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I. Hypotheses and Specific Aims:  
Specific Aim: In a test-retest protocol, determine whether I-123 causes stunning. 
Hypothesis: Pretreatment dosimetry with I-123 does not cause stunning of thyroid tissue and, 
therefore, does not reduce the benefit of subsequent therapeutic doses of I-131. Before I-123 can 
be used as the standard of comparison for other isotopes of radioiodine such as I-124, it must be 
proven that I-123 causes little or no stunning. We propose to address this question with the first 
prospective randomized intra-patient comparison of I-123 dosimetry by doing a I-123 imaging 
study twice, test-retest, before doing routine I-131 remnant ablation. 
 
II. Background and Significance: The annual incidence of differentiated thyroid cancer in the 
United States is approximately 44,000 cases and the annual death rate is approximately 1,700 
individuals (1). Although many patients do well with conventional therapy of surgery and remnant 
thyroid tissue ablation with I-131, a significant minority of patients develop regional and/or 
distant metastases. Initially, these metastases are differentiated and take up iodine and the 
standard of care is I-131 radioiodine therapy. 
 Currently, most hospitals treat patients with differentiated thyroid metastases with a 
fixed dose of 100 to 200 mCi of 1-131 while a few university centers use individualized dosimetry 
to determine the maximum safe tolerable dose. The dosimetric approach is based on the 
assumption that a larger dose is more likely to ablate residual functioning thyroid cancer than a 
smaller dose. Although the dosimetric approach was described more than 45 years ago by Benua 
(2), there is still no consensus with respect to the advantage of the dosimetric approach over the 
fixed dose (3-9). 
 In the case of treatment with a fixed dose, the patient is usually treated with a 
therapeutic dose of I-131 without performing a preliminary biodistribution study. However, in the 
case of treatment with the maximum safe dose of I-131 based on dosimetry, it is necessary to give 
an initial small dose of radioiodine, usually I-131, to measure the biodistribution of radioiodine 
and in turn to calculate the maximum dose that the patient can safely tolerate. The dilemma is 
that there is significant, but controversial, evidence that the initial small dose of I-131 may stun 
the thyroid metastases and decrease the uptake of the subsequent therapeutic dose of I-131, 
thus defeating the purpose of dosimetrically determining the maximum safe dose (4,10-20). 
 The radioisotope of iodine, I-123, is a pure gamma emitter and is thought to be less likely 
to cause stunning than I-131. However, there are some reports that even I-123 can cause stunning 
(21-24). 
 If it is demonstrated that I-123 does not cause significant stunning, a follow-up separately 
funded prospective study can be designed to determine whether a dosimetrically determined 
dose of I-131 is superior to a fixed dose. If an individually calculated maximum dose is determined 
to be superior, it would suggest that the dosimetric approach, which is currently used in only a 
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small minority of patients, should be offered to all patients. This would represent a major advance 
in the treatment of patients with metastatic differentiated thyroid cancer. Alternatively, if a 
dosimetrically determined dose of I-131 is not superior to a fixed dose, all patients can be treated 
with the simpler less costly fixed dose regimen.  

 
III. Preliminary Studies/Progress Report:  N/A 
 
IV. Research Methods 
 

A. Outcome Measure(s):  Difference in uptake of I-123 in the thyroid remnant in the neck in 
the two imaging studies. Greater than a 20% decrease from the first to second study will 
indicate evidence of stunning. 
 

B. Description of Population to be Enrolled:   
 

Inclusion criteria: 
1. Patient must be 21-years-old or greater. 
2. Patient must be status post near total thyroidectomy for differentiated 

thyroid cancer without known distant metastases and who are planning to 
undergo routine remnant thyroid tissue ablation with I-131. 

3. Patients must qualify for thyroid ablation with I-131. 
 

Exclusion criteria: 
1. Women who are pregnant or breastfeeding. 
2. Prior bovine TSH use. 
3. Known metastatic thyroid cancer. 
4. History of cardiovascular disease that may adversely affect patient 

participation at the discretion of the primary investigator. 
5. Patients on hemodialysis. 
6. Patients with acute serious illnesses at the discretion of the primary 

investigator. 
 

C. Study Design and Research Methods: The proposed research will be the first study to 
perform test-retest studies in a group of patients to answer the long standing and 
fundamental question of whether diagnostic doses of I-123 cause stunning. Ten patients 
will be studied. If the patient elects to pursue participation in the study, the consent form 
will be explained to the patient 

 
If the patient consents, the patient will undergo two I-123 whole body imaging studies 
prior to the I-131 thyroid remnant ablation.  
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Figure 1. General Scheme of Investigational Plan 
The current standard of care is indicated in the solid black boxes and the additional research 
component is the dashed boxes. 
 

