Annex 3: Risk of Bias (RoB) and Sensitivity


Notes: 
· Metric questions (or an abbreviated version of them) appear in the heat map.
· The OHAT ratings are not currently in HAWC but will be summer 2021. We are cross-walking to the 4-category EPA ratings until the OHAT ratings are available
· For some questions, examples developed for EPA IRIS may be applicable to foster consistency in response presentation
· More detailed information on the OHAT RoB tool is available at https://ntp.niehs.nih.gov/whatwestudy/assessments/noncancer/riskbias/index.html 




Selection Bias Domain
Allocation (randomization)
	Metric: Allocation: Was administered dose or exposure level adequately randomized?

	Randomization requires that each human subject or animal had an equal chance of being assigned to any study group including controls (e.g., use of random number table or computer-generated randomization). This applies to a concurrent negative control group (i.e., a group for which exposure is to vehicle or sham exposure or un-treated / cage controls) which must be included in the study to address randomization as well as any positive control group that may be part of the study.
PROMPTING QUESTIONS
For each study:
· Did each animal or litter have an equal chance of being assigned to any experimental group (i.e., random allocation)?
· Is the allocation method described?
· Aside from randomization, were any steps taken to balance variables across experimental groups during allocation?
RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): 
There is direct evidence that animals were allocated to any study group including controls using a method with a random component,
AND there is direct evidence that the study used a concurrent control group as an indication that randomization covered all study groups.
NOTE: Acceptable methods of randomization include: referring to a random number table, using a computer random number generator, coin tossing, shuffling cards or envelopes, throwing dice, or drawing of lots (Higgins and Green 2011). Restricted randomization (e.g., blocked randomization) to ensure particular allocation ratios will be considered low risk of bias. Similarly, stratified randomization and minimization approaches that attempt to minimize imbalance between groups on important prognostic factors (e.g., body weight) will be considered acceptable. This type of approach is used by NTP, i.e., random number generator with body weight as a covariate.
NOTE: Investigator-selection of animals from a cage is not considered random allocation because animals may not have an equal chance of being selected, e.g., investigator selecting animals with this method may inadvertently choose healthier, easier to catch, or less aggressive animals.
Probably Low Risk of Bias (use “Adequate” drop down): 
There is indirect (inferred) evidence that animals were allocated to any study group including controls using a method with a random component (i.e., authors state that allocation was random, without description of the method used),
AND there is direct or indirect (inferred) evidence that the study used a concurrent control group as an indication that randomization covered all study groups,
OR it is deemed that allocation without a clearly random component during the study would not appreciably bias results. For example, approaches such as biased coin or urn randomization, replacement randomization, mixed randomization, and maximal randomization may require consultation with a statistician to determine risk-of-bias rating (Higgins and Green 2011).
Probably High Risk of Bias (use “Deficient” drop down):
There is indirect (inferred) evidence that animals were allocated to study groups using a method with a non-random component,
OR there is indirect (inferred) evidence that there was a lack of a concurrent control group,
OR there is insufficient information provided about how subjects were allocated to study groups (record “NR” as basis for answer).
NOTE: Non-random allocation methods may be systematic, but have the potential to allow researchers to anticipate the allocation of animals to study groups (Higgins and Green 2011). Such “quasi-random” methods include investigator-selection of animals from a cage, alternation, assignment based on shipment receipt date, date of birth, or animal number.
Definitely High Risk of Bias (use “Critically Deficient” drop down): 
There is direct evidence that animals were allocated to study groups using a non-random method including judgment of the investigator, the results of a laboratory test or a series of tests (Higgins and Green 2011),
OR there is direct evidence that there was a lack of a concurrent control group, indicating that randomization did not cover all study groups.


Blinding
	Metric: Blinding: Did the study implement measures to reduce observational bias?

