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Background. The use of transcranial direct current stimulation (tDCS) to modulate pain, psychological aspects, and cognitive
functions has increased in recent years. The present scoping review aims to investigate the use of tDCS in cancer patients and its
significant impact on psychocognitive and pain related symptoms. Methods. From the earliest available date to June 2023, a
comprehensive search was conducted in three electronic scientific databases—PubMed, Scopus, and Embase—and other supple-
mentary sources. Ten relevant studies were identified and included, comprising single case studies, randomized controlled trials,
pilot studies, and one retrospective study. PRISMA guidelines for scoping reviews were followed. Results. These studies investigated
the use of tDCS to improve pain and psychocognitive aspects in patients with various types of cancer, including breast, oral,
bladder, lung, pancreatic, head and neck cancer, hepatocellular carcinoma, and meningioma. Overall, the results suggest that tDCS
has shown efficacy in relieving pain, reducing anxiety and depression, and improving cognitive function in cancer patients.
Conclusion. Due to the limited number and high heterogeneity of the existing literature in this field, more investigation and the
establishment of standardized protocols would be required to obtain more conclusive evidence.

1. Introduction

The use of new technologies is assuming a prominent role
within clinical practice, thus allowing a more targeted man-
agement of the patient by increasingly personalizing the expe-
rience within the clinical pathway. In particular, in the last
decades, the use of noninvasive brain stimulation (NIBS) has
seen a rapid growth in both research and clinical domains [1].
The most commonly used forms of NIBS include transcranial
magnetic stimulation (TMS), which is based on the principles
of electromagnetism, and transcranial electrical stimulation
(tES), in which a low-level electrical current is applied to the
scalp [2].

Both these NIBS can modify the brain activity through
plastic reorganization processes [2–4]. Due to this reason,
NIBS has been applied clinically to improve abnormal brain
function in several psychiatric and neurological conditions [5].
The frequent therapeutic applications include the treatment

of depression [6, 7], schizophrenia [8], posttraumatic stress
disorder rehabilitation of aphasia or motor function after
a stroke [9, 10], neurodegenerative diseases (e.g Alzheimer’s
and Parkinson’s disease) [11, 12], obsessive–compulsive dis-
orders [13], and chronic pain [14]. The operating principle
of tES consists of a low-intensity electrical current between
two electrodes placed on the surface of the scalp [15]. The
procedure is often imperceptible to the subjects receiving tES
and does not cause any clearly perceivable effects, except for
local effects of stimulation (i.e. confined to the region under
the electrodes) consisting of a slight tingling or heat sensation,
which may rarely occur [3, 16].

This feature makes tES particularly suitable for use in
studies that require sham conditions, a control condition
where the subject is unaware that he is not receiving elec-
trical stimulation [3].

The typology of tES most commonly used is the transcra-
nial direct current stimulation (tDCS) [3, 16, 17]. It consists
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of a device battery delivering a low-intensity direct electrical
current on the scalp through a pair of electrodes, an anode
and a cathode [18, 19]. The shape of electrodes is generally
round or rectangular with a diameter/diagonal ranging from
2 to 3.5 cm. To stimulate a precise cortical zone, the anode is
placed over the selected zone, generally identified by an EEG
headset (e.g., 10/20 System Positioning) [20]. tDCS is gener-
ally safe, but it can have potential side effects, including skin
lesions [21], tingling, and mild pain [22]. Factors influencing
the risk of side effects include stimulation intensity, skin
impedance, and stimulation duration [23]. To ensure safety
during tDCS stimulation, recommended safety parameters
[24] include keeping the current below 2.5mA [25], utilizing
electrodes to minimize the risk of skin burns at the specified
current intensity [26], limiting each session’s current applica-
tion duration to 20–60min, and conducting sessions no more
than twice daily [27].

Compared to the TMS, the tDCS has several advantages
that have enabled it to be used in a large number of clinical
and research studies. It is cheaper, has minimal side effects, is
easier to apply and use, the device is portable and space sav-
ing, and has the possibility of home use that allows a primary
role in telehealth programs [16].

