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Models for the assessment of disease activity in Graves ' ophthalmopathy 

I. Univariate analysis of activity variables 

Introduction 

The concept of disease activity, originating from observations on the natural 

history of Graves' ophthalmopathy by Rundle and his co-workers, is attractive 

because it might explain why as many as one-third of patients do not respond to 

immunosuppressive therapies. Looking at Rundle's curve, one can easily imagine 

that only patients in the active stage of the disease will respond to corticosteroids 

or retrobulbar irradiation, whereas patients with inactive disease will remain 

unchanged upon this anti-inflammatory treatment. If this treatment modality is 

given to patients with diplopia and/or severe proptosis, regardless of the stage of 

the disease, it is understandable that a proportion of patients will not respond. 

Failure to distinguish active from inactive eye disease may thus explain that the 

response rate to immunosuppression in general is around 65% only. The ratio for 

trying to find a diagnostic tool to reliably determine the stage of the disease, is to 

improve this response rate and to minimize the number of patients inadvertently 

submitted to immunosuppressive therapy. 

In this thesis, we have described several different methods to determine disease 

activity, and have tried to optimize their performance. Now, we will report on their 

performance in a typical cohort of 66 consecutive patients with moderately severe 

ophthalmopathy. To establish the clinical usefulness of the various activity 

markers, their baseline values were compared to the therapeutic outcome at six 

months after orbital irradiation. 

Patients and methods 

Patients and assessment of disease severity 

We studied 66 consecutive, untreated patients with moderately severe 

ophthalmopathy, who were selected on the basis of the severity of their eye 

disease. We included patients with evident restriction of eye muscle motility, or 
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Chapter 9 

with a proptosis of >25 mm, and excluded patients with sight loss due to optic 

nerve involvement. All patients had to be euthyroid for >2 months prior to 

treatment. Patients with diabetes mellitus were not included in this study, because 

this condition is considered a contraindication to irradiation. Retrobulbar 

radiotherapy was given in 10 fractions of 2 Gy, over a period of two weeks.1 

The therapeutic outcome was assessed at 26 weeks after radiotherapy using 

predefined major and minor criteria. Major criteria were: 1. Change in the degree 

of diplopia: a. Intermittent (present only occasionally); b. Inconstant (present, but 

not in primary gaze); c. Constant (present in primary gaze). 2. Change in eye 

muscle motility of >8 degrees in elevation (or in other directions of gaze if 

severely affected). 3. Change in visual acuity (Snellen chart). Minor criteria were: 

1. Change of >2 mm in proptosis; 2. Change of >2 mm in lid width; 3. Change in 

the degree of soft tissue involvement assessed from color slides (a. Mild; b. 

Moderate; c. Severe).2 There were five response categories: 1. Very good -

improvement in two major criteria; 2. Good - improvement in one major criterion; 

3 Fair. - improvement in two minor criteria; 4. Unchanged - no change or a change 

in only one minor criterion; 5. Worse - worsening in one or more major, or in two 

or more minor criteria. Categories 1 through 3 were considered a response, 

categories 4 and 5 a nonresponse. 

In addition, the motility measurements were compiled to yield a range of motion 

(ROM). To this end, the surface of the quandrangle made up by the four directions 

of gaze was calculated (one degree = one millimeter). As an overall indicator of 

disease severity, the Total Eye Score (TES) was used, which is the sum of each 

NOSPECS class present times the grade in that class (for this purpose, the grades 

are given numerical values: a=l, b=2, c=3).3 The patients were asked to grade their 

eye condition on a scale from 0 (worst) to 10 (best), resulting in the Subjective Eye 

Score (SES).3 

Assessment of disease activity 
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Models for the assessment of disease activity in Graves ' ophthalmopathy 

We determined the following disease characteristics and activity parameters at 

base-line: 1. The duration of the ophthalmopathy in months since the onset of the 

eye disease as perceived by the patient. 2. The Clinical Activity Score (CAS).4 3. 

