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1.INTRODUCTION

The Integrated Risk Information System (IRIS) Program is undertaking a reassessment of
the health effects of hexavalent chromium (Cr[VI]). Significant new epidemiologic and
experimental animal toxicity information for Cr(VI) has become available since EPA’s IRIS
assessment for Cr(VI) was posted in 1998, including updates of occupational cohort studies
(Proctor et al., 2016; Gibb et al., 2015) and a National Toxicology Program (NTP) bioassay that

reported increased incidences of tumors in rats and mice exposed to Cr(VI) in drinking water (NTP,
2008). The dose-response information from epidemiologic and experimental animal studies

published since 1998 could result in changes to current toxicity values. Cr(VI) was included on the

December 2015 IRIS Program multiyear agenda (https://www.epa.gov/iris/iris-agenda) as a
chemical having high priority for assessment development. It was also included in the December
2018 IRIS Program Outlook that provides an updated outlook of IRIS program activities
(https://www.epa.gov/sites/production/files/2018-

12 /documents/iris program outlook december 2018.pdf). Given the known widespread exposure

to Cr(VI) and the availability of studies that provide significant new health effects information, the
[RIS Program is developing an updated assessment of Cr(VI).

Preliminary materials for the Cr(VI) reassessment were released to the public in April and
August 2014, and public meetings were held in June and October 2014 to seek input regarding the
Cr(VI) assessment from the scientific community and interested parties (U.S. EPA, 2014b, c). The

preliminary materials included a summary of the IRIS Program’s scoping and problem formulation
conclusions, information on the approaches used to identify pertinent literature, results of the
literature search, approaches for selection of studies for hazard identification, and presentation of
studies eligible for study evaluation in evidence tables and exposure-response arrays. A
preliminary summary of pharmacokinetic and mechanistic studies pertinent to the assessment was
also presented. This protocol document updates and summarizes these earlier materials (e.g., see
Sections 1-4). Because development of the chromium assessment began before the introduction of
early-stage systematic review documents to the IRIS process (i.e., the IRIS Assessment Plan and the
protocol), EPA retroactively released this protocol, which presents the methods for conducting the
systematic review and dose-response analysis, to provide similar public engagement steps and
documentation as other assessments that started more recently. This protocol also includes
specific aims and populations, exposures, comparators, and outcomes (PECO) criteria that were not
a part of the 2014 preliminary materials but are now a part of IRIS Systematic Review materials.
The IRIS Program posts assessment protocols on its website. Public comments will be considered

as part of developing the draft assessment. This protocol documents the studies identified during
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1 theinitial literature searches (U.S. EPA, 2014b, c) and updates to those literature searches.

2  Additional literature search updates will be posted to the IRIS website when they are available.
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2.SCOPING AND INITIAL PROBLEM FORMULATION
SUMMARY

2.1. BACKGROUND

2.1.1. Occurrence, Use, and Human Exposure

Elemental chromium is a Group 6 transition metal (atomic number 24 and atomic weight
52) on the periodic table, existing in nature in the form of various oxide minerals (Anger et al.,
2005). Itis presentin the Earth’s crust and has oxidation states ranging from -2 to +6, with the +3

(trivalent) and +6 (hexavalent) states being the most common (Losi et al., 1994). Chromium in the

environment can originate from both natural and anthropogenic sources. Atmospheric releases of
chromium from natural and anthropogenic sources are comparable in magnitude, while soil
releases are mostly anthropogenic, and all water releases are anthropogenic (Johnson et al., 2006;
USGS, 1995; Calder, 1988; Pacyna and Nriagu, 1988). Conversion of Cr(VI) to Cr(III) may occur in

the environment under reducing conditions (by ferrous iron, sulfides, and organic matter), while

conversion of Cr(III) to Cr(VI) may occur under oxidizing conditions [by manganese oxide minerals;
(Hausladen and Fendorf, 2017; McClain et al., 2017; Jardine et al., 2011; Cummings etal., 2007; Oze
etal, 2007; Oze et al,, 2004; Kim and Dixon, 2002; Fendorf et al., 2000; Fendorf, 1995)]. Most

Cr(III) compounds are insoluble in water and immobile in soils (which helps inhibit oxidation),

while Cr(VI) compounds are readily soluble in water and highly mobile and bioavailable (Fendorf et
al., 2000; Fendorf, 1995). In addition to being stabilized by low solubility and mobility, Cr(III)

compounds are more thermodynamically stable than Cr(VI) compounds under most pH values

encountered in the environment (Fendorf, 1995).

Cr(VI) compounds are used for corrosion inhibition, pigment manufacturing (including
textile dyeing, printing inks, and colored glass and plastic), and metal finishing (chrome
plating/electroplating) (NIOSH, 2013b; NTP, 2011). Cr(VI) has been used in wood preservatives [as
chromated copper arsenate (CCA) in pressure-treated wood; (ATSDR, 2012; Barnhart, 1997)];

however, this use began to decline in 2003 due to a voluntary phaseout of all residential uses of CCA

pressure-treated wood (Bedinger, 2015; NTP, 2011). Other uses for Cr(VI) that have been

discontinued in the U.S. include leather tanning and corrosion inhibition within cooling systems
(NIOSH, 2013b; NTP, 2011). Cr(VI) is also a byproduct of processes in the iron and steel industries
(Shaw Environmental, 2006).

Occupational exposures to Cr(VI) occur primarily from inhalation or dermal contact

(NIOSH, 2013b), while general population exposures occur by inhalation of ambient air and

ingestion of food and drinking water (NTP, 2011). Dermal exposure may also occur from using
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consumer products that contain chromium, such as some metals and wood or leather treated with
chromium-containing compounds (ATSDR, 2012; NTP, 2011). According to data collected between
2013 and 2015 under EPA’s Third Unregulated Contaminant Monitoring Rule (UCMR3), Cr(VI) has
been reported above the minimum reporting limit (0.03 pg/L) by approximately 90% of public
water systems in the United States (U.S. EPA, 2014d). Ambient air concentrations of Cr(VI) in the
United States typically range from 0.01 to 0.05 ng/m3 (U.S. EPA, 2016) but have been measured at
values above 1 ng/m3 in urban and industrial areas (Oregon DEQ, 2016; Huang et al., 2014; CalEPA,

2004, 2003). Cr(VI) concentrations measured in air downwind of industrial facilities emitting
Cr(VI) (such as chrome platers) have been found to be highly correlated with concentrations
measured at the facilities (OAQPS, 2012; CalEPA, 2004, 2003).

2.1.2. Previous IRIS Assessment

EPA’s 1998 IRIS assessment classified Cr(VI) as “Group A—known human carcinogen by the
inhalation route of exposure” based on evidence of a causal relationship between inhalation of
Cr(VI) and increased incidence of lung cancer in humans in occupational settings. An inhalation
unit risk (IUR) for Cr(VI) of 1.2 x 10-2 per pg/m3 was calculated based on increased incidence of

lung cancer in chromate workers (Mancuso, 1997, 1975). The 1998 assessment concluded that the

carcinogenicity of Cr(VI) “by the oral route of exposure cannot be determined and is classified as
Group D.” Accordingly, a cancer slope factor for ingested Cr(VI) was not derived.

EPA’s 1998 IRIS assessment derived two inhalation reference concentrations (RfCs) for
noncancer effects. An RfC of 8 x 10-3 pg/m3 was derived based on nasal effects observed in an

epidemiologic study of workers in chrome plating plants (Lindberg and Hedenstierna, 1983), and

was specific to chromic acid mists and dissolved Cr(VI) aerosols. An additional RfC of 0.1 pg/ms3
was derived based on respiratory tract effects observed in subchronic duration rat studies (Malsch
etal,, 1994; Glaser et al., 1990), and was specific to Cr(VI) particulates. EPA’s 1998 IRIS assessment

also derived an oral reference dose (RfD) of 3 x 10-3 mg/kg-day for noncancer effects based on a

no-observed-adverse-effect level (NOAEL) reported in a 1-year drinking water study in rats

(MacKenzie et al., 1958). MacKenzie et al. (1958) monitored body weight, gross external

conditions, histopathology and blood chemistry and did not observe any effects at any level of

treatment.

2.2. SCOPING SUMMARY
During scoping, the IRIS Program met with EPA program and regional offices that had

interest in an IRIS assessment for Cr(VI) to discuss specific assessment needs. As discussed in the

April 2014 preliminary materials document (U.S. EPA, 2014b), the scope of the IRIS assessment was

limited to potential health effects by the inhalation and oral routes of exposure. EPA’s Office of

Pesticide Programs (OPP) previously evaluated the dermal exposure pathway in its reregistration
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eligibility decision (RED) for CCA pesticides (U.S. EPA, 2008c)?, and no priority needs related to

dermal exposure were identified by other EPA program and regional offices. Table 1 provides a
summary of EPA offices, programs, and regions that have interest in the assessment and what their

specific needs are.

Table 1. EPA program and regional office interest in a reassessment of Cr(VI)

EPA
program or
regional
office Oral | Inh. Statutes/regulations and anticipated uses/interest
OLEM v v | CERCLA and RCRA
] Cr(VI) has been identified as a contaminant of concern at numerous contaminated

EPA Regions waste sites, including more than 100 NPL sites. CERCLA authorizes EPA to conduct

1-10 .
short- or long-term cleanups at Superfund sites and later recover cleanup costs from
potentially responsible parties under Section 107. Cr(VI) toxicological information
may be used to make risk determinations for response actions (e.g., short-term
removals, long-term remedial response actions, RCRA Corrective Action).

ow v SDWA
Currently, the EPA drinking water standard of 0.1 mg/L is for total chromium (Federal
Register, 2010). The SDWA requires EPA to periodically review the NPDWR for each
contaminant and revise the regulation, if appropriate. Cr(VI) toxicological information
may be used to inform risk determinations associated with revisiting the NPDWR.
Chromium is listed under the NPDWR.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act; RCRA = Resource
Conservation and Recovery Act; Inh. = inhalation; NPDWR = National Primary Drinking Water Regulation;
NPL = National Priority List; OLEM = Office of Land and Emergency Management; OW = Office of Water;
SDWA = Safe Drinking Water Act.

2.3. PROBLEM FORMULATION

Problem formulation information pertaining to the reassessment of Cr(VI) was included in
the preliminary materials documents released to the public in April and August 2014 (U.S. EPA

2014b, c); two public meetings were held in June and October 2014 to obtain public input on these
materials.
As discussed in the April 2014 preliminary materials document (U.S. EPA, 2014b), EPA

consulted federal, state, and international agency health assessments published since the U.S. EPA

(1998b) IRIS Toxicological Review of Hexavalent Chromium to identify studies and scientific issues
that may impact the reassessment of Cr(VI). EPA has continued to consult other agency health
assessments following the 2014 public meetings. These health agencies, and information regarding

the basis of any protective exposure values or health determinations, are presented in Tables 2 to 4.

1A Concentration of Concern for Dermal Sensitization of 0.92 ng Cr(VI)/cm?2 was derived. Dermal irritation
and dermal sensitization were considered the primary concerns through the dermal exposure route.
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Updated versions of these tables will be available in the IRIS assessment. Based on prior health
agency assessments of Cr(VI) described in Tables 2 and 4, the health effects of primary interest for
evaluation in the current IRIS assessment are respiratory and gastrointestinal (GI) effects. These
health agencies also identify other potential target systems of possible interest to the current IRIS
assessment; these are discussed in Section 3.1 (U.S. EPA, 2014b).
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Table 2. Cr(VI) values for inhalation exposure (pg/ms3) from U.S. federal and
state agencies? and international bodies (in reverse chronological order)

Value Time
Reference (ng/m3) adjustment Chemical note Endpoints/basis
Texas Commission |0.0043 Lifetime/chronic | Particulate Excess lung cancer mortality risk of 1 x 107,
on Environmental compounds using risk value derived from Gibb et al.
Quality (TCEQ) (2000b) and Crump et al. (2003).
(2014)
0.066 Lifetime/chronic | Particulate Respiratory effect (increased relative lung
compounds weight after 90 days of exposure) in rats
(Glaser et al., 1985).
0.39 Acute Particulate Respiratory effect (increased relative lung
compounds weight after 30 days of exposure) in rats
(Glaser et al., 1990).
International 0.03 Lifetime/chronic | Cr(VI) salts Respiratory effects in rats (Glaser et al.,
Programme on 1990).
Chemical Safety
(IPCS) (2013) 0.005 Lifetime/chronic | Chromium Upper respiratory effects in humans
trioxide, (Lindberg and Hedenstierna, 1983).
chromic acid
National Institute 0.2 8-hour TWA, All Cr(VI) Lung cancer and nonmalignant respiratory
for Occupational 40-hour compounds effects. Based on analysis of Baltimore
Safety and Health workweek cohort data by Park et al. (2004).
(NIOSH) (2013a)
Agency for Toxic 0.005 Chronic Dissolved Upper respiratory effects (nasal
Substances and aerosols and irritation/ulceration, mucosal atrophy, and
Disease Registry mists decreases in spirometric parameters), based
(ATSDR) (2012) on Lindberg and Hedenstierna (1983).
N/A Chronic Particulates Insufficient data
0.005 Intermediate Dissolved Upper respiratory effects (nasal
aerosols and irritation/ulceration, mucosal atrophy, and
mists decreases in spirometric parameters), based
on Lindberg and Hedenstierna (1983).
0.3 Intermediate Particulates Respiratory tract (lung) and other effects.
Based on quantitative analysis of rat studies
(Glaser et al. (1990; 1985)) performed by
Malsch et al. (1994).
California EPA 0.2 Chronic Soluble Respiratory effect (bronchoalveolar
(2008) compounds hyperplasia) in rats (Glaser et al., 1990).
0.002 Chronic Chromic Respiratory effects in humans (Lindberg and
trioxide (as Hedenstierna, 1983).
chromic acid
mist)
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Value Time
Reference (ng/m3) adjustment Chemical note Endpoints/basis
Occupational Safety |5 8-hour TWA All Cr(VI) Lung cancer and nasal tissue damage. Based
and Health compounds on quantitative analysis of Baltimore cohort
Administration data by Gibb et al. (20004, b) and Luippold et
(OSHA) (2006) al. (2003).
Dutch National 0.0025 Chronic Inhalable dust [Excess lifetime lung cancer risk of 1 x 1074,
Institute for Public based on analysis of human occupational
Health and the studies by the 1987 and 1994 World Health
Environment (RIVM) Organization air quality guidelines.?
(2001)
U.S. EPA IRIS 0.008 Lifetime/chronic | Chromic acid Effects in the nasal cavity. Based on
(1998b) mists/dissolved | Lindberg and Hedenstierna (1983).
chromium
aerosols
0.1 Lifetime/chronic | Cr(VI1) Respiratory effects. Based on quantitative
particulates analysis of rat studies (Glaser et al., 1990;
Glaser et al., 1985) performed by Malsch et
al. (1994).

N/A = not applicable; TWA = time-weighted average.
aSelected values from states known by U.S. EPA to have derived independent values; most states typically adopt

values from U.S. EPA.

bRisk value rationale and studies unchanged in WHO (2000).
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Table 3. Cr(VI) cancer risk evaluations for inhalation exposure from U.S.
federal and state agencies2 and international bodies (in reverse chronological

order)

Reference

Risk factor (ng/m?3)™

Rationale

Texas Commission on
Environmental Quality
(TCEQ) (2014)

Unit risk factor: 2.28 x 1073
(particulate compounds)

Linearly extrapolated lung cancer risk based on a
weighted average of Gibb et al. (2000b) and Crump
et al. (2003) (human occupational cohorts).

International Programme on
Chemical Safety (IPCS) (2013)

Occupational exposure risk:
6x1073

Environmental exposure risk:
4 x107?

Linearly extrapolated lung cancer risk based on
Gibb et al. (2000b).

International Agency for
Research on Cancer (IARC)
(2012).

Carcinogenic to humans
(Group 1)°

Lung cancer, based on multiple evidence streams.
Positive associations between Cr(VI) exposure and
cancer of the nose and nasal sinuses in humans
also cited.

National Toxicology Program
(NTP) (2011)

Known to be human
carcinogen®

Cancers of the lung and sinonasal cavity, based on
studies in humans.

World Health Organization
(2000)

4x107?

Linearly extrapolated lung cancer risk based on
multiple human occupational studies.

U.S. EPA IRIS (1998b)

Inhalation unit risk: 1.2 x 1072

Linearly extrapolated lung cancer risk based on
Mancuso (1997, 1975) (human occupational
cohort).

California Department of
Health Services (CDHS)
(1985)

Inhalation potency: 0.15°¢

Linearly extrapolated lung cancer risk based on

Mancuso (1975).

aSelected values from states known by U.S. EPA to have derived independent values; most states typically adopt

values from U.S. EPA.

PAgency does not derive a quantitative risk factor.

As part of an updated evaluation of the science for the public health goal (PHG), California EPA (2011) calculated
a slope of 0.16 (ug/m?3)™* (with a 95% upper confidence of 0.35) using Gibb et al. (2000b), and a lower bound
slope of 0.01 (ug/m3)~* using Luippold et al. (2003).
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Table 4. Cr(VI) values for oral exposure from U.S. federal and state agencies?
and international bodies (in reverse chronological order)

Reference

Risk value or limit

Rationale®

Health Canada (2016)

Maximum acceptable concentration:
50 pg/L

Cancer precursor, mouse small
intestine hyperplasia

Texas Commission on
Environmental Quality
(TCEQ) (2016)

RfD: 3.1 x 1073 mg/kg-day

Cancer precursor, mouse small
intestine hyperplasia

International Programme
on Chemical Safety (IPCS)
(2013)

Tolerable daily intake: 9 x 107 mg/kg-day

Mouse small intestine noncancer
effects

Agency for Toxic Substances
and Disease Registry
(ATSDR) (2012)

Chronic MRL: 9 x 10™* mg/kg-day

Mouse small intestine noncancer
effects

Intermediate MRL: 5 x 1073 mg/kg-day

Hematological effects (rat data at
22 days)

California EPA (2011)

Cancer PHG: 0.02 pg/L

1 x 1078 cancer risk using OSF of
0.5 (mg/kg-day)™ (mouse small
intestine tumors)

Noncancer PHG: 2 ug/L

Liver noncancer effects (rats)

California Department of
Public Health (2014; 2013)

Proposed MCL: 10 pg/L

Note: invalidated [see California State
Water Board (2017) fact sheet]

Cancer risk [see California EPA (2011)]

New Jersey DEP (2009)

Soil remediation criterion: 1 ppm soil
concentration

1 x 1078 cancer risk using OSF of 0.5
(mg/kg-day)™t (mouse small intestine
tumors)

U.S. EPA/OPP (200843, b)

OSF: 0.791 (mg/kg-day)™

Upper-bound cancer risk estimate
(mouse small intestine tumors;
mutagenic MOA determined)

Values based on science or rules published prior to 2008 National Toxicology Program study

U.S. Food and Drug
Administration (2013)

Allowable level in bottled water: 0.1 mg/L
(or 100 pg/L) total chromium

Not specified

U.S. Environmental
Protection Agency [Federal
Register (2010)]

MCL: 100 pg/L (total chromium)

Allergic dermatitis©

World Health Organization
(2003)

50 pg/L

Provisional value (nonspecific)
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Reference Risk value or limit Rationale®
Dutch National Institute for |5 x 107 mg/kg-day Provisional noncancer effects, based
Public Health and the on no-effect level [rats; (MacKenzie et
Environment (RIVM) (2001) al., 1958)]
U.S. EPA/IRIS (1998b) RfD: 3 x 1073 mg/kg-day No effect level for noncancer effects
[rats; MacKenzie et al. (1958)]

MCL = maximum contaminant level; MRL = minimal risk level; OSF = oral slope factor; PHG = public health goal.

aSelected values from states known by U.S. EPA to have derived independent values; most states typically adopt
values from U.S. EPA (based on un-speciated total chromium).

PAll values based on mouse data from NTP (2008), unless otherwise noted.

‘Based on rule promulgated in 1991 (National Primary and Secondary Drinking Water Regulations, 56 FR 3526,
1-30-91 and 54 FR 22062, 5-22-89).

This document is a draft for review purposes only and does not constitute Agency policy.

11 DRAFT—DO NOT CITE OR QUOTE


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5159898
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=14460
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=14460
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=192335
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=14460
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1233647

O 00 N O U1 b W N B

N N
D W N L O

16
17
18
19
20
21
22
23

Systematic Review Protocol for the Hexavalent Chromium IRIS Assessment

3.ASSESSMENT APPROACH, SPECIFIC AIMS, AND
DRAFT POPULATIONS, EXPOSURES,
COMPARATORS, AND OUTCOMES (PECO)
CRITERIA

3.1. ASSESSMENT APPROACH

The overall objective of this assessment is to identify adverse health effects and
characterize exposure-response relationships for the effects of Cr(VI) to support the development
of toxicity values. This assessment uses systematic review methods to evaluate the epidemiological
and toxicological literature for Cr(VI); relevant mechanistic evidence is also considered. The
evaluations conducted in this assessment are consistent with relevant EPA guidance.?

The specific approach taken to the reassessment of the health effects of Cr(VI) was based on
input received during scoping, a survey of the health effects of Cr(VI) previously identified by
government health agencies (including EPA) and international health organizations, as well as
consideration of the physicochemical properties of Cr(VI). As discussed in the preliminary
materials released in 2014 (U.S. EPA, 2014b, c), the IRIS assessment will include evaluations of the

evidence relevant to all cancer outcomes, and will evaluate noncancer effects for the following

potential target systems: respiratory, gastrointestinal, hepatic, hematological, immunological,
reproductive, and developmental. As discussed further below, for cancer and nasal irritation via
the inhalation route, the systematic review will focus on data that may improve the quantitative

dose-response analysis conducted in EPA’s 1998 IRIS assessment for these outcomes.

3.1.1. Evaluation of the Potential Carcinogenicity of Inhaled Cr(VI)
EPA’s 1998 IRIS assessment classified Cr(VI) as “Group A—known human carcinogen by the

inhalation route of exposure” based on evidence of a causal relationship between inhalation of
Cr(VI) and increased incidence of lung cancer in humans. The same conclusion has since been
reached by other federal and state health agencies and international organizations (TCEQ, 2014;
IPCS, 2013; NIOSH, 2013b; IARC, 2012; CalEPA, 2011; NTP, 2011; OSHA, 2006). Therefore, as

discussed in the preliminary materials released in 2014 (U.S. EPA, 2014b, c), this assessment will

focus on the review of the evidence for lung cancer to identify studies that might improve the

quantitative dose-response analysis for human lung cancer. Hazard identification will not be

2EPA guidance documents: http://www.epa.gov/iris /basic-information-about-integrated-risk-information-
system#guidance/.
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performed on cancers of the lung, or cancers of other sites in the respiratory tract. However, if a
study is found to contain dose-response data for a different respiratory tract cancer, these will be

evaluated for suitability to derive an IUR.

3.1.2. Evaluation of the Effects of Inhaled Cr(VI) on the Nasal Cavity
In the 1998 assessment (U.S. EPA, 1998b), EPA concluded that a number of occupational

epidemiological studies demonstrated an association between inhalation of Cr(VI) and upper

respiratory irritation and atrophy. Based on EPA’s 1998 evaluation of the literature and the
determination that the effects of Cr(VI) on the nasal cavity have been well established [e.g., OSHA
(2006), U.S. EPA (2014c)], EPA will not reevaluate the qualitative evidence for an association

between Cr(VI) exposure and nasal irritation/atrophy. Rather, the review of the evidence for nasal

effects will focus on identifying studies that might improve quantitative dose-response analysis for
this outcome. This decision to focus the systematic review on studies useful for an improved
dose-response analysis is an update from the preliminary materials released in 2014 (U.S. EPA
2014b, c).

For noncancer effects occurring in the respiratory tract beyond the nasal cavity

(bronchopulmonary), and for systemic effects, both hazard identification and dose-response will be

evaluated.

3.1.3. Pharmacokinetics of Cr(VI)

Briefly, chromium exists in multiple oxidation states, but the hexavalent and trivalent states
are the most stable. Following oral or inhalation exposure (and prior to systemic absorption),
Cr(VI) can be reduced to Cr(III) within the GI tract or the respiratory tract, respectively. If reduced
to the trivalent state prior to uptake, chromium is poorly absorbed by cells and is not toxic.
However, chromium in the hexavalent state can be readily absorbed by cells lining the GI or
respiratory tract. After systemic absorption, Cr(VI) will continue to reduce to Cr(I1I) within cells
and tissues in the body. Only total chromium (Cr[VI] + Cr[III]) can be accurately measured in
biological tissues and excreta. This has implications for how human epidemiological studies are
evaluated for exposure, and how absorption, distribution, metabolism, or excretion (ADME) studies
are screened and inventoried.

The route of exposure affects the local and systemic distribution of chromium because
Cr(VI) will pass through different fluids and tissues of varying reduction capacity depending on the
site of absorption. Ingested Cr(VI) is likely to be absorbed in the GI tract and distributed to the liver
(both of which will reduce Cr[VI] to Cr[IlI]). Due to the first-pass effect, less Cr(VI) may be available
for absorption to systemic circulation and other tissues following oral ingestion. Inhaled Cr(VI) is
likely to be absorbed in the respiratory tract and distributed to systemic circulation as Cr(VI)
because less extracellular reduction may occur. Cr(VI) administered by injection (intravenous or
intraperitoneal) or intratracheal instillation bypasses mechanisms that reduce and dampen

systemic Cr(VI) absorption and distribution. As a result, the toxicological effects induced by Cr(VI)
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at both portal-of-entry and systemic tissues differ by exposure route. Exposures to Cr(VI) via oral
and inhalation routes will be considered more toxicologically relevant than other routes of
exposure (e.g.,, dermal, injection, or intratracheal). Criteria for the screening of studies that include
consideration of route of exposure are described in Section 3.3.

Extrapolating Cr(VI) dose-response data from animals to humans is complex in light of
these toxicokinetic properties (IPCS, 2013; ATSDR, 2012). The reassessment will consider the

available Cr(VI) pharmacokinetic models for the quantitative analysis of toxicity data.

3.2. SPECIFIC AIMS

The aims of the assessment are to:

o Identify epidemiological (i.e.,, human) and toxicological (i.e., experimental animal) literature
reporting effects of exposure to Cr(VI) as outlined in the PECO. The assessment will include
evaluations of the evidence relevant to all cancer outcomes and will evaluate noncancer
effects for the following potential target systems: respiratory, GI, hepatic, hematological,
immunological, reproductive, and developmental. The systematic review will focus on
identifying data from inhalation exposures that are useful for deriving quantitative
estimates for lung cancer and nasal effects rather than revisiting the qualitative
identification of hazard for these outcomes.

e Evaluate mechanistic events associated with exposure to Cr(VI) that inform the
development or progression of the health effects identified in humans and animals. The
scope of these analyses will be determined by the complexity and confidence in the
evidence in humans and animals, likelihood to impact evidence synthesis conclusions for
human health, and the directness or relevance of the model systems for understanding
potential human health hazards. The primary focus will be on the analysis of mechanistic
evidence for cancer and noncancer effects of the GI tract following oral exposures to Cr(VI).
Because the hazard identification of lung cancer and nasal effects will not be revisited, the
mechanistic analyses for these health effects will focus on evidence that may affect the
dose-response assessment.

e Conduct study evaluations (risk of bias and sensitivity) for individual epidemiological and
toxicological studies as defined by the scoping decisions described in Section 3.1.

e Extract data on relevant health outcomes from selected epidemiological and toxicological
studies based on the study evaluations; full data extraction of low confidence studies may
not be performed for poorly studied health effects or for health effects for which extensive
medium and high confidence studies exist in the evidence base.

e For each evidence stream (i.e., studies in humans, animal studies, and mechanistic or other
supplemental studies, as appropriate and depending on data availability), synthesize the
evidence across studies, assessing similar health outcomes using a narrative approach.

e For each health outcome, express strength of evidence conclusions from across studies (or
subsets of studies) separately for studies in humans and animals. If studies informing
mechanisms were synthesized, then mechanistic evidence from either human or animal
studies will be integrated with the health effects evidence.
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e For each health outcome, integrate strength of evidence conclusions across evidence
streams (human and animal) to conclude whether a substance is hazardous to humans.
Identify and discuss issues concerning potentially susceptible populations and life stages.
Biological support from mechanistic studies and nonmammalian model systems will be
considered based on the iterative prioritization approach outlined in the PECO.

e Derive toxicity values (e.g., RfDs, RfCs, cancer risk estimates) as supported by the available
data. Apply pharmacokinetic and dosimetry modeling to account for interspecies
differences.

e Characterize uncertainties and identify key data gaps and research needs such as
limitations of the evidence base, limitations of the systematic review, and consideration of
dose relevance and pharmacokinetic differences when extrapolating findings from higher
dose animal studies to lower levels of human exposure.

3.3. PECO CRITERIA

The PECO, along with the tagging structure categorizing supplemental material, is used to
identify the evidence that addresses the specific aims of the assessment and to focus the literature
screening, including the inclusion/exclusion criteria, in a systematic review. The PECO criteria for
Cr(VI) (see Table 5) are based on (1) nomination of the chemical for assessment, (2) discussions
with scientists in EPA program and regional offices to determine the scope of the assessment that
will best meet Agency needs, (3) preliminary review of the health effects literature for Cr(VI)
(primarily reviews and authoritative health assessment documents) to identify the major health
hazards associated with exposure to Cr(VI) and key areas of scientific complexity, and (4) input
received during public discussion of preliminary materials released to the public in 2014. All
studies meeting at least one criterion for each PECO element moved forward for full study

evaluation in HAWC using the study evaluation considerations reviewed in Chapter 6.
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Table 5. Populations, exposures, comparators, and outcomes (PECO) criteria

PECO element Evidence

Populations Human: Any population and life stage (occupational or general population, including children
and other potentially sensitive populations).

Animal: Nonhuman mammalian animal species (whole organism) of any life stage (including
preconception, in utero, lactation, peripubertal, and adult stages).

Exposures Human: Any exposure to Cr(VI), including occupational exposures, via oral or inhalation routes.
Exposures by the inhalation and oral routes may be assessed based on administered dose or
concentration, biomonitoring data (e.g., urine, blood, or other specimens), environmental or
occupational-setting measures (e.g., air, water, dust levels), or job title or residence. Some
relevant forms of compounds containing Cr(VI) (18540-29-9) are listed below:

e Chromic acid (H2CrO4 [7738-94-5] and H2Cr207 [13530-68-2])
o Chromium(VI) trioxide (the acidic anhydride of chromic acid [1333-82-0])

e Salts of the chromate (Cr0427) and dichromate (Cr.072") anions: Sodium chromate
(7775-11-3), sodium dichromate (10588-01-9), sodium dichromate dihydrate (7789-12-0),
potassium chromate (7789-00-6), potassium dichromate (7778-50-9)

e Calcium chromate (13765-19-0)

Animal: Any exposure to Cr(VI) via oral or inhalation routes based on administered dose or
concentration. Cr(VI) may be administered orally via gavage or ad libitum in diet or drinking
water. Cr(VI) may be administered by inhalation via whole-body or nose-only systems.

Relevant forms of Cr(VI) are listed above. Animal studies involving exposures to mixtures will
be included only if they include exposure to Cr(VI) alone.

Comparators Human: A comparison or referent population exposed to lower levels (or no
exposure/exposure below detection limits) of Cr(VI), or exposure to Cr(VI) for shorter periods
of time.

Animal: A concurrent control group exposed to vehicle-only treatment or an untreated control.

Outcomes All cancer outcomes are considered; noncancer health outcomes are considered for the
following potential target systems: respiratory, Gl, hepatic, hematological, immunological,
reproductive, or developmental effects. As discussed above, EPA anticipates that an
assessment of other health effect categories (e.g., nephrotoxicity, neurotoxicity) will not be
undertaken unless a significant amount of new evidence is identified.

