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Abstract — Radiopharmaceutical therapy offers targeted and potent cancer treatment, but individual
responses vary, necessitating personalized approaches for optimal outcomes. Gamma-H2AX, a
phosphorylated form of histone, has become a sensitive indicator of DNA double-strand breaks caused
by ionizing radiation. Gamma-H2AX assays in radiopharmaceutical therapy offer a non-invasive way to
assess individual radiosensitivity, improving treatment optimization and patient classification. This
systematic review examines the use of gamma-H2AX as a biomarker for determining individual
radiosensitivity in cancer patients receiving radiopharmaceutical therapy. An in-depth search for supporting
publications utilized three popular electronic databases: PubMed Central (PMC), ScienceDirect, and
Scopus. Specific keywords determine article limits. Every existing article was examined and appraised
independently using the PICO method (participants, intervention/exposure, comparison, and outcome).
Eighty-one articles were identified, 49 were screened based on title and abstract, and 32 were excluded.
Six articles were worthy, but only two were considered in this research. Based on these two articles, it is
possible to conclude that the gamma-H2AX foci marker in peripheral blood cells of patients receiving
radiopharmaceutical therapy was promising for predicting treatment response and individual
radiosensitivity. However, this research must be validated with more patients for a higher prospective

value in future investigations.
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1 Introduction

Radiopharmaceutical therapy technology uses radioactive
substances to treat a variety of medical conditions, particularly
cancer. The radioactive substance is given orally or
intravenously, allowing it to specifically target cancer cells
or diseased tissue while minimizing damage to surrounding
healthy tissue (Derlin et al., 2021; Sgouros et al., 2020).
Radiation emitted from radioactive substances can kill cancer
cells or inhibit their growth. These compounds are designed to
be absorbed and targeted at specific types of cancer cells (Cai
et al., 2008; Vinnikov and Belyakov, 2022).

*Corresponding author: anitabio@yahoo.co.uk

Radiopharmaceuticals commonly used in therapy include
iodine-131 for thyroid cancer, strontium-89 and samarium-153
for bone metastases, and lutetium-177 and yttrium-90 for
prostate cancer and neuroendocrine tumors (Dewaraja et al.,
2022; Vinnikov and Belyakov, 2022). Nuclear medicine
specialists often deliver radiopharmaceutical therapy, which
requires close monitoring to ensure safety and efficacy. It can
be used as the primary treatment or in combination with other
therapies such as surgery, chemotherapy, or external beam
radiation therapy (Gong and Miller, 2019; Raavi et al., 2021).

Individual radiosensitivity refers to the variation in how
different individuals respond to radiation exposure.
This sensitivity can influence radiopharmaceutical therapy’s
effectiveness and potential side effects (Chen et al., 2024,
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Table 1. Literature article search approach.

Database Keywords Results

PMC ((individual radiosensitivity) AND gamma-H2AX) AND radiopharmaceuticals) AND cancer 43
patients

ScienceDirect individual radiosensitivity, gamma-H2AX, radiopharmaceuticals, cancer patients 11

Scopus individual AND radiosensitivity AND gamma-h2ax AND radiopharmaceuticals AND cancer 37

AND patients AND PUBYEAR > 2008 AND PUBYEAR < 2025 AND ( LIMIT-TO (
DOCTYPE, “ar”) OR LIMIT-TO ( DOCTYPE, “re”))

Table 2. Rules for screening articles.

Inclusion criteria

Exclusion criteria

— Participants were cancer patients undergoing
radiopharmaceutical therapy

— DDR was assessed by the increase in H2AX foci

— Gamma-H2AX predicts the individual radiosensitivity in cancer
patients.

— Articles were published during or before April 2024

— Articles were written in English

— Gamma-H2AX did not identify individual radiosensitivity in
cancer patients.

— The entire article could not be obtained in PDF format.

Purnami et al., 2023; Widjaja et al., 2022). Some individuals may
have a higher sensitivity to radiation, meaning they may
experience more severe side effects from radiopharmaceutical
therapy compared to others. Factors contributing to individual
radiosensitivity include genetic predisposition, age, overall health,
and previous radiation exposure (Vinnikov and Belyakov, 2022).

