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Abstract

Background: An ltalian project aims to review the scientific literature on the possible carcinogenicity of radiofre-
quency (100 kHz-300 GHz) electromagnetic field (RF-EMF) exposure. The ENEA team has to carry out a systematic
review of the in vivo studies on this topic.

Objectives: Development of a protocol for a systematic review (meta-analysis included) to investigate the potential
carcinogenic risk following RF-EMF in vivo exposure to doses above or within legal limits. The aims of this review are
(1) to provide a descriptive and, if possible, a quantitative summary of the results of the examined RF-EMF in vivo
studies, together with an assessment of the consistency of observations and of the causes of heterogeneity, and (2) to
assess the weight of evidence to support or refute the hypothesis of carcinogenic effects caused by RF-EMF exposure
and to draw conclusions about the potential for carcinogenicity of RF-EMF exposure.

Methods: We will search for relevant studies in electronic academic databases and in the reference list of selected
papers and reviews on the topic, including the descriptive reviews on RF-EMF carcinogenic effect carried out by
international panels of experts since 2011. The following elements of the PECO question were defined: experimental
studies on rodents of both sexes, all ages and species, all genetic backgrounds (Population) exposed to RF-EMF alone,
or in combination with other physical or chemical agents (Exposure); only studies reporting outcome data in exposed
and sham control groups (Comparison); and all types of cancer with all tumor-related outcome measures (Outcome)
will be included.

Only peer-reviewed articles written in English will be considered without limit in the publication date.

Eligibility criteria were defined for papers to be included. A risk of bias assessment will be performed using a tool
specifically developed for animal studies. A meta-analysis will be performed, if feasible, for all outcome measures; for
subgroup analysis, a minimum of 3 studies per subgroup will be required. If meta-analysis will not be possible, a narra-
tive synthesis of the results will be reported.

Systematic review registration: PROSPERO CRD42020191105
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Highlights:
carcinogenicity of RE-EMF (100 kHz — 300 GHz).

to RE-EMF exposure on cancer.

this topic.

An Ttalian collaborative research agreement aims to review the scientific literature on the possible

« The ENEA team will systematically review and, if possible, meta-analyse estimates the effects of in vivo exposure

+ The ENEA group is a multidisciplinary team of researchers with a consolidated experience both in carcinogenic-
ity experiments and radiofrequency dosimetric assessment.

+ The proposed protocol uses the NTP OHAT Approach for Systematic Review as an organizing framework.
« The proposed protocol aims to lead to the first systematic review providing a strength of evidence assessment on

Keywords: Electromagnetic fields, Radiofrequency, In vivo studies, Carcinogenicity, Systematic review

Background

The Italian National Institute for Insurance against Acci-
dents at Work (INAIL) and the Italian National Institute
of Health (ISS) have launched the collaborative research
agreement “BRiC 06/2018” Ref Y43 “Scientific evidence
on the carcinogenicity of radiofrequency electromagnetic
fields” aiming to review the scientific literature on the
possible carcinogenicity of RF-EMF (100kHz—300 GHz)
provided by general population epidemiological stud-
ies, epidemiological studies on workers, in vivo ani-
mal experimental studies, and experimental studies on
cells in vitro. ISS is the institution leader of the project
and the Italian National Agency for New Technologies,
Energy and Sustainable Economic Development (ENEA),
as a partner, has to carry out a systematic review of the
in vivo studies on radiofrequency RF-EMF exposure and
cancer. The ENEA team is led by CM, biologist, Head of
the Division Health Protection Technologies, and com-
prises PV and PG, biologists with a consolidate experi-
ence in experimental studies on carcinogenesis and by RP
and LA, electronic engineers with a consolidate experi-
ence in dosimetry of electromagnetic fields.

In this paper, the protocol for a systematic review and,
if possible, for a meta-analysis of data concerning in vivo
experimental animal studies and cancer is presented.

The protocol is registered in PROSPERO with the fol-
lowing registration number: CRD42020191105.

