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Presentation Outline
•

Notable updates and studies since our 2016 meeting

•

Overview of MOA Research – Summary of the Emerging Science
– Purpose and scope
– Consistency with accepted MOAs
– Evidence for lack of genotoxicity
– Evidence for pharmacokinetic nonlinearities

•

Recent Decisions on Toxicity Values

•

Remaining Issues – Systematic Review, IRIS Schedule
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Updates Since August 2016 Meeting
•

Two publications demonstrating lack of mutagenicity in the rodent
duodenum following exposure to Cr(VI)

•

Updated PBPK models for Cr(VI)

•

Updated oral reference dose for Cr(VI)

•

Recently accepted manuscript (discuss at the end)

•

Four agencies have proposed oral toxicity values based on
nonlinear/threshold risk assessment approaches (e.g. RfD, TDI)
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Recent Regulatory Values for Cr(VI) Have Relied on MOA Research
Agency

RfD or TDI
(mg/kg-day)

Drinking Water
(ppb)

Data Used

Health Canada (2016)

0.0022

50
(same as before)

NTP (SI hyperplasia)
PBPK Models (dose metric)
MOA Research (threshold extrapolation)

TCEQ (2016)

0.003

≅ 100

NTP (SI hyperplasia)
PK Data (dose metric)
MOA Research (threshold extrapolation)

Food Safety
Commission of Japan
(2019)

0.001

30-60

NTP (SI hyperplasia)
MOA Research (threshold extrapolation)

--

50
(same as before)

WHO (2019, Draft)

MOA Research (retain existing value)
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Since 2016, at least four agencies have developed regulatory values for oral exposure
to Cr(VI) using nonlinear risk assessment methods. These agencies have based their
assessments on the weight of evidence that the tumors observed in the NTP (2008)
bioassay were not the result of a mutagenic MOA. Health Canada and TCEQ used
both MOA and pharmacokinetic information from our studies (Health Canada, 2016;
TCEQ, 2016), whereas the Food Safety Commission of Japan and WHO mostly relied
on MOA information from our studies (FSCJ, 2019). Health Canada, TCEQ, and the
Food Safety Commission of Japan all based their assessments on diffuse epithelial
hyperplasia in the mouse small intestine reported in the NTP (2008) cancer bioassay.
The WHO concluded that an older value they derived did not require updating based
on the new available science (WHO, 2019).
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New Values are Similar to Existing IRIS Value (1998)

New values
address
cancer and
confidence
in RfD
5

The existing IRIS RfD for Cr(VI) is based on the absence of toxicity in rats exposed to
Cr(VI) in drinking water for 1 year (Mackenzie et al., 1958). No evidence of
carcinogenicity was observed at concentrations up to 25 ppm. IRIS characterized the
confidence in the RfD was as low. As shown on the previous slide, several agencies
have derived similar RfD values to the existing IRIS RfD value of 0.003 mg/kg-day.
What is different is that the overall confidence in the study, database, and RfD
calculation are improved based on the NTP 2-year bioassay, MOA information,
pharmacokinetic modeling, and BMD modeling.
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Cr(VI) MCL & US Water Levels
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Cr(VI) MCL, US Water Levels, & NTP Doses
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Cr(VI) MCL, US Water Levels, & NTP Doses
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in proximal SI
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Is Linear Low Dose Extrapolation Scientifically Supported?
• Is there any evidence of a threshold MOA?
• Evidence for cytotoxicity?

100

Cr(VI), ppm

• Is there evidence for a mutagenic MOA?
• Is there evidence of in vivo
genotoxicity?
• Target tissue genotoxicity?
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• Is there evidence for pharmacokinetic
nonlinearities?
• Do environmental levels of Cr(VI) pose
risk to the intestine?