In addition to the PECO criteria, studies containing supplemental material that also
potentially are relevant to the specific aims are tracked during the literature screening process.
Table 6 presents major categories of supplemental material. These categories are used to tag
studies during the initial screening process and to prioritize studies for consideration in the
assessment based on likelihood to impact evidence synthesis conclusions for human health. Itis
important to emphasize that being tagged as supplemental material does not mean the study is
excluded from consideration in the assessment. The initial screening level distinctions between a
study meeting the PECO criteria and a supplemental study are often made for practical reasons, and
the tagging structure in Table 6 is designed to ensure that supplemental studies are categorized for

easy retrieval while conducting the assessment.
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Table 6. Major tagging categories of “Potentially Relevant Supplemental

Material”
Category Evidence
Mechanistic Studies reporting measurements related to a health outcome that inform the biological

or chemical events associated with phenotypic effects, in both mammalian and non-
mammalian model systems, including in vitro, in vivo (by any route of exposure), ex vivo,
and in silico studies.

Pharmacokinetic
(ADME)

Pharmacokinetic (ADME) studies are primarily controlled experiments, where defined
exposures usually occur by intravenous, oral, inhalation, or dermal routes, and the
concentration of particles, a chemical, or its metabolites in blood or serum, other body
tissues, or excreta are then measured.

e These data are used to estimate the amount absorbed (A), distributed to different
organs (D), metabolized (M), and/or excreted (E) through urine, breath, feces.

e The most informative studies involve measurements over time such that the initial
increase and subsequent concentration decline is observed, preferably at multiple
exposure levels.

e Data collected from multiple tissues or excreta at a single time-point also inform
distribution.

e ADME data can also be collected from human subjects who have had
environmental or workplace exposures that are not quantified or fully defined.
However, to be useful such data must involve either repeated measurements over a
time-period when exposure is known (e.g., is zero because previous exposure
ended) or time- and subject-matched tissue or excreta concentrations (e.g., plasma
and urine, or maternal and cord blood).

e ADME data, especially metabolism and tissue partition coefficient information, can
be generated using in vitro model systems. Although in vitro data may not be as
definitive as in vivo data, these studies should also be tracked as ADME. For large
evidence bases it may be appropriate to separately track the in vitro ADME studies.

Note: Studies describing environmental fate and transport or metabolism in bacteria or
model systems not applicable to humans or animals should not be tagged.

Classical
Pharmacokinetic (PK)
or Physiologically
based
Pharmacokinetic
(PBPK) model studies

Classical Pharmacokinetic or Dosimetry Model Studies: Classical PK or dosimetry
modeling usually divides the body into just one or two compartments, which are not
specified by physiology, where movement of a chemical into, between, and out of the
compartments is quantified empirically by fitting model parameters to ADME
(absorption, distribution, metabolism, and excretion) data. This category is for papers
that provide detailed descriptions of PK models but are not PBPK models.

e The data are typically the concentration time-course in blood or plasma after oral
and or intravenous exposure, but other exposure routes can be described.

e Aclassical PK model might be elaborated from the basic structure applied in
standard PK software, for example to include dermal or inhalation exposure, or
growth of body mass over time, but otherwise does not use specific tissue volumes
or blood flow rates as model parameters.

e Such models can be used for extrapolation like PBPK models, although such use
might be more limited.

Note: ADME studies often report classical PK parameters, such as bioavailability (fraction
of an oral dose absorbed), volume of distribution, clearance rate, and/or half-life or half-
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characteristics

Category Evidence
lives. If a paper provides such results only in tables with minimal description of the
underlying model or software (i.e., uses standard PK software without elaboration),
including “non-compartmental analysis,” it should only be listed as a supplemental
material ADME study.
Physiologically Based Pharmacokinetic or Mechanistic Dosimetry Model Studies: PBPK
models represent the body as various compartments (e.g., liver, lung, slowly perfused
tissue, richly perfused tissue) to quantify the movement of chemicals or particles into
and out of the body (compartments) by defined routes of exposure, metabolism and
elimination, and thereby estimate concentrations in blood or target tissues.

e Usually specific to humans or defined animal species; often a single model structure
is calibrated for multiple species.

e Some mechanistic dosimetry models might not be compartmental PBPK models but
predict dose to the body or specific regions or tissues based on mechanistic data,
such as ventilation rate and airway geometry.

e A defining characteristic is that key parameters are determined from a substance’s
physicochemical parameters (e.g., particle size and distribution, octanol-water
partition coefficient) and physiological parameters (e.g., ventilation rate, tissue
volumes); that is, data that are independent of in vivo ADME data that are
otherwise used to estimate model parameters.

e Chemical-specific information on metabolism (e.g., Vmax, Km) or other molecular
processes (e.g., protein binding) might be obtained by fitting the model to in vivo
ADME data or determined from in vitro experiments and extrapolated to in vivo
predictions.

e They allow extrapolation between species, routes of exposure, or exposure
durations and levels; that is, they do not just quantify ADME for specific
experiments to which they have been fitted.

Exposure Exposure characteristic studies include data that are unrelated to toxicological

endpoints, but which provide information on exposure sources or measurement
properties of the environmental agent (e.g., demonstrate a biomarker of exposure).

Susceptible
populations

Studies that identify potentially susceptible subgroups; for example, studies that focus
on a specific demographic, lifestage, or genotype.

Mixture studies

Mixture studies that are not considered PECO-relevant because they do not contain an
exposure or treatment group assessing only the chemical of interest.

Routes of exposure
not pertinent to
PECO

Studies utilizing routes of exposure that fall outside the PECO scope.

Case studies or case
series

In most cases, case reports and case series will be tracked as potentially relevant
supplemental information.

Studies that meet the PECO criteria are those that are most likely to be used to develop

hazard conclusions and derive toxicity values and will thus undergo individual-level study

evaluation and data extraction, as described in Chapter 6. For evidence-rich topics, this is most

likely to be epidemiological and toxicological studies. The impact on the assessment conclusions of
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individual studies tagged as supporting material is often difficult to assess during the screening
phase of the assessment. Studies tagged as supplemental may (1) provide PBPK models supporting
dose-response modeling; (2) become critical to the interpretation of other evidence at the level of
needing individual-level study evaluation (e.g., genotoxicity studies when a cancer MOA analysis is
needed); (3) be a single study that contributes to a well-accepted scientific conclusion and does not
need to be evaluated and summarized at the individual-study level (e.g., dioxin as an aromatic
hydrocarbon receptor (AhR) agonist); (4) provide key references for preparation of certain
chapters in an IRIS assessment (e.g., background information on sources, production, or use;
overview of pharmacokinetics); or (5) provide context for the rationale for conducting the
assessment or for assessment conclusions (e.g., information on pathways and levels of exposure).
From a practical perspective, determining that such studies meet the PECO criteria during the title
and abstract level screening would mean that the full text would be obtained for screening for each
criterion, which would be very time and resource intensive. Thus, the tagging strategy outlined
above allows supplemental studies to be identified at the title and abstract level so the full text can
be retrieved only as needed.
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4.LITERATURE SEARCH AND SCREENING
STRATEGIES

4.1. LITERATURE SEARCH STRATEGIES

Literature search strategies were developed using key terms and words related to the PECO
criteria and potentially relevant supplemental material. Relevant subject headings and text-words
were crafted into a search strategy that was designed to maximize the sensitivity and specificity of
the search results. The search strategy was run, and the results were assessed to ensure that all
previously identified relevant primary studies were retrieved in the search. Because each database
has its own search architecture, the resulting search strategy was tailored to account for the unique
search functionality of each database.

The following databases were searched:

e PubMed (National Library of Medicine)
e Web of Science (Thomson Reuters)
e Toxline (National Library of Medicine)3

Searches were not restricted by publication date, and no language restrictions were applied.
Web of Science results were limited using the research areas filter. All Web of Science research
areas identified in the search results were prioritized by a technical advisor as high priority (e.g.,
toxicology), low priority (e.g., chemistry), and not relevant (e.g., forestry). Literature searches were
conducted in bibliographic databases as described in Appendix A and uploaded to EPA’s Health and
Environmental Research Online (HERO) database.*

Additional relevant literature not found through database searching was sought by:

e Manually searching citations from review articles and studies considered to meet PECO
criteria after screening (“included” studies).

e Searches of gray literature, including primary studies that are not indexed in databases of
peer-reviewed literature (e.g., technical reports from government agencies or scientific
research groups; unpublished laboratory studies conducted by industry; working papers
from research groups or committees; and white papers), or other nontypical searches. Gray
literature is typically identified by searching the EPA Chemistry Dashboard
(https://comptox.epa.gov/dashboard) during problem formulation, by engaging with

3The Toxline database was migrated to PubMed in December 2019, so the last Toxline search was conducted
in May 2018.
4Health and Environmental Research Online: https://hero.epa.gov/hero/.
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technical experts, and during solicitation of Agency, interagency, and public comment at
multiple steps in the IRIS process.

e “Backward” searches (to identify articles cited by included studies, reviews, or prior
assessments by other agencies).

The search strategies outlined above were also used to obtain background information such as
chemical properties, human exposures, environmental occurrence and sources, production, and
uses of Cr(VI) compounds.

The initial search was performed in January 2013, and literature search updates were
conducted in July 2013, February 2014, April 2015, April 2016, May 2017, December 2017, May
2018, and is current through April 2022. The literature search will be updated throughout draft
development to identify literature published during the course of the review. The last full literature
search update will be conducted less than one year before the planned release of the draft
document for public comment. The results returned (i.e., the number of “hits” from each electronic
database or other literature source), including the results of any literature search updates, are
documented in the literature flow diagrams, which also reflect the literature screening decisions
(see Section 4.3).

The IRIS Program takes extra steps to ensure identification of pertinent studies by
(1) encouraging the scientific community and the public to identify additional studies and ongoing
research; (2) searching for publicly available data submitted under the Toxic Substances Control
Act and the Federal Insecticide, Fungicide, and Rodenticide Act; and (3) considering late-breaking
studies that would impact the credibility of the conclusions, even during the review process.5
Studies identified after peer review begins will only be considered for inclusion if they meet the

PECO criteria and may fundamentally alter the assessment’s conclusions.

4.2. NON-PEER-REVIEWED DATA

[RIS assessments rely mainly on publicly accessible, peer-reviewed studies. However, it is
possible that gray literature (i.e., studies that are not reported in the peer-reviewed literature)
directly relevant to the PECO may be identified during assessment development (e.g., good
laboratory practice [GLP] studies submitted to EPA, dissertations, etc.). In this case, if the data
substantially affect assessment decisions or conclusions (i.e., potential to impact the PECO
statement, hazard conclusions, or dose-response analysis), EPA can obtain external peer review if
the study authors or institutions are willing to have the study details and results made publicly
accessible. This independent, contractor-driven peer review would include an evaluation of the
study, similar to a peer review of a journal publication. The contractor would identify and select

two to three scientists knowledgeable in scientific disciplines relevant to the topic as potential peer

SIRIS “stopping rules”: https://www.epa.gov/sites/production/files/2014-
06/documents/iris stoppingrules.pdf.
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reviewers. Persons invited to serve as peer reviewers would be screened for conflict of interest
prior to confirming their service. In most instances, the peer review would be conducted by letter
review. The study authors would be informed of the outcome of the peer review and given an
opportunity to clarify issues or provide missing details. The study and its related information, if
used in the IRIS assessment, would become publicly available. In the assessment, EPA would
acknowledge that the document underwent external peer review managed by the EPA, and the
names of the peer reviewers would be identified. In certain cases, IRIS will conduct an assessment
for utility and data analysis based on having access to a description of study methods and raw data
that have undergone rigorous quality assurance/quality control review (e.g., ToxCast/Tox21 data,
results of NTP studies) but that have not yet undergone external peer review.

Unpublished (e.g., raw) data from personal author communication can supplement a
peer-reviewed study if the information is made publicly available (typically through documentation
in HERO).

4.3. SCREENING PROCESS

The PECO criteria were used to determine inclusion or exclusion of a reference as a primary
source of health effects. In addition to the PECO criteria, the screening criteria noted below were
applied in order to tag studies as appropriate to allow for later retrieval, dependent on assessment

needs:

e Studies that were previously determined not to be pertinent, as described in the 2014
Supplemental Materials (U.S. EPA, 2014b, c);

e Study materials that have not been peer reviewed, unless they are expected to have a
substantial impact on the assessment (as described in Section 4.2);

e Records that do not contain original data, such as other agency assessments, informative
scientific literature reviews, grant submissions (from the National Institutes of Health [NIH]

reporter database), editorials, or commentaries;

e Chromium compounds that did not meet PECO criteria (e.g., chromium compounds
containing toxic elementsé; animal studies of exposures to mixtures containing Cr[VI]);

e Ecology studies;

e Studies appearing as abstracts only (e.g., conference abstracts); and

6Studies of chromium compounds which contain additional elements that could potentially confound the
results (such as lead chromate and zinc chromate) were not considered to meet PECO criteria. Lead and zinc
may induce toxicological effects that would occur in parallel with the effects of chromium. As a result, such
studies are not useful for hazard identification or dose response. Literature searches included lead and zinc
chromate terms in order to capture studies and screen them for data of other relevant Cr(VI) chemicals.
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e Non-English studies in which the titles and abstracts (when available) did not suggest direct
relevance to the PECO or specific aims.

In addition to the inclusion of studies that meet PECO criteria, studies containing
supplemental material that is potentially relevant to the specific aims were tracked during the
screening process (see Section 4.4.2). Although not considered to directly meet PECO criteria, these
studies were not strictly excluded unless otherwise specified. Unlike studies that meet PECO
criteria, supplemental studies may not be subject to systematic review unless predefined questions
are identified that focus the mechanistic (or other) analysis are added to the specific aims and PECO
criteria. Studies that were determined to be “potentially relevant supplemental material” were

identified and categorized according to the following eligibility criteria:

e Mechanistic studies: Studies reporting measurements related to a health outcome that
informs the biological or chemical events associated with phenotypic effects, in both
mammalian and nonmammalian model systems, including in vitro, in vivo (by various
routes of exposure), ex vivo, and in silico studies.

o ADME studies: Studies designed to capture information regarding absorption, distribution,
metabolism, and excretion, including toxicokinetic studies (e.g., studies describing
quantitative models or data for Cr[VI] reduction kinetics in biological media [e.g., gastric
juice, red blood cells, lung, and GI tract epithelial cells]). Such information may be helpful in
updating or revising the parameters used in existing PBPK models.

e PBPK models: Studies describing PBPK models of Cr(VI) in rodents and humans. PBPK
models consist of a series of mathematical representations of biological tissues and
physiological processes in the body that simulate the absorption, distribution, metabolism,
and excretion of chemicals that enter the body.

e Exposure characteristics: Exposure studies that include data unrelated to toxicological
endpoints, but which provide information on exposure sources or measurement properties
of the environmental agent (e.g., demonstrating a biomarker of exposure).

e Susceptible populations: Studies that identify potentially susceptible subgroups, such as
studies that focus on a specific demographic, life stage, or genotype. (These are categorized
under “Mechanistic studies.”).

e Related to included studies: Versions of other studies (e.g., updated cohort analyses) that
meet PECO criteria.

e Human case reports or case series: In most cases, case reports and case series will be
tracked as potentially relevant supplemental information.
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e Routes of exposure not pertinent to PECO: Studies using dermal, injection, or intratracheal
administration?.

e Acute duration exposures: Animal studies of acute or short-term (less than 28 days)
exposure duration.

Because the overall objective of this assessment is to identify adverse health effects and
characterize exposure-response relationships for the effects of Cr(VI) to support the development
of toxicity values, studies of Cr(I1I) were not specifically categorized. Topics related to the
essentiality of Cr(III) are outside the scope of this assessment, but may be discussed briefly in
relation to population exposure to total chromium. Some pharmacokinetic or mechanistic data of
Cr(IIT) relevant to Cr(VI) toxicity will be discussed in the assessment. In general, references that

studied Cr(IIl) without any context or relation to Cr(VI) were excluded from this assessment.

4.3.1. Title- and Abstract-Level Screening

Following a pilot phase to calibrate screening guidance, two screeners independently
conducted a title and abstract screen of the search results to identify records that appeared to meet
the PECO criteria using a structured form in DRAGON (ICF Consulting, 2018). For non-English

studies, if the title and abstract were written in English, the eligibility status of these studies was

assessed using the same approach. For citations with no abstract, articles were screened based on
title relevance and page numbers (articles two pages in length or less may be assumed to be
conference reports, editorials, or letters). All screening conflicts were resolved by a technical
advisor.

Studies not meeting PECO criteria but identified as “potentially relevant supplemental
material” were categorized (i.e., tagged) during the title and abstract screening process (further
described in Section 4.4). Conflict resolution is not required during the screening process to
identify supplemental information (i.e., tagging by a single screener is sufficient to identify the
study as potentially relevant supplemental material that may be considered during draft
development).

To ensure all relevant references were identified in the initial screening, the excluded
materials were reviewed to identify misclassified studies meeting PECO criteria or potentially
relevant supplemental material that may have been missed during the database searches. A subset
of excluded studies was prioritized for a second round of screening using text analytics. Supervised
clustering and machine learning using ICF’s Document Classification and Topic Extraction Resource
(DoCTER) was conducted to ensure that all mechanistic studies were identified. Supervised

clustering is a form of semi-supervised machine learning that uses seeds or known-to-be-relevant

7 Cr(VI) administered by injection (intravenous or intraperitoneal) or intratracheal instillation bypasses mechanisms
that reduce and dampen systemic Cr(VI) absorption and distribution, to a much greater extent than oral gavage.
While oral gavage condenses the dose and may overwhelm some Cr(VI) reduction mechanisms, the chemical still
passes through the stomach (even if partially) and the liver.
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studies. DoCTER includes multiple text analytic algorithms (K-means and non-negative matrix

factorization) that can be used to find studies with titles and abstracts that are similar to “seed

studies” previously identified as relevant (Varghese et al., 2018). These algorithms create a
user-defined number of clusters based on keyword similarities in the title and abstract, and each
algorithm is broadly accepted in the text analytics scientific field. Machine learning uses similar
algorithms, but requires a robust training set to predict the likelihood that a given unclassified
study is relevant. For this effort, both supervised clustering and machine learning were used to
prioritize a set of studies to rescreen. Training data and seeds were derived from the 806 studies
classified as mechanistic in the first round of screening. Results were rescreened for relevance to
mechanistic endpoints. In addition to tagging studies as mechanistic, screeners were also directed
to tag any additional supporting studies or health effect studies that were identified using the text
analytics prioritization methods described here.

Following the efforts to identify misclassified mechanistic studies and the literature search
updates described above, ICF identified 1,288 on-topic mechanistic references for screening. These
references were further screened using title and abstract information by two independent EPA staff
members, followed by conflict resolution if screening results were different. Due to the large
number of studies, it was necessary to develop deprioritization criteria to begin to set aside studies
that are potentially less impactful to the assessment of mechanistic events. These studies were
tagged so that they may be accessed later in the mechanistic analysis if needed.

The following types of mechanistic studies were deprioritized for further screening:

e Studies that were misidentified as on-topic during the first round of screening (e.g., studies
that did not include Cr[VI] or other oxidation states of chromium)

e References only containing an abstract (i.e., conference abstracts)

e Book chapters and reviews

o Untranslated foreign language articles

e Studies that only report chromium detection methods

e Studies in less common model systems (e.g., plants, marine mammals)

e Studies that are only relevant to a health effect not being evaluated (e.g., nephrotoxicity)

In addition, many studies were identified that used Cr(VI) as a positive control for new
assay validation or that were co-exposures (e.g. to investigate the antioxidant properties of a new
compound). Most of these studies did not contain information useful for the mechanistic analysis of
Cr(VI) and were deprioritized. However, studies were retained for full-text review if there was any
indication that they might be useful for mechanistic understanding or might report mechanistically

relevant information regarding a health effect not reported in human or animal studies (e.g.,
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neurotoxicity). Studies were categorized and tagged based on the above criteria using DistillerSR to
record why each was deprioritized. This allows the assessors to revisit certain study categories if
deemed important later in the assessment process.

The mechanistic references that were prioritized for further consideration were categorized
by endpoint type using DistillerSR. Prioritized endpoints included studies relevant to cancer or
effects on the GI, respiratory, reproductive, developmental, hepatic, immune, or hematological
systems. Mechanistic references were also categorized if relevant to one or more of the 10 key

characteristics of carcinogens (Smith et al., 2016), (intracellular) ADME, and/or contained

pathology findings. References were also tagged with the following: study type (in vivo, ex vivo, in
vitro), presence of “omics” data, relevance to a certain species based on whole organism or cell
type, and reported data using an acellular system. These tags allowed further prioritization and
organization for the next phase of screening.

Mechanistic references may be processed through an additional round of title and
abstract-based categorization to further assist with prioritization (for example, in vivo studies may
be categorized by route of exposure). This will allow additional narrowing of the mechanistic
studies of highest interest before the full text review and quality evaluation steps.

4.3.2. Full-Text-Level Screening

Records that were not excluded based on the title and abstract advanced to full-text review.
Full-text copies of these potentially relevant records were retrieved, stored in the HERO database,
and independently assessed by two screeners to confirm eligibility according to the PECO criteria.
Screening conflicts were resolved by discussion between the primary screeners with consultation
by a third reviewer or technical advisor (as needed to resolve any remaining disagreements).
Studies that advanced to full-text review were also tagged as “potentially relevant supplemental
material” as appropriate.

The results of this screening process have been posted on the project page for this
assessment in the HERO database

(https://hero.epa.gov/hero/index.cfm/project/page/project id/2233), and studies have been

“tagged” with appropriate category descriptors (e.g., included, “potentially relevant supplemental
material,” excluded). Results have also been annotated and reported in a literature flow diagram
(see Figure 1).

Release of the PECO-screened literature in the protocol (or protocol update) for public
comment provides an opportunity for stakeholders to identify any missing studies, which, if

identified, will be screened as outlined above for adherence to the PECO criteria.
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Database Searches, n=19,051

PubMed Wos Toxline TSCATS
n=7,396 n=6258 n=5,342 n=55

(see Appendix A, Tables A-1 and A-2 forsearch strategies)

Additional Search Strategies
(n = 108) >
(See Section 4.3.1 for methods)

v

Combined Dataset after electronic duplicate removal
(n=12,728)

Y

Title/Abstract/Full Text Screen
(n=12,728)

Excluded (n=10,328)
Did not meet PECO criteria:
* Reviews (n=292)
* Other agency assessments (n=33)
* Other Cr compounds not meeting PECO
(e.g., metal chromates) (n = 172}
* Not peer reviewed (n= 324)
* Ecology studies (n =415}

Potentially relevant supplemental
material (n=2,587)
Did not meet PECO criteria, but tagged as

* Other not pertinent (n= 8,841) supplemental _StUdiES:
* 2014 Preliminary Materials—not pertinent * Dermal studies (n =687)
(n=41) * Acute/short-term studies (n= 54)
* Grant submissions (n = 147) * Injection/intratracheal studies (n = 103)
* Unable to determine (non-English) (n= 98} * Human case reports (n =113)

* Mechanistic studies (n = 1291)

* Exposure studies (n = 185)

* ADME studies (n = 149)

* Related to included study (n = 23)

v

Studies Eligible for Study Evaluation (n= 137)
* Human health effects studies (n=58)

* Animal health effect studies (n=69)

* PBPK models (n=11)

Figure 1. Literature search flow diagram for Cr(VI)s.

8 Individual studies may report more than one outcome or type of evidence. Additionally, excluded studies
may not meet PECO criteria for multiple reasons. As a result, some studies are tagged under multiple
categories, and the number of tagged references does not equal the sum.
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4.3.3. Multiple Publications of the Same Data

When there are multiple publications using the same or overlapping data, all publications
on the research will be included, with one selected for use as the primary study; the others will be
considered as secondary publications with annotation to indicate their relationship to the primary
record during data extraction. For epidemiology studies, the primary publication will generally be
the one with the longest follow-up, the largest number of cases, or the most recent publication date.
For animal studies, the primary publication will typically be the one with the longest duration of
exposure, or that assessed the outcome(s) most informative to the PECO. For both epidemiology
and animal studies, EPA will include relevant data from all publications of the study, although if the

same outcome is reported in more than one report, the data will only be extracted once.

4.4. SUMMARY-LEVEL LITERATURE INVENTORIES

During title/abstract or full-text level screening, studies tagged based on PECO eligibility
were further categorized based on features such as evidence type (human, animal, mechanistic,
PBPK, etc.), health outcome(s), and/or endpoint measure(s) included in the study. Literature
inventories for studies meeting PECO criteria were created to develop summary-level, sortable lists
that include some basic study design information (e.g., study population, exposure information such
as doses administered or biomarkers analyzed, age/life stage® of exposure, endpoints examined,
etc.). These literature inventories facilitate subsequent review of individual studies or sets of

studies by topic-specific experts.

4.4.1. Studies Meeting PECO Criteria
The preliminary materials released in 2014 (U.S. EPA, 2014b, c) presented evidence tables

for the human and animal studies determined to be eligible for study evaluation. Following the
2014 public meetings, these data tables were maintained in Microsoft Word format and were
revised to correct errors identified by public commenters, EPA staff, and contractors. During this
revision process, additional data were added to the tables (both from studies already contained in
the tables and studies found in subsequent literature searches or public submissions). The
summary-level information in these tables was used as an inventory to prioritize data migration to
the Health Assessment Workplace Collaborative (HAWC; see Section 8), initiate HAWC study
entries, and identify subject matter experts for performing study evaluations. Depending on study
confidence (see Section 6) and data type, data from the inventories were migrated to HAWC. Any
studies identified as meeting the PECO criteria since the start of HAWC migration will be entered
directly into HAWC (and will not be added to the Microsoft Word inventory tables).

9Age /life stage of chemical exposure will be considered according to EPA’s Guidance on Selecting Age Groups
for Monitoring and Assessing Childhood Exposures to Environmental Contaminants and EPA’s A Framework for
Assessing Health Risk of Environmental Exposures to Children.
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4.4.2. Potentially Relevant Supplemental Material

Inventories were also created for studies that were tagged as “potentially relevant
supplemental material” during screening, including mechanistic studies (e.g., in vitro or in silico
models), ADME studies, and studies on endpoints or routes of exposure that do not meet the
specific PECO criteria but that may still be relevant to the research question(s). Here, the objective

is to create an inventory of studies that can be tracked and further summarized as needed—for

example, by model system, key characteristic [e.g., of carcinogens (Smith et al., 2016)], mechanistic
endpoint, or key event—to support analyses of critical mechanistic questions that arise at various
stages of the systematic review (see Section 9.2 for a description of the process for determining the
specific questions and pertinent mechanistic studies to be analyzed).

ADME and mechanistic data (and related information) can be critical to the next steps of
prioritizing or evaluating individual PECO-specific studies, and thus these studies were reviewed by
subject matter experts early in the assessment process. ADME and mechanistic inventories

released in 2014 (U.S. EPA, 2014c) were revised to correct errors identified by public commenters

and will continue to be updated with new studies during assessment development. Cr(VI) ADME
studies will continue to be sorted into the following categories: (1) animal and human in vivo (oral,
inhalation, intratracheal, intravenous, intraperitoneal, subcutaneous, and multi-route),

(2) quantitative in vitro/ex vivo (gastric and red blood cell), (3) mechanistic distribution/reduction
(multiple system types), and (4) human biomonitoring. Summary information, such as species,
tissues examined, level of time-course sampling, and Cr(VI) reducing capacities, will continue to be
extracted from these studies. Mechanistic studies have been sorted according to the screening

criteria outlined in Section 4.3 to facilitate the analysis of mechanistic events.
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5.REFINED EVALUATION PLAN

The refined evaluation plan describes refinements made to the set of studies that met PECO
criteria and are to be carried forward to study evaluation. The process also helps determine which
studies tagged as “potentially relevant supplemental material” may need to be considered in the
assessment. Refinements were based on (1) input from public comments on the preliminary
materials released in 2014 (U.S. EPA, 2014b, c), (2) literature screening and creation of the

inventories of studies meeting PECO criteria and potentially relevant supplemental material by EPA
staff and contractors, and (3) review of the inventories by subject matter experts. The refined
evaluation plan also identifies the endpoints, grouped by outcomes, that will be the primary focus
of the outcome-specific evaluations. These specifications will aid in implementing the

endpoint-specific study evaluation criteria (see Section 6).

5.1. AIRBORNE CHARACTERIZATION AND CHEMICAL PROPERTIES
Studies that met PECO criteria include those that provide data on inhaled Cr(VI) in a variety

of physical and chemical forms. Airborne Cr(VI) can exist in different sizes and forms (e.g.,
particulates, dusts, aerosols, fumes, or mists) that affect respiratory tract deposition. Furthermore,
the studies that met PECO criteria include compounds containing Cr(VI) that have different
chemical properties. All forms of Cr(VI) meeting PECO criteria will be evaluated for hazard
identification, regardless of chemical properties or airborne characteristics. However, the evidence
synthesis will consider the possibility that some forms or mixtures (such as Cr[VI] in extremely
acidic or alkaline solutions) may have properties that alter the toxicity or introduce uncertainties.
In addition, the physical and chemical properties of airborne Cr(VI) will be taken into consideration
when evaluating the suitability of studies for dose-response analysis.

Nine studies involving occupational exposure to welding fume were identified in the set of
studies meeting PECO criteria. Cr(VI) exposure via welding fume may occur if chromium is a
component of the base materials being joined (e.g., stainless steel), is present as a surface coating,
or is a component of materials consumed during the welding process, such as metal filler rod.
Occupational exposures to Cr(VI) in welding fume are variable due to differences in welding types,

practices, and duration of welding tasks (Shaw Environmental, 2006). Further, welding fume

components vary by the type of welding and base materials (Shaw Environmental, 2006). Because

variability in occupational exposure makes exposure to Cr(VI) difficult to quantify, toxicity data for
welding fume will not be considered for dose-response analysis. However, exposures to Cr(VI) are
high among stainless steel welders relative to workers performing other types of welding due to the

high chromium content of stainless steel compared with other base metals or alloys [e.g., mild steel;
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(NIOSH, 2013a; Shaw Environmental, 2006)]. Therefore, studies comparing stainless steel welders

to a less exposed reference group may be evaluated for noncancer hazard identification.

Chromium compounds (containing both Cr(III) and Cr(VI)) are used in several leather
tanning processes, and occupational exposures to Cr(VI) from leather tanning can occur. Leather
tanning processes that can potentially lead to Cr(VI) exposure include: (1) use of a two-bath
process, (2) on-site production of tanning liquors, and (3) leather finishing steps that involve Cr(VI)

(e.g., use of Cr(VI)-containing pigments) (Shaw Environmental, 2006). If these processes are not

specified by the study, it cannot be determined whether exposure was to Cr(VI) or Cr(III).

5.2. PHARMACOKINETICS

Information on the pharmacokinetics of Cr(VI) is provided elsewhere in this document (see
Sections 3.1 and 6.4). Of the PBPK models obtained from the literature search and screening,
evaluations will be limited to those accounting for Cr(VI) reduction in the stomach compartment
and interspecies differences in gastric pH and physiology. EPA will undertake model evaluation in
accordance with criteria outlined by the Umbrella Quality Assurance Project Plan (QAPP) for PBPK

Models (U.S. EPA, 2018b). Models must also include parameterization for mice, rats, and humans.

This narrows the evaluation to models that may be suitable for the dose-response assessment.

Furthermore, based on the issues related to pharmacokinetics outlined in Sections 3.1 and 6.4 and

discussions and comments from public meetings (U.S. EPA, 2014c, 2013), route-to-route

extrapolations will not be considered.