It is also necessary to apply the right NIBS depending on
the intervention, to enhance its clinical effectiveness [28]. The
tDCS has profound effects on widespread functional connec-
tivity, and the position of the electrode seems critical in medi-
ating any effects on network connectivity and neuroplastic
effects [3, 28]. Therefore, depending on the placement of
electrodes, it is possible to act on clinical and psychocognitive
symptoms caused by different medical disorders.

In recent years, improvements in cancer care through
innovative and more effective treatments have contributed to
a longer life expectancy for cancer patients, generating how-
ever the onset of long-term consequences. Cancer survivors,
indeed, have to manage different clinical needs including
psychocognitive alterations and pain management, that harm
patients’ quality of life [29, 30].

Given the efficacy of the application of NIBS on these
symptoms in other typologies of patients, as listed above, the
use of these noninvasive stimulation techniques in oncology
may be relevant to the adoption of more specific therapies in
a precision medicine context and e-health approaches [31, 32].

Despite the large number of studies using tDCS for the
treatment of various medical disorders, its application in
oncology is still limited.

Recently, however, a few studies have emerged investi-
gating its application in certain typologies of cancer patients,
focusing mainly on pain modulation [20, 32].

In particular, the use of tDCS can provide significant relief
of different types of pain, including neuropathic and nocicep-
tive pain [32–34].

Moreover, thanks to their advantages, the application of
tDCS is also extending to the cancer palliative care. In this
setting, patients present often mobility difficulties, and the
adoption of tDCS allows to perform the stimulation at the
patient’s bedside or to promote the application of home
delivery tDCS [20]. What is expected is that the use of these

NIBS can lead to a decrease in the length of hospital stay and
a significant reduction of analgesic drug consumption [20].

Additionally, the development of telemedicine through
remote treatment techniques can have a significant economic
impact, reducing healthcare costs [35, 36].

However, the specific mechanisms of action of the tDCS
on the modulation of psychological distress, cognitive defi-
cits, and pain related to cancer, are still uncertain [32].

In this scenario, the objective of the current scoping
review is to investigate the application of tDCS for the manage-
ment of pain, cognitive symptoms, and psychological aspects in
oncology patients, based on the available literature.

2. Methods

The scoping review methodology has been selected to com-
prehensively delve into the literature and identify gaps in
the application of tDCS in cancer patients. This approach
is suitable for investigating broad research questions and gain-
ing a thorough understanding of existing evidence without
excluding studies based on their methodological quality [37].

The current scoping review followed the guidelines out-
lined in the preferred reporting items for systematic reviews
and meta-analysis extension for scoping review (PRISMA-
ScR) [38].

2.1. Eligibility Criteria. The eligibility criteria for studies in
this review were determined based on the evaluation of tDCS
use in cancer patients, inclusion of adult participants (aged
>18 years), original research articles, and publication in
English. Conversely, studies were excluded if they involved
a different NIBS technique, lacked reported results, or were
review, meta-analyses, discussion papers, editorials, or con-
ference abstracts.

2.2. Information Sources and Search Strategy. A comprehen-
sive literature search was conducted, including articles from
the early stages through June 2023, using the following electronic
databases: PubMed, EMBASE, and Scopus. For supplementary
references, we also searched the reference lists from the
selected papers. In the research, unpublished sources, including
conference abstracts, clinical trials, and ongoing controlled
studies, were also included. The developed search strategy
integrated MeSH terms and keywords, covering “tDCS,”
“cancer,” “pain,” and “psychocognitive aspects.” These terms
were subsequently refined for synonyms, and the resultant
search string was employed across all three databases under
consideration. A detailed description of the search strategy
applied across all databases is provided in Supplementary 1.

