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Theranostic

Therapeutic + Diagnostic = Theranostic

• diagnostic test to identify patients that might respond to a specific treatment

• diagnostic test to monitor early response to treatment and predict efficacy

History

• Radioiodine for the diagnosis and treatment of thyroid cancer (1940’s)

• Measuring estrogen and progesterone receptors and HER2 expression in breast 
cancer to guide hormonal and targeted therapy

In nuclear medicine, the same or very similar agent can serve as both a diagnostic and 
therapeutic agent

• whole body imaging to assess the entire tumor burden

• diagnostic imaging to assess the distribution of targeted epitopes



TRT Advantages

• Arming molecularly targeted agents, including those that are 
currently used, with therapeutic radionuclides enables:

• Cell killing by DNA strand breaks

• Non-invasive monitoring of biodistribution 

• Estimation of dose to tumor and normal tissue 

• Selective targeting of occult metastatic lesions

• Cross-fire irradiation; circumventing  the local heterogeneity problem



Targeted Radionuclide Therapy (TRT)

theranostics
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Therapeutic Radiopharmaceuticals – Beta vs Alpha Emitters

Kratochwil C, et al., 2014. 213Bi-DOTATOC receptor-targeted alpha-radionuclide therapy induces remission in neuroendocrine tumours

refractory to beta radiation: a first-in-human experience. Eur J Nucl Med Mol Imaging, 41: 2106-19.
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Targeting Agents



Application



before seluemetanib treatment post four week MEK treatment

Selumetinib-enhanced Radioiodine Uptake in Thyroid Cancer
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http://www.cancernetwork.com/oncology-journal/what-should-we-tell-patients-about-physical-activity-after-prostate-cancer-diagnosis

Prostate Cancer Continuum
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223RaCl2 for Metastatic Castration-Resistant Prostate Cancer



Prostate-specific Membrane Antigen (PSMA)

diagram
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Present in solid tumor neovessels

Marker of androgen signaling

Curr Med Chem 2012

Slide courtesy of Marty Pomper MD, PhD (Johns Hopkins) and Steve Cho MD (University of Wisconsin-Madison)



Selected PET Tracers Targeting PSMA

[18F]DCFPyl

Glu-NH-CO-NH-Lys-(Ahx)-

[68Ga(HBED-CC)] 

[68Ga]PSMA-11

[177Lu]PSMA-617

DFO-89Zr

[89Zr]DFO-J591



Lu-177 PSMA for TRT

Heck, MM, et al., 2016. Systemic Radioligand Therapy with 177Lu Labeled Prostate Specific Membrane Antigen Ligand for Imaging and Therapy in Patients 

with Metastatic Castration Resistant Prostate Cancer. J Urol, 196: 382-91.

Serial PSMA-PET scans 

to evaluate response



Lu-177 PSMA for TRT

Serial PSMA-PET scans 

to evaluate response

www.thelancet.com/oncology Published online May 8, 2018



225Ac-PSMA-617 for TRT 

Serial PSMA-PET scans 

to evaluate response
Waterfall graph of PSA response in evaluable patients. PSA response was observed
in 75% of patients. No dose–response correlation was observed the 100–200 kBq/kgBW treatment
activities
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Recently Approved Theranostic Approach

[68Ga]DOTATATE for imaging (NETSPOT)

[68Ga]DOTATATE [177Lu]DOTATATE

Sainz-Esteban, A, et al., 2012. Eur J Nucl Med Mol Imaging, 39: 501-11.

68Ga

177Lu

[177Lu]DOTATATE for imaging (Lutathera)



