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The theranostics concept using the same target for both imaging and
therapy dates back to the middle of the last century, when radioactive
iodine was first used to treat thyroid diseases. Since then, radioiodine
has become broadly established clinically for diagnostic imaging and
therapy of benign and malignant thyroid disease, worldwide. How-
ever, only since the approval of SSTR2-targeting theranostics follow-
ing the NETTER-1 trial in neuroendocrine tumors, and the positive
outcome of the VISION trial has theranostics gained substantial
attention beyond nuclear medicine. The roll-out of radioligand ther-
apy for treating a high-incidence tumor such as prostate cancer
requires the expansion of existing and the establishment of new
theranostics centers. Despite wide global variation in the regulatory,
financial and medical landscapes, this guide attempts to provide
valuable information to enable interested stakeholders to safely initi-
ate and operate theranostic centers. This enabling guide does not
intend to answer all possible questions, but rather to serve as an
overarching framework for multiple, more detailed future initiatives. It
recognizes that there are regional differences in the specifics of regu-
lation of radiation safety, but common elements of best practice valid
globally.
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The theranostics concept—that is, using the same target for
both imaging and therapy—has been the cornerstone of therapeutic
nuclear medicine since the introduction for treatment of thyroid dis-
ease in the early 1940s. Despite the fact that iodine-131 (131I) and
yttrium-90 (90Y)-radiolabeled anti-CD20 antibodies showed excellent
long-term clinical outcomes in low-grade non-Hodgkin lymphomas
(1–3), these agents have largely been replaced by nonradioactive ther-
apies, mainly due to market forces and the relative ease of delivering
nonradioactive treatments. The success story of iodine theranostics in
thyroid diseases and the recent approval of lutetium-177 [177Lu]Lu-
DOTATATE following the landmark NETTER-1 (1) trial have
increased the applications of targeted radionuclide therapies. The
expansion of the theranostics concept beyond thyroid cancer and neu-
roendocrine tumors toward higher incidence diseases like prostate
cancer (and subsequently to other tumors) shifts nuclear medicine
and radionuclide therapy into the spotlight of modern cancer thera-
pies. VISION, a prospective randomized phase 3 trial, showed that in
prostate cancer, the most common and second most fatal cancer in
men, the use of up to 6 cycles of [177Lu]Lu-PSMA-617 increased the
median overall survival by 4 mo (15.3 vs. 11.3 mo, HR 0.62; 95%
CI 0.522 0.74; P , 0.001) (2) in patients with metastatic castration-
resistant prostate cancer (mCRPC).
A tremendous increase in the demand for theranostics proce-

dures can be expected in anticipation of FDA and EMA approval
of [177Lu]Lu-PSMA-617, and this projected surge in demand for
both theranostics infrastructure and appropriately skilled profes-
sional staff will pose a challenge and opportunity for healthcare
systems. Even in countries with a strong track record in radionu-
clide theranostics, the existing infrastructure may be insufficient to
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meet the growing demand (3,4). Thus, theranostics and radionuclide
therapy need to get ready for the demand from cancer patients, refer-
ring physicians and society. Here we provide an enabling guide for
p stakeholders interested in setting up a dedicated theranostics center.
Special attention is given to regulatory considerations and require-
ments, logistical and technical challenges, medical considerations
including training, collaboration with clinical partners and treatment
indications and important lessons learnt from early adopters of thera-
nostics. We also provide advice for troubleshooting during creating a
theranostics service. This guide does not cover the specific require-
ments associated with the in-house production of radiopharmaceuti-
cals since there is no global harmonization, and national laws differ
considerably.

REGULATORY, LOGISTICAL AND TECHNICAL
CONSIDERATIONS

The design, construction and subsequent operation of a theranos-
tics service has to be guided by the fundamentals of radiation protec-
tion established by the appropriate regulatory agencies. In Europe,
the International Atomic Energy Agency (IAEA) through the Inter-
national Basic Safety Standards (BSS) (5) are a set of consensus
requirements derived from knowledge of radiation biology and radi-
ation protection, respectively (6). In the USA, the Nuclear Regula-
tory Commission (NRC) governs safety standards and delegates’
responsibilities to specific states (Agreement States) in many instan-
ces. The European Commission Directive 2013/59/EURATOM is a
legal act that establishes the recommendations and requirements of
the BSS and ICRP for EU countries, which have been transposed
into national law by the Member States. Sections 2 and 3 of the BSS
specify that requirements that apply to all existing and planned expo-
sure situations must be considered when establishing and operating a
theranostics center.
The BSS requires that legal entities apply to the regulatory author-

ity for a license. Therefore, the regulatory basis for operating a thera-
nostics center is a radioactive material license (RAM), in accordance
with the national regulations and laws governing the handling of
radioactive materials for medical applications, as defined in ICRP
Publication 105 (7). This must cover all aspects of both diagnostic
and therapeutic use of radiopharmaceuticals. Prerequisites for apply-
ing for a RAM license include the existence of adequate infrastruc-
ture, sufficient personnel (including trained physicians, technologists,
nursing staff, a Radiation Safety Officer (RSO), a Medical Physics
Expert (MPE)), sufficient means of radiation protection, and pro-
cesses for discharge management of treated patients and handling of
radioactive waste and sewage. To this end, several requirements must
be met, depending on the respective spectrum of diagnostics and ther-
apies applied and the radiopharmaceuticals used. In the US, regula-
tions differ but require a suitable radiation license and appropriately
qualified authorized users to allow administration of the radiopharma-
ceutical therapies.

RADIONUCLIDES AND RADIOPHARMACEUTICALS USED

A commonly used theranostic pair is gallium-68 (68Ga) for PET/CT
diagnostics and 177Lu for therapy. In the US, [64Cu]64Cu-DOTA-
TATE is commonly used in addition to [68Ga]68Ga-DOTAT-TATE
or DOTA-TOC. However, 90Y is also occasionally therapeutically,
as are fluorine-18 (18F)- and technetium-99 m (99mTc)-labeled diag-
nostic compounds. Table 1 summarizes the main properties of these
radionuclides.

