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Introduction

A radiopharmaceutical is a specialized medication that 
incorporates a radioactive element, known as a radionu-
clide, which serves as a tracer. These compounds come in 
2 main forms. In some cases, the radionuclide is chemi-
cally bound to a pharmacological agent that acts as a car-
rier. This carrier helps direct the radioactive component to 
specific areas in the body. Alternatively, certain radiophar-
maceuticals consist solely of a radionuclide in its ionic 
state. In this form, the radionuclide itself can function as 
the targeting agent, without the need for an additional car-
rier molecule.1-3

Both types of radiopharmaceuticals are designed to 
deliver radioactivity to specific sites in the body, enabling 
various diagnostic and therapeutic applications in nuclear 
medicine. Radionuclides are identified by the type of radia-
tion which they emit (ionizing radiation in the form of elec-
tromagnetic waves (γ-rays or X-rays) or in the form of 

particles (neutrons, β, or α); by the energy of the radiation 
and by the half-life time. The effective half-life of a radio-
pharmaceutical is related to both the physical decay of the 
radionuclide (ie, the time required for the activity of a radio-
nuclide to decrease by decay to half its initial value), and to 
the biological elimination of the radiopharmaceutical, 
which refers to the time required for the amount of radio-
pharmaceutical in the body to be halved. Ideally, the 
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and “Blood and lymphatic system disorders” (10.3%; n = 23). Fifty-seven reports (67.85%) showed at least 1 serious ADR. 
Most notified radiopharmaceuticals were, respectively, radium—223 (n = 36, 41.4%), lutetium-177 oxotreotide (n = 12, 
13.8%) and iodide—131 (n = 9, 10.3%). Conclusion and Relevance: Although the number of notifications is limited, these 
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monitor the safety of these specialized medical products and inform clinical decision-making. 

Keywords
radioisotopes, drug safety, adverse drug reactions, nuclear medicine, hospital pharmacy



920	 Annals of Pharmacotherapy 59(10)

effective half-life should be short enough to minimize 
patient exposure, but long enough for the radiopharmaceu-
tical to exert its action.4

Radiopharmaceuticals are used in nuclear medicine, 
where they bind to a target organ or tissue, according to the 
affinity of the ligand, and the radioactive element enables a 
diagnostic or therapeutic process depending on the radioac-
tive emission.1 Radiopharmaceuticals used for diagnosis 
require radionuclides that emit either positrons (β+) or γ-
rays. Gamma-ray emitters are useful for SPECT (single-
photon emission computed tomography) imaging, while 
PET (positron emission tomography) relies on β+ emis-
sion. In turn, radiopharmaceuticals used for therapeutic pur-
poses are those that emit electrons by β-decay and those 
that decay with the emission of α-particles.1 Around 95% of 
radiopharmaceuticals are used for diagnostic purposes, and 
normally, this type of radiopharmaceutical has no pharma-
cological effects on the body as trace amounts of radioac-
tive markers are used.4 The choice of radiopharmaceutical 
depends on factors like the patient’s general condition, renal 
function, type and stage of the disease, and radionuclide 
properties.4,5

Pharmacovigilance of radiopharmaceuticals is a critical 
aspect of ensuring the safety and efficacy of these special-
ized drugs. Radiopharmaceuticals are unique, in that, they 
contain radioactive isotopes that emit radiation for diagnos-
tic or therapeutic purposes.6 They are also used in very 
small dosages when compared with conventional drugs and 
the frequency of administrating radiopharmaceuticals in an 
individual during his lifetime is also very low. Nevertheless, 
due to their specific nature, radiopharmaceuticals require 
careful monitoring and surveillance to detect and manage 
any potential adverse effects or safety concerns.7 Nuclear 
pharmacists, nuclear medicine technologists, and other 
health professionals, play a crucial role in ensuring the safe 
handling, administration, and monitoring of these special-
ized drugs.8 Their involvement in pharmacovigilance is 
essential for maintaining patient safety and optimizing the 
use of radiopharmaceuticals.