Radiopharmaceutical therapy aims to deliver a therapeutic
radiation dose to target cancer cells while minimizing damage
to healthy tissues. However, individuals with higher radio-
sensitivity may experience increased side effects such as
radiation dermatitis, nausea, fatigue, and bone marrow
suppression (Fu et al, 2023; Khazaei Monfared et al.,
2023). Healthcare providers take individual radiosensitivity
into account when planning and administering radiopharma-
ceutical therapy. They may adjust the dosage or treatment
schedule based on the patient’s sensitivity and closely monitor
for adverse reactions (Dewaraja et al., 2022).

Gamma-H2AX is a marker that detects DNA damage
produced by ionizing radiation, such as that utilized in
radiopharmaceutical therapy (Djuzenova et al., 2015, 2013).
When cells are exposed to radiation, double-strand breaks
develop in the DNA, causing the histone variant H2AX
phosphorylation. These phosphorylated H2AX molecules
generate foci around DNA damage sites, which can be
visualized and quantified with immunofluorescence microsco-
py (Derlin et al., 2021; Djuzenova et al., 2013; Srivastava
et al., 2009)

The level of gamma-H2AX foci formation can measure the
extent of DNA damage induced by radiation exposure. It is
often used in research to study individual radiosensitivity, as
differences in the response of cells to radiation can be observed
among individuals. Some people may have a higher baseline
level of gamma-H2AX foci formation, indicating increased
DNA damage sensitivity (Kawashima et al., 2020).

Understanding individual radiosensitivity through markers
like gamma-H2AX can be valuable for personalized treatment
planning in radiopharmaceutical therapy. By assessing a
patient’s baseline level of DNA damage sensitivity, healthcare
providers can tailor the dosage and treatment regimen to
minimize adverse effects while maximizing therapeutic
efficacy (Djuzenova et al., 2015; Srivastava et al., 2009).

Additionally, research into individual radiosensitivity and
gamma-H2AX may help identify biomarkers that predict
patient response to radiopharmaceutical therapy, allowing for
more precise patient selection and treatment optimization.
Gamma-H2AX and individual radiosensitivity are essential in
developing and administering radiopharmaceutical therapy,
contributing to personalized treatment strategies and improved
patient outcomes (Cai et al., 2008; Kawashima et al., 2020).

A systematic review on gamma-H2AX, individual radio-
sensitivity, and radiopharmaceutical therapy would aim to
evaluate the current body of research on these topics
comprehensively. By systematically synthesizing existing
evidence, such a review can contribute to understanding the
role of gamma-H2AX and individual radiosensitivity in guiding
and optimizing radiopharmaceutical therapy for cancer patients.

2 Literature review

2.1 Literature search strategy

A comprehensive data search was undertaken using three
electronic databases: PubMed Central (PMC), ScienceDirect,
and Scopus. The literature analysis included phrases such as
“individual radiosensitivity,” “gamma-H2AX,” “radiopharma-
ceuticals,” and “cancer patients,” as shown in Table 1. Suitable
publications were discovered by reviewing the references and
included if they matched the inclusion criteria (Tab. 2). The
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Records were
generated via the
PMC database
n=43

Records were
generated via the
ScienceDirect database
n=11

Records were
generated via the
Scopus database

n=37

Records after duplicates were
eleminated
n= 81

The screening of articles based on .
e Articles excluded
title and abstract
n= 32
n=49

examined for eligibility

Articles with complete text were
n=6

Articles that were included in the
final review
n=2

Fig. 1. PRISMA visualization for the current systematic review.

publications were screened using the PICO method (partic-
ipants/patient, intervention, comparison, and outcome). PICO
is a structured approach to formulating a clinical or research
question. Experiments were conducted after taking into
consideration the DNA damage response (DDR) evidenced
by the rise in gamma-H2AX foci (C) in cancer patients (P)
receiving radiopharmaceutical treatment (I) to measure
individual radiosensitivity (O).

2.2 Eligibility and data analysis

This review implemented the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
disclosure items flowchart, as shown in Figure 1. According
to searches utilizing specified keywords, 43, 11, and 27
articles were found in each database (PMC, ScienceDirect,
and Scopus). The Mendeley reference manager was then
used to search for duplicate articles; when the duplicates
were deleted, 81 articles existed. The title and abstract were
then used to pick 49 appropriate articles, while 32 were
rejected. Articles containing full text were examined for
eligibility, resulting in six articles that could be continued in
the final assessment. According to the inclusion criteria
(Tab. 2), only two articles were worthy of processing and are
described in Table 3.