	Allocation concealment prior to assigning the exposure level or treatment group (along with randomization in question #1) helps to assure that treatment is not given selectively based on potential differences in human subjects or non-human experimental animals. Allocation concealment requires that research personnel allocating subjects or animals to treatment groups (including the control group) could not foresee which administered dose or exposure level is going to be assigned at the start of a study. Human studies also require that allocation be concealed from human subjects prior to entering the study. 
PROMPTING QUESTIONS
For each endpoint/outcome or grouping of endpoints/outcomes in a study:
· Does the study report blinding or other methods/procedures for reducing observational bias?
· If not, did the study use a design or approach for which such procedures can be inferred?
· What is the expected impact of failure to implement (or report implementation) of these methods/procedures on results?
RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): 
There is direct evidence that at the time of assigning study groups the research personnel did not know what group animals were allocated to, and it is unlikely that they could have broken the blinding of allocation until after assignment was complete and irrevocable. Acceptable methods used to ensure allocation concealment include sequentially numbered treatment containers of identical appearance or equivalent methods.
Probably Low Risk of Bias (use “Adequate” drop down): 
There is indirect (inferred) evidence that at the time of assigning study groups the research personnel did not know what group animals were allocated to and it is unlikely that they could have broken the blinding of allocation until after assignment was complete and irrevocable,
OR it is deemed that lack of adequate allocation concealment would not appreciably bias results.
Probably High Risk of Bias (use “Deficient” drop down):
There is indirect (inferred) evidence that at the time of assigning study groups it was possible for the research personnel to know what group animals were allocated to, or it is likely that they could have broken the blinding of allocation before assignment was complete and irrevocable,
OR there is insufficient information provided about allocation to study groups (record “NR” as basis for answer).
Definitely High Risk of Bias (use “Critically Deficient” drop down): 
There is direct evidence that at the time of assigning study groups, it was possible for the research personnel to know what group animals were allocated to, or it is likely that they could have broken the blinding of allocation before assignment was complete and irrevocable.



Performance Bias Domain
Were experimental conditions identical across study groups?
	Metric: Were experimental conditions identical across study groups?

	Housing conditions and husbandry practices should be identical across control and experimental groups because these variables may impact the outcome of interest. Identical conditions include use of the same vehicle in control and experimental animals and the rating for this risk-of-bias element will depend largely on the consistent use vehicle across treatment groups. That is because under current reporting practices it is unlikely that similarity of conditions will be explicitly reported in most animal studies. Thus, we will assume unless stated otherwise that experimental conditions (other than treatment vehicle) were identical across groups.
RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): 
There is direct evidence that same vehicle was used in control and experimental animals,
AND there is direct evidence that non-treatment and exposure-related experimental conditions, husbandry and other conditions (e.g., noise, vibration, light schedule, access to food and water, bedding etc.) were sufficiently similar across study groups (i.e., the study report explicitly provides this level of detail). 
Probably Low Risk of Bias (use “Adequate” drop down): 
There is indirect (inferred) evidence that the same vehicle was used in control and experimental animals, OR it is deemed that the vehicle used would not appreciably bias results.
AND as described above, identical non-treatment-related experimental conditions are assumed if authors did not report differences in housing or husbandry.
Probably High Risk of Bias (use “Deficient” drop down):
There is indirect (inferred) evidence that the vehicle differed between control and experimental animals,
OR authors did not report the vehicle used or exposure-related conditions (record “NR” as basis for answer),
OR there is indirect (inferred) evidence that non-treatment/exposure-related experimental conditions were not comparable between study groups.
Definitely High Risk of Bias (use “Critically Deficient” drop down): 
﻿There is direct evidence from the study report that control animals were untreated, or treated with a different vehicle than experimental animals,
OR there is direct evidence that non-treatment-related experimental conditions were not comparable between study groups.



Were the research personnel blinded to the study group during the study?
	Metric: Were the research personnel blinded to the study group during the study?

