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Abstract
Several studies have revealed an association between radioactive iodine (RAI) therapy for Graves' disease and new or worsening Graves' ophthalmopathy. In the present case, thyroid papillary cancer was incidentally detected in a 43-year-old woman who was receiving medication for Graves' disease. This patient had undergone RAI ablation using recombinant human thyrotropin (rhTSH) after total thyroidectomy. The patient subsequently complained of a unilateral eyelid abnormality at approximately 6 months after the RAI ablation, and was diagnosed with bilateral Graves' ophthalmopathy after a thorough ophthalmological examination. I report this case for its interesting clinical features, rarity of occurrence and to highlight the importance of careful observation for appropriate management of Graves' ophthalmopathy developing or worsening after RAI ablation in differentiated thyroid cancer patients.
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Introduction
Graves' ophthalmopathy is also known as thyroid-associated ophthalmopathy, and is an inflammatory autoimmune disorder of the orbit that is clinically relevant in 25-50% of patients with Graves' disease.1, 2) Although the pathogenesis of Graves' ophthalmopathy remains unclear, thyroid-stimulating hormone receptors (TSHRs) in orbit cells and antibodies to TSHRs (TRAb) are considered the primary targets of the autoimmune reactions in this disease.3, 4, 5) Anti-thyroid drug therapy and thyroidectomy do not substantially affect the natural course of Graves' ophthalmopathy, and radioactive iodine (RAI) ablation is thought to induce or aggravate Graves' ophthalmopathy. 6, 7, 8, 9, 10) However, RAI ablation after thyroidectomy can provide a substantial early improvement in Graves' ophthalmopathy, or at least outcomes that are similar to thyroidectomy alone.8, 11, 12, 13, 14, 15)
Differentiated thyroid cancer (DTC) is rare among patients with Graves' disease, and patients with a history of Graves' disease or Graves' ophthalmopathy are not common among patients who receive RAI ablation for DTC.15, 16, 17) Herein I report a case of newly developed Graves' ophthalmopathy in a patient with a history of Graves' disease, who underwent total thyroidectomy plus RAI ablation with recombinant human thyrotropin (rhTSH) for incidentally discovered papillary thyroid cancer.

Case Report
In July 2015, a non-smoking 43-year-old woman with papillary thyroid cancer was referred for RAI ablation after total thyroidectomy. The cancer had been detected incidentally during ultrasonography, and she had previously been diagnosed with Graves' disease in January 2015. At that time, she had a serum thyroid-stimulating hormone (TSH) level of <0.005 mIu/L (normal: 0.27-4.2 mIu/L), a free thyroxine (fT4) level of 6.84 ng/dL (normal: 0.93-1.71 ng/dL), a triiodothyronine (T3) level of 481.4 ng/dL (normal: 80-200 ng/dL), and was positive for TRAb (89.93%, normal: ≤15%). The patient had received methimazole for 5 months before the total thyroidectomy, which was performed with central lymph node dissection in June 2015. Table 1 shows a summary of the clinical events in this case. The postoperative pathology findings revealed multifocal papillary thyroid carcinomas involving both lobes, with extrathyroidal extension and central lymph node metastasis. The patient started levothyroxine (LT4) replacement on the day after surgery, and 1 month later had a serum TSH level of 0.628 mIu/L (normal: 0.27-4.2 mIu/L) and a fT4 level of 1.88 ng/dL (normal: 0.93-1.71 ng/dL).
[image: Table  ]Table 1
Case summaryThe values in parentheses indicate the normal reference ranges.
CND: central node dissection, GD: Graves' disease, rhTSH: recombinant human thyrotropin, RAI: radioactive iodine, Tg: thyroglobulin, TSH: thyroid-stimulating hormone, TRAb: TSH receptor antibody, TT: Total thyroidectomy




