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Chapter 6

ABSTRACT

Context Treatment options of Graves’ hyperthyroidism are antithyroid drugs, radioiodine 

therapy, or surgery and should be best tailored to the needs of individual patients, taken 

into account recurrence risk, co-morbidities and personal preferences. The likelihood 

of remission after a course of antithyroid drugs would be very relevant for selecting a 

particular treatment.

Objective To construct a prediction model to calculate risk of recurrence after a course 

of antithyroid drugs, based on clinical and genetic parameters prior to the start of 

treatment.

Design, Setting, and Participants 263 consecutive, untreated patients with a first 

episode of Graves’ hyperthyroidism were included in a prospective, multicenter, 

observational study. Before the start of one year antithyroid drug therapy, smoking 

behavior and clinical parameters were recorded; blood was taken to determine thyroid 

hormones, antibodies and genetic polymorphisms. Patients were followed up until two 

years after withdrawal of therapy. 

Main Outcome Measures Determine clinical and genetic markers that are independently 

associated with recurrence after antithyroid drug therapy and to construct a multimarker 

prediction model for recurrence.

Results 37% of patients had recurrence Graves’ hyperthyroidism within two years after 

antithyroid drugs withdrawal. In Cox regression, lower age at diagnosis, higher serum 

fT4, higher serum TBII, larger goiter sizes, PTPN22 C/T polymorphism, and HLA subtypes 

DQB1*02, DQA1*05, and DRB1*03 were independent predictors for recurrence. Two 

simplified predictive models for recurrence, called the GREAT (Graves’ Recurrent Events 

After Therapy) score for clinical markers, and the GREAT+ score for the combination of 

clinical and genetic markers, were calculated based on hazard ratios of the multivariate 

model. The GREAT and GREAT+ scores were divided into classes according to recurrence 

rates. Higher recurrence rate were observed in GREAT score Class III (68%) when 

compared with Class II (44%) or Class I (16%). The GREAT+ score showed much higher 

rates of recurrence in the Class IV+ (84%), compared with Class III+ (49%), Class II+ (21%) 

and Class I+ (4%). 

Conclusion Our prediction model based on simple clinical assessment, supplemented 

with genotyping where necessary, can be of great value in individualized treatment of 

newly diagnosed patients with Graves’ hyperthyroidism in routine clinical practice. 
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INTRODUCTION

Treatment options of Graves’ hyperthyroidism are antithyroid drugs, radioiodine therapy, 

or surgery. Recently a worldwide survey under 730 physicians showed a great geographical 

variation in preferred treatment for a first episode of Graves’ hyperthyroidism1. In the 

USA radioiodine therapy is the first choice in 58.6% whereas in Europe antithyroid drugs 

are favored (85.7%) above radioiodine therapy (13.3%). A shift away from preferred 

treatment modality was observed in the presence of Graves’ orbitopathy, large goiter size 

or pregnancy desire.

Treatment is best tailored to the needs of individual patients, taking into account 

co-morbidities and personal preferences. The likelihood of remission after a course of 

antithyroid drugs would be very relevant for selecting a particular treatment. If the 

change of remission is low, thyroidectomy or radioiodine therapy might be preferable. 

The overall remission rate after a course of antithyroid drugs varies between 30 – 50%2-4 

with geographical differences in iodine intake accounting for some of the variation in 

long-term remission rates. Several factors predict to a certain extent the likelihood of 

recurrence after antithyroid drug therapy. Young age (< 40 years)2-6, severe biochemical 

disease2;5;7;8, high concentrations of thyrotropin-binding inhibitor immunoglobulin 

(TBII)4;5;8-12, large goiter size2;4;5;8;9;12, and smoking13;14 are all related to higher 

recurrence rates. However, the majority of these studies assessed the predictive 

parameters at the time of antithyroid drug withdrawal and not at time of diagnosis. 

Studies assessing predictive parameters before treatment indicate as risk factor for 

recurrence a large goiter and greater biochemical severity, whereas the contribution 

of age, sex, smoking, and high TSH receptor antibodies differ between studies15. We 

wondered whether known susceptible genes for Graves’ hyperthyroidism may contribute 

to the prediction of recurrence. There are few data on the influence of genetics on 

recurrence rates after antithyroid drug therapy. The studies that have been published so 

far are performed in different ethnic groups and show discrepant results12;16-19.  