With 177Lu, attention must be paid to the underlying manufactur-
ing pathway, which may result in unwanted long-lived accompanying
nuclides that require special consideration in terms of storage and dis-
posal of waste depending on local regulations. 177Lu is made either
by direct neutron irradiation of 176Lu targets (176Lu (n,g) reaction) or
indirectly as a decay product of the neutron irradiation of ytterbium-
176 (176Yb (n,g) reaction), which produces 177Yb that decays to
177Lu. In the indirect reaction, no long-lived contaminants are created.
However, in the direct reaction, small quantities of metastable
lutetium-177 (177mLu) with a half-life of 161 d may be present (7).
In this case, 177mLu may account for approximately 0.02% of the total
amount of 177Lu in the final radiopharmaceutical. 68Ga may either be
obtained from a radionuclide generator (68Ge/68Ga-generator) or
produced by proton irradiation of zinc-68 (68Zn(p,n)68Ga). The dif-
ferent production pathways of the radionuclides are associated with
different radionuclidic impurities that must be taken into account,
i.e. germanium-68 and gallium-67, respectively (8). The 90Y currently
available for radiolabeling is of high radionuclidic purity with no
relevant amounts of accompanying nuclides (9). Long-lived radio-
active contaminants may require specific regulatory attention.

RADIATION PROTECTION, SHIELDING

Shielding of syringes and vials, as well as in some jurisdictions,
waste and storage containers, is an important aspect of reducing
external exposure among staff, the public and patients. After admin-
istration of the radiopharmaceutical, it may be necessary (mainly in
Europe, and in some cases in the US depending on exposure rates)
to isolate the patient from other persons, either within the hospital or
in the public domain. The type of radiation emitted from the thera-
nostics compound will dictate the extent of shielding required. This
can vary from PMMA (polymethyl metacrylate) storage boxes for
vials and waste containers, lead pots and tungsten syringe shields, to
concrete waste bunkers or lead-lined treatment rooms. This infra-
structure must be prepared according to local regulation and must be
in place before any activity involving radiation is carried out. Appro-
priateness of the control measures must also be demonstrated, usu-
ally in the form of a written radiation risk assessment that considers
radiation protection of both employees and patients. Established risk
analysis methods such as failure mode and effects analysis (FMEA)
or fault tree analysis (FTA) should be used for this purpose. Compli-
ance with NRC and/or state radiation safety regulations is required
in the US.

STORAGE OF RADIOPHARMACEUTICALS

Radiopharmaceuticals must be stored in a safe, secure, and
environmentally appropriate (such as refrigerated or frozen) place
to which only the licensee and appropriate staff may have access.
In addition, provisions for the safe storage and custody of radioac-
tive materials must be in place, including protection against theft,
fire, and chemicals. Transport and movement of radioactive mate-
rials to, from, and within the hospital must be carefully docu-
mented so that any radioactive material can be tracked from
source to final use and disposal.

ADMINISTRATION OF RADIOPHARMACEUTICALS

Accurate quantification of the radioactivity administered to the
patient is the first step of the radiopharmaceutical administration
and traceability chain. A radionuclide calibrator measures the activ-
ity and cross-calibrates other equipment. It is therefore essential to
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ensure that calibration is traceable to primary standards when these
are available (10–12).
A well-documented program for quality assurance (QA) and qual-

ity control (QC) is essential to ensure the dependable performance of
safe, accurate and reproducible equipment operation and the appropri-
ate clinical administration of radiopharmaceuticals (10,13,14). Fol-
lowing installation of any new instrument, acceptance testing must
confirm that the system meets the performance specifications and to
provide a baseline for comparison during routine QC. The type and
frequency of QC tests should follow national guidelines.
The theranostics compounds can be administered in several ways:

Adequate shielding must be ascertained to avoid undesirable
beta and gamma irradiation and to minimize the risk of con-
tamination, e.g., by using hybrid shielding consisting of layers
of PMMA and lead/tungsten, which results in attenuation of
both beta and gamma radiation and minimizes the occurrence
of bremsstrahlung. A syringe is prepared with the therapeutic
agent, and the qualified operator administers the drug via cor-
rectly placed and patent intravenous access. This is followed
by flushing with saline. This method is particularly used for
drugs such as PSMA ligands, which do not require specific
administration as a bolus. Alternatively, the syringe content can
be administered via perfusor or injection pump. To minimize
staff radiation exposure it is recommended to use automatic
dispensing and semi- or fully automated infusion pumps for
the administration of the radiopharmaceuticals.

RADIOACTIVE WASTE

Storage for decay is essential for the clearance of radioactive
waste containing short-lived radioisotopes, with a half-life of less
than 100 d. “Clearance is the removal of radioactive material from
regulatory control provided that the radionuclide concentrations
are below specific clearance levels” (12).
Waste may be stored for decay and subsequent discharge in a

locked, ventilated and properly demarcated room. It is recommended
to segregate radionuclides according to the expected time required
for their decay (e.g., initial activity and physical half-life). For exam-
ple, the shorter lived waste from PET/CT diagnostics (syringes,
swabs, vials, etc.) should be separated from that of the longer lived
radionuclides used for the therapy. There should also be sufficient
space in these rooms for interim storage of potentially contaminated
items (e.g., patient clothing, patient diapers, perfusors, etc.). The ori-
gin of the waste should be recorded to ensure proper identification.
Disposal of aqueous radioactive wastes must strictly follow the

recommendations set out in the national regulations. These may
allow a limited amount of highly diluted wastewater to be dis-
posed of into the public sewage system or require specific process-
ing such as filtration and/or specific storage systems before
release. Local regulatory authorities may also additionally require
the facility to regularly assess the environmental and radiologic
impact of radiation work being undertaken.
If long-lived contaminants such as 177mLu (t1/2 5 160 d) are

present in the radiopharmaceutical, the waste (e.g., vials, cannula,

TABLE 1
Physical Characteristics of the Commonly Used Theranostics Pairs 68Ga/177Lu and 68Ga/90Y

