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Introduction

The synergistic combination of radionuclide therapy (RNT) with external beam ra-
diation therapy (EBRT) has emerged as a significant area of research, offering
the potential for enhanced anti-tumor efficacy beyond that of individual modalities.
This approach leverages the distinct mechanisms of action of both therapies to
achieve superior outcomes, a concept explored in preclinical models [1]. Under-
standing the radiobiological underpinnings of this synergy is crucial for optimizing
treatment strategies. Research is actively investigating how targeted radionuclide
delivery can sensitize cancer cells to subsequent EBRT, thereby increasing DNA
damage and cell death through carefully sequenced treatments [2]. The optimal
scheduling and administration of combined RNT and EBRT are critical determi-
nants of their synergistic effect. Preclinical studies are meticulously examining
various temporal dynamics to identify the most effective treatment sequences,
aiming to maximize tumor growth inhibition in animal models and guide clinical
translation [3]. A persistent challenge in radiation oncology is the development of
radioresistance in tumors. The combination of RNT and EBRT presents a promis-
ing strategy to overcome this hurdle by targeting different cellular pathways and
exploiting the complementary properties of each modality, as evidenced by en-
hanced efficacy in resistant tumor models [4]. The advancement of RNT hinges on
the development of novel radiopharmaceuticals. Preclinical investigations are ex-
ploring new therapeutic radionuclides and their potential for synergistic application
with external beam therapy, driving innovation in this field [5]. Accurate dosimetry
and understanding the biodistribution of radiopharmaceuticals are paramount for
maximizing therapeutic benefit and minimizing toxicity when used in conjunction
with EBRT. Preclinical models provide essential data for these considerations [6].
Emerging research is also exploring the integration of immune modulation with
combined RNT and EBRT. This triple approach aims to enhance anti-tumor im-
munity, potentially leading to more durable and effective responses by fostering a
robust immune-mediated attack against cancer cells [7]. The efficacy of combined
RNT and EBRT is being rigorously evaluated in specific preclinical cancer models,
such as pancreatic cancer, to assess its potential in overcoming the aggressive na-
ture of these diseases and to refine treatment protocols for particular tumor types
[8]. Delving into the molecular mechanisms driving the synergistic effects of com-
bined RNT and EBRT is essential for rational treatment design. Preclinical studies
are investigating gene expression profiles and signaling pathways modulated by
these combined therapies to provide deeper insights into their interactions [9]. A
specialized form of RNT, targeted alpha therapy (TAT), is also being investigated in
combination with EBRT. Preclinical data suggest that TAT's highly localized dam-
age can effectively complement the effects of external beam radiation, offering a
refined approach to synergistic treatment [10].

Description

The synergistic potential of combining radionuclide therapy (RNT) with external
beam radiation therapy (EBRT) is a focal point of current preclinical research, aim-
ing to achieve outcomes superior to monotherapies. These combined approaches
demonstrate enhanced tumor control by exploiting the complementary mecha-
nisms of action of both radiation modalities [1]. Understanding the fundamental
radiobiological principles behind this synergy is paramount for effective clinical
implementation. Studies are investigating how targeted delivery of radionuclides
can sensitize tumor cells, leading to increased DNA damage and subsequent cell
death when RNT is appropriately sequenced with EBRT [2]. The precise timing
and order of administering RNT and EBRT are critical factors influencing their
combined efficacy. Preclinical investigations are dedicated to optimizing these
treatment schedules to maximize tumor growth inhibition and translate these find-
ings into clinical practice [3]. Radioresistance remains a significant impediment
in cancer treatment. The combination of RNT and EBRT offers a strategic advan-
tage by targeting diverse cellular pathways and leveraging the unique properties
of each therapy, thereby demonstrating improved efficacy in preclinical models of
resistant tumors [4]. The continuous development of novel radiopharmaceuticals
is fundamental to the progress of combined RNT and EBRT. Preclinical studies are
actively evaluating new therapeutic radionuclides and their potential for synergis-
tic applications alongside external beam therapy, pushing the boundaries of radio-
pharmaceutical innovation [5]. Precise biodistribution and dosimetry of radiophar-
maceuticals are indispensable for optimizing therapeutic outcomes and mitigating
toxicities when used in conjunction with EBRT. Preclinical models play a vital role
in gathering crucial data for these critical aspects [6]. An exciting frontier in this
field involves the exploration of immune modulation in conjunction with combined
RNT and EBRT. This tripartite approach is being investigated for its capacity to
augment anti-tumor immunity, potentially leading to more sustained and effective
treatment responses through enhanced immune surveillance and effector functions
[7]. The efficacy of combined RNT and EBRT is being specifically assessed in pre-
clinical models of aggressive cancers, such as pancreatic cancer, to determine its
potential in overcoming treatment resistance and improving outcomes in challeng-
ing tumor types [8]. Unraveling the intricate molecular mechanisms that underpin
the synergistic effects of combined RNT and EBRT is crucial for the rational design
of future therapeutic strategies. Preclinical studies are analyzing gene expression
patterns and signaling pathways affected by these combined treatments to gain
a deeper understanding of their interactions [9]. A specific modality within RNT,
targeted alpha therapy (TAT), is being explored in combination with EBRT. Pre-
clinical evidence suggests that the highly localized and potent radiation delivery
of TAT can complement the effects of external beam radiation, thereby enhancing
overall therapeutic impact [10].

Conclusion

This collection of preclinical research focuses on the synergistic combination of
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radionuclide therapy (RNT) and external beam radiation therapy (EBRT). Studies 3.

highlight how this combined approach can improve tumor control, overcome ra-
dioresistance, and potentially reduce side effects by allowing for lower doses of
each modality. Key areas of investigation include understanding the radiobiolog-
ical mechanisms of synergy, optimizing treatment scheduling, developing novel
radiopharmaceuticals, and assessing the impact of immune modulation. Preclini-
cal models, including those of pancreatic cancer, are utilized to evaluate efficacy.

Research also delves into molecular mechanisms and the role of targeted alpha 5.

therapy in combination with EBRT. The Department of Radiopharmaceutical De-
velopment at Charles University is noted as a significant contributor to this re-

search landscape, exploring innovative radiopharmaceuticals and their integration 6
with conventional radiation.
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