Rationale

Exposure to electromagnetic fields (EMF) has grown
steadily over the past decades and in 2011 the Interna-
tional Agency for Research on Cancer (IARC) classified
radiofrequency electromagnetic fields (RF-EMF) as “pos-
sibly carcinogenic to humans,” thus allocating them to
Group 2B of its classification system [15]. The possible
carcinogenic effects of RE-EMF have been investigated in
laboratory animals since the early 1980s because in vivo
studies have an important role in supporting the evi-
dence derived from epidemiological studies investigating

carcinogenic effects of RF exposure on the general pop-
ulation in daily life. After IARC monograph publication
in 2013, several international panels of experts carried
out descriptive literature reviews on this topic ([1-3, 6,
10, 16, 24, 25, 28, 30] - [8, 26] (see the acronyms table)).
Nowadays, no systematic reviews on carcinogenic RF
effects are available; this is the first attempt of a system-
atic review of in vivo studies on radiofrequency carcino-
genic effects. RF-EMF animal studies on carcinogenesis
cover a wide range of experimental situations, in terms
of exposure modality, study design, and biological end-
points. This peculiarity has ambivalent effects: on one
hand, it is very difficult to make a univocal classification
of the studies and, consequently, to compare the results
for a comprehensive analysis, on the other hand, the
diversity of studies cover a wide range of experimental
scenarios, providing a reasonably well insight into the
effects of RE-EMF exposure on carcinogenesis in labora-
tory animals.

Regarding the exposure, different frequencies were
used, from a few hundred MHz to some GHz, with dif-
ferent modulation schemes, e.g., continuous wave (CW),
pulsed, Global System for Mobile Communication
(GSM)-like signals, and Code Division Multiple Access
(CDMA)-like signals. The used signals are mainly those
of mobile communications, but the variety of signals and
platforms, over the years and in different countries of the
world, does not simplify the task of evaluating and syn-
thesizing the stream of evidence for a review. In telecom-
munications, unlike other applications, lies the greater
diversification of signals. The other signals studied were
mainly at the frequency of 2.45GHz, used for Wireless
Fidelity (WiFi) system and microwave ovens. One of the
main critical issues in the RF-EMF experimental in vivo
studies is the dosimetry [7, 18, 23], the assessment of the
effective dose induced in the RF-EMF exposed object/
subject in terms of specific absorption rate (SAR, W/
kg). Studies differ widely both in the RF dose of treat-
ment, from non-thermal SAR levels to high SAR levels
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associated with an increase in body temperature, and
in the method of exposure (i.e., full-body vs localized
exposure, restrained vs free animals moving within
large cages), together with not always appropriate use of
control groups. Finally, the effect of RF-EMF exposure
was studied both using RF-EMF alone and in synergy
with other physical and chemical agents as well-known
carcinogens.

In addition to the difficulty of establishing a common
yardstick for evaluating such heterogeneous studies, it
should be also considered that the literature experimen-
tal data on the carcinogenic effects of RF-EMF often
report conflicting conclusions; even contradictory results
are sometimes obtained in replicas of experiments.

Objective

Keeping the previous considerations in mind, all study
designs and all tumor-related outcome measures will be
analyzed aiming:

+ To revise and summarize, narratively and quantita-
tively (if feasible), findings from the available in vivo
studies on RF-EMF (100kHz-300GHz) exposure
and cancer;

« To assess the confidence and level of evidence in
support of the carcinogenicity of RE-EMF provided
by experimental studies in animals to estimate the
potential carcinogenic risk following exposure to
doses above or within legal limits.

Methods

The methodology for systematic reviews for in vivo stud-
ies, described in the “Handbook for Conducting a Liter-
ature-Based Health Assessment Using OHAT Approach
for Systematic Review and Evidence Integration edited
by the National Toxicology Program (NTP) - Office of
Health Assessment and Translation [21],” will be applied.
This guide proposes new methods for evidence-based
evaluation of non-human toxicological studies, including
mechanistic studies, starting from those methods already
in use, but less fit-for-purpose.