Physical characteristics*

Energy [keV]

Radionuclides Gamma Beta or Alpha Half-life Pharmaceuticals† Use

68Ga 511 (caused by
annihilation)

1899 (b1) 1.13 h [68Ga]Ga-PSMA-11
[68Ga]Ga-PSMA-I&T
[68Ga]Ga-DOTA-TATE

(NETSPOTTM)
[68Ga]Ga-DOTA-TOC

(SomaKIT TOCVR )

Diagnostic

18F 511 (caused by
annihilation)

634 (b1) 1.83 h Piflufolastat F18 (PylarifyVR )
[18F]F PSMA-1007
[18F]DCFPyL

177Lu 113 (6%)
208 (11%)

498 (b2) 6.73 d [177Lu]Lu-PSMA-617
[177Lu]Lu-PSMA-I&T
[177Lu]Lu-DOTA-TATE

(LutatheraVR )

Therapy

90Y Bremsstrahlung 2280 (b2) 2.67 d [90Y]Y-DOTA-TOC
99mTc 140 (89%) not relevant 6.01 h [99mTc]Tc-MDP

[99mTc]Tc-DPD
[99mTc]Tc-HDP

Diagnostic

223Ra 154 (6%)
269 (14%)

5716 (a), 5606 (a),
6819 (a), 7386 (a),
6623 (a)
1370 (b2)
1420 (b2)

11.44 d 223RaCl2 (XofigoVR ) Therapy

*Data are extracted from The Lund/LBNL Nuclear Data Search V 2.0 (http://nucleardata.nuclear.lu.se/toi/).
†Without claim to completeness.
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infusion lines, swabs, etc.) should be stored separately from other
waste until the time limit for disposal according to national law is
reached. Specific attention must be paid to isolation, storage and
disposal of biohazardous and radioactive waste which may contain
patient fluids. Potential contamination of liquid waste (i.e., excreta)
with 177mLu must also be considered, and any wastewater treatment
or storage facilities used—if applicable—must be inspected for capac-
ity and compliance with regulatory limits. Installation of separate
toilets for patients treated with theranostics compounds potentially
containing 177mLu is also an option.

RELEASE OF PATIENTS AFTER TREATMENT

Prior to injection of a radioactive substance, radiation safety
guidance should be given to the patient and family (where applica-
ble) regarding rules of conduct to reduce the potential radiation
exposure to others. Release of patients after diagnostic procedures
does not require extensive or any (USA) measures, since the phys-
ical and effective half-life of radiotracers involved is usually only
a few hours. With 68Ga-, 64Cu-, or 18F-based tracers it is therefore
usually sufficient to restrict direct contact between the patient and
vulnerable individuals (pregnant women, children) during the
hours immediately after patient release. In the US, no or limited
radiation specific discharge instructions are given following diag-
nostic procedures. The situation is somewhat different for patient
discharged after therapeutic administrations, as the activity levels
here are significantly higher. ICRP Publication 94 (15,16) and IAEA
Safety Report no. 63 (17) comment on the release of patients after
radionuclide therapy. A dose limit of 1 mSv/y for the public and a
dose constraint of 5 mSv/episode for caregivers (a family member or
paid helper who regularly looks after a child or a sick, elderly, or
disabled person) have been proposed as acceptable limits. However,
in many countries there are different limits and specifications that
must be followed after therapeutic administration of radionuclides.
In [177Lu]Lu-PSMA-617 therapy, for instance, patients are typically
treated with an activity of 7.4 GBq and the initial dose rate from the
patient after the injection is in the order of 50 mSv/h at a distance of
1 m. If, as in many countries, a dose rate threshold of 30 mSv/h at a
distance of 1 m is used as release criterion, the therapy can be
applied as an outpatient treatment and patients can return home
within 6 h of administration (18). Consideration must be taken
when more than one radionuclide therapy per year is administered.
For example, if a patient is treated with 6 cycles of PSMA-targeted
therapy per year, the cumulative exposure received by the family
members, the caregivers and the public must be considered. In this
case, exposure to members of the public that the patient has fre-
quent contact with (such as family members, children or co-
workers) should be kept below one sixth of the annual limit after
each cycle. The same considerations can be applied to [177Lu]Lu-
DOTATATE therapies.
For both therapies, the high excretion rate in the first hours after

therapy administration must be considered: after 4 h, approxi-
mately 50% of the activity may be renally excreted (19,20). To be
compliant with the dose limits, a system needs to be established to
measure or estimate activity in patients before discharge and cal-
culate the exposure that members of the household and public may
receive (European standards do not apply in other parts of the
world). The result should be recorded. One method of estimating
the acceptable activity of radiopharmaceuticals in patients upon
discharge from hospital is to calculate the time integral of the
ambient equivalent dose rate and compare it with the dose limits.

Direct measurement of patient activity before discharge is commonly
performed and can be used as a patient-specific guide to minimize
radiation exposure to caregivers and the general public. The patient
should be given written instructions on precautions for the first few
days after discharge. In particular, contact with pregnant women and
small children should be avoided. Special attention should be given
to the risk of contamination via urine, especially in the case of incon-
tinent patients and children. In some cases, it may be appropriate to
mandate hospital isolation due to this risk, even if the external dose
rate is deemed adequately low. In some countries, including Ger-
many, Austria and Italy, hospitalization is in any case mandatory
following radionuclide therapy.