Urinary glycosaminoglycan (GAG) excretion (Chapter 2)5 4. Serum cytokine 

levels (Chapter 3)6, 5.Serum levels of TSH-Receptor autoantibodies (TSHR 

Stimulating Immunoglobulins, TSI; and TSH Binding Inhibiting 

Immunoglobulins, TBII assessed by the TRAK assay) (Chapter 4), 6. Eye muscle 

reflectivity on A-mode ultrasonography (Chapter 5)7, 7.Magnetic resonance 

Imaging (MRI; Chapter 6)8 8. Octreotide scintigraphy (Chapter 7 and 8).9 

Analysis 

The activity variables were compared amongst the five response categories. These 

data are given as mean (SD), or as a median (range) where appropriate, and 

analyzed by respectively Student t-tests, or Mann Whitney U-tests. Differences in 

proportions were analyzed by Chi-square tests. Next, their ability to predict a 

response (or a nonresponse) was analyzed by univariate logistic regression 

analysis using response as the dependent variable. For each parameter, a receiver-

operating-characteristics (ROC) curve was plotted and its area-under-the-curve 

(AUC) was calculated to give an estimate of the discriminating power of the 

variable (an AUC of 0.50 indicates no discriminating power at all, an AUC of 1.0 

is ideal).10 From the ROC curve, a cut-off was chosen to calculate the positive 

(+ve), and negative (-ve) Predictive Value (PV) of the variable to prognosticate a 

response to radiotherapy from a 2x2 table. 

Results 

Response to orbital radiotherapy 

Of the 66 patients included from January 1993 till October 1997, 35 (53%) 

responded to radiotherapy, and 31 (47%) did not respond. The changes in the 

various major and minor criteria among the five response categories are given in 
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Chapter 9 

Table 1. The general characteristics of the patients are given in Table 2, which also 

shows that responders had a significantly shorter duration of the eye disease. 

Changes in the various characteristics of the eye disease, and in thyroid function 

are given in Table 3, showing that all patients remained euthyroid and that the 

responders improved in all features of the ophthalmopathy with the exception of 

proptosis measurements. 

Predictive value of disease activity variables 

The values of the different activity variables amongst the five response categories 

are given in Table 4. Only the duration of the eye disease, and the T2 relaxation 

time on MRI differed significantly between these categories. The results of 

univariate logistic regression analysis, and of the +ve and -ve PV of the various 

tests are given in Table 5. 
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Models for the assessment of disease activity in Graves ' ophthalmopathy 

Table 1. The response rate of 66patients with moderately severe Graves' ophthalmopathy 

26 weeks after 10 x 2 Gy retrobulbar irradiation, according to minor criteria (lid aperture, 

proptosis and soft-tissue involvement), and major criteria (diplopia, elevation and visual 

acuity of worse eye) . 

Response very good good fair no change worse 

n=66 : 13 18 4 26 5 
100% : 20% 27% 6% 39% 8% 

+ 0 - + 0 - + 0 - + 0 - + 0 -
soft-tissue 8/5/0 7/10/1 4/0/0 2/24/0 2/2/1 
involvement 
lid aperture 8/5/0 13/3/2 1/2/1 5/19/2 0/2/3 
proptosis 7/6/0 5/12/1 3/1/0 6/18/2 0/2/3 
diplopia 13/0/0 4/14/0 0/4/0 0/26/0 0/5/0 
elevation 13/0/0 14/4/0 0/4/0 0/26/0 0/2/3 
visual acuity 0/13/0 0/18/0 0/4/0 0/26/0 0/5/0 

+ = improved; 0 = no change;- = worse. 

Table 2. General characteristics of 66 patients with moderate severe Graves' 

ophthalmopathy (GO), 35 responded and 31 did not respond to 10 x 2 Gy retrobulbar 

irradiation. 