Other handbooks will be consulted to upgrade the
methodology regarding specific aspects of experimental
studies [11-13].

This protocol adheres to the preferred reporting items
for systematic review and meta-analysis protocol state-
ments (PRISMA-P) [19, 27].

Eligibility criteria
The eligibility criteria were defined using the Population,
Exposure, Comparison, Outcome (PECO) strategy [22].
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Types of populations

Only articles reporting experimental studies on rodents
of both sexes, of all ages and species, of all genetic back-
grounds (wild type, transgenic and tumor-prone animal
models) will be included in this review.

Types of exposures

We will include studies where experimental animals were
exposed to electromagnetic fields (100kHz-300GHz)
alone or in combination with other physical or chemical
agents. The exposure system details, exposure modality,
and dosimetric assessment should be reported. Studies
regarding exposure to extremely low frequency (ELF),
infrared, visible, and ultraviolet (UV) radiations, as well
as theranostic applications, will be excluded from this
review. Papers with lack of dosimetric information or
with the use of inappropriate sources for the generation
of the incident field will be considered not eligible.

Types of comparators

To be eligible for inclusion, studies should report out-
come data in the exposed groups and in a sham control
group (a control group simulating all environmental con-
ditions and stress factors of exposed animals, but in the
absence of RF-EMF exposure).

Types of outcomes

All types of cancer will be considered as well as all
tumor-related outcome measures (e.g., incidence, tumor
multiplicity, tumor volume, progression), while articles
concerning genotoxicity and oxidative stress only will be
excluded.

Types of studies

Only peer-reviewed articles written in English will
be considered; all publication dates will be included.
Reviews will be excluded as a source of original data, but
retained as a check of the bibliographic research.

Information sources and search strategy
Electronic academic databases
The following databases will be used for the search:

PubMed: www.pubmed.ncbi.nlm.nih.gov;

EMEF-Portal: www.emf-portal.org/en.

Only English language peer-reviewed papers, without
restrictions on the year of publication, will be included in
the review.

The search strategy (query, see supplementary mate-
rial) will be composed of seven distinct elements, sepa-
rated by appropriate logical operators:


http://www.pubmed.ncbi.nlm.nih.gov
http://www.emf-portal.org/en
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1. RF-EMF (identifying exposure);

2. In vivo studies, animal studies, rodents, mice, rats
(identifying population);

3. Carcinogenicity, cancer/tumor/neoplasia, neoplastic
and non-neoplastic lesions, tumor induction/co-pro-
motion (identifying outcome);

4. Body organs and tissues (identifying biological tar-
get);

5. Elements intended to exclude emissions different
from RF-EMF: static and ELF electric and/or mag-
netic fields, UV radiations alone, infrared and visible
radiation, ionizing radiation (identifying exclusion
criteria for exposure);

6. Elements intended to exclude theranostic applica-
tions: RF and microwave (MW) ablation, hyperther-
mia and MW imaging (identifying exclusion criteria
for study type);

7. Elements intended to exclude other studies (i.e.
observational).

Citation searching
The reference lists of the selected papers and reviews
on the topic, including descriptive reviews carried out
by international panels of experts since 2011, will be
screened to find potentially relevant papers that may have
escaped the first search (Electronic academic databases).

The NTP-OHAT Handbook (March 2019) specifies
that it is possible to identify relevant publications that are
not commercially published or are not readily available to
the public yet. These publications (e.g., technical reports
from government agencies or scientific research groups,
working papers from research groups or committees)
may include or summarize unpublished data.

All references coming from these last sources will be
marked as “provided from other sources” in the study
selection flow diagram.

Selection process
All potentially relevant articles will be screened for eli-
gibility in two stages: a first stage in which the articles
will be selected, on the basis of title and abstract, by
three authors (RP, PV, PG), a second stage, in which the
full text of the remaining papers will be independently
reviewed by two groups of investigators, each composed
by one biologist and one expert in EMF dosimetry (RP,
PG group 1 and LA, PV group 2). Disagreements and
technical uncertainties will be discussed and resolved
between review authors.

