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Executive Summary

Methyl isothiocyanate (MITC) has been shown to induce nasal tumors in Sprague Dawley rats exposed to
a high concentration (20 ppm) via whole body inhalation for 2 years. No tumors were observed at the lower
exposure concentrations of 5 and 0.5 ppm, and no tumors were reported in a mouse inhalation
carcinogenicity study with MITC. Non-neoplastic lesions in the nasal tissue have been reported in MITC
acute repeat dose inhalation studies of various durations (1 day, 5 days, 4 weeks, 13 weeks, 52 weeks, and
104 weeks) in rats. In a mechanistic study, inhalation of 20 ppm MITC for 1 day, 5 days, or 4 weeks (5
days/week) induced nasal lesions consisting of acute/subacute inflammation, epithelial cell
degeneration/necrosis, epithelial cell proliferation (epithelial hyperplasia, increased DNA synthesis
detected by nuclear incorporation of BrdU, and regeneration), olfactory sensory neuron apoptosis, and
olfactory sensory neuron loss resulting in atrophy/loss of olfactory epithelium and/or respiratory cell
metaplasia. To understand the plausible mode of action (MOA) for rat nasal tumorgenicity, inhalation
toxicity data were examined using the framework recommended by the International Programme on
Chemical Safety (IPCS). The proposed nasal tumor MOA for MITC includes the following key events: 1)
direct cytotoxicity of MITC in the nasal mucosa (e.g., degeneration, necrosis/apoptosis) because of its
irritating properties; 2) cell proliferation to compensate for MITC-induced cytotoxicity; 3) onset and
persistence of squamous cell metaplasia as an adaptive response to the cytotoxic insult; and 4) development
of tumors, primarily squamous cell carcinomas. The data in support of the key events are discussed, along
with possible alternative MOAs, and the human relevance of the proposed MOA. This analysis indicated
confidence in the proposed MOA for MITC-induced rat nasal tumors and further informed that the
tumorigenicity of MITC has thresholds and it is not likely to pose a carcinogenic risk to humans under

normal use patterns and corresponding exposure levels.
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Introduction: MITC Carcinogenicity in Rodents

MITC has been tested for carcinogenicity by the inhalation route in mice and rats. Chronic whole-body
exposure (6 hour/day, 5 day/week for 104 weeks) to MITC at 20 ppm resulted in a statistically significant
increase in the incidence of nasal tumors in male (Table 1) and female (Table 2) Sprague Dawley rats
compared to controls - 2015a; summarized by EPA, 2018). Nasal tumors were not observed at
the lower exposure concentrations of 0.5 and 5 ppm. Additionally, no increase in tumor incidence was
reported in a 78-week carcinogenicity study in CD-1 mice with MITC concentrations of 0, 1, 5, and 15 ppm
_ 2015b). There was also no evidence for MITC carcinogenicity even in mice or rats when
administered via drinking water for 2 years (NRA, 1997). Therefore, the carcinogenicity of MITC is dose-
dependent, shows a clear threshold below which no tumors are seen, and is limited to the portal of entry for

the inhalation route in a species-specific manner.
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Table 1. Nasal tumor incidence? in male rats from the 2-year MITC inhalation study

Dose (ppm) 0 0.5 5 20
Adenomas 0/60 0/60 0/60 3/60
(%) 0) (0) (0) (5)
(p-value) 0.0150% 1.0000 1.0000 0.1219
Sebaceous cell adenomas 1/60 1/60 0/60 0/60
(%) (2) 2 (0) (0)
(p-value) 0.1872 0.7521 1.0000 1.0000
Papillomas 0/60 0/60 0/60 6/60
(%) (0) (0) (0) (10)
(p-value) 0.0002%* 1.0000 1.0000 0.0137*
Squamous cell papillomas 0/60 0/60 0/60 1/60
(%) 0) (0) (0) )
(p-value) 0.2500 1.0000 1.0000 0.5000
Anaplastic carcinomas 0/60 0/60 0/60 2/60
(%) (0) (0) (0) (3)
(p-value) 0.0617 1.0000 1.0000 0.2479
Squamous cell carcinomas 0/60 0/60 0/60 15/60
(%) (0) (0) (0) (25)
(p-value) 0.0000%** 1.0000 1.0000 0.0000%**
Carcinosarcomas 0/60 0/60 0/60 1/60
(%) 0) (0) (0) ()
(p-value) 0.2500 1.0000 1.0000 0.5000
All nasal carcinomas combined 0/60 0/60 0/60 17%60
(%) 0) (0) (0) (28)
(p-value) 0.0000%* 1.0000 1.0000 0.0000%*
All nasal tumors combined 1/60 1/60 0/60 25%60
(%) () 2 (0) (42)
(p-value) 0.0000%* 0.7521 1.0000 0.0000%*

Data were extracted from the EPA (2018) CARC report on MITC.

2 Number of tumor bearing animals/number of animals examined, excluding those that died or were sacrificed before week 52.
b Three animals in the 20 ppm dose group had multiple tumor types. Data for all combined nasal carcinomas was based on the

animal count rather than tumor quantity: if an animal had multiple tumor sites, it was only counted once.

Significance of trend denoted at control. Significance of pair-wise comparison with control denoted at dose level: * p <0.05, ** p

<0.01.

Table 2. Nasal tumor incidence? in female rats from the 2-year MITC inhalation study

Dose (ppm) 0 0.5 S 20
Anaplastic carcinomas 0/60 0/60 0/60 2/60
(%) 0 0) ) (25)
(p-value) 0.06172 1.00000 1.00000 0.24790
Squamous cell carcinomas 0/60 0/60 0/60 15/60
(%) 0 0) ) (25)
(p-value) 0.00000** 1.00000 1.00000 0.00001%**
All nasal carcinomas combined 0/60 0/60 0/60 1660
(%) 0 ©0) ) (27)
(p-value) 0.00000** 1.00000 1.00000 0.00000%*

Data were extracted from the EPA (2018) CARC report on MITC.

2 Number of tumor bearing animals/number of animals examined, excluding those that died or were sacrificed before week 52.

Y One animal in the 20 ppm dose group had both an anaplastic carcinoma and a squamous cell carcinoma.

Significance of trend denoted at control. Significance of pair-wise comparison with control denoted at dose level; ** p < 0.01.
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The highest concentration of 20 ppm used in the carcinogenicity study in rats resulted in a significant
decrement (compared to controls) both in absolute body weight (34% in males and 20% in females) and
body weight gain (47% in males and 27% in females). Although this appeared to exceed a maximum
tolerated dose (MTD), the argument for this was not accepted by the U.S. Environmental Protection Agency
(EPA), and the study was deemed acceptable. It is noted that in the European Union (EU) review, the
Rapporteur Member State (RMS) concluded that the highest dose exceeded the MTD (RMS Belgium,
2021). EPA’s Cancer Assessment Review Committee (CARC) reviewed the available data to evaluate the
carcinogenic potential of MITC via the inhalation route and concluded that the nasal tumors in male and
female rats were treatment-related, and that there was no evidence of carcinogenicity in male or female
mice (EPA, 2018). As a result of this evaluation, the CARC classified MITC via the inhalation route as
“Likely to be Carcinogenic to Humans” based on treatment-related nasal tumors in both sexes in the rat.
The _ (- submitted a position paper to the EPA CARC, proposing that the highest
concentrations in the rat inhalation chronic toxicity/carcinogenicity and mouse inhalation carcinogenicity
studies exceeded the MTD based on the significantly reduced body weights in the high-dose animals, and
therefore, would not be relevant for risk assessment (- 2017). However, the CARC concluded that the
high test concentration was adequate and not excessively toxic for evaluating carcinogenicity” based on,
among other points, no significant differences in early mortality with the high-dose groups (EPA, 2018).
Therefore, the EPA’s opinion on the carcinogenicity of MITC has remained the same since the 2018 CARC

report.

To address a MOA for MITC nasal tumor formation, the - recently undertook a study to examine the
potential MOA for the Sprague Dawley rat nasal tumors (- 2020). Only male Sprague Dawley rats
were used in this study since both sexes responded similarly to tumor induction in the carcinogenicity study.
The MOA framework described below was based on the data collected from male rats from various

inhalation toxicities on MITC, including the recent- (2020) study.
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The MOA presented below utilizes the MOA/human relevance framework that was developed by EPA and
Health Canada (Meek et al., 2003; Cohen et al., 2004; Seed et al., 2005) and further elaborated by the IPCS
(Sonich-Mullin et al., 2001: Boobis et al., 2006; 2008), which was incorporated into the EPA Cancer

Guidelines (2005).
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Postulated MOA for Rat Nasal Tumors Induced by MITC

The postulated MOA for rat nasal tumors involves cytotoxicity occurring in the nasal passages once a
threshold exposure concentration is exceeded. Cytotoxicity is the necessary factor in inducing tissue
dysfunction (chronic inflammation), and leads to a consequent regenerative cell proliferation, hyperplasia,
and squamous metaplasia. Increased cell proliferation leads to an increased opportunity for spontaneous
errors to occur during DNA replication, increasing the risk of cellular transformation leading to tumors after
MITC exposure (Moolgavkar and Knudson, 1981: Greenfield et al., 1984; Cohen and Ellwein, 1990: 1991:

Tomasetti and Vogelstein, 2015; Tomasetti et al., 2017).

The available toxicity data on MITC reviewed in this paper supports the MITC-induced cytotoxicity with
consequent regenerative cell proliferation as the MOA for the induction of the nasal tumors in rats. Since
each of the key events in the MOA sequence is predicted to show clear thresholds before they trigger the
subsequent event, this MOA demonstrated a threshold exposure concentration, below which tumorigenesis
will not develop. This sequence of events for cytotoxicity and consequent regenerative increased cell
proliferation has been widely demonstrated for a variety of chemicals involving various tissues in either
rats and/or mice (see below) and has been accepted for the regulatory decision making on several of these
chemicals. For all of these, the dose response involves a threshold, so that the risk assessment for the

carcinogenicity also involves a threshold (see below for examples).

