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Abstract 17 

Background: Treatment of thyroid cancer patients with Na[131I]I is routinely performed 18 

with empiric activity levels. Treatment success may be expected to correlate with the 19 

absorbed doses delivered to targets (thyroid remnants or metastatic lesions), but no 20 

systematic review or meta-analysis of absorbed-dose effect relationships has yet been 21 

performed. 22 

Methods: A systematic review and meta-analysis of reports published before 23 

22/08/2025 was performed using PubMed, Web of Science and OVID MEDLINE. 24 

Studies were included if they reported the proportion of patients achieving successful 25 

outcome as defined in individual publications and the absorbed doses delivered to 26 

targets. The study is registered with PROSPERO (CRD42024554956). 27 

Results: 3723 studies were identified of which 18 were eligible for analysis. Number 28 

of patients in the included studies ranged from 4 to 509. For patients treated with 29 

Na[131I]I for thyroid remnant ablation, the reported success rates ranged from 60 to 30 

100% while lower success rates of 43 to 58% were found for patients with metastatic 31 

lesions. Success rates for patients with a thyroid remnant absorbed dose of 300 Gy 32 

or more ranged from 78% to 96% while patients with metastatic lesions receiving at 33 

least 80 Gy had success rates ranging from 46% to 98%. 34 

Conclusions: While individual studies have demonstrated the importance of 35 

absorbed doses from Na[131I]I for differentiated thyroid cancer, no conclusive 36 

absorbed dose effect relationship has been established in this review. A lack of 37 

standardisation of dosimetry methodologies and follow-up criteria in the studies 38 

obscures the relationship. Large-scale observational prospective studies are required 39 

to determine the absorbed doses required for successful personalised treatments of 40 

thyroid cancer patients with Na[131I]I. 41 



Introduction 42 

The optimal treatment for patients with differentiated thyroid cancer (DTC) remains 43 

controversial.1 Several biomarkers have been proposed to be predictive of clinical 44 

outcomes in DTC patients treated with Na[131I]I following thyroidectomy such as post-45 

operative Thyroglobulin (Tg) levels2-5, the amount of radioiodine administered (in 46 

MBq)6 and the absorbed dose (in Gy) delivered to thyroid remnants or metastatic 47 

lesions.7-14 48 

The most common approach to the treatment of thyroid cancer with radioiodine is to 49 

administer empiric activities. If dosimetry is employed, this is often based on a 50 

maximum-tolerated activity (MTA) approach15,16 where the activity given is based on 51 

normal organ toxicity limits such as the absorbed dose to the bone marrow. Klubo-52 

Gwiezdzinska et al15 reported a higher rate of complete response for the MTA 53 

approach when compared to empirical treatment with a similar safety profile. 54 

Treatment optimisation based on thyroid remnant or lesional dosimetry is rarely 55 

performed. Studies have provided initial indications that successful thyroid remnant 56 

ablation is dependent on the absorbed doses delivered although absorbed dose 57 

thresholds were not clear and inconsistent between studies.7-10 Similarly, absorbed 58 

dose thresholds for successful treatments have been reported for the treatment of 59 

metastatic lesions.11-14 60 

A systematic review of the literature covering studies of absorbed dose response 61 

relationships in differentiated thyroid cancer has to our knowledge not yet been 62 

performed. A similar systematic review and meta-analysis for patients treated with 63 

radioiodine for Grave’s disease found a clear absorbed dose-response relationship 64 

which could facilitate personalised treatment planning of Grave’s disease patients.17 65 



The aim of this review was to investigate the evidence for a relationship between 66 

radiation dosimetry and treatment outcomes in patients treated with Na[131I]I 67 

(radioiodine) for thyroid cancer. The review focussed on the absorbed doses delivered 68 

to the thyroid remnant, residual disease and/or metastatic lesions and relationship with 69 

clinical outcome of patients.  70 



Methods 71 

Search strategy and selection criteria 72 

A comprehensive systematic review of published studies was performed to evaluate 73 

the clinical outcomes of Na[131I]I (radioiodine) therapy for thyroid cancer patients with 74 

respect to measurements of the absorbed doses delivered to thyroid remnants, 75 

recurrence or metastatic disease. The systematic review was registered on 76 

PROSPERO (CRD42024554956). 77 

PubMed, Web of Science and OVID MEDLINE were searched on 28/07/2023 following 78 

the principles and checklist provided by PRISMA (preferred reporting items for 79 

systematic reviews and meta-analyses).18 Only English language publications and 80 

publications published before 28/07/2023 were included. Two further searches were 81 

performed before starting the data extraction on 07/10/2024 and during the peer 82 

review on 22/08/2025 to ensure no records have been missed since 28/07/2023. No 83 

restrictions on the type of study design were applied.  84 

Databases were searched for the following terms: (‘‘‘radioiodine’’ OR ‘‘I131’’ OR ‘‘I-85 

131’’ OR ‘‘131I’’) AND (‘‘thyroid’’) AND (“cancer”) AND (‘‘dosimetry’’ OR ‘‘absorbed 86 

dose’’) NOT (Benign). Study authors were not contacted, and trial registries were not 87 

searched. 88 

Only studies that reported the absorbed doses to the thyroid remnant and/or 89 

metastatic lesions and outcome (rate of successful treatment as defined in individual 90 

studies) at follow-up were included. Studies were included if they reported results for 91 

adults diagnosed with thyroid cancer (using any recognised diagnostic criteria) who 92 

had undergone a near-total or staged thyroidectomy (hemithyroidectomy followed by 93 



completion thyroidectomy) and were treated with Na[131I]I. Studies were excluded if 94 

they only reported results for adolescents (under 18 years of age) or if patients had 95 

undergone a partial thyroidectomy only. 96 

Studies obtained from the initial search were reviewed by two blinded reviewers (JT, 97 