2.3 Al tools usage statement

The author uses Assistive Al tools (Grammarly) to correct
grammatical errors in this manuscript. In addition, Generative
Al tools (QuillBot Premium) are employed to assist in
paraphrasing and plagiarism detection.

3 Result and discussion

The PRISMA approach identified two suitable articles that
matched the inclusion requirements. The research articles were
Widjaja et al. (2022), and Derlin ez al. (2021). These articles
will be thoroughly explained utilizing the PICO method,
outlined in Table 3.

Widjaja et al. (2022) investigated 20 men, aged 72.1 £8.6,
with metastatic castration-resistant prostate cancer (mCRPC)
treated with 177Lu-prostate-specific membrane antigen
(177Lu-PSMA) radiopharmaceutical therapy. A DDR investi-
gation was carried out on the patient’s peripheral blood
lymphocytes using immunocytofluorescence analysis. Blood
samples were collected before, an hour after, and 24 hours after
177Lu-PSMA therapy. Before the first cycle of 177Lu-PSMA
therapy, all patients had positron emission tomography (PET/
CT scans) for measuring tumor PSMA expression (assessing
the maximum standardized uptake value (SUVmax) of all
tumor lesions). Following the second cycle, DDR markers
(gamma-H2AX and 53BP1) were tested for prediction
performance against clinical and PET-based indicators for
prostate-specific antigen-progressing disease (PSA-PD). The
predictive value for progression-free survival (PSA-PFS,
expressed as median and 95% confidence interval [CI]) was
also investigated. The amount of DDR markers determined
individual radiosensitivity in lymphocyte cells before and after
the injection of 177Lu-PSMA therapy (Widjaja et al., 2022).

Furthermore, Derlin ef al. (2021) studied 21 patients with
advanced gastroenteropancreatic neuroendocrine tumors (ten
males and eleven females), with an average age of 64.3+11.6
and a range of 41.0-84.9 years. The patients underwent PRRT
with 7.4 GBq 177Lu-DOTA-TATE per cycle every 8-16
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Table 3. Description of studies using the PICO method

Atrticles Patients Intervention

Comparison Outcome

Widjaja et al. Twenty men with

(2022), Germany MCRPC undergoing
177Lu-PSMA therapy

Derlin et al. Twenty-one patients

(2021), Germany with advanced
gastroenteropancreatic
neuroendocrine tumors
(ten males and eleven
females)

and serum CgA levels.

A median dose of 7.32 GBq
(interquartile range 7.28-7.37) of
177Lu-PSMA was given every cycle.
Treatment followed established
procedural parameters, with cycles
repeated every 6-8 weeks (median

42 days). A routine laboratory panel
was evaluated before and throughout
each cycle, including blood cell
counts, liver enzymes, and PSA levels.

Eleven patients started peptide receptor The reliability of the
radionuclide therapy (PRRT) with

7.4 GBq lutetium-177(177Lu) labeled
1,4,7,10 tetraazacyclododecane-N,N’,
N”,N”-tetraacetic acid-d-Phe(1)-Tyr(3)
octreotate (177Lu-DOTA-TATE), and
10 patients had previously received at
least one PRRT cycle before (6+1). All the latter of whom showed
patients suffered from grade 1 (G1) or
grade 2 (G2) metastatic nonfunctioning phenotype.
gastroenteropancreatic neuroendocrine
tumors. In addition, general laboratory
examinations were performed,
including hematology, liver enzymes,

Low baseline DDR
marker (gamma-H2AX

Blood samples for DDR-
marker analysis were
taken before, an hour foci) levels before
after, and 24 hours after therapy may represent
the 177Lu-PSMA injection low individual

DDR markers associated  radiosensitivity and be
with intact lymphocyte associated with earlier
cells were added and PSA-PD and shorter
divided by the total PSA-PFES.

number of cells to

determine the number of

foci per cell.

PSA levels were measured

before and 6-8 weeks after

two cycles of therapy, and

the percentage change

from baseline was

analyzed.

