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Introduction

• Image and diagnose disease:
– Imageable photon, e.g. Ga-68, In-111

• Treat disease
– Beta or alpha emitter

– Auger, conversion electrons

– Short range particles for smaller tumors, long 
range for larger tumors, or a mixture, ‘cocktail’.



Radionuclide Therapy Strategies

• The effectiveness of a theranostic agent will 
depend on two key quantities,
– The range of the principal emission(s) and 

– The physical half-life of the radionuclide.



Nuclide Half-life Emissions Range
125I 60.0 d Auger, gamma 10 nm

211At 7.2 h Alpha 65 µm
212Bi 1.0 h Alpha, gamma 70 µm
169Er 9.5 d Beta 1.0 mm
177Lu 6.7 d Beta, gamma 1.5 mm
131I 8.04 d Beta, gamma 2.0 mm

153Sm 1.95 d Beta, gamma 3.0 mm
186Re 3.77 d Beta, gamma 5.0 mm
89Sr 50.5 d Beta 8.0 mm
32P 14.3 d Beta 8.7 mm

188Re 16.95 h Beta, gamma 11.0 mm
90Y 2.67 d Beta 12.0 mm



Lewington et al. J Nucl Med January 1, 2005   vol. 46  no. 1 suppl  38S-47S.



Introduction

• The highest rates of success are with traditional I-
131 NaI therapy against hyperthroidism and 
thyroid cancer.

• Small amount for diagnosis (99mTcO4
- a possible 

substitute, but not the same uptake pathway).

• Fetal thyroid dose – very important for any 
radioiodine.

• Pregnancy tests mandatory for any therapy 
administration. Questionable, but perhaps a good 
idea even for diagnostic 131I scans.



Dose to the fetal thyroid, mGy/MBq
administered to the mother

http://www.doseinfo-radar.com/RADAR-INT-NM.html



Radioiodine Therapy

• In hyperthyroidism, dosimetry can 
significantly improve medical practices.

• In thyroid cancer, the thyroid is usually 
almost completely removed surgically, then 
treatment of the remnants and mets is not 
dependent on dosimetry.



Radioiodine Therapy

• Very good dosimetry is possible with a 
modest investment of effort
– 4 activity estimates in 48 hr, direct integration 

or 2-exponential fit 

– Estimate of mass (changing mass*)

– Uniform, average dose to tissue 

Voxels

* Traino and DiMartino, various publications



Radiodine Therapy

• Traino et al.: not performing a patient-specific 
evaluation of thyroid uptake and the change in mass 
over time resulted in a 9-30% difference in the 
estimate of thyroid dose in hyperthyroid treatment 
with 131I-NaI. 

• Peters et al.: clear correlation of the success of 
hyperthyroid therapy with the calculated radiation 
dose, and they “strongly recommend individual 
calculation of the iodine activity to be administered 
for treatment of Graves' hyperthyroidism.”



Radioiodine Therapy

• Kobe et al. (2007), Graves 
disease:

• 571 subjects, target dose 
250 Gy.

• Relief from hyper-
thyroidism was achieved 
in 96% of patients who 
received more than 200 
Gy, even for those with 
thyroid volumes > 40 mL.



Radioiodine Therapy

• Jonsson and Mattsson (Rad Prot Dos 2004):

– Comparison of results from dosimetry-based protocol to 
protocols based on:

• Fixed activity

• Fixed activity, volume ranges

• Activity/g (24 h uptake)

• Uptake and volume measurements

– I-131 generally overprescribed without individualized 
dosimetry.



18FDG – Cancer Diagnosis



Monoclonal Antibodies against
Non Hodgkin’s Lymphoma

• Individual B and T cells of the immune system express a 
broad variety of surface antigens, which are cell surface 
markers.

• As with other cell types in the body, B cells and T cells 
may become malignant and develop into immune system 
tumors, such as B-cell NHLs. 

• B-cell NHLs are cancers of the immune system which 
currently afflict approximately 300,000 patients in the 
United States. 

• Treatment alternatives for B-cell NHL patients include 
chemotherapy, radiation therapy and Rituxan.



Slide courtesy of  Dr. Greg Wiseman, Mayo Clinic, Rochester, MN

Tumor Response with 
Zevalin 



Monoclonal Antibodies against
Non Hodgkin’s Lymphoma

• I-131 tositumomab (Bexxar)
• Y-90 ibritumomab tiuxetan (Zevalin)
• Treatment with either agent appears well tolerated.
• Reversible hematologic toxicity is dose-limiting.
• Approach to radiation dosimetry differs:

– I-131 is directly imaged. Dose to “total body” in 
patient-specific ellipsoid correlated with marrow 
toxicity, used to guide administration.

– In-111 labeled Zevalin used to infer distribution and 
dosimetry of Y-90 Zevalin, using 
MIRDOSE/OLINDA dose calculations and some 
patient-specific modifications.



Bexxar

Goldsmith, Seminars in Nuclear Medicine, 40:122-135, 2010



Bexxar

Dosimetric 
Model:



Monoclonal Antibodies – I-131 Bexxar

• June 30, 2003: approved for use in patients 
with non-Hodgkins lymphoma. 

• In September, the drug also was approved for 
Medicare reimbursement. 

• Zevalin was approved for reimbursement in 
October 2002.

• Sadly, because of lack of use, Bexxar is off the 
market, and Zevalin is close to the same fate.



Radionuclide Therapy Strategies:
Radiolabeled Peptides

• Radiolabeled peptides (amino acid sequences,
often small pieces of antibodies that have
receptor binding properties) have several
advantages over antibodies mainly related to
immunogenicity and size.