 
 
 

Figure 2. Timing of standard of care and research interventions for the study population. 

 
 



Protocol 8.0 v. 3.1.18 Page 4 
 

Patient Preparation 
 

 Participants will be placed on a low iodine diet for 1 week before the dosimetry study 
and continue on this diet until 24 hours after the therapeutic dose of 131I.   

Patient is prepared for the study by receiving an intramuscular injection of rhTSH 
(Thyrogen). The patients are prepared for receiving radioiodine by receiving an intramuscular 
injection of rhTSH (Thyrogen) on days 1, 2, 8, 9, 15 and 16 in order to raise the blood level of 
TSH and maximally stimulate the residual thyroid tissue to take up iodine (25-27). The 
Thyrogen received on days 1, 2, 8 and 9 will be provided free of charge by Genzyme. The 
subject’s vital signs will be monitored before and after each Thyrogen injection.  The 
Thyrogen injection will be withheld if vital signs show significant alterations from the patient’s 
baseline. 

Female patients of reproductive age who have not undergone a hysterectomy will 
undergo serum pregnancy tests on days 3 and 17 prior to administration of radioiodine.  

All patients will have blood samples taken on days 3, 10, and 17 in the morning, to 
document that rhTSH was given and that there was a rise in thyroglobulin level (TSH action on 
thyroid cells) prior to administration of radioiodine. 

 
Diagnostic imaging with I-123 
 

On days 3 and 10 the patient is given 3 mCi of 123I orally in the morning.  The participant 
will be asked to fast at least 4 hours before and 1 hour after the I-123 oral dose to control for 
interference with I-123 uptake. 

Imaging with gamma camera from the top of the head to the thighs is performed on days 
4 and 11.  

In each of the I-123 whole body diagnostic imaging studies, one done for research 
purposes and the other as routine care, a region of interest will be placed over the I-123 
uptake in the residual thyroid tissue and the number of counts will be recorded (28). Less 
than a 20% decrease in counts from the first to the second study will be considered no 
significant stunning (29). The Null hypothesis is that there will be less than a 20% decrease in 
I-123 in the thyroid remnant from the first to the second study.  

In order to more accurately measure I-123 uptake in the residual thyroid tissue from the 
I-123 whole body diagnostic image, an I-123 standard will be placed in the field of imaging at 
the time of image acquisition. Use of I-123 standard is common practice for calibrating I-123 
activity in the body. By using an I-123 standard, in addition to recording the number of counts 
in the residual thyroid tissue and comparing the count differences between the first and 
second study, percent uptake of I-123 in the residual thyroid tissue can be calculated for each 
study and compared. Less than a 20% decrease in percent uptake of I-123 in the residual 
thyroid tissue will be considered no significant stunning and provide additional supportive 
data to measuring counts in the residual thyroid tissue. 
 If thyroid cancer metastases are incidentally discovered in the patient with no known 
metastases, the patient will be removed from the study and referred back to Endocrinology.   

 
Thyroid tissue ablation with I-131 
 

On day 17, the patient is given a fixed therapeutic dose of 131I determined by the 
endocrinologist and nuclear medicine physician (range 30-100 mCi 131I).  
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Post-treatment imaging evaluation 
 

Approximately 7 to 10 days after therapeutic dose of radioiodine (day 23-26), patient 
returns for routine, standard of care post 1131I treatment imaging. 

 
 

D. Description, Risks and Justification of Procedures and Data Collection Tools: A risk of 
participating in this research study is the relatively small additional radiation dose from 
second dosimetric study preceding the standard I-131 therapeutic ablation. Assuming a 
typical 30-100 mCi I-131 ablation dose, the one additional I-123 diagnostic study will 
increase the effective whole body dose by approximately 0.5%-1.6%. The small increase in 
radiation to the remnant thyroid tissue should be of no consequence since it will be 
ablated by the large therapeutic dose of I-131 one week later.  
 
Another possible risk is that the radiation to the thyroid remnant from the initial 
experimental dosimetry studies will stun the remnant to the extent that it may not be 
effectively ablated. This is highly unlikely since the commonly used 30-100 mCi dose of I-
131 is chosen for a significant margin of error so that very few remnants are not 
successfully ablated. 
 