GF) based on title and abstract. After the initial screening, results were collated and 98 

discrepancies between the selected studies were resolved as a joint decision by both 99 

reviewers and by inclusion of a third reviewer (IM). 100 

The remaining studies were then assessed based on the full text of the publication by 101 

all three reviewers (JT, IM and GF). Studies were excluded at this stage if they did not 102 

report the absorbed dose to the thyroid remnant or metastatic lesions or the outcome 103 

at end of follow-up. 104 

Data analysis 105 

For any included study, the following data were recorded in a Microsoft Excel 106 

spreadsheet independently by the three reviewers: Main author, 107 

Journal/Edition/Pages, Year of Publication, Title, Type of study, Number of patients in 108 

study group(s), Patient cohort (Remnant ablation and/or Metastatic patients, Disease 109 

type, Lesion size [ml or g], Lesion location, Pre-treatment Tg [ng/ml], TNM staging, 110 

Mean Age [in years], Percentage of patients being male or female, TSH preparation 111 

protocol, Follow up period [in months], Absorbed dose to thyroid remnant [in Gy] (if 112 

reported), Absorbed dose to metastatic lesions [in Gy] (if reported) or Absorbed dose 113 

thresholds [in Gy], Outcome data (Percentage of successful treatment at reported 114 

follow-up time), Inclusion of patients with previous Na[131I]I treatments and Details of 115 

low iodine diets. Data were recorded for sub-cohorts if publications included results 116 



for both remnant and metastatic lesions or if different activities were given to individual 117 

sub-cohorts in the study. 118 

In addition, details of the dosimetry methodologies were extracted from all 119 

publications, including whether the following items were reported: Traceability of 120 

radionuclide calibrators to national standard;  Imaging or non-imaging study; Scatter 121 

correction type; Attenuation correction type; Dead time correction type; Partial Volume 122 

correction type; Number and timing of data points; Fitting procedure to extract time-123 

integrated-activity; Volume determination technique and Absorbed dose algorithm. 124 

Risk of bias was assessed by all three reviewers and disagreement between the three 125 

reviewers was resolved by consensus. The majority of studies were case series and 126 

the Critical Appraisal Checklist developed by the Joanna Briggs Institute19 was used 127 

to assess the methodological quality of the included studies. For details see 128 

Supplementary Material.  129 



Results 130 

A total of 3723 studies were identified for the systematic review of which 697 were 131 

excluded due to presentation of duplicate data. A further 2985 studies were excluded 132 

for not satisfying the eligibility criteria based on title and abstract. Of the remaining 41 133 

studies, a total of 185,7,8,10-14,20-29 full-text articles were deemed eligible for the 134 

systematic review following independent analysis (Figure 1). The excluded 23 studies 135 

are listed in Supplementary Table 1. 136 

A summary of the study characteristics of the 18 included studies5,7,8,10-14,20-29 is 137 

presented in Table 1. Ten studies5,7,8,20-22,25,27-29 reported results from a remnant 138 

ablation patient cohort, three studies10,13,14 reported results for a mixture of remnant 139 

ablation and metastatic patients and five studies11,12,23,24,26 considered only patients 140 

with metastatic disease. The number of patients included in individual studies ranged 141 

from 4 to 509 and from 4 to 124 for remnant ablation and metastatic cohorts, 142 

respectively. Table 1 also includes an overview of the different definitions of successful 143 

outcome used in the studies. 144 

Dosimetry methodologies for each study are detailed in Table 2. Methodologies for 145 

thyroid remnant dosimetry in earlier publications mostly used planar imaging, 146 

rectilinear scanners and probe measurements. Later publications have introduced 147 

imaging with SPECT or PET/CT. A similar trend is seen for lesional dosimetry with a 148 

move from planar or rectilinear imaging to mostly PET/CT in more recent studies. 149 

Imaging time points, corrections applied to ensure scans are quantifiable, volume 150 

determination techniques and fitting methodologies vary between studies and are 151 

often not reported.  152 



The critical appraisal checklist developed by the Joanna Briggs Institute can be found 153 

in the Supplementary material. The checklist was extended by one additional question 154 

to assess the comparability of methodologies in the present studies. The results of the 155 

critical appraisal are summarised in Figure 2.  All studies were either classed as having 156 

an intermediate or high risk of bias due to the lack of reporting of inclusion criteria in 157 

the studies and because treatment methodologies did not match other studies with 158 

respect to the dosimetry methodologies used and the assessment of treatment 159 

outcome. 160 

Table 3 summarises the administered activities, reported absorbed doses to targets 161 

(e.g. thyroid remnants or metastatic lesions) and the percentage of patients with 162 

successful treatment, as defined in each study, at final follow-up. 163 

Figure 3 shows the reported success rate as a function of the mean absorbed dose 164 

reported for the full patient cohort or sub-cohorts (if reported) in individual studies. 165 

Eight5,7,13,20-22,25,27 studies that report results for remnant ablation cohorts have 166 

included both the mean absorbed dose to the thyroid remnant and the percentage of 167 

successful treatments. On the other hand, only two metastatic cohorts12,23 can be 168 

included in Figure 3 as the other studies only report success rates above absorbed 169 

dose thresholds defined in individual studies. The proportion of patients with 170 

successful remnant ablation ranges from 60 to 100% with an apparent plateau around 171 