Radiopharmaceuticals have a lower reported incidence of 
adverse reactions compared with conventional drugs.9 This 
could be attributed to their unique characteristics that set them 
apart from typical pharmaceuticals. Radiopharmaceuticals 
generally lack significant pharmacological effects and dose-
response relationships (notable exception for radiotherapeutic 
agents) and are typically administered in small doses for a 
limited number of times to patients.10,11 However, the possi-
bility of an adverse event to radiopharmaceuticals cannot be 
completely ruled out.10-13 The British Nuclear Medicine 
Society maintains an online database of adverse reactions to 
radiopharmaceuticals (ARRPs), with reported prevalence 
rates of only 3.1 and 2.5 per 100 000 administrations in 2013 
and 2015, respectively.14 These reactions are often minor, 
such as skin rash, pruritus, and vomiting. In contrast, the 

national pharmacovigilance database of France documented 
304 reports of ARRPs between 1989 and 2013, with 43% 
classified as serious adverse events resulting in 12 deaths, 15 
life-threatening complications, 89 hospitalizations, and 15 
other serious conditions.3 Instances like the withdrawal of 
technetium-99m (99mTc) fanolesomab due to severe adverse 
reactions leading to life-threatening events11 or the withdrawal 
of ¹³¹I-lipiodol for unfavorable benefit to risk ratio,15 highlight 
the importance of monitoring and reporting adverse reactions 
associated with radiopharmaceutical use. The widespread use 
of radiopharmaceuticals in modern health care has heightened 
the significance of adverse event reporting. This practice is 
crucial as it serves to notify health care professionals about 
potential issues, enables a comprehensive evaluation of the 
extent and severity of these problems, and enhances the preci-
sion of diagnosing adverse reactions. Furthermore, by facili-
tating the development of effective treatment strategies for 
these reactions, diligent reporting contributes significantly to 
mitigating the negative consequences associated with radio-
pharmaceutical use. Ultimately, this proactive approach to 
monitoring and addressing adverse events plays a vital role in 
safeguarding patient well-being and optimizing the benefits of 
radiopharmaceutical applications in medical practice.16

The distinctive characteristics of radiopharmaceuticals, 
requires specialized training for health care professionals 
engaged in their pharmacovigilance. Given the unique 
properties of these drugs, it is crucial that practitioners 
develop a specific skill set. This includes a thorough under-
standing of radiation safety principles, proficiency in inter-
preting imaging studies, and the ability to identify adverse 
reactions particular to radiopharmaceuticals. To cultivate 
these essential competencies, targeted training programs 
are indispensable. Such specialized education ensures that 
health care professionals are well-equipped to effectively 
monitor, assess, and manage the safety aspects of radio-
pharmaceuticals, thereby enhancing patient care and safety 
in nuclear medicine and related fields. Pharmacovigilance 
of radiopharmaceuticals is challenging, but overcoming 
these challenges requires a collaborative effort from stake-
holders involved in nuclear medicine and pharmacy to 
ensure the safe and effective use of radiopharmaceuticals, 
while prioritizing patient safety.

In this study, the primary aim was to perform an exten-
sive and in-depth examination of individual case safety 
reports (ICSRs) pertaining to suspected adverse drug reac-
tions (ADRs) linked to radiopharmaceuticals within the 
Portuguese health care context.

Methods

This research employed a retrospective, observational app
roach, focusing on the examination of spontaneous reports 
submitted to the Portuguese National Pharmacovigilance 
System (SNF) concerning various radiopharmaceuticals 
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available in the Portuguese market. The study encompassed 
a comprehensive analysis of data spanning from 2010 to 
2023. The data used here were entirely made available by 
the Directorate for Risk Management for Medicines of 
INFARMED- National Authority of Medicines and Health 
Products, I.P,. and all legal and regulatory requirements 
were met when requesting and using the data for this 
research.

The variables under study are as follows:

1.	 Number of cases notified per year.
2.	 Identification of the medicine—trade name—asso-

ciated with the ADR.
3.	 Identification of the source of notification.
4.	 Demographic characterization of the population 

affected by the ADRs:

        -  Age.
        -  Sex.

5.	 Characterization of the type of ADR:

        - � Degree of seriousness (serious, non-
serious).

        -  Severity criteria.
        - � Type of effect/affected organ (system 

organ class [SOC]-MedDRA).
        -  Causality assessment.

The classification of ADRs was coded by SOC according to 
the MedDRA dictionary (27.1 version).

