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Learning Objectives 
• Rapidly growing field of Theranostics/Radiotheranostics 
• The beginnings: Radioactive Iodine Therapy (RAIT) 

ü The birth of Theranostics - Benign thyroid conditions 
ü Radiotheranostic approach to RAIT in benign diseases 
ü Take-Home Messages from history of benign RAIT 

• Differentiated Thyroid Cancer, history 
ü Risk-based approach to RAI treatment 
ü Preparation for RAI – Low Iodine Diet, Withdrawal vs. 

Thyrogen® 
ü ATA “Cookbook” for radioactive potion 
ü Effect of ATA Guidelines on practice and patients 
ü Take-Home Messages of malignant RAIT 

• The future ? 



Theranostics or Radiotheranostics: 
• Technique of sequential application of 

biosimilar radiopharmaceuticals – first, a 
diagnostic biosimilar agent (DBA), followed by 
a therapeutic agent (TA) 

• The goal: Individualization of therapy 
ü DBA objectives: establish disease (the target) 

presence, avidity, distribution & stage, radiation 
dosimetry, assess non-target localization to 
estimate TA’s adverse effects, monitor response 
to treatment and surveillance for recurrence 

ü TA objective: deliver DBA-informed, patient-
tailored radiation dose to the target 



PubMed-derived number of publications including the term “theranostic” or “theragnostic” during each year 
from 2001 to 2017 (search performed July 16, 2017). Ken Herrmann et al. J Nucl Med 2017;58 
(September 1, 2017):1S-2S 
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[Radio]Theranostic Agents 
Cancer Target DBA TA 

Differentiated 
Thyroid Cancer 

N-I 
symporter 

123I, 124I, 131I 131I 

Prostate Cancer PSMA 
GRPR 

67Ga-PSMA-617 
67Ga-NeoBOMB1 

177Lu-PSMA-617 
177Lu-NeoBOMB1 

Lymphoma, 
myeloma 

CXCR4 68Ga-pentixafor 177Lu-pentixafor 

Lymphoma CD20 
 
CD20 

111In-ibritumomab 
tiuxetan 
131I-tositumomab 

90Y-ibritumomab 
tiuxetan 
131I-tositumomab 

Neuroblastoma Monoamine 
transporter 

123I-MIBG 131I-MIBG 

Neuroendocrine 
Tumors 

somatostatin 
receptor 

68Ga DOTATATE or 
DOTATOC, or 
DOTANOC 

177Lu or 90Y 
labeled versions 

DOTATATE = DOTA-DPhe1,Tyr3-octreotate, DOTATOC = DOTA-d-Phe1-Tyr3-
octreotide, DOTANOC = DOTA-1-Nal3-octreotide, GRPR = gastrin releasing peptide 
receptors, PSMA = prostate-specific membrane antigen, CXCR4 = C-X-C motif 
chemokine receptor 4, MIBG = metaiodobenzylguanidine 



First 131I Treatment Given to 
Patient with Graves’ Disease: 

• Saul Hertz, M.D.  
• (April 20, 1905 – July 28, 1950) 

laid the foundation of iodine 
physiology that made radioactive 
iodine therapy possible 

• Performed (at age 35) the first RAI 
(130I) treatment, administering on 
March 31st, 1941, 2.1 mCi to Ms. 
Elizabeth D. who suffered from 
Grave’s disease 

Ms. Doris Darby who was Dr. Hertz’s 
laboratory assistant, arguably the first 
nuclear medicine technologist, 
demonstrating an uptake test using a 
“Multiscaler” counter that Dr. Hertz 
helped to develop at MIT. 



Benign Conditions Amenable to RAIT: 
From Graves’ to All These 

Condition Etiology 
1. Graves’ disease (GD) (~80%) TSH-R-Ab stimulation of 

thyrocyte 
2. Toxic Multinodular Goiter (NMNG) 
3. Toxic Adenoma (TA) 

mutation → TSH-R-Ab activation 
→ autonomous function 

4. Hashimoto’s Thyroiditis (HT) in 
productive phase (“Hashi-
toxicosis”, overlaps Graves’) 

autoimmune disease - a variety 
of cell- and antibody-mediated 
immune processes 

5. Intermittent/recurrent Thyroiditis* Unknown 

6. Amiodarone thyroiditis, Type I Multifactorial 

Abbreviations: TSH-R-Ab = thyroid stimulating hormone 
receptor autoantibody, RAIT = RAI treatment 

*RAIT is given in the recovery phase, prevents recurrences 
 



Questions for the Audience: 
Raise your hand for “Yes” 

• Have you been involved in I-131 therapy for 
GRAVES’ DISEASE for at least 10 years? 