80%. One study reports a success rate of 100%. Reported success rates for 172 

metastatic patient cohorts are lower, ranging from 43% to 45% in Figure 3. 173 

Both for remnant ablation and metastatic patient cohorts, Figure 3 does not appear to 174 

show the expected sigmoidal dose-effect relationship between the absorbed dose 175 

delivered and the proportion of patients with successful outcome.   176 



In 105,7,10-13,20,26,27,29 out of the 18 studies, success rates were reported above 177 

absorbed dose thresholds summarised in Table 4. These absorbed dose thresholds 178 

were based on criteria defined in the individual studies and can probably not easily be 179 

compared. The absorbed dose thresholds for remnant ablation treatments ranged 180 

from 49 Gy with a 100% success rate to 4000 Gy with a success rate of 92%. At the 181 

absorbed dose threshold of 300 Gy, which was initially proposed by Maxon et al13, the 182 

success rate in different studies varies from 78% to 96%. For metastatic lesions, 183 

absorbed dose thresholds between 80 and 650 Gy were reported. At the absorbed 184 

dose threshold of 80 Gy, as proposed by Maxon et al13, the success rate in different 185 

studies varies from 46% to 98%. Reported absorbed dose thresholds and the 186 

corresponding proportion of patients with successful treatment is presented in Figure 187 

4. 188 

 189 
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Discussion 199 

The aim of this review was to assess evidence for absorbed dose-response 200 

relationships for Na[131I]I treatments of differentiated thyroid cancer. While the review 201 

fails to find relationships for either ablation treatments of the thyroid remnant or for 202 

therapy administrations for patients with recurrence or metastatic disease, the results 203 

of each individual study5,7,8,10-14,20-29 show that absorbed dose is a predictor of 204 

treatment response. Individual studies included in this review show absorbed dose-205 

response relationships, but the data cannot be collated. A confounding factor that may 206 

explain this is that the reviewed studies present results from a small number of studies 207 

and patients treated over nearly 4 decades. Dosimetry methodologies and tools have 208 

evolved as have surgical techniques and clinical management approaches.1,30  209 

The risk of bias assessment showed that all studies have an intermediate or high risk 210 

of introduction of a bias when collating the results due to differences in dosimetry 211 

methodologies, and their respective errors and uncertainties, and outcome 212 

assessment. The definition of treatment success and the respective follow-up time in 213 

individual studies in the present systematic review vary between studies and even in 214 

studies with similar dosimetry methodologies, the outcome criteria vary. There is a lack 215 

of consistent or standardised methodology to classify treatment response for 216 

metastatic disease and ablation treatments (see Table 1). Imaging assessment of 217 

therapy response on an individual lesion level has been used as well as biomarkers, 218 

particularly thyroglobulin, which does not give information relating to individual lesions. 219 

In contrast to a previous systematic review of Na[131I]I for the treatment of Graves’ 220 

disease17, administered activities in the included studies were not prescribed to 221 

achieve a fixed target absorbed dose. In individual studies, a wide range of absorbed 222 



doses was delivered to targets (see standard deviations reported in Figure 3). This 223 

likely results in the lack of a demonstrable absorbed dose-response relationship in 224 

Figure 3. 225 

Four studies11-13,26 have shown that treatment success rates in patients with metastatic 226 

disease are significantly higher if lesions were treated with absorbed doses higher 227 

than 80-85 Gy. Nevertheless, this review indicates that reported success rates are not 228 

consistent between studies. For example, a value of 80 Gy was proposed by Maxon 229 

et al as an absorbed dose threshold13 and has subsequently been utilised by others 230 

as a reference for comparison, although this has resulted in varied success rates from 231 

46 to 98%. Jentzen et al11,12 have demonstrated that success rates may depend on 232 

the type/location of lesion, as success rates vary between lesions in bone, lungs or 233 

lymph nodes. A further possible confounding factor is variations in radiosensitivity, 234 

whether due to genetic differences in the tumours themselves, the microenvironment 235 

or other factors such as localised hypoxia. Genomic profiling of the tumour may be 236 

used for stratification or sub-cohort analysis in future trials and could potentially predict 237 

radiosensitivity and allow for personalised treatment planning. Other factors such as 238 

lesion size or histological subtype should also be considered when assessing 239 

absorbed dose-response relationships. As shown in Table 1, there are a range of 240 

potential confounding biological factors such as lesion size, pre-treatment Tg levels 241 

and lesion location that might explain the wide range of response rates observed. 242 

The absorbed dose thresholds reported for thyroid remnant ablations vary from 49 Gy 243 

to 4000 Gy and are, therefore, not currently clinical useful. While some of these 244 

differences might be due to variations in dosimetry methodologies, as discussed 245 

below, there is also a possibility that this may be due to changing practice of surgical 246 

management.30 The studies included here were published from 1983 until 2025. 247 



The reported success rates in the remnant ablation cohorts are in many cases lower 248 

than the success rates reported following empiric administration in recent large scale 249 

prospective studies such as ESTIMABL2 and HILO of 96%31 and 98%32 at 3 years 250 

follow-up. A potential reason for this is the change in surgical and clinical management 251 

of patients from 1983 to today. Two recent studies by Wierts et al14 and Szumowski et 252 

al28, published in 2016 and 2021, had reported success rates of 89% and 100%, 253 

respectively, in line with the success rates reported in ESTIMABL2 and HILO. As 254 

shown in Table 1, the thyroid remnant volumes are likely larger than expected after a 255 

modern total thyroidectomy, potentially explaining the lower success rates. In addition, 256 

a small number of patients with incomplete thyroidectomy are included in some of the 257 

studies which is a limitation of the present work. 258 

As shown in Table 2, a wide range of dosimetry methodologies has been used. 259 

Imaging technology has evolved over time from rectilinear scanners to gamma 260 

cameras and 124I-PET for metastatic patients. In addition, a range of imaging and non-261 

imaging techniques has been applied for remnant ablation studies. A major 262 

contribution to the dosimetry uncertainty is the target volume uncertainty which is a 263 

particular issue in remnant ablations but also affects metastatic lesions. The thyroid 264 

remnant volume cannot accurately be assessed using PET, SPECT, ultrasound, CT or 265 

