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Chapter 8 

Abstract

Background and aim ¹¹¹In-DTPA-octreotide is internalized by thyroid and 

neuroendocrine cancer cells via somatostatin receptor subtypes and can cause 

DNA damage by the emission of conversion and Auger electrons. The aim of 

the study was to determine the effect of ¹¹¹In-DTPA-octreotide therapy in 

patients with progressive radioiodine non-responsive thyroid cancer in relation 

to ¹¹¹In-DTPA-octreotide uptake by tumor localizations assessed on pre-

treatment diagnostic octreotide scans. 

Methods Eleven consecutive patients, selected on positive pretreatment 

diagnostic scans, were treated with fixed doses of approx. 7400 MBq of ¹¹¹In-

DTPA-octreotide with an interval of 2-3 weeks between the doses. In one 

patient, the dose was adjusted because of sickle-cell disease. To assess the 

effects during treatment with 111
In-DTPA-octreotide thyroglobulin levels were 

gathered from 2 years before treatment, during treatment and up to 1 year after 

treatment. A computed tomography scan was performed 3 months after the last 

treatment. 

Results Two patients died during and shortly after the treatment course. Death 

was due to a sepsis and an insulin overdose, respectively. In 44% of the patients, 

stable disease was achieved up to 6 months after the first treatment according to 

both criteria. All four had relative low pretreatment thyroglobulin levels (mean 

level 275 μg/l), representing limited metastasized disease. In two patients 

biochemical stable disease was observed, whereas computed tomography 

showed tumor progression. 

Conclusion Treatment with high doses of ¹¹¹In-DTPA-octreotide in 

differentiated thyroid cancer results in a stable disease in a subgroup of patients. 

Our results suggest that a low pre-treatment thyroglobulin level, representing a 

small tumor load, may be a selection criterion for treatment. 
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Introduction

Follicular and papillary thyroid cancer, so-called differentiated thyroid cancer 

(DTC), is an uncommon tumor, representing approximately 3% of all 

neoplasms. The incidence of DTC is 5-10/ 100000 per year and the overall 

prognosis is good with 10 year survival rates between 92-98% [1;2]. The initial 

treatment consists of surgery, which is followed by ablation with ¹³¹I. To assess 

tumor recurrence and/or metastases, plasma thyroglobulin (Tg) and ¹³¹I whole 

body scintigraphy (WBS) are well-established techniques [3;4]. Recurrences 

and/or metastases can be treated with repeat surgery, ¹³¹I treatment and/or 

radiotherapy. However, a number of patients show disease progression, assessed 

either radiological or by increasing Tg levels, under ¹³¹I treatment or have WBS 

scans with no ¹³¹I uptake. Many reports have focused on the value of 

fluorodeoxyglucose positron emission tomography (FDG PET) for the detection 

of metastatic disease in these patients [5-7]. Iodine negative locoregional disease 

detected by FDG PET can be treated with surgery or external irradiation, but, 

despite an improved locoregional control, it does not affect the overall survival 

[8;9]. Irrespective of the good diagnostic accuracy, there are currently no well-

established treatment options for patients with ¹³¹I non-responsive multiple 

metastases. In such cases, 5 year survival rates decline to 60-82% [10;11]. 

Recent reports have focused on redifferentiation of thyroid cancer by means of 

retinoic acid stimulation. Despite promising results in in vivo studies, in vitro 

studies revealed disappointing results [8;12]. 

As response to chemotherapy and radiotherapy is variable, more effective 

treatment modalities are needed. It has been proposed that endocrine and 

neuroendocrine tumors may be treated with a high dose of radiolabeled ¹¹¹In-

octreotide (111In-DTPA-octreotide). Octreotide is a somatostatin analogue with 

affinity for specific somatostatin receptor subtypes. There are five different 

subtypes (SST 1-5) of the somatostatin receptor. In a study by Forsell-Aronsson 
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et al. [13], a high expression of SST 1, 3, 4 and 5 was found in both papillary 

thyroid cancer and follicular thyroid adenoma. Medullary thyroid cancer cells 

showed expression of all subtypes, whereas neuroendocrine tumors express SST 

1 and 2 and to a lesser extent SST 5 [14]. The somatostatin analogue octreotide 

shows high affinity for subtype 2, average affinity for subtypes 3 and 5, and no 

affinity for SSTs 1 and 4 [15;16]. The expected effect of 111In-DTPA-octreotide 

on tumor tissue is based on the internalization of the radiolabeled octreotide 

through these somatostatin receptors. Once in the cell, short-range Auger 

electrons emitted by the ¹¹¹In will cause DNA damage. The diagnostic value of 
111In- octreotide in thyroid cancer has already been confirmed in some small 

case series [17-20]. 

The aim of this study was to observe the effect of high doses of 111In-DTPA-

octreotide therapy in patients with disseminated and progressive radioiodine 

non-responsive thyroid cancer. 

 
Patients, materials and methods 

Patients

Eleven consecutive patients (seven women and four men; mean age, 63 years, 

range 44-69) with progressive disseminated thyroid cancer not responding to 131
I 

treatment were included from 1 February 2000 to 1 December 2001. All patients 

had multiple sites of uptake of 111In-octreotide, an exclusion criterion for 

surgery. 

Tumor progression before entering this study was based on rising Tg levels 

(Figure 1) and confirmed by radiological evaluation. To assess the effects during 

treatment with 111In-DTPA-octreotide Tg levels were gathered from 2 years 

before, during and up to 1 year after treatment. Exclusion criteria were a life 

expectancy <6 months, kidney and liver dysfunction other than caused by 

metastases and no visible 111In-octreotide uptake in metastases. The medical 

ethics committee of our institution approved therapy and all patients gave 
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informed consent. 