Patient Safety Monitoring Plan: Subject will remain in the clinical area for 20-30 minutes 
after each injection to be assessed for any acute adverse events. Symptoms will be 
recorded before and 20-30 minutes after injections. Subjects will be provided a primary 
phone number and an after-hours phone number to call with any questions or concerning 
symptoms. The most common reported side-effect symptoms are headache observed in 
5% and nausea observed in 5% of patients. I-123 is a well-established FDA approved 
radiopharmaceutical used for diagnostic imaging of thyroid tissue and serious long term 
adverse events have not been reported. As a result, patients will be followed for potential 
adverse events until the completion of the routine standard of care treatment when the 
patient returns on days 23-26 for post-treatment imaging study.  
 
The study Principle investigator, co-investigators and study coordinator will meet monthly 
to review preliminary data and discuss any safety related issues that may arise. The PI will 
be responsible for reporting any serious adverse events that are identified. 
 

E. Potential Scientific Problems: None. 
 

F. Data Analysis Plan: The primary endpoint will be measurement of thyroid remnant 
activity at 24 hours. We predict there will be less than a 20% reduction in the amount of I-
123 in the thyroid remnant when the results of the second administered dose of I-123 is 
compared to the results from the first dose of I-123. The data will be analyzed statistically 
by the t-test and by the sign test. While we plan to study only 10 participants, this should 
be a sufficient number to determine whether there is any evidence of stunning by the 
sign test and, if there is stunning, whether there is more than a 20% stunning effect by 
the t-test. This is a pilot study, but it is likely to give results that are sufficiently definitive 
that it will not need to be repeated with larger numbers of participants. In addition, this is 
an internally funded research project that is intended to generate preliminary data to be 
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used in a larger NIH grant proposal that will compare fixed versus dosimetrically 
determined I-131 doses for treatment of patients with differentiated thyroid cancer with 
distant metastases. 
 

G. Monitoring and Oversight 
The sponsor investigator will be responsible for monitoring the trial per the trial 
monitoring plan, in addition to overseeing the safety and efficacy of the trial including any 
specimens collected, executing the data and safety monitoring (DSM) plan, and complying 
with all reporting requirements to local and federal authorities. This oversight will be 
accomplished through additional oversight from the Data and Safety Monitoring 
Committee (DSMC) at the University of Colorado Cancer Center (CU Cancer Center).  The 
DSMC is responsible for ensuring data quality and study participant safety for all clinical 
studies at the CU Cancer Center, which is the coordinating institution of this trial.   A 
summary of the DSMC’s activities is as follows: 
 
• Conduct of internal audits 
• Ongoing review of all serious adverse events (SAEs), unanticipated problems (UAPs) and 
reportable adverse events (AEs) 
• Has the authority to close and/or suspend trials for safety or trial conduct issues 
• May submit recommendations for corrective actions to the CU Cancer Center’s 
Executive Committee 

 
Per the CU Cancer Center Institutional DSM Plan, SAEs, UAPs and reportable AEs are 
reported to the DSMC, IRB and the sponsor investigator per protocol.  All SAEs, UAPs and 
reportable AEs are to be reported to the DSMC within 5 business days of the sponsor 
investigator receiving notification of the occurrence. 
 
Each subject’s treatment outcomes will be discussed by the site PI and appropriate staff 
at regularly scheduled meetings.  Data regarding number of subjects, significant toxicities, 
dose modifications, and treatment responses will be discussed and documented in the 
meeting’s minutes. 
 
The sponsor investigator will provide a DSM report to the CU Cancer Center DSMC on a 
six month basis. The DSM report will include a protocol summary; current enrollment 
numbers; summary of toxicity data to include specific SAEs, UAPs and AEs; any dose 
modifications; all protocol deviations; and protocol amendments. The DSM report 
submitted to the DSMC will also include, if applicable, the results of any efficacy data 
analysis conducted.  Results and recommendations from the review of this six month 
report by the DSMC will then be provided to the sponsor investigator in a DSMC review 
letter.  The sponsor investigator is then responsible for ensuring this letter is submitted to 
the site’s IRB of record at the time of IRB continuing review. 
 
Quality Control and Quality Assurance 
 
Site monitoring visits will be performed by the sponsor investigator’s authorized 
representative on a regular basis, pursuant to the Monitoring Plan. During these visits, 
information recorded on the CRFs will be verified against source documents.  Additional 
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computer programs that identify selected protocol deviations, out-of-range data, and 
other data errors within the electronic data entry may also be used to help monitor the 
study.  As necessary, requests for data clarification or correction will be sent to the 
appropriate site PI. 

 
Independent auditors from the sponsor investigator’s authorized representative will be 
allowed by the site’s PI to audit.  In addition, audits may be conducted at any time by 
appropriate regulatory authorities and/or the IRB. 
 
 

H. Summarize Knowledge to be Gained: There will be no benefits to the human subjects in 
this research project. However, there is likely to be significant benefit to future patients 
with differentiated thyroid cancer. 