• Do you administer empirical activity (i.e. no-
calculator-needed, e.g. 10, 15, etc. mCi ± 
“a fudge factor” for recent ATD, etc.) to 
majority of Graves’ Disease pts?  

• Do you routinely see the pts before and 
after RAIT for clinical management? 

• Have you experienced over the past 2 
years any increase in numbers of pts 
referred for Graves’ disease RAIT? 



131I Therapy of Hyperthyroidism: 
The Largest Study on its Radiation Effects 

• The greatest concern of early NM 
physicians – risk of secondary leukemia 

• Cooperative Thyrotoxicosis Therapy 
Follow-up Study (TTFUS) was initiated in 
1961 (but in conception since 1957) 

• Design – retrospective from 1961 to 1946 
and prospective from 1961 to 1968  

• In June 1968, the patient accrual ended 



TTFUS – The Largest Hyperthy. Study: 
Done by Nuclear Medicine Doctors 

• By June 1968, 35,606 patients were 
enrolled from 23 centers, 98.8% complete 
follow-up 

• 19,500 patients had been treated with 131I, 
11,200 with surgery, 3,500 with surgery and 
131I, and 1,300 with antithyroid drug 
treatment (ATDT) alone. 

• In September 1968, 1st publication, mean 
follow-up 8-year, no increased incidence of 
leukemia with RAIT (~119,000 p-y.) when 
compared with surgery (~114,000 p-y.) 







Conclusion  
Patients with WDTC treated with RAI had an 
increased early risk of developing AML and CML 
but no other hematologic malignancies. AML that 
arises after RAI treatment has a poor prognosis. 
RAI use in patients with WDTC should be 
limited to patients with high-risk disease 
features, and patients with WDTC treated with 
adjuvant RAI should be monitored for myeloid 
malignancies as part of cancer surveillance. 



Urinary Bladder CA 

Breast CA 

Fallopian tubes/testis CA 
Pancreatic CA 



Appendix Table 2: All Hematologic and Non-Hematologic Second 
Cancers Identified After WDTC Diagnoses  

Extrapolated to 100,000 cases, RAIT would have 
added 66 excess cases of AML+CML while 
reducing solid cancers by 856 cases.  





Supplementary Figure 3: Relative risks to develop 
MDS or Ph- MPN after WDTC treatment 

Shown are the relative risks (RRs) ± 95% confidence intervals of developing MDS in the years 
following WDTC diagnosis for males (A) and females (B) and the RRs of developing Ph- MPN 
in the years following WDTC diagnosis for males (C) and females (D). Abbreviations: MDS, 
myelodysplastic syndrome; Ph- MPN, myeloproliferative neoplasm; RAI, radioactive iodine; 
WDTC, well-differentiated thyroid cancer.  



Errors and Inconsistencies 

• ICD codes for cohort selection – errors 
• Numbers in the main figure and results do not 

add up – math errors (accepted “typos”) 
• Counting latency time – diagnosis vs. exposure 

– inconsistency 
• Latency time is too short (≤1 year) 
• The two reports are product of the same 

project, split publication, questionable ethics 
• Solid cancer benefit in RAI treated >> risk of 

(AML+CML) – “missing the forest for the trees” 



The Response from Nuclear 
Medicine Community 

• Petition to retract the paper sent (1/17/18) to 
JCO, signed by 68 Nuclear specialists from 16 
countries + letter with same request from the 
ACNM 
ü Denied, but it was the pressure that allowed: 

• Permission to write a commentary article by 
SNMMI representative in the same issue 

• Acceptance of multiple letters to the Editor for 
publication, delineating all the faults 

• JNM will have the article on this controversy in 
the May issue (in Hot Topics) 



Take-Home Message #1 

in Nuclear Medicine should be managing 
patients before, during and following our 

treatments, designing prospective studies 
to validate those therapies, build the big 

data repositories and analyze it. 

If you want something done 
right, do it yourself!  