5.3. MUTAGENIC MOA

The hazard identification of cancers of the lung and GI tract will include an analysis of
whether a mutagenic MOA could be involved in Cr(VI)-induced carcinogenesis. Because a large and
diverse set of mechanistic studies exists that has potential relevance for informing Cr(VI)-induced
carcinogenicity in the GI tract and lung, several prioritization factors will be considered to identify
the most informative evidence for the MOA analysis for cancer of the GI tract and lung following
Cr(VI) exposures.

Mechanistically relevant studies are not included in the initial PECO criteria, which are
intended to identify studies in humans and animals reporting apical health effects data that will be
evaluated for reporting quality, risk of bias, and sensitivity. Instead, studies reporting mechanistic
data are initially tagged as “potentially relevant supplemental material” (Section 4.4.2) and then
screened and categorized to provide a clearer view of the proposed biological pathways and
processes involved in the toxicity of the chemical and to identify critical research gaps. The initial
broad literature search for Cr(VI) will identify mechanistic studies with relevance to the
mechanisms of carcinogenesis and then will be sorted into groups primarily based on the 10 key

characteristics (KCs) of carcinogens (Smith et al., 2016). These studies will then generally be

prioritized if they measured mechanistically relevant biomarkers in humans exposed to Cr(VI) or
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were experimental studies conducted in mammals exposed to Cr(VI) or in human primary cells or
cell lines.

Because of the importance of determining whether Cr(VI) is mutagenic, it is determined
that the evidence that could be most informative for the mutagenic potential of Cr(VI) will be
subject to study evaluation for reporting, risk of bias, and sensitivity. This includes test systems in
animals that measure mutations (e.g., transgenic rodent assays) and structural and numerical
chromosomal aberrations (e.g., the micronucleus assay). The studies identified as most informative
for mutagenic risk will be evaluated in HAWC using the domain-based considerations for human
epidemiological and experimental animal studies, with additional considerations specific to the
genetic toxicity test applied in the study. All other evidence for genotoxicity not captured in these
prioritized mutagenic assays, and other characteristics of carcinogens, will be summarized and
synthesized as supporting evidence for biological pathways and processes related to

carcinogenesis.

5.4. TOXICOGENOMICS

Eighteen studies reporting gene expression data following Cr(VI) exposures were identified
during screening as “potentially relevant supplemental material.” Nine of these studies were
conducted in animals and will be subject to study evaluation using the criteria described in
Section 6.3. In addition, for both in vitro and in vivo toxicogenomic studies, the conduct of the
expression data generation and reporting will be evaluated using publicly available criteria based

on standard practices in the field (Bourdon-Lacombe et al., 2015); specifically, the Minimum

Information About a Microarray Experiment (MIAME) (Brazma et al., 2001) and the Systematic
Omics Analysis Review (SOAR) tool (McConnell et al., 2014).

The applicability of the available microarray data to making toxicological inferences will be

assessed indirectly based on (1) comparison between the dose-response relationships derived from
transcriptomics data and apical outcomes and (2) evaluation of biological plausibility, as well as
external and internal consistency of the results of the gene expression analysis. Where appropriate,

tools such as BMDExpress 2.20.0148 beta (Sciome, 2018) will be used to examine dose-response

relationships for gene expression and to identify pathways enriched with genes that demonstrate
significant dose-response trends and to determine the points of departure.

To use toxicogenomic data to inform biological processes associated with the exposure to
Cr(VI), the expression data will be analyzed using several complementary approaches. Pathways
and upstream regulators relevant to the genes identified as differentially expressed between
Cr(VI)-exposed versus unexposed controls will be explored using Ingenuity Pathway Analysis
(Qiagen, 2018). Gene sets enriched in Cr(VI)-exposed versus unexposed control animals will be
determined by Gene Set Enrichment Analysis [Broad Institute; (Subramanian et al., 2005)].

Similarity of gene expression changes induced by Cr(VI) to public expression data corresponding to

various human and animal diseases and exposures to xenobiotics will be examined. This will be
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done to identify conditions associated with gene expression profiles like those resulting from
animal exposure to Cr(VI).
Similarities between gene expression profiles will be examined using Basespace Correlation

Engine (Illumina, 2018) and Signature Search Tool [Genevestigator; (Kupershmidt et al., 2010; Hruz

etal., 2008)]. Available genomic biomarkers will also be used to detect specific events. For

example, the TGx-DDI biomarker for DNA damage classification (Jackson et al., 2017) will be used

as an auxiliary tool to detect the presence of DNA damage expression signatures in the analyzed
expression data set using the NTP web service (note that limitations due to differences between

actual and recommended specimen type/exposure time/species will be considered).

5.5. OUTCOMES CONSIDERED IN THE CR(VI) ASSESSMENT

As previously stated in Section 3.2, the assessment will evaluate evidence for all cancer
outcomes, and will evaluate noncancer effects for the following potential target systems:
respiratory, GI, hepatic, hematological, immunological, reproductive, and developmental. The
systematic review will focus on identifying data from inhalation exposures that are useful for
deriving quantitative estimates for lung cancer and nasal effects rather than revisiting the
qualitative identification of hazard for these outcomes. Additional details on how studies were
screened and sorted are contained in Sections 4.3 and 4.4.

The endpoints that will be the primary focus of the outcome-specific evaluations—grouped
by health outcome—are identified in Tables 7 and 8, along with the number of studies that
examined these endpoints. Identification of these endpoints will guide the development of
endpoint-specific study evaluation criteria (discussed further in Section 6). Table 9 provides an
inventory of a selection of categories used when screening studies identified as “potentially
relevant supplemental materials.” This table is not comprehensive but provides a high-level
indication of the relative density of publications in these reference topic areas. A graphical
representation of the information in Table 9 for mechanistic studies identified from the “potentially
relevant supplemental materials” is provided in EPA’s version of Health Assessment Workspace

Collaborative (HAWC), a free and open source web-based software application

(https://hawcprd.epa.gov/lit/assessment/100500006 /references/visualization/).10

1OHAWC: A Modular Web-Based Interface to Facilitate Development of Human Health Assessments of
Chemicals. https://hawcproject.org/portal/.
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Table 7. Outcomes and associated endpoints to be considered for animal
study evaluation

Health outcome and endpoints Number of references
Gastrointestinal tract (oral) 4
Epithelial effects of small intestine 4
Stomach ulcer 2
Tumors of the Gl tract 2
Respiratory tract (inhalation) 7
Nasal 2
General respiratory and pulmonary 5
Tumors of the lung 2
Hepatic (oral) 13
Clinical chemistry changes 10
Histopathological changes 11
Organ-weight changes 7
Hepatic (inhalation) 4
Clinical chemistry changes 3
Histopathological changes 3
Organ-weight changes 3
General (including gross changes, liver disease mortality) 1
Hematological (oral) 9
Clinical chemistry changes 9
Hematological (inhalation) 4
Clinical chemistry changes 4
Immune (oral) 5
Clinical chemistry and functional assays 3
Histopathological changes 2
Organ-weight changes 2
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Health outcome and endpoints Number of references
Immune (inhalation) 3
Clinical chemistry and functional assays 2
Organ-weight changes 3
Reproductive/developmental (oral) 40
Male reproductive 14
Female reproductive 10
Developmental (in utero and postnatal) 20
Reproductive/developmental (inhalation) 3
Male reproductive 3
PBPK modeling (see Section 6.4) 8

Note: Number of references indicates studies examining the outcome and associated endpoints, not the number
of observed effects. Some studies are counted in multiple categories.
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Table 8. Outcomes and associated endpoints to be considered for human
study evaluation

Health outcome and endpoints Number of references
Lung cancer (inhalation) 10
Other cancer (inhalation) 1
Cancer (oral route of exposure) 7
Cancer in offspring (inhalation) 2
Respiratory noncancer, lung 6
Respiratory noncancer, nasal 11
Asthma 5
Hepatic 8
Hematological 5
Immunological 8
Reproductive and developmental 13
PBPK modeling (see Section 6.4) 7

Note: Number of references indicates studies examining the outcome and associated endpoints, not the number
of observed effects. Some studies are counted in multiple categories.
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Table 9. Inventory of selected reference topics screened as “potentially
relevant supplemental material” to be considered in the assessment

Number of references
Reference topic Animal® Human
In vivo pharmacokinetics 48 6

Oral 8 6

Inhalation 3 0

Other 38 0

In vitro/ex vivo pharmacokinetics 8 16
Gastric systems 4 6
Red blood cells 4 10

Mechanistic ADME 30 13

Liver 15 3

Gastrointestinal 2 0

Lung 4 6

Red blood cells 1 4

Other 10 0

Biomonitoring and biomarkers® N/A 18

Blood/plasma/red blood cells N/A 9

Urine N/A 13

Other N/A 6

Epidemiology studies related to included studies N/A 18

Mechanistic studies (total number of studies)

Cancer (843) 358 334
Electrophilicity (144) 88 42
Genotoxicity (413) 183 172
Altered DNA repair (78) 27 50
Epigenetic alterations (24) 3 14
Oxidative stress (255) 100 105
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Number of references
Reference topic Animal® Human
Chronic inflammation (24) 9 9
Immunosuppression (3) 4 2
Receptor-mediated effects (111) 66 104
Immortalization/transformation (38) 16 26
Altered cell proliferation, death, or nutrient supply (224) 58 99
Gastrointestinal (31) 21 15
Respiratory (112) 53 128
Hepatic (59) 85 19
Hematological (11) 8 13
Immune (24) 27 27
Reproductive or developmental (38) 33 4

N/A = not applicable.
aCount does not include nonmammalian animal models or acellular systems.
bCount does not include epidemiology studies reporting human biomarker data.
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6.STUDY EVALUATION (REPORTING, RISK OF BIAS,
AND SENSITIVITY) STRATEGY

The general approach for evaluating primary health effect studies meeting PECO criteria for
all study types is described in Section 6.1; the specifics of applying the approach for evaluating
epidemiology and animal toxicology studies are described separately in Sections 6.2 and 6.3,
respectively. Different approaches are used for evaluating PBPK models (see Section 6.4) and

mechanistic studies (see Sections 6.5 and 9.2).

6.1. STUDY EVALUATION OVERVIEW FOR HEALTH EFFECT STUDIES

Key concerns for the review of epidemiology and animal toxicology studies are potential
bias (factors that affect the magnitude or direction of an effect in either direction) and insensitivity
(factors that limit the ability of a study to detect a true effect; low sensitivity is a bias towards the
null when an effect exists). Reporting quality is evaluated to determine the extent the available
information allows for assessing these concerns. The study evaluations are aimed at discerning the
expected magnitude of any identified limitations (focusing on limitations that could substantively
change a result), while also considering the expected direction of the bias. Conflict of interest is not
explicitly assessed because the evaluations of risk of bias and sensitivity are designed to encompass
the primary aspects of methodological design that could engender concern, irrespective of the
sponsoring entity. The study evaluation considerations described below can be refined to address a
range of study designs, health effects, and chemicals. The general approach for reaching an overall
judgment for the study (or a specific analysis in a study) regarding confidence in the reliability of

the results is illustrated in Figure 2.

This document is a draft for review purposes only and does not constitute Agency policy.

39 DRAFT—DO NOT CITE OR QUOTE



a U~ WN P

Systematic Review Protocol for the Hexavalent Chromium IRIS Assessment

Individual evaluation domains
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Exposure Methods Sensitivicy

Cwrtcome Measures and Resules Display

Selactive Reporting Bias

Exposure Methods Sensitivicy

Cutcome Measures, Resules Display, and
Analysiz

Selective Reporting

Domain judgments

Judgment

Interpretation

Good

Adequate

Deficient

Criticalhy
Deficient

Appropriate study conduct relating to the domain and
minor deficiencies not expected to influence results.

A study that may have some limitations relsting to the
domain, but they are not likely to be severe or to
hawve a notable impact on results.

Identified bisses or deficiencies interpreted as likely
fo hawe had & notable impact on the results or
prevent relisble interpretation of study findings.

A serious flaw identified that makes the cbhserved
effect(s) uninterpretable. Studies with a critical
deficiency will almost alweays be considered
“uninformative” owerall.

Overall study rating for an outcome

Rating

Interpretation

High

Lowr

Medium

Uninformative

MNa notable deficiencies or concerns identified; potential
for bias unlikely or minimal; sensitive methodology.

Possible deficizncies or concemns noted but resulting
bias or lack of sensitivity is unlikely to be of 2 notable
degrese.

Deficiencies or concems were noted, and the potential
for substantive biss or inadeguate sensitivity could have
a significant impact on the study results or their
interpratation.

Serious flaw(z) makes study results unusable for hazard
identification or dose response.

(b) Study evaluation process

Refined evaluation plan

04

Criteria development

O

Pilot testing/refine criteria

2

Evaluation by two
reviewers

<

Conflict resolution

<

Final domain judgments
and overall study rating

Figure 2. Overview of Integrated Risk Information System (IRIS) study
evaluation process.

At least two reviewers will independently evaluate the studies to identify characteristics

that bear on the informativeness (i.e., validity and sensitivity) of the results and provide additional

chemical or outcome-specific knowledge or methodological concerns.

Considerations for evaluating studies are developed in consultation with topic-specific

technical experts, and existing guidance documents will be used when available, including EPA

guidance for carcinogenicity, neurotoxicity, reproductive toxicity, and developmental toxicity (U.S.
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EPA, 2005a, 2002, 1998a, 1996, 1991). These independent evaluations include a pilot phase to

assess and refine the evaluation process. During this phase, decisions will be compared and a

consensus reached between reviewers, and when necessary, differences will be resolved by
discussion between the reviewers, the chemical assessment team, or technical experts. As
reviewers examine a group of studies, additional chemical-specific knowledge or methodologic
concerns may emerge, and a second pass may become necessary. Refinements to the study
evaluation process made during the pilot phase and subsequent implementation will be
acknowledged as updates to the protocol.

For studies that examine more than one outcome, the evaluation process will be performed
separately for each outcome because the utility of a study can vary for different outcomes. If a
study examines multiple endpoints for the same outcome,!! evaluations may be performed at a
more granular level if appropriate, but these measures may still be grouped for evidence synthesis.

Authors may be queried to obtain missing critical information, particularly when there is
missing reporting quality information or data (e.g., content that would be required to conduct a
meta-analysis or other quantitative integration), or to provide additional analyses that could
address potential limitations. The decision to seek missing information is largely based on the
likelihood that such information would affect the overall confidence of the study. Outreach to study
authors will be documented and considered unsuccessful if researchers do not respond to an email
or phone request within one month of the attempt to contact.

For each outcome in a study,!2 reviewers will reach a consensus judgment of good,
adequate, deficient, not reported, or critically deficient for each evaluation domain (see Sections 6.2
and 6.3 for a description of evaluation domains for epidemiology and experimental animal studies).
If a consensus is not reached, a third reviewer will perform conflict resolution. Itis important to
stress that these evaluations are performed in the context of the study’s use for identifying
individual hazards. Study limitations specific to the usability of the study for dose-response
analysis may be important for later decisions but do not contribute to the study confidence

classifications. These categories are applied to each evaluation domain for each study as follows:

e (ood represents a judgment that the study was conducted appropriately in relation to the
evaluation domain, and any minor deficiencies that are noted would not be expected to
influence the study results.

11“Outcome” will be used throughout these methods; the same methods also apply to an endpoint within a
larger outcome.

12“Study” is used instead of a more accurate term (e.g., “experiment”) throughout these sections owing to an
established familiarity within the field for discussing a study’s risk of bias or sensitivity, etc. However, all
evaluations discussed herein are explicitly conducted at the level of an individual outcome within an
(un)exposed group of animals or humans, or to a sample of the study population within a study.
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e Adequate indicates a judgment that there may be methodological limitations relating to the
evaluation domain, but that those limitations are not likely to be severe or to have a notable
impact on the results.

o Deficient denotes identified biases or deficiencies that are interpreted as likely to have had a
notable impact on the results or that prevent interpretation of the study findings.

e Notreported indicates that the information necessary to evaluate the domain question was
not available in the study. Generally, this term carries the same functional interpretation as
deficient for the purposes of the study confidence classification (described below).
Depending on the number of unreported items and severity of other limitations identified in
the study, it may or may not be worth reaching out to the study authors for this information
(see discussion below).

e (ritically deficient reflects a judgment that the study conduct relating to the evaluation
domain question introduced a serious flaw that is interpreted to be the primary driver of
any observed effect(s) or makes the study uninterpretable. Studies with a determination of
critically deficient in an evaluation domain will not be used for hazard identification or
dose-response but may be used to highlight possible research gaps. Given this potential for
exclusion, this classification is used infrequently and with extreme care; methodological
limitations warranting this classification are defined a priori on an exposure- and outcome-
specific basis and are inherently severe enough to warrant exclusion based on a single
critical deficiency. Examples for Cr(VI) include:

°  Aninhalation study of Cr(VI) in which the only control group is intentionally or
unintentionally infected with a respiratory virus (confounding/variable control).

°  An oral ingestion study of Cr(VI) in which the chemical compound is not stated, drinking
water or gavage administration is not specified, control group exposure and husbandry
not specified, and the oral doses are not provided or cannot be verified due to missing
information (exposure methods sensitivity, reporting quality).

A reproductive study of Cr(VI) in which rodents were administered high doses (known
to induce severe toxicity and death), and the numbers of dams in the results are less
than the sample sizes stated in the methods, with no documentation of animal deaths
(reporting or attrition)

Once the evaluation domains have been rated, the identified strengths and limitations are
considered to reach a study confidence classification of high, medium, or low confidence, or
uninformative for a specific health outcome. This classification is based on the reviewer judgments
across the evaluation domains and includes consideration of the likely impact the noted
deficiencies in bias and sensitivity, or inadequate reporting have on the results. There are no
predefined weights for the domains, and the reviewers are responsible for applying expert
judgment to determine the impact of identified limitations on the overall study confidence
classification for a given health outcome. The rationale for the classification, including a brief
description of any identified strengths and/or limitations from the domains and their potential

impact on the overall confidence determination, should be documented clearly and consistently.
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This rationale should, to the extent possible, reflect an interpretation of the potential influence on
the results (including the direction and/or magnitude of influence). The classifications, which

reflect a consensus judgment between reviewers, are defined as follows:
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High confidence: A well-conducted study with no notable deficiencies or concerns
identified; the potential for bias is unlikely or minimal, and the study used sensitive
methodology. High-confidence studies generally reflect judgments of good across all or
most evaluation domains.

Medium confidence: A satisfactory (acceptable) study where deficiencies or concerns are
noted, but the limitations are unlikely to be of a notable degree. Generally,
medium-confidence studies include adequate or good judgments across most domains, with
the impact of any identified limitation not being judged as severe.

Low confidence: A substandard study where deficiencies or concerns are noted, and the
potential for bias or inadequate sensitivity could have a significant impact on the study
results or their interpretation. Typically, low-confidence studies have a deficient evaluation
for one or more domains, although some medium-confidence studies may have a deficient
rating in domain(s) considered to have less influence on the magnitude or direction of effect
estimates. Generally, low-confidence results are given less weight compared to high- or
medium-confidence results during evidence synthesis and integration (see Section 10.1,
Tables 21 and 22), and are generally not used as the primary sources of information for
hazard identification or to derive toxicity values unless they are the only studies available.
Studies rated as low confidence only because of sensitivity concerns about bias towards the
null will be asterisked or otherwise noted because these studies may require additional
consideration during evidence synthesis. Observing an effect in these studies may increase
confidence, assuming the study is otherwise well conducted (see Section 9).

Uninformative: An unacceptable study where serious flaw(s) make the study results
unusable for informing hazard identification. Studies with critically deficient judgments in
any evaluation domain are almost always classified as uninformative (see explanation
above). Studies with multiple deficient judgments across domains may also be considered
uninformative. Uninformative studies will not be considered further in the synthesis and
integration of evidence for hazard identification or dose-response but may be used to
highlight possible research gaps.

Study evaluation determinations reached by each reviewer and the consensus judgment

between reviewers will be recorded in the EPA’s version of the Health Assessment Workspace
Collaborative (HAWC), a free, open-source, web-based software application.!3 Final study
evaluations housed in HAWC, including the rationale supporting the individual domain and overall
study evaluation determinations, are made available when the draft is publicly released. The study
confidence classifications and their rationales will be carried forward and considered as part of

evidence synthesis (see Section 9) to aid in the interpretation of results across studies.

13HAWC: A modular web-based interface to facilitate development of human health assessments of chemicals
(https://hawcproject.org/portal/).
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Instances of potential research misconduct were documented in HAWC and are summarized
in the table below. Misconduct may be identified by EPA staff or contractors during data extraction,
or by other members of the scientific community during draft development. If the article in
question is retracted by the journal, it will not be considered further in the synthesis and
integration of evidence for hazard identification or dose response. If the article in question has not

been retracted:

1) Authors of the article were contacted for additional information regarding the data or
misconduct allegations. If the response was sufficient and provided resolution of the issue,
the article remained as part of the evidence synthesis.

2) Ifthe authors did not respond or the response was not sufficient, journal editors were
contacted regarding the data or misconduct allegations. Due to the length of time required
for a formal journal review of misconduct, we did not include the article as part of the
evidence synthesis.

In some instances, a laboratory or a group of study authors were found to have engaged in
plagiarism, misconduct, or data manipulation on one or more occasion. A large number of studies
by such laboratories may not be retracted but results and data from those studies should be
interpreted with caution. These were handled on a case-by-case basis, taking into consideration the
extent of the misconduct, the number of articles that have been retracted, and the age of the study
(studies published decades ago are unlikely to have data issues conclusively resolved). Table 10
below documents the decisions made regarding specific instances of research misconduct or

plagiarism.

Table 10. Resolution of studies identified as exhibiting research misconduct

or plagiarism
Reference Issue Course of action Resolution
Kanoijia et al. (1996) Studies contain identical | Requests were sent to the | Studies downgraded to
Kanoijia et al. (1996) incidence and corresponding authors uninformative.
continuous data, despite |and journal editors Other studies by the same group
being two separate seeking clarification of (i.e., (Kanojia et al., 1998; Junaid
studies, in different the study findings, but no | ot al., 1996: Murthy et al., 1996;
species additional information Junaid et al., 1995: Trivedi et al.,
has been received. 1989)) were not automatically
downgraded to uninformative,
but a statement of concern is
contained in the final HAWC
evaluations.
Zhang and Li (1997) Financial and intellectual | N/A (issue resolved prior |Retracted article (Zhang and Li
input by outside parties |to assessment 1997) not included in synthesis.
was not disclosed, which | development) Original paper (Zhang and Li,
violated the journal’s 1987) as well as other third-
party analyses of the data
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Reference

Issue

Course of action

Resolution

editorial policy. See
Brandt-Rauf (2006).

(where conflict of interest
policies were followed) are
maintained in the synthesis.

Banu et al. (2008
Samuel et al. (2011)
Samuel et al. (2011)

Self-plagiarism. It was
also unclear which paper
contained the original
data, or if concurrent
controls were re-used
for different studies.

Authors and journal
editors contacted.

Another study by this
group, Samuel et al.

Samuel et al. (2012) and Samuel

et al. (2011) downgraded to
uninformative.

Banu et al. (2008) not

(2012), has been
retracted.

automatically downgraded to
uninformative, but the
statement of concern and
author correspondence were
maintained in the final HAWC
evaluation.

Other studies by this group not
automatically considered
uninformative, and do not
contain documented data issues
in HAWC.

Li et al. (2001)

The corresponding
author, Dr. Xianglin Shi,
was found to have
“intentionally falsified
and fabricated data” in
other studies that have
since been retracted
(see Despa et al. (2019)).

Co-authors of the Li et al.

Li et al. (2001) was downgraded

(2001), paper (Shi was the
corresponding author)
were contacted as a
courtesy given the
misconduct report. No
additional information
was received other than
confirmation that Dr. Shi
handled all of the human
data from China.

to uninformative.

Multiple mechanistic,
animal, and human
studies associated with
the laboratory of Dr.
Xianglin Shi

Dr. Xianglin Shi’s
laboratory was found to
have “intentionally
falsified and fabricated
data.” See Despa et al.
(2019).

Due to the egregious nature of the scientific conduct, all
mechanistic studies published by Dr. Shi’s group at the
University of Kentucky, as well as all studies in which Dr. Shi
is the first/senior/corresponding author, were excluded
from our analysis. The human and animal study that passed
screening and met PECO criteria (Li et al., 2001) was
downgraded to uninformative in HAWC.

6.2. EPIDEMIOLOGY STUDY EVALUATION

Evaluation of epidemiology studies of health effects to assess risk of bias and study

sensitivity will be conducted for the following domains: exposure measurement, outcome

ascertainment, participant selection, potential confounding, analysis, study sensitivity, and selective

reporting. Bias can result in false positives or negatives, while study sensitivity is typically

concerned with identifying the latter.
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The principles and framework used for evaluating epidemiology studies are based on the
Cochrane Risk of Bias in Nonrandomized Studies of Interventions [ROBINS-I; (Sterne et al., 2016)]

but modified to address environmental and occupational exposures. The underlying philosophy of

ROBINS-I is to describe attributes of an “ideal” study with respect to each of the evaluation domains
(e.g., exposure measurement, outcome classification). Core and prompting questions, presented in
Table 11, are used to collect information to guide the evaluation of each domain. Core questions
represent key concepts while the prompting questions help the reviewer focus on relevant details
under each key domain. The types of information that may be important to consider when

evaluating each domain are listed in Table 12.

6.2.1. Exposure-Specific Considerations for Cr(VI)

Exposures to Cr(VI) by the inhalation and oral routes may be assessed based on
administered dose or concentration, biomonitoring data (e.g., urine, blood, or other specimens),
environmental or occupational-setting measures (e.g., air, water, dust levels), or job title or
residence. Air concentration measurements are preferred to biomarker measurements for the
assessment of human exposure by inhalation in epidemiology studies. Air concentrations of Cr(VI)
are preferred over concentrations of total chromium because simultaneous exposure by inhalation
to both Cr(VI) and Cr(III) is common in occupational settings and the ratio of Cr(VI) to Cr(III) varies
by task within the same factory (Huvinen et al., 1996; Bonde, 1990). During collection of samples

for quantification of Cr(VI) using a filter, the use of a PVC filter is of primary importance. The
reduction of Cr(VI) to Cr(IlI) after contact with filters made of cellulose fibers was well

documented when filter based methods were first developed (Abell and Carlberg, 1974). For this

reason, the NIOSH air sampling protocol for Cr(VI) has long specified that PVC filters should be used
(Ashley et al., 2003; NIOSH; DPSE, 1994). Studies that use Cr(VI) air concentrations from sampling

methods using a cellulose or other filter materials containing materials that cause reduction of

Cr(VI) will be rated no higher than deficient in the exposure measurement domain.

Studies in which human exposure is quantified by measurements of total chromium in
urine, blood, plasma, or erythrocytes will be considered for determination of hazard if conducted in
workers with known occupational exposure to Cr(VI). Air concentrations of Cr(VI) are correlated

with measurements of total chromium in these biological matrices (Kuo et al.,, 1997; Miksche and

Lewalter, 1997). However, as with total chromium in air, total chromium in urine, blood or plasma

reflects exposure to both Cr(VI) and Cr(III). Since co-exposure to these two forms is common, total
chromium concentrations in biological matrices can achieve a rating higher than deficient in the
exposure measurement domain only when a study includes air concentration data, job category
information, or other details that support the reliability of total chromium as a measure of Cr(VI)
exposure in the study population. Further uncertainty in biomarker measurements arises from
reduction of Cr(VI) to Cr(III) throughout the body (NIOSH, 2013b). Erythrocytes can sequester

unreduced Cr(VI) in the blood making them a candidate biomarker of exposure for the past 8-10

weeks. However, the relationship between exposure and erythrocyte concentration may vary be
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individual due to interindividual variability in the rate at which Cr(VI) is reduced to Cr(III) in the
body (Miksche and Lewalter, 1997; Petrilli and De Flora, 1988).

6.2.2. Outcome-Specific Criteria

When available, existing outcome-specific standard protocols for research studies will be
consulted in developing outcome-specific criteria for evaluating epidemiology studies. For
example, guidelines published by the American Thoracic Society for collecting spirometry
measurements will inform evaluations of epidemiology studies of pulmonary function (ATS/ERS,
2019; Culver et al.,, 2017; Miller et al., 2005; ATS, 1995, 1987). Likewise, EPA will refer to World
Health Organization (WHO) protocols when evaluating epidemiologic studies of semen parameters
to assess toxicity to the male reproductive system (WHO, 2010, 1999).
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Table 11. Questions to guide the development of criteria for each domain in epidemiology studies

Domain and
core question

Prompting questions

Follow-up
questions

Considerations that apply to most exposures and outcomes

Exposure
measurement

Does the
exposure
measure
reliably
distinguish
between levels
of exposure in
a time window
considered
most relevant
for a causal
effect with
respect to the
development
of the
outcome?

For all:

Does the exposure measure capture the
variability in exposure among the
participants, considering intensity,
frequency, and duration of exposure?

Does the exposure measure reflect a
relevant time window? If not, can the
relationship between measures in this time
and the relevant time window be estimated
reliably?

Is the exposure measurement likely to be
affected by a knowledge of the outcome?

Is the exposure measurement likely to be
affected by the presence of the outcome
(i.e., reverse causality)?

For case-control studies of occupational exposures:

Is exposure based on a comprehensive job
history describing tasks, setting, time period,
and use of specific materials?

For biomarkers of exposure, general population:

Is a standard assay used? What are the intra-
and interassay coefficients of variation? Is
the assay likely to be affected by
contamination? Are values less than the limit
of detection dealt with adequately?

What exposure time period is reflected by
the biomarker? If the half-life is short, what
is the correlation between serial
measurements of exposure?

Is the degree of
exposure

misclassification
likely to vary by
exposure level?

If the correlation
between
exposure
measurements is
moderate, is
there an
adequate
statistical
approach to
ameliorate
variability in
measurements?

If thereis a
concern about
the potential for
bias, what is the
predicted
direction or
distortion of the
bias on the effect
estimate (if there
is enough
information)?

These considerations require customization to the exposure and outcome
(relevant timing of exposure).

Good

e  Valid exposure assessment methods used, which represent the
etiologically relevant time period of interest.

e  Exposure misclassification is expected to be minimal.
Adequate

e  Valid exposure assessment methods used, which represent the
etiologically relevant time period of interest.

e  Exposure misclassification may exist but is not expected to greatly
change the effect estimate.

Deficient

e  Valid exposure assessment methods used, which represent the
etiologically relevant time period of interest. Specific knowledge about
the exposure and outcome raise concerns about reverse causality, but
there is uncertainty whether it is influencing the effect estimate.

e  Exposed groups are expected to contain a notable proportion of
unexposed or minimally exposed individuals, the method did not
capture important temporal or spatial variation, or there is other
evidence of exposure misclassification that would be expected to
notably change the effect estimate.

Critically deficient

e  Exposure measurement does not characterize the etiologically relevant
time period of exposure or is not valid.

e There is evidence that reverse causality is very likely to account for the
observed association.

e Exposure measurement was not independent of outcome status.
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Domain and
core question

Prompting questions

Follow-up
questions

Considerations that apply to most exposures and outcomes

Outcome
ascertainment

Does the
outcome
measure
reliably
distinguish the
presence or
absence (or
degree of
severity) of the
outcome?

For all:

Is outcome ascertainment likely to be
affected by knowledge of, or presence of,
exposure (e.g., consider access to health
care, if based on self-reported history of
diagnosis)?

For case-control studies:

Is the comparison group without the
outcome (e.g., controls in a case-control
study) based on objective criteria with little
or no likelihood of inclusion of people with
the disease?

For mortality measures:

How well does cause-of-death data reflect
occurrence of the disease in an individual?
How well do mortality data reflect incidence
of the disease?