0.00001
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Regulators at the New Jersey Department of Environmental Quality (NJDEP) derived
an oral cancer slope factor based on small intestine tumors in male mice from the
NTP bioassay (Stern, 2010). Default linear low dose extrapolation of the doseresponse for intestinal tumors results in 1E-6 risk at water concentrations orders of
magnitude below the average concentration of 0.001 ppm. In the 2010-2011
timeframe, organizations like EPA and OEHHA used or develop similar values. For
example, the OEHHA public health goal (PHG) of 0.00002 ppm is based on intestinal
tumors (OEHHA, 2011).
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Early Suggestions of a Cytotoxicity/Cell Proliferation MOA

DEH in Duodenum (Females):

• NTP (2008) study authors only
observed diffuse epithelial
hyperplasia (DEH) in mice
• Characterized DEH as
secondary to mucosal injury in
both 13-wk and 2-yr studies

2-year Study(Female Mice):

Cr(VI)
ppm

Mice
(13-wk)

Rats
(13-wk)

Cr(VI)
ppm

DEH
(Duo)

Tumor
(SI)

0

0/10

0/10

0

0/50

1/50

22

7/10

0/10

5

16/50

1/50

44

8/10

0/10

20

35/50

4/50

88

10/10

0/10

60

31/50

17/50

175

10/10

0/10

180

42/50

22/50

350

10/10

0/10
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It is well documented that chemicals that induce cytotoxicity and cell proliferation in
short term bioassay will likely cause cancer in the affected tissue in long term
bioassays. In the NTP 13-week bioassay, NTP reported diffuse epithelial cell
hyperplasia in the duodenum of mice but not rats (NTP, 2007). In the chronic
bioassay, male and female mice exhibited dose-dependent increases in diffuse
epithelial hyperplasia as well as duodenal tumors, whereas neither intestinal
hyperplasia nor intestinal tumors were reported in rats (NTP, 2008). These data
suggest a cytotoxicity/regenerative hyperplasia MOA.
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MOA Research Overview
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Overview of MOA Research Program
Cancer Bioassay

(2008)

MOA Research

(2010-Present)

histopathology &
biochemistry

7&90-day MOA
studies

in vivo genotoxicity

Pharmacokinetics

toxicogenomics

Public Health
Decisions

PBPK models

gastric Cr(VI)
reduction

Dose-response
analysis

In vivo genotoxicity

duodenal MN
assay

TGR Big Blue®
TgF344 assay

Exposure
analysis
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The MOA research was designed to inform the oral risk assessment of Cr(VI).
Consistent with U.S. EPA Cancer Guidelines, it was designed to inform the MOA for
the tumors associated with oral exposure to Cr(VI), i.e., oral tumors in rats and
intestinal tumors in mice. The study began with a 90-day bioassay in female rats and
mice (with a 7-day interim time point) that was conducted at Southern research, the
same contract lab that conducted the NTP 2-year bioassay. Various analyses included
histopathology, biochemistry, transcriptomics, pharmacokinetics, and assessment of
in vivo genotoxicity in target tissues.
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MOA is for the Tumor, Not the Carcinogen
U.S. EPA (2005) Guidelines for Carcinogen Risk Assessment:
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Small Intestine Structure and Carcinogenesis

Model of Intestinal Cancer Initiation & Progression

14

Sources: Schuijers & Clevers (2012) EMBO J. 31, 2685.
Rizk & Barker (2012) WIREs Syst Biol Med. 4, 475.

Because the intestinal tumors in mice occurred at lower exposure concentrations
than oral tumors in rats, most of the research has been focused on the small
intestine. The small intestine has a unique structure. It is generally believed that
cancer arises from mutations in stem cells at the base of crypts, which are small
invaginations in the intestinal surface. These stem cells give rise to daughter cells that
move up through the crypt and out onto villi. Proliferating enterocytes become
terminally differentiated upon reaching the villi. Toxicity in these villous enterocytes is
not likely to result in the direct formation of cancerous cells.
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Small Intestine Histopathology
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Published MOA for SI Tumors in Mice: Folpet/Captan

• NTP study authors noted that captan was "the only other study
performed by the NTP in B6C3F1 mice in which both benign and
malignant intestinal neoplasms of epithelial origin have been
definitely attributed to chemical exposure”
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Sou

• U.S. EPA (2004):
• "captan induces adenomas and adenocarcinomas in the
duodenum of the mouse by a nongenotoxic MOA involving
cytotoxicity and regenerative cell hyperplasia that exhibits a
clear dose threshold...
• EPA classified captan as "not likely to be a human
carcinogen at dose levels tha do not cause cytotoxicity and
regenerative cell hyperplasia"