2.3. Selection of Sources of Evidence. After all, duplicates had
been removed, two independent authors (BC and LC)
reviewed the title and abstract of all potentially relevant stud-
ies, classifying them as “included,” “excluded,” or “maybe,”
following the preestablished admission criteria. Subsequently,
the abstracts classified as “included” and “maybe” were com-
pared by the reviewers to determine which articles should
undergo full-text review. For each selected abstract, the full
article was retrieved and independently assessed by the authors
(BC and LC). In the event of disagreement between the

2 Neural Plasticity



authors at both stages, a third author (CM) was consulted to
reach a mutual agreement.

2.4. Data Charting Process. Data retrieval from studies meet-
ing the inclusion criteria were independently conducted by
two authors (BC and LC). Information from the integrated
studies, including author(s), publication year, study location,
participant demographics (such as age and cancer type), the
research design, methods employed for tDCS, and the main
results, were extracted using Microsoft Excel 2016.

3. Results

3.1. Study Selection. As illustrated in the PRISMA flow diagram
of the study selection (Figure 1), a total of 606 articles were
initially identified from the databases, and an additional
publication from alternative sources was considered potentially
eligible. Following the removal of duplicates, reviews, and
meta-analyses, 313 articles underwent screening based on
title and abstract. Out of these, 294 studies were excluded. A
comprehensive full-text analysis was then conducted on 14
articles, three letters to the editor, and two abstracts by BC.
Subsequently, after completing the full-text analysis, nine
studies were excluded from the scoping review as they did
not meet the eligibility criteria. The entire process underwent

a review by a second author (LC) to confirm the eligibility of
the selected studies.

3.2. Overview of the Studies. After checking for duplications
and ensuring compliance with the selection criteria, 10 stud-
ies were included, comprising seven original research studies
and three letters to the editor. All included studies were con-
ducted in adults. The oldest publication dated back to 2007,
whereas the latest were published in 2022.

The predominant studies encompassed individual case
studies (n= 4) [39–42], randomized controlled trials (n= 3)
[43, 44], and pilot studies (n= 2) [34, 45]. Additionally, a
retrospective study was included [32]. Most studies were con-
ducted in the United States (n= 3) [34, 42, 45] followed by
Egypt (n= 2) [43, 44], and one each from China [42], France
[39], Serbia [46], Poland [40], and Brazil [41].

The studies greatly varied in the sample size, ranging
from 1 to 98 participants. Particularly, in four studies, there
was only one participant [39–42], while five studies had
a sample size greater than or equal to 40 participants
[34, 43, 44, 46, 47]. Finally, one study had 16 participants [45].

Three studies looked at populations of women with breast
cancer [42, 43, 45]. The remaining studies looked at homoge-
neous groups of cancers including patients with oral cavity
cancer [47], bladder cancer [39], head and neck cancer [34],

Records identified from:
(1) Databases (n = 606)
(2) Citation searching (n = 1)

Records removed before screening:
(1) Duplicate records removed
      (n = 203)
(2) Records removed for other
      reasons (n = 91)∗

Records screened
(n = 313)

Records excluded
(n = 294)

Reports assessed for eligibility
(n = 19)

Reports excluded:
(1) Wrong technique (n = 1)
(2) Wrong sample (n = 2)
(3) No results (n = 4)
(4) Wrong outcome (n = 2)

Studies included in review
(n = 10)

Identification of studies via databases and registers
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FIGURE 1: PRISMA flow diagram for the review process. ∗Record removed for other reasons: review, meta-analyses, discussion papers,
editorials, or conference abstracts.
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hepatocellular carcinoma [44], lung cancer [46], another on
patients with meningioma [40], and finally a last one on pan-
creatic cancer [40]. In addition, tDCS stimulation was used
alone in all included studies, except for one study [40] in
which tDCS was used in combination with neurofeedback.
tDCS was mostly used in daily–weekly sessions, ranging
from 5 to 10 consecutive days. Only one study [43] provided
a single session of tDCS. Only one study [45] investigated the
presence of potential side effects following tDCS treatment.

The characteristics of the studies are summarized in
Table 1.