The exclusion criteria will be prioritized according to
the following list:
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1. Not an original full research paper (e.g., reviews, edi-
torials, letters);

Not English paper;

Not animal (rodents) studies;

Not cancer endpoints;

Exposure outside the 100 kHz—300 GHz range;

Lack of dosimetric information;

No sham/control group;

Theranostic application.

®© N OO W

Data collection process

Data extraction

The data extraction form will be defined and agreed upon
before the start of paper analysis. The eligible papers will
be equally divided between group 1 and group 2 to inde-
pendently extract numerical data from text, tables, or fig-
ures of each article. In case of missing outcome data, if
possible, the review team will contact the authors at least
once by mail.

Data items
The extracted data will include:

+ Study design (number of experimental groups, con-
trol group(s), number of animals per group, rand-
omization and blinding),

« Study type (e.g., cancer induction, co-carcinogenesis
studies),

+ Animal model (species, strain, sex, genotype of ani-
mals (wild type, transgenic)),

+ Timing of treatment (i.e., hours per day, days per
week and total period; age or life stage at the start of
exposure),

» Exposure details (frequency, modulation, dose and
type of exposure (whole body vs localized exposure,
restrained vs freely moving animals), exposure sys-
tem),

o Primary outcome(s): all tumor-related outcome
measures (incidence, tumor multiplicity, tumor vol-
ume, progression, latency, survival),

+ Secondary outcome(s): all parameters related to ani-
mal health conditions evaluated at the end of life/
experiment,

« Method to assess the endpoints,

« Data analysis and statistical evaluation,

« Authors, year of publication, title, journal.

We will also extract data on potential conflict of inter-
est in included studies.
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Risk of bias assessment
The internal validity and the quality of eligible studies
will be evaluated using the approach recommended by
NTP-OHAT [21] for animal studies. It provides detailed
instructions for assessing how potential sources of distor-
tion may have affected the reliability of the results.

The nine included risk of bias criteria are:

1. Randomized exposure level;

Allocation concealment of study groups;

3. Evaluation in the study design or analysis of possible
important confounding and modifying variables;
Blinding of research personnel;

Confidence in the exposure characterization (dosim-
etry);

Confidence in the outcome assessment;

All measured outcomes reported;

Attrition/exclusion rate;

Possible conflicts of interest.

N

AN

O 0 N

Regarding item 3, possible important confounding fac-
tors are, for example, uncontrolled temperature increases
in the exposed animals or any other difference in the
experimental conditions between exposed and compari-
son groups. Since the presence of sham control group(s)
is mandatory for the inclusion of the study in the sys-
tematic review, it is useless to remark the importance
of identical exposure conditions as reported in NTP-
OHAT [21]. Two groups of authors (RP, PG and LA, PV)
will independently assess these criteria at the individual
study level and they will classify the studies according
to the following ratings: “4+-+4” definitely low risk of bias,
“+” probably low risk of bias, “—” probably high risk of
bias, or “——* definitely high risk of bias. Disagreements
in the assessment will be discussed between the authors
and resolved by consensus. Furthermore, using the
OHAT approach, individual studies will be placed into
three quality categories based on the risk-of-bias ratings.
The key criteria for determining the highest weight in
the quality of the study are as follows: (1) confidence in
the exposure characterization, (2) confidence in the out-
come assessment, and (3) evaluation in the study design
or analysis of possible important confounding and modi-
fying variables. The remaining criteria will be given less
weight in determining the quality of the study.