MRI. Therefore, the absorbed dose delivered to the voxel with maximum uptake was 266 

calculated in some studies.5,7 Furthermore, a part of the thyroid remnant that is rarely 267 

removed in thyroid cancer surgery is accessory thyroid tissue such as the pyramidal 268 

lobe.33 269 

Validation of the accuracy of dosimetry methodologies was not consistently performed 270 

for the studies and quantification of the respective errors and uncertainties is not 271 

retrospectively possible. 272 



A further limitation is the small number of studies available for both remnant ablation 273 

and metastatic patients and the low number of patients included in many of the studies, 274 

ranging from 4 to 509 patients. Potential limitations of the present work are the 275 

exclusion of non-English studies and search strategy constraints due to the search 276 

terms used. In addition, the limited criteria for inclusion and exclusion of studies could 277 

have introduced heterogeneity. 278 

A subset of low-risk patients has been shown not to benefit from Na[131I]I ablation of 279 

thyroid remnant tissue in the ESTIMABL231 and IoN34 studies. Further work is required 280 

to establish the potential benefits for dosimetry in cohorts that still undergo Na[131I]I 281 

ablation, where a more tailored approach could potentially lead to patients receiving 282 

less Na[131I]I and therefore reducing absorbed doses to normal organs.  283 

Dosimetry driven treatment is likely to be of particular benefit for patients with 284 

metastatic disease where total eradication of target cells is observed less frequently 285 

compared to complete ablation of normal thyroid remnants. In addition to potentially 286 

achieving higher success rates due to treatment personalisation, dosimetry would 287 

allow for organs-at-risk to be considered and potentially reduce activities if needed to 288 

reduce treatment-related toxicities. Pre-therapy dosimetry using Na[123I]I has been 289 

shown to predict absorbed doses delivered after Na[131I]I therapy35 in metastatic 290 

patients and could therefore be used for treatment planning. Pre-therapy dosimetry 291 

uncertainties for lesions and healthy tissues would likely be smaller when using 292 

Na[124I]I PET pre-therapy dosimetry. 293 

The current review highlights the need for a large-scale multi-centre clinical study to 294 

assess the radiation dosimetry with a view to treatment personalisation which will 295 

require standardisation of methodologies used. This review emphasises the urgent 296 



need for validated dosimetry methodologies and for internationally agreed response 297 

assessment criteria. 298 

Conclusions 299 

In this systematic review, no consistent relationship could be demonstrated between 300 

absorbed doses and outcomes in the treatment of thyroid cancer using Na[131I]I, due 301 

to inconsistent methodologies and a paucity of studies. Nevertheless, individual 302 

studies show the potential of radiation dosimetry and the potential for personalised 303 

treatment as absorbed dose was found to be a predictor of treatment response in 304 

many studies. Comprehensive and standardised data collection will form the basis for 305 

future studies, which are required to determine the clinical efficacy and cost-306 

effectiveness of dosimetry-based patient-specific treatment planning. 307 
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Figure legends 480 

 481 

Figure 1: Flowchart for the systematic literature review. 482 

 483 



 484 

Figure 2: Risk of Bias Assessment following the Joanna Briggs Questionnaire 485 

(including additional question 11). Details of the questionnaire can be found in the 486 

supplementary material  487 



 488 

Figure 3: Reported success rate (according to success criteria defined in publication) 489 

against the mean (or median if mean not reported) absorbed dose reported for patient 490 

cohorts with a) remnant ablation and b) metastatic patients. The standard deviation of 491 

the absorbed doses delivered has been added if reported in the studies. 492 



 493 

Figure 4: Reported absorbed dose thresholds in publications and corresponding 494 

success rate above absorbed dose threshold for patient cohorts with a) remnant 495 

ablation and b) metastatic patients. 496 



Table 1: Details of the included studies 5,7,8,10-14,20-29. 497 

Publicatio
n 
(Study 
country) 

Type of 
study 

Patient 
cohort 

Target 
location 
(Size [ml or 
g]) 

Number 
of 
patients 

Disease 
type 

TNM 
stagi
ng 

Age 
(Mean 
±SD) 

Fema
le [%] 

Preparati
on 

Pre-
treatme
nt Tg 
(Mean±S
D) 
[ng/ml] 

Patients 
with 
previous 
RAI 
included 

Low 
iodin
e diet 

Follow 
up 
time 
(Rang
e) 
[mont
h] 

Definition of 
successful 
outcome 

Adamczew
ski, 2007 20 

(Poland) 

Retrospect
ive 

Remna
nt 
ablation 

TR 
(Successfu
l: 2.0±1.9 g, 
Unsuccess
ful: 
3.2±10.6 g) 

100 54% 
PTC, 
46% 
FTC 

NR 44.9±13
.9 

89% THW NR No, 
remnant 
ablation 
only 

NR 0-6 Lack of foci of 
uptake on 
Na[131I]I 
scintigraphy 
and whole-
body scan 

Bal, 1996 21 

(India) 
Prospectiv
ea 

Remna
nt 
ablation 

TR (NR) 149 58% 
PTC, 
42% 
FTC 

NR Mean 
39 
(Range 
24-68) 