In August 2015, the patient underwent RAI ablation with 3700 MBq I-131 after the rhTSH preparation, and the LT4 treatment was discontinued for 4 days before the RAI ablation. On the day of that admission, blood tests revealed a TSH level of >100 mIu/L, a thyroglobulin (Tg) level of 1.73 ng/mL (normal: 3.5-77 ng/mL), an anti-thyroglobulin antibody level of 2.68 IU/mL (normal: <60 IU/mL), a fT4 level of 1.17 ng/dL, and a T3 level of 78.69 ng/dL (normal: 80-200 ng/dL). The whole body I-131 scan on day 7 after the RAI ablation revealed focal uptake in a thyroid remnant, and thyroid hormone replacement was restarted on the day after RAI ablation. A follow-up evaluation in October 2015 revealed a TSH level of <0.011 mIu/L, an fT4 level of 1.84 ng/dL, and a Tg level of 1.06 ng/mL. Neck ultrasonography revealed no evidence of residual disease.
In April 2016 (9 months after the RAI ablation), a whole body I-123 scan was performed with single-photon emission computed tomography/computed tomography of the neck and stimulated Tg testing. Remnant thyroid tissue was detected in the thyroid bed (Fig. 1), and the stimulated Tg level was 3.67 ng/mL when the TSH level was 39.64 mlu/L after LT4 withdrawal for 3 weeks. The patient underwent fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography (F-18 FDG PET/CT), which did not reveal evidence of recurrent or metastatic disease. Unexpectedly, the patient complained of a recent abnormality in her left eye, as well as redness in both eyes during the last 2 weeks. An ophthalmological examination revealed left upper lid retraction and color vision abnormality, with exophthalmometer readings of 16 mm for the right eye and 16.5 mm for the left eye. There were no oculomotor abnormalities or diplopia. Orbital computed tomography revealed enlargement of the bilateral extraocular muscle bellies and bilateral exophthalmos (Fig. 2). Unfortunately, the patient was not tested for TRAbs. The LT4 therapy was continued with regular follow-ups, and the serum TRAb titer in August 2016 was 23.96%. The patient requested surgery for the persistent left upper eyelid retraction, and underwent levator recession surgery in December 2016.
[image: Figure F1 ]Fig. 1
Whole body planar I-123 scanning (A) and subsequent neck single photon emission computed tomography/computed tomography (B, C) reveal remnant thyroid tissue in the left thyroid bed.


[image: Figure F2 ]Fig. 2
Sagittal (A), axial (B) and coronal computed tomography of the orbits reveal enlargement of the bilateral extraocular muscles.