For diagnosis of disease measures:

Is the diagnosis based on standard clinical
criteria? If it is based on self-report of the
diagnosis, what is the validity of this
measure?

For laboratory-based measures (e.g., hormone levels):

Is a standard assay used? Does the assay
have an acceptable level of interassay
variability? Is the sensitivity of the assay
appropriate for the outcome measure in this
study population?

Is there a concern
that any outcome
misclassification
is nondifferential,
differential, or
both?

What is the
predicted
direction or
distortion of the
bias on the effect
estimate (if there
is enough
information)?

These considerations require customization to the outcome.

Good

e High certainty in the outcome definition (i.e., specificity and sensitivity),
minimal concerns with respect to misclassification.

e  Assessment instrument is validated in a population comparable to the
one from which the study group was selected.

Adequate

e  Moderate confidence that outcome definition was specific and
sensitive, some uncertainty with respect to misclassification but not
expected to greatly change the effect estimate.

®  Assessment instrument is validated but not necessarily in a population
comparable to the study group.

Deficient

e  Qutcome definition was not specific or sensitive.

e  Uncertainty regarding validity of assessment instrument.
Critically deficient

e |nvalid/insensitive marker of outcome.

e  Qutcome ascertainment is very likely to be affected by knowledge of, or
presence of, exposure.

Note: Lack of blinding should not be automatically construed to be critically
deficient.
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Domain and
core question

Prompting questions

Follow-up
questions

Considerations that apply to most exposures and outcomes

Participant
selection

Is there
evidence that
selection into
or out of the
study (or
analysis
sample) is
jointly related
to exposure
and to
outcome?

For longitudinal cohort:

Did participants volunteer for the cohort
based on knowledge of exposure and/or
preclinical disease symptoms? Was entry
into the cohort or continuation in the cohort
related to exposure and outcome?

For occupational cohort:

Did entry into the cohort begin with the start
of the exposure?

Was follow-up or outcome assessment
incomplete, and if so, was follow-up related
to both exposure and outcome status?

Could exposure produce symptoms that
would result in a change in work
assignment/work status (“healthy worker
survivor effect”)?

For case-control study:

Were controls representative of population
and time periods from which cases were
drawn?

Are hospital controls selected from a group
whose reason for admission is independent
of exposure?

Could recruitment strategies, eligibility
criteria, or participation rates result in
differential participation relating to both
disease and exposure?

Are differences in
participant
enrollment and
follow-up
evaluated to
assess bias?

If thereis a
concern about
the potential for
bias, what is the
predicted
direction or
distortion of the
bias on the effect
estimate (if there
is enough
information)?

Are appropriate
analyses
performed to
address changing
exposures over
time in relation to
symptoms?

Is there a
comparison of
participants and
nonparticipants
to address
whether
differential
selection is likely?

These considerations may require customization to the outcome. This could
include determining what study designs effectively allow analyses of associations
appropriate to the outcome measures (e.g., design to capture incident vs.
prevalent cases, design to capture early pregnancy loss).

Good

e  Minimal concern for selection bias based on description of recruitment
process (e.g., selection of comparison population, population-based
random sample selection, recruitment from sampling frame including
current and previous employees).

e  Exclusion and inclusion criteria are specified and do not induce bias.

e  Participation rate is reported at all steps of study (e.g., initial
enrollment, follow-up, selection into analysis sample). If rate is not high,
there is appropriate rationale for why it is unlikely to be related to
exposure (e.g., comparison between participants and nonparticipants
or other available information indicates differential selection is not
likely).

Adequate

e  Enough of a description of the recruitment process to be comfortable
that there is no serious risk of bias.

e Inclusion and exclusion criteria are specified and do not induce bias.

e  Participation rate is incompletely reported but available information
indicates participation is unlikely to be related to exposure.

Deficient
e Little information on recruitment process, selection strategy, sampling

framework and/or participation or aspects of these processes raise the
potential for bias (e.g., healthy worker effect, survivor bias).
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Domain and Follow-up
core question Prompting questions questions Considerations that apply to most exposures and outcomes
Continued: Continued: Continued: Continued:
For population-based survey: Critically deficient
e  Was recruitment based on advertisement to ®  Aspects of the processes for recruitment, selection strategy, sampling
people with knowledge of exposure, framework, or participation result in concern that selection bias
outcome, and hypothesis? resulted in a large impact on effect estimates (e.g., convenience sample

with no information about recruitment and selection, cases and
controls are recruited from different sources with different likelihood of
exposure, recruitment materials stated outcome of interest, and
potential participants are aware of or are concerned about specific
exposures).
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Domain and Follow-up
core question Prompting questions questions Considerations that apply to most exposures and outcomes
Confounding Is confounding adequately addressed by If thereis a These considerations require customization to the exposure and outcome, but

Is confounding
of the effect of
the exposure
likely?

considerations in:

e  Participant selection (matching or
restriction)?

e  Accurate information on potential
confounders and statistical adjustment
procedures?

e  Lack of association between confounder and
outcome, or confounder and exposure in the
study?

e  Information from other sources?

Is the assessment of confounders based on a
thoughtful review of published literature, potential
relationships (e.g., as can be gained through directed
acyclic graphing), and minimizing potential overcontrol
(e.g., inclusion of a variable on the pathway between
exposure and outcome)?

concern about
the potential for
bias, what is the
predicted
direction or
distortion of the
bias on the effect
estimate (if there
is enough
information)?

this may be limited to identifying key covariates.

Good

Adequate

Conveys strategy for identifying key confounders. This may include

a priori biological considerations, published literature, causal diagrams,
or statistical analyses; with recognition that not all “risk factors” are
confounders.

Inclusion of potential confounders in statistical models not based solely
on statistical significance criteria (e.g., p < 0.05 from stepwise
regression).

Does not include variables in the models that are likely to be influential
colliders or intermediates on the causal pathway.

Key confounders are evaluated appropriately and considered to be
unlikely sources of substantial confounding. This often will include

o  Presenting the distribution of potential confounders by levels of the
exposure of interest and/or the outcomes of interest (with amount
of missing data noted),

o Consideration that potential confounders are rare among the study
population or are expected to be poorly correlated with exposure
of interest,

o  Consideration of the most relevant functional forms of potential
confounders, and

o  Examination of the potential impact of measurement error or
missing data on confounder adjustment.

Similar to good but may not have included all key confounders,
or less detail may be available on the evaluation of confounders
(e.g., sub-bullets in good). It is possible that residual
confounding could explain part of the observed effect, but
concern is minimal.
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Domain and Follow-up
core question Prompting questions questions Considerations that apply to most exposures and outcomes
Continued: Continued: Continued: Continued:

Deficient

e  Does not include variables in the models that are likely to be influential
colliders or intermediates on the causal pathway.

And any of the following:

e  The potential for bias to explain some of the results is high based on an
inability to rule out residual confounding, such as a lack of
demonstration that key confounders of the exposure-outcome
relationships are considered;

e  Descriptive information on key confounders (e.g., their relationship
relative to the outcomes and exposure levels) are not presented; or

e  Strategy of evaluating confounding is unclear or is not recommended
(e.g., only based on statistical significance criteria or stepwise
regression [forward or backward elimination]).

Critically deficient

® Includes variables in the models that are colliders and/or intermediates
in the causal pathway, indicating that substantial bias is likely from this
adjustment or

e  Confounding is likely present and not accounted for, indicating that all
of the results are most likely due to bias.

o  Presenting a progression of model results with adjustments for
different potential confounders, if warranted.
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Domain and Follow-up

core question Prompting questions questions Considerations that apply to most exposures and outcomes
Analysis o If thereis a These considerations may require customization to the outcome. This could
Does the Are missing outcome,.exposure., and concern about include the optimal characterization of the outcome variable and ideal statistical
analysis covariate data recognized, and if necessary, the potential for | test (e.g., Cox regression).

strategy and
presentation
convey the
necessary
familiarity with
the data and
assumptions?

accounted for in the analysis?

Does the analysis appropriately consider
variable distributions and modeling
assumptions?

Does the analysis appropriately consider
subgroups of interest (e.g., based on
variability in exposure level or duration or
susceptibility)?

Is an appropriate analysis used for the study
design?

Is effect modification considered, based on
considerations developed a priori?

Does the study include additional analyses
addressing potential biases or limitations
(i.e., sensitivity analyses)?

bias, what is the
predicted
direction or
distortion of the
bias on the effect
estimate (if there
is enough
information)?

Good

Adequate

Same as good, except:

Use of an optimal characterization of the outcome variable.

Quantitative results are presented (effect estimates and confidence
limits or variability in estimates) (i.e., not presented only as a p-value or
“significant”/“not significant”).

Descriptive information about outcome and exposure is provided
(where applicable).

Amount of missing data is noted and addressed appropriately
(discussion of selection issues—missing at random vs. differential).

Where applicable, for exposure, includes LOD (and percentage below
the LOD), and decision to use log transformation.

Includes analyses that address robustness of findings, e.g., examination
of exposure-response (explicit consideration of nonlinear possibilities,
quadratic, spline, or threshold/ceiling effects included, when feasible);
relevant sensitivity analyses; effect modification examined based only
on a priori rationale with sufficient numbers.

No deficiencies in analysis evident. Discussion of some details may be
absent (e.g., examination of outliers).

Descriptive information about exposure is provided (where applicable)
but may be incomplete; might not have discussed missing data,
cutpoints, or shape of distribution.

Includes analyses that address robustness of findings (examples in
good), but some important analyses are not performed.
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Domain and Follow-up
core question Prompting questions questions Considerations that apply to most exposures and outcomes
Continued: Continued: Continued: Continued:

Deficient

e  Does not conduct analysis using optimal characterization of the
outcome variable.

e  Descriptive information about exposure levels is not provided (where
applicable).

e  Effect estimate and p-value are presented, without standard error or
confidence interval.

e  Results are presented as statistically “significant”/“not significant.”
Critically deficient

e  Results of analyses of effect modification are examined without clear
a priori rationale and without providing main/principal effects
(e.g., presentation only of statistically significant interactions that were
not hypothesis driven).

e Analysis methods are not appropriate for design or data of the study.
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Domain and Follow-up

core question Prompting questions questions Considerations that apply to most exposures and outcomes

Selective If thereis a These considerations generally do not require customization and may have fewer
reporting Are results pro_vide<_j for all the primary. concern about than four levels.

Is there reason analyses described in the methods section? |44 potential for
to be Is there appropriate justification for blas,_what is the Good

concerned restricting the amount and type of results p.redlclted

about selective that are shown? direction or e The results reported by study authors are consistent with the primary
reporting? distortion of the and secondary analyses described in a registered protocol or methods

Are only statistically significant results
presented?

bias on the effect
estimate (if there
is enough
information)?

paper.
Adequate

o  The authors described their primary (and secondary) analyses in the
methods section and results are reported for all primary analyses.

Deficient

e  Concerns are raised based on previous publications, a methods paper,
or a registered protocol indicating that analyses are planned or
conducted that are not reported, or that hypotheses originally
considered to be secondary are represented as primary in the reviewed
paper.

e  Only subgroup analyses are reported suggesting that results for the
entire group are omitted.

e  Only statistically significant results are reported.
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Sensitivity

Is there a
concern that
sensitivity of
the study is not
adequate to
detect an
effect?

Is the exposure range adequate to detect
associations and exposure-response
relationships?

Was the appropriate population included?

Was the length of follow-up adequate? Is the
time/age of outcome ascertainment optimal
given the interval of exposure and the health
outcome?

Are there other aspects related to risk of
bias or otherwise that raise concerns about
sensitivity?

These considerations may require customization to the exposure and outcome.
Depending on the needs of the assessment, there may be fewer than four rating
levels. Some study features that affect study sensitivity may have already been
included in the other evaluation domains; these should be noted in this domain
again, along with any features that have not been addressed elsewhere so that
the rating provides an overall summary of factors that may impact sensitivity.
When determining the overall study confidence rating, the evaluator should be
conscious that a limitation could contribute to multiple domains and not
double-penalize the study. Some considerations include:

Good

e  The range of exposure levels provides sufficient variability in exposure
distribution and/or sufficient range or contrasts (e.g., across groups or
exposure categories) to detect associations or exposure-response
relationships that may be present.

e  The population was exposed to levels expected to have an impact on
response.

e  The study population was at risk of developing the outcomes of interest
(e.g., ages, life stage, sex).

e  The timing of outcome ascertainment was appropriate given expected
latency for outcome development (i.e., adequate follow-up interval).

e  There was evidence of sufficient statistical power (which may include
formal power calculations) to observe an effect if it exists.

®  No other concerns raised regarding study sensitivity (e.g., no evidence
that results would be attenuated enough to preclude detection of an
adverse health effect).

Adequate
e  Same considerations as good, except:

o Issues are identified that could reduce sensitivity, but they are
unlikely to impact the overall findings of the study.

Deficient

e  Concerns were raised about the issues described for good that are
expected to notably decrease the sensitivity of the study to detect
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Domain and Follow-up
core question Prompting questions questions Considerations that apply to most exposures and outcomes

associations for the outcome (i.e., reasonably high likelihood of a false
null result).

e Note: Deficient sensitivity indicates that null findings should be
interpreted with caution and may not represent a lack of association.

Critically deficient

e  Severe concerns were raised about the sensitivity of the study such that
any observed association is uninterpretable (e.g., exposure
gradients/contrasts that precluded an ability to distinguish exposure
levels between study participants).
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Table 12. Information relevant to evaluation domains for epidemiology

studies
Types of information that may need to be collected or are important for
Domain evaluating the domain

Exposure Source(s) of exposure (e.g., consumer products, occupational, an industrial accident) and

measurement |source(s) of exposure data, blinding to outcome, level of detail for job history data, when
measurements were taken, type of biomarker(s), assay information, reliability data from repeat
measures studies, validation studies.

Outcome Source of outcome (effect) measure, blinding to exposure status or level, how

ascertainment

measured/classified, incident vs. prevalent disease, evidence from validation studies, prevalence
(or distribution summary statistics for continuous measures).

Participant
selection

Study design, where and when was the study conducted, and who was included? Recruitment
process, exclusion, and inclusion criteria, type of controls, total eligible, comparison between
participants and nonparticipants (or followed and not followed), and final analysis group. Does
the study include potential susceptible populations or life stages (see discussion in Section 9)?

Confounding

Background research on key confounders for specific populations or settings; participant
characteristic data, by group; strategy/approach for consideration of potential confounding;
strength of associations between exposure and potential confounders and between potential
confounders and outcome; degree of exposure to the confounder in the population.

Analysis

Extent (and if applicable, treatment) of missing data for exposure, outcome, and confounders;
approach to modeling; classification of exposure and outcome variables (continuous vs.
categorical); testing of assumptions; sample size for specific analyses; and relevant sensitivity
analyses.

Sensitivity

What are the ages of participants (e.g., not too young in studies of pubertal development)?
What is the length of follow-up (for outcomes with long latency periods)? Choice of referent
group, the exposure range, and the level of exposure contrast between groups (i.e., the extent to
which the “unexposed group” is truly unexposed, and the prevalence of exposure in the group
designated as “exposed”).

Selective
reporting

Are results presented with adequate detail for all the endpoints and exposure measures
reported in the methods section, and are they relevant to the PECO? Are results presented for
the full sample as well as for specified subgroups? Were stratified analyses (effect modification)
motivated by a specific hypothesis?

6.3. EXPERIMENTAL ANIMAL STUDY EVALUATION

The evaluation of experimental animal studies focuses on assessing aspects of the study

design and conduct through a set of domains with accompanying core questions that fall under each

evaluation type (i.e., reporting quality, risk of bias, and study sensitivity) and directs individual

reviewers to evaluate specific study characteristics. For each domain and core question pairing,

basic considerations provide additional guidance on how a reviewer might evaluate and judge a

study for that domain.
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Table 13 provides the standard domains and core questions along with some basic
considerations for guiding the evaluation. Some domain considerations will need to be tailored to
the chemical and endpoint/outcome, while others are generalizable across assessments
(e.g., considerations for reporting quality). Assessment teams work with subject matter experts to
develop the assessment-specific considerations. These specific considerations are determined
prior to performing study evaluation, although they may be refined as the study evaluation
proceeds (e.g., during pilot testing). Assessment-specific considerations are documented and made
publicly available with the assessment.

Each domain receives a consensus judgment of good, adequate, deficient, not reported, or
critically deficient (as described in Section 6.1) accompanied by a rationale for the judgment. Once
all domains are rated, an overall confidence classification of high, medium, or low confidence or
uninformative is assigned (as described in Section 6.1). The rationale for the classification,
including a brief description of any identified strengths and/or limitations from the domains and
their potential impact on the overall confidence determination, should be documented clearly and
consistently. This rationale should, to the extent possible, reflect an interpretation of the potential

influence on the results (including the direction and/or magnitude of influence).
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Table 13. Questions to guide the development of criteria for each domain in experimental animal toxicology

studies
Evaluation
concern Domain—core question Prompting questions General considerations
Reporting quality Does the study report the following? These considerations typically do not need to be refined by
Does the study report assessment teams, although in some instances the important

information may be refined depending on the endpoints/outcomes

information for evaluating the | critical information necessary to perform | ) ) N
of interest or the chemical under investigation.

design and conduct of the study evaluation:

study for the
; Species, test article name, levels . . . . .
endpoint(s)/outcome(s) of ¢ opecies, te ! » '€VEIS | A judgment and rationale for this domain should be given for the
interest? and duration of exposure, route . .
. . study. Typically, these will not change regardless of the
(e.g., oral; inhalation), . . . .
Alitative or quantitative endpoints/outcomes investigated by the study. In the rationale,
ualitativ uantitativ . o
Notes: q q . reviewers should indicate whether the study adhered to GLP, OECD,
: results for at least one endpoint or other testing suidelines
Reviewers should reach out to of interest &8 '
- authors to obtain missing . . : e Good: All critical and important information is reported or
F . . . Important information for evaluating the . - -
= information when studies are inferable for the endpoints/outcomes of interest.
) . study methods:
T considered key for hazard e L.
6o . . . e Adequate: All critical information is reported but some
& evaluation and/or dose- e Test animal: strain, sex, source, . . T .
= important information is missing. However, the missing
5 response. and general husbandry - . . .
S information is not expected to substantially impact the
o . . procedures .
I e This domain is limited study evaluation.
to reporting. Other *  Exposure methods: source, e Deficient: All critical information is reported but important
aspects of the purity, method of administration ; P

information is missing that is expected to substantially
e Experimental design: frequency reduce the ability to evaluate the study.

. f imal d lifi
and endpoint Of exposure, animal age and fite e  Critically deficient: Study report is missing any pieces of

. stage during exposure and at e 1 . . ", .
evaluation methods & . g exp . critical information. Studies that are critically deficient for
. endpoint/outcome evaluation . . . .
are evaluated using reporting are uninformative for the overall rating and not

exposure methods,
experimental design,

the domains related e Endpoint evaluation methods: considered further for evidence synthesis and integration.
to risk of bias and assays or procedures used to
study sensitivity. measure the

endpoints/outcomes of interest
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Evaluation
concern Domain—core question Prompting questions General considerations
Allocation For each study: These considerations typically do not need to be refined by
Were animals assigned to e  Did each animal or litter have an | 2556SSment teams.
experimental groups using a equal chance of being assigned
method that minimizes to any experimental group A judgment and rationale for this domain should be given for each
selection bias? (i.e., random allocation?)? cohort or experiment in the study.
e s the allocation method e Good: Experimental groups were randomized, and any
ke described? specific randomization procedure was described or
ﬁ . L inferable (e.g., computer-generated scheme). (Note that
bt e Aside from randomization, were R L
c normalization is not the same as randomization [see
© any steps taken to balance
* £ . ) response for adequate].)
@ 5 variables across experimental
;g “g groups during allocation? e Adequate: Authors report that groups were randomized
X _g- but do not describe the specific procedure used
= = (e.g., “animals were randomized”). Alternatively, authors
S used a nonrandom method to control for important
*g modifying fact'ors across e'xpe'rimental groups
E (e.g., body-weight normalization).
e Notreported (interpreted as deficient): No indication of
randomization of groups or other methods
(e.g., normalization) to control for important modifying
factors across experimental groups.
e  Critically deficient: Bias in the animal allocations was
reported or inferable.
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Evaluation
concern Domain—core question Prompting questions General considerations

Observational bias/blinding For each endpoint/outcome or grouping | These considerations typically do not need to be refined by the

Did the study implement of endpoints/outcomes in a study: assessment teams. (Note that it can be useful for teams to identify
measures to reduce highly subjective measures of endpoints/outcomes where
observational bias? observational bias may strongly influence results before performing
the evaluations.)

e Does the study report blinding
or other methods/procedures
for reducing observational bias?

e If not, did the study use a design
or approach for which such
procedures can be inferred?

A judgment and rationale for this domain should be given for each
endpoint/outcome or group of endpoints/outcomes investigated in
the study.

e  What is the expected impact of
failure to implement (or report
implementation of) these
methods/procedures on results?

e Good: Measures to reduce observational bias were
described (e.g., blinding to conceal treatment groups during
endpoint evaluation; consensus-based evaluations of
histopathology—lesions®).

e Adequate: Methods for reducing observational bias
(e.g., blinding) can be inferred or were reported but
described incompletely.

e Not reported: Measures to reduce observational bias are
not described.

Risk of Bias (continued)

o (Interpreted as adequate) The potential concern for
bias is mitigated based on use of
automated/computer-driven systems, standard
laboratory kits, relatively simple, objective measures
(e.g., body or tissue weight), or screening-level
evaluations of histopathology.

Selection and performance bias (continued)

o (Interpreted as deficient) The potential impact on the
results is major (e.g., outcome measures are highly
subjective).

e  Critically deficient: Strong evidence for observational bias
that impacted the results.
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Evaluation
concern

Domain—core question

Prompting questions

General considerations

Risk of bias (continued)
Confounding/variable control

Confounding

Are variables with the
potential to confound or
modify results controlled for
and consistent across all
experimental groups?

For each study:

Are there differences across the

treatment groups

(e.g., coexposures, vehicle, diet,

palatability, husbandry, health
status, etc.) that could bias the
results?

If differences are identified, to
what extent are they expected
to impact the results?

These considerations may need to be refined by assessment teams
because the specific variables of concern can vary by experiment or
chemical.

A judgment and rationale for this domain should be given for each
cohort or experiment in the study, noting when the potential for
confounding is restricted to specific endpoints/outcomes.

Good: Outside of the exposure of interest, variables that
are likely to confound or modify results appear to be
controlled for and consistent across experimental groups.

Adequate: Some concern that variables that are likely to
confound or modify results are uncontrolled or inconsistent
across groups but are expected to have a minimal impact
on the results.

Deficient: Notable concern that potentially confounding
variables are uncontrolled or inconsistent across groups
and are expected to substantially impact the results.

Critically deficient: Confounding variables are presumed to
be uncontrolled or inconsistent across groups and are
expected to be a primary driver of the results.
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Evaluation
concern Domain—core question Prompting questions General considerations
Selective reporting and For each study: These considerations typically do not need to be refined by
attrition Selective reporting bias: assessment teams.
Did the study report the
Its f IT P ifiod e Are all results presented for
results for all prespeci e endpoints/outcomes described A judgment and rationale for this domain should be given for each
outcomes and tested animals? in the methods (see note)? cohort or experiment in the study.
Note: Attrition bias: e Good: Quantitative or qualitative results are reported for all
ote: prespecified outcomes (explicitly stated or inferred),
This domain does not consider * Areallanimals accounted for in exposure groups, and evaluation time points. Data not
@ |the appropriateness of the the results? reported in the primary article is available from
- ;J_lr:glysw/results p;esentc;.tlor'r. e Ifthere are discrepancies, do supf)llementa_l mat_e_rial. If results omissiqns or animal .
5 :g is aspectt of study qua /ty'/s authors provide an explanation attrition are identified, the authors prowd.e an explan_atlon,
§ g evaluated in another domain. (e.g., death or unscheduled and these are not expected to impact the interpretation of
= -‘é sacrifice during the study)? the results.
o N N
% § e If unexplained results omissions e Adequate: Quan’Fl'Fatlve or qualltatlvg r'esults are reported
@ £ and/or attrition are identified for most prespecified outcomes (explicitly stated or
-] | ’ . . . .
% S what is the expected impact on inferred), exposure groups and evaluation time points.
x Q the interpretation of the results? Omissions and/or attrition are not explained but are not
= g expected to substantially impact the interpretation of the
E5] results.
Q2
n e Deficient: Quantitative or qualitative results are missing for
many prespecified outcomes (explicitly stated or inferred),
exposure groups and evaluation time points and/or high
animal attrition; omissions and/or attrition are not
explained and may substantially impact the interpretation
of the results.
e  Critically deficient: Extensive results omission and/or
animal attrition are identified and prevent comparisons of
results across treatment groups.
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Sensitivity

Exposure methods sensitivity

Chemical administration and
characterization

Did the study adequately
characterize exposure to the
chemical of interest and the
exposure administration
methods?

Note:

Consideration of the
appropriateness of the route of
exposure is not evaluated at
the individual study level.
Relevance and utility of the
routes of exposure are
considered in the PECO criteria
for study inclusion and during
evidence synthesis.

For each study:

Does the study report the source
and purity and/or composition
(e.g., identity and percent
distribution of different isomers)
of the chemical? If not, can the
purity and/or composition be
obtained from the supplier

(e.g., as reported on the
website)?

Was independent analytical
verification of the test article
purity and composition
performed?

Did the authors take steps to
ensure the reported exposure
levels were accurate?

Are there concerns about the
methods used to administer the
chemical (e.g., inhalation
chamber type, etc.)?

Are the exposure methods likely
to affect vanadium oxidation
state and speciation (e.g., study
methods that involved
dissolution and aerosolization of
vanadium from solution, rather
than exposure to vanadium as a
dust).

Were target concentrations
confirmed using reliable
analytical measurements in
chamber air?

It is essential that these considerations are considered, and
potentially refined, by assessment teams because the specific
variables of concern can vary by chemical (e.g., stability may be an
issue for one chemical but not another).

A judgment and rationale for this domain should be given for each
cohort or experiment in the study.

Good: Chemical administration and characterization is
complete (i.e., source, purity, and analytical verification of
the test article are provided). There are no concerns about
the composition, stability, or purity of the administered
chemical, or the specific methods of administration. For
inhalation studies, chemical concentrations in the exposure
chambers are verified using reliable analytical methods.

Adequate: Some uncertainties in the chemical
administration and characterization are identified but these
are expected to have minimal impact on interpretation of
the results (e.g., source and vendor-reported purity are
presented, but not independently verified; purity of the test
article is suboptimal but not concerning; For inhalation
studies, actual exposure concentrations are missing or
verified with less reliable methods).
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Evaluation
concern Domain—core question Prompting questions General considerations
< | Chemical administration and - s N
L) o e Deficient: Uncertainties in the exposure characterization
3 |characterization . i s
g ) are identified and expected to substantially impact the
5 (continued) results (e.g., source of the test article is not reported; levels
3 ~°; of impurities are substantial or concerning; deficient
E ‘§ administration methods, such as use of static inhalation
‘S‘ Ig chambers or a gavage volume considered too large for the
K2 § species and/or life stage at exposure).
>
= (2] .y . . o . . .
S s e  Critically deficient: Uncertainties in the exposure
§ E characterization are identified, and there is reasonable
g £ certainty that the results are largely attributable to factors
g other than exposure to the chemical of interest
4 (e.g., identified impurities are expected to be a primary
u% driver of the results).
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Evaluation
concern Domain—core question Prompting questions General considerations
Exposure timing, frequency, For each endpoint/outcome or grouping | Considerations for this domain are highly variable depending on the
and duration of endpoints/outcomes in a study: endpoint(s)/outcome(s) of interest and must be refined by
Was the timing, frequency, e Does the exposure period assessment teams.
and duration of exposure include the critical window of
:§ sensitiye for the sensitivity? A judgment and rationale for this domain should be given for each
2 endpoint(s)/outcome(s) of ) endpoint/outcome or group of endpoints/outcomes investigated in
‘= |interest? e  Was the duration and frequency the studv.
— § of exposure sensitive for y
g - detecting the endpoint of e Good: The duration and frequency of the exposure is
c j§ interest? sensitive, and the exposure included the critical window of
s ‘é sensitivity (if known).
E § e Adequate: The duration and frequency of the exposure is
S E sensitive, and the exposure covered most of the critical
g “‘é window of sensitivity (if known).
@ o e Deficient: The duration and/or frequency of the exposure is
§ not sensitive and did not include the majority of the critical
3 window of sensitivity (if known). These limitations are
w expected to bias the results towards the null.
e  Critically deficient: The exposure design is not sensitive and
is expected to strongly bias the results towards the null. The
rationale should indicate the specific concern(s).
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Evaluation
concern Domain—core question Prompting questions General considerations
Endpoint sensitivity and For each endpoint/outcome or grouping | Considerations for this domain are highly variable depending on the
specificity of endpoints/outcomes in a study: endpoint(s)/outcome(s) of interest and must be refined by
. assessment teams.
Are the prpcedures sensitive e Are there concerns regarding
and sp.eC|f|c for evaluating the the sensitivity, specificity, and/or
gndpomt(s)/outcome(s) of validity of the protocols? A judgment and rationale for this domain should be given for each
interest? . endpoint/outcome or group of endpoints/outcomes investigated in
> e Are there serious concerns
= - ; the study.
= regarding the sample size? ) )
% Note: Examples of potential concerns include:
P ) ) e Are there concerns regarding ) ) . -
T 3 e Sample size alone is the timing of the endpoint e Selection qf prot'ocols that are insensitive or nonspecific for
2 o not a reason to assessment? the endpoint of interest.
2| - conclude an . . .
o S s . e Evaluations did not include all treatment groups (e.g., only
< b4 individual study is control and high dose)
z g critically deficient. & '
2 a . . e Unreliable methods were used to assess the outcome.
a o e Considerations
c
K] E related to e Assessment of endpoints at inappropriate or insensitive
g adjustments/ ages, or without addressing known endpoint variation
g corrections to (e.g., due to circadian rhythms, estrous cyclicity, etc.).
o endpoint b q ic tivity of th q
measurements . hecr§a§e s?eudluty or ser5|tly|ty of the respodnsg hue to
(e.8., organ weight the timing of endpoint eya uation, as comr_)alfe wit
exposure (e.g., short-acting depressant or irritant effects of
corrected for body hemicals: | itivity d : 4 iod of
weight) are addressed chemicals; mssnfsmwty .ue to prolonged period o
under results nonexposure before testing).
presentation.
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Evaluation
concern

Domain—core question

Prompting questions

General considerations

Sensitivity (continued)
Outcome measures and results display (continued)

Results presentation

Are the results presented in a
way that makes the data
usable and transparent?

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?

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.

Examples of potential concerns include:

Nonpreferred presentation (e.g., developmental toxicity
data averaged across pups in a treatment group, when litter
responses are more appropriate; presentation of absolute
organ-weight data when relative weights are more
appropriate).

Failing to present quantitative results either in tables or
figures.

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).
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Evaluation
concern

Domain—core question

Prompting questions

General considerations

Overall confidence

Overall confidence

Considering the identified
strengths and limitations, what
is the overall confidence rating
for the
endpoint(s)/outcome(s) of
interest?

Note:

Reviewers should mark studies
that are rated lower than high
confidence due only to low
sensitivity (i.e., bias towards
the null) for additional
consideration during evidence
synthesis. If the study is
otherwise well conducted and
an effect is observed, the
confidence may be increased.

For each endpoint/outcome or grouping
of endpoints/outcomes in a study:

Are concerns (i.e., limitations or
uncertainties) related to the
reporting quality, risk of bias, or
sensitivity identified?

If yes, what is their expected
impact on the overall
interpretation of the reliability
and validity of the study results,
including (when possible)
interpretations of impacts on
the magnitude or direction of
the reported effects?