Results

Between January 2010 and December 2023, 84 out of 
136,112 reports to the SNF were spontaneous reports of 
suspected ADRs related to radiopharmaceuticals, represent-
ing a frequency of 6.17 × 10−4 compared to other drug 
classes. These 84 reports described a total of 224 ADRs, 
which involved 15 different radiopharmaceuticals.

Characterization of Individual Case Safety 
Reports

The mean age of patients included in the ICSRs was 61.9 
years. The youngest patient was 18, while the oldest was 87 
years old. Age-related data were not available in 34.5% (n = 
29) of the reports. Most reports (36.9%; n = 31) concerned 
people who were between the ages of 18 and 64, with people 
65 and older coming in second (28.6%; n = 24).

Most of the ICSRs were related to male individuals 
(62.4%; n = 53), with no information available for this 
variable in 4.7% (n = 4) of cases. Regarding the reporter, 
the ICSRs included in this analysis were carried out mostly 

by physicians, (58.8%; n = 50) (Table 1). The highest num-
ber of ICSRs occurred during the year of 2021 (26.2%; n = 
22), and no ICSRs were submitted in 2010, 2012, and 2013 
(Figure 1).

Fifteen different radiopharmaceuticals were identified in 
the ICSRs. Radium (223Ra) dichloride was named in 36 
(41.4%; n = 36) ICSRs, followed by lutetium (177Lu) 
oxodotreotide (3.8%; n = 12), sodium iodide (131I) (10.3%; 
n = 9) and Technetium (99mTc) oxidronic acid (9.2%; n = 8) 
(Table 2).

Characterization of adverse drug reactions.  All the reactions 
presented in the reports were analyzed for the variables 
used in the characterization of ADRs, irrespective of 
whether there might be a relationship solely with the sus-
pected radiopharmaceutical or with other associated drugs 
in the same report.

For the 84 ICSRs, a total of 224 ADRs were detected. 
Following the classification of ADR by MedDRA SOC 
coding, 21 different SOCs were identified, with the most 
prevalent situations being “Gastrointestinal Disorders” 
(18.3%; n = 41) followed by “General disorders and admin-
istration site conditions” (16.5%; n = 37), “Skin and subcu-
taneous tissue disorders” (11.2%; n = 25) and “Blood and 
lymphatic system disorders” (10.3%; n = 23) (Table 3).

Seriousness criteria were examined for ADRs labeled as 
“serious.” Fifty-seven reports (67.85%) showed at least 1 
serious ADR. A total of 132 ADRs were identified, with 
66.4% (n = 81) classified as “clinically important” and 
4.9% (n = 6) categorized as “fatal” (Table 4).

Table 1.  Characterization of Patients and Reporters of the 
Individual Case Safety Reports (ICSRs).

Patient’s age n %

18-64 years old 31 36.9%
65 years old or above 24 28.6%
Unknown 29 34.5%
Total 84 100.0%

Patient’s sex n %

Male 53 62.4%
Female 27 31.8%
Unknown 4 4.7%
Total 84 100%

Reporter’s professional group n %

Physicians 50 58.8%
Pharmacist 15 17.6%
Patient or other non-health care professional 3 3.5%
Other health care professional 16 18.8%
Total 84 100%



922	 Annals of Pharmacotherapy 59(10)

Regarding the evolution of the ADRs (only 217 ADRs 
had this information available), 37.3% (n = 81) evolved 
into a cure and 8% (n = 6) resulted in death (Table 5). It 
should be highlighted that a single report may encompass 
multiple, distinct ADRs, which can potentially lead to the 
same outcome within that report. This complexity in report-
ing underscores the need for careful interpretation of the 
data. A particularly noteworthy finding is the high propor-
tion of ADRs with unknown outcomes, accounting for 
46.5% (62 cases) of the reported reactions.

Causality assessment, established by the regulatory 
authority (Table 6), was conducted for 29.5% (n = 66) of 
the total identified ADRs. Of these, 45.5% (n = 30) were 

Figure 1.  Characterization of the number of individual case spontaneous reports (ICSRs) between 2010 and 2023.

Table 2.  Characterization of the Suspected Drug Involved the 
ICSRs.