• Tumor localization and total body clearance of
peptides are more rapid compared to
antibodies.



Radionuclide Therapy Strategies:
Radiolabeled Peptides

• An example is octreotide, which is a piece of the 
hormone somatostatin. Octreotide can be labeled 
directly with 99mTc or to 111In by the linker DTPA or 
to 90Y by the linker DOTA.

• 90Y-DOTATOC (yttrium-90 DOTA-D-Phe1-Tyr3-
octreotide) is used for treatment of patients with 
neuroendocrine tumours, gliomas, and even thyroid 
carcinomas that express somatostatin receptors.



Radionuclide Therapy Strategies:
Radiolabeled Peptides

• 68Ga DOTATATE may be used to obtain diagnostic 
information for application of 177Lu DOTATATE.

• However the short half-life limits its predictive value 
for dosimetry.

• Fortunately, 177Lu has a rather low abundance photon 
(208 keV at 11%), so one can obtain images during 
the first treatment cycle to develop dosimetry for 
subsequent cycles.







Radionuclide Therapy Strategies:
Radiolabeled Peptides

• Bodei et al. – Peptide receptor radionuclide 
therapy with 177Lu-DOTATATE

• 51 patients, multiple cycles.

• 3.7–5.18 GBq/cycle, group 1; 5.18–7.4 
GBq/cycle, group 2)

• Cumulative activities ranged from 3.7 to 
29.2 GBq.



Radionuclide Therapy Strategies:
Radiolabeled Peptides

• No major acute or delayed renal or 
haematological toxicity occurred (one grade 
3 leukopenia and thrombocytopenia).

• Cumulative renal absorbed doses were 8–37 
Gy (9–41 Gy bioeffective doses). 

• Median decrease of creatinine clearance of 
21.7% 6 months after PRRT, 23.9% after 1 
year and 27.6% after 2 years was observed.
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Protracted irradiation at a decaying dose rate

BED for a fractionated high dose rate treatment

Biologically Effective Dose (BED)

, are radiosensitivity parameters
 is the effective dose-rate decay constant

 is the repair constant



Dose rates and renal toxicity



I-131-mIBG therapy for neuroblastoma 
and phaeochromocytoma

 Fixed activity fractions (e.g. McCluskey 2005)
 Simple and easy to implement quickly.

 No understanding or correlations of dose/effect 
possible.

 Activity/kg body weight approach (e.g. Sisson 
et al. 1994)
 Correlations of marrow toxicity with activity/kg of 

body weight.

 Again, no dose/effect correlations possible.



 Dose-based approaches (e.g. Matthay 
et al. 2001)
 Total body, marrow, and tumor doses.

 Hematologic toxicity was correlated with 
activity/kg, marrow dose, total body dose.

 Calculated tumor dose predicted response.

I-131-mIBG therapy for neuroblastoma 
and phaeochromocytoma



Correlation of TSARD with 
subsequent tumor volume decrease. 
Decrease in tumor volume is shown 

as positive percentage. Spearman 
rank correlation, P = 0.02.







Lu-177 PSMA
• Metastatic castration-resistant prostate cancer (mCRPC) 

has a poor prognosis with estimated 27,540 prostate cancer 
deaths in the US in 2015 (1). 

• Prostate specific membrane antigen (PSMA) is a glutamate 
carboxypeptidase II (GCPII), over-expressed in prostate 
cancer.

• Baum et al. analyzed the safety and efficacy of 177Lu-
labeled DOTAGA-based PSMA ligand 177Lu-DOTAGA-
(I-y)fk(Sub-KuE) (177Lu-PSMA) in a cohort of patients 
with mCRPC. The end points of their analysis, which was 
performed in correlation with kinetics and dosimetry, were 
safety, objective response, progression-free survival and 
overall survival.
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Introduction
• The #1 challenge:

• Getting physicians to actually perform 
dosimetry for radiopharmaceutical therapy 
patients!!!!



 ..the combined uncertainties in any given 
radiopharmaceutical dose estimate are typically, 
at a minimum, a factor of 2 and may be 
considerably greater, in general because of 
normal human variability, and particularly in 
disease states.

 In therapy applications, if patient-individualized 
dosimetry is performed, …the total uncertainty 
in an individual dose estimate can be reduced 
to a value of perhaps ~10%–20%.



Wahl, J Nucl Med 2005; 46:128S–140S



Patient-Individualized Medicine

 “Treating all nuclear medicine patients 
with a single, uniform method of activity 
administration amounts to consciously 
choosing that these patients be treated  
with a lower standard of care than 
patients who receive radiation externally 
for cancer treatments.”



Patient-Individualized Medicine

 Performing external beam radiotherapy 
on cancer patients without a dosimetry 
workup would constitute:



PFS Stratified by Tumor Dose
• Longer PFS for mean 

tumor absorbed dose 
>200 cGy 

• Median PFS 
– 13.6 mo (>200 cGy)

– 1.9 mo (<200 cGy)

<=200 cGy

>200 cGy

p<0.0001

Lymphoma patients, Y Dewaraja et al, with permission





DOSISPHERE-01 was a randomised, multicentre, open-label 
phase 2 trial done at four health-care centres in France. 
Patients were eligible if they were aged 18 years or older and 
had unresectable locally advanced hepatocellular carcinoma, 
at least one measurable lesion 7 cm or more in size,…



Compared with standard dosimetry, personalised dosimetry 
significantly improved the objective response rate in patients 
with locally advanced hepatocellular carcinoma. The results of 
this study suggest that personalised dosimetry is likely to 
improve outcomes in clinical practice and should be used in 
future trials of selective internal radiation therapy.