A mode of action for captan- and folpet-induced intestinal cancer was proposed over
a decade ago (Cohen et al., 2010). Toxicity to villous enterocytes leads to accelerated
cell loss and thus a regenerative proliferative response in the intestinal crypts. If the
cell loss is severe, the crypt is unable to regenerate the normal villus structure and
thus results in villous blunting/atrophy. Under prolonged cytotoxic exposures, the
increased stem cell proliferation results in an increased probability of DNA replication
error, transformation, and tumor development. The MOA for captan has been
accepted by regulators such as EPA. Notably, the NTP Cr(VI) study authors specifically
mentioned captan as the only other long term NTP study to induce similar tumors in
B6C3F1 mice (NTP, 2008; Stout et al., 2009).
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Histopathology in Mice Following Cr(VI) Exposure: Villus Blunting
90 Days Exposure:
Tap Water

180 ppm Cr(VI)
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These slides show the normal cross section through the mouse duodenum on the
left, and villous blunting (note wider luminal space) in the duodenum of mice
exposed to 180 ppm Cr(VI) for 90 days (right) (Thompson et al., 2015a). This
phenotype is consistent with villous changes induced by captan and folpet.
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Histopathology in Mice Following Cr(VI) Exposure: Crypt Expansion
90 Days Exposure:
Tap Water

180 ppm Cr(VI)
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These slides (also adapted from Thompson et al., 2015a), show the normal height of
the crypt compartment in control mice (left), and crypt elongation due to increased
cell proliferation in the duodenum of mice exposed to 180 ppm Cr(VI) for 90 days
(right). This phenotype is consistent with crypt changes induced by captan and folpet.
Changes to the crypt height (or depth) have been quantified in terms of length and
cell number (inset).
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Cr(VI) Has Similar Phenotype to Folpet and Captan

19

:Cr(VI)
Source: Cohen et al. (2010) Crit Rev Toxicol 40: 531.

Folpet:
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Critical Question: Where Is Chromium Localized in the Duodenum?
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Given the structure of the duodenum, it is important to understand where chromium
is specifically localized in the intestinal mucosa. Detection in the crypts might support
direct acting mutagenic MOA. In collaboration with the U.S. Army Corps of Engineers,
unstained tissue sections were taken to the Brookhaven National Laboratory
synchrotron where duodenal sections were exposed to x-ray beams to excite various
elements (e.g., Cr) in fixed tissue to fluoresce and thereby allow visualization of
location.
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Critical Question: Where Is Chromium Localized in the Duodenum?

U.S. Army Corps of Engineers

Brookhaven National Laboratory
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Given the structure of the duodenum, it is important to understand where chromium
is specifically localized in the intestinal mucosa. Detection in the crypts might support
direct acting mutagenic MOA. In collaboration with the U.S. Army Corps of Engineers,
unstained tissue sections were taken to the Brookhaven National Laboratory
synchrotron where duodenal sections were exposed to x-ray beams to excite various
elements (e.g., Cr) in fixed tissue to fluoresce and thereby allow visualization of
location.
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Cr is Detected in the Villus Region of the Duodenal Mucosa

Lumen
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In this cross section of a mouse exposed to 180 ppm Cr(VI) for 90 days, XRF imaging
reveals the presence of calcium (Ca) and sulfur (S) fluorescence throughout the crypts
and villi (Thompson et al., 2015a). In contrast, Cr(VI) is readily detected at villous tips
and is nearly absent in the crypts. This indicates that toxicity most likely occurs in the
villi, and not in the crypts or stem cells near the base of the crypt. Critically, this
localization is consistent with the histopathology shown earlier indicating healthy
elongating crypts, and blunting of the villi. These data also inform results from
genotoxicity testing.
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Localization = Toxicity

23

In this cross section of a mouse exposed to 180 ppm Cr(VI) for 90 days, XRF imaging
reveals the presence of calcium (Ca) and sulfur (S) fluorescence throughout the crypts
and villi (Thompson et al., 2015a). In contrast, Cr(VI) is readily detected at villous tips
and is nearly absent in the crypts. This indicates that toxicity most likely occurs in the
villi, and not in the crypts or stem cells near the base of the crypt. Critically, this
localization is consistent with the histopathology shown earlier indicating healthy
elongating crypts, and blunting of the villi. These data also inform results from
genotoxicity testing.
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Evidence for Cytotoxicity/Regenerative Hyperplasia MOA
•

Significant duodenal “diffuse epithelial hyperplasia” observed in
mice of the NTP 13-wk and 2-year bioassay (NTP, 2007,2008)