	Blinding requires that study scientists do not know which administered dose or exposure level the human subjects or animals are being given (i.e., study group). Human controlled-exposure studies also require blinding of the human subjects when possible.
RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): 
There is direct evidence that the research personnel were adequately blinded to study group, and it is unlikely that they could have broken the blinding during the study. Methods used to ensure blinding include central allocation; sequentially numbered treatment containers of identical appearance; sequentially numbered animal cages; or equivalent methods. Methods used to ensure blinding include automated application of exposure, encrypted recording of exposure-related data on the control computer, and taking all necessary measures to prevent indirect (inferred) perception/detection of exposure by the animals and/or the research personnel. Possibilities for indirect (inferred) perception/detection of exposure include 
· visually or acoustically perceptible effects on the experimental equipment as a consequence of electromagnetic interference (EMI), e.g., flickering screen, noise in audio devices, artifacts in biosignal-recordings
· perception of warmth by the animals, e.g., when the radiation source is operated close to the body (includes both direct heating of the skin due to absorption of radiation, and indirect (inferred) heating due to losses inside the source)
· indicators/displays and control lamps of the exposure apparatus if not properly hidden acoustic noise, vibrations, or temperature elevations caused by the exposure apparatus, e.g., higher noise by cooling fan of amplifier at higher exposure levels
Probably Low Risk of Bias (use “Adequate” drop down): 
There is indirect (inferred) evidence that the research personnel were adequately blinded to study group, and it is unlikely that they could have broken the blinding during the study,
OR it is deemed that lack of adequate blinding during the study would not appreciably bias results. This would include cases where blinding was not possible but research personnel took steps to minimize potential bias, such as restricting the knowledge of study group to veterinary or supervisory personnel monitoring for overt toxicity, or randomized husbandry or handling practices (e.g., placement in the animal room, necropsy order, etc.).
Probably High Risk of Bias (use “Deficient” drop down):
There is indirect (inferred) evidence that the research personnel were not adequately blinded to study group,
OR there is insufficient information provided about blinding to study group during the study (record “NR” as basis for answer).
Definitely High Risk of Bias (use “Critically Deficient” drop down): 
There is direct evidence that the research personnel were not adequately blinded to study group.




Attrition/Exclusion Bias Domain
Were outcome data complete without attrition or exclusion from analysis? 
	Metric: Were outcome data complete without attrition or exclusion from analysis? 

	 Attrition or exclusion bias refers to systematic differences in the loss or exclusion from analyses of participants or animals from the study and how they were accounted for in the results. 
PROMPTING QUESTIONS
For each study:
· Are all animals accounted for in the results?
· If there are discrepancies, do authors provide an explanation (e.g. death or unscheduled sacrifice during the study)?
· If unexplained results omissions and/or attrition are identified, what is the expected impact on the interpretation of the results?
NOTE: Attrition bias can potentially change the collective (group) characteristics of the relevant groups and their observed outcomes in ways that affect study results by confounding and spurious associations. Acceptable handling of attrition includes: very little missing outcome data; reasons for missing animals unlikely to be related to outcome; missing outcome data balanced in numbers across study groups, with similar reasons for missing data across groups; missing outcomes are not enough to impact the effect estimate, or missing data have been imputed using appropriate methods (insuring that characteristics of animals are not significantly different from animals retained in the analysis).
RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): There is direct evidence that loss of animals was adequately addressed and reasons were documented when animals were removed from a study. Acceptable handling of attrition includes: very little missing outcome data; reasons for missing animals unlikely to be related to outcome (or for survival data, censoring unlikely to be introducing bias); missing outcome data balanced in numbers across study groups, with similar reasons for missing data across groups; missing outcomes is not enough to impact the effect estimate,
OR missing data have been imputed using appropriate methods (ensuring that characteristics of animals are not significantly different from animals retained in the analysis).
Probably Low Risk of Bias (use “Adequate” drop down): There is indirect (inferred) evidence that loss of animals was adequately addressed and reasons were documented when animals were removed from a study,
OR it is deemed that the proportion lost would not appreciably bias results. This would include reports of no statistical differences in characteristics of animals removed from the study from those remaining in the study.
Probably High Risk of Bias (use “Deficient” drop down): There is indirect (inferred) evidence that loss of animals was unacceptably large and not adequately addressed,
OR there is insufficient information provided about loss of animals (record “NR” as basis for answer).
Definitely High Risk of Bias (use “Critically Deficient” drop down): ﻿There is direct evidence that loss of animals was unacceptably large and not adequately addressed. Unacceptable handling of attrition or exclusion includes: reason for loss is likely to be related to true outcome, with either imbalance in numbers or reasons for loss across study groups.