The goal of the present study was to construct a prediction model to calculate the risk 

of recurrence of Graves’ hyperthyroidism after a course of antithyroid drugs, based on 

assessment prior to the start of treatment. In this era of personalized medicine we wanted 

to develop a predictive score that is readily applicable in individual patients. It would 

allow to reach an informed decision on the most appropriate therapeutic approach for 

a given patient at the time of presentation. We investigated whether at baseline, clinical 

and genetic factors -alone or in combination- improve the prediction of recurrence after 

antithyroid drug therapy in a cohort of consecutive, untreated, Dutch Caucasian patients 

with a first episode of Graves’ hyperthyroidism. 
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METHODS

Study population

We included consecutive untreated patients with a first episode of Graves’ 

hyperthyroidism in a prospective, multicenter, observational study. Patients were included 

from one university and eight city hospitals in The Netherlands. Inclusion criteria were: 

biochemical hyperthyroidism (TSH < 0.4 mU/l, free thyroxine (fT4) > 23 pmol/l and/

or triiodothyronine (T3) > 2.7 nmol/l) and a diffuse homogeneous uptake on thyroid 

scintigraphy (99mTc-pertechnetate). Exclusion criteria were: recurrence of Graves’ disease; 

no written informed consent, and no understanding of the Dutch language. As described 

previously, 263 patients were assembled satisfying these inclusion and exclusion criteria20. 

Antithyroid drug therapy employed a block and replacement regimen, consisting of 30mg 

thiamazole and levothyroxine in a dose to maintain normal serum fT4 levels (10 – 23 

pmol/l). Patients were treated for 1 year and followed up for two years after withdrawing 

therapy. Recurrent hyperthyroidism was defined as TSH < 0.4 mU/l in combination with 

elevated fT4 (> 23 pmol/l) and/or T3 (> 2.7 nmol/l). 

Baseline smoking behavior and clinical parameters like sex, age, goiter size as assessed 

by inspection and palpation according to WHO 1960 criteria21, pretibial myxedema and 

Graves’ orbitopathy were recorded. Nonfasting venous blood samples were taken before 

treatment to determine thyroid hormones, antibodies and genetic polymorphisms. 

The study was approved by the Institutional Review Board of the Academic Medical 

Center of Amsterdam and the eight other participating centers. All patients gave written 

informed consent.

Laboratory measurements

Blood samples for thyroid hormones and autoantibodies measurements were stored at 

-20 °C until assay. Serum fT4 was assayed by time-resolved fluoroimmunoassay (Delfia, 

Turku, Finland). Serum thyrotropin (TSH) was determined with a fluoroimmunometric 

assay (Delfia hTSH, Perkin Elmer, Turku, Finland). Autoantibodies against thyroid 

peroxidase (TPO-Ab) were analyzed by anti-TPO LIA (B.R.A.H.M.S., Berlin, Germany; 

detection limit 30 kU/l). Serum thyrotropin-binding inhibitory immunoglobulin (TBII) 

was determined by a second generation luminescence receptor assay (TRAK human 

LIA, B.R.A.H.M.S., Berlin, Germany; detection limit 1.0 IU/l). All measurements were 

performed at the laboratory of the Academic Medical Center of Amsterdam.

Genotyping

Genomic DNA was isolated from peripheral blood leucocytes using the MagNA Pure 

apparatus and the MagNA Pure LC DNA Isolation Kit (Roche Biochemicals) according 

to the manufacturer’s protocol. Genomic amplifications were obtained by polymerase 
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chain reaction (PCR) using the TGradient Thermocycler (Biometra, Göttingen, Germany).  

CTLA4 49A/G (rs231775) and CTLA4 CT60 (rs3087243) single nucleotide polymorphisms 

(SNP) were detected using primers as described before22. The SNP in PTPN22 (rs2476601) 

was detected using previously described primers23. The PCR reaction was performed 

according to the previously described protocol24.  Sequencing was performed using the 

Hitachi 3730 DNA analyzer (Applied Biosystems, Foster City, USA). Sequence analysis 

was done using the Sequencing Analysis 5.1 en CodonCode Aligner 5.2.1 programs. 

HLA subtypes DQB1*02, DQA1*05, and DRB1*03 were identified on a LightCycler 480 

(Roche Molecular Diagnostics) using LightCycler480 High Resolution Melting Master 

(Roche Molecular Diagnostics) according to the manufacturer’s protocol. Primers 

sequences were as described before for DQB1*0225, DQA1*0526 and DRB1*0325;27.