Charles-Guillaume Etienne (5 January 1778 - 13 March 1845) 



131I Therapy of Hyperthyroidism: 
20th Century Experience, Early Side-effects 

• In 1956, Beierwaltes and Johnson reported U of 
Michigan 7-y experience with clinical f/u 
Beierwaltes recalled in 1979 review article that they 
“were widely criticized for reporting the highest 
incidence to date of hypothyroidism after treatment 
with 131I for Grave's disease (20%)” 

• NM “Solution” – most turned to lower AAs 
• In 1961, Beling and Einhora reported 3% per y. 

incidence of hypothyroidism no matter the 131I AA, i.e. 
preventing hypothyroidism is futile 

• In general, 131I AAs stayed low, RAIT methods and 
responses varied, pts. f/u in NM dwindles … stops 
 

AA = administered activity; RAIT = radioactive iodine therapy  



Typical Approach to GD in the USA: 
First Decade of 21st Century 

• Anti-thyroid Drugs ± beta blocker for 1-2 years 
• Stop ATD therapy to check for remission 
• If no remission or patient recurs after short 

remission → RAIT or Surgery 
• Euthyroid RAIT used in early days, hypothyroid 

RAIT (ablation) becoming more common 
around 2000, becomes dominant as 2005 
study showed its mortality advantage* 

• Still no standardization of hypo-RAIT 
technique, approaches still vary widely 

* Franklyn JA, Sheppard MC, Maisonneuve P. Thyroid function and mortality in 
patients treated for hyperthyroidism. JAMA. 2005;294:71-80. 



Disadvantages of RAIT When 
Compared to Long-term ATDT: 

Realizations of 1990’s and 2000’s 
• RAI may induce or worsen Graves’ 

Orbitopathy (GO) in 15-33% 
• RAIT methodology remained variable as did 

clinical & biochemical outcomes 
ü Euthyroid (Eu) goal 

Ø multiple, low, fixed activities (e.g. 2-5 mCi) 
Ø Multiple, 80 mCi/g calculated activity 

ü Hypothyroid (hypo) goal (aka Ablation) 
Ø fixed activity (15 mCi) 
Ø Radiation dose to thyroid 
Ø Activity/g of thyroid, adjusted for iodine uptake 



Grave’s Disease: mCi per Gram Method 
• Most give 0.12-0.20 mCi of 131I/g of thyroid 

normalized to 24 hr. uptake (≈15,000 cGy) 
• PSU Ablation activity (AA) factor, 0.24 mCi/g 
• AA = (gland weight in g x 0.24 mCi/g) / 24 

hr. uptake fraction (i.e., 0.5 for 50% uptake) 
• Gland weight: cannot palpate it for sure → 

30 g; can palpate, but cannot see it → 40 g; 
can see it when pt. walks in → ≥ 60 g … 

• “Fudge Factor” – give more to pts. who are 
older, on anti-thyroid meds, MNG, severe 
HT, rapid 131I turnover, larger glands 

• If scan confirms failed treatment by the 3rd 
month, consider dose  by 25%. 



Response to 131I Therapy in Graves’: 
0.24 mCi per gm of Thyroid 

(PSU/HMC Experience) 



Take-Home Message 2 

• Accept inherent outcomes, optimize and 
standardize therapeutic techniques, follow 
your patients and determine the risk/benefit 

• Calculate AA based on DBA (131I or 123I 
uptake or dose to thyroid) → TA therapy 
standardization → predictable outcomes 

• “All conventional wisdom has an element of 
truth to it, but good design requires more 
than an element of truth - it requires an 
ensemble of correct assumptions and valid 
calculations.” Henry Petroski 



Graves’ Orbitopathy (GO), aka 
Graves Ophthalmopathy, Thyroid-Associated Orbitopathy 

(TAO), Thyroid Eye Disease (TED) 

Progression is the 
natural course of GO 

Clinical Incidence: ~ 20% of GD 
 
CT&MR Incidence: > 60% of GD 
 
Severe in ≤ 5% 
 
Predisposing factors: 
Smoking 
Older age 
Male sex 
Diabetes 
Hypothyroidism after RAIT 

1 year 



What Do We Know About Risk of GO 
as Relevant to Therapy of GD? 