HANDLING OF DECEASED PERSONS

Despite careful patient selection, death of patients, while receiv-
ing therapy or soon after, could happen. Such cases could increase
as the use of radiopharmaceutical treatments becomes more widely
used. If such situations arise, appropriate measures must be taken
to handle the corpse. This includes restricted access to the room
occupied by the deceased until a proper decontamination and sur-
vey have been completed. Radioactive corpses must be identified
as a potential hazard using proper identifiers. In case of leakage of
radioactive substances, a body bag is needed. In addition, surveil-
lance may be needed in all stages of disposal (17). None of this
however is currently required in the US but careful discussions are
commonly held with funeral homes regarding safe handling of
patients who have died soon after receiving a radiopharmaceutical
therapy.
Handling (preparation for burial or cremation) of a body containing

significant radioactivity must be performed under the supervision of a
radiation protection officer (17). Depending on the national regula-
tions, cremation may be postponed for several days or even weeks.
Autopsy is not advisable in such cases and must be kept to a mini-
mum. In consultation with the radiation protection officer, all neces-
sary radiation protection and decontamination measures must be
undertaken for personnel, instruments and the workplace.

TREATMENT PLANNING, OPTIMIZATION AND VERIFICATION

Council Directive 2013/59/Euratom calls for the planning, optimi-
zation and verification of all radiotherapy exposures in the geographi-
cal areas of the EU. The EANM recently provided guidance on how
to interpret the Directive’s statements for NM treatments (21). Thera-
nostics procedures are the epitome of such exposures, allowing the
appropriateness of therapy to be determined via companion diagnos-
tic imaging, followed by post-administration therapy imaging for
treatment verification, followed by further diagnostic response im-
aging. 68Ga- is generally accepted as the favored diagnostic compan-
ion for 177Lu-based therapies although copper-64 (64Cu) is seeing
increased application in some settings. Most countries in the EU,
North America and the Far East show a fairly high density of PET
centers, that is, at least 1/million (22). The short half-life of 68Ga
can make transport to centers difficult unless the production site is
a short distance away or production is carried out within an in-
house radiopharmacy facility. With the emerging availability of
licensed kits for 68Ga-labeled tracers, the clinical availability of
these compounds and the longer lived tracers such as 64Cu will
increase as well. Considering the many advantages of PET/CT
imaging as a companion diagnostic tool, all efforts should be made
to equip the countries still lacking so that equal access to therapies
can be achieved, as highlighted by the Lancet Oncology Commission
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on Medical Imaging and Nuclear Medicine (22). Scaling up access of
imaging, treatment, and care quality will produce substantial health
and economic benefits, and avert millions of death, but will require
initial investment before a return is observed (22).
The complexity of the task and the resources required to imple-

ment theranostics will vary depending on the respective radiopharma-
ceutical, application and desired clinical end-point (23). Commercial
software applications are now available, some of which have
FDA/EMA approval and are intended to perform dosimetric evalua-
tion (24). However, in many centers, software developed in-house is
still widely used and remains a valuable option for research purposes
and post-therapy dosimetry.
Dosimetry calculations require measurements of the distribution

of activity in the targets of interest at different time-points to deter-
mine the time-integrated activity (25,26). Methods requiring less
resourcing include whole-body, blood and bone marrow dosime-
try, which use external probe measurements of the activity in a tis-
sue biopsy, blood sample or whole body (27). The number and
frequency of activity measurements require careful consideration
and should match the desired biological and clinical endpoint. For
wider implementation, there is growing interest in minimizing the
number of imaging sessions while having a sufficient level of
accuracy to achieve the desired treatment outcome and reduce
patient burden and hospital costs. Nearly all radiopharmaceutical
therapies approved in the US do not require dosimetry as a part of
the product labeling.
Publications on general principles and practice of PET/CT

imaging as well as information about the EARL accreditation pro-
gram for the harmonization of 18F, 68Ga and 89Zr imaging are pro-
vided by the EANM (28,29). The EANM guidelines provide
recommendations on setting up quantitative SPECT/CT imaging
with examples of potential clinical applications and include details
on scanner calibration, image acquisition parameters, and recon-
struction and correction methods (30,31). The EANM also pro-
vides general guidance on documenting and reporting dosimetry
data to facilitate the reproducibility of results (32), as well as a
detailed methodology on the evaluation and calculation of uncertain-
ties in absorbed dose calculations (33). Guidance on logistical and
technical considerations when developing quantitative imaging and
dosimetry protocols is available for 131I (34–38), 177Lu (39–41), 90Y
(42), 223Ra (43–45). The Radiological Society of North America
QIBA profiles can inform PET and SPECT applications as can use
of the SNMMI Clinical Trials Network Phantoms.

MEDICAL CONSIDERATIONS AND REFLECTIONS

Application of radionuclide therapies requires the involvement
and coordination of multiple stakeholders—inter- but also intra-
professionally. Whereas in regular patient care the treating physician
is also the referring physician, patients undergoing radionuclide therapy
are typically followed by clinicians who are not nuclear medicine
physicians. In the case of prostate cancer patients, the majority are
seen and followed by urologists and medical oncologists. However,
radioligand therapies are delivered by authorized users, most typi-
cally within nuclear medicine departments. Accordingly, coordina-
tion and communication with the treating physician are of utmost
importance, especially as the indication of radioligand therapies
must be appropriately sequenced in the disease journey of a patient.
An active presence and participation of nuclear medicine specialists in
the multidisciplinary team is mandatory to ensure acceptance and
awareness of radioligand therapies. While in the past our contribution

to multidisciplinary teams was often limited to presenting diagnostic
images, we nowmust play amore active role in providing our expertise
for potential treatment. Overall, a proactive approach promoting
theranostics methods will facilitate the adoption and acceptance of
our field by our clinical colleagues. This role change also needs to be
reflected in the training of junior doctors and the continued education
of board-certified nuclear medicine specialists.