For most of the studies, the histopathology data on nasal passages of rats exposed by inhalation to MITC
involved collection of six sections of the nasal cavities from each animal, except in the - (2020)
study which collected four sections of the nasal cavity of each animal. The correspondence between the

two methods is illustrated in Figure 1 below.

{01015.004 /111 / 00362957.DOCX 4} Page 12 of 57 Report No. 1401321.000 - 1851



MRID No. 519171-01

Figure 1. Correspondence between nasal sections collected for MITC inhalation studies
in the rat.

The 4 red circles represent the 4 sections in- (2020) study corresponding to the 6 sections taken
in the other reviewed studies

Trw e wain Nt

Samund pun's Nege
Sections are taken from the rat according to the dlagram - Level | ! section #2, Level |
a8t section #3, Level Il at section #9, Level IV at séction #11, Level V al section 923 and
Level VI 2! section 828

from: Texdcologic Pathology Volume 22, Number 4, 1904 p 355
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Key Events for the MOA for the Formation of Nasal
Tumors in Rats

Exposure concentration dependent non-neoplastic lesions in the nasal tissue have been reported in all MITC
repeat dose inhalation studies in rats. These findings include epithelial cell and olfactory sensory neuron
necrosis/degeneration, inflammation, and subsequent epithelial cell hyperplasia. These findings have been
demonstrated across multiple rat studies. The key events for the nasal tumors induced in rats by MITC are
the following: 1) direct cytotoxicity of MITC in the nasal mucosa (degeneration, necrosis/apoptosis); 2)
consequent increased cell proliferation to compensate for the MITC-induced cytotoxicity; 3) onset and
persistence of squamous cell metaplasia as an adaptive response to the cytotoxic insult; and 4) development

of tumors, primarily squamous cell carcinomas.

Key Event 1: Direct Cytotoxicity of MITC in the Nasal Mucosa

Several studies of MITC inhalation in rats support Key Event 1. The most prominent tissue damage has
been observed in the most forward of the respiratory epithelial-lined nasal passages (just distal to the normal
squamous epithelium) of rats following inhalation exposure to MITC, where the highest exposure to MITC
is expected to occur. The parts of the nasal passages more distal from the point of entry showed
progressively less severe lesions. This indicates the importance of the portal of entry irritation and
cytotoxicity effects of MITC. Observations of cytotoxicity included nasal epithelial degeneration, necrosis,
and/or acute inflammation, and were consistently reported in the rat studies as early as one day post-

inhalation exposure (- 2020; _ 2011). These changes persisted to 104 weeks of

inhalation exposure (_ 2015a) as shown in Table 3 below.
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Table 3. Microscopic observations of cytotoxicity for Key Event 1 (nasal epithelial

degeneration, necrosis, and inflammation) in male rats from MITC inhalation

studies
Exposure duration
1 Day
Dose . . Evaluated
Cytotoxicity
(ppm oiiservatioxl Evaluated after S 4 13 52 104
) Day 1°b recovery Days® Weeks** Weeks? | Weeks® | Weeks®
* on Day
15°
Degeneration No¥/—P No No?/—*¢ No Nos
0.5 | Necrosis No¥—2* - No No?/—* - No No
Acute inflammation No¥/—P° No No?/—* Nof No
Degeneration No
1 Necrosis — — — — No® — —
Acute inflammation No
Degeneration No¥/—* No No?/No® No Yes™ Yes®
5 Necrosis No?¥—* - No No?*No* No! No No
Acute inflammation | Yes®/—" Yes! Yes*¥/No* No No No
Degenqahon No
15 | Neerosis : — — — - Yes® — —
Acute inflammation YesP
: a, b. a,w c
D e | v | ver | veon
20 . . No Yes" — No No
Acute inflammation “/N . No Yes¥ Yes™/Yes® No No
Yes™'/No ¥
Degeneration —3/Yes®® Yesdd —2/Yes®ee
40 | Necrosis —3/YesP<c No — —3/No® — — —
Acute inflammation —=2/No® No —/YesSf
Degeneration —*/Yes>28 Yesii
80 | Necrosis —2/YesPhh No — — — — —
Acute inflammation | —*?/Yes# No

—, Not tested in the study; “No”, incidence was not increased compared to 0 ppm control or incidence was only 1 animal in the

group;

controls.

“Yes”, increased incidence compared to the 0 ppm control group.

2020: degeneration and necrosis re;

2013; ¢

rted together as a microscopic finding.

2012; - 2015a; fIn 1/9 animals (mild) compared to 0/7

£In olfactory epithelium of 1/14 (moderate) animals compared to 0/14 in control group.
?‘ In olfactory epithelium of 1/10 animals (minimal) compared to 0/10 in control group.
!In 7/8 animals (minimal) compared to 0/8 in control group.

1 In 8/8 animals (minimal and mild) compared to 0/8 in control group.

k In 4/8 or 5/8 animals (depending on nasal section: minimal) compared to 0/8 in control group.
n olfactory epithelium of 1/10 animals (minimal) compared to 0/10 in control group.

™ In olfactory epithelium of 8/9 animals (minimal to moderate) compared to 0/7 in control group.

™ In olfactory epithelium of 10/14 (minimal to moderate) animals and in respiratory epithelium of 1/14 (mild) animals compared
to 0/14 in control group, respectively.

° In olfactory epithelium of 6/10 to 9/10 animals (depending on nasal level; minimal and mild) compared to 0/10 in control group.
PTn 2/10 to 10/10 animals (minimal to moderate) compared to 0/10 to 2/10 in control group.

9 Degeneration/necrosis in 5/8 animals (minimal and mild) compared to 0/8 in control group.

TIn transitional epithelium of 1/6 animals (minimal) compared to 0/6 in control group.

s In olfactory epithelium of 1/6 to 2/6 animals (depending on nasal level: minimal) compared to 0/6 in control group.

In 8/8 animals (minimal and mild) compared to 0/8 in control group.

"Degeneration/necrosis in 6/8 animals (mild and moderate) compared to 0/8 in control group.

¥ In 8/8 animals (minimal to marked) compared to 0/8 in control group.
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“ Degeneration/necrosis in 8/8 animals (minimal to marked) compared to 0/8 in control group.

*In 7/7 or 8/8 animals (depending on nasal section; mild to severe) compared to 0/8 in control group.

YIn 1/5 or 5/5 animals (depending on nasal level; minimal) compared to 0/5 or 1/5 in control group.

% In olfactory epithelium of 6/7 (minimal to moderate) animals compared to 0/7 in control group.

2 In olfactory epithelium of 5/14 (minimal to severe) animals compared to 0/14 in control group.

" In transitional epithelium of 6/6 animals (minimal to moderate) and in respiratory epithelium of 1/6 animals (minimal)
compared to 0/6 in control group.

¢ In olfactory epithelium of 1/6 to 6/6 animals (depending on nasal level; minimal to severe) compared to 0/6 in control group.
44 Tn olfactory epithelium of 1/6 to 6/6 animals (depending on nasal level; minimal and mild) compared to 0/5 in control group.
¢ In transitional epithelium of 2/5 animals (minimal and mild) compared to 0/5 in control group.

TTn 5/5 animals (minimal to moderate) compared to 0/5 or 1/5 in control group.

&¢ In transitional epithelium of 6/6 animals (mild to severe) and in respiratory epithelium of 3/6 to 5/6 animals (depending on
nasal level; mild and moderate) compared to 0/6 in control group, respectively.

hh In olfactory epithelium of 4/6 to 6/6 animals (depending on nasal level; minimal to severe) compared to 0/6 in control group.
ii In 3/6 to 4/6 animals (depending on nasal level; minimal and mild) compared to 0/6 in control group.

ii Tn olfactory epithelium of 2/6 to 6/6 animals (depending on nasal level; minimal and mild) compared to 0/5 in control group

In - (2020), histopathologic and morphometric examinations were conducted in male Sprague
Dawley rats (8/group) exposed by inhalation to 0, 0.5, 5, or 20 ppm MITC, for 6 hours/day for one day,
five days, or four weeks (5 days/week for 28 days). Additional groups were included for recovery
evaluations four weeks after the 4-week exposure ended. The early timepoint findings, reported by
- (2020) supports Key Event 1 in establishing cytotoxicity as being the first triggering event
required to begin the process towards neoplastic development. The - (2020) study demonstrated
the following findings at the 20 ppm MITC exposure: histopathologic changes in the nasal airways
consisting of acute/subacute inflammation, epithelial degeneration and necrosis, olfactory sensory neuron
apoptosis (after one day of exposure), and olfactory sensory neuron loss resulting in atrophy/loss of
olfactory epithelium and respiratory metaplasia (after four weeks of exposure). Exposure to 5 ppm MITC
resulted in less severe cytotoxicity in the respiratory epithelium, minimal to mild nasal tissue inflammation,
no histopathological abnormality of olfactory epithelium (see Table 3), and as discussed below, no evidence
of squamous cell metaplasia (and Table 7), unlike the findings present in 20 ppm MITC-exposed rats.

Animals exposed to 0.5 ppm MITC had no exposure-related histopathology.

The study by_ (2011) also demonstrated signs of cytotoxicity following a single, acute exposure

to MITC on study day one at doses > 20 ppm (see Table 3). The findings from both of the acute inhalation
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studies (_ 2011; - 2020) demonstrate that high doses of MITC can induce the initial
key event of cytotoxicity in the nasal tissue, and that it occurs as early as one day after MITC inhalation

exposure in rats (the earliest time examined).

A 4-week inhalation study involving exposures to doses of 5, 20, and 40 ppm MITC for 6 hours/day, 5
days/week in rats demonstrated nasal lesions indicative of irritant and cytotoxic effects of MITC including
acute inflammation at the doses of 20 and 40 ppm and epithelial lining degeneration at 40 ppm (_
2013). Similar findings were observed in rats from the - (2020) study at the 4-week timepoint as
shown in Table 3, but with inflammation of nasal tissue occurring at > 5 ppm and nasal epithelial

degeneration necrosis reported at 20 ppm.