70% THW NR No, 
remnant 
ablation 
only 

Yes, 
no 
detail
s 

6-12 Negative 
Na[131I]I 
whole-body 
scan, neck 
uptake <0.2% 
and Tg < 
10ng/ml after 
THW 

Bal, 2004 22 

(India) 
Prospectiv
ea 

Remna
nt 
ablation 

TR (NR) 509 81% 
PTC, 
19% 
FTC 

NR 37.5±12
.7 

73% THW NR No, 
remnant 
ablation 
only 

NR Nomin
al 6 

Negative 
Na[131I]I 
whole-body 
scan, 48-h 
uptake ≤ 0.2% 
and Tg ≤ 10 
ng/ml 

de Keizer, 
2003 23 

(Netherlan
ds, 
Belgium) 

Prospectiv
e 

Metasta
tic 

LN, LU, 
BO, LR 
(Range 1-
50g) 

16 69% 
PTC, 
31% 
FTC 

Yes, 
detail
s see 
23 

Range 
41-87 

50% rhTSH Range 
<1 - 
30000 

Yes, 
previous 
remnant 
ablation 
and 
therapeu
tic doses 

5 
days 
befor
e, 2 
days 
after 
RAI 

Nomin
al 3 

Change in 
post-
treatment 
thyroglobulin 
levels 



Dorn, 2003 
24 

(Germany) 

Retrospect
ive 

Metasta
tic 

LN, LU, 
BO, LR 
(NR) 

124 44% 
PTC, 
50% 
FTC, 
6% 
Hurthle 

NR Mean 
59 
(Range 
4-86) 

66% THW Range 
4.3 - 
73600 

Yes, 
multiple 
treatmen
ts. 

NR Data 
over 
15 
years, 
varyin
g 
follow-
up 
time.  

Change in 
post-
treatment 
thyroglobulin 
levels 

Flux, 2010 
7 

(UK) 

Retrospect
ive 

Remna
nt 
ablation 

TR (NR) 23 74% 
PTC, 
26% 
FTC 

NR Median 
41 
(Range 
18-70) 

65% THW NR No, 
remnant 
ablation 
only 

NR 6-8 Undetectable 
serum Tg 
following 
rhTSH in 
conjunction 
with a 
negative neck 
ultrasound  

Jentzen, 
2014 11 

(Germany) 

Retrospect
ive 

Metasta
tic 

LN, LU, TR 
(known 
volume 
>0.8 ml) 

34 94% 
PTC, 
6% 
FTC 

Yes, 
detail
s see 
11 

36±16 65% rhTSH or 
THW 

NR Initial 
RAI only 

4 
week
s 

3-6 Percentage 
decrease of 
Na[124I]I 
uptake. 
Response 
rate defined 
as ratio of 
completely 
responding 
lesions to total 
number of 
lesions. 

Jentzen, 
2015 29 

(Germany) 

Retrospect
ive 

Remna
nt 
ablation 

TR 
(known 
volume 
>0.15 ml) 

49 86% 
PTC, 
14% 
FTC 

Yes, 
detail
s see 
29 

47±18 55% NR NR No, 
remnant 
ablation 
only 

4 
week
s 
prior 
to 124I 
PET 

4 - 7 Percentage 
decrease of 
Na[124I]I 
uptake. 
Response 
rate defined 
as ratio of 
completely 
responding 
remnants to 
total number 
of remnants. 



Jentzen, 
2016 12 

(Germany) 

Retrospect
ive 

Metasta
tic 

BO (Mean 
4.9 ± SD 
13.0 ml) 

10 50% 
PTC, 
50% 
FTC 

NR 63±13 80% rhTSH or 
THW 

NR No 4 
week
s 
prior 
to 124I 
PET 

4-23 Percentage 
decrease of 
Na[124I]I 
uptake. 
Response 
rate defined 
as ratio of 
completely 
responding 
lesions to total 
number of 
lesions. 

Koral, 1986 
8 

(United 
States) 

Prospectiv
e 

Remna
nt 
ablation 

TR (Range 
0.8 - <4.2 
ml) 

4 50% 
PTC, 
25% 
FTC, 
25% 
Mixed 

NR Range 
28-47 

75% NR NR No, 
remnant 
ablation 
only 

NR 8-36 Follow-up 
scan using 
pinhole 
collimator 

Maxon, 
1983 13 

(United 
States) 

Retrospect
ive 

Metasta
tic and 
Remna
nt 
ablation 

TR, NE, 
BO, LU 
(NR) 

50 
Remna
nt 
ablation 
26 
Metasta
tic 

74% 
PTC, 
26% 
FTC 

NR NR NR NR NR NR NR See 
details 
in 13 

Diagnostic 
131I scan 
before and 
after therapy 

Minguez, 
2013 25 

(Spain) 

NR Remna
nt 
ablation 

TR (Mean 
4.1 ± SD 
2.1 g 

30 77% 
PTC, 
23% 
FTC 

NR Mean 
54 
(Range 
17-81) 

80% rhTSH 8.6 ± 
18.7 

No, 
remnant 
ablation 
only 

NR Nomin
al 12 

Successful 
ablation 
defined as 
undetectable 
serum Tg 
following 
rhTSH in 
conjunction 
with a 
negative neck 
ultrasound. 