The target cortical areas varied among studies. The main
target areas were the primary motor cortex [34, 41, 43, 44, 46]
and the prefrontal cortex [39, 40, 42, 45]. Regarding the tDCS
protocol, the duration of stimulation ranged between 20
[34, 39, 42, 43, 46] and 30min [44, 47], with only one study
using 15min [45]. The intensity of stimulation was 2mA in
five studies [34, 42–44, 47], 1mA in two studies [39, 45], and,
respectively, 1.2mA [47] and 10mA [41] in the last studies.
Table 2 summarizes the tDCS parameters of the included
studies. The list of tDCS devices and their specifications used
in the reviewed papers is summarized in Supplementary 2.

We did not perform a quality appraisal of the included
studies due to the significant heterogeneity in study designs,
which would have made it challenging to directly compare
their findings. Our objective was to comprehensively sum-
marize the extent and full range of evidence on the topic.

3.3. Outcomes and Measures. The psychological domain
was the most frequently studied outcome, with seven articles
[39, 40, 43–47] out of 10 total. Specifically, the domain

mainly studied was depression [39, 40, 43, 45–47], followed
by anxiety [39, 41, 46, 47], sense of well-being, and sense of
malaise [43].

Instead, pain has been evaluated in a total of six studies
[34, 39, 41, 43, 44, 46]. Finally, three studies [41, 42, 45]
evaluated cognitive functions such as attention [41, 42, 45]
memory [41, 42], and executive functions [42]. Self-report
measure of difficulty with memory, attention, concentration,
language, and thinking abilities was also evaluated [45].

In Supplementary 3, a summary of the questionnaires
employed to assess each domain is provided.

3.4. tDCS Effects on Psychocognitive and Clinical Outcomes.
The explored outcomes included the use of tDCS for pain
management, psychological aspects, and cognitive functions
in oncology patients. Specifically, studies have reported a
reduction in perceived pain following the use of tDCS
[34, 39, 41, 44, 46]. Only one study found no improvement
in pain following a single session of tDCS [43].

Within the chosen studies, the researchers examined the
changes in depression and anxiety levels before and after
tDCS sessions, and in most cases [39, 40, 44, 47], the results
reported decreased levels of anxiety and depression following
stimulation. Only in two cases [45, 46], there were no
changes in these variables after the use of tDCS. Improved
sense of well-being and reduced patient-perceived discom-
fort after stimulation with tDCS also emerged [43]. Finally,
some studies have reported an overall improvement in cog-
nitive function [42, 45] and a subtle improvement in subjec-
tive experience of cognitive function [45] following tDCS
stimulation, with the exception of one study [41]. Specifically,

TABLE 1: Characteristics of included studies.

First author, year Country Sample size Age range and/or mean (SD) Cancer type Study design

Gao et al., 2022 [47] China
N= 72

tDCS group, n= 36 (29M, 7 F)
CG, n= 36 (31M, 5 F)

tDCS group: 52.5Æ 8.6
CG: 53.1Æ 8.2

Oral cancer RS

Gaynor et al., 2020 [45] USA N= 16 (F) 40–65 years Breast cancer PS

Knotkova et al., 2014 [42] USA N= 1 (F) 55 years Breast cancer SC

Nguyen et al., 2016 [39] France N= 1 (M) 80 years Bladder cancer SC

Stamenkovic et al., 2020 [46] Serbia
N= 55

tDCS group, n= 27; (16M, 11 F)
Sham group, n= 28; (23M, 5 F)

tDCS group: 61.44Æ 7.98
Sham group: 61.89Æ 5.79

Lung cancer RCT

Hu et al., 2016 [34] USA
N= 98

tDCS group, n= 5 (4M, 1 F)
CG, n= 93 (retrospective data)

62.6Æ 5
Head and neck

cancer
PS

Kamal et al., 2022 [43] Egypt
N= 60 (F)

tDCS group, n= 30
Sham group, n= 30

tDCS group: 48.4Æ 6.6
Sham group: 50.4Æ 5.7

Breast cancer RCT

Ibrahim et al., 2018 [44] Egypt
N= 40

tDCS group, n= 20 (n.a.)
Sham group, n= 20 (n.a.)