Statistical analysis

Statistical analyses were carried out using the SPSS statistical package for Windows, 

version 18.0. (SPSS Inc., Chicago, IL, USA). Skewed distributed variables were compared 

with the Wilcoxon rank-sum test. Categorical variables were compared with the chi-square 

test. The prognostic value of the different variables was assessed by investigating the 

relationship between recurrence and variables in two sets of Cox proportional-hazards 

analyses: univariate analyses of single variables and multivariate analysis including clinical, 

genetic or all variables. The univariate analyses were used to determine cutoff values for 

the variables. First, we determined cut-off values for each of the quantitative predictor 

variables using ROC analyses.  

Three multivariate models were developed; a clinical model composed of clinical and 

biochemical parameters; a genetic model composed of genetic polymorphisms; and a 

combined model incorporating both clinical and genetic variables. All variables associated 

with recurrence in univariate analysis with a P value ≤ 0.10 were taken into consideration.  

In multivariate analysis, independent predictors were identified by the Wald test with 

a p-value < 0.05. From the final model, simplified scores were obtained by assigning 

weights to individual variables proportional to the hazard ratio (HR) coefficients. Thus, 

we developed the Graves’ Recurrent Events After Therapy score (GREAT Score), taking 

into account clinical and biochemical variables and the GREAT+ Score (with genotypes 

added to the clinical and biochemical variables). The two scores allow calculation of the 

risk of recurrence after antithyroid drug withdrawal: the higher the score, the higher risk 

of recurrence. The risk scores were then grouped into three or four for classes of risk. 

Cumulative recurrence rates by risk class were estimated with the Kaplan-Meier method 

and compared with the log-rank test.
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RESULTS

A total of 263 consecutive newly diagnosed, untreated Graves’ hyperthyroidism patients 

were included20. For follow up analysis in this study 67 patients were excluded; 51 

because of non-Caucasian race, 12 patients preferred other therapy like radioiodine or 

thyroidectomy, and 4 patients received monotherapy with propylthiouracil because of 

pregnancy desire. Of the remaining 196 patients 2 patients were excluded for follow up 

because of thiamazole agranulocytosis or allergy during antithyroid drug treatment. 12 

patients were lost to follow up after their first presentation and 4 were lost to follow up 

after withdrawal of therapy (Figure 1). From the remaining analysis cohort (n = 178) 66 

patients (37%) had a recurrence within 2 years after withdrawal of antithyroid drugs. 

Baseline characteristics are shown in Table 1. Patients who had a recurrence were 6 

years younger compared with non-recurrence patients and had a biochemically and 

clinically more severe hyperthyroidism as evident from higher serum fT4 and TBII levels 

Figure 1: Flow chart of the source population

Patients with first episode of 
Graves’ hyperthyroidism

Source population
263

Other therapy than BRT 16

Study cohort
196

Exclusion through side effects 2

Lost to follow up within 1st year 12

51Non Caucasian

Lost to follow up after stop BRT 4

Analysis cohort
178

BRT = Block and Replacement Therapy
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Table 1: Baseline Characteristics of Untreated Patients with a First Episode of Graves’ Hyperthyroidism 
Before Start of Block and Replacement Therapy Subdivided into Recurrence and Non Recurrence 
patients.

Clinical characteristics All
(n = 178)

Recurrence
(n = 66)

Non Recurrence
(n = 112)

P Value

Male sex, No. (%) 41 (23) 14 (21) 27 (24) 0.66

Age (years) 44.3 (33.2 – 54.3) 40.3 (30.6 – 50.6) 46.5 (38.4 – 55.6) 0.02

fT4 (pmol/l) 50.3 (36.2 - > 70.0) 53.6 (40.2 - > 70.0) 45.0 (33.7 - > 70.0) 0.05

TBII (IU/l) 8.4 (4.8 – 17.2) 9.7 (5.9 – 22.0) 7.2 (3.9 – 15.5) 0.02

TPOAb (kU/l) 310 (40 – 2610) 420 (45 – 2936) 260 (40 – 2028) 0.39

Goitersize a, No. (%) 0.02

0 125 (71) 39 (59) 86 (78)