O'Connell, 
1993 10 

(UK) 

NR Metasta
tic and 
Remna
nt 
ablation 

TR, NE (TR 
Range 1.6 
– 9.7 g with 
5 large 
remnants 
Range 9-
25 g; 

33 70% 
PTC, 
30% 
FTC 

NR Mean 
48 
(Range 
22-79) 

76% THW NR NR NR 42- 69 Diagnostic 
131I or post-
therapy scan 
before and 
after therapy 



lesions 
Range 2-6 
g) 

Plyku, 2022 
26 

(United 
States) 

Retrospect
ive 

Metasta
tic 

LU, BO, 
BM (NR) 

4 50% 
PTC, 
50% 
FTC 

NR Range 
30-63 

NR rhTSH or 
THW 

NR NR NR NR Modified 
RECIST 
criteria using 
CT scans 

Samuel, 
1994 27 

(India) 

Retrospect
ive 

Remna
nt 
ablation 

TR (Mean 
4.1 g 
Range 1.0 
– 14.8 g) 

87 60%PT
C, 
40%FT
C 

NR 35±9.4 66% NR NR No, 
remnant 
ablation 
only 

4 
week
s but 
only 
salts 
and 
drugs 

4-6 Diagnostic I-
131 scan: 
Uptake 
<0.1%, no 
visual 
radioiodine 
uptake and 
<10ng/ml Tg  

Szumowski
, 2021 28 

(Poland) 

Retrospect
ive 

Remna
nt 
ablation 

TR (NR) 57 98% 
PTC, 
2% 
FTC 

Yes, 
detail
s see 
28 

53.9±8.
6 

80% rhTSH 2.4±0.8 No, 
remnant 
ablation 
only 

1-2 
week
s 

NR  131I thyroid 
bed uptake 
uptake 
<0.1%; 
stimulated Tg 
< 1 ng/ml,  
negative 
ultrasound 

Taprogge, 
20255 
(Germany, 
UK, 
France) 

Prospectiv
e 

Remna
nt 
ablation 

TR (NR) 103 83% 
PTC, 
15% 
FTC, 
3% 
Mixed 

Yes, 
detail
s see 
5 

47.6±15
.5 

75% Mix Median 
1.9 
(Range 
0.1–
148.7)  

No, 
remnant 
ablation 
only 

NR 9-12 Suppressed 
Tg < 0.2 
ng/mL or 
TSH-
stimulated Tg 
< 1 ng/mL 

Wierts, 
2016 14 

(Germany) 

Retrospect
ive 

Metasta
tic and 
Remna
nt 
ablation 

TR, LN, 
BO, LU 
(known 
volume 
>0.15 ml) 

47 NR NR Mean 
50 
(Range 
18 – 79)  

77% Mix NR Yes NR 4-64 Functional 
imaging (124I 
PET/CT, 131I 
SPECT/CT, 
18F-FDG), 
anatomic 
imaging 
(ultrasonogra
phy, MRI), 
histology, or 
increased 
thyroglobulin 
value 



SD = Standard Deviation, RAI = radioiodine, PTC = papillary thyroid carcinoma, FTC =follicular thyroid carcinoma , NR = not reported, THW = thyroid hormone 498 

withdrawal, rhTSH = recombinant human thyroid‐stimulating hormone, TR = thyroid remnant, BO = bone, LU = lung, LN = lymph node, NE = neck, BM = bone marrow 499 

aProspective randomised controlled trial 500 

 501 



Table 2: Dosimetry methodologies used in the publications ordered by year of 502 

publication. 503 

Publica
tion 

Trace
able 
calibr
ation 
of 
dose 
calibr
ator? 

Imaging/ 
Non-
imaging 
type  

Scatt
er 
corre
ction 
appli
ed? 

Attenu
ation 
correc
tion 
applie
d? 

Dead 
time 
corre
ction 
appli
ed? 

Parti
al 
volu
me 
corre
ction 
appli
ed? 

Number 
and 
timing 
of data 
points 

Fitting 
procedu
re / 
fixed 
half-
life? 
(extrapo
lation 
before/
after 
last 
time 
point) 

Volume 
determi
nation 
techniq
ue 

Dose 
formu
la / 
Source 
of S-
value 

Maxon, 
198313 

NR Rectilinear
/Gamma 
camera 

NR Yes, 
partiall
y 

NR NR 24, 48, 
72h 

NR Rectilin
ear, 
clinical 
exam, 
gamma 
camera 

NR 

Koral, 
19868 

NR Planar/WB NR NR NR NR Up to 9 
days 

NR Pinhole 
orthogo
nal view 

Integr
ation 
of 
dose 
rate 

O'Conn
ell, 

199310 

NR Rectilinear NR NR NR NR ~3 
scans 

NR Rectilin
ear 

Schles
inger 
et al. 
36 

Samuel, 
199427 

NR Rectilinear Yes NR NR NR Multiple 
measur
ements 
over 3 
days 

NR Elliptical 
model 
from 
rectiline
ar 

modifi
ed 
Marin
elli 

Bal, 
199621 

NR Probe NR NR NR No 48 h 
only 

T_eff = 
5 days 

Assume
d 7.5 
grams 

Thom
as et 
al. 37 

Bal, 
200422 

NR Planar/WB NR NR NR NR NR T_eff = 
5 days 

Surgical 
Notes 

Marin
elli 

de 
Keizer, 
200323 

NR Planar/WB NR Yes NR No 24, 48, 
120, 
216 and 
336 h 

mono-
exponen
tial 

U/S, 
chest X-
ray or 
CT 
using a 
spheric
al or 
ellipsoid 
model 

Schles
inger 
et al. 
36 

Dorn, 
200324 

NR Planar/WB No No NR NR 0h and 
daily up 
to 4–5 
days 

NR U/S, CT 
or MRI 

MIRD 
spher
e 
model 

Adamcz
ewski, 

200720 

NR Probe NR NR NR NR 24h and 
addition
al for 3 
to 7 
days 

NR U/S 
ellipsoid 

modifi
ed 
Marin
elli 

Flux, 
20107 

NR SPECT Yes Yes Yes No 24, 48 
and 72h 
(+ 96h 

Trapezoi
dal, 
uptake 
at  t=0h 

N/A MIRD 
using 
voxel 
with 



in 
subset) 