tDCS group: 58.9Æ 5.6
Sham group: 56.85Æ 9.16

HCC RCT

Mirski et al., 2015 [40] Poland N= 1 (F) 45 years Meningioma SC

Silva et al., 2007 [41] Brazil N= 1 (F) 65 years Pancreatic cancer SC

Notes. tDCS= transcranial direct current stimulation; SD= standard deviation; USA=United States of America; CG= control group; M=male; F= female;
n.a.=not applicable; HCC=hepatocellular carcinoma; RS= retrospective study; PS=pilot study; SC= single case study; and RCT= randomized controlled trial.
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the results of one study [39] demonstrated greater sustained
attention in the tDCS group compared to sham stimulation in
patients with cancer-related self-reported cognitive dysfunc-
tion. Contrary to this result, another study showed improve-
ment in memory and executive functions, but not in attention
following stimulation with tDCS [42].

Table 3 presents a summary of the prevailing outcomes
derived from the selected studies.

4. Discussion

The objective of this review was to explore the application of
tDCS for themanagement of pain and psychocognitive aspects
in patients diagnosed with various types of cancer. The litera-
ture on this topic is still limited. However, in most cases, the
analyzed studies have highlighted that tDCS can lead to signif-
icant improvements in pain, anxiety, depression, and cognitive
functions in cancer patients. This is a relevant finding because
these symptoms are often seen in cancer patients and can
adversely affect their overall quality of life [48–50].

Several positive outcomes have been observed, providing
evidence of the potential beneficial impact of tDCS in these
areas. However, it is important to note that the availability of
data is more focused on the use of tDCS for psychological
aspects and pain, while evidence regarding cognitive aspects
in cancer patients is more limited. Specifically, pain reduc-
tion has been reported in case studies [39, 45], two random-
ized studies [44, 46], and a pilot study [34]. Of particular,
significance is that one study reported conflicting results [43]
but, overall, the positive effects of tDCS on pain reduction
have been promising and this can contribute to better symp-
tom management and overall well-being of patients [51]. In
particular, the study by Ibrahim et al. [44] showed that pain
began to decrease more consistently after the tenth tDCS
session, suggesting that intensified protocols are more effec-
tive. This finding is consistent with other studies that have
shown repeated tDCS sessions to be more effective in reduc-
ing pain, leading to more long-lasting outcomes [52, 53].

Additionally, the review has highlighted that tDCS can
positively influence psychological aspects, such as depression
and anxiety, in cancer patients. Most of the studies have
demonstrated a reduction in levels of depressive and anxious
symptoms after tDCS treatment [39, 40, 44, 47], still a case
study [41] and a randomized study [46] did not report sig-
nificant changes in these aspects. An important consider-
ation is that the initial level of depression and anxiety in
participants may vary across studies, and this variability,
combined with the utilization of different stimulation meth-
odologies, can lead to differing outcomes after tDCS [54].
Nevertheless, in general, the positive effect of tDCS on men-
tal health may contribute to greater psychological resilience
during the care journey of cancer patients [55].

Furthermore, the potential for improving cognitive
functions such as attention, memory, and executive functions
through the use of tDCS in cancer patients has emerged [42, 45].
However, the results are not without exceptions. A single case
study [41] has reported different results, emphasizing the need

for further research and exploration of individual differences in
the response to tDCS sessions [56].

Overall, this scoping review reported results consistent
with other studies in the literature involving different patient
populations. For example, studies conducted on patients with
fibromyalgia highlighted how tDCS can be considered a safe
and effective therapeutic option for the treatment of pain [57]
and depressive symptoms [58, 59]. Another study has shown
similar results in patients with multiple sclerosis, reporting a
reduction in pain following 5 days of tDCS treatment and
demonstrating that this effect persisted beyond the stimu-
lation period, leading to long-lasting clinical effects [60].
Finally, a study by Boggio et al. [61] highlighted how, follow-
ing anodal tDCS session in patients with Parkinson’s disease,
a significant improvement in working memory was observed.