 

Baseline characteristics 

To assess the octreotide uptake, baseline scans were performed using 220 MBq 

of 111In-DTPA-octreotide. Whole body scintigraphy (run speed 10 cm/min) and 

single photon emission computed tomography (SPECT) of the chest and head 

and neck region were performed at 4 and 24 h p.i. using a dual-head gamma 

camera (Toshiba GCA 7200, Japan). The SPECT images (matrix size 128 x 128; 

with a 6° step angle and a 1 min step time) were reconstructed using filtered 

back-projection and a Butterworth pre-processing filter (8 order, 0.12 subset). 

These scans were used to exclude patients with no 111In-DTPA-octreotide uptake 

from treatment. In this respect, scoring of tumor radioactivity was done visually 

according to the criteria described by Krenning et al. ranging from 0 to 4 [16]. 

All patients underwent a baseline radiological evaluation (computed tomography 

(CT) or magnetic resonance imaging (MRI) approximately a month before or 

immediately after the first therapeutic octreotide dose to determine baseline 

tumor size and extent and number of metastases. A complete biochemical and 

haematological screening was done for all patients as well as the measurement 

of Tg-on and thyroid stimulating hormone (TSH) levels. 

 
111In-DTPA-octreotide therapy 

In this protocol we intended to treat patients with a standard activity of 

approximately 7400 MBq 111In-DTPA-octreotide per injection. A complete 

treatment course was defined as four administrations with an interval between 

two administrations ranging from 2 to 3 weeks. The treatment dose was adjusted 

or postponed in case of side effects, as trombocytopenia. 
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Follow-up 

On days 0, 3, 7, 14 and 21 after each 111In-DTPA-octreotide administration a 

complete biochemical and haematological screening, including tumor markers 

and tumor marker antibodies, were performed. In addition, whole body 

scintigraphy was performed on days 3 and 7 (run speed 20 cm/min) to measure 

the uptake in at least two metastases during treatment using the procedure 

described previously [21]. Tg levels were also measured 3 and 9 months after 

the final ¹¹¹In-DTPA-octreotide administration, which is approximately 6 and 12 

months, respectively, after the first administration. Furthermore, 3 months after 

the last treatment a CT scan was performed. 

 

Treatment evaluation 

Three criteria were used for evaluation: criterion number 1 was a radiographic 

(CT or MRI) response in which images prior to and 6 months after the first 

administration were compared. Radiological stable disease was defined as an 

equalization in tumor size and in number/extent of metastases. Any increase in 

tumor size or number of metastases was defined as progression. Criteria 2a and 

2b were tumor marker response assessed at 3 and 6 months, respectively, after 

the first administration. 
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(A)      (B) 

 
Figure 1. Post-treatment 131I whole body scintigraphy (8000MBq) (A) in a 57-year-old man 
with a history of a T3N0M1 follicular thyroid carcinoma and an increasing thyroglobulin (Tg) 
level showed a normal, physiological distribution. The accumulation in the pelvic region is 
physiological excretion into the bladder and rectum. Whole body scintigraphy after the 
injection of 8000 MBq of 111In-DTPA-octreotide (B) revealed metastases in the chest and 
thoracic spine. 
 
Results

Baseline characteristics and follow-up 

The patients' characteristics are summarized in Table 1. Patient nr 7 received 

3700 MBq [¹¹¹In-DTPA ]-octreotide at the third administration because of a low 

platelet count. Due to this adjustment, the total dose administered to this patient 

was 27.5 GBq. Neither clinical nor haematological side effects were observed in 

the other patients. Patient nr 9 had sickle-cell disease and, therefore, received 

3700 MBq per session up to a total amount of 14.3 GBq. Overall, the total 

amount of [¹¹¹In-DTPA]-octreotide administered ranged from 14.3 to 33.1 GBq. 
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Figure 1 demonstrates a typical example of an ¹³¹I negative whole body scan 

after the treatment with 7400 MBq of ¹³¹I and multiple metastases in the chest 

and spine on the whole body scan after the administration of 7400 MBq of ¹¹¹In-

DTPA-octreotide. 

During the 1 year follow-up three patients died. Patient nr 5 died of an insulin 

overdose at 28 days of follow-up. He had completed the whole treatment course 

with 111In-DTPA-octreotide. Patient nr 6 died of a non-tumor related sepsis 6 

days after the second ¹¹¹In-DTPA-octreotide dose. Since the start of ¹¹¹In-DTPA-

octreotide therapy he had been showing a decrease in tumor marker production. 

Neither patient nr 5 nor nr 6 had had a follow-up CT scan at time of death. 

Patient nr 2 died 2 months after the last treatment course due to tumor 

progression causing pleural effusion and emboli seen on CT performed the day 

before she died. Shortly before she died, which is 5 months after the first 

treatment, a complete biochemical and radiological evaluation was performed. 

Although the 6 month follow-up was not completed, we decided to use these 

data for further evaluation. Finally, in none of the patients was there a 

significant difference measured in tumor uptake between the first and last 

treatment measured on days 3 and 7. 

 

Effect of [¹¹¹In-DTPA]-octreotide therapy 

Effect related to Tg levels at 3 and 6 months follow-up 

Four patients with initial Tg levels <1000 μg/l demonstrated biochemical stable 

disease at 6 months after the start of the treatment course. This effect was 

already observed 3 months after the first administration. An effect of increased 

TSH levels during follow-up compared to the initial levels was excluded (Tables 

1 and 2). Three out of five patients with rather high Tg levels had a further 

increase, which was already observed at the 3 month time interval. 

In Figure 2, Tg levels are presented from before, during and up to 1 year after 
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treatment. Because of the very skewed distribution, log Tg levels are reported. 