•

Neither NTP assay reported DEH or intestinal tumors in rats

•

DEH also observed after only one week of exposure (Thompson et
al., 2011)

•

Phenotype for Cr(VI) is similar to captan and folpet

•

Suggests a common cytotoxicity-regenerative hyperplasia MOA for
Cr(VI)-induced intestinal cancers
What about genotoxicity?
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In Vivo Target Tissue Genotoxicity Studies
Cancer Bioassay

(2008)

MOA Research

(2010-Present)

histopathology &
biochemistry

7&90-day MOA
studies

in vivo genotoxicity

Pharmacokinetics

toxicogenomics

Public Health
Decisions

PBPK models

gastric Cr(VI)
reduction

Dose-response
analysis

In vivo genotoxicity

duodenal MN
assay

Exposure
analysis

TGR Big Blue®
TgF344 assay

other MOA
research
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Cr(VI) Does Not Increase Micronuclei in Mouse Crypts
Intact Crypts

Full Sections

DAY 91
Cr(VI), ppm

Enterocytes

MN, KN

0

1921

0, 0

0.1

1707

0, 4*

1.4

1825

0, 0

5

1420

0, 0

20

2386

0, 0

60

2746

0, 0

180

3194

0, 0

O’Brien et al. (2013) Mut Res
*3 observed in one animal

DAY 91
Cr(VI), ppm

Crypts
MN, KN

Villi
MN, KN

0

2, 0

1, 0

0.1

2, 1

1, 1

1.4

1, 0

2, 0

5

1, 0

0, 0

20

0, 1

2, 5

60

0, 1

9, 6

180

0, 0

9, 25

O’Brien et al. (2013) Mut Res
Note: bolded values are statistically significant
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Using tissues from our original 90-day study in mice, target tissue in vivo genotoxicity
was assessed for micronucleus induction and increased mutant frequency (O'Brien et
al., 2013). Stained tissue sections were digitized and scored by two methods: 1) the
traditional analysis of intact crypts, and 2) by scoring entire sections in regions of
crypts and villi. No increases in MN were noted in crypts; however, damaged nuclei
were present in the villi—particularly around the tips.
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Cr(VI) did not Increase kras Mutant Frequency in Mouse Duodenum
•

No mutation data from intestinal tumors
in the NTP Cr(VI) cancer bioassay

•

K-ras selected b/c implicated in
intestinal carcinogenesis

•

Mutations often occur in codon 12
– GGT→ GAT: spontaneous mutation; sometimes
elevated with other K-ras mutations
– K-rasG12D can increase proliferation in mouse
intestine

•

Sensitive ACB-PCR assay
– B6C3F1 mice exposed to Cr(VI) for 90 days
– Codon 12 GAT mutations measured in scraped
duodenal mucosa

27
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•

No mutation data from intestinal tumors
in the NTP Cr(VI) cancer bioassay

•

K-ras selected
b/ctumors
implicated
in
intestine
rare
intestinalamong
carcinogenesis
NTP studies.

•

Despite high MF, small

Mutations often occur in codon 12
– GGT→ GAT: spontaneous mutation; sometimes
elevated with other K-ras mutations
– K-rasG12D can increase proliferation in mouse
intestine

•

K-ras codon 12 GAT MF

Cr(VI) did not Increase kras Mutant Frequency in Mouse Duodenum
10-1
10-2
10-3
10-4
10-5
10-6

0

0.1

1.4

5

20

60

180

Cr(VI), ppm
Source: O’Brien et al. (201) Mut Res 754, 15-21.

Sensitive ACB-PCR assay
– B6C3F1 mice exposed to Cr(VI) for 90 days
– Codon 12 GAT mutations measured in scraped
duodenal mucosa
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The potential for in vivo mutation was assessed in kras codon 12 by the ACB-PCR
method. Unlike the MN assay, which focuses heavily on the crypt, mutation analysis
was conducted in scraped intestinal mucosa containing crypts and villi. Kras codon 12
was selected, in part, because it has been implicated in intestinal carcinogenesis. Kras
mutant frequency (MF) was not elevated in any treatment groups (O'Brien et al.,
2013), although the data might suggest that here is a high background mutation rate
in kras codon 12 in B6C3F1 mice.
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Follow Up 7-Day GLP MN Study
Cr(VI), ppm

Cr did not increase MN

Enterocytes

Crypts

Cells/Crypt

MN

KN

0

6694

171

39.3

4

0

1.4

3159

77

41.0

1

0

21

3946

76

51.9

1

1

180

5161

77

67.1

0

0

Cyclophos.