It is noteworthy that, in addition to implementing tDCS
sessions, the literature [62–64] has demonstrated the effec-
tiveness of other NIBS techniques, such as TMS, in managing
pain and psychocognitive symptoms in cancer patients. In
particular, it has been observed that repetitive transcranial
magnetic stimulation (rTMS) significantly reduces the inten-
sity of pain and depressive symptoms in patients with non-
brain malignancy tumors [65]. rTMS indeed has a greater
and more focused electric field compared to tDCS [66]. On
the other hand, some NIBS techniques, including cranial
electrical stimulation (CES), do not show a significant reduc-
tion in pain and depressive symptoms in cancer patients
[65]. However, tDCS remains the more widely adopted tech-
nique due to its advantages such as simplicity and potential
for remote application, thus enabling more frequent sessions
[16]. This aspect is important because, as mentioned earlier,
it has been demonstrated that NIBS requires repetition to
promote the long-term sustainability of the clinical outcome
[67, 68]. Regular tDCS sessions may further induce lasting
performance enhancements by fostering neuroplasticity and
strengthening neural connections over extended periods [69].

5. Research and Practice Implications

Although the results presented are encouraging, further
studies on the application of tDCS in cancer patients are
needed to corroborate and generalize the results. In future
endeavors pertaining to tDCS, spanning from research to
clinical implementation, it is crucial to account for individual
variances that may influence the impact of stimulation on
pain perception and psychocognitive aspects. By doing so, we
can effectively identify the specific conditions in which tDCS
exhibits the highest efficacy in enhancing patients’ perfor-
mance and in reducing clinical symptoms. Indeed, various
factors, such as age, personal characteristics, and education
level, have been shown to influence the effects of tDCS
[70–72]. Furthermore, numerous brain-related anatomical
factors can also influence responsiveness to tDCS, and these
factors may evolve as the brain develops [73]. Therefore,
gaining a comprehensive understanding of the intricate rela-
tionships between these factors and improvements in pain
and psychocognitive aspects will enable to maximize thera-
peutic benefits for patients with cancer.
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In addition, remote administration of tDCS has demon-
strated feasibility and effectiveness in improving pain manage-
ment and psychocognitive aspects in other patient populations
[74, 75]. Thus, protocols could be developed including the use
of remote tDCS for pain and psychocognitive management in
cancer patients, as well. Delivering stimulation at home would
not only allow for repeated daily sessions that can lead to long-
term performance benefits [67], but it would also circumvent
the challenges associated with multiple hospital visits. The
burden of frequent hospital visits poses significant barriers,
including travel difficulties and access to care, with economic
and logistical implications [76].

Furthermore, some studies [77, 78] have shown how
tDCS, when combined with other treatments, such as cogni-
tive training or physical exercise, can enhance their effects on
pain and psychocognitive aspects. The introduction of a
home-based approach that includes the use of remote tDCS
and home rehabilitation could improve patient engagement
in routine clinical care and reduce disparities in accessing
healthcare services [79], thereby enhancing the physical and
mental health of cancer patients. There is a need for renewed
initiatives in tailoring telemedicine services to enhance patient
empowerment, thereby optimizing both self-management and
clinical outcomes [80]. This suggests the potential for opening
new perspectives in the integrated treatment of cancer, offering
holistic approaches that encompass both physical and psycho-
cognitive dimensions of patient care. Indeed, tDCS, combined
with other rehabilitation treatments, can be an effective aid in
this sense, but each patient must be individually evaluated to
find the most suitable treatment for their needs. Studying the
effects of tDCS on different types of cancer could provide
valuable information on the possible applications and benefits
of tDCS in specific cancer conditions.

In summary, the use of tDCS in cancer patients has poten-
tial benefits on pain and psychocognitive that can be purpose-
fully integrated into existing treatment protocols, with a focus
on personalized treatment plans to maximize clinical out-
comes and improve the quality of life of cancer patients. For
instance, incorporating the use of tDCS remotely, in palliative
care patients, could reduce the use of analgesic pain medica-
tions and decrease hospitalization time [20]. Customizing
therapeutic approaches based on individual patient character-
istics and responses to tDCS can optimize its effectiveness and
contribute to reducing pain and psychocognitive symptoms
in cancer patients.