The overall confidence rating considers the likely impact of the
noted concerns (i.e., limitations or uncertainties in reporting or bias
and sensitivity) on the results.

A confidence rating and rationale should be given for each
endpoint/outcome or group of endpoints/outcomes investigated in
the study. Confidence ratings are described above (see Section 6.1).

OECD = Organisation for Economic Co-operation and Development.
aSeveral studies have characterized the relevance of randomization, allocation concealment, and blind outcome assessment in experimental studies (Hirst et
al., 2014; Krauth et al., 2013; Macleod, 2013; Higgins and Green, 2011).

bFor nontargeted or screening-level histopathology outcomes often used in guideline studies, blinding during the initial evaluation of tissues is generally not
recommended because masked evaluation can make “the task of separating treatment-related changes from normal variation more difficult” and “there is
concern that masked review during the initial evaluation may result in missing subtle lesions.” Generally, blinded evaluations are recommended for targeted
secondary review of specific tissues or in instances when there is a predefined set of outcomes that is known or predicted to occur (Crissman et al., 2004).
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6.4. PHYSIOLOGICALLY BASED PHARMACOKINETIC (PBPK) MODEL
DESCRIPTIVE SUMMARY AND EVALUATION

PBPK (or classical pharmacokinetic [PK]) models should be used in an assessment when an
applicable one exists and no equal or better alternative for dosimetric extrapolation is available.
Any models used should represent current scientific knowledge and accurately translate the
science into computational code in a reproducible, transparent manner. For a specific target
organ/tissue, it may be possible to employ or adapt an existing PBPK model or develop a new PBPK
model or an alternate quantitative approach. Data for PBPK models may come from studies across
various species and may be in vitro or in vivo in design. Because Cr(VI) can be reduced to Cr(III)

extracellularly by biological fluids (e.g., gastric juices) of humans and rodents (De Flora et al., 1997),

ex vivo studies and models are also available. The relationship between ex vivo and whole-body

pharmacokinetic models of Cr(VI) for the oral route of exposure is presented below in Figure 3.

Whole-body model

| S

S <

Ex vivo
reduction <— <

del
model o I

Stomach Duodenum Jejunum  Illeum

cr(VI)—|~——>}__ > NN

Gastrointestinal tract model

Figure 3. Relationship between ex vivo reduction models, in vivo gastric
models, and whole-body physiologically based pharmacokinetic (PBPK)
models.

In the trivalent state, chromium is poorly absorbed by cells and has not been shown to

induce the same effects as Cr(VI) (Collins et al., 2010). Thus, extracellular reduction is a pathway

for detoxification because it decreases the systemic uptake and distribution of Cr(VI) and the
exposure of epithelial cells to Cr(VI). Following oral ingestion, most extracellular reduction and

detoxification will occur in the stomach prior to systemic absorption due to the acidity of gastric
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juice, and the length of time ingested water and food are stored in the stomach. However the thin

layer of respiratory tract lining fluid is less acidic and less effective at reducing Cr(VI) (Krawic et al.

2017; Ng et al., 2004). Deposition in the lung is not uniform, and particulates may locally

accumulate at high quantities in susceptible areas such as airway bifurcation sites (Balashazy et al.,

2003). This is supported by studies showing high chromium deposition at these sites in the lungs
of chromate workers, and a correlation between lung chromium burden and lung cancer (Kondo et
al., 2003; Ishikawa et al., 19944, b). Inhaled Cr(VI) will not evenly mix with all the available

extracellular components of the lung that are capable of reducing Cr(VI) to Cr(III). Thus,

extracellular components capable of Cr(VI) reduction may be overwhelmed in local regions of the

respiratory tract where high deposition occurs (Krawic et al., 2017), regardless of the total reducing

capacity of components in the lung.

Because extracellular gastric reduction kinetics are expected to significantly impact
dosimetry, the scope of the PBPK model evaluations for this assessment will be limited to models
accounting for Cr(VI) reduction in the stomach compartment and interspecies differences in gastric
pH and physiology (mice, rats, and humans). For the inhalation route of exposure, the regional
deposited dose ratio (RDDR) for the respiratory tract region of interest, estimated by airway

particle deposition modeling, will be used to account for species differences (U.S. EPA, 1994).

Route-to-route extrapolation will not be considered.

Inhalation pharmacokinetics and target internal doses to the lung and systemic organs will
also vary depending on the solubility of the Cr(VI) compound being inhaled. Both soluble and
insoluble forms of Cr(VI) are believed to be absorbed into lung tissue (OSHA, 2006). However, the

accumulation rates in the lung, and the extent of systemic absorption will differ. Soluble Cr(VI) may

be rapidly absorbed by cells, leading to high localized Cr(VI) concentrations in the lung tissue.
Because the soluble Cr(VI) would be rapidly absorbed and cleared, the high localized Cr(VI) lung
concentrations may be temporary (O'Flaherty and Radike, 1991). Cr(VI) absorbed by the lungs is

rapidly transported to the bloodstream and may expose other systemic tissues (OSHA, 2006).

Insoluble Cr(VI) may persist in the lung for longer periods of time, and come into close contact with
the bronchoalveolar epithelial cell surface (OSHA, 2006). Insoluble Cr(VI) that is not absorbed into

the lung may be transported to the stomach by mucociliary clearance (O'Flaherty and Radike,

1991). As aresult, inhaled insoluble Cr(VI) may not expose other systemic tissues as readily as
soluble Cr(VI), since most Cr(VI) swallowed by mucociliary clearance would be reduced in the
stomach. It is expected that most PECO-relevant Cr(VI) compounds will be highly soluble forms
since the insoluble compounds zinc and lead chromate were not considered PECO-relevant, and
there are only a few calcium chromate studies. As a result, pharmacokinetic adjustments for

solubility will not be necessary.
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6.4.1. Pharmacokinetic (PK)/Physiologically Based Pharmacokinetic (PBPK) Model
Descriptive Summary

PBPK models were identified from the literature search, screening, and survey processes
(see Table 14). The two models listed in the bottom two rows of Table 14 [referenced by Schlosser
and Sasso (2014), Sasso and Schlosser (2015), Kirman et al. (2017; 2016) ] will be evaluated for

this assessment because they are the only models incorporating the effects of gastric pH and

physiology on Cr(VI) pharmacokinetics of mice, rats, and humans.

Parameters and codes from the earlier models may still undergo limited evaluations due to
the shared lineage in derivation. Scientific or technical errors in earlier models may propagate to
the later versions. For example, Kirman et al. (2017; 2016) supersedes Kirman et al. (2013; 2012),
and both sets of models use many of the same data sets, codes, and parameters as the O’Flaherty
models. The Sasso and Schlosser (2015) model uses codes and parameters from the Kirman et al.
(2013; 2012) model. PBPK parameters that originated from the O’Flaherty models may need to be
evaluated if they are used in the later Kirman et al. (2017; 2016) and Sasso and Schlosser (2015)

models.
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Table 14. Physiologically based pharmacokinetic models for Cr(VI)

Reference Species Notes
O'Flaherty (1996) Rat Compartments include kidney, liver, bone, Gl tract, two lung pools (for
O'Flaherty (1993) inhalation only), plasma, red blood cells, and lumped compartments for

remaining tissues (rapidly and slowly perfused). A single lumped
compartment represents the Gl tract, and reduction kinetics do not include
pH-reduction relationships. This model is not readily extendable to the

O'Flaherty et al. (2001)
O'Flaherty and Radike

1991 mouse.
O'Flaherty et al. (2001) |Human Calibrated to data from exposure via intravenous injection, gavage,

inhalation (intratracheal), and drinking water (all data are from studies
dated 1985 and earlier). Background Cr(lll) exposure is simulated in the
model and contributes to predicted total chromium concentrations.

Kirman et al. (2012) Rat, Compartments include kidney, liver, bone, Gl tract, plasma, red blood cells,
mouse and a lumped compartment for remaining tissues. A multicompartment
model represents the Gl tract (oral cavity, stomach, duodenum, jejunum,
ileum, large intestine), with reduction kinetics based on the model by
Proctor et al. (2012).

Kirman et al. (2013) Human Incorporates pharmacokinetic data from experiments designed by the
study authors and data from other studies. Only data for drinking water
and dietary routes of exposure are incorporated. Total concentrations in
control groups are subtracted from exposure groups to account for
background Cr(lll) exposure.

Schlosser and Sasso Rat, Simulates Cr(VI) reduction kinetics and transit in the stomach.

2014); Sasso and mouse, Incorporates pharmacokinetic model of the stomach lumen by Kirman et al.

Schlosser (2015 human (2013; 2012), but with a revised model for Cr(VI) reduction based on

reanalysis of ex vivo data to improve model/data fit.

Kirman et al. (2017; Rat, Same structure as Kirman et al. (2013; 2012), but incorporates a revised

2016) mouse, model for Cr(VI) reduction based on additional human gastric juice data.
human This model supersedes earlier models by the same investigators.

ICRP (Hiller and Leggett, | Human Biokinetic model assuming linear 1st-order transfer rates among different

2020) systemic tissues. Compartments include respiratory tract, stomach, small

intestine, red blood cells, plasma, liver, kidneys, other/soft tissue,
trabecular bone, cortical bone, right colon, left colon, rectosigmoid colon,
urinary bladder, urine, feces. Reduction of Cr(VI) to Cr(lll) not explicitly
modeled (assumed as a linear transfer between different special plasma
compartments).

6.4.2. Pharmacokinetic (PK)/Physiologically Based Pharmacokinetic (PBPK) Model
Evaluation

1 EPA will undertake model evaluation in accordance with criteria outlined by U.S. EPA
2  (2018b). Judgments on the suitability of a model are separated into two categories: scientific and

3 technical (see Table 15). The scientific criteria focus on whether the biology, chemistry, and other
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information available for chemical modes of action (MOAs) are justified (i.e., preferably with
citations to support use) and represented by the model structure and equations. The scientific
criteria are judged based on information presented in the publication or report that describes the
model and does not require evaluation of the computer code. Preliminary technical criteria include
availability of the computer code and completeness of parameter listing and documentation.
Studies that meet the preliminary scientific and technical criteria are then subjected to an in-depth
technical evaluation, which includes a thorough review and testing of the computational code. The
in-depth technical and scientific analyses focus on the accurate implementation of the conceptual
model in the computational code, use of scientifically supported and biologically consistent
parameters in the model, and reproducibility of model results reported in journal publications and
other documents. This approach stresses (1) clarity in the documentation of model purpose,
structure, and biological characterization; (2) validation of mathematical descriptions, parameter
values, and computer implementation; and (3) evaluation of each plausible dose metric. The
in-depth analysis is used to evaluate the potential value and cost of developing a new model or
substantially revising an existing one. Further details of the initial and in-depth evaluation criteria
can be found in the Umbrella Quality Assurance Project Plan (QAPP) for PBPK Models (U.S. EPA
2018b).
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Table 15. Criteria for evaluating physiologically based pharmacokinetic
(PBPK) models

Category Specific criteria
Scientific Biological basis for the model is accurate.

e Consistent with mechanisms that significantly impact dosimetry.

e Predicts dose metric(s) expected to be relevant.

e Applicable for relevant route(s) of exposure.

Consideration of model fidelity to the biological system strengthens the scientific basis of the
assessment relative to standard exposure-based extrapolation (default) approaches.

e Ability of model to describe critical behavior, such as nonlinear kinetics in a relevant dose
range, better than the default (i.e., BW¥* scaling).

e Model parameterization for critical life stages or windows of susceptibility. Evaluation of these
criteria should also consider the model’s fidelity vs. default approaches and possible use of an
intraspecies uncertainty factor in conjunction with the model to account for variations in
sensitivity between life stages.

e Predictive power of model-based dose metric vs. default approach, based on exposure.

o Specifically, model-based metrics may correlate better than the applied doses with
animal/human dose-response data.

o The degree of certainty in model predictions vs. default is also a factor. For example, while
target tissue metrics are generally considered better than blood concentration metrics, lack
of data to validate tissue predictions when blood data are available may lead to choosing
the latter.

Principle of parsimony

e Model complexity or biological scale, including number and parameterization of
(sub)compartments (e.g., tissue or subcellular levels) should be commensurate with data
available to identify parameters.

Model describes existing PK data reasonably well, both in “shape” (matches curvature, inflection
points, peak concentration time, etc.) and quantitatively (e.g., within factor of 2-3).
Model equations are consistent with biochemical understanding and biological plausibility.
Initial Well-documented model code is readily available to EPA and the public.
technical

Set of published parameters is clearly identified, including origin/derivation.

Parameters do not vary unpredictably with dose (e.g., any dose dependence in absorption constants
is predictable across the dose ranges relevant for animal and human modeling).

Sensitivity and uncertainty analyses have been conducted for relevant exposure levels (local
sensitivity analysis is sufficient, but global analysis provides more information).

e If a sensitivity analysis was not conducted, EPA may decide to independently conduct this
additional work before using the model in the assessment.

e A sound explanation should be provided when sensitivity of the dose metric to model
parameters differs from what is reasonably expected based on experience.

BW?3 = body weight raised to the % power.
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6.5. MECHANISTIC STUDY EVALUATION

Sections 9 and 10 outline an approach for considering information from mechanistic studies
(including in vitro, in vivo, ex vivo, and in silico studies) where the specific analytical approach is
targeted to the assessment needs depending on the extent and nature of the human and animal
evidence. In this way, the mechanistic synthesis might range from a high-level summary of
potential mechanisms of action to specific, focused questions needed to fill data gaps identified
from the human and animal syntheses and integration (e.g., shape of the dose-response curve,
applicability of the animal evidence to humans, identifying susceptible populations). Individual
study-level evaluation of mechanistic endpoints will typically be pursued only when the
interpretation of studies is likely to significantly affect hazard conclusions or assumptions about
dose-response analysis, and the issues that need resolution have not been sufficiently addressed in
previous assessments or reviews published in peer-reviewed journals. Toxicogenomic studies will
be evaluated using the criteria identified in the refined evaluation plan (see Section 5). If other
mechanistic endpoints require study-level evaluation using endpoint-specific criteria that have not
been predefined, these criteria will be described in the updated protocol released with the draft
assessment.

Assessing potential bias in in vitro studies is an active area of method development in the
field of systematic review. Historically, most tools used to assess these studies have focused on
reporting quality; tools to assess risk of bias (internal validity) of mechanistic evidence are not well
established (NASEM, 2018; NTP, 2015), although current trends are to expand the assessment to
include methodological quality with consideration of potential bias (U.S. EPA, 2015). One of the

more recently developed tools that has undergone user testing and refinement is the Science in Risk
Assessment and Policy (SciRAP) approach for the evaluation of reliability for in vitro studies
(Beronius et al., 2018; Molander et al., 2015; Beronius et al,, 2014; Agerstrand et al.,, 2011; U.S. EPA,
2002). The IRIS Program is in the pilot phase of testing approaches for arriving at study level

judgments for in vitro studies. Currently, two methods for evaluating in vitro mechanistic studies
are being considered for use in RIS assessments: (1) a tool used for conducting assessments under
the Toxic Substances Control Act (TSCA), which uses a numerical scoring approach to rate studies
(U.S. EPA, 2018a) and (2) the SciRAP tool (Beronius et al., 2018), which separately presents domain

judgments for reporting quality, methodological quality, and relevance. A comparison of study level

judgments based on use of both tools should assist in refining an approach for routine use in IRIS

assessments. The IRIS Program is aware of other tools being developed (NASEM, 2018) and will

monitor developments through its engagements with the systematic review community. The
tool(s) and/or criteria used for testing specific questions that arise during the evaluation of
mechanistic events in the chromium assessment will be described in the updated protocol released

with the draft assessment.
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7.0RGANIZING THE HAZARD REVIEW

The organization and scope of the hazard evaluation is determined by the available
evidence for the chemical regarding routes of exposure, metabolism and distribution, outcomes
evaluated, and number of studies pertaining to each outcome, as well as the results of the
evaluation of sources of bias and sensitivity. The hazard evaluations will be organized around
organ systems (e.g., respiratory, hepatic system) informed by one or multiple related outcomes, and
a decision will be made as to what level (e.g., organ system or subsets of outcomes within an organ
system) to organize the synthesis.

Table 16 lists some questions that may be asked of the evidence to assist with this decision.
These questions extend from considerations and decisions made during development of the refined
evaluation plan to include review of the concerns raised during individual study evaluations, as well
as the direction and magnitude of the study-specific results. Resolution of these questions will then
inform critical decisions about the organization of the hazard evaluation and what studies may be

useful in dose-response analyses.
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Table 16. Querying the evidence to organize syntheses for human and animal

evidence
Evidence Questions Follow-up questions
ADME Are absorption, distribution, metabolism, or excretion Will separate analyses be needed by route
different by route of exposures studied, life stage when | of exposure, or by methods of dosing
exposure occurred, or dosing regimens used? within a route of exposure (e.g., are large
differences expected between gavage and
dietary exposures)?
Which life stages and what dosing
regimens are more relevant to human
exposure scenarios?
Is there toxicity information for metabolites that also What exposures will be included in the
should be evaluated for hazard? evaluation?
Is the parent chemical or metabolite also produced
endogenously?
Outcomes | What outcomes are reported in studies? Are the data At what level (hazard, grouped outcomes,

reported in a comparable manner across studies (similar
output metrics at similar levels of specificity, such as
adenomas and carcinomas quantified separately)?

Are there inter-related outcomes? If so, consider
whether some outcomes are more useful and/or of
greater concern than others.

Does the evidence indicate greater sensitivity to effects
(at lower exposure levels or severity) in certain
subgroups (by age, sex, ethnicity, life stage)? Should the
hazard evaluation include a subgroup analysis?

Does incidence or severity of an outcome increase with
duration of exposure or a particular window of
exposure? What exposure time frames are relevant to
development or progression of the outcome?

Is there mechanistic evidence that informs any of the
outcomes and how might they be grouped together?

or individual outcomes) will the synthesis
be conducted?

What commonalities will the outcomes be
grouped by:

e health effect,
e exposure levels,

e functional or population-level
consequences (e.g., endpoints all
ultimately leading to decreased
fertility or impaired cognitive
function), or

e involvement of related biological
pathways?

How well do the assessed human and
animal outcomes relate within a level of
grouping?

How robust is the evidence for specific outcomes?

e What outcomes are reported by both human and
animal studies and by one or the other? Were
different animal species and sexes (or other
important population-level differences) tested?

e In general, what are the study confidence
conclusions of the studies (high, medium, low,
uninformative) for the different outcomes? Is there
enough evidence from high- and
medium-confidence studies for particular outcomes
to draw conclusions about causality?

What outcomes should be highlighted?
Should the others be synthesized at all?

Would comparisons by specific limitations
be informative?
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Evidence Questions Follow-up questions
Dose- Did some outcomes include better coverage of exposure | What outcomes and study characteristics
response |ranges that may be most relevant to human exposure are informative for development of

than others?

Does the study have multiple dose levels for which you
can evaluate dose-response gradient? Are there
outcomes with study results of sufficient similarity
(e.g., an established linkage in a biological pathway) to
allow examination or calculation of common measures
of effect across studies? Do the mechanistic data
identify surrogate or precursor outcomes that are
sufficient for dose-response analysis?

Are there subgroups that exhibit responses at lower
exposure levels than others?

toxicity values?

Are there findings from ADME studies that could inform
data-derived extrapolation factors, or link toxicity
observed via different routes of exposure, or link effects
between humans and experimental animals?

Is there a common internal dose metric
that can be used to compare species or
routes of exposure?
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8.DATA EXTRACTION OF STUDY METHODS AND
RESULTS

Data extraction and content management will be carried out using HAWC. Data extraction
elements that may be collected from epidemiological and animal toxicological studies are listed in
Appendix B. The content of the data extraction may be revised following the identification of the
studies included in the review as part of a pilot phase to assess the data extraction workflow. Not
all studies that meet the PECO criteria go through data extraction. Studies evaluated as being
uninformative are not considered further and, therefore, do not undergo data extraction. In
addition, outcomes that are determined to be less relevant during PECO refinement may not go
through data extraction or may have only minimal data extraction. The same may be true for
low-confidence studies if sufficient medium- and high-confidence studies are available. All findings
are considered for extraction, regardless of statistical significance, although the level of extraction
for specific outcomes within a study may differ (i.e., ranging from a narrative to full extraction of
dose-response effect size information). Similarly, decisions about data extraction for
low-confidence studies are typically made during implementation of the protocol based on
consideration of the quality and extent of the available evidence.

The data extraction results for included studies will be presented in the assessment and
made available for download from EPA HAWC in Excel format when the draft is publicly released.4
Data extraction will be performed by one member of the evaluation team and checked by one or
two other members. Discrepancies in data extraction will be resolved by discussion or consultation
with a third member of the evaluation team. Once the data have been verified, they will be “locked”
to prevent accidental changes. Digital rulers, such as WebPlotDigitizer

(https://automeris.io/WebPlotDigitizer/), are used to extract numerical information from figures.

Use of digital rulers is documented during extraction.

As previously described, routine attempts will be made to obtain information missing from
human and animal health effect studies, if it is considered influential during study evaluations (see
Section 6) or when it can provide information required to conduct a meta-analysis (e.g., missing
group size or variance descriptors such as standard deviation or confidence interval). Missing data
from individual mechanistic (e.g., in vitro) studies will generally not be sought. Outreach to study
authors will be documented and considered unsuccessful if researchers do not respond to email or

phone requests after one or two attempts to contact.

14The following browsers are fully supported for accessing HAWC: Google Chrome (preferred), Mozilla
Firefox, and Apple Safari. There are errors in functionality when viewed with Internet Explorer.
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For animal data already extracted to evidence tables released in 2014 (U.S. EPA, 2014b) and

contained in Microsoft Word, data extraction procedures were followed according to data type.

e Dichotomous data: Following the 2014 public meetings, these data were revised to correct
errors identified by public commenters, EPA staff, and contractors. Additional dichotomous
data sets were extracted during this revision process. The revised dichotomous data tables
will be imported into HAWC from Microsoft Word.

e Continuous data: Because the evidence tables released in 2014 expressed continuous data
only as a percent control response, the values in those tables do not contain enough
information for quality revisions or HAWC importation. As a result, the raw data (means
and standard deviations or standard errors) will be re-extracted from the publications and
entered into HAWC. For chronic studies that collected data at multiple sampling times (e.g.,
4 days, 22 days, 3 months, 6 months, or 12 months), data extraction will be performed for
the chronic sampling time only. On a case-by-case basis, data extraction at earlier sampling
times will be performed (e.g, to illustrate the dynamic behavior of some endpoints).

e Qualitative results: Results that were only presented qualitatively by the study authors
and extracted for the evidence tables released in 2014 were imported into appropriate
HAWC text fields.

e Uninformative and low-confidence studies: Data and results from studies determined to
be uninformative or low confidence by study evaluation (further described in Section 6) will
generally not be imported into HAWC. HAWC entries for these studies may be limited to
basic information about the references. Additional study information or data may be
available in HAWC for these studies on a case-by-case basis (e.g., if HAWC data extraction
occurred before final study evaluation).

For human data already extracted to evidence tables released in 2014 (U.S. EPA, 2014c) and

contained in Microsoft Word, data extraction procedures will depend on the quality of the study

and the study design. In general, study summary information will be imported into appropriate
HAWC text fields for all studies that are evaluated in HAWC. If sufficient medium- and
high-confidence studies are not available following study evaluation, data from low-confidence
studies will be extracted. Studies will undergo a more thorough data extraction than was

performed in 2014 (see Appendix B).

8.1. STANDARDIZING REPORTING OF EFFECT SIZES

In addition to providing quantitative outcomes in their original units for all study groups,
results from outcome measures will be transformed, when possible, to a common metric to help
compare distinct but related outcomes that are measured with different scales. These standardized
effect size estimates facilitate systematic evaluation and evidence integration for hazard
identification, whether or not meta-analysis is feasible for an assessment (see Section 9.1). Many

such data transformations can be performed automatically in HAWC. The following summary of
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effect size metrics by data type outlines issues in selecting the most appropriate common metric for

a collection of related endpoints (Vesterinen et al., 2014).

Common metrics for continuous outcomes include:

o Absolute difference in means. This metric is the difference between the means in the control
and treatment groups, expressed in the units in which the outcome is measured. When the
outcome measure and its scale are the same across all studies, this approach is the simplest
to implement.

e Percent control response (or normalized mean difference [NMD]). Percent control group
calculations are based on means. Standard deviation (or standard error) values presented
in the studies for these normalized effect sizes can also be estimated if sufficient
information has been provided. Note that some outcomes reported as percentages, such as
mean percentage of affected offspring per litter, can lead to distorted effect sizes when
further characterized as a percentage change from control. Such measures are better
expressed as absolute difference in means or are preferably transformed to incidences
using approaches for event or incidence data (see below).

e Standardized mean difference. The NMD approach above is relevant to ratio scales, but
sometimes it is not possible to infer what a “normal” animal would score, such as when data
for animals without lesions are not available. In these circumstances, standardized mean
differences can be used. The difference in group means is divided by a measure of the
pooled variance to convert all outcome measures to a standardized scale with units of
standard deviations. This approach can also be applied to data for which different
measurement scales are reported for the same outcome measure (e.g., different measures of
lesion size such as infarct volume and infarct area).

Common metrics for event or incidence data include:

e Percent change from control. This metric is analogous to the NMD approach described for
continuous data above.

e For binary outcomes such as the number of individuals that developed a disease or died, and
with only one treatment evaluated, data can be represented in a 2 x 2 table. Note that when
the value in any cell is zero, 0.5 is added to each cell to avoid problems with the
computation of the standard error. For each comparison, the odds ratio (OR) and its
standard error can be calculated. ORs are normally combined on a logarithmic scale.

An additional approach for epidemiology studies is to extract adjusted statistical estimates
when possible rather than unadjusted or raw estimates.

It is important to consider the variability associated with effect size estimates, with stronger
studies generally showing more precise estimates. Effect size estimation can be affected, however,
by such factors as variances that differ substantially across treatment groups, or by lack of
information to characterize variance, especially for animal studies in biomedical research
(Vesterinen et al., 2014).
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8.2. STANDARDIZING ADMINISTERED DOSE LEVELS/CONCENTRATIONS

Exposures will be standardized to common units. Exposure levels in oral studies will be
expressed in units of mg Cr(VI)/kg-day. When study authors provide exposure levels in
concentrations in the diet or drinking water, dose conversions will be made using study-specific
food or water consumption rates and body weights if available. When possible, time-weighted
average daily doses will be calculated from the start of the bioassay through the time of data
collection. Otherwise, EPA defaults will be used (U.S. EPA, 1988), addressing age and study

duration as relevant for the species/strain and sex of the animal of interest. Exposure levels in

inhalation studies will be expressed in units of mg/m3. Assumptions used in performing dose
conversions will be documented.

Exposure levels will be converted to Cr(VI) equivalents depending on the chemical
compound. For example, doses of test material administered as sodium dichromate dihydrate
(Cr2H4Naz09) were expressed as Cr(VI) using a molecular weight conversion of approximately
0.3490 g Cr(VI) per g CrzHaNaz0o.
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9.SYNTHESIS WITHIN LINES OF EVIDENCE

The evidence synthesis provides the foundation for evidence integration, which is a distinct,
but related, process described in Section 10. The syntheses of separate lines of evidence (i.e.,
human, animal, and mechanistic evidence) described in this section will directly inform the
integration across the lines of evidence to draw overall conclusions for each of the assessed human
health effects (described in Section 10). The phrase “evidence integration” used here is analogous
to the phrase “weight of evidence” used in some other assessment processes (EFSA, 2017; U.S. EPA,
2017; NRC, 2014; U.S. EPA, 2005a).

For each potential health hazard or smaller subset of related outcomes, EPA separately

synthesizes the available phenotypic human and animal evidence pertaining to that potential health
effect. Mechanistic evidence is also considered in targeted analyses conducted before, during, and
after developing syntheses of the phenotypic human and animal evidence. The results of the
mechanistic analyses are used to inform key uncertainties, depending on the extent and nature of
the human and animal evidence (see Sections 9.2 and 10). Thus, apart from the predefined
mechanistic analyses, the human and animal evidence syntheses (or the lack of phenotypic data in
humans and animals) help determine the approach to be taken in synthesizing the available
mechanistic evidence. In this way, the mechanistic synthesis might range from a high-level
summary (or detailed analysis) of potential mechanisms of action to specific, focused questions
needed to address key uncertainties unaddressed by the phenotypic human and animal evidence
(e.g., shape of the dose-response curve at low doses, applicability of the animal evidence to humans,
addressing susceptible populations).

Each synthesis provides a summary discussion of the available evidence that addresses
considerations regarding causation. These considerations are adapted from considerations for

causality introduced by Austin Bradford Hill (Hill, 1965): consistency, exposure-response

relationship, strength of the association, temporal relationship, biological plausibility, coherence,
and “natural experiments” in humans [(U.S. EPA, 2005a, 1994); see Table 17]. Importantly, the

evidence synthesis process explicitly considers and incorporates the conclusions from the

individual study evaluations (see Section 6).
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Data permitting, the syntheses will also discuss analyses relating to potential susceptible
populations!s. These analyses will be based on knowledge about the health outcome or organ
system affected, demographics, genetic variability, life stage, health status, behaviors or practices,
social determinants, and exposure to other pollutants (see Table 18). This information will be used
to describe potential susceptibility among specific populations or subgroups in a separate section
(see Section 10.3) summarizing across lines of evidence and hazards to inform hazard identification

and dose-response analyses.

15Various terms have been used to characterize populations that may be at increased risk of developing
health effects from exposure to environmental chemicals, including “susceptible,” “vulnerable,” and
“sensitive.” Further, these terms have been inconsistently defined across the scientific literature. The term
susceptibility is used in this protocol to describe populations at increased risk, focusing on biological
(intrinsic) factors, as well as social and behavioral determinants that can modify the effect of a specific
exposure. However, certain factors resulting in higher exposures to specific groups (e.g., proximity,
occupation, housing) may not be analyzed to describe potential susceptibility among specific populations or
subgroups.

This document is a draft for review purposes only and does not constitute Agency policy.

87 DRAFT—DO NOT CITE OR QUOTE



Systematic Review Protocol for the Hexavalent Chromium IRIS Assessment

Table 17. Information most relevant to describing primary considerations
informing causality during evidence syntheses

Consideration Description of the consideration and its application in IRIS syntheses
Study confidence Description: Incorporates decisions about study confidence within each of the

considerations.

Application: In evaluating the evidence for each of the causality considerations
described in the following rows, syntheses consider study confidence decisions.
High-confidence studies carry the most weight. Syntheses consider specific limitations
and strengths of studies and how they inform each consideration.

Consistency Description: Examines the similarity of results (e.g., direction; magnitude) across
studies.

Application: Syntheses evaluate the homogeneity of findings on a given outcome or
endpoint across studies. When inconsistencies exist, the syntheses consider whether
results were “conflicting” (i.e., unexplained positive and negative results in similarly
exposed human populations or in similar animal models) or “differing” (i.e., mixed
results explained by differences between human populations, animal models, exposure
conditions, or study methods) (U.S. EPA, 2005a) based on analyses of potentially
important explanatory factors such as:

e Confidence in the studies’ results, including study sensitivity (e.g., some study
results that appear to be inconsistent may be explained by potential biases or
other attributes that affect sensitivity).

e Exposure, including route (if applicable) and administration methods, levels,
duration, timing with respect to outcome development, and exposure
assessment methods (i.e., in epidemiology studies).

e Specificity and sensitivity of the endpoint for evaluating the health effect in
question (e.g., functional measures can be more sensitive than organ
weights).

e Populations or species, including consideration of potential susceptible groups
or differences across life stage at exposure or endpoint assessment.

e Pharmacokinetic information explaining observed differences in responses
across route of exposure, other aspects of exposure, species, or life stages.