Phase 3 Trial of 177Lu-Dotatate for 
Midgut Neuroendocrine Tumors

N Engl J Med 2017; 376:125-135January 12, 2017 DOI: 10.1056/NEJMoa1607427

http://www.nejm.org/toc/nejm/376/2/


Mesothelin-Targeted Th-227 Radioconjugtes



CD33-Targeted Th-227 Radioconjugate



Targeting Agents



Pre-targeting

J Nucl Med 2017; 58:1735–1742



Pre-targeting

J Nucl Med 2017; 58:1735–1742



Summary
Approved

• Sodium Iodine-131
• Thyroid cancer
• Hyperthyroidism

• Ra-223 dichloride for CRPC

• Sm-153 EDTMP, Sr-89 for osseous 
metastases

• I-131 tositumomab, Y-90 ibritumomab
tiuxetan for lymphoma

• Intracavitary therapy with P-32 colloid

• Hepatic arterial radioembolization with 
Y-90 microspheres

• I-131-MIBG 

• Lu-177-DOTATATE for NETs

Investigational
• PRRT

• Y-90 DOTATOC

• Lu-177 antagonists

• PSMA

• I-131, Lu-177, Bi-213, Ac-225

• Ra-223 dichloride outside CRPC

• Radiolabeled antibodies

• I-131 or Ac-225 antibody for leukemia

• At-211 MABG

• Mesothelin-Targeted or CD33-Targeted Th-227

• HER2-targeted Pb-212

• Many, many others



Challenges and opportunities

• Reliable and economically viable supply chain of radionuclides for theranostics for preclinical 
research, clinical trials, and routine use

• Funding to support preclinical and early translational theranostic development

• Regulatory approval pathways for theranostics that address both the imaging and therapeutic 
aspects of the agent

• Adequate reimbursement for FDA-approved diagnostic and therapeutic agents

• Clinical adoption of approved theranostic agents

• Potential competition with other cancer therapies

• Incorporation earlier in cancer treatment and combination with other 

disease-specific treatments

• Individual treatment planning



Treatments historically governed by activity administered:

• 100 mCi radioiodine for thyroid ablation

• 200 mCi radioiodine for thyroid therapy

• 200 mCi Y-90 microspheres for treatment of liver metastases

• 200 mCi I-131 mIBG for neuroendocrine tumours 

• 200 mCi x 4 for Y-90 DOTATATE of neuroendocrine tumours

• 200 mCi x 4 for Lu-177 DOTATATE for neuroendocrine tumours

• 200 mCi x 4 for Lu-177 PSMA for bone metastases

• 50 kBq/kg x 6 for Ra-223 for bone metastases

Empirical (chemotherapy) paradigm – learning from observation 
and experience…



I-131 NaI for DTC
(mGy / MBq)

Ra-223 for bone metastases
(mGy / MBq)

Lu-177 PRRT 
(mGy / MBq)

from  Eberlein Et al J Nucl Med 2017

Red marrow:
Bianchi (2012) 0.04 – 0.4

Red marrow:
Chittenden (2015) 177-994

Red marrow:
0.1 - 0.13

Metastatic lesions: 
Kolbert (2007) 0.03 – 2.6

Lesions: 
Pacilio (2016) 0.9 – 8.9

Tumor
3.9 - 37.9
0.1 - 20.0
1.4 - 23

Salivary glands:
Jentzen (2006) 0.2 - 1.2

Kidneys:
Chittenden (2015) 2-15

Kidneys:
0.33 - 2.4

0.27 - 1.35

Thyroid remnants:
Minguez (2016) 0.2 - 160 

Bone surfaces 
Chittenden (2015) 2331 – 13118

Absorbed doses from fixed activities of I-131 NaI, Ra-223 and Lu-177 vary by ~1 order of magnitude 
for organs at risk and 2 orders of magnitude for target volumes

Chemotherapy-like approach leading to significant differences in the dose delivered to tumor and 
normal tissues



Clinical trials

Treatment according to Gy, even with an uncertainty on the absorbed dose, will deliver a narrower 
range of responses.

Example:

Target absorbed dose 60 Gy, with a 30% uncertainty.

An RCT would be comparing a large range of unknown doses with a narrow 
range of known doses

Randomising between knowledge vs ignorance…
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European Journal of Nuclear Medicine and Molecular Imaging (2018) 45:970–988

50 patients who received 
prescribed four cycles of 
177Lu-DOTAoctreotate.

The need to optimize the treatment



TO DO OR NOT TO DO DOSIMETRY?

That is not the question:

• Patient safety

• Treatment justification (patient selection)

• Treatment optimisation

• Health economics

Just a matter of time and effort



Thank you