3447

87

39.3

30

5

Control

180 ppm Cr(VI)

Cyclophos.

Cr did not increase y-H2AX

Cr localized to villi
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After O’Brien et al. (2013), a new 7-day GLP MN assay was conducted at BioReliance
(Thompson et al., 2015b). This study used ‘Swiss roll’ preps to better analyze crypts
for MN. Synchrotron-based XRF mapping was again conducted to visualize the
location of chromium in tissue. In addition, y-H2AX immunostaining was conducted
to help visualize abnormal nuclei. Exposure to Cr(VI) caused a dose-dependent
increase in cell proliferation (as measured by enterocytes per crypt) without increase
in MN formation or aberrant y-H2AX staining. In contrast the positive control
cyclophosphamide increased MN and aberrant y-H2AX immunostaining without
effecting cell proliferation. XRF imaging revealed the presence of chromium in villi but
not crypts.
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TGR Mutation Assay in Big Blue® TgF344 Rats

•

Transgenic rodent (TGR) in vivo
mutagenicity assays can detect mutations
in most all tissues
Chose to run Big Blue rat to address the
oral tumors in rats and the intestinal
tumors in mice
• XRF maps and pharmacokinetic data
indicate relatively high levels of
Cr(VI) in rats exposed to 180 ppm

10000

MF ´ 10-6

•

gingival/buccal

gingival/palate

1000

100
50
10

Control Cr(VI)
(180 ppm)
~11 mg/kg

4NQO Control Cr(VI)

4NQO

(180 ppm)
~11 mg/kg

Source: Thompson et al. 2015 EMM 56, 621-628.
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To further examine the potential for in vivo mutational events, a GLP Big Blue in vivo
transgenic rodent (TGR) mutation assay was carried out in TgF344 rats. Big Blue
TgF344 rats were selected, in part, to examine the potential for a mutagenic MOA for
the oral cavity tumors in F344 rats at 180 ppm Cr(VI) in the NTP (2008) bioassay.
Because the Big Blue model had not been previously qualified for examining mutant
frequency in the oral cavity, we first worked with BioReliance to qualify this target
tissue (Young et al., 2015). After successful qualification, an in vivo mutation assay
was conducted informed by OECD Test Guideline 488. Mutant frequency was not
elevated in the oral cavity of TgF344 rats exposed to 180 ppm Cr(VI) (Thompson et al.,
2015c).
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TGR Mutation Assay in Duodenum of Big Blue® TgF344 Rats
Source: Thompson et al. (2015) Tox Sci 143.

Cr (mg/g duodenum)

80

Mice
Rats

60
40
20
0

ND

0

0.1

1.4

5

20

60

180

Cr(VI), ppm
31

Because previous data collected demonstrated high levels of chromium in the rat
duodenum following Cr(VI) exposure (Thompson et al., 2012), it is reasonable to
consider MF data from the rat duodenum informative for MOA even though rats did
not develop intestinal tumors. Indeed, the point of running TGR assays is usually to be
predictive of human health risk in the absence of carcinogenicity data. Mutant
frequency was not elevated in the duodenum of TgF344 rats exposed to 180 ppm
Cr(VI) (Thompson et al., 2017).
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Cr(VI) did Not Significantly Increase MF in Mouse Duodenum After 2890 Days of Exposure
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A group of Japanese researchers conducted a TGR in vivo mutation assay in gpt delta
mice (Aoki et al., 2019). It seems that this work was conducted, in part, to support an
ongoing assessment of Cr(VI) in Japan (FSCJ, 2019). Exposure of these mice to Cr(VI)
did not significantly increase MF, and Aoki et al. concluded that the results were
negative.
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Evidence Against Target Tissue Genotoxicity
•

MN formation in the crypt is negative in several Cr(VI) assays

•

Mutant frequency is not elevated in the TgF344 rat oral mucosa or
duodenum after exposure to 180 ppm Cr(VI)

•

Mutant frequency is not elevated in the duodenum of male gpt delta
mice exposed to up to 90 ppm Cr(VI)

•

Data are consistent with XRF imaging

•

Suggests a non-mutagenic MOA for Cr(VI)-induced intestinal
cancers
Is there evidence of
pharmacokinetic thresholds?
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Cr(VI) Pharmacokinetic Studies
Cancer Bioassay