Data synthesis criteria and strategy
Structured descriptive summary of eligible studies will
include the following items:

1. Experimental design (e.g., induction/promotion, co-
promotion);
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2. The animal model used;

. Age of animals at the start of treatment;

4. The developmental stage of animals at treatment and
outcome assessment (e.g., mating and/or pregnancy
status);

5. Exposure type and level;

6. Outcome(s) reported;

7. Type of data (e.g., continuous or discrete), statistics
presented in the paper, possibility to access raw data;

8. Variation in the degree of risk of bias at the individual
study level.

W

A meta-analysis, if feasible, will proceed according to
the following main sequence [29]:

1. Calculating an effect size measure for each compari-
son, according to the typology of data (effect size) of
the considered studies,

2. Weighing the effect size measure according to the
effect model adopted (random or fixed),

3. Calculating the summary effect size,

4. Calculating the heterogeneity and the extent to which
the predefined study design characteristics explain
this heterogeneity,

5. Evaluating the subgroups analysis;

6. Checking the presence of meta-bias (e.g., attrition
bias, publication/duplicate bias, detection bias).

Effect size measures

When studies have used the same form of intervention
and comparator (sham), with the same outcome measure
we will pool the results in the appropriate effect model,
using standardized mean difference or response ratio for
continuous data (outcome) and risk ratio or risk differ-
ence for dichotomous data (outcome).

If necessary, measures of absolute effect will be con-
verted into relative effect measures, to ensure compara-
bility of effect estimate and facilitate the meta-analysis
that will be performed for all outcome measures.

A minimum of 3 studies per group/subgroup will be
required [12, 13, 20].

Effect size models
Because of the exploratory nature of animal studies, ran-
dom effect model will be used as a first choice. Fixed-
effect models will be used for groups of data without
significant heterogeneity leading to a t value of zero.
Extracted data will be analyzed using statistical software
with meta-analysis tools.

Forest plots will be constructed for each outcome, and
the summary effect, standard error, and p-values will be
determined with 95% of confidence interval [5].
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Heterogeneity

Heterogeneity among studies will be assessed with
Cochran Q test and further quantified by I* statistics. If
studies will be affected by high (* = 75% or greater) het-
erogeneity, a narrative synthesis will be done.

Additional analysis
Heterogeneity in the results of the meta-analysis may be
observed. Variations in the effect size across sub-sets of
studies are expected, for instance, if there are differences
between species or between exposure levels and exposure
modalities. Thus, subgroup analysis or meta-regression
may give insight into the relation between study charac-
teristics and the effect size, to find an explanation.

The regression analysis will be performed for different
exposure levels (SAR) and for different exposure times.

If meta-analysis is not possible, data will be reported
through the descriptive summary.

Quality of evidence assessment
We will apply the confidence rating approach based
primarily on guidance from the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) Working Group [4, 9]. The GRADE framework
is often applied to evaluate the quality of evidence and
the strength of recommendations for outcomes reported
in systematic reviews [11] on human and animal stud-
ies. We will assess the quality of evidence for the entire
body of evidence by each outcome, with any disagree-
ments resolved by an independent review author. We will
downgrade the quality of evidence for the following five
GRADE reasons: (i) risk of bias, (ii) inconsistency, (iii)
indirectness, (iv) imprecision, and (v) publication bias.
We will grade the evidence, according to the three
Navigation Guide standard quality of evidence ratings:
“high,” “moderate, and “low” Within each of the rel-
evant domains, we will rate the concern for the quality
of evidence, using the ratings “none,” “serious,” and “very
serious” We will start at “high” for randomized studies:
quality will be downgraded for no concern by nil grades
(0), for a serious concern by one grade (—1), and a very
serious concern by two grades (— 2). We will upgrade the
quality of evidence for the following other reasons: large
effect, dose-response and plausible residual confounding
and bias.

Strength of evidence assessment

We will apply a modified version of the Navigation Guide
methods [31] for the nonhuman evidence [17]. The rating
will be based on a combination of four criteria: (I) suffi-
cient evidence of toxicity, (II) limited evidence of toxicity,
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(III) inadequate evidence of toxicity, or (IV) evidence of
lack of toxicity, which in turn are based on the criteria
used by the International Agency for Research on Cancer
[14].