INTEGRATED CARE

The success of a theranostic center highly depends on the level
of integration within an oncologic practice. Indeed both diagnostic
imaging as well as radioligand therapy have to be embedded within
the oncologic workflows to facilitate access to the patient flow con-
trolling clinicians. Not surprisingly the currently most successful
theranostic centers are embedded in strong cancer centers focusing
on neuroendocrine tumors and prostate cancer. Accordingly in
anticipation of an ever growing number of theranostic indications,
a close collaboration with all clinical domains managing cancer
patients is very important.

INTRA-PROFESSIONAL STAKEHOLDERS

Apart from the interprofessional complexity of theranostics, it is
also important to address the multiple specialties and skill sets
involved in the successful operation of a theranostics center. In
addition to medical expertise including both physicians and well-
trained support staff such as nurses, the administration of either
commercially or locally produced theranostics agents requires the
involvement of medical physicists, radiochemists/radiopharmacists
and radiation safety experts. Whereas many of the skill sets
required for theranostics resemble those needed for diagnostic
nuclear medicine procedures, the higher activity levels needed for
therapy, the different radionuclides involved and the multiple steps
in the process, from validating the indication to delivering the
radiopharmaceutical, often calls for a significantly higher degree
of knowledge but also requires more time. The less infrastructure
and local expertise that is already in place, the more demanding
the transition to a state-of-the-art theranostics center will be. Need-
less to say, the adjustments required from a center with experience
in delivering high-activity radioiodine therapies will be less oner-
ous than those for a site currently only dealing with diagnostic out-
patient procedures or 223Ra outpatient treatments.

TRAINING AND EDUCATION

The expected surge in demand for theranostics centers entails
numerous challenges. Accessibility and availability of a skilled,
well-trained workforce represent one of the greatest unmet needs,
alongside upscaling of the healthcare system to accommodate the
expected demand for radionuclide therapies. Training and educa-
tion of existing board-certified nuclear medicine specialists is of
high importance, as is the incorporation of radionuclide therapy
and the concept of theranostics into the curricula of the ongoing
training programs for junior doctors. Besides learning how to
apply radionuclide therapy, understand the right timing for thera-
nostics and the alternative treatments that could be available, deal
with typical toxicity profiles and manage the corresponding side
effects, there is also an overall shift toward being more actively
involved in patient treatment. While cross-training in radiology is
helpful for the diagnostic nuclear medicine procedures, the spec-
trum of radionuclide therapies rather demands a profound expertise
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in internal medicine, oncology and/or urology. Experienced thera-
nostics centers in countries such as The Netherlands, Switzerland,
Germany, the United Kingdom and others should accommodate
interested nuclear medicine specialists from elsewhere to acquaint
them with the application of radionuclide therapies. In the US, radi-
ation oncologists can become authorized users, but current training
for such practitioners in radiopharmaceutical therapy is often quite
limited as their focus is external beam therapy in most centers.
Practical training of nuclear medicine technologists is also needed,
along with continuous education programs for the development of
skills and dissemination of best practice principles. The success of
theranostics and the independence of nuclear medicine are directly
dependent on our success in meeting patient demand. In parallel,
the introduction of theranostics fellowships mutually accepted by
national and international nuclear medicine and clinical societies
needs to be pursued. Nuclear medicine physicians who have attained
expertise in theranostics will in turn be able to inform the clinicians
about all specific aspects of the new treatments with radionuclides.
The goal is for medical oncologists and urologists to reach a similar
level of comfort with referring patients for these treatments as that
reached by clinicians dealing with clinical indications of 131I in care
of thyroid diseases. In the US, the SNMMI has endorsed the usage
of the term “nuclear oncologist” to refer to nuclear medicine physi-
cians with special expertise in treating cancer patients with targeted
radiopharmaceuticals. This term associated with appropriate training
and experience may better reflect the critical role of the oncology
focused nuclear medicine physician and warrants further use.

LESSONS LEARNT

Based on our experience, the most important aspect in prepara-
tion for the likely surge in theranostics treatments is to seek advice
and experience from centers already actively involved in such treat-
ments. Of the lessons learnt, by far the most important is that care-
ful preparation and planning are key to successful implementation.
With an increase in the breadth of theranostics services being

delivered comes a larger variety of patients with a wider range of
comorbidities and potential complications in safely delivering a
radionuclide therapy. Historically, with I-131 thyroid treatments
we have been privileged in treating relatively young and healthy
patients. While XofigoVR ([223Ra]RaCl2) treatments brought in an
older, frailer population, the reduced radiation risks from the
alpha-emitter meant that therapies could still be safely delivered in
high numbers as an outpatient service in most countries.
PSMA ligand treatments, particularly when radiolabeled with

Lu-177, do not necessarily benefit from the same logistical advan-
tages, and thought should be given to the potential complications
that could arise from treating such patients. Most notable, from
experience, is the increase in the number of patients presenting
with some form of lower urinary tract symptom. The degree of
incontinence will vary from patient to patient and may be controlla-
ble through the wearing of absorbent diapers, or through external,
self-inserted or semipermanent catheterization. Artificial sphincters
and other interventions have also been observed. For a treatment
where the primary form of excretion is via the urinary system, this
aspect should not be overlooked. A thorough and clear patient his-
tory is required so that control measures can be put in place to deal
with these complications and there are no surprises on the day of
therapy and once the patient returns home.
Consideration should also be given to the patient after treat-

ment. Responsibility for the radiation and potential risks that may

occur to the patient, the public and the environment do not stop
after the patient has left the hospital. Contingency planning is
required to deal with the unexpected, be it disease, treatment, or
unrelated emergency care. Examples that have been experienced
include blood transfusions for anemia, orthopedic surgical inter-
ventions and even patient death (46). It should be recognized that
theranostics treatments will impact surrounding and local hospitals
in addition to those delivering the radionuclide therapy. It is also
likely that the receiving center and staff will not have the expert
knowledge or facilities to deal with radioactive patients or poten-
tially will not possess the required licenses to administer radioac-
tivity or to handle such a patient on site. Good communication and
coordination between centers are therefore paramount.
With the expected demand for treatments, outpatient or day

case administrations are appealing with a view to increasing patient
throughput. However, patient preparation and treatment delivery
should not be rushed. Even in centers and countries where treat-
ments can be delivered as a day case, preparations should be in
place to respond to delays and contingency plans should be in place
to admit the patient overnight, should the need arise. Until the
number of theranostics centers increases, extended patient travel
time can be expected as current centers cover a wider geographical
area. Radiation restrictions during this period should be considered
and guidance given as to whether it is more appropriate for the
patient to stay in local accommodation rather than undertake a
lengthy journey home immediately after therapy.