All n=66 Responders 
n=35 

Nonresponders 
n=31 

p-value 

age in years (mean (sd)) 53(10) 51 (10) 55 (10) .09 

sexF/M 45/21 26/9 19/12 .26 

duration GO 
months, median (range) 

17 
(4-240) 

12 
(4-80) 

27 
(5-240) 

.001 

duration GTD 
months, median (range) 

21 
(0-312) 

19 
(4-312) 

22 
(2-275) 

.58 

smoking yes/no 32/34 16/19 16/15 .63 
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Models for the assessment of disease activity in Graves ' ophthalmopathy 

Discussion 

As might have been expected on the basis of the results in the preceding chapters, 

none of the various activity parameters tested can be used on its own to reliably 

predict a response to orbital irradiation in this cohort of 66 patients. Nevertheless 

from Table 5, it is clear that some variables have an acceptable +ve PV: e.g. 

octreotide scintigrgaphy (88%), ultrasound (85%), and a short duration of the eye 

disease (76%); whereas others perform better in predicting a nonresponse, such as 

MRI with its -ve PV of 92%. This observation suggests that a combination of 

different parameters might perform better, than the use of a single test. This 

prompted us to perform a second analysis in which all markers for disease activity 

are integrated. 

II. Multivariate analysis of activity variables 

Introduction 

Some of the tested activity parameters were able to predict a response to orbital 

irradiation, while others were able to predict a non-response suggesting that a 

combination of tests might effectively do both. However, it should be realized that 

this way of thinking is too easy, and that we must decide what we want to predict: 

response, or non-response? This decision is not easy. If we only treat the patients 

selected because they are likely to respond, this will increase the response rate of 

our treatment to virtually 100%. However, among the unselected patients (with a 

low likelihood of response) there will still be a minority who might have 

responded, and thus should have considered to have active eye disease. More 

importantly, among these unselected patients there will be some that actually will 

deteriorate upon treatment. It may be concluded, that especially these latter 

patients should not yet be submitted to rehabilitative surgery. Accepting this 

reasoning, one might actually be more interested in predicting inactivity, and 
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selecting those patients who will not respond nor get worse upon the medical 

intervention, e.g. in predicting no change. 

Clearly, this choice also depends on the safety of the proposed medical 

intervention. If this intervention has a high risk (corticosteroids), one would not 

like to treat too many patients and would prefer to just observe the unselected, not 

treated patients. On the other hand, if the therapy carries a low morbidity 

(radiotherapy), one would not be too concerned if too many patients were treated, 

but would want to select those in whom surgery can be performed immediately 

(shortening the period of disabling symptomatology). 

Taking these considerations into account, we performed a multivariate analysis of 

all available parameters for disease activity using two different models. A model 

able to predict activity and thus a response to irradiation, and secondly a model 

able to predict inactivity, or no change upon radiotherapy. Since costs are also 

important in medical decision making, we also took into account the expenses 

associated with the various activity parameters. We decided to use two approaches 

for each model: an optimal approach, including all available parameters regardless 

of their costs, and a practical approach, in which expensive, or laborious markers 

are substituted by easier or more available methods. All four models were tested in 

the same 66 consecutive patients described in Part I. 

Methods 

Multivariate logistic regression was performed entering the variables available. 

These included the acitivity parameters described in Part I, as well as all other 

clinical characteristics available. The latter included age, sex, smoking status, and 

the severity of the eye disease. All variables were entered, but only those that 

attributed to the predictive value of the models were retained. For this, a 

significance level of P<0.10 was used initially. Using these data, two models were 

build. Model 1 was aimed at predicting a response to radiotherapy; model 2 aimed 

at discriminating those who changed (responders, categories 1-3 and patients who 
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became worse, response category 5) from those who remained unchanged upon 

radiotherapy (response category 4). 

The results were further analyzed by calculating for each of the 66 patients, the 

individual probablity (P) for response or no-change. This was done using the 

regression coefficients (bUn) of each of the activity variables (Xj.J using the 

formula: Y = a + bjXj +b2X2 + bnXn. The response or no-change probability 

followed from: P = eY / (l-e^. The 66 probabilities are then plotted in a ROC 

curve, yielding an AUC (to estimate the overall performance of the model). The 

same ROC curve was used to establish a cut-off from which specificity, 

sensitivity, +ve PV and -ve PV can be calculated. To simplify this formula and to 

make it applicable in clinical practice, a prognostic score chart was developed 

based on the original data, which were rounded, and the regression coefficients 

were multiplied by 10. This score chart was developed to be used in individual 

patients, and yields the probablity that an individual patient will respond to (model 

1), or remain unchanged (model 2) upon therapy with irradiation. 