With a more prolonged MITC exposure of 13-weeks, microscopic lesions in the nasal mucosa indicative of
cytotoxicity and inflammation were observed in rats at 15 ppm (_ 2012). Only minimal to
moderate grade degeneration was observed at 5 ppm. Furthermore, severe degeneration was observed in
male rats from the 20-ppm group at 104 weeks suggesting that the extent of cytotoxicity is exposure-
duration dependent. These non-neoplastic findings were accompanied by atrophy of Bowman’s glands,
olfactory nerve bundles and olfactory epithelium in the 5- and 20-ppm groups. The effects observed in the
nasal olfactory epithelium were responsible for atrophy in the olfactory bulb, which was observed at a high

incidence and severity in the 20-ppm group.

Overall, the cytotoxicity observations from these studies are clearly dose- and exposure time-dependent in
rat nasal tissue. Altogether, these findings support Key Event 1 and indicate that the irritant and cytotoxic
effects of MITC persist in the nasal tissue with repeated and prolonged exposures with the severity of the

effects dependent on the exposure level.
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Key Event 2: Cell Proliferation to Compensate for MITC-Induced
Cytotoxicity

As described above for Key Event 1, prolonged exposure to MITC induces sustained, concentration-
dependent cytotoxicity in the nasal tissue of rodents. The local tissue response of chronic irritation and
cytotoxicity is postulated to include increased cell proliferation in the nasal tissue to compensate for the
cytotoxicity and represents Key Event 2. This is the usual tissue response to cell death since the cellularity

of the tissue needs to be replaced to maintain the biologic function of the tissue.

Evidence for Key Event 2 comes directly from the - (2020) study, in which rats exposed to 5 ppm
and 20 ppm MITC were observed to have increased nasal cavity cell proliferation compared to control
animals. This was demonstrated through both microscopic observations of nasal cavity epithelial
hyperplasia and measurements of DNA synthesis detected by nuclear incorporation of bromodeoxyuridine
(BrdU) in nasal tissue (Figure 2). BrdU incorporation is a common method used to assess DNA replication

(Wood et al., 2015).
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Figure 2.

A. Nasal tissue from a control rat treated for one day is an inhalation chamber for 6 hours at 0 mg/m’
showing immunohistochemical labeling for BrdU indicating cell replication (positive cells stain brown, a
few indicated by arrows). “se” is for the squamous epithelium, and “re”, the respiratory epithelium. Note
that the number of labeled cells is significantly greater in the normal squamous epithelium than in the
normal respiratory epithelium, which is typical of these specific types of tissues (Johnson et al., 1990).

B. Nasal tissue from a rat on day one after treatment by inhalation for 6 hours with 20 mg/m’* MITC,
showing similar labeling of the squamous epithelium (se) as in controls but with a markedly increased
labeling of the respiratory epithelium (re). Note that the respiratory epithelium shows evidence of severe
toxicity, including loss of mucin-containing goblet cells, necrosis, and cellular degenerative changes. “Ip”,
lamina propria; “b” bone.

(Photographs provided by_. who performed the study reported
n i

2020.)
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Quantitative BrdU measurements from this study showed increased DNA synthesis in the transitional
epithelium lining of the maxilla turbinates at 5 ppm and 20 ppm. As shown in Table 4, the highest BrdU
incorporation epithelial cells were observed after one day of MITC exposure at these dose levels. However,
cell proliferation was still found to be significantly increased compared to controls at the 5-day and 4-week
timepoints at both 5 and 20 ppm, albeit at significantly lower levels compared to their respective 1-day
levels. Since hyperplasia is present, there is not only an increase in the rate of proliferation, but the number
of cells present has also increased, which would be a multiplicative effect on the rate. Rate is defined as the
number of labeled cells over the total number of cells. Since the total number of cells is increased
(hyperplasia) and the rate is increased, the number of labeled cells is markedly increased in these tissues.
The critical parameter is the number of DNA replications, not the rate. Thus, the increased DNA replication
likely persisted throughout the entire time of the 2-year bioassay, as a result of MITC-induced cytotoxicity.
The initial increases in rate followed by a return to control levels but with increased cell number is similar
to what has been observed in various other examples in animal models, such as liver tumorigenesis by CAR

activators (Elcombe et al., 2014; Yamada et al., 2021) and PPAR« activators (Corton et al., 2014; 2018).

Rate = Number of Labeled Cells
" Total Number of Cells

Number of Labeled Cells = Rate X Total Number of Cells

The recovery groups from this study (i.e., four weeks of exposure followed by a 4-week period of no MITC
exposure) had statistically similar BrdU-labeled nuclei among all the exposure groups including untreated
controls. This indicates that MITC-induced increases in DNA synthesis and cellular replication in the
epithelium lining of the proximal nasal airways is not persistent following stoppage of exposure. Again,
this is a typical cellular response as the tissue is repaired and no longer needs to have increased cell

proliferation to replenish damaged cells.

{01015.004 / 111/ 00362957.DOCX 4} Page 20 of 57 Report No. 1401321.000 - 1851



MRID No. 519171-01

Table 4. Unit Length Labelling Index of BrdU-labeled nuclei in transitional epithelium
lining the maxilloturbinates (T1 nasal section) of male rats

MITC dose Approximate mean BrdU-labeled nuclei/mm basal lamina length (mean + SEM)
(ppm) 1 Day exposure 5 Days exposure | 4 Weeks exposure | Recovery (4 weeks)
0 42+0.63 32+047 2.3+0.24% 1.6 +0.3
0.5 3.0+0.50 2.4+045 3.2+0.38 1.3+0.3
5 33.5 +3.46* 12.0 £ 0.80%# 9.7 £0.99*%# 1.3+0.3
20 53.8 +1.88%* 12.8 +1.88%# 19.3 £3.31%# 1.5+0.2

* Statistically significant compared to respective control group at exposure day 1, 5, or 20; p < 0.05.
# Statistically significant compared to 1-day respective dose group, p < 0.05

The histopathology data from animals exposed to 20 ppm MITC for one day in this study revealed minimal
or mild epithelial cell hyperplasia of transitional and respiratory epithelium in the proximal and middle
nasal cavity sections (see Table 5). These observations for the 20-ppm group increased in severity from
minimal and mild after one day to moderate and marked after both 5 days and 4 weeks of exposure.
Epithelial cell hyperplasia was also reported in the 5-ppm animals at each of the time points, and when
compared to the 20-ppm concentration, the severity of the lesions was minimal or mild and only present in
the proximal nasal airways. Observations of increased nasal epithelial hyperplasia and regeneration were
also reported in other MITC inhalation studies in rats with a variety of exposure durations (4, 13, 52, and
104 weeks) (_ 2012; 2013; 2015a). A summary of the MITC induced hyperplasia findings in

nasal tissue across all the rat inhalation studies is presented in Table 5.

As shown in Table 5, hyperplastic changes in nasal tissue were reported in all the MITC inhalation studies
in rats. While this finding was primarily associated with repeated exposure to MITC, - (2020)
observed hyperplasia with doses > 5 ppm following a single inhalation exposure to MITC. In the 4- and 13-
week studies, increased incidences of nasal epithelial hyperplasia were observed in males at doses > 5 ppm.
However, after 104 weeks of MITC exposure, increased hyperplasia was reported only at 20 ppm in the

males. Hyperplasia of the squamous epithelium was only increased in the 20-ppm group across all
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summarized studies in Table 5. Therefore, increased regenerative cell proliferation appears to be dose- and

exposure time-dependent in rat nasal tissue.

Table 5. Microscopic observations of increased nasal epithelial hyperplasia incidence in
male rats from MITC inhalation studies

Exposure duration
1 day
Dose Evaluated 104
(ppm) Evaluated after 5 Days® 4 Weeks*® | 13 Weeks? | 52 Weeks*
aalb Weeks*
Day 1 recovery
on Day 15°
0.5 No?/—P° — Yes! No?/—* — No No
1 — — — — No — —
5 Yes»g/—° — Yes" Yes*/No® No No No
15 — — — — Yesi — —
20 Yes™5/No® No Yes! Yes®>™/Yes™" — Yes® YesP
40 —3No® No — —*/Yes™? — — —
80 —*2 /No® No — — — — —

—. Not tested in the study: “No”, incidence was not increased compared to 0 ppm control or incidence was only 1 animal in the
: “Yes”, increased incidence compared to the O ppm control group.

2011

2013

2012

2015a
£2/8 animals with hyperplasia of transitional and respiratory epithelium (minimal) compared to 0/8 in control group.
£ 7/8 animals with hyperplasia of transitional and respiratory epithelium (minimal and mild) compared to 0/8 in control group.
b 8/8 animals with hyperplasia of transitional and respiratory epithelium (minimal and mild) compared to 0/8 in control group.
1 4/8 or 6/8 animals with hyperplasia of transitional and respiratory epithelium (depending on nasal section; minimal and mild)
compared to 0/8 in control group.
12/10 (minimal) animals with squamous epithelium hyperplasia compared to 0/10 in control group.
k 7/8 or 8/8 animals with hyperplasia of transitional and respiratory epithelium (depending on nasal section; minimal and mild)
compared to 0/8 in control group.
! 8/8 animals with hyperplasia of transitional and respiratory epithelium (depending on nasal section; minimal to marked)
compared to 0/8 in control group.
™ 7/8 or 8/8 animals with hyperplasia of transitional and respiratory epithelium (depending on nasal section; mild to marked)
compared to 0/8 in control group.
™ 5/5 animals with squamous epithelium hyperplasia (minimal and mild) compared to 0/5 in control group; 3/5 to 5/5 animals
(depending on nasal level: minimal to moderate) with respiratory epithelium hyperplasia compared to 0/5 in control group.
© 4/10 animals with squamous epithelium hyperplasia (minimal) compared to 1/10 in control group.
P 12/14 animals with squamous epithelium hyperplasia (minimal and mild) compared to 5/14 in control group; 14/14 animals
with respiratory epithelium/mucous cell hyperplasia (minimal to severe) compared to 7/14 in control group.
95/5 animals with squamous epithelium hyperplasia (moderate to severe) compared to 0/5 in control group; 3/5 to 5/5 animals
(depending on nasal level; minimal to moderate) with respiratory epithelium hyperplasia compared to 0/5 in control group.