(2008)

MOA Research

(2010-Present)

histopathology &
biochemistry

7&90-day MOA
studies

in vivo genotoxicity

Pharmacokinetics

toxicogenomics

Public Health
Decisions

PBPK models

gastric Cr(VI)
reduction

Dose-response
analysis

In vivo genotoxicity

duodenal MN
assay

TGR Big Blue®
TgF344 assay

Exposure
analysis
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PBPK Models for Cr(VI): Data & Model Structure

35

The PBPK model (Kirman et al., 2017) begins with data on the reduction of Cr(VI) to
Cr(III) by mouse, rat, and human gastric fluid. This data was then used to develop a
reduction model representing the extracellular reduction of Cr(VI) to inert Cr(III), i.e.
detoxification of Cr(VI). These data then feed into a model of the amount of Cr(VI)
reduced within the lumen of each segment of the intestine (duodenum, jejunum,
ileum) and ultimately a PBPK describing the tissue levels in the portal of entry (POE)
and systemic compartments.
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Nonlinearities in Pharmacokinetics
% Cr(VI) Escaping Gastric Reduction

Internal Dose to SI
2012 model
2017 model
Mice
2017 model
2012 model

RfD
RfD

0.003 ppm Cr(VI)

NTP dose range

(95th %-ile)
Kirman et al. (2017)
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Under the exposure concentrations in the NTP (2008) bioassay, nonlinear
toxicokinetics are predicted to occur in rats and mice due to depletion of reducing
equivalents in gastric fluid. At doses <0.1 mg/kg, the percentage of Cr reaching the
small intestines as Cr(VI) is greater in mice than in rats and humans due primarily to
the shorter transit time for gastric contents in mice. This shorter transit time allows
less time for Cr(VI) reduction to occur. As reducing equivalents become depleted at
higher doses, the percentage of Cr leaving the stomach and reaching the small
intestines as Cr(VI) increases. Nonlinear toxicokinetics are predicted by the PBPK
model to occur in humans at doses >0.01 mg/kg-day, in mice and rats at doses >0.1
mg/kg-day. The difference in inflection points across species is largely due to
differences in reduction capacity for the fast reduction portion of the reduction
model.
The plot on the right shows the dose-dependent increase in Cr(VI) entering the SI
over the dose range in the NTP bioassay. The inset shows the model-predicted dosedependent increase in Cr(VI) entering the human SI at environmental levels. At the
current RfD of 0.003 mg/kg-day, the amount of Cr(VI) entering the SI is a fraction of
the internal dose required to induce tumors in mice. The 95th percentile Cr(VI)
concentration in US water sources (0.003 ppm) is equivalent to a daily dose of 0.0001
mg/kg-day, obviously resulting in even less internal Cr(VI) exposure.
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Narrow Range of RfDs Generated for Cr(VI)
Author
Thompson et al. (2018)

RfD or TDI
(mg/kg-day)
0.003*

Drinking Water
(ppb)

Data Used

Current MCL

NTP (SI hyperplasia)
PBPK Models (dose metric)
MOA Research (threshold extrapolation)

(same as current
IRIS value)

Health Canada (2016)

0.0022

50
(same as before)

NTP (SI hyperplasia)
PBPK Models (dose metric)
MOA Research (threshold extrapolation)

TCEQ (2016)

0.003

≅ 100

NTP (SI hyperplasia)
PK Data (dose metric)
MOA Research (threshold extrapolation)

Food Safety
Commission of Japan
(2019)

0.001

30-60

NTP (SI hyperplasia)
MOA Research (threshold extrapolation)

--

50
(same as before)

WHO (2019, Draft)

MOA Research (retain existing value)