PROVIDING POINTS OF CONTACT

Promoting theranostics and the scale-up of sites providing
access to radionuclide therapy is a joint effort involving multiple
professional societies such as EANM and SNMMI, international
agencies such as IAEA, but also multiple industry-driven initia-
tives. A very solid source of information are procedural guidelines
promoting the use of innovative diagnostic and therapeutic radio-
nuclides such as [68Ga]Ga-PSMA ligands (47), [177Lu]Lu-PSMA
ligands (48), [223Ra]RaCl2 (49), and on a more general level pep-
tide receptor radionuclide therapy (31), among many others. The
leading professional societies generally attempt to provide early
guidance on how to use novel theranostics, even in cases where
clinical evidence is still lacking. For detailed review, both EANM
and SNMMI provide direct access to an overview of procedural
guidelines (46,50). In addition, several EANM committees, such
as the EANM Oncology & Theranostics Committee, or the SNMMI
Therapy Centre of Excellence serve as an entry point for individuals
requesting assistance or information on how to promote theranostics
at local level. More recently, multiple joint initiatives have been
launched, paving the way for an understanding of theranostics within
the oncologic community and facilitating the increased exchange
between clinicians and nuclear medicine experts. A pioneering exam-
ple of this is the joint ESMO/EANM initiative offering advanced
courses on diagnostic and therapeutic applications of nuclear medi-
cine in oncology. Additional industry-driven initiatives have recently
been announced and will also provide very valuable sources of edu-
cation and training.

SUMMARY

The expansion of theranostics applications beyond thyroid cancer
and neuroendocrine tumors to a higher-incidence disease such as
prostate cancer is triggering the up-scaling of existing and new thera-
nostics centers. This guide establishes an overarching framework
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helping practitioners to understand what is needed and required to
set up a theranostics center. Despite a widely varying regulatory,
financial and medical landscape, the nuclear medicine community
will doubtless prove capable of responding to the expanding practice
in this field. The era of theranostics offers a great opportunity to
improve patient care, and theranostics will become a mainstay of
personalized cancer treatment. As a community we have the experi-
ence and facilities to deliver, with careful preparation and collabora-
tion we will see expansion, and will be ready and able to respond to
the demand placed on us as theranostics continues to develop.

DECLARATIONS

Informed consent: This manuscript does not contain proprietary
human data; accordingly an informed consent is not applicable.
Conflicts of interest: KH reports personal fees from Bayer, per-

sonal fees and other from Sofie Biosciences, personal fees from
SIRTEX, non-financial support from ABX, personal fees from
Adacap, personal fees from Curium, personal fees from Endocyte,
grants and personal fees from BTG, personal fees from IPSEN,
personal fees from Siemens Healthineers, personal fees from GE
Healthcare, personal fees from Amgen, personal fees from Novar-
tis, personal fees from ymabs, all outside the submitted work. LG
reports personal fees from Roche Diagnostics and SNIBE for advi-
sory board participation, and research support from Roche Diag-
nostics., all outside the submitted work. AMDB is supported by
the National Measurement System of the UK Department for
Business, Energy and Industrial Strategy. RLW has research con-
tracts from Siemens, Bayer, Actinium Pharmaceuticals, and serves
(with compensation) on the scientific advisory boards of Seno
Medical and Clarity Pharmaceuticals. HJ serves on the advisory
board of Radiomedix, is a consultant to Bayer and Blue Earth
Diagnostics, an investigator for ImaginAb, and on the speaker’s
bureau of Lantheus. MG reports fee for speakers bureau of Novar-
tis, Blue Earth and Ionetix (not active currently). The remaining
authors have no relevant conflict of interest to declare with regards
to this comment.
Research involving human participants and/or animals:

This manuscript does not contain proprietary research involving
neither humans nor animals.
Liability: This guideline summarizes the views of the co-authoring

EANM Committee members, SNMMI representatives and IAEA co-
authors. It reflects recommendations for which the EANM, the
SNMMI and the IAEA cannot be held responsible. The recommenda-
tions should be taken into the context of good practice of nuclear
medicine and do not substitute for national and international legal or
regulatory provisions.

ACKNOWLEDGMENTS

This guideline was only possible thanks to the tremendous support
of the EANM headquarters and especially Nuria Serra. The authors
want to eternally thank them for their support, help and patience.

REFERENCES

1. Kaminski MS, Zasadny KR, Francis IR, et al. Radioimmunotherapy of B-cell lym-
phoma with [131I]anti-B1 (anti-CD20) antibody. N Engl J Med. 1993;329:459–465.

2. Morschhauser F, Radford J, Van Hoof A, et al. 90Yttrium-ibritumomab tiuxetan
consolidation of first remission in advanced-stage follicular non-Hodgkin lym-
phoma: updated results after a median follow-up of 7.3 years from the Interna-
tional, Randomized, Phase III First-LineIndolent trial. J Clin Oncol. 2013;31:
1977–1983.

3. Zippel C, Giesel FL, Kratochwil C, et al. PSMA radioligand therapy could pose
infrastructural challenges for nuclear medicine: results of a basic calculation for the
capacity planning of nuclear medicine beds in the German hospital sector. Nucl
Med (Stuttg). 2021;60:216–223.