Radiopharmaceutical N %

Radium (223Ra) dichloride * 36 41.4%
Lutetium (177Lu) oxodotreotide * 12 13.8%
Sodium iodide (131I) * 9 10.3%
Technetium (99mTc) oxidronic acid 8 9.2%
Fludeoxyglucose (18F) 4 4.6%
Iobenguane (123I) 3 3.4%
Gallium (68Ga) edotreotide 3 3.4%
Lutetium (177Lu) vipivotide tetraxetan * 2 2.3%
Technetium (99mTc) pertechnetate 2 2.3%
Technetium (99mTc) sestamibi 2 2.3%
Ureia (14C) 2 2.3%
Lutetium (177Lu) DOTATE * 1 1.1%
Chromium (51Cr) edetate 1 1.1%
Technetium (99mTc) macrosalb 1 1.1%
Technetium (99mTc) tetrofosmin 1 1.1%
Therapeutic radiopharmaceuticals are 

marked with a *
 

Table 3.  Classification of the ADRs According to MedDRA 
SOC Classification.

Primary SOC reaction N %

Gastrointestinal disorders 41 18.3%
General disorders and administration site 

conditions
37 16.5%

Skin and subcutaneous tissue disorders 25 11.2%
Blood and lymphatic system disorders 23 10.3%
Investigations 15 6.7%
Nervous system disorders 13 5.8%
Injury. poisoning and procedural complications 12 5.4%
Neoplasms benign, malignant, and unspecified 

(incl. cysts and polyps)
12 5.4%

Infections and infestations 6 2.7%
Musculoskeletal and connective tissue disorders 6 2.7%
Renal and urinary disorders 5 2.2%
Hepatobiliary disorders 5 2.2%
Eye disorders 4 1.8%
Endocrine disorders 4 1.8%
Psychiatric disorders 4 1.8%
Immune system disorders 3 1.3%
Metabolism and nutrition disorders 3 1.3%
Cardiac disorders 2 0.9%
Vascular disorders 2 0.9%
Respiratory, thoracic and mediastinal disorders 1 0.4%
Surgical and medical procedures 1 0.4%
Total 224 100%
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classified as “probable,” equal value was obtained as “pos-
sible,” and only 1.5% (n = 1) as “certain.”

Important medical events (IMEs) and designated medical 
events (DMEs) were also available to assessment. Table 7 
depicts the IME, DME, radiopharmaceutical involved, and 
the causality assessment made by the regulatory authority.

Deaths after administration of radiopharmaceuticals.  Dur-
ing the period 2010 to 2023, 6 deaths were reported after 
radiopharmaceutical use in Portugal. Of these, 2 occurred 
with radium (223Ra) dichloride, 2 with lutetium (177Lu) 
oxodotreotide, 1 with fluorodeoxyglucose (18F), and 1 
where radium (223Ra) dichloride and fluorodeoxyglucose 
(18F) were used. In none of these cases, there was any 
direct causation determined.

Estimation of the Annual Incidence of Reported 
Adverse Reactions to Radiopharmaceuticals

In accordance with the public records made available by the 
Portuguese government on Portal da Transparência,17 there 

were 307.725 nuclear medicine exams performed both in 
public hospitals and other associated health care institutions 
between 2015 and 2023. In accordance with the data in 
Table 8, the estimated annual incidence varies between 3.6 
× 10−5and 5.9 × 10−4.

Discussion

This study analyzed 84 ICSRs of ADRs related to the use 
of radiopharmaceuticals, reported between 2010 and 2023. 
These reports encompassed 15 different radiopharmaceu-
ticals and identified a total of 224 ADRs. Notably, a sig-
nificant decrease in reporting was observed during 2019 
and 2020, which may be attributed to the impact of the 
Covid-19 pandemic. It likely led to a reduction in sched-
uled medical examinations, consequently affecting the 
number of radiopharmaceutical administrations and, by 
extension, the reporting of related adverse events. 
Similarly, the sudden increase in 2021 may be related to 
the heightened sensibility of health care professionals for 
adverse reaction reporting, following the pandemic. This 
pattern is verifiable in the SNF Dashboard of public phar-
macovigilance data, for all ICSRs submitted during this 
time period.18 Most of the ICSRs were submitted by health 
care professionals. These results are not surprising, since 
ADR reporting has always been attributed to health care 
professionals and they are the ones who report the most. 
With the inclusion of the general population as potential 
notifiers since 2012 in Europe, we would expect to see a 
higher total number of notifications, since the aim of 
including them was to promote more proactive pharmaco-
vigilance systems.19 It may be necessary to take more 
steps to increase public awareness of pharmacovigilance 
and their involvement in ADR reporting. Most of the 
reported adverse reactions were included in the Summary 
of Product Characteristics for the radiopharmaceutical. 
The major SOC described where “General disorders and 
administration site conditions,” “Skin and subcutaneous 
tissue disorders,” “Blood and lymphatic system disor-
ders,” “Gastrointestinal disorders,” which is in conso-
nance with previous findings.3,12,14,16,20-22