Due to the lack of follow-up in patients 5 and 6, the Tg curves are not shown. 
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Nr 

 

Age 

 

Sex 

 

Tumor  

 

TNM 

 

Prior treatment 

 

Last treatment  

and interval  

 

Initial TSH 

(mU/l) 

 

Initial Tg levels 

(�g/l) 

 

Sites of metastases at start of 
111In-octreotide therapy 

 

1 

 

57 

 

M 

 

FTC 

 

T3N0M1 

 

surg, 131I, RT, emb 

 

RT / 491 

 

<0.005 

 

980 

 

lung, bone, LN 

2 67 F PTC T2N1M1 surg, 131I 131I / 108 0.010 772000 lung, brain, LN 

3 69 F PTC T4N1M1 surg, 131I 131I / 193 0.796 1275 lung, LN 

4 65 F FTC T2N0M1 surg, 131I 131I / 291 <0.020 42610 lung, pleura 

5 67 M FTC T2N0M1 surg, 131I, RT, emb RT / 133 <0.005 27000 bone 

6 67 M PTC T4N0M1 surg, 131I, emb emb / 28 0.040 1367 lung, bone, skin 

7 68 M PTC TxN1M1 surg, 131I, RT RT / 176 0.022 28809 liver, lung, LN 

8 55 F PTC T4N1M1 surg, 131I 131I / 323 0.009 101 lung, LN 

9 44 F FTC T4N1M1 surg, chemo, 131I, 

RT, emb 

131I / 130 <0.005 5277 liver, lung, bone, mediastinum, 

LN 

10 67 F PTC T4N1M1 surg, 131I, RT 131I / 172 <0.005 104 lung, LN 

11 53 F FTC T3N1M1 surg, 131I 131I / 2650 <0.005 78 lung, LN 

          

FTC, follicular thyroid cancer; PTC, papillary thyroid cancer; surg, surgery; chemo, chemotherapy; 
emb, embolization; RT, radiotherapy; 131I, radioiodine treatment; LN, lymph nodes. 



 
 

Table 2. Results of treatment with high doses 111In-Octreotide. 
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nr.

 
Octreotide 

uptake 

 
Number of 

doses 

 
Cumulative 

131I 
 dose 

(MBq)*** 

 

 
TSH* 
(mU/l) 

 
Tg*  

(�g/l) 

 
Biochemical 
response at  
3 months* 

 
Biochemical 
response at 
 6 months** 

 
Radiological 

response 

 

1

 

2 

 

4 

 

32333 

 

0.238 

 

744 

 

S 

 

S 

 

S 

2 3 4 30582 0.137 749000 S S† P† 

3 1 4 30279 0.395 3900 P P P 

4 1 4 31776 <0.005 60400 P P P 

5 2 4 32349 0.019 24300 S NA NA 

6 1 2 16828 NA NA NA NA NA 

7 3 4 27551 <0.005 37150 S S P 

8 1 4 31996 0.017 113 S S S 

9 1 4 14308 <0.005 9711 P P P 

10 1 4 32210 0.015 168 S S S 

11 2 4 31748 <0.005 76 S S S 

*Results 3 months after the first 111In-octreotide therapy; **results 6 months after the first 111In-octreotide therapy; 
***

before 111In-octreotide therapy. †Results 5 months after the first therapy: these data were obtained shortly before  
she died. NA, not available; P, progression; S, stabilization. 
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Figure 2. Tg levels from 2 years before up to 1 year after treatment with high activity  

0

1

2

3

4

5

6

0 10 20 30 4

Follow-up in months

Lo
g 

Tg

0

111
In-octreotide. The arrow indicates the start of the treatment course with high doses  

of 
111

In-octreotide. Because of the skewed distribution of the Tg levels, log Tg levels  
were used. Symbols represent the nine surviving patients in the study. 

Therapeutic effect based on follow-up CT and Tg levels at 6 months 

No patient had a tumor reduction on CTscan. However, in four of the patients 

studied stable disease was seen on CT. These patients had also stable tumor 

markers (mean Tg level 275μg/l; range 76-744μg/l). Five patients had 

radiological progression after ¹¹¹In-DTPA-octreotide therapy, of which three 

also had tumor marker progression. One of these three patients, nr 9, had 

received an adjusted dose because of sicklecell disease. The mean Tg level in 

this group was 180432 μg/l (range, 3900-749000 μg/l ). From these data it is 

concluded that, in small tumors, expressed by rather low Tg levels, an 

antiproliferative effect was observed. In two out of these five patients, 

dissociation was observed between biochemical and radiological response 

criteria, suggesting a metabolic but no anti-proliferative effect.

The number of patients was too limited to draw any conclusion with respect to  

the uptake score and the therapeutic effect. 
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Discussion

The purpose of this study was to determine the effect of treatment with high, 

fixed doses of ¹¹¹In-octreotide in patients with progressive iodine non-responsive 

thyroid cancer. Two patients died during follow-up, which was due to a sepsis in 

one and an insulin overdose in the other. Only patients with rather low Tg levels 

(<1000 μg/l) demonstrated both a biochemical and radiological stable disease, 

which reflects the response of small tumors to such large treatment doses as 

used in the present study.

Prognosis and survival 

Thyroid cancer is often a slow growing tumor with a very good long-term 

survival. Of the patients diagnosed with differentiated thyroid cancer, 5-20% 

will develop a local or regional recurrence or metastatic disease [2]. Therapy is 

still the same as that for initial disease: surgery and ¹³¹I treatment. More recent 

reports have focused on the value of external beam radiotherapy in the 

management of locoregional advanced thyroid cancer. In four of the recently 

published studies [8;12;22-24], it was shown that radiotherapy indeed 

significantly improved locoregional control in patients with pT4 tumors or 

lymph node involvement. In the study by Ford et al., even a possible dose 

response was found with a local recurrence rate of 63% and 18% for doses 

<50Gy and >54Gy, respectively [23]. However, in two studies it was shown 

that, despite a better local control by a combination of surgery and external 

irradiation, this strategy did not improve survival in patients with locally 

advanced disease. In these case series, locoregional radiotherapy revealed 5 and 

10 year survival rates of 96%, whereas the results for patients without 

radiotherapy were 94% and 89%, respectively [8;24].