The interpretation of consistency emphasizes biological significance, to the extent that
it is understood, over statistical significance (see additional discussion in Section 9).
Statistical significance from suitably applied tests (this may involve consultation with
an EPA statistician) adds weight when biological significance is not well understood.
Consistency in the direction of results increases confidence in that association even in
the absence of statistical significance. In some cases, it may be helpful to consider the
potential for publication bias and to provide context to interpretations of consistency.?
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Consideration

Description of the consideration and its application in IRIS syntheses

Strength (effect
magnitude) and
precision

Description: Examines the effect magnitude or relative risk, based on what is known
about the assessed endpoint(s) and considers the precision of the reported results
based on analyses of variability (e.g., confidence intervals; standard error). This may
include consideration of the rarity or severity of the outcomes.

Application: Syntheses analyze results both within and across studies and may consider
the utility of combined analyses (e.g., meta-analysis). While larger effect magnitudes
and precision (e.g., p < 0.05) help reduce concerns about chance, bias, or other factors
as explanatory, syntheses should also consider the biological or population-level
significance of small effect sizes.

Biological gradient/
dose-response

Description: Examines whether the results (e.g., response magnitude; incidence;
severity) change in a manner consistent with changes in exposure (e.g., level;
duration), including consideration of changes in response after cessation of exposure.

Application: Syntheses consider relationships both within and across studies,
acknowledging that the dose-response (e.g., shape) can vary depending on other
aspects of the experiment, including the biology underlying the outcome and the
pharmacokinetics of the chemical. Thus, when dose-response is lacking or unclear, a
synthesis also considers the potential influence of such factors on the response
pattern.

Coherence

Description: Examines the extent to which findings are cohesive across different
endpoints that are related to, or dependent on, one another (e.g., based on known
biology of the organ system or disease, or mechanistic understanding such as
pharmacokinetic/dynamic understanding of the chemical or related chemicals). In
some instances, additional analyses of mechanistic evidence from research on the
chemical under review or related chemicals that evaluate linkages between endpoints
or organ-specific effects may be needed to interpret the evidence. These analyses may
require additional literature search strategies.

Application: Syntheses consider potentially related findings, both within and across
studies, particularly when relationships are observed within a cohort or within a
narrowly defined category (e.g., occupation; strain or sex; life stage of exposure).
Syntheses emphasize evidence indicative of a progression of effects, such as temporal-
or dose-dependent increases in the severity of the type of endpoint observed. If an
expected coherence between findings is not observed, possible explanations should be
explored, including the biology of the effects as well as the sensitivity and specificity of
the measures used.
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Consideration Description of the consideration and its application in IRIS syntheses
Mechanistic evidence Description: There are multiple uses for mechanistic information (see Section 9.2), and
related to biological this consideration overlaps with “coherence.” It examines the biological support (or
plausibility lack thereof) for findings from the human and animal health effect studies and

becomes more consequential to the hazard conclusions when notable uncertainties in
the strength of those sets of studies exist. Mechanistic analyses can also improve
understanding of dose- or duration-related development of the health effect. In the
absence of human or animal evidence of apical health endpoints, the synthesis of
mechanistic information may drive evidence integration conclusions (when such
information is available).

Application: Syntheses can analyze evidence on precursors, biomarkers, or other
molecular or cellular changes related to the health effect(s) of interest to describe the
likelihood that the observed effects result from exposure. This analysis is based on
existing evidence and is not simply a postulation of a theoretical pathway. This analysis
may not be limited to evidence relevant to the PECO but may also include evaluations
of biological pathways (e.g., for the health effect; established for other, possibly
related, chemicals). The synthesis considers the sensitivity of the mechanistic changes
and the potential contribution of alternate or previously unidentified mechanisms of
toxicity.

Natural experiments Description: Specific to epidemiology studies and rarely available, natural experiments
examine effects in populations that have experienced well-described, pronounced
changes in chemical exposure (e.g., lead exposures before and after banning lead in
gasoline).

Application: Compared with other observational designs, natural experiments have the
benefit of dividing people into exposed and unexposed groups without them
influencing their own exposure status. During synthesis, associations in medium- and
high-confidence natural experiments can substantially reduce concerns about residual
confounding.

PECO = populations, exposures, comparators, and outcomes.

2Publication bias involves the influence of the direction, magnitude, or statistical significance of the results on the
likelihood of a paper being published; it can result from decisions made, consciously or unconsciously, by study
authors, journal reviewers, and journal editors (Dickersin, 1990). When evidence of publication bias is present
for a set of studies, less weight may be placed on the consistency of the findings for or against an effect during
evidence synthesis and integration.

Table 18. Individual and social factors that may increase susceptibility to
exposure-related health effects

Factor Examples
Demographic Gender, age, race/ethnicity, education, income, occupation, geography
Genetic variability Polymorphisms in genes regulating cell cycle, DNA repair, cell division, cell

signaling, cell structure, gene expression, apoptosis, and metabolism

Life stage In utero, childhood, puberty, pregnancy, women of childbearing age, old age
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Factor Examples

Health status Pre-existing conditions or disease such as psychosocial stress, body mass
index, frailty, nutritional status, chronic disease

Behaviors or practices Diet, mouthing, smoking, alcohol consumption, pica, subsistence, or
recreational hunting and fishing

Social determinants Income, socioeconomic status, neighborhood factors, health care access, and
social, economic, and political inequality

9.1. SYNTHESES OF HUMAN AND ANIMAL HEALTH EFFECTS EVIDENCE

The syntheses of the human and animal health effect evidence will focus on describing
aspects of the evidence that best inform causal interpretations, including the exposure context
examined in the sets of studies. These syntheses (or the lack of data within these lines of evidence)
help determine the approach to be taken in synthesizing the available mechanistic evidence (see
Section 9.2). In this way, the mechanistic synthesis might range from a high-level summary of
potential mechanisms of action to specific, focused questions needed to fill data gaps identified
from the human and animal syntheses and integration (e.g., shape of dose-response at low doses,
applicability of the animal evidence to humans, addressing susceptible populations).

Evidence synthesis will be based primarily on studies of high and medium confidence.
Low-confidence studies may be used, if few or no studies with higher confidence are available, to
help evaluate consistency, or if the study designs of the low-confidence studies address notable
uncertainties in the set of high- or medium-confidence studies on a given health effect. If
low-confidence studies are used, then a careful examination of risk of bias and sensitivity with
potential impacts on the evidence synthesis conclusions will be included in the narrative.

As previously described, these syntheses will articulate the strengths and the weaknesses of
the available evidence organized around the considerations described in Table 17, as well as issues
that stem from the evaluation of individual studies (e.g., concerns about bias or sensitivity). If
possible, results across studies will be compared using graphs and charts or other data
visualization strategies. The analysis will typically include an examination of results stratified by
any or all of the following: study confidence classification (or specific issues within confidence
evaluation domains), population or species, exposures (e.g., level, patterns [intermittent or
continuous], duration, intensity), sensitivity (e.g., low vs. high), and other factors that may have
been identified in the refined evaluation plan. The number of studies and the differences
encompassed by the studies will determine the extent to which specific types of factors can be
examined to stratify study results. Additionally, for both the human and animal evidence syntheses,
if supported by the available data, additional analyses across studies (such as meta-analysis) may

also be conducted.
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9.2. MECHANISTIC INFORMATION

Mechanistic information includes any experimental measurement related to a health
outcome that informs the biological or chemical events associated with phenotypic effects; these
measurements can improve understanding of the biological effects following exposure to a
chemical but are not generally considered by themselves adverse outcomes. Mechanistic data are
reported in a diverse array of observational and experimental studies across species, model
systems, and exposure paradigms, including in vitro, in vivo (by various routes of exposure),

ex vivo, and in silico studies. The evidence available to describe mechanistic events or MOAs (U.S.

EPA, 2005a) is typically aggregated from numerous studies, often involving a diverse range of
exposure paradigms and models, as well as a wide spectrum of diverse endpoints. In addition, a

chemical may operate through multiple mechanistic pathways (U.S. EPA, 2005a). Similarly,

multiple mechanistic pathways might interact to cause a single, adverse effect. In contrast to the
defined scope of the evaluation and syntheses of PECO-specific human or animal health effect
studies, the potential utility and interpretation of mechanistic information can be quite broad and
difficult to define. Thus, to be pragmatic and provide clear and transparent syntheses of the most
useful information, the mechanistic syntheses for most health outcomes will focus on a subset of
the most relevant mechanistic studies. It should be stressed, however, that the process of
evaluating mechanistic information differs fundamentally from evaluations of the other evidence
streams. More specifically, the mechanistic analysis for any specific substance will depend on
evaluating the confidence that the relevant data are consistent with a plausible biological
understanding of how a chemical exposure might generate an adverse outcome, rather than
focusing on evaluations of individual studies.

The synthesis of mechanistic information informs the integration of health effect evidence
for both hazard identification (i.e., biological plausibility or coherence of the available human or
animal evidence, inferences regarding human relevance, or the identification of susceptible
populations and life stages across the human and animal evidence) and dose-response evaluation.
Therefore, the synthesis of the mechanistic data will focus on the evidence most likely to be useful
for augmenting the human or animal health effect evidence. Based on the identified gaps in
understanding, the mechanistic synthesis may focus on providing information on precursor events,
a biological understanding of how effects develop or are related, the human relevance of animal
results, or identifying likely susceptible populations and life stages. This means that, for example, if
extensive high-confidence human or animal evidence is available, the need to synthesize all
available mechanistic evidence will be diminished. In these cases, the synthesis will focus on the
analysis and interpretation of smaller sets of mechanistic studies that specifically address
controversial issues to resolve, such as those related to applicability of animal evidence to humans
when the human evidence is weak or the shape of the dose-response at low exposure levels when

this understanding is highly uncertain and data informing this uncertainty exist.
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To identify the focused set(s) of studies for use in analyses of critical mechanistic questions,
the synthesis applies a phased approach that progressively focuses the scope of the mechanistic
information to be considered. This stepwise focusing, which began during the literature search and
screening steps based on problem formulation decisions, depends primarily on the potential hazard
signals that arise from the human and/or animal health effect studies, or from mechanistic studies
that signal potential hazards that have not been examined in health effect studies. Cr(VI)
mechanistic information will be collected and inventoried (i.e., capturing details relating to
exposure characteristics, model system, and assays tested to allow for sorting and retrieval to
address critical mechanistic questions) for all health outcomes meeting PECO criteria, including
cancer and effects on the GI, respiratory, reproductive, developmental, immune, and hematological
systems. Other mechanistic information (e.g., relevant to non-PECO health outcomes) will be
reviewed and sorted to facilitate later decisions, including identification of areas of research
unexamined in the available human or animal health effect studies.

For cancer, it is acknowledged that the issue of whether Cr(VI) causes cancer by the oral
route of exposure via a mutagenic mode of action is critical to address (see Section 2.3); therefore, a
specific and thorough analysis integrating the evidence for potential mechanisms of cancer relevant
to the oral route of exposure will be conducted. Given the focus of the lung cancer assessment on
dose-response analysis, the mechanistic information relevant to cancer via the inhalation route will
be investigated to identify and synthesize those studies that could influence the dose-response
assessment for lung cancer, if available. It is not anticipated that other mechanistic analyses
relevant to cancer will be conducted in the assessment; however, if other cancer types are identified
that require a focused mechanistic analysis, these will be documented in the updated protocol
released with the draft assessment. To facilitate the two primary mechanistic evaluations for
cancer, an inventory of the available mechanistic studies was developed. As shown in Table 9,
mechanistic studies investigating genotoxicity, oxidative stress, alterations in cell proliferation and
cell death, electrophilicity, receptor-mediated effects, altered DNA repair, immortalization, chronic
inflammation, and epigenetic alterations have been identified in the mechanistic studies database
relevant to cancer. Mechanistic events relevant to these characteristics will be investigated, and
any areas lacking evidence will be identified. The identification of mechanistic evidence that may
indicate potentially relevant susceptible subpopulations or life stages will be particularly
important.

The information collected as described above (e.g., in sortable inventories) will be used to
identify studies available for consideration in addressing the specific gaps in understanding
identified as critical to address from the evaluation and synthesis of the human and animal lines of
evidence, including postulated mechanistic pathways or MOAs that may be involved in the toxicity
of the chemical. Subsequently, from the studies available to potentially address the identified gaps
in understanding, the synthesis will focus on those considered most impactful to the specified

evaluation based on study design characteristics (which may or may not encompass all studies
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considered relevant for a particular question), with the rationale for any focusing transparently
documented. As the potential influence of the information provided by these studies can vary
depending on the hazard question(s) or the associated mechanistic events or pathways, the level of
rigor will also depend on their potential impact of increased understanding to hazard identification
or dose-response decisions, and may range from overviews of potential mechanisms or cursory
insights drawn from sets of unanalyzed results to detailed evaluations of a subset of the most
relevant mechanistic studies.

Although the application of this approach cannot be predefined, for the small subsets of
studies that best address the key mechanistic questions, the synthesis will first prioritize studies
based on their toxicological relevance to answering the specific question (e.g., model system,
specificity of the assay for the effect of interest). For example, mechanistic information from in vivo
studies will be analyzed first, with primary consideration given to endpoint-relevant routes.
Analysis of ex vivo and in vitro studies will then be prioritized by those most informative to
evaluating the mechanistic events indicated by the in vivo data, including studies conducted under
conditions most relevant to human exposures and in model systems best replicating in vivo human
biology. The path for focusing the mechanistic database will be documented in the updated
protocol released with the draft assessment.

More rigorous analyses will be particularly important when the set(s) of studies available to
inform influential mechanistic conclusions are inconsistent and potentially conflicting, or when the
studies include experiments that directly challenge the necessity of proposed mechanistic
relationships between exposure and an apical effect (e.g., altering a receptor-mediated pathway
through chemical intervention or using knock-out animals). More detailed analyses may also be
useful when it is apparent that study design aspects in the available human and animal health effect
studies are likely to have significant flaws or introduce important uncertainties (e.g., potential
shortcomings identified during the evaluation of exposure methods may be clarified using
mechanistic studies).

For the more rigorous mechanistic analyses, the review will be facilitated using
pathway-based organizational methods and established evidence evaluation frameworks. These
approaches provide transparency and objectivity to the integration and interpretation of
mechanistic events and pathways anchored to the specific questions that have been identified (e.g.,
anchored to a specific health effect) across diverse sets of relevant data (e.g.,, human, animal, and in
vitro studies). The key characteristics of carcinogens have been used to organize the large
mechanistic database relevant to cancer for Cr(VI) exposure (see Table 9) and will serve to
organize the mechanistic analysis and help identify key events that will be evaluated using the MOA

analysis framework described in EPA’s cancer guidelines (U.S. EPA, 2005a). Similar approaches

(e.g., identification of key characteristics or mechanistic events anchored to a specific health effect)

will be used to organize mechanistic databases for noncancer health effects. The mechanistic
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1 analyses will inform the evidence integration across lines of evidence, as well as the dose-response

2 analyses, which are described in Sections 11 and 12.
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10. INTEGRATION ACROSS LINES OF EVIDENCE

For the analysis of human health outcomes that might result from chemical exposure, IRIS
assessments draw integrated conclusions across human, animal, and mechanistic evidence (see
Section 9). During evidence integration, a two-step, sequential process will be used as follows (and

depicted in Figure 4):

e Step 1: Judgments regarding the strength of the evidence from the available human and
animal studies are made in parallel, but separately. These judgments incorporate
mechanistic evidence (or MOA understanding) that informs the biological plausibility and
coherence of the available human or animal health effect studies. Note that at this stage, the

O 00N WU,

10

12
13
14

animal evidence judgment does not yet consider the human relevance of that evidence.

Step 2: The animal and human evidence judgments are combined to draw an overall
conclusion(s) that incorporates inferences drawn based on information on the human
relevance of the animal evidence, coherence across the human and animal evidence, and
susceptibility. Without evidence to the contrary, the human relevance of animal findings is

assumed.
Step 1 Step 2
Strength of the Evidence Inference Across Lines of Evidence Evidence
. * Information on the human relevance Integration
+ Judgment of the evidence - o .
of the animal and mechanistic Conclusion

for an effect in human
studies

+ Judgment of the evidence
for an effect in animal
studies

+

evidence

= Coherence across lines of evidence or
with related health effects, information
on susceptible populations, other
(e.g., read-across)
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Figure 4. Process for evidence integration.

15
16
17
18

The decision points within the structured two-step evidence integration process are

summarized in an evidence profile table for each hazard (see Table 19 for a template) in support of

the evidence integration narrative. Human and animal evidence judgments from Step 1 and the

overall evidence integration conclusion from Step 2 are reached using decision frameworks (see
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Sections 10.1 and 10.2 for details) that are based on considerations originally described by Austin
Bradford Hill (Hill, 1965). This process is similar to that used by the Grading of Recommendations
Assessment, Development, and Evaluation [GRADE; (Morgan et al., 2016; Guyatt et al., 2011;

Schiinemann et al., 2011)], which arrives at an overall integration conclusion based on

consideration of the body of evidence. As described in Section 9, the human, animal, and
mechanistic syntheses serve as inputs providing a foundation for the evidence integration
decisions; thus, the major conclusions from these syntheses will be summarized in the evidence
profile table (see Table 19) supporting the evidence integration narrative. The evidence profile
table summarizes the judgments and their evidence basis for each step of the structured evidence
integration process. Separate sections are included for human and animal evidence judgments,
inference across streams, and the overall evidence integration conclusion. The table presents the

key information from the evidence that informs each judgment.
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Table 19. Evidence profile table template

Evidence summary and interpretation

Inferences and
summary judgment

Studies, outcomes,
and confidence

Summary of key
findings

Factors that increase
certainty

Factors that decrease
certainty

Judgments and rationale

Evidence from studies

of exposed humans (may be separated by exposu

re route or other study des

ign characteristic?)

May be separate
rows by outcome

e References (or link)
¢ Study confidence

e Study design
description (if
informative)

Description of the
primary results across
human epidemiological
and controlled
exposure studies,” and
any human mechanistic
evidence informing
biological plausibility
(e.g., precursor events
linked to adverse
outcomes)

e Consistency

e Dose-response
gradient

e Coherence of effects

e Large or concerning
magnitude of effect

e Mechanistic evidence
providing plausibility

e Medium- or high-
confidence studies®

e Unexplained

inconsistency
e Imprecision

e Lack of expected
coherence

e [ow-confidence studies®

e Evidence demonstrating
implausibility

Describe the strength of the
evidence from human studies:

DDD Robust

DDO Moderate

PBOQO Slight

O OO Indeterminate

——— Compelling evidence of no

effect

e Summarize any important
interpretations, and the
primary basis for the
judgment(s)

Describe overall
evidence integration
judgement(s):
DPHD Evidence

demonstrates

DPH O Evidence
indicates (likely)

DOO Evidence

suggests

OGO Evidence

inadequate

———Strong evidence
supports no effect
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Evidence summary and interpretation

Inferences and
summary judgment

Evidence from animal studies (may be separated by exposure route or other study design characteristic?)

May be separate
rows by outcome

e References (or link)
o Study confidence

o Study design
description (if
informative)

Description of the
primary results across
animal toxicological
studies,® and any
human mechanistic
evidence informing
biological plausibility
(e.g., precursor events
linked to adverse
outcomes)

e Consistency,
replication

e Dose-response
gradient

e Coherence of effects

e Large or concerning
magnitude of effect

e Mechanistic evidence
providing plausibility

e Medium- or high-
confidence studies®

e Unexplained
inconsistency

e Imprecision

e Lack of expected
coherence

¢ [ow-confidence studies®

e Evidence demonstrating
implausibility

Describe the strength of the
evidence from animal studies:

DDD Robust

DDPO Moderate

PBOQO Slight

O OO Indeterminate

——— Compelling evidence of no

effect

e Summarize any important
interpretations, and the
primary basis for the
judgment(s)

Continued:

e Summarize the
models and range of
dose levels upon
which the
judgment(s) were
primarily reliant

e Address human
relevance of
findings in animals

e Summarize cross-
stream coherence
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Evidence summary and interpretation

Inferences and
summary judgment

Mechanistic evidence and supplemental information—may be separated (e.g., by exposure route or key uncertainty addressed)

Biological events or
pathways (or other)

Summary of key findings and interpretation

Judgment(s) and rationale

May be separate
rows by biological

May include separate summaries, for example by study type (e.g., new
approach methods vs. in vivo biomarkers), dose, or design

events or other
feature of the
approach used for

analysis

e Generally, will cite
evidence synthesis
(e.g., for
references, detailed
analysis)

e Does not have to be
chemical specific
(e.g., read-across)

Interpretation: Summary of expert interpretation for the body of evidence
and supporting rationale

Key findings: Summary of findings across the body of evidence (may focus on
or emphasize highly informative designs or findings), including key sources of
uncertainty or identified limitations of the study designs tested

(e.g., regarding the biological event or pathway being examined)

Overall summary of expert
interpretation across the
assessed set of biological
events, potential mechanisms
of toxicity, or other analysis
approach (e.g., AOP).

e Includes the primary
evidence supporting the
interpretation(s)

e Describes and substantiates
the extent to which the
evidence influences
inferences across evidence
streams

e Characterizes the limitations
of the evaluation and
highlights existing data gaps

e May have overlap with
factors summarized for other
streams

e Summarize
potential
susceptibility

e Summarize any
other critical
inferences:

o For
example, from
MOA analysis

o For
example, from
read-across
comparison

aln addition to exposure route, the summaries of each evidence stream may include multiple rows (e.g., by study confidence, population, or species, if they informed the
analysis of results’ heterogeneity or other features of the evidence). When data within an evidence stream are lacking or otherwise not informative to the evidence
integration decisions, the summary sub-rows for that evidence stream may be abbreviated to present this information more easily.

bIf sensitivity issues are identified, describe the impact on reliability of the reported findings.

cStudy confidence, based on evaluation of risk of bias and study sensitivity (see Section 6), and information on susceptibility will be considered when evaluating the other
factors that increase or decrease certainty (e.g., consistency). Notably, lack of findings in studies deemed insensitive neither increases nor decreases certainty. Typically,
medium confidence in only a single study is not a factor that increases certainty, whereas high confidence in a single extensive or rigorous study (e.g., a guideline study) is

such a factor.
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10.1. INTEGRATION WITHIN THE HUMAN AND ANIMAL EVIDENCE

As summarized above, before drawing overall evidence integration conclusions about
whether a chemical is likely to cause particular health effect(s) in humans given relevant exposure
circumstances, judgments are drawn regarding the strength of evidence for the available human
and animal evidence, separately. If relevant mechanistic evidence in exposed humans and animals
(or their cells) is synthesized, this line of evidence is integrated with the evidence from health
effects studies. The considerations outlined in Table 17 (see Section 9) are evaluated in the context
of how they impact the strength of evidence (see Table 20), and the judgments are reached using
the structured frameworks explained in Tables 21 and 22 (for human and animal evidence,
respectively). These judgments are summarized in tabular format using the template in Table 19 to
transparently convey expert judgments made throughout the evidence synthesis and integration
processes. The evidence profile table allows for consistent documentation of the supporting

rationale for each decision.
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Table 20. Considerations that inform judgments regarding the strength of the human and animal evidence

Consideration

Increased evidence strength
(of the human or animal evidence)

Decreased evidence strength
(of the human or animal evidence)

The structured categories and criteria in Tables 21 and 22 will guide the application of strength of evidence judgments for an outcome or health effect.
Evidence synthesis scenarios that do not warrant an increase or decrease in evidence strength will be considered “neutral” and do not need to be described

in Table 19.

Risk of bias; sensitivity
(across studies)

An evidence base of high- or medium-confidence
studies increases strength.

An evidence base of mostly low-confidence studies decreases
strength. An exception to this is an evidence base of studies
where the primary issues resulting in low confidence are related
to insensitivity. This may increase evidence strength in cases
where an association is identified because the expected impact
of study insensitivity is towards the null.

Decisions to increase strength for other considerations in this
table should generally not be made if there are serious concerns
for risk of bias.

Consistency

Similarity of findings for a given outcome (e.g., of a
similar magnitude, direction) across independent
studies or experiments increases strength?,
particularly when consistency is observed across
populations (e.g., location) or exposure scenarios in
human studies, and across laboratories, populations
(e.g., species), or exposure scenarios (e.g., duration;
route; timing) in animal studies.

Unexplained inconsistency (conflicting evidence) decreases
strength. Generally, strength should not be decreased if
discrepant findings can be reasonably explained by study
confidence conclusions; variation in population or species, sex,
or life stage; exposure patterns (e.g., intermittent or
continuous); levels (low or high); or duration or intensity.

Strength (effect
magnitude) and
precision

Evidence of a large magnitude effect (considered

either within or across studies) can increase strength.

Effects of a concerning rarity or severity can also
increase strength, even if they are of a small
magnitude.

Precise results from individual studies or across the set

of studies increases strength, noting that biological
significance is prioritized over statistical significance.

Strength may be decreased if effect sizes that are small in
magnitude are concluded not to be biologically significant, or if
there are only a few studies with imprecise results.
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Consideration

Increased evidence strength
(of the human or animal evidence)

Decreased evidence strength
(of the human or animal evidence)

Biological
gradient/dose-response

Evidence of dose-response increases strength.
Dose-response may be demonstrated across studies or
within studies and it can be dose- or
duration-dependent. It also may not be a monotonic
dose-response (monotonicity should not necessarily
be expected, e.g., different outcomes may be
expected at low vs. high doses due to activation of
different mechanistic pathways or induction of
systemic toxicity at very high doses).

Decreases in a response after cessation of exposure
(e.g., symptoms of current asthma) also may increase
strength by increasing certainty in a relationship
between exposure and outcome (this is most
applicable to epidemiology studies because of their
observational nature).

A lack of dose-response when expected based on biological
understanding and having a wide-range of doses/exposures
evaluated in the evidence base can decrease strength.

In experimental studies, strength may be decreased when
effects resolve under certain experimental conditions (e.g.,

rapid reversibility after removal of exposure). However, many
reversible effects are of high concern. Deciding between these
situations is informed by factors such as the pharmacokinetics of
the chemical and the conditions of exposure [see U.S. EPA
(1998a)], endpoint severity, judgments regarding the potential
for delayed or secondary effects, as well as the exposure context
focus of the assessment (e.g., addressing intermittent or
short-term exposures).

In rare cases, and typically only in toxicology studies, the
magnitude of effects at a given exposure level might decrease
with longer exposures (e.g., due to tolerance or acclimation).
Like the discussion of reversibility above, a decision about
whether this decreases evidence strength depends on the
exposure context focus of the assessment and other factors.

If the data are not adequate to evaluate a dose-response
pattern, then strength is neither increased or decreased.

Coherence

Biologically related findings within an organ system, or
across populations (e.g., sex) increase strength,
particularly when a temporal- or dose-dependent
progression of related effects is observed within or
across studies, or when related findings of increasing
severity are observed with increasing exposure.

An observed lack of expected coherent changes (e.g.,
well-established biological relationships) will typically decrease
evidence strength. However, the biological relationships
between the endpoints being compared and the sensitivity and
specificity of the measures used need to be carefully examined.
The decision to decrease depends on the availability of evidence
across multiple related endpoints for which changes would be
anticipated, and it considers factors (e.g., dose and duration of
exposure, strength of expected relationship) across the studies
of related changes.
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Increased evidence strength Decreased evidence strength
Consideration (of the human or animal evidence) (of the human or animal evidence)
Mechanistic evidence e Mechanistic evidence of precursors or health effect e Mechanistic understanding is not a prerequisite for drawing a
related to biological biomarkers in well-conducted studies of exposed conclusion that a chemical causes a given health effect; thus,
plausibility humans or animals, in appropriately exposed human absence of knowledge should not be used a basis for decreasing
or animal cells, or other relevant human or animal strength (NTP, 2015; NRC, 2014).

models increases strength, particularly when this
evidence is observed in the same cohort/population
exhibiting the health outcome.

e Mechanistic evidence in well-conducted studies that
demonstrates that the health effect(s) are unlikely to occur, or
only likely to occur under certain scenarios (e.g., above certain

e Evidence of changes in biological pathways or that exposure levels), can decrease evidence strength. A decision to
provides support for a proposed MOA in models also decrease depends on an evaluation of the strength of the
increases strength, particularly when support is mechanistic evidence supporting vs. opposing biological
provided for rate-limiting or key events or conserved plausibility, as well as the strength of the health effect-specific
across multiple components of the pathway or MOA. findings (e.g., stronger health effect data require more certainty

in mechanistic evidence opposing plausibility).

2Publication bias has the potential to result in strength of evidence judgments that are stronger than would be merited if the entire body of research were
available. However, the existence of publication bias can be difficult to determine. If strong evidence of publication bias exists for an outcome, the increase
in evidence strength resulting from considering the consistency of the evidence across studies may be reduced.
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For human and animal evidence, the analyses of each consideration in Table 20 will be used
to develop a strength-of-evidence judgment. Tables 21 and 22 provide the judgments for each
category and the criteria that will guide how to apply the judgments. Briefly, the terms robust and
moderate are standardized characterizations for judgments on the extent of support provided by
human or animal studies that the health effect(s) result from chemical exposure. Repeated
observations of effects by independent studies examining various aspects of exposure or response
(e.g. different exposure settings, dose levels or patterns, populations or species, and related
endpoints) will result in a stronger strength of evidence judgment. These terms are applied to
human and animal evidence separately and are differentiated by the quantity and quality of
information available to rule out alternative explanations for the results. The term slight indicates
situations in which there is some evidence indicating an association within the evidence stream, but
substantial uncertainties in the data exist to prevent stronger judgments from being drawn.
Indeterminate reflects evidence stream judgments when no studies are available, or situations in
which the evidence is inconsistent and/or primarily of low confidence. Compelling evidence of no
effect represents a situation in which extensive evidence across a range of populations and
exposures has identified no effects/associations. This scenario is seldom used because it requires a
high degree of confidence in the conduct of individual studies, including consideration of study

sensitivity and comprehensive assessments of health outcomes and life stages of exposure. .
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Table 21. Framework for evidence judgments from studies in humans

Within-stream
strength-of-

evidence
judgment Description
Robust A set of high- or medium-confidence independent studies reporting an association between
(DDD) the exposure and the health outcome, with reasonable confidence that alternative
evidence in explanations, including chance, bias, and confounding, can be ruled out across studies. The set

human studies

(strong signal of
effect with little

of studies is primarily consistent, with reasonable explanations when results differ; and an
exposure response gradient is demonstrated. Additional supporting evidence, such as
associations with biologically related endpoints in human studies (coherence) or large
estimates of risk or severity of the response, may increase confidence but are not required.

residual T . . . .
. Mechanistic evidence from exposed humans, if available, may add support informing
uncertainty) . . . .
considerations such as exposure response, temporality, coherence, and MOA, thus, raising the
level of certainty to robust for a set of studies that otherwise would be described as moderate.
Moderate A smaller number of studies (at least one high- or medium-confidence study with supporting
(BDO) evidence), or with some heterogeneous results, that do not reach the degree of confidence
evidence in required for robust. For multiple studies, there is primarily consistent evidence of an

human studies

association, but there may be some uncertainty due to potential chance, bias, or confounding.

For a single study, there is a large magnitude or severity of the effect, or a dose-response

S;?:Z(’);Jr{:ffeﬂ gradien’F, qr other supp_orting_ evidence, an_d there are nf) s.erious.residual methodc?logical

uncertainty) uncertainties. Supporting evidence could include associations with related endpoints,
including mechanistic evidence from exposed humans, if available, based on considerations
such as exposure response, temporality, coherence, and MOA.