To be able to build a model in all 66 patients, missing values for any of the 

variables were replaced by the median of the recorded values. The number of 

missing values per test are given in the Tables. 

Results 

Model 1: Prediction of response to radiotherapy 

By just entering basic clinical data such as the duration of the ophthalmopathy, and 

the severity of soft tissue involvement and motility disturbances, a response could 

be predicted with a reasonable AUC of the ROC curve of 0.82. By just using these 

criteria, 14 patients could be selected beforehand who would not respond to 

radiotherapy (Table 6). By adding other more or less simple tests, the model could 

only be improved slightly to a maximum AUC of 0.85. An optimal model using 

these characteristics plus the ultrasound, cytokine measurements of sIL-2R and 

sCD30, and the octreoscan results in an AUC of 0.89 (95% confidence interval 
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0.82-0.97). This optimal model 1 (Table 7) is simplified in Fig. 1 with its 

Prognostic Score Chart. Using a cut-off of Probablity (P) <0.20 within this model, 

all responders to radiotherapy are selected, and 16 patients not responding would 

have been 'saved'. The response rate to radiotherapy using this chart would 

increase from the observed 53% to 70% (35/50). By using a different cut-off of 

P=0.289 (or 0.39), the response rate would increase to 76% (or even 88%) at the 

expense of withholding beneficial therapy to one (or three) responders. 

Replacing the expensive (octreoscan) by MR Imaging, the model will only lose 

slightly in performance (Table 6) (Fig. 2). 

Table 6. Predictive value of the basic model 1 (predicting respons) of clinical variables 

and additional tests. 

model ÄÜC 95% CI cut-off N 

selected 

a duration of GO, class 2, elevation 0.82 0.73-0.92 P0 .22 14 

b duration of GO, class 2, elevation, CAS 0.83 0.73-0.92 P0.244 15 

c duration of GO, class 2, elevation, MRI 0.83 0.73-0.93 P<0.20 12 

d duration of GO, class 2, elevation, US 0.84 0.75-0.94 P0 .26 15 

e duration of GO, class 2, elevation, OC 0.84 0.75-0.93 P 0 . 2 3 13 

f duration of GO, class 2, elevation, U-GAG (DS) 0.84 0.75-0.93 P 0 . 1 8 13 

g duration of GO, class 2, elevation, MRI, OC 0.85 0.76-0.94 P0 .22 14 

h duration of GO, class 2, elevation, MRI, US 0.85 0.75-0.94 P<0.21 13 
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Table 7. Final model 1: Odds ratios of clinical variables for response to radiotherapy. 

prognostic factor reference OR 95% CI 
duration GO >16 months <16 months 0.06 0.01-0.36 
class 2 moderate mild 4.2 0.9-19.6 

severe mild 4.5 0.5-40.0 
elevation per 8 degrees 0.9 0.9-1.0 
ultrasound per 10% 0.5 0.3-1.2 
SEL-2R per 100 pg/ml 0.8 0.6-1.0 
sCD-30 per U/ml 1.4 1.0-2.1 
octreoscan per 0,1 1.1 1.0-1.3 

1 worst eye 

The combination of duration of GO, class 2, elevation, US, sIL-2R, sCD-30, and OC could 

predict respons to radiotherapy with an AUC of 0.89 (95% CI 0.82-0.97). 