The study found
significant heterogeneity
in gamma-H2AX foci
induction and kinetics
in PRRT patients’
PBLs, suggesting
potential for
stratification and
treatment response
prediction. However,
the data was
preliminary and called
for larger prospective
studies.

analysis was confirmed in
lymphoblastoid cells
irradiated with a dose of
2 Gy from healthy donors
and ataxia-telangiectasia
syndrome (A-T) patients,

a radiosensitivity

Blood samples of patients
undergoing PRRT with
'77Lu-DOTA-TATE were
irradiated with a dose of
2 Gy as positive controls

weeks. Gamma-H2AX and 53BP1 foci growth in peripheral
blood lymphocytes were assessed at baseline, one hour, and
24 h after PRRT 177Lu-DOTA-TATE delivery. 68Ga-DOTA-
TATE PET/CT was used to evaluate therapy response before
enrollment and after two cycles of PRRT. Individual
radiosensitivity was assessed by the correlation between
subclinical hematotoxicity and the onset of H2AX and 53 BP1
foci (Derlin et al., 2021).

3.1 DNA damage and formation of gamma-H2AX foci

“DNA damage” refers to many lesions or damage to the
DNA molecule. External sources, including radiation expo-
sure, toxic chemicals, viral infections, and internal ones like
DNA replication mistakes or undesired metabolic reactions,
may damage DNA. DNA damage may result in genetic
alterations, mutations, or cell death (Liu et al., 2022).

One of the reactions to DNA damage is the development of
gamma-H2AX foci. Gamma-H2AX is a post-translational
alteration of the histone H2AX after DNA damage (Willers
et al., 2015). When DNA damage occurs, such as double-
strand breaks or other DNA lesions, the protein kinase ATM

(ataxia-telangiectasia mutated) is activated. This activation of
ATM is the initial step in the signalling pathway responding to
DNA damage. When active, ATM phosphorylates serine
residues on the C-terminal tail of histone H2AX, producing
gamma-H2AX. This creates scars that specifically mark sites
of DNA damage in the genome. It is part of the cellular
reaction to DNA damage, to repair the damage or, if the
damage is too severe, directing the cell to apoptosis, also
known as “programmed cell death” (Song ef al., 2023;
Srivastava et al, 2009). DNA DSB signalling mechanism
involves histone H2AX phosphorylation.

The formation of gamma-H2AX foci is critical for DNA
damage detection and repair, as well as genomic stability. It is
also employed in scientific studies as a marker to detect and
quantify the extent of DNA damage in cells.

3.2 Gamma-H2AX as a biomarker of ionizing radiation
exposure

The gamma-H2AX assay has gained popularity as a marker
ofradiation exposure due to its speed, sensitivity, ability to detect
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a wide range of doses, and ability to be performed in various
tissues such as lymphocytes, splenocytes, buccal cells, bone
marrow cells, skin, and plucked hairs (Raavi et al., 2021).

As a result, gamma-H2AX assay may serve as a sensitive
and specific biomarker of ionizing radiation exposure. This
approach can identify low levels of radiation exposure that
other measuring methods cannot. Furthermore, because
gamma-H2AX foci can remain for hours after radiation
exposure, this approach can detect radiation exposure even
after DNA damage has occurred (Chen et al., 2024; Ferlazzo
et al., 2017).

The use of gamma-H2AX as a biomarker of ionizing
radiation exposure has been extensively researched, both for
medical applications (such as monitoring radiation dose in
patients undergoing radiation therapy) and for assessing
radiation dose in workers exposed to radiation in their
workplace (Djuzenova et al., 2015; Liu ef al., 2022; Sgouros
et al., 2020). This is a significant example of how DNA
damage and cellular response mechanisms have been used in
the creation of helpful technologies in health and safety
(Khazaei Monfared ef al., 2023).

3.3 Gamma-H2AX as an indicator of DNA damage in
external radiation therapy

External radiation therapy causes DNA damage in bodily
cells, such as blood cells and hematopoietic cells in the bone
marrow (Richardson, 2011). The gamma-H2AX biomarker
can directly indicate the extent of DNA damage directly related
to the patient’s hematotoxicity. Higher radiation doses will
cause more DNA damage and gamma-H2AX foci, increasing
the risk of hematotoxicity. This is related to bone marrow
damage caused by radiation exposure (Derlin ef al., 2021). As
a result, it is critical to monitor the hematological status of
patients receiving radiation therapy constantly.

A comparison of gamma-H2AX foci levels before and
after radiation therapy reveals the quantity of DNA damage
and may also indicate the severity of hematotoxicity in
patients. The gamma-H2AX assay could be an effective
technique for personalizing radiation therapy and identifying
patients at high risk of hematotoxicity (Lassmann et al., 2010).
Further research relating this biomarker to hematological
results could aid in developing safer and more effective
therapeutic techniques and lower the risk of radiation-induced
side effects.