Discussion

This systematic review of in vivo studies of carcinogene-
sis from exposure to RE-EMF will respond to the need for
clarity emerged in the scientific community following the
publication of several studies with contradictory results.
In our opinion, this systematic review will contribute to
assess the extent of the epidemiological evidence on this
topic, in a reproducible and rigorous way.

We are not aware of published systematic reviews and
meta-analyses addressing this issue. The World Health
Organization’s (WHO) Radiation Program has an ongo-
ing project to assess potential health effects, included
carcinogenesis, of exposure to radiofrequency electro-
magnetic fields, in the general and working population,
throughout systematic reviews.

Any changes made to this protocol will be reported in
PROSPERO and in the final manuscript.

The results of this systematic review will complement
the other results of the main project “BRiC 06/2018” Ref
Y43 “Scientific evidence on the carcinogenicity of radiof-
requency electromagnetic fields” on epidemiological and
experimental in vitro studies, with the common aim to
carry out a systematic review of scientific evidence on the
carcinogenicity of RF-EMF (100kHz—-300 GHz) exposure
by methods useful to minimize biases in the identifica-
tion-selection-synthesis of studies and in the formulation
of conclusions.

These results and meta-analysis will be presented at
conferences and published in a peer-reviewed journal.
Moreover, a final public event was scheduled to present
the overall results of the project.

Abbreviations

AGNIR: Advisory Group on Non-lonising Radiation (UK); ANSES: Agence
Nationale de Sécurité Sanitaire de I'Alimentation de I'Environnement et du
Travail (France); ARPANSA: Australian Radiation Protection and Nuclear Safety
Agency; CCARS: Comité Cientifico Asesor en Radiofrecuencias y Salud (Spain);
ELF: Extremely low frequency; ENEA: Italian National Agency for New Technol-
ogies, Energy and Sustainable Economic Development; FDA: Food and Drug
Administration; GRADE: The Grading of Recommendations Assessment, Devel-
opment and Evaluation; HCN: Health Council of the Netherlands; IARC: Inter-
national Agency for Research on Cancer; ICHENF: Interagency Committee on
the Health Effects of Non-lonizing Fields (New Zealand); ICNIRP: International
Commission for Non-lonizing Radiation Protection; INAIL: National Institute for
Insurance against Accidents at Work; ISS: Italian National Institute of Health;
MW: Microwave; NTP: National Toxicology Program; OHAT: Office of Health
Assessment and Translation; RF-EMF: Radiofrequency electromagnetic field;
RSC-EC: Royal Society of Canada Expert Committee; SAR: Specific absorption
rate; SSM-SC: Scientific Council on Electromagnetic Fields (Sweden); SCENIHR:
Scientific Committee on Emerging and Newly Identified Health Risks; SSM:
Swedish Radiation Safety Authority; WHO: World Health Organization.



Pinto et al. Systematic Reviews (2022) 11:29

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513643-022-01898-4.

[ Additional file 1. }

Acknowledgements

This work is part of a project partially funded by the INAIL - National Institute
for Insurance against Accidents at Work (ITALY). No scientific support of spon-
sor is provided in the drafting of the protocol.

Authors’ contributions

CM: conceptualization, supervision, project administration, funding acquisi-
tion; RP: conceptualization, methodology, writing—review and editing,
visualization; PV: methodology, writing—original draft; LA and PG: methodol-
ogy, writing—review and editing. All authors read and approved the final
manuscript and agree to be accountable for all aspects of the work.

Funding

CM, RP, PV, and LA are salaried staff members of ENEA. PG is supported by a
research contract funded by a grant of INAIL - National Institute for Insurance
against Accidents at Work (ITALY).

Availability of data and materials
The authors have the access to all scientific databases, in order to collect all
relevant papers for the systematic review.

Declarations

Ethics approval and consent to participate
This study will not require ethical approval as it is based on published studies.

Consent for publication
The publication of the protocol on PROSPERO and, if possible, on a peer
reviewed journal is one of the objectives of the funded project.