I 31(18) 13 (20) 18 (16)

II 16 (9) 10 (15) 6 (5)

III 5 (3) 4 (6) 1 (1)

Graves’ orbitopathy, No. (%) 31 (17) 14 (21) 17 (15) 0.30

Pretibial myxedema, No. (%) 9 (5) 4 (6) 5 (4) 0.64

Current smoking, No. (%) 71 (41) 29 (45) 42 (38) 0.27

CTLA4-49, No. (%) 0.63

A/A Wild type 64 (38) 22 (35) 42 (40)

A/G heterozygote 86 (51) 35 (56) 51 (48)

G/G homozygote 19 (11) 6 (10) 13 (12)

CTLA4-60, No. (%) 0.58

A/A Wild type 22 (16) 8 (15) 14 (16)

A/G heterozygote 76 (54) 32 (59) 44 (51)

G/G homozygote 43 (30) 14 (26) 29 (33)

PTPN22, No. (%) 0.07

C/C Wild type 119 (70) 40 (62) 79 (74)

C/T heterozygote 52 (30) 25 (38) 27 (26)

HLA, No. (%)

DRB1-03 positive 108 (63) 48 (74) 60 (57) 0.02

DQA1-05 positive 124 (72) 55 (85) 69 (65) 0.006

DQB1-02 positive 105 (61) 48 (74) 57 (54) 0.009

Linkage disequilibrium 87 (51) 42 (65) 45 (42) 0.005

Values for Age, fT4, TBII and TPO-Ab are in median + interquartile range (range between the 
25th and the 75th percentiles).  Abbreviations: fT4 = free T4; TBII = thyrotropin-binding inhibitory 
immunoglobulin; TPOAb = thyroid peroxidase antibody; CTLA4 = Cytotoxic T-Lymphocyte Antigen 
4; PTPN22 = Protein tyrosine phosphatase, non-receptor type 22; HLA = Human Leukocyte Antigen 
aGoiter size grade 0 = thyroid not or distinctly palpable but usually not visible with head in a normal 
or raised position; grade I, thyroid easily palpable and visible with the head in either a normal or 
raised position; grade II, thyroid easily visible with the head in a normal position; grade III, goiter 
visible at a distance.
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and a greater goiter size. No differences were found for sex, the presence of pretibial 

myxedema, Graves’ orbitopathy or smoking behavior at time of starting antithyroid drugs. 

Higher frequencies for the PTPN22 SNP and HLA polymorphisms DRB1-03, DQA1-05 and 

DQB1-02 (but not for CTLA4-49 and CTLA4-60 SNP’s) were found in the recurrence- 

compared to the non-recurrence patients.  

Table 2. Hazard Ratios for Recurrence after a Course of Antithyroid Drugs for Selected Baseline 
Characteristics in Univariate and Multivariate Analyses.

Univariate 
Analyses

Multivariate 
Analysesc

Combined 
Multivariate analysesd

Recurrence % (n/N) Hazard Ratio (95% CI) p Value Hazard Ratio (95% CI) p 
Value

Hazard Ratio (95% CI) p 
Value

Clinical characteristics

Age (years)

≥ 40 30.0 (34/113) Reference Reference Reference

< 40 49.2 (32/65) 1.84 (1.14 - 2.99) 0.01 1.76 (1.07 - 2.88) 0.02 1.91 (1.14 - 3.20) 0.01

Serum fT4 (pmol/l)

< 40 25.0 (15/60) Reference Reference Reference

≥ 40 43.2 (51/118) 2.10 (1.18 - 3.74) 0.01 1.67 (0.91 – 3.05) 0.10 1.89 (1.03 - 3.46) 0.04

Serum TBII (IU/l)

< 6 25.8 (16/62) Reference Reference Reference

6 – 19.9 39.2 (31/79) 1.69 (0.93 - 3.05) 0.08 1.54 (0.83 - 2.84) 0.17 1.75 (0.93 – 2.29) 0.08

≥ 20 54.5 (18/33) 3.09 (1.59 - 6.00) < 0.001 2.47 (1.24 – 4.93) 0.01 2.21 (1.08 - 4.51) 0.03