 
If it is demonstrated that I-123 does not cause significant stunning, a follow up separately 
funded prospective study can be designed to determine whether a dosimetrically 
determined dose of I-131 is superior to a fixed dose. If an individually calculated 
maximum dose is determined to be superior, it would suggest that the dosimetric 
approach which is currently used in only a small minority of patients should be offered to 
all patients. This would represent a major advance in the treatment of patients with 
metastatic differentiated thyroid cancer. Alternatively, if a dosimetrically determined 
dose of I-131 is not superior to a fixed dose, all patients can be treated with the simpler 
less costly fixed dose regimen. 

 
I. References: 

 
1. Hundahl SA, Fleming ID, Fremgen AM, Menck HR: A National Cancer Data Base report on 

53,856 cases of thyroid carcinoma treated in the O.S., 1985-1995. Cancer 83 (12): 2638-
48, 1998.  PMID 9874472 

2. Benua RS, Cicada NR, Sonenberg M, et al: The relation of radioiodine dosimetry to results 
and complications in the treatment of metastatic thyroid cancer. JAR 87:171-182, 1962. 
PMID: 13867399 

3. Salvador M, Luster M: Radioiodine therapy dosimetry in benign thyroid disease and 
differentiated thyroid carcinoma. Eur J Nucl Med Mol Imaging 37:821-828, 2010. PMID: 
20186542 

4. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ, Mazzaferri EL, McIver B, 
Sherman SI, Tuttle RM: Management guidelines for patients with thyroid nodules and 
differentiated thyroid cancer. Thyroid 16:109-42,2006. PMID: 16420177 

5. Van Nostrand D, Catkins F, Yeganeh F, Acio E Bursaw R, Wartofsky I: Dosimetrically 
determined doses of radioiodine for the treatment of metastatic thyroid carcinoma. 
Thyroid 12:121-134, 2002. PMID: 11916281 

6. Robbins RJ, Schlumberger MJ. The evolving role of I-131 for the treatment of 
differentiated thyroid carcinoma. J Nucl Med 46:28S-37S, 2005. PMID: 15653649 

7. Lassmann M, Hanscheid H, Chiesa C, Hindorf C, Flux G, Luster M: EANM dosimetry 
committee series on standard operational procedures for pre-therapeutic dosimetry in 
differentiated thyroid cancer therapy. Eur J Nucl Med Mol Imaging 35:1405-1412, 2008. 
PMID 18491092 



Protocol 8.0 v. 3.1.18 Page 8 
 

8. Samuel AM, Rajashekharrao B, Shah DH: Pulmonary metastases in children and 
adolescents with well-differentiated thyroid carcinoma. J Nucl Med 39:1531-1536, 1998. 
PMID: 9744337 

9. Tuttle RM, Leboeuf R, Robbins RJ, Qualey R, Pentlow K, Larson SM, Chan CY: Empiric 
radioactive iodine dosing regimens frequently exceed maximum tolerated activity levels 
in elderly patients with thyroid cancer. J Nucl Med 47:1587-1591, 2006. PMID: 17015892 

10. Jeevanram RK, Shah DH, Ganatra RD: Influence of initial large dose on subsequent uptake 
of therapeutic radioiodine in thyroid cancer patients. Int J Rad Appl Instrum B 13:277-279, 
1986. PMID: 3771260 

11. Park HM, Park YH, Zhou XH: Detection of thyroid remnant/metastasis without stunning: 
An ongoing dilemma, Thyroid 7:277-280, 1997. PMID: 9133700 

12. Hilditch TE, Dempsey MF, Bolster AA, McMenemin RM, Reed NS: Self-stunning in thyroid 
ablation: Evidence from comparative studies of diagnostic I-131 and I-123. Eur J Nucl Med 
Mol Imaging 29::783-788, 2002. PMID: 12029552 

13. Lassmann M, Luster M, Hanscheid H, Reiners C: Impact of (131)I diagnostic activities on 
the biokinetics of thyroid remnants. J Nucl Med 45:619-625, 2004. PMID: 15073258 

14. Sisson JC, Avram AM, Lawson SA, Gauger PG, Doherty GM: The so-called stunning of 
thyroid tissue. J Nucl Med 47:1406-1412, 2006. PMID: 16954546 

15. Silberstein EB: Comparison of outcomes after I-123 vs I-131 pre-ablation imaging before 
radioiodine ablation in differentiated thyroid carcinoma. J Nucl Med 2007;48:1043-1046. 
PMID: 17574976 