The local tissue response of regenerative cell proliferation discussed above is expected to persist with
continued exposures to MITC, and this is supported by the data ﬁ‘om- (2020). Evidence for MITC-

induced sustained hyperplasia has been demonstrated through the consistent observation of increased
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hyperplasia in nasal epithelial cells across the sub-chronic and chronic rat inhalation studies reviewed for
this paper - 2012; 2015a). This is summarized in Table 5, which shows the persistence of
increased hyperplasia in the nasal epithelium in male rats following 52- and 104-week exposures to MITC,
and especially at the high doses. Further, squamous epithelial hyperplasia, specifically, was increased at 20
ppm across all the summarized timepoints included in Table 8. Hyperplasia in this specific cell type aligns
with the statistically significant increase in squamous cell carcinomas reported at this dose level (see Tables
1 and 2), suggesting that hyperplasia is a critical pre-neoplastic lesion, as typically observed in epithelial

tissue carcinogenesis (Wood et al., 2015).

As discussed before, the- (2020) study demonstrated increased cell proliferation following MITC
inhalation exposure by using a quantitative cell proliferation marker (BrdU). While the longest timepoint
was only 4 weeks, the findings for the 5-ppm and 20-ppm groups quantitatively demonstrated that increased
cell proliferation was sustained throughout the course of the study. Although proliferation rates associated
with the 5-ppm group returned to control levels, the 20-ppm exposure group appeared to have plateaued at
the end of this study (see Table 4). However, since hyperplasia continued, there continued to be increased
cell proliferation at these doses based on the increased cell number, even with the labeling index at 5 ppm

being at control levels.

Additionally, regeneration in nasal epithelium was noted in the histopathologic findings from the 4- and
13-week rat MITC inhalation studies. As shown in Table 6, male rats had increased nasal epithelial
regeneration at 20 ppm and 40 ppm after four weeks exposure. After 13 weeks, this was reported at the
highest tested dose of 15 ppm. The observations indicated dose- and time-dependent association of MITC

exposure in nasal epithelial regeneration.
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Table 6. Microscopic observations of increased nasal epithelial regeneration incidence
in male rats from MITC inhalation studies

Exposure Duration
Dose (ppm) 4 Weeks® 13 Weeks"

0.5 —_— —_—

1 — No*

5 No No¢

15 - Yes®
20 Yest —

40 Yes2 —

—, Not tested in the study; “No”, incidence was not increased compared to 0 ppm control or incidence was only 1 animal in the

group: “Yes”, increased incidence compared to the 0 ppm control group.
2 2013
b 2012

€1/10 animals with olfactory epithelium regeneration (moderate) compared to 0/10 in control group.

41/10 animals with olfactory epithelium regeneration (mild) compared to 0/10 in control group.

€6/10 to 10/10 animals (depending on nasal level) with olfactory epithelium regeneration (mild to severe) compared to 0/10 in
control group; 3/10 to 10/10 animals (depending on nasal level) with respiratory epithelium regeneration (minimal and mild)
compared to 0/10 in control group; 8/10 animals with transitional epithelium regeneration (minimal and mild) compared to 0/10
in control group.

£1/5 to 5/5 animals (depending on nasal level) with olfactory epithelium regeneration (mild and moderate) compared to 0/5 in
control group: 2/5 to 5/5 animals (depending on nasal level) with respiratory epithelium regeneration (minimal to moderate)
compared to 0/5 in control group.

£ 3/5 animals with squamous epithelium regeneration (minimal and mild) compared to 0/5 in control group; 5/5 animals with
respiratory epithelium regeneration (minimal to moderate) compared to 0/5 in control group: 5/5 animals with olfactory
epithelium regeneration (minimal and mild) compared to 0/5 in control group.

Overall, these finding support Key Event 2 and indicate that cell regeneration and increased cell
proliferation effects of MITC occur in the nasal cavity tissue with repeated exposures and aligned with the
observations of persistent cytotoxicity. These findings also indicate the presence of sustained cell
proliferation in the nasal tissue with repeated exposures for the entire time of MITC exposure, up to two
years. Results of the recovery studies further indicate that MITC-induced cell proliferation does not persist

following cessation of exposure.
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Key Event 3: Onset and Persistence of Squamous Metaplasia as an
Adaptive Response to the Cytotoxic Insult

Evidence for Key Event 3 is supported by the observation of increased squamous cell metaplasia in rats
following repeat dose exposures. as summarized in Table 7. This finding was reported in rats exposed to

the high dose of 20 ppm that induced nasal tumors in the rat carcinogenicity study.

Table 7. Microscopic observations of increased squamous cell metaplasia incidence in
male rats from MITC inhalation studies

Exposure duration
Dose . da“iz luated 13 52 104
valuate a alc J
(ppm) Evalfla::,d after recovery 5 Days Mol Weeks? Weeks*® Weeks®
Day 1 on Day 15°
0.5 No?*/—" — No No?/—*¢ — Nof No#
1 — — — — No — —
5 No?#/—° - No No?/No®! No Not (Yes)
15 — — — — Yesk — —
20 No® No® No Yes' Yes™™/Yes®® — Yes® YesP

—. Not tested in the study: “No”, incidence was not increased compared to 0 ppm control or incidence was only 1 animal in the
group: “Yes”, increased incidence compared to the 0 ppm control group.

2020

2011

2013

2012

2015a

£7/9 animals with squamous metaplasia (minimal and mild) compared to 4/7 (minimal) in control group.

£1/14 or 3/14 animals (depending on nasal level) with squamous metaplasia (minimal and mild) compared to 1/14 (minimal) in
control group.

b 1/5 animals with squamous metaplasia (minimal) compared to 0/5 in control group.

17/9 animals with squamous metaplasia (minimal to moderate) compared to 4/7 (minimal) in control group.

J Low severity effect; 10/14 animals with minimal and mild squamous metaplasia compared to 1/14 animals with minimal
severity in control group.

k¥ 10/10 animals with squamous metaplasia (minimal to moderate) compared to 0/10 in control group.

16/8 animals with squamous metaplasia (minimal to moderate) compared to 0/8 in control group.

™ 8/8 animals with squamous metaplasia (minimal to severe) compared to 0/8 in control group.

15/5 animals with squamous metaplasia (minimal and mild) compared to 0/5 in control group.

° 6/7 animals with squamous metaplasia (moderate and severe) compared to 4/7 (minimal) in control group.

P 14/14 animals with squamous metaplasia (minimal to severe) compared to 1/14 (minimal) in control group.

As shown in Table 7, increased incidence and severity of squamous cell metaplasia was observed only with
repeated exposures to high doses of MITC. While some animal had this finding at lower doses with
exposure durations of 4, 13. and 52 weeks, in those cases the incidence was not much greater than in control
{01015.004 / 111 / 00362957 DOCX 4}
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groups and/or with only minimal or mild severity. Further, after 104 weeks of exposure, this finding was
present at all tested doses but with increasing incidence and severity as the dose increased (see Table 7).
Therefore, the onset and persistence of squamous cell metaplasia supports Key Event 3, including the
incidence and severity of this change of the 20-ppm exposure level exceeds the threshold for triggering the

next event, the eventual development of tumors, in rats at this exposure level.

Squamous metaplasia is the usual response of cytotoxicity of various columnar epithelia such as the
respiratory epithelium of the nasal cavity, but also occurs in the respiratory tract epithelium (Renne et al.,
2009) of the larynx, trachea, and bronchi, as well as in some other tissues, such as the uterine cervix
(Malpica, 2014). This is a typical response to toxicity in these columnar epithelial tissues, with the

squamous metaplasia persisting as long as the toxic insult persists.

It should be noted that squamous epithelium, whether normally present or metaplastic, has a greater rate of
proliferation than the corresponding columnar epithelium, such as the respiratory epithelium of the nasal
cavity (Johnson et al., 1990; Harkema et al., 2006) (See Figure 2). This adds to the proportion of increased
cell proliferation, as there is not only an increase in rate, but there is an increase in the number of cells as
evident by hyperplasia, as well as the increase in squamous epithelium versus respiratory columnar

epithelium.

Key Event 4: Development of Tumors

As presented in Table 1, male rats develop nasal tumors following two years of exposure to 20 ppm MITC.
Male rats from the 20-ppm group showed a significant trend for nasal adenomas (p < 0.05); pairwise
comparisons were significant for squamous cell papillomas (p < 0.05) and squamous cell carcinomas (p <

0.01): and all nasal tumors combined (adenomas, papillomas, and carcinomas) were significantly increased
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(p < 0.01) by both trend and pairwise comparisons. Tumors occurred only at the 20-ppm dose level,
corresponding to the dose with severe cytotoxicity, increased regenerative cell proliferation and
hyperplasia, and squamous cell metaplasia. The onset and persistence of squamous cell metaplasia, at a
dose level exceeding the necessary threshold, leads to the eventual development of tumors at the 20-ppm

exposure level.

The MOA framework utilizes modified Bradford Hill (1965) criteria for evaluating causality and whether
acceptable data is available to support the actual MOA (Sonich-Mullin et al., 2001). These criteria include
dose response, temporality, strength, consistency, and specificity, and biologic plausibility and coherence.
Consideration of alternative MOAs has been assessed as well as an evaluation of possible uncertainties,
inconsistencies, and data gaps. An overall assessment is then made as well as an assessment of human

relevance. Finally, a statement of confidence, analysis, and implications for human risk assessment is made.
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Dose Response Relationships for the Key Events

For this MOA, there is an expectation of dose-related occurrence of key events such that lower doses induce
precursor key events before the manifestation of the subsequent key event at higher doses along the pathway
to tumorigenesis. In all the rat repeat-dose inhalation toxicity studies on MITC reviewed in this paper, the
key events occurred in a dose-dependent manner. Table 8 presents the dose-response relationship for the

key events in the MITC-induced nasal tumor MOA.
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Temporality of the Key Events

The key events are expected to occur in the order in which they are proposed, where the key non-neoplastic
changes included in Key Events 1-3 precede the appearance of tumors. For MITC, the key events necessary
to demonstrate the rat-specific nasal tumor MOA are available from multiple inhalation exposure durations
(1 day, 5 days, 4 weeks, 13 weeks, 1 year, and 2-year studies) and a temporal association of progression is

demonstrated.

