMA PRA credit
may be acceptable as evidence of participation in CME
activities. If you are not licensed in the US, please complete
the questions online, print the AMA PRA CME credit
certificate, and present it to your national medical association
for review.

1. You are seeing a 33-year-old woman with a history of
Graves disease and thyroid-associated ophthalmopa-
thy (TAO). What should you consider regarding the
typical clinical course of such a patient?

A TAO occurs exclusively in the setting of Graves disease
B The vast majority of TAO cases are increasingly

progressive during a course of several years
C Most cases of TAO have at least moderate disease
D Corticosteroids are recommended to treat moderate to

severe active TAO

2. You consider ordering testing with 99Tcm-octreotide
scintigraphy for this patient. Which of the following
statements regarding the results of this testing in the
current study is most accurate?

A Scintigraphy result was similarly positive among
patients with active and inactive TAO

B Any history of Graves disease was associated with
positive findings on scintigraphy

C There was a significant correlation between the clinical
activity score (CAS) and uptake ratio (UR) on scinti-
graphy among patients with TAO

D The UR remained significantly elevated after treatment
of TAO

3. What was the approximate optimal UR threshold for
discriminating active vs inactive TAO in the current
study?

A 0.3
B 0.9
C 1.3
D 2.1

4. You consider ordering additional testing for this
patient. According to the results of the current study,
which of the following antibody levels correlated well
with CAS?

A Calsequestrin antibody levels only
B Uveal auto-antigen with coiled-coil domains and

ankyrin repeats (UACA) antibody levels only
C Calsequestrin and UACA antibody levels only
D Calsequestrin, G2s, and UACA antibody levels
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