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Cancer medicine is making progress, but side effects and stresses remain. This is why many
patients are interested in non-invasive procedures. This article classifies electromagnetic and
bioresonant methods - as a supplement, not as a substitute for standard therapy.

Bioelectrical Basics: Membrane Potential, Fields and Tissue Organization

Living systems generate electrical potentials and currents. Burr described "L-fields" as ordering
field structures of biological development and health!!!. Becker showed that bioelectrical signals
influence regeneration and differentiation and that disturbances of electrical polarity can be
associated with pathology!?!. Modern work by Levin and colleagues positions the membrane
potential (Vmem) as an instructive signal: Modulation of ion transport, gap junctions and tissue
polarity can create stable patterns that coordinate cell behavior!® -3, This is relevant for oncology
because tumor cells often show depolarized states and altered ion currents — factors that can
promote invasiveness and proliferation.
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Structured Water and Cellular Coherence As a Biophysical Link

How weak fields modulate biological systems is being discussed, among other things, about water-
protein structures. Ling described intracellular water as ordered and closely coupled to
macromolecules (Association Induction Hypothesis)!® 7). Pollack popularized the "fourth phase"
(exclusion zone water), an ordered, charge-separated water structure that can absorb energy and
transfer it into order'®!. The coupling between charge separation, membrane processes and energy
metabolism — possible interfaces at which electromagnetic interventions could be initiated — is
biophysically interesting.

Biophotons and Field Communication

Popp and colleagues described ultraweak photon emission ("biophotons") and discussed
coherence as a feature of ordered biological systems™ '°. Van Wijk and Van Wijk together
summarized data on human biophoton emission and linked them to oxidative metabolism and
stress states!!!!. Even if this does not lead to a direct derivation of therapy, the findings support the
assumption that biological regulation is not exclusively chemically mediated.

Cancer As a Disorder of Systemic Regulation: Genetic, Metabolic, Bioelectrical

The classical paradigm emphasizes mutations and oncogenic signaling pathways!'?!. In addition,
systemic models were established: Warburg described aerobic glycolysis as a characteristic tumor
feature!'®); Seyfried argues for a primary metabolic disorder with mitochondrial dysfunction!'!,
Bioelectrical perspectives are compatible with this because membrane potentials and ion gradients
are closely linked to mitochondrial function, redox balance, and cell cycle control. In this context,
Allegretti discussed field-based therapeutic approaches as an attempt to influence regulatory
disorders!!,

Procedures In Overview

Pulsed Electromagnetic Fields (PEMF)

PEMFs are the best studied and established in orthopedics!'®!. The literature describes effects on
calcium signaling pathways, gene expression, mitochondrial function as well as healing
processes!!”). In experimental models, PEMF can modulate differentiation and apoptosis
pathways!!®. For oncological objectives, the data situation is heterogeneous and strongly
parameter-dependent; clinically, the focus has so far been predominantly on supportive goals (e.g.
pain, fatigue, regeneration). The dose-response relationship is decisive: frequency, intensity, pulse
shape and duration of exposure determine whether an effect occurs at all and in which direction it
occurs.
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Tumor Treating Fields (TTF)

TTFs, i.e. tumor-treating electric fields, are a special case because they have shown efficacy as
field-based therapy in randomized trials. Kirson et al. described that low-intensity, medium-
frequency alternating fields interfere with mitosis, including via forces on polar macromolecules
and spindle structures!!”). In animal models, a proliferation-inhibiting effect has been shown?!,
Clinical studies in (relapsed) glioblastoma have shown advantages over the “physician's choice”
of chemotherapy and have established TTF as a clinically approved option?'l. TTF thus forms an

important bridge between biophysics and evidence-based oncology.

Frequency-Specific Microcurrent Therapy and Bioelectrical Stimulation

Microcurrent methods have been investigated primarily in pain and inflammation contexts.
McMakin describes clinical applications; studies report, among other things, cytokine changes in
fibromyalgia-associated settings [*> 2! Robust studies are lacking for oncological endpoints.
However, as a supportive measure (pain, neuropathy symptoms, regeneration), a methodologically
sound test is plausible, provided that safety aspects (implants, port systems, electrode position) are
observed.

Bioresonance and Resonance Models

In practice, "bioresonance" is often offered as frequency diagnostics and frequency therapy.
Scientifically, the term is vague. It makes sense to separate plausible resonance models from
clinical claims. Cosic formulated a resonance recognition model in which biomolecular
interactions are described as frequency-specific electromagnetic coupling®*. Fréhlich postulated
collective oscillation states (long-range coherence) in biological systems®> 2°l and Pokorny
discussed electromagnetic activity as part of cellular organization even in disease states*”). This
theoretical work substantiates plausibility, but does not replace clinical proof of efficacy. For
oncological indications, these have so far been largely lacking.

Acoustic and Vibroacoustic Methods

Mechanical oscillations act via mechanotransduction, autonomic regulation and stress axes.
Cymatics experiments that make oscillations visible show that sound can organize patterns in
matter!?®]. Clinically, music and vibroacoustic interventions are mainly used to reduce stress and
anxiety. For hard oncological outcomes, the evidence is predominantly indirect, but relevant for
quality of life and stress reduction'?®!. Since stress and inflammatory axes influence the tumor
microenvironment, such procedures can be useful in an integrative setting.

Mechanisms of Action: What Is Plausible, What Is Proven?
Electric and electromagnetic fields can influence cell behavior. McCaig et al. described electrical

control of migration, proliferation, and differentiation’*”). Funk et al. summarized
electromagnetic effects from cell biology up to medicinel!l.
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Discussed mechanisms include:

e Modulation of ion channels and calcium signaling pathways!!® 3"

e Cytoskeletal reorganization!* 33

e Resonance coupling to macromolecules??*!

e Influences via radical pair chemistry ("magnetobiological" effects)**
In oncology, a research agenda can be derived from this: Which parameters are reproducibly
effective, which endpoints are clinically relevant and which patient groups benefit?

Safety, Genotoxicity and Dosimetry

Safety discussions are part of the fields. Lai and Singh reported DNA strand breaks after acute
microwave exposure in an animal model[*”]. Overviews discuss the variability of such findings"®l.
Diem et al. described non-thermal DNA damage in cell cultures!. At the same time, work shows
that non-thermal effects are strongly dependent on physical and biological variables and that
reproducibility is central® 36!, For therapeutic applications, this means that parameters must be
precisely documented (frequency, intensity, duration, field geometry), and clinical trials require
clear safety endpoints.

Integrative Classification: Patient Demand, Communication and Goal Setting

The use of complementary procedures is common in oncology. The prevalences vary depending
on the country and depending on which procedures in each case are classified as
"complementary"[*!: 43I, This results in a communication obligation: Clinicians should ask about
CAM use, check risks and define goals. For electromagnetic/bioresonant procedures, supportive
endpoints are primarily useful (e.g. sleep, pain, fatigue, stress, regeneration). Controlled studies
with patient-relevant outcomes, standardised parameters and transparent reporting are required for
a serious assessment.

Conclusion

Electromagnetic and bioresonant methods are based on comprehensible biophysical concepts and
show experimentally measurable effects. To date, tumor treating fields have been clinically
evidence-based in defined indications [19 - 21]. Supportive application for PEMF and
microcurrent methods is plausible with a need for further research, while "bioresonance" as an
independent tumor therapy is currently largely insufficiently proven. Standardization, dosimetry,
controlled studies and realistic clinical target definitions are crucial.

Helena Pohimann
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