4. Czernin J, Sonni I, Razmaria A, Calais J. The future of nuclear medicine as an
independent specialty. Journal of nuclear medicine: official publication, Society of
Nuclear Medicine. 2019;60(suppl 2):3S–12S.

5. Radiation Protection and Safety of Radiation Sources: International Basic
Safety Standards. Vienna: INTERNATIONAL ATOMIC ENERGY AGENCY;
2014.

6. The 2007 Recommendations of the International Commission on Radiological Pro-
tection. ICRP publication 103. Ann ICRP. 2007;37:1–332.

7. ICRP Publication 105. Radiation protection in medicine. Ann ICRP. 2007;37:
1–63.

8. Thisgaard H, Kumlin J, Langkjaer N, et al. Multi-curie production of gallium-68
on a biomedical cyclotron and automated radiolabelling of PSMA-11 and DOTA-
TATE. EJNMMI Radiopharm Chem. 2021;6:1.

9. Radchenko V, Morgenstern A, Jalilian AR, et al. Production and Supply of
alpha-Particle-Emitting Radionuclides for Targeted alpha-Therapy. Journal
of nuclear medicine: official publication, Society of Nuclear Medicine. 2021;
62(11):1495–1503.

10. Gadd R, Baker M, Nijran KS, et al. Protocol for Establishing and Maintaining
the Calibration of Medical Radionuclide Calibrators and their Quality Control,
2006.

11. AAPM. The selection, use, calibration and quality assurance of radionuclide cali-
brators used in nuclear medicine: American Association of Physicist in Medicine,
2012.

12. IAEA. Quality assurance for radioactivity measurement in nuclear medicine.
Vienna: Internation Atomic Energy Agency, 2006.

13. EANM PC, Busemann Sokole E, Plachcinska A, et al. Routine quality control rec-
ommendations for nuclear medicine instrumentation. Eur J Nucl Med Mol Imag-
ing. 2010;37:662–671.

14. Busemann Sokole E, Plachcinska A, Britten A, Committee EP. Acceptance test-
ing for nuclear medicine instrumentation. Eur J Nucl Med Mol Imaging. 2010;
37:672–681.

15. ICRP. Release of patients after therapy with unsealed radionuclides. Ann ICRP.
2004;34:v–vi, 1–79.

16. Erratum to “ICRP Publication 94: Release of patients after therapy with unsealed
radionuclides.” Ann ICRP [Ann ICRP 34(2)]. 2004;34:281.

17. IAEA. Release of Patients After Radionuclide Therapy. Vienna: International
Atomic Energy Agency; 2009.

18. Demir M, Abuqbeitah M, Uslu-Besli L, et al. Evaluation of radiation safety in
(177)Lu-PSMA therapy and development of outpatient treatment protocol. J Radiol
Prot. 2016;36:269–278.

19. Kurth J, Krause BJ, Schwarzenbock SM, Stegger L, Schafers M, Rahbar K. Exter-
nal radiation exposure, excretion, and effective half-life in (177)Lu-PSMA-targeted
therapies. EJNMMI Res. 2018;8:32.

20. Levart D, Kalogianni E, Corcoran B, Mulholland N, Vivian G. Radiation precau-
tions for inpatient and outpatient (177)Lu-DOTATATE peptide receptor radionu-
clide therapy of neuroendocrine tumours. EJNMMI Phys. 2019;6:7.

21. Konijnenberg M, Herrmann K, Kobe C, et al. EANM position paper on article 56
of the Council Directive 2013/59/Euratom (basic safety standards) for nuclear med-
icine therapy. Eur J Nucl Med Mol Imaging. 2021;48:67–72.

22. Hricak H, Abdel-Wahab M, Atun R, et al. Medical imaging and nuclear medicine:
a Lancet Oncology Commission. Lancet Oncol. 2021;22:e136–e72.

23. Craig AJ, Rojas B, Wevrett JL, Hamer E, Fenwick A, Gregory R. IPEM topical
report: current molecular radiotherapy service provision and guidance on the impli-
cations of setting up a dosimetry service. Phys Med Biol. 2020;65:245038.

24. Mora-Ramirez E, Santoro L, Cassol E, et al. Comparison of commercial dosimetric
software platforms in patients treated with (177) Lu-DOTATATE for peptide
receptor radionuclide therapy.Med Phys. 2020;47:4602–4615.

25. Bolch WE, Eckerman KF, Sgouros G, Thomas SR. MIRD Pamphlet No. 21: A
Generalized Schema for Radiopharmaceutical Dosimetry—Standardization of
Nomenclature. J Nucl Med. 2009;50:477–484.

26. Dewaraja YK, Frey EC, Sgouros G, et al. MIRD pamphlet No. 23: quantitative
SPECT for patient-specific 3-dimensional dosimetry in internal radionuclide ther-
apy. Journal of nuclear medicine: official publication, Society of Nuclear Medicine.
2012;53(8):1310–1325.

27. Hindorf C, Glatting G, Chiesa C, Linden O, Flux G, Committee ED. EANM
Dosimetry Committee guidelines for bone marrow and whole-body dosimetry. Eur
J Nucl Med Mol Imaging. 2010;37:1238–1250.

28. EARL. 2022. https://earl.eanm.org/. Accessed 28 Feb 2022.
29. Committee ET. Technologist�s Guide. 2022. https://www.eanm.org/publications/

technologists-guide/. Accessed 28 Feb 2022.

1842 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 63 � No. 12 � December 2022

https://earl.eanm.org/
https://www.eanm.org/publications/technologists-guide/
https://www.eanm.org/publications/technologists-guide/


30. Ljungberg M, Celler A, Konijnenberg MW, et al. MIRD Pamphlet No. 26: Joint
EANM/MIRD Guidelines for Quantitative 177Lu SPECT Applied for Dosimetry of
Radiopharmaceutical Therapy. J Nucl Med. 2016;57:151–162.