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Received: 1 December 2020 Accepted: 31 January 2022
Published online: 16 February 2022

References

1. ANSES. Radiofréguences et santé. Mise a jour de l'expertise. Maisons-
Alfort: Agence Nationale de Sécurité sanitaire de I'Alimentation de
|'Environnement et du travail; 2013.

2. ANSES. Exposition aux radiofréquences et santé des enfants. Maisons-
Alfort: Agence Nationale de Sécurité sanitaire de I'Alimentation de
I'Environnement et du travail; 2016.

3. ARPANSA. Radiofrequency expert panel. Review of radiofrequency health
effects research - scientific literature 2000 — 2012. Yallambie: Australian
Radiation Protection and Nuclear Safety Agency; 2014.

4. Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R, Brozek J,
et al. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epide-
miol. 2011;64(4):401-6.

5. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to
metaanalysis. Part 3: fixed-effect versus random-effects models. Chiches-
ter: Wiley; 2009a.

6. CCARS (Comité Cientifico Asesor en Radiofrecuencias y Salud). Informe
sobre Radiofrecuencia y Salud (2013-2016). Madrid: Colegio Oficial de
Ingenieros de Telecomunicacion (COIT); 2017.

7. Chou CK, Bassen H, Osepchuk J, Balzano Q, Peterson R, Meltz M, et al.
Radiofrequency electromagnetic exposure: tutorial review on experimen-
tal dosimetry. Bioelectromagnetics. 1996;17:195-208.

20.

21.

22.

23.

24.

25.

26.

27.

Page 7 of 8

Food and Drug Administration (FDA). Review of published literature
between 2008 and 2018 of relevance to radiofrequency radiation and
cancer: US FDA - Center for Devices & radiological health; 2020. Available
from: https://www.fda.gov/media/135043/download. (Last access Jan
2022)

Guyatt GH, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guide-
lines: 1. Introduction-GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011;64(4):383-94.

HCN. Mobile phones and cancer part 3. Update and overall conclusions
from epidemiological and animal studies. The Hague: Health Council of
the Netherlands; 2016.

. Higgins J, Green S. Cochrane handbook for systematic reviews of inter-

ventions version 5.1.0 [updated march 2011]: The Cochrane Collabora-
tion; 2011. http://handbook-5-1.cochrane.org/ (last access Jan 2022)
Hooijmans CR, Rovers MM, de Vries RBM, Leenaars M, Ritskes-Hoitinga M,
Langendam MW. SYRCLE's risk of bias tool for animal studies. BMC Med
Res Methodol. 2014a;14:43.

Hooijmans CR, IntHout G, Ritskes-Hoitinga M, Rovers MM. Meta-analyses
of animal studies: an introduction of a valuable instrument to further
improve healthcare. ILAR J. 2014b;55(3):418-26.

IARC. Working group on the evaluation of carcinogenic risks to humans.
Non-ionizing radiation, part 2: radiofrequency electromagnetic fields
2013/01/01 ed. Lyon: IARC; 2013.

IARC (International Agency for Research on Cancer), 2006. IARC mono-
graphs on the evaluation of carcinogenic risks to humans: Preamble
Available: https://monographs.iarc.fr/wp-content/uploads/2018/06/Curre
ntPreamble.pdf (last access Jan 2022)

Interagency Committee on the Health Effects of Non-lonising Fields
(ICHENF). Report to ministers. Wellington: Ministry of Health, New Zea-
land; 2018.

Koustas E, Lam J, Sutton P, Johnson PI, Atchley DS, Sen S, et al. The naviga-
tion guide - evidence-based medicine meets environmental health: sys-
tematic review of nonhuman evidence for PFOA effects on fetal growth.
Environ Health Perspect. 2014;122:1015-27.

Kuster N, Schonborn F. Recommended minimal requirements and devel-
opment guidelines for exposure setups of bio-experiments addressing
the health risk concern of wireless communications. Bioelectromagnetics.
2000;21(7):508-14.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015 statement. Syst Rev. 2015;4:1.