Goiter size a

0 – I 33.3 (52/156) Reference Reference Reference

II - III 66.7 (14/21) 3.42 (1.89 - 6.19) < 0.001 2.59 (1.38 - 4.86) 0.003 3.02 (1.54 - 5.94) 0.001

Genetic characteristics

Nr. of HLA polymorphisms b

0 13.8 (4/29) Reference Reference Reference

1-2 34.5 (19/55) 2.74 (0.93 - 8.05) 0.07 3.17 (1.06 – 9.42) 0.04 4.05 (1.31 - 12.50) 0.01

3 (LD) 48.3 (42/87) 4.27 (1.53 - 11.91) 0.006 4.58 (1.64 – 12.81) 0.004 6.45 (2.22 - 18.71) < 0.001

PTPN22

Wild type 33.6 (40/119) Reference Reference Reference

C/T 48.1 (25/52) 1.51 (0.91 - 2.48) 0.11 1.62 (0.98 - 2.70) 0.06 1.66 (0.98 - 2.78) 0.06

Abbreviations: LD = linkage disequilibrium. CI = confidence interval; other abbreviations as in Table 1
aGoiter size as described in Table 1
bHLA subtypes DQB1-02, DQA1-05, and DRB1-03
cMultivariate analyses separated for clinical characteristics (age, serum fT4, serum TBII and goiter 
size) and for genetic characteristics (nr. of HLA polymorphisms and PTPN22). 
dCombined multivariate analyses of clinical and genetic characteristics together. 
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Table 2. Hazard Ratios for Recurrence after a Course of Antithyroid Drugs for Selected Baseline 
Characteristics in Univariate and Multivariate Analyses.

Univariate 
Analyses

Multivariate 
Analysesc

Combined 
Multivariate analysesd

Recurrence % (n/N) Hazard Ratio (95% CI) p Value Hazard Ratio (95% CI) p 
Value

Hazard Ratio (95% CI) p 
Value

Clinical characteristics

Age (years)

≥ 40 30.0 (34/113) Reference Reference Reference

< 40 49.2 (32/65) 1.84 (1.14 - 2.99) 0.01 1.76 (1.07 - 2.88) 0.02 1.91 (1.14 - 3.20) 0.01

Serum fT4 (pmol/l)

< 40 25.0 (15/60) Reference Reference Reference

≥ 40 43.2 (51/118) 2.10 (1.18 - 3.74) 0.01 1.67 (0.91 – 3.05) 0.10 1.89 (1.03 - 3.46) 0.04

Serum TBII (IU/l)

< 6 25.8 (16/62) Reference Reference Reference

6 – 19.9 39.2 (31/79) 1.69 (0.93 - 3.05) 0.08 1.54 (0.83 - 2.84) 0.17 1.75 (0.93 – 2.29) 0.08

≥ 20 54.5 (18/33) 3.09 (1.59 - 6.00) < 0.001 2.47 (1.24 – 4.93) 0.01 2.21 (1.08 - 4.51) 0.03

Goiter size a

0 – I 33.3 (52/156) Reference Reference Reference

II - III 66.7 (14/21) 3.42 (1.89 - 6.19) < 0.001 2.59 (1.38 - 4.86) 0.003 3.02 (1.54 - 5.94) 0.001

Genetic characteristics

Nr. of HLA polymorphisms b

0 13.8 (4/29) Reference Reference Reference

1-2 34.5 (19/55) 2.74 (0.93 - 8.05) 0.07 3.17 (1.06 – 9.42) 0.04 4.05 (1.31 - 12.50) 0.01

3 (LD) 48.3 (42/87) 4.27 (1.53 - 11.91) 0.006 4.58 (1.64 – 12.81) 0.004 6.45 (2.22 - 18.71) < 0.001

PTPN22

Wild type 33.6 (40/119) Reference Reference Reference

C/T 48.1 (25/52) 1.51 (0.91 - 2.48) 0.11 1.62 (0.98 - 2.70) 0.06 1.66 (0.98 - 2.78) 0.06

Abbreviations: LD = linkage disequilibrium. CI = confidence interval; other abbreviations as in Table 1
aGoiter size as described in Table 1
bHLA subtypes DQB1-02, DQA1-05, and DRB1-03
cMultivariate analyses separated for clinical characteristics (age, serum fT4, serum TBII and goiter 
size) and for genetic characteristics (nr. of HLA polymorphisms and PTPN22). 
dCombined multivariate analyses of clinical and genetic characteristics together. 