In the presence of extensive metastasized disease the overall 5 year survival 

rates declines to 60-82%. In case of ¹³¹I uptake in metastases, the reported 2, 5 

and 10 year survival rates are 91%, 77% and 62%, respectively. In contrast, 
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however, the survival rates are 55%, 16% and 11%, respectively, in the case of 

metastatic disease that lost its capability of ¹³¹I uptake [25;26]. Patients with 

radioiodine non-responsive progressive disease can be treated with radiotherapy 

for recurrent neck disease or chemotherapy (adriamycin) for widely metastatic 

disease. Adriamycin, however, reveals a partial response in only 30-40% of 

patients [10], but these studies were performed in selected patient groups.

These results support the necessity for early detection and treatment of recurrent 

thyroid cancer that does not concentrate radioiodine.

Somatostatin receptor therapy 

The use of unlabeled somatostatin in the treatment of neuroendocrine tumors is 

well established and is based on its inhibitory effect on hormone production and 

its antagonistic effect with regard to tumor growth factors. Somatostatin binds to 

a family of G-protein-coupled receptors [14]. There are five subtypes (SST 1-5) 

and somatostatin binds to all five. However, due to its short half-life (approx. 3 

min) and its diversity of action, somatostatin is relatively unsuitable for 

treatment purposes. Somatostatin analogues more resistant to enzymatic 

degradation, like octreotide, have been manufactured. Octreotide has a high 

affinity for receptor subtype 2, average affinity for SSTs 3 and 5, and no affinity 

for SSTs 1 and 4. The diagnostic and therapeutic efficacy of octreotide is based 

on the binding with SSTs 2, 3 and 5. Data with respect to the diagnosis and 

treatment of follicular and papillary thyroid cancer with somatostatin analogues, 

however, are still limited. 

Non-medullary differentiated thyroid cancer cells show expression of SSTs 1, 3, 

4 and 5. Octreotide can target thyroid tumors through somatostatin receptor 

subtypes 3 and 5. In this respect, non-radiolabeled somatostatin analogues, like 

octreotide, have proven to be effective in tumor growth reduction. In preclinical 

in vitro studies by Ain et al. [27], a dose dependent growth inhibition in 

papillary carcinoma lines (NPA87) was observed though stimulation of growth 

 162



Six month follow-up after 111In-DTPA-octreotide therapy 
 

was seen in follicular cancer cell lines (RO87-M-1). The authors concluded that 

it might be due to differential stimulation and regulation of distinct somatostatin 

receptors. In a study by Hoelting et al., in vitro experiments in follicular cancer 

cell lines showed comparable results [28]. They found a biphasic effect, 

enhancing growth at low concentrations (1-10 nmol/ml), but inhibiting it at high 

concentrations (100 nmol/ml to 1 μmol/ml). Also a dose dependent biphasic 

effect on the invasion of the cancer cells, inhibiting all cell lines tested at high 

concentration. However, during a 3 week treatment period, octreotide had no 

antiproliferative effect on the growth of the cancer cell lines in nude mice. In 

humans, tumor reduction rates of approximately 10% have been reported in 

gastrointestinal tumors [29]. Data with respect to the treatment of differentiated 

thyroid cancer patients are still limited to case reports. Zlock et al. treated five 

patients with octreotide for 2 to 14 months [30]. All patients had lung metastases 

and they were considered to be untreatable by surgery or radioiodine. Despite 

doses up to 1 mg tid or qid, all patients had progressive disease. Finally, 

Robbins et al. [31] described the treatment of two patients with widely 

metastatic papillary thyroid cancer. In these patients, baseline metabolic activity 

and threedimensional volume of the lesions were determined by FDG PET. 

After 3 or 4 months of octreotide therapy, repeat FDG PET scans showed a 

reduction in tumor volume and decreases in the metabolic activity. Whether this 

reduced activity inhibits the progression of poorly differentiated thyroid 

carcinomas could not be concluded from this report. 

A relative new application, especially in case of DTC, is the use of octreotide 

labeled with ¹¹¹In. Its therapeutic effect is based on the toxicity of short range 

Auger electrons, emitted by ¹¹¹In, on cellular DNA. Due to the short particle 

range of Auger electrons, success depends on the amount of radioligand that can 

be concentrated into the cell and this depends on the rate of internalization, 

degradation and recycling of the ligand and the receptor expression. 

Internalization is receptor mediated and temperature dependent [14]. Of the 
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receptor subtypes, SST 3 is the most efficient at internalization while SST 1 

does not. Reubi et al. [32;33] have evaluated the affinity of various radiolabeled 

somatostatin analogues for the different somatostatin receptor subtypes. They 

found that although radiolabeling with ¹¹¹In decreased the affinity of octreotide 

to somatostatin receptors by 10-fold, its affinity to these was still significant. So, 

¹¹¹In-octreotide still can be sufficiently internalized by tumor cells expressing 

SST 3. 

Most of the reports with regard to the therapeutic value of ¹¹¹In-DTPA-

octreotide are related to neuroendocrine tumors. In a review by McCarthy 

[16;34], results of five institutions, a total of 85 patients with metastatic 

neuroendocrine tumors, are described. Response included radiographic, 

biochemical and/or improvement in Karnofsky performance status, which 

revealed an overall response rate between 62% and 69%. ¹¹¹In-DTPA-octreotide 

doses ranged from 4 to 11.1 GBq per course and were given in two to eight 

courses with an interval of 3-4 weeks per course. Krenning et al. (included in the 

above review), reported that the effectiveness of 111In-DTPA-octreotide therapy 

seems to be related to the amount of ¹¹¹In-DTPA-octreotide uptake by the tumor. 