Slight One or more studies reporting an association between exposure and the health outcome,

(BOO) where considerable uncertainty exists. In general, the evidence is limited to a set of consistent

_evidence in low-confidence studies, or higher confidence studies with unexplained heterogeneity.

human studies

Supporting coherent evidence is sparse. Biological support from mechanistic evidence in
exposed humans may also be independently interpreted as slight. This also includes scenarios
where there are serious residual uncertainties across studies (these uncertainties typically

(signal of effect |relate to exposure characterization or outcome ascertainment, including temporality) in a set
with large of largely consistent medium- or high-confidence studies. This category serves primarily to
amount of encourage additional study where evidence does exist that might provide some support for an
uncertainty) association, but for which the evidence does not reach the degree of confidence required for
moderate.
Indeterminate No studies available in humans or situations when the evidence is highly inconsistent and
(OOO) primarily of low confidence. In addition, this may include situations where higher confidence
_evidence in studies exist, but unexplained heterogeneity exists, and there are additional outstanding

human studies

(signal cannot be
determined for
or against an

effect)

concerns such as effect estimates of low magnitude, uninterpretable patterns with respect to
exposure levels, or uncertainties or methodological limitations that result in an inability to
discern effects from exposure. A set of largely null studies could be concluded to be
indeterminate if the evidence does not reach the level required for compelling evidence of no

effect.
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Within-stream
strength-of-

evidence
judgment Description
Compelling Several high-confidence studies showing null results (for example, an odds ratio of 1.0), ruling

evidence of no
effect

(---)

...in human
studies

(strong signal for
lack of an effect
with little
uncertainty)

out alternative explanations including chance, bias, and confounding with reasonable
confidence. Each of the studies should have used an optimal outcome and exposure
assessment and adequate sample size (specifically for higher exposure groups and for
susceptible populations). The set as a whole should include the full range of levels of
exposures that human beings are known to encounter, an evaluation of an exposure-response
gradient, and an examination of at-risk populations and life stages.
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Table 22. Framework for evidence judgments from studies in animals

Within-stream
strength-of-
evidence
judgment

Description

Robust
(BDD)

...evidence in
animals

(strong signal of
effect with little

The set of high- or medium-confidence experiments includes consistent findings of adverse or
toxicologically significant effects across multiple laboratories, exposure routes, experimental
designs (e.g., a subchronic study and a two-generation study), or species, and the experiments
can reasonably rule out the potential for nonspecific effects (e.g., resulting from toxicity) to
have resulted in the findings. Any inconsistent evidence (evidence that cannot be reasonably
explained by the respective study design or differences in animal model) is from a set of
experiments of lower confidence. At least two of the following additional factors in the set of
experiments support a causal association: coherent effects across multiple related endpoints

residual (may include mechanistic endpoints); an unusual magnitude of effect, rarity, age at onset, or

uncertainty) severity; a strong dose-response relationship; or consistent observations across animal life
stages, sexes, or strains. Alternatively, mechanistic data in animals (in vivo or in vitro) that
address the above considerations or that provide experimental support for an MOA that
defines a causal relationship with reasonable confidence may raise the level of certainty to
robust for evidence that otherwise would be described as moderate or, exceptionally, slight or
indeterminate.

Moderate A set of evidence that does not reach the degree of certainty required for robust, but which

(BDO) includes at least one high- or medium-confidence study and information strengthening the

evidence likelihood of a causal association. Although the results are largely consistent, notable
uncertainties remain. However, while inconsistent evidence and/or evidence indicating

in animals nonspecific effects (e.g., maternal toxicity at doses causing developmental effects) may exist, it
is not sufficient to reduce or discount the level of concern regarding the positive findings from

(signal of effect | the supportive experiments or it is from a set of experiments of lower confidence. The set of

with some experiments supporting the effect provide additional information supporting a causal

uncertainty) association, such as consistent effects across laboratories or species; coherent effects across

multiple related endpoints (may include mechanistic endpoints); an unusual magnitude of
effect, rarity, age at onset, or severity; a strong dose-response relationship; and/or consistent
observations across exposure scenarios (e.g., route, timing, duration), sexes, or animal strains.
Mechanistic data in animals (in vivo or in vitro) that address the above considerations or that
provide information supporting an association between exposure and effect with reasonable
confidence may raise the level of certainty to moderate for evidence that otherwise would be
described as slight.
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Within-stream
strength-of-

...evidence of the
effect under
review in
animals

(signal cannot be
determined for
or against an

effect)

evidence
judgment Description
Slight Scenarios in which there is a signal of a possible effect, but the evidence is conflicting or weak.
(BOO) Most commonly, this includes situations where only low-confidence experiments are available
. . and supporting coherent evidence is sparse. It also applies when one medium- or
...evidence in . ) . . . . . . . .
animals high-confidence experiment is available without additional information strengthening the
likelihood of a causal association (e.g., corroboration within the same study or from other
studies). Lastly, this includes scenarios in which there is evidence that would typically be
(signal of effect |characterized as moderate, but inconsistent evidence (evidence that cannot be reasonably
with large explained by the respective study design or differences in animal model) from a set of
amount of experiments of higher confidence (may include mechanistic evidence) exists. Strong biological
uncertainty) support from mechanistic studies in exposed animals or animal cells may also be
independently interpreted as slight. Notably, to encourage additional research, it is important
to describe situations for which evidence does exist that might provide some support for an
association but is insufficient for a conclusion of moderate.
Indeterminate No animal studies were available, the available endpoints are not informative to the hazard
OO0) question under evaluation, or the evidence is highly inconsistent and primarily of low

confidence. In addition, this may include situations where higher confidence studies exist, but
there is unexplained heterogeneity and additional concerns such as small effect sizes (given
what is known about the endpoint) or a lack of dose-dependence. A set of largely null studies
could be concluded to be indeterminate if the evidence does not reach the level required for
compelling evidence of no effect.

Compelling
evidence of no

effect
(---)

..in animals

(strong signal for
lack of an effect
with little
uncertainty)

A set of high-confidence experiments examining a reasonable spectrum of endpoints relevant
to a type of toxicity that demonstrate a lack of biologically significant effects across multiple
species, both sexes, and a broad range of exposure levels. The data are compelling in that the
experiments have examined the range of scenarios across which health effects in animals
could be observed, and an alternative explanation (e.g., inadequately controlled features of
the studies’ experimental designs; inadequate sample sizes) for the observed lack of effects is
not available. The experiments were designed to specifically test for effects of interest,
including suitable exposure timing and duration, post exposure latency, and endpoint
evaluation procedures, and to address potentially susceptible populations and life stages.
Mechanistic data in animals (in vivo or in vitro) that address the above considerations or that
provide information supporting the lack of an association between exposure and effect with
reasonable confidence may provide additional support to this judgment.

10.2. OVERALL EVIDENCE INTEGRATION CONCLUSIONS

The second stage of evidence integration combines animal and human evidence judgments

while also considering mechanistic information on the human relevance of the animal evidence,

relevance of the mechanistic evidence to humans (especially in cases where animal evidence is
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lacking), coherence across lines of evidence, and information on susceptible populations. Based on
the integration across lines of evidence, this stage culminates in an evidence integration narrative
as described at the beginning of this chapter that summarizes the conclusions regarding each
potential health effect (i.e., each noncancer health effect and specific type of cancer, or broader
grouping of related outcomes as defined in the evaluation plan). For each health effect, this
narrative will include a summary of the strength of the evidence and an overall conclusion across
the lines of evidence, with exposure context provided. The first sentence of the evidence
integration narrative should include the summary conclusion, and for evaluations of

carcinogenicity, include the cancer descriptor (U.S. EPA, 2005a). Table 23 describes the five

evidence integration conclusion levels, the integration conclusion language associated with each
level, and the types of evidence that fit each level. The five integration conclusion levels reflect the
differences in the amount and quality of the data that inform the evaluation of whether exposure
may cause the health effect(s) under specified exposure conditions.

For evaluations of carcinogenicity, consistent with EPA’s cancer guidelines (U.S. EPA

2005a), one of EPA’s standardized cancer descriptors will be used as a shorthand characterization
of the evidence integration narrative, describing the overall potential for carcinogenicity. These
are: (1) carcinogenic to humans, (2) likely to be carcinogenic to humans, (3) suggestive evidence of
carcinogenic potential, (4) inadequate information to assess carcinogenic potential, or (5) not likely
to be carcinogenic to humans. More than one descriptor can be used when a chemical’s effects differ

by dose or exposure route (U.S. EPA, 2005a). In some cases, mutagenicity will also be evaluated

(e.g., when there is evidence of carcinogenicity) because it influences the approach to
dose-response assessment and subsequent application of adjustment factors for exposures early in
life (U.S. EPA, 20054, b).

For each cancer subtype, an evidence integration narrative will be provided as described

above, and an appropriate descriptor will be selected as described in the EPA’s cancer guidelines

(U.S. EPA, 2005a). If a systematic review of more than one cancer type was conducted, then the

conclusion for the cancer type(s) with the highest confidence will be used as the basis for the
standardized cancer descriptor. When considering evidence on carcinogenicity across human and

animal evidence streams, consistent with EPA guidance (U.S. EPA, 2005a), site concordance is not

required. The cancer descriptor and evidence integration narrative (including application of the
MOA framework) will also consider the conditions of carcinogenicity, including exposure

(e.g., route; dose) and susceptibility (e.g., genetics; life stage), as the data allow (Farland, 2005; U.S.
EPA, 20054, b).
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Table 23. Conclusions for the evidence integration narrative

Evidence integration
conclusion?® in narrative

Evidence
integration
conclusion

level

Explanation and example scenarios®

The currently available
evidence demonstrates
that (chemical) causes
(health effect) in
humans® under relevant
exposure circumstances.
This conclusion is based
on studies of (humans or
animals) that assessed
(exposure or dose) levels
of (range of
concentrations or
specific cutoff-level
concentration®).

Evidence
demonstrates

A strong evidence base demonstrating that (chemical) exposure
causes (health effect) in humans.

e This conclusion level is used if there is robust human
evidence supporting an effect.

e This conclusion level could also be used with moderate
human evidence and robust animal evidence if there is
strong mechanistic evidence that MOAs and key precursors
identified in animals are anticipated to occur and progress in
humans.

The currently available
evidence indicates that
(chemical) likely causes
(health effect) in humans
under relevant exposure
circumstances. This
conclusion is based on
studies of (humans or
animals) that assessed
(exposure or dose) levels
of (range of
concentrations or
specific cutoff-level
concentration).

Evidence
indicates
(likely®)

An evidence base that indicates that (chemical) exposure likely
causes (health effect) in humans, although outstanding questions
or limitations may remain, and the evidence is insufficient for the
higher conclusion level.

e This conclusion level is used if there is robust animal
evidence supporting an effect and slight to indeterminate
human evidence, or with moderate human evidence when
strong mechanistic evidence is lacking.

e This conclusion level could also be used with moderate
human evidence supporting an effect and slight or
indeterminate animal evidence, or with moderate animal
evidence supporting an effect and slight or indeterminate
human evidence. In these scenarios, any uncertainties in the
moderate evidence are not sufficient to substantially reduce
confidence in the reliability of the evidence, or mechanistic
evidence in the slight or indeterminate evidence base
(e.g., precursors) exists to increase confidence in the
reliability of the moderate evidence.
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Evidence integration
conclusion?® in narrative

Evidence
integration
conclusion

level

Explanation and example scenarios®

The currently available
evidence suggests that
(chemical) may cause
(health effect) in humans
under relevant exposure
circumstances. This
conclusion is based on
studies of (humans or
animals) that assessed
(exposure or dose) levels
of (range of
concentrations or
specific cutoff-level
concentration).

Evidence
suggests

An evidence base that suggests that Cr(VI) exposure may cause
(health effect) in humans, but there are very few studies that have
contributed to the evaluation, the evidence is very weak or
conflicting, and/or the methodological conduct of the studies is
poor.

e This conclusion level is used if there is slight human evidence
and indeterminate to slight animal evidence.

e This conclusion level is also used with slight animal evidence
and indeterminate to slight human evidence.

e This conclusion level could also be used with moderate
human evidence and slight or indeterminate animal
evidence, or with moderate animal evidence and slight or
indeterminate human evidence. In these scenarios,
outstanding issues regarding the moderate evidence have
substantially reduced confidence in the reliability of the
evidence, or mechanistic evidence in the slight or
indeterminate evidence base (e.g., null results in
well-conducted evaluations of precursors) exists to decrease
confidence in the reliability of the moderate evidence.

e Exceptionally, when there is general scientific understanding
of mechanistic events that result in a health effect, this
conclusion level could also be used if there is strong
mechanistic evidence that is sufficient to highlight potential
human toxicity’—in the absence of informative conventional

studies in humans or in animals (i.e., indeterminate evidence
in both).

The currently available
evidence is inadequate
to assess whether
(chemical) may cause
(health effect) in humans
under relevant exposure
circumstances.

Evidence
inadequate

This conveys either a lack of information or an inability to
interpret the available evidence for (health effect). On an
assessment-specific basis, a single use of this “inadequate”
conclusion level might be used to characterize the evidence for
multiple health effect categories (i.e., all health effects that were
examined and did not support other conclusion levels).8

e This conclusion level is used if there is indeterminate human
and animal evidence.

e This conclusion level is also used with slight animal evidence
and compelling evidence of no effect human evidence.

e This conclusion level could also be used with slight to robust
animal evidence and indeterminate human evidence if strong
mechanistic information indicated that the animal evidence
is unlikely to be relevant to humans.

A conclusion of inadequate is not a determination that the agent
does not cause the indicated health effect(s). It simply indicates
that the available evidence is insufficient to reach conclusions.
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Evidence
integration

Evidence integration conclusion
conclusion?® in narrative level Explanation and example scenarios®
Strong evidence Strong This represents a situation in which extensive evidence across a
supports no effect in evidence range of populations and exposure levels has identified no
humans under relevant |supports no effects/associations. This scenario requires a high degree of
exposure circumstances. |effect confidence in the conduct of individual studies, including
This conclusion is based consideration of study sensitivity, and comprehensive
on studies of (humans or assessments of the endpoints and life stages of exposure relevant
animals) that assessed to the heath effect of interest.

(exposure or dose) levels
of (range of
concentrations).

e This conclusion level is used if there is compelling evidence of
no effect in human studies and compelling evidence of no
effect to indeterminate effect in animals.

e This conclusion level is also used if there is indeterminate
human evidence and compelling evidence of no effect animal
evidence in models concluded to be relevant to humans.

e This conclusion level could also be used with compelling
evidence of no effect in human studies and moderate to
robust animal evidence if strong mechanistic information
indicated that the animal evidence is unlikely to be relevant
to humans.

2Evidence integration conclusions are typically developed at the level of the health effect when there are
sufficient studies on the topic to evaluate the evidence at that level; this should always be the case for
“evidence demonstrates” and “strong evidence supports no effect,” and typically for “evidence indicates
(likely).” However, some databases only allow for evaluations at the category of health effects examined; this
will more frequently be the case for conclusion levels of “evidence suggests” and “evidence is inadequate.”

bTerminology of “is” refers to the default option; terminology of “could also be” refers to situational options
dependent on mechanistic understanding.

‘In some assessments, these conclusions might be based on data specific to a particular life stage of exposure,
sex, or population (or another specific group). In such cases, this would be specified in the narrative conclusion,
with additional detail provided in the narrative text. This applies to all conclusion levels.

dIf concentrations cannot be estimated, an alternative expression of exposure level such as “occupational
exposure levels,” will be provided. This applies to all conclusion levels.

€For some applications, such as benefit-cost analysis, to better differentiate the categories of “evidence
demonstrates” and “evidence indicates,” the latter category should be interpreted as evidence that supports an
exposure-effect linkage that is likely to be causal.

fScientific understanding of adverse outcome pathway (AOPs) and of the human implications of new toxicity
testing methods (e.g., from high-throughput screening, from short-term in vivo testing of alternative species, or
from new in vitro testing) will continue to increase. This may make possible the development of hazard
conclusions when there are mechanistic or other relevant data that can be interpreted with a similar level of
confidence to positive animal results in the absence of conventional studies in humans or in animals.

g8Specific narratives for each of these health effects may also be deemed unnecessary.

For evaluations of carcinogenicity, consistent with the EPA Cancer Guidelines (U.S. EPA

2005a), one of EPA’s standardized cancer descriptors is used as a shorthand characterization of the
evidence integration narrative, describing the overall potential for carcinogenicity. These are

(1) carcinogenic to humans, (2) likely to be carcinogenic to humans, (3) suggestive evidence of
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carcinogenic potential, (4) inadequate information to assess carcinogenic potential, or (5) not likely

to be carcinogenic to humans. More than one descriptor can be used when a chemical’s effects differ

by exposure level or route (U.S. EPA, 2005a). In some cases, mutagenicity is also evaluated

(e.g., when there is evidence of carcinogenicity) because it influences the approach to
dose-response assessment and subsequent application of adjustment factors for exposures early in
life (U.S. EPA, 20054, b).

For each cancer subtype, an evidence integration narrative is provided as described above,

and an appropriate descriptor is selected as described in the EPA Cancer Guidelines. If a systematic
review of more than one cancer type is conducted, then the conclusion for the cancer type(s) with
the highest confidence is used as the basis for the standardized cancer descriptor. When
considering evidence on carcinogenicity across human and animal evidence, consistent with EPA

guidance (U.S. EPA, 2005a), site concordance is not required. The cancer descriptor and evidence

integration narrative, including application of the MOA framework, also consider the conditions of
carcinogenicity, including exposure (e.g., route; level) and susceptibility (e.g., genetics; life stage), as
the data allow (Farland, 2005; U.S. EPA, 20054, b).

10.3. HAZARD CONSIDERATIONS FOR DOSE-RESPONSE

This section provides a transition from hazard identification to the dose-response section,
highlighting (1) information that will inform the selection of outcomes or broader health effect
categories for which toxicity values will be derived, (2) whether toxicity values can be derived to
protect specific populations or life stages, (3) how dose-response modeling will be informed by
pharmacokinetic information, and (4) identification of biologically based benchmark response
(BMR) levels. The pool of outcomes and study-specific endpoints will be discussed to identify
which categories of effects and study designs are considered the strongest and most appropriate for
quantitative assessment of a given health effect. Health effects that were analyzed in relation to
exposure levels within or closer to the range of exposures encountered in the environment are
particularly informative. When there are multiple endpoints for an organ/system, considerations
for characterizing the overall impact on this organ/system will be discussed. For example, if there
are multiple histopathological alterations relevant to liver function changes, liver necrosis may be
selected as the most representative endpoint to consider for dose-response analysis. This section
may review or clarify which endpoints or combination of endpoints in each organ/system
characterize the overall effect for dose-response analysis. For cancer types, consideration will be
given to the overall risk of multiple types of tumors. Multiple tumor types (if applicable) will be
discussed, and a rationale given for any grouping.

Biological considerations that are important for dose-response analysis (e.g., that could help
with selection of a BMR) will be discussed. The impact of route of exposure on toxicity to different
organs/systems will be examined. The existence and validity of PBPK models or pharmacokinetic

information that may allow the estimation of internal dose will be presented. In addition,
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mechanistic evidence presented in Section 9 that will influence the dose-response analyses will be
highlighted, for example, evidence related to susceptibility or potential shape of the dose-response
curve (i.e., linear, nonlinear, or threshold model). Mode(s) of action will be summarized, including
any interactions between them relevant to understanding overall risk. Some biological

considerations relevant to dose-response for cancer are:

e I[sthere evidence for direct mutagenicity?

e Does tumor latency decrease with increasing exposure?

o Ifthere are multiple tumor types, which cancers have a longer latency period?

e I[sincidence data available (incidence data are preferred to mortality data)?

o Were there different background incidences in different (geographic) populations?

e While benign and malignant tumors of the same cell of origin are generally evaluated
together, was there an increase only in malignant tumors?

This section will draw from Sections 9 and 10 to describe the evidence (i.e., human, animal,
mechanistic) regarding populations and life stages susceptible to the hazards identified and factors
that increase risk of the hazards. This section should include a discussion of the populations that
may be, in general, susceptible to the health effects identified to be hazards of exposure to the
assessed chemical, even if there are no specific data on effects of exposure to that chemical in the
potentially susceptible population. Background information about biological mechanisms or ADME,
as well as biochemical and physiological differences among life stages may be used to guide the
selection of populations and life stages to consider. At a minimum, particular consideration will be
given to infants and children, pregnant women, and women of childbearing age. Evidence on
factors that contribute to some population groups having increased responses to chemical exposure
and/or factors that contribute to increases in exposure or dose will be summarized and evaluated
with respect to patterns across studies pertinent to consistency, coherence, and the magnitude and
direction of effect measures. Relevant factors may include intrinsic factors (e.g., age, sex, genetics,
health status, behaviors), extrinsic factors (e.g., socioeconomic, access to health care), and
differential exposure levels or frequency (e.g., occupation-related exposure, residential proximity to
locations with greater exposure intensity).

The section will consider options for using data related to susceptible populations to impact
dose-response analysis. In particular, an attempt will be made to highlight where it might be
possible to develop separate risk estimates for a specific population or life stage or determine

whether evidence is available to select a data-derived uncertainty factor (UF).
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11. DOSE-RESPONSE ASSESSMENT: SELECTING
STUDIES AND QUANTITATIVE ANALYSIS

The previous sections of this protocol describe how systematic review principles are
applied to evaluate study quality (potential bias and sensitivity) and reach evidence synthesis and
integration conclusions on health outcomes (or hazard identification) associated with exposure to
the chemical of interest. Selection of specific data sets for dose-response assessment and
performance of the dose-response assessment is conducted after hazard identification is complete
and involves database and chemical-specific biological judgments. A number of EPA guidance and
support documents detail data requirements and other considerations for dose-response modeling,
especially EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b), EPA’s Review of the
Reference Dose and Reference Concentration Processes (U.S. EPA, 2005a, 2002), Guidelines for
Carcinogen Risk Assessment (U.S. EPA, 2005a), and Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to Carcinogens (U.S. EPA, 2005b). This section of the protocol

provides an overview of considerations for conducting the dose-response assessment, particularly

statistical considerations specific to dose-response analysis that support quantitative risk
assessment. Importantly, these considerations do not supersede existing EPA guidance.

For IRIS assessments, dose-response assessments are typically performed for both
noncancer and cancer hazards, and for both oral and inhalation routes of exposure following
chronic exposure!¢ to the chemical of interest, if supported by existing data. For noncancer
hazards, an oral reference dose (RfD) and/or an inhalation reference concentration (RfC) are
usually derived. An RfD or an RfC is an estimate, with uncertainty spanning perhaps an order of
magnitude, of an exposure to the human population (including susceptible subgroups) that is likely

to be without an appreciable risk of deleterious health effects over a lifetime (U.S. EPA, 2002).

These health effects may also include cancer effects [e.g., in a case where a nonlinear MOA is
concluded that indicates a key precursor event necessary for carcinogenicity does not occur below

a specific exposure level (U.S. EPA, 2005a); see Section 11.2.3]. Reference values are not predictive

risk values; that is, they provide no information about risks at higher or lower exposure levels.
When low-dose linear extrapolation for cancer effects is supported, particularly for
chemicals with direct mutagenic activity or those for which the data indicate a linear component
below the POD, an oral slope factor (OSF) and/or an inhalation unit risk (IUR) are used to estimate
human cancer risks. An OSF is a plausible upper-bound lifetime cancer risk from chronic ingestion

of a chemical per unit of mass consumed per unit body weight, per day (mg/kg-day). An IUR is a

16Dose-response assessments may also be conducted for shorter durations, particularly if the evidence base
for a chemical indicates risks associated with shorter exposures to the chemical (U.S. EPA, 2002).
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plausible upper-bound lifetime cancer risk from chronic inhalation of a chemical per unit of air
concentration (expressed as ppm or pg/ms3). In contrast with reference values (RfVs), an OSF or
IUR can be used in conjunction with exposure information to predict cancer risk at a given dose.

As discussed in Section 2 (“Scoping and Initial Problem Formulation Summary”) of this
assessment, IRIS will conduct the assessment with a goal of developing an RfD and RfC for the
noncancer effects of Cr(VI) and quantitative cancer assessments for inhaled and ingested Cr(VI)
consistent with the available mechanistic evidence.

The derivation of cancer risk estimates may also depend on the nature of the hazard
conclusion. Specifically, EPA generally conducts dose-response assessments and derives cancer
values for chemicals that are classified as carcinogenic or likely to be carcinogenic to humans. When
there is suggestive evidence of carcinogenicity to humans, EPA generally would not conduct a
dose-response assessment and derive a cancer value. Similarly, for noncancer outcomes, EPA will
make decisions on whether to conduct dose-response assessments based on the strength of the
evidence of a hazard. However, when the evidence includes a well-conducted study, quantitative

analyses may be useful for some purposes, for example, providing a sense of the magnitude and

uncertainty of potential risks, ranking potential hazards, or setting research priorities (U.S. EPA
2005a).

11.1. SELECTING STUDIES FOR DOSE-RESPONSE ASSESSMENT

The dose-response assessment begins with a review of the important health effects
highlighted in the hazard identification step (see Section 10), particularly among the studies of
highest quality and that exemplify the study attributes summarized in Table 24. This review also
considers whether there are opportunities for quantitative evidence integration. Examples of
quantitative integration, from simplest to more complex, include (1) combining results for an
outcome across sex (within a study); (2) characterizing overall toxicity, as in combining effects that
comprise a syndrome, or occur on a continuum (e.g., precursors and eventual overt toxicity, benign
tumors that progress to malignant tumors); and (3) conducting a meta-analysis or meta-regression
of all studies addressing a category of important health effects.

Among the studies that support the hazard conclusions, those that are most useful for
dose-response analysis generally have at least one exposure level in the region of the
dose-response curve near the benchmark response (the response level to be used for deriving
toxicity values) to minimize low-dose extrapolation, and more exposure levels and larger sample

sizes overall (U.S. EPA, 2012b). These attributes support a more complete characterization of the

shape of the exposure-response curve and decrease the uncertainty in the associated
exposure-response metric (e.g., IUR or RfC) by reducing statistical uncertainty in the point of
departure and minimizing the need for low-dose extrapolation. In addition to these more general

considerations, specific issues that may impact the feasibility of dose-response modeling for

This document is a draft for review purposes only and does not constitute Agency policy.

117 DRAFT—DO NOT CITE OR QUOTE


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6324329
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6324329
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239433

O 0 N O U b W N B

Systematic Review Protocol for the Hexavalent Chromium IRIS Assessment

individual data sets are described in more detail in the Benchmark Dose Technical Guidance (U.S.
EPA, 2012b).

Some studies that are used qualitatively for hazard identification may or may not be useful

quantitatively for dose-response assessment due to such factors as the lack of quantitative
measures of exposure or lack of variability measures for response data. If the needed information
cannot be located (see Section 7), semiquantitative analysis may be feasible (e.g., via
NOAEL/lowest-observed-adverse-effect level [LOAEL]). Studies of low sensitivity may be less
useful if they fail to detect a true effect or yield points of departure with wide confidence limits, but

such studies would be considered for inclusion in a meta-analysis.
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Table 24. Attributes used to evaluate studies for derivation of toxicity values

Study attributes

Considerations

Human studies Animal studies

Study confidence

High- or medium-confidence studies are highly preferred over low-confidence studies. The available high- and medium-
confidence studies are further differentiated based on the study attributes below as well as a reconsideration of the specific
limitations identified and their potential impact on dose-response analyses.

Rationale for choice of

species

Human data are preferred over animal data to eliminate | Animal studies provide supporting evidence when adequate human

interspecies extrapolation uncertainties (e.g., in studies are available, and are considered principal studies when
pharmacodynamics, relevance of specific health adequate human studies are not available. For some hazards, studies
outcomes to humans). of animal species known to respond similarly to humans would be

preferred over studies of other species.

Relevance of Exposure |Studies involving human environmental exposures (oral, | Studies by a route of administration relevant to human

exposure route inhalation). environmental exposure are preferred. A validated pharmacokinetic

paradigm model can also be used to extrapolate across exposure routes.
Exposure | When developing a chronic toxicity value, chronic or subchronic studies are preferred over studies of acute exposure durations.
durations | Exceptions exist, such as when a susceptible population or life stage is more sensitive in a particular time window (e.g.,

developmental exposure).

Exposure |Exposures near the range of typical environmental human exposures are preferred. Studies with a broad exposure range and
levels multiple exposure levels are preferred to the extent that they can provide information about the shape of the

exposure-response relationship (see the EPA Benchmark Dose Technical Guidance) and facilitate extrapolation to more relevant
(generally lower) exposures.

Subject selection

Studies that provide risk estimates in the most susceptible groups are preferred.

Controls for possible

confounding?

Studies with a design (e.g., matching procedures, blocking) or analysis (e.g., covariates or other procedures for statistical
adjustment) that adequately address the relevant sources of potential critical confounding for a given outcome are preferred.
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Considerations

Study attributes Human studies Animal studies

Measurement of exposure | Studies that can reliably distinguish between levels of Studies providing actual measurements of exposure (e.g., analytical

exposure in a time window considered most relevant inhalation concentrations vs. target concentrations) are preferred.
for development of a causal effect are preferred. Relevant internal dose measures may facilitate extrapolation to
Exposure assessment methods that provide humans, as would availability of a suitable animal PBPK model in
measurements at the level of the individual and that conjunction with an animal study reported in terms of administered
reduce measurement error are preferred. exposure.

Measurements of exposure should not be influenced by
knowledge of health outcome status.

Measurement of health Studies that can reliably distinguish the presence or absence (or degree of severity) of the outcome are preferred. Outcome
outcome(s) ascertainment methods using generally accepted or standardized approaches are preferred.

Studies with individual data are preferred in general. Examples include: to characterize experimental variability more
realistically, to characterize overall incidence of individuals affected by related outcomes (e.g., phthalate syndrome).

Among several relevant health outcomes, preference is generally given to those with greater biological significance.

Study size and design Preference is given to studies using designs reasonably expected to have power to detect responses of suitable magnitude.?
This does not mean that studies with substantial responses but low power would be ignored, but that they should be
interpreted in light of a confidence interval or variance for the response. Studies that address changes in the number at risk
(through decreased survival, loss to follow-up) are preferred.

2An exposure or other variable that is associated with both exposure and outcome but is not an intermediary between the two.
bPower is an attribute of the design and population parameters, based on a concept of repeatedly sampling a population; it cannot be inferred post hoc using
data from one experiment (Hoenig and Heisey, 2001).
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11.2. CONDUCTING DOSE-RESPONSE ASSESSMENTS

EPA uses a two-step approach for dose-response assessment that distinguishes analysis of
the dose-response data in the range of observation from any inferences about responses at lower

environmentally relevant exposure levels (U.S. EPA, 2012b, 2005a):

1) Within the observed dose range, the preferred approach is to use dose-response modeling
to incorporate as much of the data set as possible into the analysis. This modeling yields a
POD, an exposure level ideally near the lower end of the range of observation, without
significant extrapolation to lower exposure levels. See Section 11.2.1 for more details.

2) Derivation of cancer risk estimates or reference values nearly always involves extrapolation
to exposures lower than the POD and is described in more detail in Sections 11.2.2 and
11.2.3., respectively.

When sufficient and appropriate human data and laboratory animal data are both available
for the same outcome, human data are generally preferred for the dose-response assessment
because their use eliminates the need to perform interspecies extrapolations.

For reference values, IRIS assessments typically derive a candidate value from each suitable
data set, whether for human or animal (see Section 11.1). Evaluating these candidate values
grouped within a particular organ/system yields a single organ/system-specific value for each
organ/system under consideration. Next, evaluation of these organ/system-specific values results
in the selection of a single overall reference value to cover all health outcomes across all
organs/systems. While this overall reference value is the focus of the assessment, the
organ/system-specific values can be useful for subsequent cumulative risk assessments that
consider the combined effect of multiple agents acting at a common organ/system.