In nuclear medicine, y-H2AX is used to evaluate DNA
damage at the cellular level during external radiation therapy
and isotope radiation therapy evaluations. One of its key
applications is determining an individual’s radiation sensitivi-
ty. Clinical investigations have indicated that this biomarker
can be used to assess DNA damage in radiation therapy
patients and help decide the best radiation dose for each
individual.

Several clinical trials have investigated using y-H2AX in
external beam radiation therapy. Sak et al. (2007) found an
increase in y-H2AX foci in patients’ peripheral blood cells
after radiation therapy, with a clear link between the number of
foci and radiation dose received. These findings support using
v-H2AX as a sensitive, non-invasive indicator of DNA
damage that can provide a direct picture of the biological

response to radiation therapy. Additionally, y-H2AX can
potentially monitor the effectiveness of radiation treatment in
nuclear medicine.

In a study of head and neck cancer patients, Li ef al. (2013)
found that higher levels of y-H2AX foci before therapy were
associated with more DNA damage and better outcomes.
v-H2AX can assess patients’ radiation sensitivity, allowing
clinicians to regulate dosages more precisely, reduce side
effects, and improve therapeutic success. In addition, y-H2AX
can be combined with other medicines, such as chemotherapy
or radiation therapy and DNA repair inhibitors.

The use of y-H2AX in nuclear medicine has the potential to
be a helpful tool in personalizing radiation therapy. This
biomarker enables real-time monitoring of DNA damage in
patients and more exact therapy adjustments. y-H2AX
identifies individuals’ radiation sensitivity, leading to more
effective and focused therapy with fewer adverse effects.

3.4 Gamma-H2AX and radiopharmaceutical therapy

Radiopharmaceutical therapy uses beta and alpha particles
to eliminate cancer cells while minimizing damage to healthy
tissue surrounding the tumor. As the energy passes through the
tissues, it accumulates inside the cells, causing DNA SSB and
DSBs. To ensure optimal destruction of the targeted cells while
minimizing ionization interactions with healthy cells, it is
critical to consider multiple factors such as the particle energy,
emission range, and linear energy transfer (LET), in addition to
the physical or biochemical characteristics (phenotype),
dimensions or physical extent (size), and location of the
target cells within the tumors (Khazaei Monfared et al., 2023).

Peptide receptor radionucleotide therapy (PRRT) is a
generally safe treatment however modest hematologic damage
is expected. Continuous PRRT treatment raises the danger of
accumulating unrepaired DNA damage in normal tissues,
possibly leading to genetic instability and carcinogenesis.
Aside from acute myelotoxicity, four out of 504 individuals in
one study developed myelodysplastic syndrome (MDS)
(Denoyer et al., 2015; Vinnikov and Belyakov, 2022). To
reduce the toxicity of PRRT, organ dosimetry using radioiso-
tope biodistribution and kinetics is recommended. Image-
based dosimetry can not accurately predict blood problems in
particular people. There is no agreement on the best
radiobiologic model for short-range, low-dose-rate radio-
peptides. Studying DNA damage at the single-cell level may
provide light on PRRT-induced toxicity pathways and aid in
predicting the biological effects of radiation dosage in vivo
(Denoyer et al., 2015).

Gamma-H2AX has been used as a “biodosimeter” to assess
radiation exposure in peripheral blood lymphocytes (PBLs)
after external body irradiation because of its immediate
reaction and sensitivity (Raavi et al., 2021; Ramadhani et al.,
2020; Vinnikov and Belyakov, 2022). Recent studies suggest
that the gamma-H2AX assay may identify radiosensitive
patients with early chronic radiation-induced normal-tissue
damage and guide individualized treatment (Djuzenova et al.,
2013; Lobachevsky et al., 2016).