Response was 86% in patients with high uptake (=intense), 67% in patients with 

average uptake (=higher than liver) and 50% in patients with low uptake (=lower 

than/equal to liver). In contrast to this, in our patient population the response to 

¹¹¹In-DTPA-octreotide therapy was observed in patients with rather low uptake 

scores (scores 1 and 2). The number of patients studied, however, is too small to 

draw a definite conclusion. 
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Thyroglobulin levels and treatment effect 

Caillou et al. [35] as well as Lazar et al. [36] investigated the expression of 

thyroid-tissue specific genes in normal thyroid tissue and in thyroid carcinoma 

tissue. Correlation was found between the expression of the hNIS gene (human 

sodium/iodine symporter gene) and the ability of the tumor to concentrate 

iodine. Expression of the Tg gene in thyroid cancer cells, though 2-fold to 300-

fold less than in normal tissue, remained well preserved in later tumor stages, 

being absent only in undifferentiated cancer cells [37]. Whether this dissociation 

between tumor marker production and tumor growth, as observed in two patients 

in the present study, can be clarified by a further positive selection of poorly 

differentiated cancer cells is not clear yet. If this is the case, labelling octreotide 

with a beta emitter could increase the effectiveness of radiolabeled octreotide 

therapy. However, results of somatostatin receptor scintigraphy (SRS) reported 

by Baudin et al. [17] do not support this theory. Although not fully elucidated, 

an anti-metabolic effect is more likely in the present cases. This effect also has 

been observed in neuroendocrine tumors, which causes a relief in symptoms 

caused by increased hormone production [38-41]. 

 

Radiolabeled octreotide therapy in thyroid cancer and future prospects 

This is one of the scarce studies in which the therapeutic value of 111In-DTPA-

octreotide in patients with progressive radioiodine non-responsive non-

medullary thyroid cancer is evaluated. Our results are comparable to those 

observed in neuroendocrine tumors reported by other institutions, though dosage 

and frequency of 111In-octreotide therapy vary. Krenning et al. [16] reported on 

the effect of ¹¹¹In-octreotide in a patient with papillary thyroid cancer and a 

complete follow-up who showed disease stabilization. This patient received a 

total cumulative dose of at least 20 GBq and had grade 2 uptake. Our study 

population included 11 patients with non-medullary thyroid cancer with uptake 

scores ranging from 1 to 3. In four treatments per patient a cumulative dose of 
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approximately 30 GBq ¹¹¹In-DTPA-octreotide was given. The treatment scheme 

used in the present study was based on data in literature in which a cumulative 

dose of at least 20 GBq is recommended. Furthermore, major side effects with 

single doses up to 14 GBq and cumulative doses up to 75 GBq have not been 

reported [38-41]. 

More recent reports have focused on somatostatin analogues labeled with 
90

Y, a 

beta particle emitter. In contrast to the short range of the Auger electrons, the 

radiation emitted from 
90

Y can extend over several cell diameters. In the theory, 

it can destroy both somatostatin receptor positive and receptor negative tumor 

cells. Görges et al. [18] has reported on three patients treated with a different 

radiolabeled somatostatin analogue, 
90

Y-DOTATOC. One patient had two 

treatments with a cumulative dose of 4400 MBq, the second had one dose of 

1700 MBq and the last patient had four doses with a cumulative dose of 9620 

MBq. In all three patients radiographic progression could not be stopped, 

whereas only one patient had decreasing tumor marker production. Otte et al. 

[42] have reported on results with 90
Y-DOTATOC in 29 patients with advanced 

neuroendocrine tumors who had no other treatment options. These patients were 

treated with four or more doses of 
90

Y-DOTATOC, with a cumulative dose of 

around 6000 MBq/m
2
. Twenty patients showed disease stabilization, two 

showed tumor reduction of more than 50%, four showed a reduction of the 

tumor mass of less than 50% and three showed tumor progression. Paganelli et 

al. [43] reported results for 30 patients with somatostatin receptor positive 

tumors treated with 
90

Y-DOTA-D-Phe¹-Tyr³-octreotide. Cumulative dosage was 

between 3 GBq and 8 GBq, given in three courses over a period of 6 months. 

The patient population included 23 carcinoid tumors and three medullary thyroid 

cancers. Complete or partial reduction of the tumor mass occurred in 23% of 

patients, 64% had stable disease and 13% progressive disease. In a more recent 

report by Waldherr et al. [44], the value of 
90

Y labeled octreotide (DOTATOC) 
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in differentiated thyroid cancer was described. Twenty patients with therapy 

resistant thyroid cancer were treated with a dose in the range of 1700 MBq/m
2
 to 

7400 MBq/m
2
 

90
Y-DOTATOC, administered in one to four injections at 

intervals of 6 weeks. Stable disease was achieved in 35% of the patients, 

whereas progressive disease was found in 65%. They suggested that more 

significant tumor responses in thyroid cancer may be obtained with 

radiopeptides, which more selective bind to SSTs 3 and 5, both receptors 

expressed by thyroid cancer cells. 

Throughout the last decade several somatostatin analogues, such as lanreotide 

and depreotide [45-47], have been introduced on the basis of their recognition 

for SSTs 3 and 5. Preclinical data and clinical studies confirm their potential use 

in diagnosis as well as in therapy of cancer patients. The possible 

antiproliferative effects of these radiolabeled somatostatin analogues may lead 

to a new treatment option in differentiated thyroid carcinoma metastases that do 

not respond to treatment with high doses of ¹³¹I. Based on the present results it 

may be concluded that diagnostic ¹¹¹In-octreotide scintigraphy revealing uptake 

scores ranging from 1 to 4 and measurement of low Tg levels representing a 

small tumor load can be used as selection criteria for treatment. More studies are 

required to assess the value of treatment with ¹¹¹In-octreotide in differentiated 

thyroid cancer. In this respect, however, it is highly important to evaluate and 

discuss the issue of stabilization of Tg levels in patients with radiologically 

confirmed tumor progression. Therefore, further study is required. 