Table 8. Dose and temporal concordance for the key events for MITC-induced nasal
tumors in male rats

Temporal association ()
Dose
Key Events
. L 2: Cell proliferation/ 3: Squamous cell 4: Tumor
Dose 1: Cytotoxicity hyperplasia metaplasia development
epm) | 1 | 5] 4 |13] 521 s|laJB3]s21]5]4]13]5 104 W
Dlp|Jwlw|{w]lD|D|]W]|]W]W]|D|D|]W]|]W]|]W
0.5 N|N|N - N|IN|N]|N - NIN|N|N - | N? N
1 - -IN - - --IN - - - - -
5 Y|IY[Y|IN|[Y|Y|Y|Y|N|N|N|[N|N]| - [N N
15 - - e - - - Y - - - - ] - -
20 Yl Y] - | YrlY|Y|Y]| - Y|IN|[Y|Y]-]Y YE

-, Dose not tested in the study: Y, observed in >2 animals and with a higher incidence and/or severity than the control group.
2 See Table 10, footnote f for incidence and s

everity.
b Inflammation at 1 day, 5 days, and 4 weeks (ﬁ 2020:- 2012:- 2013); degeneration at 52 weeks

— 2015a).
¢ Increased cell proliferation using BrdU labeling at 1 day, 5 days. and 4 weeks; minimal to mild hyperplasia of
transitional/respiratory epithelium at 1 day, 5 days, and 4 weeks 2020).

4 See Table 10, footnote i for incidence and severity.
€ Necrosis and inflammation at 13 weeks i(zolz .
f Minimal squamous epithelium hyperplasia at 13 weeks 2012).

g Squamous cell metaplasia at 13 weeks H 2012).
b Degeneration, necrosis, and/or inflammation at 1 day, 5 days, and 4 weeks - 2020:- 201 l:_

2013); degeneration only at 52 weeks 2015a).
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Increased cell proliferation using BrdU labeling at 1 day. 5 days, and 4 weeks q 2020); hyperplasia of
transitional/respiratory ciithelium and/or squamous epithelium hyperplasia (ranging from minimal to marked) at 1 and 5 days,

and at 4 and 52 weeks 2020; 2015a).
1 Squamous cell metaplasia at 5 days and 4 weeks 2020) and at 52 weeks _ 2015a).
k First squamous cell carcinoma observed at week 39 2015a).

Key Event 1 (cytotoxicity) has been observed in the nasal mucosa of rats with any exposure duration, from
acute (1 day) to chronic (up to 2 years) exposures. One day is the earliest timepoint that has been examined.
An acute inhalation study (_ 2011) demonstrated that while cytotoxicity occurred following a
single exposure to high levels of MITC, hyperplasia (Key Event 2) was not observed in those tissue sites
one day or two weeks after the initial exposure. This indicates the temporal association between Key Event

1 and 2.

The temporality of Key Event 2 (cell proliferation) was also demonstrated in the - (2020) study
via BrdU incorporation in epithelial cells, with statistically significant increases in cell proliferation
reported compared to controls at the 1-day, 5-day, and 20-day timepoints at doses = 5 ppm (see Table 4).
This study also demonstrated a temporal association of hyperplasia findings in nasal sections, with 20-ppm
group animals exhibiting only minimal-to-mild epithelial hyperplasia after 1 day, mild-to-moderate
hyperplasia after 5 days and moderate-to-marked hyperplasia after 4 weeks. The increase in cell
proliferation over a time course of exposures was qualitatively demonstrated across the various rat
inhalation studies, such that increased nasal tissue hyperplasia was reported beginning after one day (see
Table 5). Additionally. regeneration in nasal epithelium was noted in the histopathologic findings from the

4- and 13-week rat MITC inhalation studies (see Table 6).

Squamous cell metaplasia (Key Event 3) was not evident following a single exposure; however, this key
event was evident following 5 days of exposure and persisting through other longer exposure durations (see

Table 7).
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Finally, Key Events 1-3 preceded the development of nasal tumors (first observed at week 39 in males;

_ 2015a). As shown in Table 8, there is a clear temporal association for the key events in the

MITC-induced nasal tumor formation in which all key events preceded tumor formation.

{01015.004 / 111/ 00362957.DOCX 4} Page 31 of 57 Report No. 1401321.000 - 1851



MRID No. 519171-01

Strength, Consistency, and Specificity of the Tumor
Response with the Key Events

The weight of evidence linking the key events supports a MOA where cytotoxicity leads to chronic tissue
damage followed by sustained increased cell proliferation and hyperplasia, squamous metaplasia, and
ultimately tumor formation in the rats. The strength and consistency of association between exposure to
high concentrations of MITC and the incidence of nasal tumors in rats is supported by the studies described
above, which demonstrate a concordance of dose-response and temporal relationships across the key events.
Strength addresses the magnitude at which key events in the proposed MOA are observed, whereas

consistency addresses the repeatability of key events across the different studies.

Regarding Key Event 1, initial signs of nasal epithelial cytotoxicity (cell degeneration, necrosis, and acute
inflammation) were observed following a single, 6-hour exposure to high doses of MITC (20-80 ppm) in
the acute rat MITC exposure study by- (2011). This study demonstrated partial resolution of
necrosis and acute inflammation in an evaluation two weeks after the acute inhalation exposure. While
nasal tissue degeneration was still reported on study day 15, the incidence rates appear to trend downward
(see Table 3). In- (2020), histopathologic examinations of the 20-ppm MITC group nasal airway
tissue demonstrated acute/subacute inflammation, epithelial cell degeneration and necrosis, and olfactory
sensory neuron apoptosis after one day of inhalation exposure in rats. There were statistically significant
increases in the severity scores for acute/subacute inflammation on study day 5 and 28 compared to study
day 1 as well as when compared to the controls. This was accompanied by a mixed inflammatory cell
infiltrate composed of neutrophils with lower levels of lymphocytes, indicating a severe inflammatory
response. In 6 of the 8 rats exposed to 20 ppm MITC, there was epithelial regeneration/necrosis of apical

cells in both transitional and respiratory epithelium. Taken together, these observations demonstrate the
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strength and the consistency of Key Event 1 as being the necessary initial step in the proposed MOA that

must precede Key Event 2, increased regenerative cell proliferation and hyperplasia.

With respect to Key Event 2, - (2020) observed markedly increased cell proliferation in nasal
epithelial cells in rats with 5 and 20 ppm MITC exposure compared to controls at timepoints up to four
weeks (see Table 4). This was accompanied by increased severity of hyperplasia of transitional and
respiratory epithelium in the proximal and middle nasal sections following 5 days and 4 weeks of exposure
(see Table 5). As shown in Table 6, regeneration of nasal epithelial tissue was observed in the-
(2013) 4-week MITC exposure study at the highest doses tested (20 and 40 ppm) and in the sub-chronic
(13-week) study at the highest dose tested (15 ppm). The consistent observation of hyperplasia in the nasal
epithelium at high MITC doses across the sub-chronic and chronic timepoints suggests that regenerative
cell proliferation/hyperplasia in response to cytotoxicity in nasal epithelial cells is sustained with prolonged
exposures to MITC. Additionally, as discussed above, the - (2020) study demonstrated
regenerative cell proliferation throughout 28 days of MITC inhalation exposure using BrdU as a
proliferation marker. While the longest timepoint was only 28 days in this study, the findings for the 20-
ppm group quantitatively supports that increased cell proliferation was sustained throughout the course of
studies, even though the data suggests that the rate was lower at later timepoints in the study (see Table 4).
However, the presence of hyperplasia indicates that there is an increase in the cell number, which would
mean that there is an increase in cell proliferation even if the rate of proliferation was the same as in controls.
Overall, these data demonstrate the strength of Key Event 2 of being the next step in the proposed MOA,
which occurs as a reparative mechanism following more prolonged MITC exposures. The increased cell
proliferation is demonstrated both by the increase in cell proliferation rate (labeling index) as well as in the
increased number of cells (hyperplasia), and furthermore, by the development of squamous metaplasia

versus similar findings in the respiratory columnar epithelium.

{01015.004 / 111/ 00362957.DOCX 4} Page 33 of 57 Report No. 1401321.000 - 1851



MRID No. 519171-01

The strength and specificity of Key Event 3 is supported by the observation of increased squamous cell
metaplasia that shows an increased incidence in severity at the 20 ppm that clearly exceeds the threshold
required to trigger the next downstream event, neoplasia. Squamous metaplasia of this specific cell type
aligns with statistically significant increase in squamous cell carcinomas reported at this dose level (see
Table 1) demonstrating the tumor response, and this key event occurs in the same cell type (squamous cell)

and site of action (nasal epithelium).

Squamous cell metaplasia appears to be a good predictor of tumorigenesis, given that it was observed in
most of the nasal levels of the 20-ppm group animals and in the same areas in which squamous cell
carcinomas were observed in the chronic rat study _ 2015a). Squamous cell metaplasia was not
reported for the 5-ppm dose groups. nor were squamous cell carcinomas, the primary tumor type in the

- (2015a) study. Further, - (2020) reported increased squamous cell metaplasia after 5-

and 28-days exposure in the 20-ppm group only.

Together these observations are supportive of Key Event 3 as being the transitional step between

regenerative hyperplasia and the development of nasal tumors in the proposed MOA.