Detection/Exposure Bias Domain
Can we be confident in the exposure characterization and is the exposure contrast sufficient?
	Metric: Can we be confident in the exposure characterization?

	It is essential that these criteria are considered, and potentially refined, by assessment teams, as the specific variables of concern can vary by exposure (e.g., reverberation chamber versus exposure coming from a cell phone).
PROMPTING QUESTIONS
· Were body/tissue internal exposure metrics measured or calculated for the particular conditions in the study (SAR values (W/kg), SA (J/kg) induced electric field in (V/m), internal magnetic field strength in H/m or equivalent unit, respectively?
A judgment and rationale for this domain should be given for each cohort or experiment in the study.
RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): 
There is direct evidence that the exposure is adequately characterized and dosimetry has been performed using scientifically validated methods OR exposure was assessed using less-established methods that are validated against SAR models that represent the investigated exposure situation AND the exposure metrics have been monitored over the experiment (i.e. internal and external metrics). There are no concerns about the exposure and dosimetry settings and characterization regarding animals exposed in cages or in a carousel exposure, and monitoring.
Probably Low Risk of Bias (use “Adequate” drop down): 
Some uncertainties in the exposure characterization AND monitoring.
Probably High Risk of Bias (use “Deficient” drop down): Uncertainties in the exposure characterization AND monitoring.
Definitely High Risk of Bias (use “Critically Deficient” drop down): Uncertainties in OR invalid or no exposure characterization and monitoring are identified, and there is reasonable certainty that the results are largely attributable to factors other than EMF exposure (e.g., exposure information not provided or it is not sufficient to describe the exposure AND/OR invalid assumptions of tissue internal exposure metrics or whole body SAR have been provided. 



Exposure timing, frequency and duration
Can we be confident that possible temperature increases do not affect the outcome?
	Metric: Can we be confident that possible temperature increases have been properly assessed?

	CORE QUESTION
Did the study provide data on the body temperature of the animals?
PROMPTING QUESTIONS
For each study:
· Did the authors take steps to measure or calculate body temperature in the animals (i.e. in a pilot study)?
· Is the exposure very low and body temperature increases will be negligible (to be a risk of bias)?
· Are there concerns about significant increases in body temperature? 
NOTE: There are no studies reporting that increases of body temperature by 1°C lead to cancer (There is limited evidence in experimental animals for the carcinogenicity of very hot water at 65 C or above, IARC vol 116), whereas other biological reactions and certain biomarkers can be changed due to temperature changes of 1°C (but none of these have been established as mechanisms of carcinogenicity). 
A judgment and rationale for this domain should be given for each cohort or experiment in the study.
RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): Body temperature has been measured or calculated in a pilot study under the exposure conditions used in the study, OR the increase in body temperature is negligible due to low exposure levels. In case of local exposure, a temperature analysis has been performed using reliable methods in case of high exposure that are likely related to significant temperature increases, OR there is insufficient information provided about EMF exposure-induced temperature alterations, but according to appropriate exposure data, no evidence for any outcome-relevant exposure-induced temperature alteration.
Probably Low Risk of Bias (use “Adequate” drop down): Some uncertainties about body temperature or local temperature assessments but these are expected to have minimal impact on the outcome or interpretation of the results (e.g. exposure is low or methods for temperature assessment are not explained in detail without evidence of concern etc.).
Probably High Risk of Bias (use “Deficient” drop down): There are uncertainties in the body or local temperature assessment and these may impact the results due to high exposure levels) (e.g., exposure-induced temperature elevations relevant to cancer development (initiation, promotion, progression), OR temperature (local or body) has not been addressed.
Definitely High Risk of Bias (use “Critically Deficient” drop down): Body or local temperature was not assessed and may impact the results  due to high exposure levels, and temperature elevations may be the primary driver of the results (cancer) e.g., exposure-induced temperature elevations relevant to cancer development (initiation, promotion, progression).