Moja L, Pecoraro V, Ciccolallo L, Dall'Olmo L, Virgili G, Garattini S. Flaws in
animal studies exploring statins and impact on meta-analysis. Eur J Clin
Investig. 2014,44(6):597-612.

NTP-OHAT, 2019. Handbook for conducting a literature-based health
assessment using OHAT approach for systematic review and evidence
integration: National Toxicology Program - Office of Health Assessment
and Translation. (https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookma
rch2019_508.pdf) (last access Jan 2022)

NTP (National Toxicology Program), 2015a. Handbook for conducting a
literature-based health assessment using OHAT approach for system-
atic review and evidence. Office of Health Assessment and Translation.
(http//ntp.niehs.nih.gov/go/38673) (last access Jan 2022).

Paffi A, Merla C, Pinto R, Lovisolo GA, Liberti M, Marino C, et al. Microwave
exposure systems for in vivo biological experiments: a systematic review.
IEEE Transact Microwave Theory Techniques. 2013;61(5):1980-93.
SCENIHR (Scientific Committee on Emerging and Newly Identified Health
Risks). Potential health effects of exposure to electromagnetic fields
(EMF). Luxembourg: European Commission; 2015.

Scientific Council on Electromagnetic Fields. Eighth report from SSM's
scientific council on electromagnetic fields. Stockholm: Swedish Radia-
tion Safety Authority; 2013.

Scientific Council on Electromagnetic Field. 2019. Recent research on
EMF and health risk: thirteenth report from SSM’s scientific council on
electromagnetic fields, 2018. Authority SRS, editor. Stockholm: Swedish
Radiation Safety Authority.

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:97647.


https://doi.org/10.1186/s13643-022-01898-4
https://doi.org/10.1186/s13643-022-01898-4
https://www.fda.gov/media/135043/download
http://handbook-5-1.cochrane.org/
https://monographs.iarc.fr/wp-content/uploads/2018/06/CurrentPreamble.pdf
https://monographs.iarc.fr/wp-content/uploads/2018/06/CurrentPreamble.pdf
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch2019_508.pdf
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch2019_508.pdf
http://ntp.niehs.nih.gov/go/38673)

Pinto et al. Systematic Reviews

28.

29.

30.

31.

(2022) 11:29

The Royal Society of Canada Expert Panel 2014: A Review of Safety Code
6. Health Canada’s safety limits for exposure to radiofrequency fields;
2013.

Vesterinen HM, Sena ES, Egan KJ, Hirst TC, Churolov L, Currie GL, et al.
Meta-analysis of data from animal studies: a practical guide. J Neurosci
Methods. 2013;221C:92-102.

World Health Organization (WHO). Radio frequency fields: environmental
health criteria monograph. Consultation on the scientific review for the

upcoming WHO environmental health criteria chapter 12 cancer; 2014. p.

239.

Woodruff TJ, Sutton P. The navigation guide systematic review methodol-
ogy: a rigorous and transparent method for translating environmental
health science into better health outcomes. Environ Health Perspect.
2014;122:1007-14.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Protocol for a systematic review of the in vivo studies on radiofrequency (100 kHz–300 GHz) electromagnetic field exposure and cancer
	Abstract 
	Background: 
	Objectives: 
	Methods: 
	Systematic review registration: 
	Highlights: 

	Background
	Rationale
	Objective
	Methods
	Eligibility criteria
	Types of populations
	Types of exposures
	Types of comparators
	Types of outcomes
	Types of studies
	Information sources and search strategy
	Electronic academic databases
	Citation searching

	Selection process
	Data collection process
	Data extraction
	Data items

	Risk of bias assessment
	Data synthesis criteria and strategy
	Effect size measures
	Effect size models
	Heterogeneity
	Additional analysis

	Quality of evidence assessment
	Strength of evidence assessment

	Discussion
	Acknowledgements
	References