In our study, the most notified radiopharmaceutical was 
the therapeutic, alpha-emitter radium-223. Hematologic 
toxicity and disease progression were the most clinically 
important ADRs reported. Previous research has focused 
on real-life data from radium-223 therapy23 confirmed that 
older patients were at increased risk when compared with 
younger patients. Lutetium (177Lu) oxodotreotide was also 
among the radiopharmaceuticals with the most ADRs 
reported. It presented a wide range of ADRs from hemato-
logical to gastrointestinal and hepatic toxicity. Previous 
research24 has linked lutetium (177Lu) oxodotreotide toxic-
ity to peritoneal metastases, pancreatic metastases or pul-
monary metastases, and high tumor grade. However, we 

Table 4.  Classification of Suspected ADRs According to 
Seriousness Criteria.

Seriousness criteria N %

Clinically important 81 66.4
Life-threatening 15 12.3
Disability 16 13.1
Hospitalization 14 11.5
Death 6 4.9
Total 132 100

Table 5.  Evolution of Adverse Drug Reactions (ADRs).

Evolution N %

Unknown 101 46.5
Cured 81 37.3
Persists without recovery 15 6.9
Recovering 12 5.5
Death 6 2.8
Cured with sequelae 2 0.9

Table 6.  Causality Assessment by the Regulatory Authority.

Classification N %

Probable 30 45.5
Possible 30 45.5
Conditional 3 4.5
Certain 1 1.5
Unrelated 1 1.5
Unlikely 1 1.5
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cannot make such correlation in this case, since no spe-
cific information about the patient health status was 
retrieved from the ICSR. Sodium iodide-131 was the third 
radiopharmaceutical with most notified adverse reactions, 
namely, “endocrine disorders” and “gastrointestinal disor-
ders,” like thyrotoxic crisis, radiation thyroiditis, sialade-
nitis, and dysgeusia. One of the reasons why sodium 
iodide-131 is so widely reported is probably that it is the 

most widely administered therapeutic radiopharmaceuti-
cal, for both resistant hyperthyroidism and thyroid cancer. 
It is hypothesized that the majority of ADRs to sodium 
iodide-131 are caused by the beta radiation of the isotope 
at high doses. Furthermore, this radiopharmaceutical tends 
to build up in the salivary glands and can then be released 
into the pharynx and mouth, where it can be swallowed 
and enter the esophagus.25 We should also point out that 

Table 7.  IME and DME Identified in the ICSR’s.

Radiopharmaceutical Reaction PT (IME/DME) Causality assessment

Chromium edetate (51Cr) Renal tubular injury Not assessed
Sodium iodide (131I) Exophthalmos

Hypothyroidism
Sialoadenitis
Thyrotoxic crisis

Exophthalmos—possible
Hypothyroidism—not assessed
Sialoadenitis—probable
Thyrotoxic crisis—possible

Fluorodeoxyglucose (18F) Bell’s palsy
Death
Hepatitis toxic
Hyperbilirubinemia

Bell’s palsy—unlikely
Death—possible
Hepatitis toxic—possible
Hepatitis toxic—possible

Technetium (99mTc) macrosalb Type I hypersensitivity Type I hypersensitivity—
possible

Technetium (99mTc) oxidronic acid Death
Hepatitis toxic
Hyperbilirubinemia

Death—possible
Hepatitis toxic—possible
Hyperbilirubinemia—possible

Lutetium (177Lu) vipivotide 
tetraxetane

Thrombocytopenia Thrombocytopenia—probable

Radium dichloride (223Ra) Neutropenia
Thrombocytopenia
Death, diverticulitis, malignant neoplasm progression, 

metastases to adrenals, metastases to bone, metastases to 
lung, osteomyelitis, osteonecrosis, osteonecrosis of jaw, 
pancytopenia (DME), prostate cancer metastatic, sepsis

Neutropenia—probable
Thrombocytopenia—probable
Not assessed

Lutetium (177Lu) oxodotreotide Encephalitis, hepatic artery stenosis, herpes zoster oticus, 
intestinal metastasis, intestinal obstruction, malignant 
neoplasm progression, metastases to liver, metastases 
to pancreas, myelodysplastic syndrome, pancreatic 
neuroendocrine tumor, plasma cell myeloma, pulmonary 
tuberculosis, second primary malignancy, small intestine 
neuroendocrine tumor, thrombocytopenia

Not assessed

Table 8.  Estimation of the Annual Incidence of Reported Adverse Reactions to Radiopharmaceuticals.