Detection/Outcome Bias Domain
Can we be confident in the outcome assessment?
	Metric: Can we be confident in the outcome assessment?

	Detection bias can be minimized by using valid and reliable methods to assess the outcome applied consistently across groups (i.e., under the same method and time-frame). The objectivity of procedures used for measuring and reporting an outcome will impact the degree to which outcome assessors could bias the reported results. 
NOTE: blinding of pathologists is not required nor common in academia, government agencies, industry and is not be considered as risk of bias. The initial review of slides is conducted unblinded (not masked), the secondary review is blinded (or masked) (Sills et al., 2019). This procedure is consistent with the position of the Society of Toxicologic Pathologists (STP) and the American College of Veterinary Pathologists (ACVP) (Crissman et al., 2004).
· There is direct evidence that the outcome was assessed using well-established methods and markers.
· AND there is direct evidence that the outcome assessors were blinded to the study group, and it is unlikely that they could have broken the blinding prior to reporting outcomes
· AND individual data properly reported (e.g. not just means, standard deviation, confidence intervals “
· AND the sensitivity of the detection of biomarkers/tumor (type) was reported
· AND information relevant for the experimental set-up is sufficient for reproduction of the results

RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): There is direct evidence that the outcome was assessed using well-established methods AND that individual data were properly reported (e.g., not just means, standard deviation, confidence intervals).
Probably Low Risk of Bias (use “Adequate” drop down): There is indirect (inferred) evidence that the outcome was assessed using well-established methods in the sense as described above.
Probably High Risk of Bias (use “Deficient” drop down): There is indirect (inferred) evidence that the outcome assessment method is different from the well-established methods, OR individual data were properly reported.
Definitely High Risk of Bias (use “Critically Deficient” drop down): There is direct evidence that the outcome assessment method is not the well-established method, AND the reporting is inadequate (e.g., no standard deviation or standard error).




Selective Reporting Bias Domain
Were all measured outcomes reported?
	Metric: Were all measured outcomes reported?

	Selective reporting is present if pre-specified outcomes are not reported or incompletely reported.

RATING CONSIDERATIONS
Definitely Low Risk of Bias (use “Good” drop down): There is direct evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have been reported. This would include outcomes reported with sufficient detail to be included in meta-analysis or fully tabulated during data extraction and analyses had been planned in advance.
Adequate (Probably Low Risk of Bias)
There is indirect (inferred) evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have been reported,
OR analyses that had not been planned in advance (i.e., retrospective unplanned subgroup analyses) are clearly indicated as such and it is deemed that the unplanned analyses were appropriate and selective reporting would not appreciably bias results (e.g., appropriate analyses of an unexpected effect). This would include outcomes reported.
Deficient (Probably High Risk of Bias)
There is indirect (inferred) evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have been reported,
OR there is indirect (inferred) evidence that unplanned analyses were included that may appreciably bias results,
OR there is insufficient information provided about selective outcome reporting (record “NR” as basis for answer).
Critically Deficient (Definitely High Risk of Bias)
There is direct evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have not been reported. In addition to not reporting outcomes, this would include reporting outcomes based on composite score without individual outcome components or outcomes reported using measurements, analysis methods or subsets of the data (e.g., subscales) that were not pre-specified or reporting outcomes not pre-specified, or that unplanned analyses were included that would appreciably bias results.



Other Bias 
Other potential threats to internal validity?