The development of nasal tumors (Key Event 4) was only observed at 20 ppm in the chronic rat MITC
exposure study conducted by- (2015a), which clearly demonstrated a threshold dose-level at 20
ppm for MITC., below which nasal tumors did not occur. Additionally, the first nasal tumors in the 20-ppm

dose group were squamous cell carcinomas observed at weeks 39 in males.

The overall findings of MITC-induced nasal toxicity in multiple studies are consistent with our current
understanding of cancer biology, mediated via chronic cytotoxicity, in that this process occurs over longer

periods of time with continual exposure to the carcinogen. This is the case with the currently proposed
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MOA, where a sequence of non-mutagenic key events, starting with cytotoxicity, leads to chronic tissue
damage followed by reparative cell proliferation, hyperplasia, squamous metaplasia, and ultimately tumor

formation.

Furthermore, recovery studies are informative tests for the strength of this association between exposure to
MITC and the incidence of nasal tumors in rats, as they can demonstrate an absence or reduction of
downstream key events when the exposure or an upstream key event is either blocked or diminished. In the
acute rat MITC exposure study by - (2011), partial resolution of cytotoxicity and acute
inflammation was observed in an evaluation two weeks following the single, 6-hour exposure as shown in
Table 3. The recovery groups from the - (2020) study demonstrate that the exposure-related
increase in nasal epithelial cell proliferation (measured as increased DNA synthesis) in the 5-ppm and 20-
ppm groups was not persistent 28 days after the end of the last exposure. Further, the nasal lesions observed
in the 5-ppm group (acute inflammation and epithelial cell hyperplasia) were no longer present following
the 28-day post-exposure, suggesting a full recovery - 2020). This was not the case with the 20-
ppm group, in which nasal epithelial hyperplasia was still present in some of the 20-ppm exposed animals
28 days post-exposure, though of minimal to mild severity compared to mild to marked severity following

4 weeks of exposure suggesting that a longer recovery would lead to full reversibility.

Specificity addresses whether an exposure gives rise to a single outcome. For a chemical exposure, such as
to MITC, this is much more challenging to prove than, for example, a viral exposure which may be caused
by a single viral pathogen. While the 2-year rat MITC exposure study demonstrated an increase in nasal
tumor incidence in Sprague Dawley rats _ 2015a), no increase in tumor incidence was observed
in a similar study using CD-1 mice (- 2015b), even though several of the key events occurring
in the rat were also described in the mouse. There are several physiological differences between the mouse

and rat in terms of their ability to alter their respiratory rates, whereas the mouse is known to decrease its
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respiratory rate when exposed to irritant chemicals (Larsen et al., 2016), differences in nasal dosimetry and,
in combination with generally less severe nasal toxicity seen in mice, probably explains their resistance to
developing nasal tumors. In addition, the mouse study was only for 18 months, not 24 months like the rat
study, although the first carcinoma was detected in the rat study after 39 weeks. Further, there was no
evidence of carcinogenicity either in mice or rats when MITC was administered via drinking water for 2
years (NRA, 1997), suggesting that the carcinogenicity of MITC may also be route-specific (inhalation
versus oral). The lack of tumors systemically in the inhalation study also indicates that the tumorigenic
response is localized to the site of exposure to the irritant, and it only occurs at the site of exposure. The
cytotoxicity response was attenuated the further into the respiratory tract, where exposure to the irritant

chemical will be decreased and ultimately below the threshold level required for irritation.
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Biological Plausibility and Coherence

For the proposed MOA to be biologically plausible, it needs to be consistent with our current understanding
of the biology of cancer. Non-genotoxic carcinogens act through mechanisms other than inducing DNA
mutations as an initial key event. These non-genotoxic carcinogens act by increasing cell proliferation,
either by direct mitogenesis or by cytotoxicity and regenerative cell proliferation. Direct mitogenesis has
been demonstrated in animal models through activation of a variety of different receptors, including CAR
(Elcombe et al., 2014; Yamada et al., 2021), AhR (Budinsky et al., 2014), PPARa (Corton et al., 2014;
2018), and estrogen (Preston-Martin et al., 1990). In humans, the only direct chemical mitogen that has
been demonstrated to be carcinogenic is estrogen, which enhances the risk of cancer in breast and
endometrium, as well as to a much lesser extent in the liver, and also in the ovary (Russo and Russo, 2006

Persson, 2000; Parazzini et al., 1991; SGO et al., 2014; Rooks et al., 1979: IARC, 1999).

Cytotoxicity and consequent regeneration (proliferation) are a common MOA for a variety of agents.
Usually, the specific molecular initiating event is not known, but that is the actual molecular mechanism
rather than the MOA. Cytotoxicity with regenerative proliferation has been identified as a common MOA
for chemicals, especially in animal studies. Examples include chloroform related to liver and kidney tumors
in rats and mice (Andersen et al., 2000), captan and folpet related to rat duodenal tumors (Cohen et al.,
2010: Bhat et al., 2020), pulegone (da Rocha et al., 2012) and diuron (da Rocha et al., 2014) related to
urinary bladder cancer, and in numerous other examples. In humans, cytotoxicity is a common event, with
the most common example being hepatitis B and hepatitis C viruses related to chronic active hepatitis,

cirrhosis, and ultimately the development of hepatocellular carcinoma (Knudsen et al., 2014).

For these non-genotoxic carcinogens, whether direct mitogenesis or cytotoxicity with regenerative

increased cell proliferation occurs, there is a threshold in the dose response for the key events of the MOA.
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This is to be expected since the events that lead to the ultimate development of tumors are non-neoplastic
events. A risk assessment that establishes a dose that protects against the non-neoplastic lesions will also
be protective for neoplastic development. These non-neoplastic risk assessments routinely involve the
setting of a margin of exposure utilizing uncertainty factors, usually 100. The same approach can be used

for the non-genotoxic carcinogens (Cohen et al., 2019).

In the reply from EPA regarding this MOA for MITC, they refer to an evaluation by- suggesting
that cytotoxicity and regenerative proliferation may not be the MOA for these nasal tumors. However, this
ignores an enormous body of literature that indicates cytotoxicity and regenerative proliferation in a variety
of tissues with a variety of agents can be the non-genotoxic MOA for cancer development. - cited
the example of glutaraldehyde as an indication that this MOA was not appropriate for MITC. He indicated
that glutaraldehyde is highly cytotoxic when administered by inhalation but does not result in nasal cavity
tumors. This is a superficial evaluation of glutaraldehyde as well as MITC, which requires further analysis.
To begin with, while glutaraldehyde is highly cytotoxic, it is also genotoxic (Zeiger et al., 2005). It is not
reasonable to claim that just because glutaraldehyde is genotoxic and not carcinogenic that genotoxicity
cannot be a MOA for other chemicals. Likewise, it is also inappropriate to claim that because glutaraldehyde
is highly cytotoxic and is not carcinogenic that the cytotoxicity cannot be a MOA for other chemicals.
Furthermore, there is specific information available that is helpful in understanding the distinctions between
glutaraldehyde (van Birgelen et al., 2000) and MITC, and for that matter, formaldehyde, which is also
cytotoxic and genotoxic in the rat nasal cavity like glutaraldehyde but is carcinogenic (Andersen et al.,

2019).

Additionally, glutaraldehyde in the 2-year bioassay by inhalation decreased survival in the treated animals,
which certainly reduced the chances for detecting a carcinogenic effect. More importantly, however, the

specific area of the nose that is affected by glutaraldehyde needs to be considered. Since glutaraldehyde is
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extremely cytotoxic, even more so than MITC, it produces cytotoxicity essentially at the initial contact
point of the nose following inhalation, rather than more distally in the nasal cavity. The most anterior part
of the nose, where glutaraldehyde has its effect, is lined by normal squamous epithelium, not respiratory
columnar epithelium. Glutaraldehyde by inhalation produces a marked inflammatory reaction and
proliferation in this epithelium (Van Birgelen et al., 2000) with a negligible effect on the more distal
respiratory epithelium since the glutaraldehyde has already reacted with the more anteriorly located

squamous epithelium.

In contrast, while MITC is cytotoxic, it has little reaction with the initial contact in the squamous epithelium
but reacts with the more distal respiratory columnar epithelium instead. With MITC, this very quickly
results in squamous metaplasia as part of the regenerative and reparative process (see above). As mentioned
above, although squamous metaplasia histologically resembles normal squamous epithelium, biologically
they are distinctly different. Squamous metaplasia arising in glandular epithelium tissue, such as the
respiratory epithelium of the nasal cavity, is where cancer typically arises instead of in the normal squamous
epithelium, which appears to be much more resistant to the carcinogenicity of agents. This is similar to
what is seen with uterine cervical cancer in women (Malpica, 2014; Trimble and Katzenellenbogen, 2014).
The ectocervix is a normal squamous epithelium, and the endocervix is a glandular mucinous epithelium,
somewhat similar to the respiratory epithelium in the nasal cavity. The initial reaction to HPV is
transformation at the zone between endocervix and ectocervix leading to an inflammatory reaction and
squamous metaplasia. The squamous cell carcinomas that develop in the cervix arise in this metaplastic
zone, not in the normal squamous epithelium. The ectocervix, where the normal squamous cell epithelium
is located, does not give rise to squamous tumors of the cervix in response to HPV infection. This is likely
analogous to what occurs with MITC in the nasal cavity in rats. The tumors that arise with MITC inhalation
are predominantly squamous cell carcinomas, with a few anaplastic carcinomas. Anaplastic carcinoma

means that the tumors do not show a specific differentiation but are nevertheless arising from the
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metaplastic squamous epithelium and can be thought of as a high-grade, fully differentiated squamous cell

carcinoma.

Taken together, - implication that glutaraldehyde being cytotoxic but not carcinogenic forms a
basis for concluding that MITC does not act by a cytotoxicity/regenerative proliferation MOA is unfounded.
- evaluation does not take into account the specific location of the inflammatory regenerative
proliferation that occurs with glutaraldehyde in the nasal cavity. nor does it recognize that glutaraldehyde
is genotoxic. It would be equally inappropriate to conclude that genotoxicity cannot be a MOA for
carcinogens simply because glutaraldehyde does not produce an increased incidence of cancer in the 2-year

inhalation bioassay.