Finally, more recent reports have focused on the use of retinoic acids, as 

proliferation inhibiting and differentiation inducing effects in thyroid cancer 

[48;49]. These acids exert their effects via receptors. It has been shown that 

retinoic acids in various thyroid cell lines regulate NIS expression. In particular, 

the messenger RNA encoding the NIS is upregulated by the retinoic acid 

stimulation. In former clinical pilot studies, 40-50% of the patients with poorly 
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differentiated thyroid carcinomas lacking iodine uptake responded to treatment 

to retinoic acids with an increase of iodine uptake [50-52]. In theory, this 

redifferentiation process of advanced thyroid carcinomas by stimulating the 

hNIS expression makes tumors accessible for radioiodine therapy again. In a 

more recent clinical study, however, it could not be confirmed. Grûning et al. 

[12], studied 25 patients who were treated with retinoic acids at 1 mg/kg for 3 

months followed by ¹³¹I. In two out of 14 patients with raised Tg levels but no 

¹³¹I uptake, a slightly improved uptake was seen. In three out of 11 patients with 

slight uptake a dosimetrically relevant improvement of uptake was seen. Of 

these five responders (20%), two were completely free of symptoms, one 

showed stable disease and two patients worsened. Retinoic acid gave improve- 

ment of ¹³¹I uptake in metastases with low radioiodine uptake, but it did not 

appear to induce uptake in ¹³¹I negative metastases. Consequently, despite the 

mild and reversible side effects, its therapeutic use as a single agent in the 

patients reported in the present study is debatable. A possible enhancement of 

the antiproliferative effect of retinoic acid by phenylacetate is still under study. 

In a report by Eigelberger et al. [53], it was shown that retinoic acid and 

phenylacetate alone inhibited growth in a follicular cell line to 16% and 35%, 

respectively, compared with controls, whereas the combination of the two 

inhibited growth to 60%. This effect is probably due to an upregulation of the 

retinoic acid receptor by phenylacetate. Although an improvement of 131I uptake 

in iodine negative metastases due to this synergistic effect might be expected, its 

role in clinical practice is still unclear and needs further study. 

 168



Six month follow-up after 111In-DTPA-octreotide therapy 
 

References

1. Gilliland FD, Hunt WC, Morris DM, Key CR. Prognostic factors for thyroid carcinoma. A 

population-based study of 15,698 cases from the Surveillance, Epidemiology and End 

Results (SEER) program 1973-1991. Cancer 1997; 79:564-573. 

2. Schlumberger MJ. Papillary and follicular thyroid carcinoma. N Engl J Med 1998; 

338:297-306. 

3. Roelants V, Nayer PD, Bouckaert A, Beckers C. The predictive value of serum 

thyroglobulin in the follow-up of differentiated thyroid cancer. Eur J Nucl Med 1997; 

24:722-727. 

4. Schlumberger M, Baudin E. Serum thyroglobulin determination in the follow-up of 

patients with differentiated thyroid carcinoma. Eur J Endocrinol 1998; 138:249-252. 

5. Dietlein M, Scheidhauer K, Voth E, Theissen P, Schicha H. Follow-up of differentiated 

thyroid cancer: what is the value of FDG and sestamibi in the diagnostic algorithm? 

Nuklearmedizin 1998; 37:12-17. 

6. Feine U, Lietzenmayer R, Hanke JP, Held J, Wohrle H, Muller-Schauenburg W. Fluorine-

18-FDG and iodine-131-iodide uptake in thyroid cancer. J Nucl Med 1996; 37:1468-1472. 

7. Stokkel MP, de Klerk JH, Zelissen PM, Koppeschaar HP, van Rijk PP. Fluorine-18 

fluorodeoxyglucose dual-head positron emission tomography in the detection of recurrent 

differentiated thyroid cancer: preliminary results. Eur J Nucl Med 1999; 26:1606-1609. 

8. Eichhorn W, Tabler H, Lippold R, Lochmann M, Schreckenberger M, Bartenstein P. 

Prognostic factors determining long-term survival in well-differentiated thyroid cancer: an 

analysis of four hundred eighty-four patients undergoing therapy and aftercare at the same 

institution. Thyroid 2003; 13:949-958. 

9. Kebebew E, Clark OH. Locally advanced differentiated thyroid cancer. Surg Oncol 2003; 

12:91-99. 

10. Haugen BR. Management of the patient with progressive radioiodine non-responsive 

disease. Semin Surg Oncol 1999; 16:34-41. 

11. Vassilopoulou-Sellin R, Schultz PN, Haynie TP. Clinical outcome of patients with 

papillary thyroid carcinoma who have recurrence after initial radioactive iodine therapy. 

Cancer 1996; 78:493-501. 

12. Grûning T, Tiepolt C, Zophel K, Bredow J, Kropp J, Franke WG. Retinoic acid for 

redifferentiation of thyroid cancer - does it hold its promise? Eur J Endocrinol 2003; 

148:395-402. 

13. Forssell-Aronsson EB, Nilsson O, Bejegard SA, Kolby L, Bernhardt P, Molne J, Hashemi 

169



Chapter 8 

SH, Wangberg B, Tisell LE, Ahlman H. ¹¹¹In-DTPA-D-Phe1-octreotide binding and 

somatostatin receptor subtypes in thyroid tumors. J Nucl Med 2000; 41:636-642. 