Year
Number of nuclear medicine 

exams performed
Number of ADR reports of 

radiopharmaceuticals Estimated annual incidence

2015 28 159 1 3.6 × 10−5

2016 29 503 11 3.7 × 10−4

2017 28 913 6 2.1 × 10−4

2018 30 689 5 1.6 × 10−4

2019 35 938 3 8.3 × 10−5

2020 24 871 2 8.0 × 10−5

2021 37 122 22 5.9 × 10−4

2022 46 141 10 2.2 × 10−4

2023 46 389 11 2.4 × 10−4
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this formulation has a hard gelatine capsule contains some 
excipients (sodium thiosulfate pentahydrate, disodium 
phosphate dihydrate, and sodium hydroxide) that can 
cause some adverse reactions.9 Technetium (99mTc) oxi-
dronic acid was the fourth radiopharmaceutical on our list 
with the most ADRs reported. One reason for this may be 
because they have been the most widely used radiophar-
maceuticals in SPECT imaging for many years.3,9 The 
most frequent ADRs associated with this drug are ery-
thematous maculopapular rashes, nausea, pruritus, hypo-
tension, fever, and headaches.

The limited data of adverse events make it challenging to 
detect rare or unexpected reactions, as large data sets are 
often needed to identify signals for uncommon adverse 
events.11-13,26 Moreover, the substantial gap in follow-up 
information highlights a significant challenge in compre-
hensive ADR monitoring and emphasizes the importance of 
improving post-reaction tracking and reporting mecha-
nisms, to enhance our understanding of radiopharmaceuti-
cal safety profiles. These drugs are normally regarded as 
safe medicines. A French study3 reports that ARRPs were 
6.2 × 10−4 of that with other classes of drugs. This finding 
closely aligns with the results obtained in our study, sug-
gesting a consistent pattern in the safety profile of radio-
pharmaceuticals across different populations.

Various international studies and regulatory bodies have 
reported consistent findings regarding the frequency of 
ARRPs. The European Association of Nuclear Medicine, 
the Japanese Authorities, and several US researchers’ 
groups provide a similar frequency of ARRPs reported, 
ranging from 0 to 11 × 10−5 radiopharmaceutical adminis-
trations.22,27,27-30 A meta-analysis conducted in 2012, of 
studies on ARRPs occurrence, determined a global inci-
dence of 1.9 × 10−5 administrations.31 In our analysis, in 
Portugal, the annual incidence of reported adverse reactions 
ranged from 3.6 × 10−5and 5.9 × 10−4 administrations. This 
value, although slightly higher, may be attributed to the 
growing use of radiopharmaceuticals in recent years. As 
their application becomes more widespread, there is natu-
rally a greater opportunity for adverse reactions to be 
observed and reported.

The reported ADRs data must be interpreted with cau-
tion, acknowledging the potential for underreporting. Not 
all adverse events are systematically documented or com-
municated through official channels, which means the 
actual incidence of ADRs could be higher than the recorded 
figures. This underreporting phenomenon is a well-recog-
nized limitation in pharmacovigilance, stemming from 
various factors. Health care professionals may face obsta-
cles in reporting, due to lack of time to complete reporting 
forms, lack of awareness about the reaction, improper 
reporting system, overall poor reporting culture, anxiety 
about potential liability, beliefs that there will be little 
interest in an already known adverse reaction, and 