	Metric: Results presentation and analysis

	CORE QUESTION
Are the results presented in a way that makes the data usable and transparent?
PROMPTING QUESTIONS
For each endpoint/outcome or grouping of endpoints/outcomes in a study:
· Does the level of detail allow for an informed interpretation of the results?
· Are the data analyzed, compared, or presented in a way that is inappropriate or misleading?
BASIC CONSIDERATIONS
Considerations for this domain are highly variable depending on the outcomes of interest and must be refined by assessment teams.
A judgment and rationale for this domain should be given for each endpoint/outcome or group of endpoints/outcomes investigated in the study.
Is there concern that different types of tumors were inappropriately combined in the analysis?
Analyses of benign and malignant tumors from the same tissue type should be reported both separately and combined; tumors of the same cellular origin, which may appear at different organ sites, should be combined (McConnell et al. 1986). 
Is there concern that statistical analyses are inadequate or were not conducted for evaluating the results?
If statistical analyses were not conducted, were the results reported in sufficient detail for ad hoc analysis?
If statistical analyses are not reported, the study should at a minimum present incidence data for specific tumors, so that statistical tests (e.g. Fisher’s exact test for pairwise comparisons) can be conducted. 
If there is evidence of a decreased survival effect, the studies should use adequate statistical methods, such as the poly-3 test (Bailer and Portier 1988), to control for decreased survival. 
No/Minor concerns 
Tumors of the same cellular origin are accurately combined in the analysis.
Critical concerns
Tumor types were not accurately combined.
No/Minor concerns 
The study reports appropriate methods of analysis using relevant data. Analyses are adjusted for survival (e.g., poly-3 test) when relevant. 
Critical concerns
There is strong evidence that reporting of data and analytical methods are so limited that the findings are not interpretable. 
Examples of potential concerns include:
· Non-preferred presentation, such as developmental toxicity data averaged across pups in a treatment group, when litter responses are more appropriate
· Failing to present quantitative results
· Pooling data when responses are known or expected to differ substantially (e.g., across sexes or ages)
· Failing to report on or address overt toxicity when exposure levels are known or expected to be highly toxic
· Lack of full presentation of the data (e.g., presentation of mean without variance data; concurrent control data are not presented)










Sensitivity Domain
Endpoint sensitivity and specificity
	Metric: Endpoint sensitivity and specificity

	DESCRIPTION/Signaling question
Is there concern that the animal model (source, species, strain, age, sex) is not sensitive for detecting an effect?
PROMPTING QUESTIONS/Elaboration
For each study:
· Did the study use an animal model that is sensitive for detecting tumors (e.g., known background tumor rates for the tumor type, sensitive to effects from the exposure route)?
· Studies in both sexes are more informative because a single sex study may miss cancers that are sex specific. Is there concern that an effect might have been missed because of a single sex study?
· Are there concerns regarding the specificity and validity of the protocols?
· Are there concerns regarding the timing of the endpoint assessment?
RATING CONSIDERATIONS (RoC)
No/minor concerns 
The study uses a known sensitive animal model for detecting potential carcinogenic effects.
Critical concerns 
The study uses a known resistant animal model and no carcinogenic effect was detected.
EXAMPLE RATING
All Cohorts/Experiments - No/minor concerns- The study authors report that the same species and strains have been used (by the same laboratory) before and have proven as sensitive for cancer hazard identification. The bioassay included animals of both sexes and exposure started at an appropriate age of the animals.



Statistical power
	Metric: Statistical power

	DESCRIPTION/Signaling question
Is there concern that the statistical power is inadequate (number of animals per exposure/dose and control groups to detect a neoplastic effect if present?
PROMPTING QUESTIONS/Elaboration
For each study: For each endpoint/outcome or grouping of endpoints/outcomes in a study:
· Did the study have adequate statistical power to detect induced low tumor incidences, the survival to study termination (in a treatment group), and the rarity of the induced tumors?
NOTE: Group sizes with a reasonable number of animals will be included. Sufficient sample size depends on the background rate of the tumor of interest. In transgenic animals, group sized of 10-15 can be sufficient. For cancer bioassays of 18 or more months, a sample size of 50 laboratory animals is considered sufficient because for most cancers that appear spontaneously in these animals in that time-frame, this sample size gives at least a 50% power for detecting a doubling of the background cancer risk (Portier and Hoel, 1983; Portier, 1986). 
Sample size alone is not a reason to conclude an individual study is critically deficient.
﻿RATING CONSIDERATIONS (RoC)
No/minor concerns 
The study uses adequate numbers of animals for most tumor types.
 Critical concerns 
The study has a very small number of animals per dose group and no carcinogenic effect was detected.