Increased cell proliferation is a well-known and established event that can lead to increased cancer risk.
This was first stated by Armitage and Doll in 1954 (Armitage and Doll, 1954) in their seminal work relating
the increased incidence of various cancers rising exponentially with age based on epidemiology studies.
However, there are flaws with this model, especially the fact that there are a number of tumors that do not
follow this age-related incidence. such as childhood tumors, Hodgkin’s disease, and breast cancer. Other
publications such as Moolgavkar and Knudson (1981), based on epidemiology studies, and Greenfield et
al. (1984), based on animal studies, have developed more refined models that take into account changes in
cell proliferation as well as DNA reactivity over time in order to consider these age-specific changes. It is
well accepted that every time DNA replicates, mistakes occur spontaneously and very likely secondary to
the numerous endogenous DNA adducts that are present in all cells (Chen and Ellwein, 1990; 1991;
Swenberg et al., 2011; Cohen and Arnold, 2011). Over time, the multiple genetic mistakes that are necessary
for cancer to develop will occur in a single cell (cancer is a clonal disease). Thus, any agent that increases
the number of DNA replications (e.g., through cell proliferation) will increase the risk of cancer (Cohen

and Ellwein 1990; 1991). The relationship of increased cell proliferation to cancer has been strongly
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supported by subsequent research, most recently with studies in humans by Tomasetti and Vogelstein and
their colleagues (Tomasetti and Vogelstein, 2015: Tomasetti et al.. 2017), indicating that spontaneous errors
occurring during normal DNA replication are more likely contributing to the cause of cancer in humans
than are DNA reactive (mutagenic) agents. Overall, the MOA of cytotoxicity with consequent regenerative

cell proliferation is not only biologically plausible, but strongly supported, by the evidence for MITC-

induced nasal cavity tumors.
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Possible Alternative MOAs

As discussed above, chemicals can potentially increase cancer risk by either reacting directly with DNA
(DNA-reactive) or by increasing cell proliferation. Increased cell proliferation can occur either by direct

mitogenesis or secondary to cytotoxicity and regenerative proliferation.

Only four possible MOAs have been documented for human carcinogenesis: 1) DNA reactivity; 2)
immunosuppression; 3) increased estrogenic activity: and 4) cytotoxicity with regenerative proliferation

(Cohen et al., 2019).

MITC is not DNA-reactive or genotoxic. A number of standard genotoxicity studies have been performed,
which have been uniformly negative, including the bacterial reverse mutation assay, bacterial DNA damage
and repair, in vitro UDS in rat hepatocytes, in vitro sister chromatid exchange in V79 fibroblasts, in vitro
chromosomal aberration assay. and in vivo bone marrow micronucleus assay (see Appendix 1; Brusick,
2016). Table 9 lists studies reviewed by various regulatory authorities as reported in Brusick (2016). MITC
was consistently negative in all these studies that used internationally accepted study protocols and multiple
critical endpoints, except for an equivocal response, likely resulting from excessive cytotoxicity, in an in

vitro chromosomal aberration assay.

Kassie et al. (2016) reported positive findings for several in vitro and in vivo genotoxicity endpoints (see
Table 10). Based on a critical analysis of these studies, Brusick (2016) concluded that these studies suffered
from technical and interpretation deficiencies and as such do not have any impact on the conclusion reached

above regarding the non-genotoxicity of MITC.
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Based on a weight-of-evidence analysis (Table 11), Brusick (2016) concluded that MITC is a non-genotoxic

substance, a conclusion consistent with that of the EPA’s (EPA, 2018).

Table 9: Summary of Genetic Toxicology Test Results for MITC Reviewed by Regulatory

Authorities
Study Author(s) Report Source GLP Genetic Reported Appropriate | Study Protocol
Date Endpoint Response MTD
Ames Glass et al. 1976 ANRA No Point Mutation Negative Yes Inadequate (1 plate/dose)
Ames Lang &Redmann 1978 ANRA No Point Negative Yes Adequate
Mutation
Ames Shirasu et al. 1978 ANRA No Point Negative Possibly Inadequate (| used disk
Mutation method)
Ames Moriya et al. 1983 ANRA No Point Negative Yes Adequate (same data likely
Mutation published in a paper by
Shirasu in 1982)
Ames Glebke and 1986 ANRA No Point Negative Yes Adequate
Engelhardt Mutation
V79 cell Hprt Assay Miltenburger 1985 ANRA Yes Paint Negative Yes sufficlent
Mutation
In vitro rat hepatocyte Cifone 1985 ANRA Yes Induction of DNA repair Negative Yes Sufficient
UDs
Clastogenicity in V79 Miltenburger 1985 ANRA Yes Aberration analysis Equivocal Probably not | Inadequate (Preliminary
cells in vitro cytotoxicity test suggests
MTD exceeded for -9 trials
and likely for +59 trials)
Clastogenicity in human Heideman 1988 CAEPA 2 Aberration analysis Negative Yes Adequate
lymphocyte cultures
Clastogenicity in human Glebke and 1987 ANRA No Aberration analysis Negative Yes Adequate
lymphocyte cultures Engelhardt
Sister Chromatid Heidemann 1988 CAEPA ¥ SCE Negative Yes Adequate
Exchange in V79 cells in
vitro
REC Assay Shirasu 1978 ANRA No Differential survival in B. Negative Yes Adequate
subtilis normzl and repair
deficient bacteria
Rec Assay Jagannath 1989 ANRA Yes Differential survivalin B. Negative Yes Sufficient
subtilis normal and repair
deficient bacteria
In vivo micronucleus test | Allen et al. 1985 ANRA Yes Induction of micronuclel in Negative Yes (single sufficlent design with 3
in mice mouse bone marrow cells oral dose of harvest times of 24, 48 and
110 mg/kg) 72 hours.
In vivo micronucleus test | Weinberg 2011 USEPA-1 | Yes Induction of micronucleiin Negative Yes Sufficient
in mice mouse bone marrow cells (inhalation
exposure)
Footnotes:

1. ANRA = Australian National Registration Authority, NRA Special Review Series 97. 2, 1997

2. CAEPA = California EPA Evaluation of MITC, Part C: Human Health Assessment, 2002

3. USEPA -1= United States EPA, Memo dated 2012; USEPA-2 = United States EPA, Memo dated 2004

4. Inadequate = study design not sufficient to fully support the reported results: Adequate = study design was
technically sound and state of the art at the time the study was conducted, but may not meet current standards and may
not comply with GLP regulations; Sufficient = study likely meets current guideline and GLP requirements.
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Study GLP | Genetic t R ed R e MTD Protocol Assessment
Ames Test No | Point Mutation Indications of Yes Data were presented graphically not allowing for Study is negative
positive effects in adequate assessment. The response did not achieve | for mutation
agar overlay (-S9) current criteria for classification as positive effect in
method but not either strain.
using a pre-
incubation method
Micronucleus No | MNin HepG2 cells Positive 50% cell viability Adequate Positive study
test in vitro atd pg/mlis
acceptable
Comet Assay No | Induction of single/double | Positive The concentration | There was no toxicity data provided. Using the data Limited value for
in vitro strand DNA break in of 5.4 ug/ml is from the MN test, a concentration of 5.4 pg/ml assessing genotoxic
HepG2 cells likely too toxic would already be at less than 70% survival fora 1- potential
based on toxicity hour exposure. The data shown for this study did
curve provided for | not give lower confidence limits nor statistical
MN test. assessment for the low dose of 3.65 ug/ml. The data
from this study cannot be reliably interpreted.
Host- No Comparative survival Positive response Adose of 270 This study does not provide data that is can be Value for assessing
Mediated between repair deficient reported for bacteria | mg/kg killed all reliably interpreted. Based on 100% lethality of mice | genotoxic potential
Assay strain, 343/753 isolated from liver test animals within | at 270 mg/kg, that 90 mg/kg would give rise to is limited to none
(uvrB/recA) and the repair | tissue but negative in | 2hours. The endogenous toxic effects that would interfere with
proficient counterpart, lung, kidney, colon, toxicity of the responses of seen in bacteria. In addition, the
343/765 (uvr+/rect). stomach. lower dose level variability across survival in the control animals
Following i.v. injection of was not given in overlapped the range among the treated animals.
strains into mice the paper. Data cannot be reliably interpreted
Bacteria DNA No | Comparative survival Positive Yes Adequate Value for assessing
repair test between repair deficient genotoxic potential
strain, 343/753 is limited to none
(uvrB/recA) and the repair
proficient counterpart,
343/765 (uvr+/rect).
Tbars Test No | Assessing oxidative stress Positive NA Adequate Data indicate that
in HepG2 cells MITC will induce
oxidative
intermediates in
vitro