same as 
first 
imaging 
point, 
extrapol
ation 
using 
effective 
half-life 

maxim
um 
uptake 

Mingue
z, 

201325 

NR NR NR NR NR NR 3 x dose 
rate, 
1 
planar/S
PECT 

NR NR MIRD
OSE 

Jentzen, 
201411 

NR PET/CT Yes Yes Yes Yes 24h + 
one 
later 
than 
96h 

2 or 3 
phases 
(3rd 
phase 
always 
physical
) 

PET Jentze
n et al. 
38 

Jentzen, 
201529 

NR PET/CT Yes Yes Yes Yes 24h + 
one 
later 
than 
96h 

Modelle
d + 
extrapol
ation 

PET Jentze
n et al. 
38 

Jentzen, 
201612 

NR PET/CT Yes Yes Yes Yes 2, 24 
and at 
least 
96h 

2 or 3 
phases 
(3rd 
phase 
always 
physical
) 

PET Jentze
n et al. 
38 

Wierts, 
201614 

NR PET/CT Yes Yes Yes Yes 24, 96 
hours 

"Adapte
d 2 point 
approac
h. 
Jentzen 
et al. J 
Nucl 
Med. 
2008;49
:1017–
1023. 

PET OLIN
DA 
spher
es 

Szumo
wski, 

202128 

NR Planar/WB NR NR NR NR 6, 24, 
48, 72 
hrs 

NR US NR 

Plyku, 
202226 

NR PET/CT NR Yes NR Yes 5 scans NR CT Olinda 

Taprog
ge, 

20255 

Yes SPECT/CT Yes Yes NR No One to 
six, 
between 
6 and 
168 h 

Single 
exponen
tial 

N/A MIRD 
using 
voxel 
with 
maxim
um 
uptake 

 504 

NR = not reported, N/A = not applicable 505 

 506 



Table 3: Summary of reported administered activities, absorbed doses delivered to 507 

targets and the percentage of successful treatments as defined in the respective 508 

publications. Data are shown for sub-cohorts if reported in the paper (e.g. different 509 

administered activities or remnant ablation/metastatic). 510 

Publication Patient 

cohort 

(Remnant 

ablation, 

Metastatic) 

Number of 

patients in 

(sub) cohort 

Mean 

Administered 

activity (SD) 

[MBq] 

Mean 

target 

absorbed 

dose (SD) 

[Gy] 

Range of 

target 

absorbed 

doses 

[Gy] 

Percentage 

of 

successful 

treatment 

[%] 

Adamczewski, 

200720 

Remnant 

ablation 

100 NR 3765(NR) 65 to 

21660 

80% 

Bal, 199621 (sub 

cohort 1) 

Remnant 

ablation 

27 1110(56) 198(10) NR 63% 

Bal, 199621(sub 

cohort 2) 

Remnant 

ablation 

54 1872(200) 314(34) NR 78% 

Bal, 199621 (sub 

cohort 3) 

Remnant 

ablation 

 
3278(518) 496(79) NR 74% 

Bal, 199621(sub 

cohort 4) 

Remnant 

ablation 

30 5735(1062) 1302(242) NR 77% 

Bal, 200422 (sub 

cohort 1) 

Remnant 

ablation 

47 555(NR) 93(74) NR 60% 

Bal, 200422(sub 

cohort 2) 

Remnant 

ablation 

55 740(NR) 135(122) NR 64% 

Bal, 200422 

(sub cohort 3) 

Remnant 

ablation 

70 925(NR) 173(120) NR 81% 

Bal, 200422 

(sub cohort 4) 

Remnant 

ablation 

73 1110(NR) 194(152) NR 84% 

Bal, 200422(sub 

cohort 5) 

Remnant 

ablation 

63 1295(NR) 269(188) NR 79% 

Bal, 200422(sub 

cohort 6) 

Remnant 

ablation 

60 1480(NR) 296(233) NR 78% 

Bal, 200422(sub 

cohort 7) 

Remnant 

ablation 

64 1665(NR) 356(296) NR 84% 

Bal, 200422(sub 

cohort 8) 

Remnant 

ablation 

77 1850(NR) 374(323) NR 82% 

Bal, 200422(sub 

cohort 9) 

Remnant 

ablation 

509 NR 241(234) NR 78% 



Flux, 20107 Remnant 

ablation 

23 3000(NR) 83(NR) 7 to 570 78% 

Jentzen, 201529 Remnant 

ablation 

12 NR NR 488 to 

4781 

83% 

Koral, 19868 Remnant 

ablation 

4 6244(463) NR >24 to 

>299 

100% 

Maxon, 198313 Remnant 

ablation 

30 4516(NR) 1000(NR) 52 to 

7000 

83% 

Minguez, 201325 Remnant 

ablation 

30 3700(NR) 242(318) 13 to 181 100% 

O'Connell, 199310 Remnant 

ablation 

25 3000(NR) NR 7 to 3500 60% 

Samuel, 199427 Remnant 

ablation 

87 3160(NR) 1018(NR) 59 to 

4208 

79% 

Szumowski, 

202128 

Remnant 

ablation 

57 3700(NR) NR NR 100% 

Taprogge, 20255 Remnant 

ablation 

71 1100(NR), 

2500(NR) or 

3700(NR) 