	Metric: Exposure contrast

	DESCRIPTION/Signaling question
Is there concern that the exposure contrast is too low?
PROMPTING QUESTIONS/Elaboration
· Were the body/tissue external metrics (external e-field, magnetic field or incident power flux density measured or calculated at the exposed body/tissue in the approximate far-field of the field source, and the exposure is at least 10 times (power flux density or field strength above background level.
﻿RATING CONSIDERATIONS (RoC)
No/minor concerns 
The exposure contrast is sufficient OR the exposure contrast is borderline (exposure contrast is not clear (internal and external metrics are very close)).
 Critical concerns 
No exposure contrast OR the exposure contrast is assumed borderline but internal and external metrics were not addressed.







Concurrent control group
	Metric: Is there concern that the concurrent control group is not adequate for evaluating effects across treatment groups?

	ELABORATION
Concurrent controls are considered to be the most relevant comparison group for evaluating potential exposure-related tumor effects. Ideally the current control group has the same or greater number of animals as those in each treatment group. 
FOLLOW-UP QUESTION:
If no concurrent controls (sham) were used, are historical controls that could be used in place of concurrent controls reported?
NOTE: The absence of an appropriate control group, by itself, may be sufficient for judging a study inadequate for the cancer hazard evaluation; although, in some cases, historical controls of the same animal strain/stock and from the same laboratory may serve in place of concurrent controls. The use of concurrent controls is considered superior to the comparison with the range of tumors in historical controls, unless systematic bias affects concurrent controls but would not affect appropriately chosen historic controls. Moreover, for rare tumor outcomes or when an abnormal control response is seen, the additional use of historical controls of the same strain, sub-strain, the same laboratory and a pre-defined time window can be used jointly with concurrent controls to increase study informativeness (IARC, 2006; IARC, 2019). The experimental design of some studies evaluating co-carcinogens may not include untreated (or vehicle) concurrent controls, but generally include a single carcinogen or positive controls, which can result in acceptable study quality.
No/minor concerns 
Controls are treated as similar as possible to the exposed animals but without the test substance / EMF exposure, e.g., appropriate vehicle controls.
Critical concerns
No concurrent or relevant historical controls (that could serve as concurrent controls) are available.



	Metric: Study duration

	DESCRIPTION
Signaling question
Is the total study duration (exposure period and observation period) adequate to detect a neoplastic effect, if present?
PROMPTING QUESTIONS/Elaboration
For each study:
· Were outcomes measured after an appropriate latency period? 
NOTE: while rodent cancer studies, in general, need to be at least one year in duration, there are exceptions depending upon the animal model and study design. Carcinogenicity studies in transgenic animals, co-carcinogen studies, or initiation/ promotion studies may need less time than one year for tumor development﻿.
RATING CONSIDERATIONS (RoC)
No/minor concerns 
The study duration is close to the lifetime of the animals, or an appropriate time period for the specific animal cancer model.
Critical concerns 
The study duration is shorter than the appropriate time period for the animal model (e.g., less than one year for non-transgenic rats or mice) and no neoplasms are observed.



ng
	Metric: Overall sensitivity rating

	PROMPTING QUESTIONS/Elaboration
· The overall sensitivity rating integrates the sensitivity factors above. In some cases, one factor may compensate for limitations in another factor. 
RATING CONSIDERATIONS (RoC)
No/minor concerns 
The study used multiple dose levels for a long duration of time. 
Critical concerns 
The study uses a single low dose for a short duration of time.
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