Figure 1. Prognostic score chart for the optimal model from logistic regression analysis, 

predicting response to retrobulbar irradiation in 66 patients with moderate severe Graves ' 

ophthalmopathy. 
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Model 2: Prediction of no-change upon radiotherapy 

Using the basic characteristics of sex, age, duration of eye disease, and the severity 

of soft tissue involvement, a model was found with an AUC of 0.86 (Table 8). By 

adding other more or less simple, or available methods like ultrasound and MRJ, 

the model would perform better with an AUC of 0.90 (Table 8). An optimal model 

(Table 9) needs the addition of the ultrasound, the cytokines IL-6 and sIL-2R, and 

the urinary excretion of dermatan sulphate (a GAG) yielding an AUC of 0.94 

(95% confidence limit 0.88-0.99). The clinical use of this optimal model 2 is 

depicted in Fig. 3. By applying a cut-off probability of 0.115, 11 patients would 

have been selected for immediate rehabilitative surgery without carrying any risk 

to operate on a responder, or somebody who became worse after therapy. The 

response rate to radiotherapy would have increased from 53% to 64% (35/55). 

Applying a higher probability cut-off of 0.20 (or 0.40), 16 (or 21) patients would 

have been scheduled for immediate surgery at the expense of one (or three) 

misclassifications. A clinically useful model that only needs the addition of MRI 

would perform reasonably well (AUC of 0.89), and is depicted in Fig. 4. 

Figure 2. Prognostic score chart for the clinically useful model from logistic regression 

analysis, predicting response to retrobulbar irradiation in 66patients with moderate severe 

Graves ' ophthalmopathy. 
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Table 8. predictive value of the basic model 2 (predicting change) of clinical variables and 

additional tests. 

model AUC 95% CI cut-off N 

selected 
a age, sex, duration of GO, class 2 0.86 

b age, sex, duration of GO, class 2, CAS 0.85 

c age, sex, duration of GO, class 2, MRI 0.89 

d age, sex, duration of GO, class 2, US 0.86 

e age, sex, duration of GO, class 2, OC 0.87 

f age, sex, duration of GO, class 2, U-GAG(DS) 0.86 

g age, sex, duration of GO, class 2, MRI, OC 0.89 

h age, sex, duration of GO, class 2, MRI, US 0.90 

0.77-0.95 p<0.14 8 

0.77-0.94 p<0.12 7 

0.81-0.96 p<0.26 11 

0.77-0.95 p<0.16 9 

0.79-0.95 p<0.13 6 

0.77-0.94 p<0.24 10 

0.82-0.97 p<0.24 11 

0.83-0.97 p<0.19 11 

Table 9. Final model 2: Odds ratios of clinical variables for change (responder or 

worsejor no change 26 -weeks after radiotherapy in 66 patients with moderately severe 

Graves ' ophthalmopathy. 

prognostic factor reference OR 95% CI 
sex male 41.7 3.0-579.7 
duration GO per month 0.9 0.9-1.0 
class 2 moderate mild 14.6 1.7-123.2 

severe mild 356.0 6.1-20832.0 
ultrasound per 10% 0.9 0.8-1.0 
EL-6 per pg/ml 2.4 1.3-4.5 
U-GAG(DS) per mg/24 h 1.4 1.0-2.0 
SÏL-2R per 100 pg/ml 0.8 0.6-1.0 
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Figure 3. Prognostic score chart for the optimal model 2: the maximum model from 

multivariate logistic regression modelling predicting no change (versus 

change =responders and worse), in 66 patients with moderate severe Graves' 

ophthalmopathy who were treated with retrobulbar irradiation. 
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Figure 4. Prognostic score chart for a cheap and clinical model from multivariate logistic 

regression analysis predicting no change (versus change: =responders and worse) in 66 

patients with moderate severe Graves' ophthalmopathy treated with retrobulbar 

irradiation. 
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Discussion 

By combining the various disease activity parameters we were able to improve the 

performance of the best single test, the duration of the eye disease (AUC of 0.73), 

because combinations of different variables resulted in a better overall accuracy to 

predict response (or no change) as judged from AUC's of around 0.90. Our results, 

therefore, indeed show that combining several activity parameters may reliably 

predict a response to irradiation. The best prediction of response was obtained 

using expensive (octreotide scintigraphy), and not routinely available (sIL2-R, 

sCD30 levels) methods (AUC 0.89). However, rather similar results could be 

found using more simple (MRI), or cheap (ultrasound) methods (AUC -0.85). The 

combination of markers was more succesfül in predicting no change to 

radiotherapy (AUC 0.94), and also in this prediction model 2, the use of MRI and 

ultrasound (in stead octreoscanning or cytokine levels) together with simple 

clinical characteristics was still rather reliable in assessing inactivity (AUC 0.90). 