16. Woolfenden JM: Thyroid stunning revisited. J Nucl Med 2006;47:1403-1404. PMID: 
16954545 

17. Haugen BR, Lin EC: Isotope imaging for metastatic thyroid cancer. Endo Metab Clinic N 
Am 30:469-492, 2001. PMID: 11444171 

18. Park HM, Perkins OW, Edmonson JW, Schnute RB, Manatunga A: Influence of diagnostic 
radioiodines on the uptake of ablative dose of I-131. Thyroid 4:49-54, 1994. PMID: 
8054861 

19. Brenner W: Is thyroid stunning a real phenomenon or just fiction? J Nucl Med 43:835-836, 
2002. PMID: 12050330 

20. Coakley AJ: Thyroid stunning. Eur J Nucl Med 25:203-204, 1998. PMID: 9580850 
21. Lundh C, Lindencrona U, Postgard P, Carsson T, Nilsson M, Forssell-Aronsson E: Radiation-

induced thyroid stunning: Differential effects of I-123, I-131, Tc-99m, and AT-211 on 
iodide transport and NIS mRNA expression in cultured thyroid cells. J Nucl Med 50:1161-
1167, 2009. PMID: 19525464 

22. MIRD Dose Estimate Report No. 5: Summary of current radiation dose estimates to 
humans from I-123, I-124, I-126, I-130, I-131, I-132 as sodium iodide. J Nucl Med 16:857-
860, 1975. 

23. Johansson L, Mattsson S, Nosslin B, et al: Effective dose from radiopharmaceuticals. Eur J 
Nucl Med Mol Imaging 19:933-938, 1992. PMID: 651910 

24. Kalinyak JE, McDougall IR: Whole body scanning with radionuclides of iodine, and the 
controversy of ‘thyroid stunning’. Nucl Med Commun 25:883-889, 2004. PMID: 15319592 

25. Haugen BR, Pacini F, Reiners C, Schlumberger M, Ladenson PW, Sherman SI, Cooper DS, 
Graham KE, Braverman LE, Skarulis MC, Davies TF, DeGroot LJ, Mazzaferri EL, Daniels GH, 
Ross DS, Luster M, Samuels MH, Becker DV, Maxon HR 3rd, Cavalieri RR, Spencer CA, 
McEllin K, Weintraub BD, Ridgway EC.:  A comparison of recombinant human thyrotropin 



Protocol 8.0 v. 3.1.18 Page 9 
 

and thyroid hormone withdrawal for the detection of thyroid remnant or cancer. J Clin 
Endo Metab 84:3877-3875, 1999. PMID: 10566623 

26. Pacini F, Ladenson PW, Schlumberger M, Driedger A, Luster M, Kloos RT, Sherman S, 
Haugen B, Corone C, Molinaro E, Elisei R, Ceccarelli C, Pinchera A, Wahl RL, Leboulleux S, 
Ricard M, Yoo J, Busaidy NL, Delpassand E, Hanscheid H, Felbinger R, Lassmann M, 
Reiners C.: Radioiodine ablation of thyroid remnants after preparation with recombinant 
human thyrotropin in differentiated thyroid carcinoma: results of an international, 
randomized, controlled study. J Clin Endo Metab 91:926, 2006.  PMID 16384850 

27. Hanscheid H, Lassmann M, Luster M, Thomas SR, Pacini F, Ceccarelli C, Ladenson PW, 
Wahl RL, Schlumberger M, Ricard M, Driedger A, Kloos RT, Sherman SI, Haugen BR, 
Carriere V, Corone C, Reiners C: Iodine biokinetics and dosimetry in radioiodine therapy 
of thyroid cancer: procedures and results of a prospective international controlled study 
of ablation after rhTSH or hormone withdrawal. J Nuc Med 47:648-654, 2006. PMID: 
16595499. 

28. Galt J, Aarsvold J, Fitz J, Margeanu D, Sabiston E, SPECT-CT of I-123 in a head phantom: J 
Nucl Med. 51 (Supplement 2):1343, 2010. 

29. Stabin MG, Sparks RB, Crowe E: OLINDA/EXM: The second-generation personal computer 
software for internal dose assessment in nuclear medicine. J Nucl Med 46(6):1023-7, 
2005. PMID: 15937315 

30. Stabin MG, Stubbs JB, and Toohey RE. “Radiation dose estimates for radiopharmaceuticals 
(NUREG/CR-6345).” United States Nuclear Regulatory Commission. Web. April 1996. 
<http://www.nrc.gov/reading-rm/doc-collections/nuregs/contract/cr6345/>. 

 

http://www.nrc.gov/reading-rm/doc-collections/nuregs/contract/cr6345/