14. Breeman WA, de Jong M, Kwekkeboom DJ, Valkema R, Bakker WH, Kooij PP, Visser 

TJ, Krenning EP. Somatostatin receptor-mediated imaging and therapy: basic science, 

current knowledge, limitations and future perspectives. Eur J Nucl Med 2001; 28:1421-

1429. 

15. Krenning EP, Kooij PP, Pauwels S, Breeman WA, Postema PT, de Herder WW, Valkema 

R, Kwekkeboom DJ. Somatostatin receptor: scintigraphy and radionuclide therapy. 

Digestion 1996; 57(suppl 1):57-61. 

16. Krenning EP, de Jong M, Kooij PP, Breeman WA, Bakker WH, de Herder WW, van 

Eijck CH, Kwekkeboom DJ, Jamar F, Pauwels S, Valkema R. Radiolabelled somatostatin 

analogue(s) for peptide receptor scintigraphy and radionuclide therapy. Ann Oncol 1999; 

10(suppl 2):S23-S29. 

17. Baudin E, Schlumberger M, Lumbroso J, Travagli JP, Caillou B, Parmentier C. Octreotide 

scintigraphy in patients with differentiated thyroid carcinoma:contribution for patients 

with negative radioiodine scan. J Clin Endocrinol Metab 1996; 81:2541-2544. 

18. Görges R, Kahaly G, Muller-Brand J, Macke H, Roser HW, Bockisch A. Radionuclide-

labeled somatostatin analogues for diagnostic and therapeutic purposes in nonmedullary 

thyroid cancer. Thyroid 2001; 11:647-659. 

19. Postema PT, de Herder WW, Reubi JC, Oei HY, Kwekkeboom DJ, Bruining HJ, Bonjer J, 

van Toor H, Hennemann G, Krenning EP. Somatostatin receptor scintigraphy in non-

medullary thyroid cancer. Digestion 1996; 57(suppl 1):36-37. 

20. Stokkel MP, Reigman HI, Verkooijen RB, Smit JW. Indium-111-Octreotide scintigraphy 

in differentiated thyroid carcinoma metastases that do not respond to treatment with high-

dose I-131. J Cancer Res Clin Oncol 2003; 129:287-294. 

21. Stokkel MP, Boot IN, Smit JW. Personal dosimetry of the staff during treatment of 

neuroendocrine tumours with a high dose of indium-111 octreotide. Q J Nucl Med 2002; 

46:331-335. 

22. Foote RL, Brown PD, Garces YI, McIver B, Kasperbauer JL. Is there a role for radiation 

therapy in the management of Hürthle cell carcinoma? Int J Radiat Oncol Biol Phys 2003; 

56:1067-1072. 

23. Ford D, Giridharan S, McConkey C, Hartley A, Brammer C, Watkinson JC, Glaholm J. 

External beam radiotherapy in the management of differentiated thyroid cancer. Clin 

Oncol R Coll Radiol 2003; 15:337-341. 

 170



Six month follow-up after 111In-DTPA-octreotide therapy 
 

24. Kim TH, Yang DS, Jung KY, Kim CY, Choi MS. Value of external irradiation for locally 

advanced papillary thyroid cancer. Int J Radiat Oncol Biol Phys 2003; 55:1006-1012. 

25. Bernier MO, Leenhardt L, Hoang C, Aurengo A, Mary JY, Menegaux F, Enkaoua E, 

Turpin G, Chiras J, Saillant G, Hejblum G. Survival and therapeutic modalities in patients 

with bone metastases of differentiated thyroid carcinomas. J Clin Endocrinol Metab 2001; 

86:1568-1573. 

26. Casara D, Rubello D, Saladini G, Masarotto G, Favero A, Girelli ME, Busnardo B. 

Different features of pulmonary metastases in differentiated thyroid cancer: natural history 

and multivariate statistical analysis of prognostic variables. J Nucl Med 1993; 34:1626-

1631. 

27. Ain KB, Taylor KD, Tofiq S, Venkataraman G. Somatostatin receptor subtype expression 

in human thyroid and thyroid carcinoma cell lines. J Clin Endocrinol Metab 1997; 

82:1857-1862. 

28. Hoelting T, Duh QY, Clark OH, Herfarth C. Somatostatin analog octreotide inhibits the 

growth of differentiated thyroid cancer cells in vitro, but not in vivo. J Clin Endocrinol 

Metab 1996; 81:2638-2641. 

29. Oberg K. Neuroendocrine gastrointestinal tumors - a condensed overview of diagnosis 

and treatment. Ann Oncol 1999; 10(suppl 2):S3-S8. 

30. Zlock DW, Greenspan FS, Clark OH, Higgins CB. Octreotide therapy in advanced thyroid 

cancer. Thyroid 1994; 4:427-431. 

31. Robbins RJ, Hill RH, Wang W, Macapinlac HH, Larson SM. Inhibition of metabolic 

activity in papillary thyroid carcinoma by a somatostatin analogue. Thyroid 2000; 10:177-

183. 

32. Reubi JC, Schar JC, Waser B, Wenger S, Heppeler A, Schmitt JS, Macke HR. Affinity 

profiles for human somatostatin receptor subtypes SST1-SST5 of somatostatin 

radiotracers selected for scintigraphic and radiotherapeutic use. Eur J Nucl Med 2000; 

27:273-282. 

33. Reubi JC, Waser B, Schaer JC, Laissue JA. Somatostatin receptor sst1-sst5 expression in 

normal and neoplastic human tissues using receptor autoradiography with subtype-

selective ligands. Eur J Nucl Med 2001; 28:836-846. 

34. McCarthy KE, Woltering EA, Anthony LB. In situ radiotherapy with ¹¹¹In-pentetreotide. 

State of the art and perspectives. Q J Nucl Med 2000; 44:88-95. 