How can these results be used in routine clinical practice? First, the difference 

between the two models should be appreciated. Model 1 -prediction of response- is 

able to identify many, though not all of the responders to immunosuppression. 

This property is especially useful, when a therapy is considered that is effective, 

but not without side effects. Thus, patients qualifying according to model 1 might 

benefit from more aggressive treatments such as intravenous methylprednisolone 

pulses. In contrast, model 2 -prediction of no change- might be useful to select 

those patients which are inactive and should be referred for immediate 

rehabilitative surgery. The remaining patients might then be treated with a regimen 

that has little or no side effects (like radiotherapy). It thus appears that we can now 

select those patients likely to respond to aggressive treatments, as well as those 

who are definitely inactive and should be treated surgically right away. 

Some caution, however, is warranted before these models are used in clinical 

practice. First, it should be emphasized that the models are based on a selected 

population of patients. Our cohort only consisted of patients with moderately 
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severe ophthalmopathy, and we tried to include all patients meeting our criteria of 

disease severity. This means, that no effort at all was taken to exclude inactive 

patients. Therefore, these results only apply to patients unselected for disease 

activity and without severe, or very mild ophthalmopathy. The models presented 

in this chapter first need to be tested in other, e.g. mild, ophthalmopathy patients 

before they can be used in day-to-day practice. Another reason for caution pertains 

the way we defined disease activity: as the response (or nonresponse) to 

radiotherapy. This was done, because the 'gold standard' (e.g. histology of the eye 

muscles) is not available, but this 'surrogate standard' has some drawbacks. First, 

there are no therapies which are universally effective and in our case this means 

that some non-responders to radiotherapy might have been labeled 'active' if other 

treatments had been used. Secondly, responsiveness to therapy implies that we can 

reliably establish improvement , which might very well not always be the case, 

because our measurements are rather crude. This means, that we might have 

missed patients who actually did respond and should have considered to be active. 

Within these margins of error, we believe that our results still are clinically 

relevant. 

In both models, certain characteristics of disease severity are included and this 

might be surprising when the models pretend to assess diseasae activity and not 

disease severity. The models were developed in an attempt to best predict a 

subsequent response to treatment, and we deliberately did not exclude any variable 

which might be helpful. This approach resulted in the addition of the severity of 

soft tissue involvement and motility disturbances to these models. On second 

thought, this addition may not be so surprising. First, soft tissue involvement as 

judged from color slides includes an assessment of eye lid swelling, Chemosis, 

redness of the conjunctiva and eye lids, which are all signs also included in the 

CAS, and thus related to disease activity. It might in fact explain, why the purely 

clinical CAS did not enter any of our models, since it was partly covered in the 

class 2 signs. Secondly, more severe eye disease by itself has more probability to 

improve than less severe ophthalmopathy, simply because there are more apparent 
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measurable features. This explains why 'elevation' is included in our models: if a 

patient has severe diplopia, it is easier to detect any change in this complaint than 

when a patient has almost no motility disturbance. This fact does not hinder our 

interpretation, because it simply means that patients with very severe 

ophthalmopathy are more likely to be active, or, in other words, to be at the top of 

Rundle's curve. This is exactly why our results do not apply to patients with optic 

nerve involvement (they were excluded from our cohort): extremely severe eye 

disease needs to be considered to be active, until proven otherwise. 

In conclusion, by combining different variables for disease activity we have 

developed two models which can be used to select patients who may be treated 

succesfully with immunosuppressive therapies (model 1), and who might be safely 

submitted for immediate rehabilitative surgery (model 2). Although our results can 

only be used in certain, well defined patients, they are the first to offer evidence 

for the idea that disease (in)acitivity should determine which kind of intervention 

shoud be used. 
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