misrecognition or lack of recognition of adverse reactions 
due to delayed appearance.3,32-34 This underreporting can 
hinder the comprehensive understanding of the safety pro-
file of radiopharmaceuticals. Determining the causal rela-
tionship between an adverse reaction and the administration 
of a radiopharmaceutical is also a challenge. Various fac-
tors need to be considered, including the patient’s medical 
history, concomitant medications, and the specific charac-
teristics of the radiopharmaceutical itself. Conducting thor-
ough causality assessments requires specialized knowledge 
and expertise in nuclear medicine pharmacovigilance, and 
of course depends on the information provided in the phar-
macovigilance report.26 We would like to point out that the 
causality assessment, which is not a mandatory field in the 
notification/processing of ADR notifications, is only car-
ried out by the Portuguese National Competent Authority 
for notifications that it receives directly from citizens and 
health professionals and that are considered serious. All 
notifications that are sent directly to EudraVigilance (and 
forwarded to the respective national pharmacovigilance 
agencies) by the holder of the marketing authorization 
(MA), will only have the causality field filled in, if the MA 
holder has taken this action and coded the respective field.

This study is not without constraints. We are working 
with a limited amount of data, regarding drugs that can be 
used both in diagnostic and treatment options, used in very 
small dosages, with significant differences in the type and 
energy of the radiation emitted, and mostly used for patients 
with severe illness. No information about patient’s further 
medication is analyzed and the assessment for causality is 
also limited. It might also be legitimate to wonder what pro-
portion of known and expected adverse reactions (especially 
to therapeutic radiopharmaceuticals) go unreported. This 
might represent a large proportion of ADRs, which would 
distort the vision of reality provided by these data. The sig-
nificance of this research area persists and is growing in 
importance, paralleling the expanding use of radiopharma-
ceuticals in medical practice. This trend is particularly evi-
dent in the field of targeted radionuclide therapies, with 
177Lu-vipivotide tetraxetan serving as a prime example. 
Despite its infrequent use during the early stages of the 
study, this specific radiopharmaceutical has since seen a dra-
matic surge in clinical practice, highlighting the rapidly 
evolving landscape of nuclear medicine and the need for 
ongoing research. Moreover, we acknowledge that our study 
was conducted in a country with a population of approxi-
mately 10 million. While this provides valuable local 
insights, the relatively small population size compared with 
larger regions, such as the United States or the European 
Union (EU) as a whole, may limit the generalizability of 
findings.

Further steps would include an analysis of signals gener-
ated by radiopharmaceuticals, discussed at Pharmacovigi
lance Risk Assessment Committee (PRAC). Each month, 



926	 Annals of Pharmacotherapy 59(10)

the PRAC analyzes, prioritizes, and evaluates safety signals 
concerning medicinal products authorized in the EU. This 
assessment may result in various recommendations, includ-
ing an update of the product information. In addition, it 
would be interesting to review the Electronic Reaction 
Monitoring Report to review any signal of disproportionate 
reporting (SDR). SDRs could potentially indicate the pres-
ence of a new ADR for the product or a known ADR 
reported more than expected in the database.35

Conclusion and Relevance

This study focused on a comprehensive analysis of ICSRs of 
suspected ADRs associated with radiopharmaceuticals, in 
Portugal. By focusing on ICSRs, the research aimed to cap-
ture detailed information about specific incidents, including 
the nature and severity of reactions, patient demographics, 
and the circumstances surrounding each event. This approach 
enabled us to capture a comprehensive understanding of the 
adverse events associated with radiopharmaceuticals in the 
Portuguese context. This localized focus, can offer valuable 
insights for Portuguese health care providers and regulators 
while also contributing to the broader global understanding 
of radiopharmaceutical safety. A total of 84 ICSRs describing 
224 ADRs involving 15 different radiopharmaceuticals were 
retrieved. The most prevalent ADRs were related to gastroin-
testinal disorders, general disorders and administration site 
conditions, skin and subcutaneous tissue disorders, and blood 
and lymphatic system disorders. Notably, 57 reports (67.85%) 
included at least 1 serious ADR. Nevertheless, both fre-
quency and estimated annual incidence of the ADRs were 
low, and in line with previous research. While data are lim-
ited, this comprehensive analysis serves multiple purposes: it 
can inform clinical practice, guide policy decisions, enhance 
pharmacovigilance efforts, and ultimately contribute to 
improving patient safety in nuclear medicine procedures. 
Moving forward, the results of this study can serve as a foun-
dation for further research. Ongoing monitoring, reporting, 
and analysis of adverse reactions are crucial to enhance 
patient safety and ensure the continued benefits of the use of 
radiopharmaceuticals.
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