• Known risk factors = remove whichever 
possible, i.e. smoking, post RAIT TSH 
elevation/hypo (replace early) 

• Higher the T3, the greater GO occurrence-
progression probability for all treatments 
(especially for RAIT) = pretreat with ATD’s 

• Higher the TSH-R-Ab & inflammation in 
thyroid, the greater GO risk => suppress 
autoimmune response with steroids 

• GO progression after RAIT starts early => 
preventive measures must start earlier 



Initial Experience: Basics 

Tallstedt L, et al. Occurrence of ophthalmopathy after treatment for Graves' 
hyperthyroidism. The Thyroid Study Group. N Engl J Med. 1992;326:1733-1738. 

Iodine Group – 39 pts, initial dose 
120 Gy → 13/39 worsening / de 
novo GO, 18/39 were given more 
than 1 dose, 12/18 developed 
worsening or de novo GO, but only 
1/21 after single treatment! 

Take-Home Message #3: 
“Gentle” RAIT is rough on 
the eye! Ablate with a single 
administration! 
 >1RAIT, 67% → ↑GO 
 1 RAIT, 5%    → ↑GO 



Prevention of Post-RAIT GO: 
Three-tier, Risk-adjusted Approach 

• No GO findings, no risk factors → no 
prophylaxis 

• No GO findings or Mild GO, + risk factor(s) 
ü Prednisone 0.2 mg/kg/d, tapered over the 4-5 

weeks, starting on the day of RAIT 
• Mild to Moderate GO, + risk factor(s) 

ü Prednisone 0.4-0.5 mg/kg/d, tapered over 3 
months, starting on the day of RAIT 

• Moderate to Severe GO → no RAIT 
Shiber S, et al. Glucocorticoid regimens for prevention of Graves' ophthalmopathy 
progression following radioiodine treatment: systematic review and meta-analysis. 
Thyroid. 2014;24:1515-1523.  DOI: 10.1089/thy.2014.0218 



2011 Survey of Clinical Practice Patterns in the Management of Graves' Disease 
J Clin Endocrinol Metab. 2012;97(12):4549-4558. doi:10.1210/jc.2012-2802 
 

Differences in the selection of primary treatment modality for the index case of 
uncomplicated GD 

RAIT as the primary 
treatment choice: 
Changes between 



2011 Survey of Clinical Practice Patterns in the Management of Graves' Disease 
J Clin Endocrinol Metab. 2012;97(12):4549-4558. doi:10.1210/jc.2012-2802 

Case Presentation 
without GO 

Case Presentation 
with mild GO 

Choice of Primary Treatment in GD 

Abbreviations: GD = Graves’ disease; CS = corticosteroids 



Abbreviation: MMI = Methimazole  

RAIT n=102 pts     MMI n=114 pts 





Realistic Expectations 

• The RAIT of benign conditions has 
definitely declined for reasons that are not 
favorable for the patients 
ü Endocrinologists – biased in favor of ATDT 
ü Public – radiation phobia has increased 

• The volumes of studies and therapy will 
continue declining, unless we – the US 
Nuclear Medicine community – own the 
responsibility to provide comprehensive 
care for patients with hyperthyroidism and 
manage them from start to finish, do state 
of the art research on small & the big data 



The data now indicates that rising PTC incidence is 
not just due to better detection of microscopic disease 



Differentiated Thyroid Cancer 

88.0%
90.0%
92.0%
94.0%
96.0%
98.0%

100.0%
5-Year Relative Survival 

Haymart MR, et al. JAMA. 2011; 306(7): 721–728.  



Endocrinology Surgery, Endo Pathology 1 9 Oncology 1 4 Nuclear Med (Fr)1 

• 133 pages document, 1078 references, graded 
qualitatively for evidence strength 
ü good, moderate, weak 

• Made 101 recommendations (strong, weak, none) 
ü 21 were diametrically changed from 2009 

US Nuclear Med 0 





7 have no COI, 9 (>50%) with COI 
Chair 



2015 ATA Guidelines 

• 133 pages document 
• Reviewed 1078 references, grading of the 

evidence qualitatively 
ü good, moderate, weak 

• Made 101 recommendations, using 
modified ACP system 
ü strong, weak, no recommendation 

• There is a broad range of new or modified 
recommendations 
ü 21 were diametrically changed from 2009 

Abbreviations: ACP = American College of Physicians 



Stated Goal versus Executed Aim  
Haugen BR et al. 2015 ATA guidelines. Thyroid 

DOI: 10.1089/thy.2015.0020 

• The Goal: “A major goal of these guidelines is 
to minimize potential harm from overtreatment 
in a majority of patients at low risk for disease-
specific mortality and morbidity, while 
appropriately treating and monitoring those 
patients at higher risk.” [AJCC/UICC staging?] 