31. Bodei L, Mueller-Brand J, Baum RP, et al. The joint IAEA, EANM, and SNMMI
practical guidance on peptide receptor radionuclide therapy (PRRNT) in neuroen-
docrine tumours. Eur J Nucl Med Mol Imaging. 2013;40:800–816.

32. Lassmann M, Chiesa C, Flux G, Bardies M, Committee ED. EANM Dosimetry
Committee guidance document: good practice of clinical dosimetry reporting. Eur
J Nucl Med Mol Imaging. 2011;38:192–200.

33. Gear JI, Cox MG, Gustafsson J, et al. EANM practical guidance on uncertainty
analysis for molecular radiotherapy absorbed dose calculations. Eur J Nucl Med
Mol Imaging. 2018;45:2456–2474.

34. Dewaraja YK, Ljungberg M, Green AJ, et al. MIRD pamphlet No. 24: Guide-
lines for quantitative 131I SPECT in dosimetry applications. Journal of nuclear
medicine: official publication, Society of Nuclear Medicine. 2013;54(12):
2182–2188.

35. Taprogge J, Leek F, Schurrat T, et al. Setting up a quantitative SPECT imaging
network for a European multi-centre dosimetry study of radioiodine treatment for
thyroid cancer as part of the MEDIRAD project. EJNMMI Phys. 2020;7:61.

36. Hanscheid H, Canzi C, Eschner W, et al. EANM Dosimetry Committee series on
standard operational procedures for pre-therapeutic dosimetry II. Dosimetry prior
to radioiodine therapy of benign thyroid diseases. Eur J Nucl Med Mol Imaging.
2013;40:1126–1134.

37. Lassmann M, Hanscheid H, Chiesa C, et al. EANM Dosimetry Committee series
on standard operational procedures for pre-therapeutic dosimetry I: blood and bone
marrow dosimetry in differentiated thyroid cancer therapy. Eur J Nucl Med Mol
Imaging. 2008;35:1405–1412.

38. Gear J, Chiesa C, Lassmann M, et al. EANM Dosimetry Committee series on stan-
dard operational procedures for internal dosimetry for (131)I mIBG treatment of
neuroendocrine tumours. EJNMMI Phys. 2020;7:15.

39. Ljungberg M, Celler A, Konijnenberg MW, et al. MIRD Pamphlet No. 26: Joint
EANM/MIRD Guidelines for Quantitative 177Lu SPECT Applied for Dosimetry of
Radiopharmaceutical Therapy. Journal of nuclear medicine: official publication,
Society of Nuclear Medicine. 2016;57(1):151–162.

40. Tran-Gia J, Denis-Bacelar AM, Ferreira KM, et al. A multicentre and multi-
national evaluation of the accuracy of quantitative Lu-177 SPECT/CT imaging per-
formed within the MRTDosimetry project. EJNMMI Phys. 2021;8:55.

41. Peters SMB, van der Werf NR, Segbers M, et al. Towards standardization of abso-
lute SPECT/CT quantification: a multi-center and multi-vendor phantom study.
EJNMMI Phys. 2019;6:29.

42. Chiesa C, Sjogreen-Gleisner K, Walrand S, et al. EANM dosimetry committee
series on standard operational procedures: a unified methodology for (99m)Tc-
MAA pre- and (90)Y peri-therapy dosimetry in liver radioembolization with (90)Y
microspheres. EJNMMI Phys. 2021;8:77.

43. Hindorf C, Chittenden S, Aksnes AK, Parker C, Flux GD. Quantitative imaging of
223Ra-chloride (Alpharadin) for targeted alpha-emitting radionuclide therapy of
bone metastases. Nucl Med Commun. 2012;33:726–732.

44. Murray I, Chittenden SJ, Denis-Bacelar AM, et al. The potential of (223)Ra and
(18)F-fluoride imaging to predict bone lesion response to treatment with (223)Ra-
dichloride in castration-resistant prostate cancer. Eur J Nucl Med Mol Imaging.
2017;44:1832–1844.

45. Chittenden SJ, Hindorf C, Parker CC, et al. A Phase 1, Open-Label Study of the Bio-
distribution, Pharmacokinetics, and Dosimetry of 223Ra-Dichloride in Patients with
Hormone-Refractory Prostate Cancer and Skeletal Metastases. Journal of nuclear
medicine: official publication, Society of Nuclear Medicine. 2015;56(9):1304–1309.

46. SNMMI. Procedure Standards. https://www.snmmi.org/ClinicalPractice/content.
aspx?ItemNumber=64142021). Accessed 28 Feb 2022.

47. Fendler WP, Eiber M, Beheshti M, et al. (68)Ga-PSMA PET/CT: Joint EANM and
SNMMI procedure guideline for prostate cancer imaging: version 1.0. Eur J Nucl
Med Mol Imaging. 2017;44:1014–1024.

48. Kratochwil C, Fendler WP, Eiber M, et al. EANM procedure guidelines for radio-
nuclide therapy with (177)Lu-labelled PSMA-ligands ((177)Lu-PSMA-RLT). Eur
J Nucl Med Mol Imaging. 2019;46:2536–2544.

49. Poeppel TD, Handkiewicz-Junak D, Andreeff M, et al. EANM guideline for radio-
nuclide therapy with radium-223 of metastatic castration-resistant prostate cancer.
Eur J Nucl Med Mol Imaging. 2018;45:824–845.

50. EANM. Guidelines. https://www.eanm.org/publications/guidelines/2021). Accessed
28 Feb 2022.

HOW TO SET UP A THERANOSTICS CENTER � Herrmann et al. 1843

https://www.snmmi.org/ClinicalPractice/content.aspx?ItemNumber=64142021
https://www.snmmi.org/ClinicalPractice/content.aspx?ItemNumber=64142021
https://www.eanm.org/publications/guidelines/2021