However, despite its practical advantages and increasing
utilization, tDCS faces methodological and conceptual chal-
lenges that may impede its widespread adoption. Key limita-
tions include its low spatial and temporal resolution, poorly
understood stimulation parameters, and variability in observed
effects [81]. In addition, some current tDCS devices may be
impractical for daily use by patients. Addressing these chal-
lenges will require advancements in electrode design, under-
standing of stimulation parameters, and rigorous investigation
into the factors influencing tDCS outcomes to enhance its
reliability and reproducibility. Moreover, tDCS devices could
benefit from integrated real-time monitoring and feedback
systems to evaluate the effectiveness of stimulation and make

any corrections during treatment. This could allow more
accurate tailoring of stimulation to the patient’s individual
response.

6. Conclusion

This review has highlighted how tDCS sessions have dem-
onstrated their effectiveness in enhancing several critical
aspects of cancer patient management. Specifically, it has
been revealed that such sessions can lead to significant
improvements in pain management, anxiety, and depression
reduction, as well as enhancement of cognitive functions in
cancer patients. These findings suggest a promising role for
tDCS as an integral part of oncological treatment, contribut-
ing to overall well-being and improving the quality of life for
patients facing complex challenges throughout their cancer
care journey. Nonetheless, there is a demand for additional
well-conducted research to set robust benchmarks, given the
wide-ranging disparities in the chosen publications concern-
ing methodology and sample composition, which hinder
generalizing the findings and assessing the effectiveness of
tDCS in cancer patients. This will enhance our comprehen-
sion of the mechanisms involved, identify the best stimula-
tion protocols, and evaluate the long-term effectiveness of
tDCS in the context of oncology.

Data Availability

Data sharing is not applicable to this article as no datasets
were generated or analyzed during the current study. The
search string is detailed in the supplemental material.

Additional Points

Limitations. This study is subject to several limitations; thus,
it is important to interpret our results with caution. In par-
ticular, the inclusion of heterogeneous samples of oncologi-
cal patients encompassing various types of cancer does not
allow for an accurate comparison of results. Additionally,
although we employed a standardized procedure for the revi-
sion process, our selection criteria included only English-
language articles. Therefore, we cannot exclude the possibility
that other studies may have yielded different results. More-
over, there are several limitations of the studies included in
this review. First, the small sample sizes in these studies render
them nonrepresentative, potentially limiting the generaliz-
ability of their findings, and consequently impacting the reli-
ability of the conclusions drawn. Furthermore, the absence of
follow-up assessments to evaluate the long-term effects of
tDCS is notable. Such assessments could offer valuable insights
into the sustained efficacy and safety of the intervention over
time, as well as potential risks associated with prolonged or
repeated tDCS sessions. Indeed, without such follow-up
assessments, our understanding of the clinical utility and
risk profile of tDCS interventions could remain incomplete,
underscoring the need for more comprehensive research in
this area. Second, despite a greater emphasis on psychological
aspects and pain, cognitive aspects received limited attention
in these studies. This is noteworthy, given the existing
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literature reporting cognitive impairments in cancer patients
both before and after chemotherapy treatment [82–85]. In
studies exploring cognitive aspects, despite the presence of
explicit guidelines [48] regarding the assessment of cognitive
functions, the collective studies employed varied tools, and
the potential learning effect from repeated administration of
cognitive tests is not addressed. This represents a limitation,
as the improvement of cognitive functions may have been
influenced by this aspect. Lastly, another potential limitation
of the included studies is the fact that almost none of them
have investigated and reported the presence or absence of
potential side effects associated with tDCS treatment in cancer
patients. Therefore, it is necessary for future research to
actively investigate the presence or absence of side effects,
including through the creation of specific questionnaires.
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