Table 11. Weight-of-Evidence Summary of Responses

Test Method Genetic Endpoint Relevance to Number | Response(s) = Comment
Genotoxic of Positive/Negative (invalid)
Hazard/Risk Studies
(Tables 1
and 2)
Ames Tests Gene Mutation High 6 0/6 Based on detailed critique
Hprt Assay in V79 Cells Gene Mutation High 1 0/1
In Vitro Clastogenicity in Cell Lines | Chromosome aberrations and/or Moderate-High 2 /1 Based on detailed critique
(V79/HepG2) micronuclei formation
In Vitro Clastogenicity in Human Chromosome aberrations Moderate-High 2 0/2
Lymphocytes
In Vivo Clastogenicity in Mice Micronuclei formation High 2 0/2
UDS in Rat Hepatocytes In Vitro Indirect measure of DNA repair Moderate-low 1 0/1
In Vitro SCEs in V79 Cells Sister Chromatid Exchange Low 1 0/1
In Vitro Comet Assay in HepG2 Single/double strand breaks in DNA low 1 0/(1) Technical issues limit
Cells interpretation of this test
Differential Survival in Repair Comparison of toxic response curves in Low 3 1/2
Sufficient and Deficient Bacteria In | repair deficient and normal bacteria
Vitro
Host-medisted Assay Comparison of toxic response curves in None 1 0/(1) Technical issues limit
repair deficient and normal bacteria isolated interpretation of this test
from tissue
Totals 20 2/18 (90% negative or
invalid responses)
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Immunosuppression increases the risk of certain cancers, regardless of the process that leads to the
immunosuppression (e.g.. due to inherited disorders, pharmaceutical treatment for a variety of disorders
such as transplantation, cancer chemotherapy, treatment of autoimmune diseases, or AIDS) (Penn, 1988:
Cohen et al., 1991; Busnack et al., 2006; Grulich et al., 2007; Engels et al., 2011; Simard et al., 2012;
Krynitz et al., 2019). However, only a limited number of cancers are increased in immunosuppressed
individuals, and these are mostly related to viral disorders. Some examples include various squamous
epithelial cancers related to HPV infection, lymphomas and a variety of less common tumors related to
EBV, Kaposi sarcoma related to KSV (also called HHVS), and liver cancer related to hepatitis B or C
viruses. There also appears to be an increased risk of malignant melanoma likely related to the high
mutagenicity and antigenicity activities in these tumors. Also, in kidney transplant recipients there is an
increased incidence of kidney tumors, although this is most likely related to the chronic kidney disease
rather than immunosuppression. Nevertheless, nasal cavity tumors are not among the tumors that are at
increased risk in immunosuppressed individuals. It should be noted that immunosuppressive agents are
poorly detected in 2-year animal bioassays (Bagalski et al., 2010). For MITC, there is no evidence of an
effect on immune or hematologic tissues, such as thymus, bone marrow, spleen, gastrointestinal tract, or
tonsils in the sub-chronic and chronic studies reviewed in here. Taken together, immunosuppression can be

excluded as a MOA for MITC-induced nasal cavity tumors.

Estrogenic activity has not been demonstrated for MITC, and in the animal bioassays there has been no
effect on estrogen-dependent tissues such as the mammary gland, ovaries, and uterus _ 2015a;
2015b). It is therefore highly unlikely that MITC is producing nasal cavity tumors by an estrogenic effect.
Furthermore, increased estrogen is only associated with a limited number of tumors in humans, including
breast, endometrium, ovary, and to a lesser extent liver (Russo and Russo, 2006; Persson, 2000; Parazzini
etal., 1991: SGO et al., 2014; Rooks et al., 1979; IARC, 1999). Thus, estrogenic activity can be excluded

as a MOA for MITC-induced nasal cavity tumors.
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Considering each of the potential MOAs that have been documented for human cancers, none other than
the cytotoxicity with regenerative proliferation MOA is supported by the available data for MITC exposure
through the inhalation route. Furthermore, the evidence is strong, coherent, consistent, and is certainly

biologically plausible.

As part of a cytotoxicity response, there may be an effect on oxidative stress as well as on glutathione levels
(Burke et al.. 2007; Jaeschke et al., 2021). These effects are likely to occur in response to MITC exposure,
but are a consequence of MITC cytotoxicity and not a MOA, per se, for the nasal cavity tumors. Increased
levels of oxidative stress are routinely seen with chemicals that produce cytotoxicity (Burke et al., 2007
Jaeschke et al., 2021) even if they are not related to carcinogenicity. such as in the case of acetaminophen.
which is generally regarded as non-carcinogenic (Jaeschke et al., 2021; Murray et al., 2020). The
relationship of oxidative stress and cancer is complex and by itself does not represent a cancer MOA. In
fact, antioxidants can actually enhance the risk of cancer. For example, studies evaluating antioxidants in
double blind clinical studies have lacked preventive effects or actually enhanced the risk of cancer (Alpha
Tocopherol, Beta Carotene Prevention Study Group, 1994: Albanes et al., 1996: Omenn et al.. 1996:
Albanes, 2009). In addition, some antioxidants have been shown to be carcinogenic in animal models, such
as butylated hydroxyanisole (BHA) and related phenolic antioxidants (Ito and Hirose, 1989). Given the
strong evidence for cytotoxicity and regenerative proliferation as the MOA, and no evidence for alternative

MOAs, the support for cytotoxic regenerative proliferation as the MOA for these tumors is strong.
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Uncertainties, Inconsistencies, and Data Gaps

In general, the toxicological database for MITC addresses the critical aspects of the proposed MOA for
nasal tumors in rats, as well as evaluation of alternative MOAs. The data are consistent and demonstrate
dose-response and temporal concordance across key events for the development of nasal tumors in the rat

(see Table 8).

An uncertainty of the proposed MOA is the absence of tumors in the mouse bioassay, given that MITC is
expected to cause, and the data supports, cytotoxicity and irritants in the nasal passages of mice following
inhalation exposures. Currently, the contribution from the dosimetric differences between the rat and the
mouse nasal passages, the duration of exposure, the generally lower severity in incidence of the findings in
the mouse, as well as the known physiological differences in the respiratory parameters between these two
species and the observed differences in the tumor response is unknown. The mouse bioassay was only for
18 months compared to the 24 months in the rat bioassay, although the first tumor in the rat was detected

at 39 weeks.

The specific molecular events leading to the cytotoxicity are not known, but this is a deficiency that is
usually found with cytotoxicity. As indicated above, oxidative stress as well as glutathione depletion are
aspects of cytotoxicity and not necessarily the cause; as such, the lack of data on these endpoints in the
nasal passages of MITC-exposed rats is not considered to be a data gap in the assessment of the MOA.
Furthermore, these changes may occur with any form of cytotoxicity, even if it does not lead to tumor

formation.
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Human Applicability of the Proposed MOA

Is the Weight of Evidence Sufficient to Establish a MOA in the Rat?
The weight of evidence is sufficient to establish a MOA in the rat. While the complete mechanistic details
of the MOA may not all be available, data from the available inhalation studies with MITC as well as other

irritant compounds reinforce confidence in the cytotoxicity-based MOA for nasal tumors in rats.

Can Human Relevance of the MOA be Reasonably Excluded on the
Basis of Fundamental Differences in Key Events Between Rats and
Humans?

The answer is “no”. In general, the proposed MOA for MITC-induced rat nasal tumors is potentially
applicable to humans as well, since MITC is known to be an irritant for humans. Accordingly,
tumorigenicity is expected in humans if they are chronically exposed to high enough concentrations of

MITC that can induce excessive cytotoxicity leading to continuous reparative increased cell proliferation.

Can Human Relevance of the MOA be Reasonably Excluded on the
Basis of Quantitative Differences Either Kinetic or Dynamic Factors
Between Rats and Humans?

The answer is “yes”. Chronic exposures to high levels of MITC leading to excessive cytotoxicity in the
nasal passages are not expected to occur in real life situations in humans. For example, the estimated health
protective concentration per irritant effects of acute (4-8 hours) MITC exposure is in the range 0f 0.2 to 0.8
ppm and is based on the effects (perceived magnitude of irritation, blinking, and tearing) observed in a
human study by _ (1996) _ 2010; EPA, 2008). Thus, the concentration
required to induce tumors in the rat chronic toxicity is at least 25X higher than the health protective value
for acute irritation in humans. Tumorigenic consequences are a product of prolonged exposure to high, and

excessively irritating, concentrations of MITC which individuals would not be expected to tolerate for any
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length of time. At exposure concentrations and durations that do not induce successive sensory irritancy,
cytotoxicity and the consequent sustained increase reparative cell proliferation, MITC would not be

expected to induce tumors in humans.
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Conclusions

Inhalation of 20 ppm MITC (tumorigenic concentration) induced nasal cavity lesions in the rat consisting
of acute/subacute inflammation, epithelial cell degeneration/necrosis, increased epithelial cell proliferation
(increased DNA synthesis detected by nuclear incorporation of BrdU, hyperplasia, and regeneration),
olfactory sensory neuron apoptosis, and olfactory sensory neuron loss resulting in atrophy/loss of olfactory
epithelium and respiratory metaplasia. These results along with significant decrements in body weight (up
to 34%), and body weight gain (up to 47%) in the two-year study, indicate that the 20-ppm concentration
was toxic to the rats. However, EPA has determined that the tumors are treatment related and 20 ppm did

not exceed the MTD.

Analysis of available toxicity data from the rat inhalation toxicity studies indicated that a biologically
plausible MOA leading to nasal tumors at the 20 ppm exposure level involved the following the key events:
1) direct cytotoxicity of MITC to the nasal mucosa (degeneration, necrosis/apoptosis); 2) consequent
increased cell proliferation to compensate for MITC-induced cytotoxicity; 3) on-site and persistence of
squamous cell metaplasia of the respiratory mucosa as an adaptive response to the cytotoxic insult; and 4)
development of tumors. This analysis provided confidence in the proposed MOA for MITC-induced rat
nasal tumors and further informed that the tumorigenicity of MITC has a threshold. This conclusion is
further supported by the recent EU review where the RMS concluded that the tumorigenicity is “clearly
threshold-like” and “obviously triggered by the corrosive action of MITC in the nasal linings” (RMS

Belgium, 2021).

Furthermore, MITC is not likely to pose a carcinogenic hazard or risk to humans under normal
environmental or occupational exposures. Detailed analysis showed that there was a dose response and

temporal response concordance between the key events and the ultimate toxicity (fumor formation), with
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the strength of the response being strong. The findings between studies were consistent and specific. The
MOA of cytotoxicity with consequent regenerative increased cell proliferation is a well-known MOA for
chemicals, so it is biologically plausible and coherent with what is known in biology. Alternative MOAs
have been excluded, including DNA reactivity, immunosuppression, and estrogenic activity. Given that the
MOA involves sustained cytotoxic and regenerative response with squamous metaplasia in response to
chronic irritation, which is not expected to occur in humans (because of the limited levels of exposure as

discussed above). this MOA does not pose a cancer hazard or risk to humans.
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