For cancer, if there are multiple tumor sites in a study population (human or animal), final

cancer risk estimates will typically address overall cancer risk.

11.2.1. Dose-Response Analysis in the Range of Observation

For conducting a dose-response assessment, pharmacodynamic (“biologically based”)
modeling can be used when there are sufficient data to ascertain the MOA and quantitatively
support model parameters that represent rates and other quantities associated with the key
precursor events of the MOA. Pharmacodynamic modeling is potentially the most comprehensive
way to account for the biological processes involved in a response. Such models seek to reflect the
sequence of key precursor events that lead to a response. Pharmacodynamic models can contribute
to dose-response assessment by revealing and describing nonlinear relationships between internal
dose and response. Such models may provide a useful approach for analysis in the range of
observation, provided the purpose of the assessment justifies the effort involved.

When a pharmacodynamic model is not available for dose-response assessment or when

the purpose of the assessment does not warrant developing such a model, empirical modeling
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should be used to fit the data (on the apical outcome or a key precursor event) in the range of

observation. For this purpose, EPA has developed a standard set of models

(http://www.epa.gov/ncea/bmds) that can be applied to typical data sets, including those that are
nonlinear. In situations where there are alternative models with significant biological support, the
decision maker can be informed by the presentation of these alternatives along with the models’
strengths and uncertainties. The EPA has developed guidance on modeling dose-response data,
assessing model fit, selecting suitable models, and reporting modeling results [see the EPA
Benchmark Dose Technical Guidance (U.S. EPA, 2012b)]. Additional judgment or alternative

analyses are used if the procedure fails to yield reliable results, for example, if the fit is poor,

modeling may be restricted to the lower doses, especially if there is competing toxicity at higher
doses.

For each modeled response, a POD from the observed data should be estimated to mark the
beginning of extrapolation to lower doses. The POD is an estimated dose (expressed in
human-equivalent terms) near the lower end of the observed range without significant
extrapolation to lower doses. The POD is used as the starting point for subsequent extrapolations
and analyses. For linear extrapolation of cancer risk, the POD is used to calculate an OSF or IUR,
and for nonlinear extrapolation, the POD is used in calculating an RfD or RfC.

The response level at which the POD is calculated is guided by the severity of the endpoint.
If linear extrapolation is used, selection of a response level corresponding to the point of departure
is not highly influential, so standard values near the low end of the observable range are generally
used (for example, 10% extra risk for cancer bioassay data, 1% for epidemiologic data, lower for
rare cancers). Nonlinear approaches account for both statistical and biologic considerations. For
dichotomous data, a response level of 10% extra risk is generally used for minimally adverse
effects, 5% or lower for more severe effects. For continuous data, a response level is ideally based
on an established definition of biologic significance. In the absence of such definition, one control
standard deviation from the control mean is often used for minimally adverse effects, one-half
standard deviation for more severe effects. The point of departure is the 95% lower bound on the
dose associated with the selected response level.

EPA has developed standard approaches for determining the relevant dose to be used in the
dose-response modeling in the absence of appropriate pharmacokinetic modeling. These standard

approaches also facilitate comparison across exposure patterns and species:

e Intermittent study exposures are standardized to a daily average over the duration of
exposure. For chronic effects, daily exposures are averaged over the life span. Exposures
during a critical period, however, are not averaged over a longer duration (U.S. EPA, 200543,
1991).

e Doses are standardized to equivalent human terms to facilitate comparison of results from
different species. Oral doses are scaled allometrically using mg/kg3/4-day as the equivalent
dose metric across species. Allometric scaling pertains to equivalence across species, not
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across life stages, and is not used to scale doses from adult humans or mature animals to
infants or children (U.S. EPA, 2011a, 2005a). Inhalation exposures are scaled using
dosimetry models that apply species-specific physiologic and anatomic factors and consider
whether the effect occurs at the site of first contact or after systemic circulation (U.S. EPA
2012a,1994).

e [t can be informative to convert doses across exposure routes. If this is done, the
assessment describes the underlying data, algorithms, and assumptions (U.S. EPA, 2005a).

o In the absence of study-specific data on, for example, intake rates or body weight, the EPA
has developed recommended values for use in dose-response analysis (U.S. EPA, 1988).

11.2.2. Extrapolation: Slope Factors and Unit Risks

An OSF or IUR facilitates estimation of human cancer risks when low-dose linear
extrapolation for cancer effects is supported, particularly for chemicals with direct mutagenic
activity or those for which the data indicate a linear component below the POD. Low-dose linear

extrapolation is also used as a default when the data are insufficient to establish the MOA (U.S. EPA

2005a). If data are sufficient to ascertain one or more MOAs consistent with low-dose nonlinearity,
or to support their biological plausibility, low-dose extrapolation may use the reference-value
approach when suitable data are available (U.S. EPA, 2005a); see Section 11.2.3 below.

Differences in susceptibility may warrant derivation of multiple slope factors or unit risks,

with separate estimates for susceptible populations and life stages (U.S. EPA, 20053, b). If

appropriate chemical-specific data on susceptibility from early life exposures are available, then
these data are used to develop cancer risk values that specifically address any potential for

differential potency in early life stages (U.S. EPA, 20053, b). If such data are not available, the

evidence synthesis and integration analyses support a mutagenic MOA for carcinogenicity, and the
extrapolation approach is linear, the dose-response assessment should indicate that in the
development of risk estimates, the default age-dependent adjustment factors should be used with

the cancer slope factor or unit risk and age-specific estimates of exposure (U.S. EPA, 2005a, b).

The derivation of an OSF and IUR for Cr(VI) conducted as part of the current assessment

will be performed consistent with EPA guidance. For the oral assessment, both linear and

nonlinear approaches will be presented for Cr(VI) carcinogenicity (U.S. EPA, 2005a) to provide

insights into uncertainties related to model choice and mechanisms.

11.2.3. Extrapolation: Reference Values

Reference value derivation is EPA’s most frequently used type of nonlinear extrapolation
method and is most commonly used for noncancer effects. This approach is also used for cancer
effects if there are sufficient data to ascertain the MOA and conclude that it is not linear at low
doses. For these cases, reference values for each relevant route of exposure are developed

following EPA’s established practices (U.S. EPA, 2005a); in general, the reference value is based not

on tumor incidence, but on a key precursor event in the MOA that is necessary for tumor formation.
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For each data set selected for reference value derivation, reference values are estimated by
applying relevant adjustments to the PODs to account for the conditions of the reference value
definition—for human variation, extrapolation from animals to humans, extrapolation to chronic
exposure duration, and extrapolation to a minimal level of risk (if not observed in the data set).
Extrapolation between routes of exposure will not be performed for Cr(VI) (see Sections 3.1 and

6.4). Increasingly, data-based adjustments (U.S. EPA, 2014a) and Bayesian methods for

characterizing population variability (NRC, 2014) are feasible and may be distinguished from the

UF considerations outlined below. The assessment will discuss the scientific bases for estimating

these data-based adjustments and UFs:

e Animal-to-human extrapolation: If animal results are used to make inferences about
humans, the reference value derivation incorporates the potential for cross-species
differences, which may arise from differences in pharmacokinetics or pharmacodynamics.
If available, a biologically based model that adjusts fully for pharmacokinetic and
pharmacodynamic differences across species may be used. Otherwise, the POD is
standardized to equivalent human terms or is based on pharmacokinetic or dosimetry
modeling that may range from detailed chemical-specific to default approaches (U.S. EPA
20144, 2011a), and a factor of 101/2 (rounded to 3) is applied to account for the remaining
uncertainty involving pharmacokinetic and pharmacodynamic differences.

e Human variation: The assessment accounts for variation in susceptibility across the human
population and the possibility that the available data may not represent individuals who are
most susceptible to the effect, by using a data-based adjustment, UF, or a combination of the
two. Where appropriate data or models for the effect or for characterizing the internal dose
are available, the potential for data-based adjustments for pharmacodynamics or
pharmacokinetics is considered (U.S. EPA, 2014a, 2002).17. 18 When sufficient data are
available, an intraspecies UF either less than or greater than 10-fold may be justified (U.S.
EPA, 2002). This factor may be reduced if the POD is derived from or adjusted specifically
for susceptible individuals [not for a general population that includes both susceptible and
nonsusceptible individuals; (U.S. EPA, 2002, 1998a, 1996, 1994, 1991)]. When the use of
such data or modeling is not supported, a UF with a default value of 10 is considered.

e LOAEL to NOAEL: If a POD is based on a LOAEL, the assessment includes an adjustment to an
exposure level where such effects are not expected. This can be a matter of great
uncertainty if no evidence is available at lower exposures. A factor of 3 or 10 is generally
applied to extrapolate to a lower exposure expected to be without appreciable effects. A
factor other than 10 may be used depending on the magnitude and nature of the response
and the shape of the dose-response curve (U.S. EPA, 2002, 1998a, 1996, 1994, 1991).

17Examples of adjusting the toxicokinetic portion of interhuman variability include the IRIS boron
assessment’s use of non-chemical-specific kinetic data [e.g., glomerular filtration rate in pregnant humans as
a surrogate for boron clearance (U.S. EPA, 2004)] and the IRIS trichloroethylene assessment’s use of
population variability in trichloroethylene metabolism, via a PBPK model, to estimate the lower 1st percentile
of the dose metric distribution for each POD (U.S. EPA, 2011b).

18Note that when a PBPK model is available for relating human internal dose to environmental exposure,
relevant portions of this UF may be more usefully applied prior to animal-to-human extrapolation, depending
on the correspondence of any nonlinearities (e.g., saturation levels) between species.
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Subchronic-to-chronic exposure: When using subchronic studies to make inferences about
chronic/lifetime exposure, the assessment considers whether lifetime exposure could have
effects at lower levels of exposure. A factor of up to 10 may be applied to the POD,
depending on the duration of the studies and the nature of the response (U.S. EPA, 2002,
19984, 1994).

Database deficiencies: In addition to the adjustments above, if database deficiencies raise
concern that further studies might identify a more sensitive effect, organ system, or life
stage, the assessment may apply a database UF (U.S. EPA, 2002, 1998a, 1996, 1994, 1991).
The size of the factor depends on the nature of the database deficiency. For example, the
EPA typically follows the recommendation that a factor of 10 be applied if both a prenatal
toxicity study and a two-generation reproduction study are missing and a factor of 101/2
(i-e., 3) if either one or the other is missing (U.S. EPA, 2002).

The POD for an RfV is divided by the product of these factors. U.S. EPA (2002) recommends

that any composite factor that exceeds 3,000 represents excessive uncertainty and recommends

against relying on the associated RfV.

The derivation of an RfD and RfC for the noncancer effects of Cr(VI) will be conducted

consistent with EPA guidance summarized above.
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12. PROTOCOL HISTORY

Release date: March 15, 2019

Revision: October 2022

Addressed public comments.

Revised methods and text to align with draft handbook.

Removed PBPK models as a PECO category.

Added details on supplemental material screening and categories.

Added description of prioritization criteria for selecting the most informative mutagenic MOA
evidence for study evaluation.

Clarified search strategy for background information.
Clarified data extraction methods for low confidence studies.

Clarified rationale for exclusion of studies on chromium compounds containing other metals,
and exclusion of Cr(III) studies.

Clarified inclusion/exclusion of leather tanning studies.

Clarified critical deficient category.

Added subsection on data anomalies and research misconduct.

Clarified exposure considerations (air and biomarker sampling) for epidemiology studies.

Updated literature search dates and database information (Toxline discontinued in December
2019).

Added discussion of inhalation pharmacokinetics and solubility.
Added discussion of mechanistic data and evidence integration.

Added discussion of carcinogenicity evaluation.
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APPENDIX A.

Systematic Review Protocol for the Hexavalent Chromium IRIS Assessment

ELECTRONIC DATABASE SEARCH

STRATEGIES

Table A-1. Literature search query strings for computerized databases

Database
search date Terms

PubMed hexavalent chromium OR (hexavalent AND chromium) OR CRVI OR CR VI OR Chromium VI OR

(1/29/2013) | “Chromic acid” OR “Calcium chromate” OR “Potassium dichromate” OR “Potassium chromate” OR

(7/19/2013) “Sodium chromate” OR "lead chromate" OR "zinc chromate" OR "strontium chromate" OR

(2/5/2014) "‘ammonium dichromate" OR 13765-19-0[RN] OR 1333-82-0[RN] OR 7789-00-6[RN] OR
7778-50-9[RN] OR 7775-11-3[RN] OR 7789-12-0[RN] OR 13530-65-9[RN] OR 7738-94-5[rn] OR

(4/1/2015) 18540-29-9[rn] OR 7758-97-6[RN] OR 11119-70-3[rn] OR 11103-86-9[rn] OR 13530-65-9[rn] OR

(4/1/2016) 7788-98-9[rn] OR 77898-09-5[rn] OR 7789-06-2[rn]

(5/24/2017)

(5/24/2018)

(10/1/2019)

(8/1/2022)

Web of Topic = (hexavalent chromium OR (hexavalent AND chromium) Chromium VI OR CrVI OR Cr VI OR

Science “Chromic acid” OR “Calcium chromate” OR “Chromic trioxide” OR “Potassium dichromate” OR

(1/29/2013) | “Potassium chromate” OR “Sodium chromate” OR “Sodium dichromate dehydrate” OR "lead

(7/19/2013) chromate" OR "zinc chromate" OR "strontium chromate" OR "ammonium dichromate" OR

(2/5/2014) “ammonium chromate” OR 13765-19-0 OR 1333-82-0 OR 7789-00-6 OR 7778-50-9 OR 7775-11-3
OR 7789-12-0 OR 13530-65-9 OR 7738-94-5 OR 18540-29-9 OR 7758-97-6 OR 11119-70-3 OR

(4/1/2015)  |11103-86-9 OR 13530-65-9 OR 7788-98-9 OR 77898-09-5 OR 7789-06-2)

(4/1/2016)

(5/24/2017) |AND

(5/24/2018)

(10/1/2019) [Research Areas = Toxicology, Biochemistry molecular biology, Public environmental occupational

(8/1/2022) health, Dermatology, Cell biology, Oncology, Life sciences biomedicine other topics, Allergy,
Veterinary sciences, Developmental biology, Immunology, Reproductive biology, Pathology,
Physiology, Urology nephrology, Hematology, Neurosciences neurology, Respiratory system,
Cardiovascular system cardiology, Obstetrics gynecology, Infectious diseases, Gastroenterology
hepatology, Microscopy
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Database
search date Terms
Web of Topic = (hexavalent chromium OR (hexavalent AND chromium) Chromium VI OR CrVI OR Cr VI OR
Science “Chromic acid” OR “Calcium chromate” OR “Chromic trioxide” OR “Potassium dichromate” OR
(1/29/2013) | “Potassium chromate” OR “Sodium chromate” OR “Sodium dichromate dehydrate” OR "lead
(7/19/2013) chromate" OR "zinc chromate" OR "strontium chromate" OR "ammonium dichromate" OR
(2/5/2014) “ammonium chromate” OR 13765-19-0 OR 1333-82-0 OR 7789-00-6 OR 7778-50-9 OR 7775-11-3
OR 7789-12-0 OR 13530-65-9 OR 7738-94-5 OR 18540-29-9 OR 7758-97-6 OR 11119-70-3 OR
(4/1/2015) | 11103-86-9 OR 13530-65-9 OR 7788-98-9 OR 77898-09-5 OR 7789-06-2)
(12/1/2017)
(5/24/2017) |AND
(5/24/2018)
(10/1/2019) |Research Areas = Chemistry, Environmental sciences ecology, Spectroscopy, Pharmacology
(8/1/2022) pharmacy, Water resources, Genetics heredity, Science technology other topics, Biophysics, Food
sciences technology, Endocrinology metabolism, Research experimental medicine, Nutrition
dietetics, Zoology, General internal medicine, Construction building technology, Parasitology,
Medical laboratory technology, Education educational research, Otorhinolaryngology,
Rheumatology, Anatomy morphology, Emergency medicine, Mycology, Sport sciences, Psychiatry
AND
cancer* OR carcinogen* OR chronic OR subchronic OR genotox* OR inhalation absorption OR oral
absorption OR mice OR mouse OR Mutagenicity OR pharmacokinetic
OR rat OR rats OR toxic* NOT (fish OR bacteria* OR microorganism* OR plant*) OR tumor*
Toxline 18540-29-9 OR 7789-09-5 OR 13765-19-0 OR 1333-82-0 OR 7758-97-6 OR 7789-00-6 OR
(includes 7778-50-9 OR 7775-11-3 OR 7789-12-0 OR 7789-06-2 OR 13530-65-9 OR 7788-98-9 OR 7738-94-5
TSCATS) OR 13530-68-2
ote: Toxline was phased out in December and integrated into other resources.
(1/29/2013) | Note: Toxli hased out in December 2019 and i di her NLM
(7/19/2013)
(2/5/2014)
(4/1/2015)
(4/1/2016)
(5/24/2017)
(5/24/2018)
TSCATS2 18540-29-9
(1/29/2013)
(7/19/2013)
(2/5/2014)
(4/1/2015)
(4/1/2016)
(5/24/2017)
(5/24/2018)
Combined (duplicates eliminated through electronic screen)

reference set

Toxline = Toxicology Literature Online; TSCATS2 = Toxic Substances Control Act Test Submissions 2.0.
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Table A-2. Processes used to augment the search of core computerized

databases for Cr(VI)
Additional
references
System used Selected key reference(s) or sources Date identified
Manual ATSDR (Agency for Toxic Substances and Disease Registry). (2012). 1/2013 |40 citations
search of Toxicological profile for chromium. Atlanta, GA: U.S. Department of Health added
citations and Human Services, Public Health Service.
from health |http://www.atsdr.cdc.gov/ToxProfiles/tp.asp?id=62&tid=17.
assessment
documents |U-S. EPA (U.S. Environmental Protection Agency). (2010). Toxicological 1/2013 |59 citations
review of hexavalent chromium (external review draft). (EPA/635/R- added

10/004A). Washington, DC.
http://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=221433.

OSHA (Occupational Safety & Health Administration). (2006). Occupational [5/2014 |3 citations

exposure to hexavalent chromium. Final rule. Fed Reg 71: 10099-10385. added
IPCS (International Programme on Chemical Safety). (2013). Inorganic 5/2014 |5 citations
chromium (VI) compounds. (78). Geneva, Switzerland: World Health added

Organization. http://www.who.int/ipcs/publications/cicad/cicad_78.pdf.

NIOSH (National Institute for Occupational Safety and Health). (2013b). 5/2014 |1 citation
Occupational exposure to hexavalent chromium. (DHHS [NIOSH] added
Publication No. 2013128). Department of Health and Human Services,
Centers for Disease Control and Prevention.
http://www.cdc.gov/niosh/docs/2013-128/pdfs/2013_128.pdf.

References |Snowball search 1/2013,
obtained Ongoing
during the

assessment

process

Search of Combination of Chemical Abstracts Service registry number (CASRN) and
online synonyms searched on the following websites:

chemical e American Conference of Governmental Industrial Hygienists (ACGIH)

assessment- (http://www.acgih.org)
related . . . L .

. e American Industrial Hygiene Association Workplace Environmental
websites

Exposure Levels (AIHA WEELs)
(http://www.tera.org/OARS/WEEL.html)

e Agency for Toxic Substances and Disease Registry (ATSDR)
(http://www.atsdr.cdc.gov/substances/index.asp)

e (California Environmental Protection Agency (CalEPA) Office of
Environmental Health Hazard Assessment (OEHHA)
(http://www.oehha.ca.gov/risk.html)

o OEHHA Toxicity Criteria Database
(http://www.oehha.ca.gov/tcdb/index.asp)

o Biomonitoring California-Priority Chemicals
(https://biomonitoring.ca.gov/chemicals/priority-chemicals)
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Additional
references
System used Selected key reference(s) or sources Date identified

o Biomonitoring California-Designated Chemicals
(https://biomonitoring.ca.gov/chemicals/designated-chemicals)

o Cal/Ecotox Database
(https://oehha.ca.gov/ecotoxicology/general-info/calecotox-
database)

o OEHHA fact sheets
(http://www.oehha.ca.gov/public_info/facts/index.html)

o Noncancer health effects table (reference exposure levels [RELs]:
http://www.oehha.ca.gov/air/allrels.html)

o Cancer Potency Factors (see Appendix A and Appendix B;
http://www.oehha.ca.gov/air/hot spots/tsd052909.html)

e CalEPA Drinking Water Notification Levels
(http://www.swrcb.ca.gov/drinking water/certlic/drinkingwater/Not
ificationLevels.shtml)

e Chemical Risk Information Platform (CHRIP)
(http://www.safe.nite.go.jp/english/db.html)

e Consumer Product Safety Commission (CPSC) (http://www.cpsc.gov)

e European Centre for Ecotoxicology and Toxicology of Chemicals
(ECETOC) publications (http://www.ecetoc.org/publications)

e European Chemicals Agency (ECHA); general site
(http://echa.europa.eu/information-on-chemicals)

e ECHA info on Registered Substances
(http://echa.europa.eu/information-on-chemicals/registered-
substances)

e ECHA Information from the Existing Substances Regulation (ESR)
(http://echa.europa.eu/information-on-chemicals/information-from-
existing-substances-regulation)

e eChemPortal [participating databases: Aggregated Computational
Toxicology Resource (ACToR), AGRITOX, Canadian Categorization
Results (CCR), CCR DATA, Canada’s Existing Substances Assessment
Repository (CESAR), CHRIP, ECHA CHEM, Data Bank of Environmental
Properties of Chemicals (EnviChem), European chemical Substances
Information System (ESIS), Globally Harmonized System-Japan (GHS-
1), High Production Volume Information System (HPVIS), Hazardous
Substances Data Bank (HSDB), Hazardous Substances and New
Organisms Chemical Classification Information Database (HSNO
CCID), INCHEM, Japan CHEmicals Collaborative Knowledge (J-CHECK),
JECDB, NICNAS PEC, OECD HPV, OECD SIDS IUCLID, UNEP SIDS, United
Kingdom (UK) Coordinated Chemicals Risk Management Programme
Publications (CCRMP) Outputs, US EPA RIS, US EPA Substance
Registry Services (SRS)
(http://www.echemportal.org/echemportal/participant/page.action?

pagelD=9)]
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Additional
references
System used Selected key reference(s) or sources Date identified

e Environment Canada—search entire site
(http://www.ec.gc.ca/default.asp?lang=En&n=ECD35C36) if not
found below:

o Toxic substances managed under Canadian Environmental
Protection Act (CEPA) (http://www.ec.gc.ca/toxiques-
toxics/Default.asp?lang=En&n=98E80CC6-1) search results

o Final assessments (http://www.ec.gc.ca/lcpe-
cepa/default.asp?lang=En&xmI|=09F567A7-B1EE-1FEE-73DB-
8AE6C1EB7658)

o Draft assessments (http://www.ec.gc.ca/lcpe-
cepa/default.asp?lang=En&xm|=6892C255-5597-C162-95FC-
4B905320F8C9)

e EPA Chemical Data Access Tool (CDAT)
(http://java.epa.gov/oppt _chemical search/)

e EPA Acute Exposure Guideline Levels
(http://www.epa.gov/oppt/aegl/pubs/chemlist.htm)

e EPA National Service Center for Environmental Publications (NSCEP)
(http://www.epa.gov/ncepihom/)

e EPA Office of Pesticide Programs (OPP)
(http://iaspub.epa.gov/apex/pesticides/f?p=chemicalsearch:1)

e EPA Science Inventory (http://cfpub.epa.gov/si/)

e Emergency Response Planning Guidelines (ERPGs)
(https://www.aiha.org/get-
involved/AIHAGuidelineFoundation/EmergencyResponsePlanningGui
delines/Pages/default.aspx)

e Food and Drug Administration (FDA) (http://www.fda.gov/)

e Federal Docket (www.regulations.gov)

e Health Canada—search entire site (http://www.hc-sc.gc.ca/index-
eng.php)

e Health Canada Drinking Water Documents (http://www.hc-
sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.phptttech doc)

e Health Canada First Priority List Assessments (http://www.hc-
sc.gc.ca/ewh-semt/pubs/contaminants/psl1-Ispl/index-eng.php)

e Health Canada Second Priority List Assessments (http://www.hc-
sc.gc.ca/ewh-semt/pubs/contaminants/ps|2-lsp2/index-eng.php)

e International Agency for Research on Cancer (IARC) Monographs:
(https://monographs.iarc.fr/agents-classified-by-the-iarc)

e |RISTrack/new assessments and reviews
(http://cfpub.epa.gov/ncea/iris/search/)

e Japan Existing Chemical Data Base (JECDB)
(http://dra4.nihs.go.jp/mhlw_data/jsp/SearchPageENG.jsp)

National Academies Press (NAP)—search site (http://www.nap.edu/)
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Additional
references
System used Selected key reference(s) or sources Date identified

e National Cancer Institute (NCI) (http://www.cancer.gov)

e National Center for Toxicological Research (NCTR)
(http://www.fda.gov/AboutFDA/CentersOffices/OC/OfficeofScientific
andMedicalPrograms/NCTR/default.htm)

e National Industrial Chemicals Notification and Assessment Scheme
(NICNAS); priority existing chemical (PEC) only covered by
eChemPortal (http://www.nicnas.gov.au)

e National Institute for Environmental Health Sciences (NIEHS)
(http://www.niehs.nih.gov/)

e National Institute for Occupational Safety and Health (NIOSH)
(http://www.cdc.gov/niosh/topics/)

e National Institute for Occupational Safety and Health Technical
Information Center (NIOSHTIC) 2 (http://www?2a.cdc.gov/nioshtic-2/)

e National Toxicology Program (NTP)—Report on Carcinogens (RoC),
status, results, and management reports

o RoC (12th-14%"): (https://ntp.niehs.nih.gov/pubhealth/roc/index-
1.html)

o NTP site search:
(http://ntpsearch.niehs.nih.gov/texis/search/?query=arsenic&pr=
ntp web entire site all&mu=Entire+NTP+Site)

e Organisation for Economic Cooperation and Development (OECD)
high production volume (HPV)/Screening Information Data Set
(SIDS)/International Uniform Chemical Information Database (IUCLID)
(cross-check with eChem;
http://webnet.oecd.org/hpv/ui/Search.aspx)

e Occupational Safety and Health Administration (OSHA)
(http://www.osha.gov/dts/chemicalsampling/toc/toc_chemsamp.ht
ml)

e Registry of Toxic Effects of Chemical Substances (RTECS)
(http://www.ccohs.ca/search.html)

e United Nations Environment Programme (UNEP) SIDS (through 2007;
http://www.inchem.org/pages/sids.html)
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APPENDIX B. TYPICAL DATA EXTRACTION FIELDS

Table B-1. Key data extraction elements to summarize study design,
experimental model, methodology, and results

Field label Data extraction elements

HUMAN

Funding Funding source(s)
Reporting of conflict of interest by authors

Subjects Study population name/description
Dates of study and sampling time frame
Geography (country, region, state, etc.)
Demographics (sex, race/ethnicity, age or life stage at exposure, and at outcome assessment)
Number of subjects (target, enrolled, n per group in analysis, and participation/follow-up
rates)
Inclusion/exclusion criteria/recruitment strategy
Description of reference group

Methods Study design (e.g., prospective or retrospective cohort, nested case-control study,

cross-sectional, population-based case-control study, intervention, case report, etc.)

Length of follow-up

Health outcome category (e.g., cardiovascular)

Health outcome (e.g., blood pressure)

Diagnostic or methods used to measure health outcome

Confounders or modifying factors and how considered in analysis (e.g., included in final model,
considered for inclusion but determined not needed)

Chemical name and CAS number

Exposure assessment (e.g., blood, urine, hair, air, drinking water, job classification, residence,
administered treatment in controlled study, etc.)

Methodological details for exposure assessment (e.g., HPLC-MS/MS, limit of detection)

Statistical methods
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Field label

Data extraction elements

Results

Exposure levels (e.g., mean, median, measures of variance as presented in paper, such as
standard deviation (SD), standard error of the mean (SEM), 75%/90t"/95t percentile,
minimum/maximum); range of exposure levels, number of exposed cases

Statistical findings (e.g., adjusted B, standardized mean difference, adjusted odds ratio,
standardized mortality ratio, relative risk, etc.) or description of qualitative results. When
possible, convert measures of effect to a common metric with associated 95% confidence
intervals (Cl). Most often, measures of effect for continuous data are expressed as mean
difference, standardized mean difference, and percentage control response. Categorical data
are typically expressed as odds ratio, relative risk (RR, also called risk ratio), or B values,
depending on what metric is most commonly reported in the included studies and ability to
obtain information for effect conversions from the study or through author query.

Observations on dose-response (e.g., trend analysis, description of whether dose-response
shape appears to be monotonic, nonmonotonic)

Other

Documentation of author queries, use of digital rulers to estimate data values from figures,
exposure unit, and statistical result conversions, etc.

ANIMAL

Funding

Funding source(s)

Reporting of conflict of interest by authors

Animal model

Sex

Species

Strain

Source of animals

Age or life stage at start of dosing and at health outcome assessment

Diet and husbandry information (e.g., diet name/source)

Treatment

Chemical name and CAS number

Source of chemical

Purity of chemical

Dose levels or concentration (as presented and converted to mg/kg BW-day when possible)

Other dose-related details, such as whether administered dose level was verified by
measurement, information on internal dosimetry

Vehicle used for exposed animals

Route of administration (e.g., oral, inhalation, dermal, injection)

Duration and frequency of dosing (e.g., hours, days, weeks when administration was ended,
days per week)
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Field label

Data extraction elements

Methods

Study design (e.g., single treatment, acute, subchronic [e.g., 90 days in a rodent], chronic,
multigenerational, developmental, other)

Guideline compliance (i.e., use of EPA, OECD, NTP, or another guideline for study design,
conducted under GLP guideline conditions, non-GLP but consistent with guideline study,
nonguideline peer reviewed publication)

Number of animals per group (and dams per group in developmental studies)

Randomization procedure, allocation concealment, blinding during outcome assessment

Method to control for litter effects in developmental studies

Use of negative controls and whether controls were untreated, vehicle-treated, or both

Report on data from positive controls—was expected response observed?

Endpoint health category (e.g., reproductive)

Endpoint (e.g., infertility)

Diagnostic or method to measure endpoint

Statistical methods

Results

Measures of effect at each dose or concentration level (e.g., mean, median, frequency, and
measures of precision or variance) or description of qualitative results. When possible,
convert measures of effect to a common metric with associated 95% confidence intervals.
Most often, measures of effect for continuous data will be expressed as mean difference,
standardized mean difference, and percentage control response. Categorical data will be
expressed as relative risk (RR, also called risk ratio).

NOEL, LOEL, BMD analysis, statistical significance of other dose levels, or other estimates of
effect presented in paper.

Note: The NOEL and LOEL are highly influenced by study design, do not give any quantitative
information about the relationship between dose and response, and can be subject to author’s
interpretation (e.g., a statistically significant effect may not be considered biologically
important). Also, a NOEL does not necessarily mean zero response. Ideally, the response rate
at specific dose levels is used as the primary measure to characterize the response.

Observations on dose-response (e.g., trend analysis, description of whether dose-response
shape appears to be monotonic, nonmonotonic)

Data on internal concentration, pharmacokinetics, or pharmacodynamics (when reported)

Other

Documentation of author queries, use of digital rulers to estimate data values from figures,
exposure unit, and statistical result conversions, etc.

BMD = benchmark dose; CAS = Chemical Abstract Service; GLP = good laboratory practice; HPLC-MS/MS = high-
performance liquid chromatography-tandem mass spectrometry; LOEL = lowest-observed-effect level;
NOEL = no-observed-effect level; NTP = National Toxicology Program; OECD = Organisation for Economic
Cooperation and Development.
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