Univariate analyses

 In the univariate analyses lower age at diagnosis (< 40 years), higher serum fT4 (≥ 40 

pmol/l), higher serum TBII (≥ 6 IU/l) and larger goiter sizes (WHO class II-III) were all 

individually associated with higher recurrence rates (Table 2). According to genetic 

polymorphisms, carriage of a PTPN22 SNP or one or more HLA polymorphisms (DRB1-03, 

DQA1-05 and DQB1-02) was associated with a higher recurrence rate (Table 2). No 

associations between CTLA4-49 or CTLA4-60 SNP’s and recurrence rate were found 

(data not shown). 
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Multivariate analyses

The multivariate analyses are shown in Table 2. Within the final clinical model, age < 

40 years, serum fT4 ≥ 40 pmol/l, serum TBII ≥ 6 IU/l, and a larger goiter size (grade II 

or higher) were all associated with increased recurrence hazard ratio’s  after antithyroid 

drugs. Within the genetic model, HLA polymorphisms DRB1-03, DQA1-05, and/or 

DQB1-02 and the PTPN22 polymorphism were all significantly associated with higher 

hazards ratios. A multivariate model of the combined clinical and genetic characteristics 

Table 3. Coefficients for the GREAT and GREAT+ Score: a Predictive Score Based on Baseline 
Characteristics for Recurrence

Marker GREAT Score GREAT+ Score

Age (years)

≥ 40   0   0

< 40 +1 +1

Serum fT4 (pmol/l)

< 40   0   0

≥ 40 +1 +1

Serum TBII (IU/l)

< 6   0   0

6 – 19.9 +1 +1

≥ 20 +2 +2

Goitersize a

0 – I   0   0

II - III +2 +2

Nr. of HLA polymorphisms b

0   0

1-2 +2

3 (LD) +3

PTPN22

Wild type   0

C/T +1

Maximum Score 6 10

Risk stratification

0 – 1 (Class I) 0 – 2 (Class I+)

2 – 3 (Class II) 3 – 4 (Class II+)

4 – 6 (Class III) 5 – 6 (Class III+)

7 – 10 (Class IV+)

Abbreviations as in Table 1
a Goiter size as described in Table 1  
b HLA subtypes DQB1-02, DQA1-05, and DRB1-03 
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showed that all parameters remained independently associated with higher hazards 

ratio’s for recurrence; hazard ratio of each parameter were comparable with those found 

in the univariate analyses.

Predictive score for recurrence

Simplified models were based on the hazard ratio coefficients of the final multivariate 

model (Table 2). Age < 40 years, serum fT4 ≥ 40 pmol/l, serum TBII of 6 to 20 IU/l and 

PTPN22 C/T polymorphism were each assigned 1 point; serum TBII ≥ 20 IU/l, goiter 

size of II-III and carriage of 1 - 2 of the three HLA polymorphisms (DRB1-03, DQA1-05, 

DQB1-02) were assigned 2 points; and carriage of the three HLA polymorphisms (linkage 

Figure 2: Kaplan-Meier Recurrence Curves According to Risk Classes Measured with the GREAT (a)
and GREAT+ (b) score.
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disequilibrium) was assigned 3 points. For each patient the cumulative scores of either 

the clinical parameters, the genetic parameters or a combination of clinical and genetic 

parameters were calculated. Two prediction models for the risk of recurrence were 

constructed based on cumulative scores. These predictive models were called the GREAT 

(Graves’ Recurrent Events After Therapy) score for clinical markers, and GREAT+ score 

for the combination of clinical and genetic markers (Table 3). The GREAT and GREAT+ 

scores were divided into classes according to recurrence risk. The Kaplan-Meier curves 

for Class I (GREAT score 0 – 1, GREAT+ score 0 – 2), Class II (GREAT score 2 – 3, GREAT+ 

score 3 – 4), Class III (GREAT score 4 – 6, GREAT+ score 5 – 6), and Class IV (GREAT+ 

score 7 – 10) are shown in Figure 2. Higher recurrence rate at the end of follow up 

was observed in GREAT score Class III (68.4%) when compared with Class II (43.9%) or 

Class I (16.4%) (p < 0.001, log-rank test for all pair wise comparisons). The GREAT+ score 

Table 4: Comparison of Clinical Components of the GREAT+ score versus the Genetic Components 
of the GREAT+ score

Clinical Components GREAT+

0 – 1
(RR = 16%)