• RECOMMENDATION 48: “The 2009 ATA Initial 
Risk Stratification System is recommended for 
DTC patients treated with thyroidectomy, based 
on its utility in predicting risk of disease 
recurrence and/or persistence.” 



ATA’s Risk Stratification: 
Pathology-Centered Approach 

• The tumor size is at the hart of ATA’s risk 
assessment, referral to RAI imaging, etc. 

• Regional metastasis – important but not 
critical in risk assessment 

• Distant metastasis are very important in risk 
assessment, but what ATA downplayed are 
ü One has to look for mets to know whether or 

not they exist and, if so, iodine-avid or not 
ü Based on pathology-centered approach many 

patients will never get imaged with RAI 
 



56 year old woman 
1.2 cm PTC, no extra thyroidal 
extension 
+0/3 central lymph nodes 
Tg 5.6, Tg Ab 1, TSH 48.6 

pT1b, N0, M0. AJCC Stage I 

Diagnostic Whole Body Scan (DxWBS) 
After 1mCi of 131I, 24 hr. delay, Ant View 

ATA 2015 – “low risk” 

Case 2 Slide Courtesy of Dr. Anca M. Avram 



Restaging 
 

T1b, N0, M1; Stage IV C 
2015 ATA “High Risk” 

SPECT/CT 

Liver metastasis 

Case 2 Slide Courtesy of Dr. Anca M. Avram 

Right thyroid remnant 



Diagnostic (1 mCi) 131I scan at 6 mo. 
after 200 mCi RAI Rx: 
 

Interval resolution of liver metastasis 
and of thyroid remnant tissue 
 
Theranostics principle – risk 
stratify based on surgical pathology, 
withdrawal Tg + I-131 scan – treat 
with commensurate I-131 activity 

Case 2 Slide Courtesy of Dr. Anca M. Avram 



The 
Bad 

“Magic bullet” 

2015 ATA vs. Theranostics 
• 2015 ATA Guidelines - the “Magic bullet”? 

ü Risk stratification for RAI Rx selection is based on 
surgical pathology + Tg => 60% ↓ in RAIT 

ü Adm. activity / DTC response are ignored 
ü DxRAIS is discounted, RxRAIS substituted 

• Theranostics 
ü Interrogate the target with a tracer 
ü Determine adm. activity appropriate for the 

target 
ü Deliver targeted radiation therapy to the 

lesion(s) 

The Good 

Theranostics principle 



Target-Based RAIT Terms 
Cooper DS et al. 2009 ATA guidelines. Thyroid 

DOI:  10.1089/thy.2009.0110 
Haugen BR et al. 2015 ATA guidelines. Thyroid 

DOI: 10.1089/thy.2015.0020 

• Ablation or ablation therapy: Eradicating 
remnant post-op benign thyroid tissue 

• Adjuvant therapy: Eradicating suspected 
microscopic metastases 

• RAI therapy: Eradicating anatomically 
defined (imaged) persistent/recurrent disease 

o We should commit to one of the specific terms 
above in our reports – avoid using general 
terms like “radioactive iodine treatment”, etc. 

Abbreviations: RAIT = radioactive iodine treatment 



2015 ATA Guidelines: 
Major Changes 

• “2015 ATA Risk” stratification is based on 
“Recurrence Risk” (NOT mortality risk) 
ü New approach, no direct data support 
ü Extrapolated from studies where patients had 

been treated with RAI 
ü Observation of good outcome led to 

classification of “low risk”; hence, those were 
assumed would do well without RAI 

ü The problem with this assumption is just exactly 
that … it’s an assumption that patients would do 
just as well without RAI 

Prospective clinical trial 
Retrospective, observational, direct clinical evidence 
No clinical evidence  
Retrospective, observational, indirect clinical evidence 



Thyrogen® 

Case 3 

Thyroid Hormone 
Withdrawal (THW) ≠ 



Freudenberg LS et al. Lesion dose in differentiated thyroid 
carcinoma metastases after rhTSH or thyroid hormone 

withdrawal: 124I PET/CT dosimetric comparisons.   
Eur J Nucl Med Mol Imaging (2010) 37:2267–2276 