Discussion
The incidence of thyroid cancer has been increasing in South Korea and throughout the world, which may be related to the increased use of diagnostic ultrasonography.18) However, clinicians infrequently perform RAI ablation for DTC patients with a history of Graves' disease, because of the low frequency of thyroid cancer among patients with Graves' disease patients (1.3-9.8%).17)
Several studies have revealed an association between RAI ablation for Graves' disease and new or worsening Graves' ophthalmopathy.7, 8, 9, 10) A systematic review concluded that RAI ablation for Graves' disease was associated with a small but increased risk of new or worsening Graves' ophthalmopathy, compared to anti-thyroid drug therapy.6) However, the effect of RAI ablation on Graves' ophthalmopathy in patients after thyroidectomy differs from that in patients with an intact thyroid gland, and RAI ablation after total or near total thyroidectomy provides a substantial early improvement in Graves' ophthalmopathy, or at least outcomes that were similar to thyroidectomy alone.8, 11, 12, 13, 14, 15)
The present case is one of only a few reported cases with new or worsened Graves' ophthalmopathy after RAI ablation plus rhTSH for DTC. One in vitro study reported that the TSHRs expressed in some orbital cells may be functional and respond to high TSH levels, activating intracellular signaling pathways.19) Daumerie et al.20) reported 3 cases of Graves' ophthalmopathy reactivation after RAI ablation plus rhTSH for incidentally detected DTC after thyroidectomy for Graves' disease. In those cases, the reactivation of Graves' ophthalmopathy appeared within 3-6 weeks after rhTSH administration during the euthyroid state. Based on their observations, the researchers suggested the potential pathogenic role of exogenous high TSH reported in vitro is mirrored in vivo.20) However, unlike the previous cases, our patient developed clinically overt eye symptoms after 6 months of rhTSH administration. In many cases, patients with thyroid cancer receive lifelong LT4 replacement therapy after resection of the thyroid gland, even with partial resection. Thyroid hormone levels can negatively affect the outcomes of Graves' ophthalmopathy, so care is needed when interpreting the relationship between rhTSH administration and worsening of Graves' ophthalmopathy.15) Further well-designed large-scale studies are necessary to investigate the relationship between them.
High TRAb titers are an independent risk factor for new or worsening Graves' ophthalmopathy, in addition to smoking, thyroid dysfunction, and RAI ablation.15) In the present case, the patient had high TRAb titers at the diagnosis of Graves' disease, and the high titers persisted until the development of ophthalmopathy, despite being slightly lower than the titers at the diagnosis. Similarly high TRAb titers have been reported in previous cases.20) However, Louvet et al.8) suggested that non-autoimmunity factors might be involved in the worsening of Graves' ophthalmopathy, as RAI ablation for microscopic thyroid tissue after thyroidectomy would reduce TRAb titers levels by removing autoantigens.
Clinically apparent thyroid ophthalmopathy is present in approximately 25-50% of patients with Graves' disease, although >70% of patients exhibit thyroid ophthalmopathy when examined using sensitive imaging techniques.2, 4) Approximately 5% of patients with Graves' ophthalmopathy have severe ocular symptoms, although most patients experience mild or subclinical ocular involvement.3, 4) Our patient had clear unilateral upper eyelid retraction at 6 months after RAI ablation, and bilateral extraocular muscle involvement was detected during orbital CT. Even though there were no clinical signs of Graves' ophthalmopathy at or immediately after the RAI ablation, it is possible that she may have already had mild or subclinical eye involvement. Several studies have indicated that Graves' ophthalmopathy peaks at 6 months after RAI ablation, it can develop any time within the first 2 years after RAI ablation among patients with Graves' disease.6) Therefore, a specialist follow-up is recommended for at least 12 months after RAI ablation, as the onset or aggravation of Graves' ophthalmopathy varies among patients who receive RAI ablation after thyroidectomy for DTC.6, 15)
Several studies assessed the role of steroid prophylaxis in the prevention of occurrence or progression of Graves' ophthalmopathy when used along with RAI. According to a systematic review reported by Acharya et al.,6) prednisolone prophylaxis was highly effective in preventing worsening of eye disease in patients with pre-existing ophthalmopathy compared with RAI ablation without prednisolone. Louvet et al.8) confirmed that patients with moderate to severe Graves' ophthalmopathy were more treated by prophylactic glucocorticoids after RAI ablation and patients with active Graves' ophthalmopathy were more treated by prophylactic glucocorticoids after RAI ablation than patients with inactive ophthalmopathy.
In conclusion, despite remaining relatively rare, the incidental diagnosis of thyroid cancer has been increasing, and it is increasingly possible that clinicians will encounter thyroid cancer in patients with Graves' disease. Thus, clinicians should be aware that patients with thyroid cancer and a history of Graves' disease or risk factors for Graves' ophthalmopathy require appropriate prophylaxis, even if they have no overt ocular symptoms at the RAI ablation and receive rhTSH. Careful observation and follow-up are needed to facilitate the early detection and treatment of Graves' ophthalmopathy.
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[image: Figure F1 ]Figure 1

Whole body planar I-123 scanning (A) and subsequent neck single photon emission computed tomography/computed tomography (B, C) reveal remnant thyroid tissue in the left thyroid bed.
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Sagittal (A), axial (B) and coronal computed tomography of the orbits reveal enlargement of the bilateral extraocular muscles.
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Case summaryThe values in parentheses indicate the normal reference ranges.
CND: central node dissection, GD: Graves' disease, rhTSH: recombinant human thyrotropin, RAI: radioactive iodine, Tg: thyroglobulin, TSH: thyroid-stimulating hormone, TRAb: TSH receptor antibody, TT: Total thyroidectomy
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