Median 

23 

<0.1 to 

242 

82% 

Wierts, 201614 Remnant 

ablation 

47 3000(NR) NR NR 89% 

de Keizer, 200323 Metastatic 16 7400(NR) 26(NR) 1 to 368 45% 

Dorn, 200324 Metastatic 124 22100(NR) NR 100 to 

>1000 

NR 

Jentzen, 201411 Metastatic 34 8000(4300) NR NR NR 

Jentzen, 201612 Metastatic 10 8000(5000) 388(586) 39 to 

3560 

43% 

Maxon, 198313 Metastatic 19 NR NR NR NR 

O'Connell, 199310 Metastatic 7 3000(NR) NR NR NR 

Plyku, 202226 Metastatic 4 10120(NR) NR NR 58% 

Wierts, 201614 Metastatic 47 3000(NR) NR NR 69% 

 511 

SD = Standard Deviation, NR = not reported 512 

 513 

 514 

 515 

 516 



Table 4: Reported absorbed dose thresholds and corresponding success rate above 517 

the absorbed dose threshold. 518 

Publication Patient cohort 

Absorbed 

dose limit 

[Gy] 

Percentage of successful treatment above 

absorbed dose limit[%] 

Adamczewski, 200720 

Remnant ablation 2000 83 

Remnant ablation 2200 86 

Remnant ablation 2400 91 

Remnant ablation 3000 90 

Remnant ablation 4000 92 

Bal, 199621 Remnant ablation NR NR 

Bal, 200422 Remnant ablation NR NR 

Flux, 20107 Remnant ablation 49 100 

Jentzen, 201411 Remnant ablation 300 90 

Jentzen, 201529 Remnant ablation 300 83 

Koral, 19868 Remnant ablation NR NR 

Maxon, 198313 Remnant ablation 300 96 

Minguez, 201325 Remnant ablation NR NR 

O'Connell, 199310 Remnant ablation 60 100 

Samuel, 199427 Remnant ablation 300 78 

Szumowski, 202128 Remnant ablation NR NR 

Taprogge, 20255 
Remnant ablation 100 87 

Remnant ablation 200 91 

Wierts, 201614 Remnant ablation NR NR 

de Keizer, 200323 Metastatic NR NR 

Dorn, 200324 Metastatic NR NR 

Jentzen, 201411 

Metastatic (lymph 

nodes) 
85 63 

Metastatic 

(pulmonary) 
85 88 

Metastatic (bone) 85 50 

Metastatic 85 46 



Jentzen, 201612 
Metastatic 350 67 

Metastatic 650 82 

Maxon, 198313 Metastatic 80 98 

O'Connell, 199310 Metastatic NR NR 

Plyku, 202226 Metastatic 75 82 

 519 

NR = not reported 520 

 521 



Supplementary Materials for “A systematic review of absorbed doses and 522 

response in patients treated with radioiodine for differentiated thyroid cancer.” 523 

Jan Taprogge, Iain Murray, Kate Newbold, Kate Garcez, Jonathan Wadsley, Glenn 524 

D Flux 525 
 526 

 527 

 528 

Joanna Briggs Questionnaire (including additional question 11) 

1· Were there clear criteria for inclusion in the case series? 

2· Was the condition measured in a standard, reliable way for all participants 

included in the case series? 

3· Were valid methods used for identification of the condition for all participants 

included in the case series? 

4· Did the case series have consecutive inclusion of participants? 

5· Did the case series have complete inclusion of participants? 

6· Was there clear reporting of the demographics of the participants in the study? 

7· Was there clear reporting of clinical information of the participants? 

8· Were the outcomes or follow-up results of cases clearly reported? 

9· Was there clear reporting of the presenting site(s)/clinic(s) demographic 

information? 

10· Was statistical analysis appropriate? 

11· Are treatment methodologies in all sub-groups comparable and match other 

studies? 

 

 

 

 

 

 



Supplementary Table 1: List of excluded reviewed full text articles with reason for exclusion. 

Publication Reason for exclusion 

Badam RK, Suram J, Babu DB, et al. Assessment of Salivary Gland Function 

Using Salivary Scintigraphy in Pre and Post Radioactive Iodine Therapy in 

Diagnosed Thyroid Carcinoma Patients. J Clin Diagn Res 2016;10(1):Zc60-2, 

doi:10.7860/jcdr/2016/16091.7121 

No therapy outcome 

data reported. 

Bianchi L, Baroli A, Lomuscio G, et al. Dosimetry in the therapy of metastatic 

differentiated thyroid cancer administering high I-131 activity: the experience 

of Busto Arsizio Hospital (Italy). Q J Nucl Med Mol Imag 2012;56(6):515-521 

Bushnell DL, Boles MA, Kaufman GE, et al. COMPLICATIONS, SEQUELA AND 

DOSIMETRY OF I-131 THERAPY FOR THYROID-CARCINOMA. J Nucl Med 

1992;33(12):2214-2221 

Freudenberg LS, Fromke C, Petrich T, et al. Thyroid Remnant Dose: I-124-

PET/CT Dosimetric Comparison of rhTSH versus Thyroid Hormone 

Withholding Before Radioiodine Remnant Ablation in Differentiated Thyroid 

Cancer. Exp Clin Endocrinol Diabet 2010;118(7):393-399, doi:10.1055/s-0029-

1225350 

Freudenberg LS, Jentzen W, Gorges R, et al. I-124-PET dosimetry in advanced 

differentiated thyroid cancer: Therapeutic impact. Nuklearmedizin 
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