35. Caillou B, Troalen F, Baudin E, Talbot M, Filetti S, Schlumberger M, Bidart JM. Na + /I ¯ 

171



Chapter 8 

symporter distribution in human thyroid tissues: an immunohistochemical study. J Clin 

Endocrinol Metab 1998; 83:4102-4106. 

36. Lazar V, Bidart JM, Caillou B, Mahe C, Lacroix L, Filetti S, Schlumberger M. Expression 

of the Na +
 /I - symporter gene in human thyroid tumors: a comparison study with other 

thyroid-specific genes. J Clin Endocrinol Metab 1999; 84:3228-3234. 

37. Filetti S, Bidart JM, Arturi F, Caillou B, Russo D, Schlumberger M. Sodium/iodide 

symporter: a key transport system in thyroid cancer cell metabolism. Eur J Endocrinol 

1999; 141:443-457. 

38. Caplin ME, Mielcarek W, Buscombe JR, Jones AL, Croasdale PL, Cooper MS, Burroughs 

AK, Hilson AW. Toxicity of high-activity ¹¹¹In-Octreotide therapy in patients with 

disseminated neuroendocrine tumours. Nucl Med Commun 2000; 21:97-102. 

39. deJong M, Breeman WA, Bernard HF, Kooij PP, Slooter GD, van Eijck CH, 

Kwekkeboom DJ, Valkema R, Mäcke HR, Krenning EP. Therapy of neuroendocrine 

tumors with radiolabeled somatostatin-analogues. Q J Nucl Med 1999; 43:356-366. 

40. McCarthy KE, Woltering EA, Anthony LB. In situ radiotherapy with ¹¹¹In-pentetreotide. 

State of the art and perspectives. Q J Nucl Med 2000; 44:88-95. 

41. Meyers MO, Anthony LB, McCarthy KE, Drouant G, Maloney TJ, Espanan GD, 

Woltering EA. High-dose indium 111
In pentetreotide radiotherapy for metastatic atypical 

carcinoid tumor. South Med J 2000; 93:809-811. 

42. Otte A, Herrmann R, Heppeler A, Behe M, Jermann E, Powell P, Maecke HR, Muller J. 

Yttrium-90 DOTATOC: first clinical results. Eur J Nucl Med 1999; 26:1439-1447. 

43. Paganelli G, Zoboli S, Cremonesi M, Bodei L, Ferrari M, Grana C, Bartolomei M, Orsi F, 

De Cicco C, Mäcke HR, Chinol M, de Braud F. Receptor-mediated radiotherapy with 90
Y-

DOTA-D-Phe1-Tyr3-octreotide. Eur J Nucl Med2001; 28:426-434. 

44. Waldherr C, Pless M, Maecke HR, Schumacher T, Crazzolara A, Nitzsche EU, 

Haldemann A, Mueller-Brand J. Tumor response and clinical benefit in neuroendocrine 

tumors after 7.4 GBq (90)Y-DOTATOC. J Nucl Med 2002; 43:610-616. 

45. Smith-Jones PM, Bischof C, Leimer M, Gludovacz D, Angelberger P, Pangerl T, Peck-

Radosavljevic M, Hamilton G, Kaserer K, Kofler A, Schlagbauer-Wadl H, Traub T 

Virgolini I. DOTA-lanreotide: a novel somatostatin analog for tumor diagnosis and 

therapy. Endocrinology 1999; 140:5136-5148. 

46. Virgolini I, Traub T, Novotny C, Leimer M, Fuger B, Li SR, Virgolini I, Traub T, 

Novotny C, Leimer M, Füger B, Li SR, Patri P, Pangerl T, Angelberger P, Raderer M, 

 172



Six month follow-up after 111In-DTPA-octreotide therapy 
 

173

Andreae F, Kurtaran A, Dudczak R. New trends in peptide receptor radioligands. Q J Nucl 

Med 2001; 45:153-159. 

47. Virgolini I, Traub T, Novotny C, Leimer M, Fuger B, Li SR, Patri P,Pangerl T, 

Angelberger P, Raderer M, Burggasser G, Andreae F, Kurtaran A Dudczak R. Experience 

with indium-111 and yttrium-90-labeled somatostatin analogs. Curr Pharm Des 2002; 

8:1781-1807. 

48. Kebebew E, Clark OH. Locally advanced differentiated thyroid cancer. Surg Oncol 2003; 

12:91-99. 

49. Schmutzler C, Schmitt TL, Glaser F, Loos U, Kohrle J. The promoter of the human 

sodium/iodide-symporter gene responds to retinoic acid. Mol Cell Endocrinol 2002; 

189:145-155. 

50. Grunwald F, Menzel C, Bender H, Palmedo H, Otte R, Fimmers R, Risse J, Biersack HJ. 

Redifferentiation therapy-induced radioiodine uptake in thyroid cancer. J Nucl Med 1998; 

39:1903-1906. 

51. Simon D, Kohrle J, Schmutzler C, Mainz K, Reiners C, Roher HD. Redifferentiation 

therapy of differentiated thyroid carcinoma with retinoic acid: basics and first clinical 

results. Exp Clin Endocrinol Diabetes 1996; 104(suppl 4):13-15. 

52. Simon D, Korber C, Krausch M, Segering J, Groth P, Gorges R, Grünwald F, Müller-

Gärtner HW, Schmutzler C, Köhrle J, Röher HD, Reiners C. Clinical impact of retinoids 

in redifferentiation therapy of advanced thyroid cancer: final results of a pilot study. Eur J 

Nucl Med Mol Imaging 2002; 29:775-782. 

53. Eigelberger MS, Wong MG, Duh QY, Clark OH. Phenylacetate enhances the 

antiproliferative effect of retinoic acid in follicular thyroid cancer. Surgery 2001; 130:931-

935. 

 
 
 
 
 
 
 
 
 
 



 