2 – 3
(RR = 44%)

 4 – 6
(RR = 68%)

Total

Genetic Components GREAT+

0 – 1 (RR = 14%) 11 21 4 36

2 (RR = 25%) 21 21 2 44

3 – 4 (RR = 51%) 29 56 13 98

Total 61 98 19 178

RR = Recurrence Risk 
For each patient a cumulative score of both the clinical and genetic components was calculated; age < 40 
years, serum fT4 ≥ 40 pmol/l, serum TBII of 6 to 20 IU/l and PTPN22 C/T polymorphism were each assigned 
1 point; serum TBII ≥ 20 IU/l, goiter size of II-III and carriage of 1 - 2 of the three HLA polymorphisms (DRB1-
03, DQA1-05, DQB1-02) were assigned 2 points; and carriage of the three HLA polymorphisms was assigned 
3 points.  

Table 5: Distribution of Patients by GREAT and GREAT+ Score for Recurrence of Graves’ 
Hyperthyroidism After a Course of Antithyroid Drugs

GREAT score

0 – 1 (Class I)
(RR = 16%)

2 – 3 (Class II)
(RR = 44%)

4 – 6 (Class III)
(RR = 68%)

Total

GREAT+ score

0 – 2 (Class I+) (RR = 4%) 16 7 0 23

3 – 4 (Class II+) (RR = 21%) 35 25 3 63

5 – 6 (Class III+) (RR = 49%) 10 61 2 73

7 – 10 (Class IV+) (RR = 84%) 0 5 14 19

Total 61 98 19 178

RR = Recurrence Risk
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showed much higher rates of recurrence in the Class IV+ (84.2%), compared with Class 

III+ (49.3%), Class II+ (20.6%) and Class I+ (4.3%) (p < 0.001, log-rank test for all pair 

wise comparisons). To investigate if there was an association between the clinical and 

genetic components of the GREAT+ score, they were plotted against each other (Table 

4). No significant overlap could be observed between the various risk classes of both 

models. Finally, the additive affect of genetic parameters on top of clinical parameters 

was investigated. Table 5 shows the distribution of patients by GREAT and GREAT+ score. 

10 out of 61 patients (16%) assigned to Class I of the GREAT score (recurrence risk 16%) 

had higher recurrence risk when polymorphisms were measured (Class III+; recurrence 

risk 49%). Of the Class II GREAT score patients (recurrence risk 44%) a third appeared to 

have a much lower risk of recurrence when genetics were taken into account. For GREAT 

score Class III patients no additive value of genetic polymorphisms in relation to risk of 

recurrence after withdrawal of antithyroid drugs could be found. 

COMMENT

We observed a recurrence rate of 37% within two years after withdrawal of antithyroid 

drug in our study population of patients with first episode of untreated Graves’ 

hyperthyroidism. These findings are in good agreement with 30 – 50% recurrence 

rates in the literature2-4. The median time to recurrence was five months, and 36% of 

recurrences occurred within the first two months, again comparable with the literature4. 

Univariate analyses

At time of diagnosis and before the start of therapy, younger age (< 40 years), more 

severe biochemical hyperthyroidism (fT4 ≥ 40 pmol/l and/or TBII ≥ 6 IU/l), and large 

goiter size were all associated with recurrence after antithyroid drugs. We did not find 

differences in sex, but Allahabadia et al. found higher recurrence rate in males than in 

females in a UK population (80% vs. 60%)2; the discrepancy might be explained by the 

much larger sample size in the UK study. Young age is observed in some but not in all 

previous studies2-6. Likewise, higher recurrence rates in smokers has not been a universal 

factor13;14. In contrast, agreement exists on more severe biochemical hyperthyroidism and 

larger goiter size as independent risk factors for recurrence3;4;8;28, like in our study. The 

contribution of high TSH receptor antibodies to prediction of recurrence varies between 

studies, one reporting positive but other report negative results3;4;29;30. Development 

of 2nd and 3rd generation assays of TBII might explain discrepancies. Moreover, it should 

be noted that study designs are diverse with great differences in treatment time varying 

between 6 months and over two years.