Radiopharmaceutical-induced DNA damage is more
complex than that caused by external ionizing radiation. This
is due to the nature of radionuclide emissions, the
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biodistribution of the agent within cells and organs, and the
time course of radiation delivery determined by the radio-
nuclide’s physical decay and tissue clearance kinetics
(Denoyer et al., 2015; Khazaei Monfared et al., 2023,
Purnami et al., 2023). The use of gamma-H2AX as a
biomarker of toxicity and biodosimeter following radiophar-
maceutical administration is mainly based on research on 1311
treatment in thyroid cancer patients and 18F-FDG PET/CT
imaging (Vinnikov and Belyakov, 2022). The studies identified
gamma-H2AX as a biomarker for DNA damage following
internal irradiation. Validating the use of gamma-H2AX for
specific radiopharmaceuticals is necessary due to the correla-
tion between the chemical form of the radiopharmaceutical and
the energy of the beta particles, which affects the proportion of
DNA single-strand breaks (DSBs) (Mahmoud et al., 2022;
Willers et al., 2015).

3.5 Gamma-H2AX for predicting the radiosensitivity

Irradiation leads to three distinct cell death pathways:
mitotic death, apoptosis, and senescence, all contributing to the
global inactivation of clonogenic potential. Mitotic death
causes the development of permanently damaged chromo-
somal fragments (micronuclei), which are expelled from the
nucleus. It is the most common kind of radiation-induced death
in proliferative cells. The quantity of remaining micronuclei
has been associated with radiation-induced clonogenic
inactivation (Ferlazzo et al., 2017; Lobachevsky et al., 2016).

Senescence leads to a persistent and irreversible stop in the
G1 phase. The most common cause of mortality for inactive
cells due to radiation-induced damage is seen, particularly for
doses over 4 Gy. CDKN1A/p21 expression is a dependable
indicator of senescence. CDKN1A/p21 expression was shown
to be dramatically decreased in radiosensitive breast cancer
patients after irradiation (Ferlazzo et al., 2017; Huang and
Zhou, 2020). Meanwhile, apoptosis is one of the most well-
documented pathways of cell death, although it is one of the
rarest. Apoptosis mainly occurs in lymphocytes and is quite
rare in fibroblasts (Derlin et al., 2021; Ferlazzo et al., 2017; Fu
et al., 2023).

Unrepaired DSB appears to be the most significant
endpoint for radiosensitivity among all DNA damage, given
that unrepaired DSB is the primary cause of micronuclei and
unrepaired chromosome breaks, and diseases associated with
DSB repair defects are systematically linked to radiosensitivity
(Khazaei Monfared et al., 2023; Srivastava et al., 2009). It was
demonstrated that the Ataxia Telangiectasia Mutated (ATM-
dependent phosphorylation) of the variant histone H2AX
phosphorylated on serine 139 (gamma-H2AX) was among the
earliest radiation-induced events by its immunofluorescence
quantification of discrete nuclear foci (Srivastava et al., 2009).

Nonhomologous end-joining (NHEJ), the primary DSB
repair and signalling route in mammals, recognizes DSBs via
developing gamma-H2AX foci. The gamma-H2AX assay
determines each radiation-induced DSB using a one-to-one
connection between radiation-induced DSB and gamma-
H2AX foci. In human fibroblasts, the number of unrepaired
DSBs measured by the gamma-H2AX assay typically varies
from 0-12 after 2 Gy and 24 hours for repair (Huang and Zhou,
2020; Purnami et al., 2023).

The generated gamma-H2AX foci may indicate the degree
of DNA damage caused by radiation exposure. It is often
employed in research to investigate individual radiosensitivity,
since changes in cell response to radiation may be found
between people (Berthel ez al., 2019; Lobachevsky et al., 2016;
Widjaja et al,, 2022). Some persons may have a more
incredible baseline amount of gamma-H2AX foci formation,
suggesting heightened DNA damage sensitivity. Radiosensi-
tivity is linked to DSB repair defects, but not all are. The
challenge lies in predicting intermediate radiation responses
(Huang and Zhou, 2020).

4 Conclusion

This review gives further information on the efficacy of the
gamma-H2AX biomarker in determining individual radiosen-
sitivity in cancer patients receiving radiopharmaceutical
treatment. Based on the two articles analyzed, it can be
concluded that the gamma-H2AX foci marker in peripheral
blood cells of radiopharmaceutical therapy patients is
promising for predicting treatment response and individual
radiosensitivity but requires validation with more patients. In
addition, it is necessary to consider the optimal time for
sampling. Sampling timing significantly affects biodosimetry
data accuracy, especially for high and low radiation doses.
High doses may allow DNA repair early, while low doses
require later sampling to observe significant changes in
YH2AX foci. Analysis at this time provides more accurate
information on cellular DNA damage and individual biological
responses.
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