Case 4 

≠ 

Thyrogen® 
Thyroid Hormone 
Withdrawal (THW) 



rhTSH versus THW 

• The I-131 uptake is equal in remnant 
normal tissue with rhTSH versus THW 
stimulation1  

• The I-131 uptake and dose to metastatic 
tissue is GREATER with THW versus 
rhTSH stimulation. Uptake of I-131 was on 
average almost twice as high under THW 
as compared to rhTSH.2 

 
1. Zanotti-Fregonara P et al. On the effectiveness of recombinant human TSH 
as a stimulating agent for 131-I …  Eur J Nucl Med Mol Imaging (2010) 
DOI: 10.1007/s00259-010-1608-9 
2. Freudenberg LS et al. …Dosimetric Comparison of rhTSH versus Thyroid 
Hormone Withholding… Exp Clin Endocrinol Diabetes 2010 
DOI: 10.1055/s-0029-1225350 



2015 ATA Guidelines: 
Recommendation 54 

• rhTSH (Thyrogen®) preparation can be 
used as an alternative to thyroxine 
withdrawal (THW) for remnant ablation or 
adjuvant therapy 

• The only category where THW gets some 
preference over rhTSH is distant metastatic 
disease 

• Benefits of rhTSH are over-emphasized, 
but issues (poor DxWBS sensitivity for mets 
and poor RAI uptake in mets) are de-
emphasized 

Abbreviations: rhTSH = recombinant human Thyroid Stimulating Hormone 





http://www.auntminnie.com/index.aspx?sec=ser&sub=def&pag=dis&ItemID=115450 





Take-Home Message #4 

Do Not Forget Take-Home 
Messages 1, 2 and 3! 

Stand up to defend your field of 
practice – no one else will 



• Drastic reductions in RAI pre-Rx scans & Rx 
• Poor prep (rhTSH for stimulation, ±LID) = 

poor scan (if done) = poor RAI Rx 
• Authorized users responsible mostly for 

dispensing RAI, if and when it’s ordered 
• It might save $ for 3rd party payers … more 

f/u in endo, but at what (& whose) expense? 



Are we ready to hang it up? 

131I 

Thank You 
for Your 

Attention!? 

Is it “The   End”?! 
Oh! But what about the future? 



“Doc”: 

Future Is 
Whatever You 

Make It 



1. Which type of therapy for Graves’ disease 
has been shown to associate with development 
of new or progression of eye disease the most? 

A. Methimazole high dose therapy 
B. Propylthiouracil high dose therapy 
C. Surgery 
D. Radioactive iodine therapy 
E. Methimazole low dose maintenance 



2. What is the main goal of radioiodine 
therapy in Graves’ disease? 

A. Rendering patients euthyroid for as long as 
possible 

B. Rendering patients hypothyroid and 
instituting hormone replacement 

C. Preventing Graves’ ophthalmopathy by 
eliminating thyroid tissue 

D. Decreasing risk of thyroid cancer 



3. What is the most rational and practical approach 
to radioactive iodine therapy of Graves' Disease? 

A. Calculate the activity aimed at decreasing 
thyroid function to normal levels. 

B. Calculate the activity based on thyroid 
dosimetry to deliver 15,000 cGy for ablation. 

C. Calculate the activity to deliver 0.2-0.24 mCi 
per g of thyroid tissue adjusted for 24 hr. 
uptake with intent to ablate the gland. 

D. Administer a standard fixed dose of 15 mCi to 
ablate the gland. 



4. Which of the following best describes the 
scientific evidence for the proposed management 
of “low risk” differentiated thyroid cancer in the 
2015 American Thyroid Association guidelines? 

A. Prospective clinical trial 

B. Retrospective, observational, direct clinical 

evidence 

C. Retrospective, observational, indirect clinical 

evidence 

D. No clinical evidence  



5. Which of the following is true of recombinant 
human TSH stimulation as it compares to thyroid 
hormone withdrawal preparation for radioactive 
iodine (I-131) therapy?  

A. It does not significantly change sensitivity of I-
131 scan for detection of metastatic disease. 

B. It results in uptake in the tumor similar to or 
better than that achieved with withdrawal prep. 

C. It is beneficial for sparing salivary glands from I-
131 side effects. 

D. It significantly improves quality of life metrics 
during preparation. 
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