*no other endpoints in NTP (2008) bioassay (e.g., liver inflammation) resulted in lower RfD values
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Based on updated PBPK models for Cr(VI), a risk assessment for providing an oral RfD
for Cr(VI) was conducted (Thompson et al., 2018). Potentially adverse effects from
Cr(VI) exposure in the NTP (2008) bioassay were modeled using dose metrics suitable
for point of contact in the intestine and systemic delivery for other tissues (e.g., liver).
The RfD for intestinal hyperplasia and liver inflammation resulted in the lowest RfD
values of 0.003 mg/kg-day. This value is identical to the current RfD in IRIS; however,
the confidence in the updated RfD is improved due to the use of a gold standard NTP
cancer bioassay, MOA information, PBPK models, and BMD modeling. All of the
recently published values fall within a very narrow range—despite differences in the
derivation of the safety values.
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MOA Summary
• The scientific weight of evidence strongly favors a non-mutagenic MOA supporting
nonlinear risk assessment approaches
• Several authoritative bodies have concluded (with varying degrees of systematic
evaluation) that the MOA for oral tumors observed in the NTP (2008) bioassay is likely
non-mutagenic and therefore have developed regulatory values using nonlinear
methods
• Default low-dose linear extrapolation leads to the unsupported conclusion that current
environmental exposures to Cr(VI) pose a health risk
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Remaining Issues
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Two New Manuscripts Relevant to Cr(VI)
Adverse Outcome Pathway (AOP) for small intestine cancer
•

Accepted at Critical Reviews in Toxicology

•

Coauthors: Sam Cohen, Charles Wood, John Cullen, Elliot Gordon, Virunya Bhat, Mark Harris,
Deborah Proctor, and Chad Thompson

•

Describes the initial development of an AOP for intestinal cancer in mice
–

Builds on knowledge from Cr(VI), captan, and folpet databases

–

Informed by other intestinal maladies

Use of 10 Key Characteristics of Cancer to Evaluate Alternative MOAs
•

Under review at Toxicological Sciences

•

Coauthors: Grace Chappell, Daniele Wikoff, and Chad Thompson

•

Article evaluates data for key characteristics of carcinogens (KCC) not related to the two
proposed/published MOAs: cytotoxicity/regenerative hyperplasia and mutagenic MOA
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Systematic Review(SR) and Assessment for Cr(VI)?
•

Commend EPA’s continued evolution of
applying SR for risk assessment

•

ToxStrategies provided comments during April
2019 webinar regarding the SR protocol for
Cr(VI) (see right)

•

Unclear how Cr(VI) assessment methods have
been modified based on public input to the
protocol

•

Unclear how Cr(VI) assessment methods will
compare to those in the anticipated IRIS
Handbook
Slide 4: Wikoff, Public Comments, 23Apr19
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We commend USEPA’s leadership in the application of systematic review in chemical risk assessment.
In April of 2019, ToxStrategies provided comments on the systematic review protocol for Cr(VI).
Therein, a logical and pragmatic use of systematic review was described for the initial stages of risk
assessment – specifically, the reliance of previous assessment as well as an independent search to
identify literature and characterize hazard. However, there was a lack of detail for how systematic
review will be applied to risk assessment aspects beyond these initial stages, and how mechanistic
data will be evaluated beyond identification via the key characteristics. As a result, the protocol was
seemingly not aligned with Agency’s own guidance on MOA in the cancer guidelines – despite MOA
being a critical component of risk assessment.
As practitioners of systematic review, we certainly recognize the challenge in applying EBT methods to
mechanistic data. We specifically identify and discuss a number of these challenges in our evaluation
of KCC data for Cr(VI) in a new manuscript that is currently under peer review. In this assessment, we
utilized the studies tagged as “mechanistic” in HAWC by the USEPA and reviewed the data to
determine the potential for alternative MOAs. This exercise highlighted potential utilities in a broad
organizational approach such as KCC, though also highlights the challenges in not having a structured
evidence-to-decision method identified a priori for these types of data. That is, mechanistic data
associated with any of the KCCs must be evaluated in context of specific chemical and tumor (or
adverse outcome) under evaluation. We found that when mechanistic data were evaluated with the
anchor of SI tumors in mice, no plausible alternative MOAs were identified to the two MOAs that have
been proposed: mutagenic and cytotoxicity/regenerative hyperplasia. Among these two MOAs, that
available data provide greater weight to the latter.
Given the importance of utilizing systematic review in a “fit for purpose” manner through focus on
studies that inform quantitative methods for setting standards (e.g., targeted research on tumors), we
are wondering if EPA can provide an update regarding methodological updates relating to how MOA
will be evaluated using systematic review?
And/or if the methods applied for Cr(VI) are similar to that which will be described in the anticipated
IRIS handbook for systematic review? And if the IRIS Handbook will more specifically address MOA?
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Remaining Topics
•

IRIS Schedule Outlook

•

Outstanding Issues or Questions
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