With regard to genotypes, HLA Class II haplotypes DRB1-03, DQA1-05, and DQB1-02 

are well documented as being associated with an increased risk of developing Graves’ 
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hyperthyroidism in Caucasians. We found that HLA DRB1-03, DQA1-05, and DQB1-02 

polymorphisms are strong predictors for recurrence after antithyroid drug therapy. To the 

best of our knowledge only one study published about recurrence risk and HLA DQA1-05 

and found no relationship16. The PTPN22 C/T SNP is also associated with Graves’ 

hyperthyroidism23;31 and we found that this polymorphism is associated with recurrence 

rate as well. No other studies have been published about the association between PTPN22 

C/T SNP and risk of recurrence. We did not find an association between recurrence rate 

and the CTLA4-49 and CTLA4-60 SNP’s. Both SNP’s are associated with developing 

Graves’s hyperthyroidism. Japanese, Turkish and Chinese studies have shown that the 

CTLA4-49 polymorphism is associated with recurrence12;18;19 but German and Korean 

studies could not find such an association16;17. Ethnic differences in the prevalence of 

genetic polymorphisms are a plausible explanation for discrepant results. 

Recurrence risk model

Based on the multivariate analyses patients were stratified into different classes of 

recurrence risk on the basis of their scores for clinical parameters (GREAT score), or 

for clinical and genetic parameters (GREAT+ score). Kaplan-Meier recurrence curves 

(Figure 2) shows the different risk classes of both the GREAT and the GREAT+ score 

are well distributed and of great potential in selecting the optimal treatment strategy 

in individual patients. The GREAT score consists of simple clinical parameters that can 

be used in everyday practice. When patients fall into GREAT Class I we would advise to 

start antithyroid drug therapy because of the low recurrence risk after withdrawal (16%). 

Patients who fall in Class II of the GREAT score have a change of 44% for recurrence after 

antithyroid drug therapy. In these patients adjuvant measurement of HLA polymorphisms 

and PTPN22 SNP can give supporting information for the best therapeutic approach. 

After genotyping, about a third of patients will be reclassified into the lowest risk groups 

(GREAT+ class I+ - II+: recurrence risk 4 – 21%) and antithyroid drug therapy would be 

advised. A small part of GREAT score Class II patients will be re-classified as very high risk 

(GREAT+ class IV+) with a recurrence rate of 84%. The remaining patients can be treated 

according to preferences of patient or physician and co-morbidity. For the GREAT score 

highest risk class III (recurrence rate 68%) we would recommend radioiodine therapy or 

surgery. Use of our predictive scores model has a number of advantages. First, patients 

can be better informed about the treatment strategy and recurrence risk. This leads to 

better understanding by the patient, likely to better treatment compliance, and in the end 

lower recurrence rates. Secondly, looking at the healthcare costs, as a result of the lower 

recurrence rates fewer patients will need adjuvant therapy, resulting in less follow-up 

visits and finally lower treatment costs. Patel et al. have shown in a UK cohort of Graves’ 

hyperthyroid patients that treatment with radioiodine is the most cost effective modality 

after two years follow up for cured patients compared to antithyroid drug therapy and 
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surgery32. However, no long-term cost effectiveness data is known but in the end 54% 

will develop post-radioiodine hypothyroidism necessitating lifelong thyroxin treatment33. 

In conclusion, in the present era of personalized medicine, our prediction model based 

on simple clinical assessment can be of great value in individualized treatment of newly 

diagnosed patients with Graves’ hyperthyroidism in routine clinical practice. This is the 

first study that provides a prediction score for recurrence risk of Graves’ hyperthyroidism 

before start of therapy in newly diagnosed Caucasian patients. The main strength of 

the present study is its prospective nature, allowing uniform treatment of patients 

and simultaneous assessment in each patient of phenotypic appearance of Graves’ 

hyperthyroidism in relation to genotypes. The study might well be representative for 

the whole Dutch adult population of Caucasian patients with Graves’ hyperthyroidism, 

because we included consecutive patients originating from nine hospitals throughout The 

Netherlands; almost all hyperthyroid patients in The Netherlands are treated by hospital-

based specialists. Limitations of the present study are the relatively low number of male 

patients, possibly preventing to detect male sex as a determinant of recurrence. Also 

most severe hyperthyroid patients and those with large symptomatic goiter were treated 

directly with surgery or radioiodine therapy. It might have influenced positively the 

relative low recurrence rate of 37%, but on the other hand including these 12 patients 

and treating them with antithyroid drugs, would have enforced and not diminished the 

value of the GREAT score. 
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