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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Location of Amendment: Abstract (pages ii thru iii) and Summary (pages S-1 thru S-3)

FROM: page ii, paragraph 3 and page S-2, paragraph 3

There was a high background incidence of testicular interstitial adenomas in control male rats
(43/50; 86%). The incidence among high-level males (50/50; 100%) was significantly
greater than the control incidence (Fisher’s exact test). The relationship between treatment
and induction of testicular interstitial adenomas is considered to be equivocal, since background
incidence of this tumor is extremely high and historical control incidence data from one 2-year
bioassay conducted at LRRI for a commercial sponsor was 86% (n = 56). NTP control
incidence' for air inhalation controls: for NIH-07 diet avg. = 70.1% with range of 46% to 90%;
for NTP-2000 diet avg. = 92.1% with range of 82% to 98%. Further, the control incidence in the
concurrently run Baseline Gasoline Vapor Condensate chronic study (LRRI stedy number FY01-
027) was 48/50 (96%), and no significant increase in the incidence of testicular interstitial
adenoma with BGVC exposure was found in that study.

TO:

There was a high background incidence of testicular interstitial adenomas in control male rats
(43/50; 86%). There was a significant trend toward increased incidence with increased dose
(with 47/50, 94% in lows; 48/50, 96% in mids; and 50/50, 100% in highs). However, group
comparisons were not statistically significant and any increases are judged unlikely to be a
result of GMVC exposure. The relationship between treatment and induction of testicular
interstitial adenomas is considered to be equivocal, since background incidence of this tumor is
extremely high and historical control incidence data from one 2-year bioassay conducted at
LRRI for a commercial sponsor was 86% (n = 56). NTP control incidence' for air inhalation
controls: for NTH-07 diet avg. = 70.1% with range of 46% to 90%; for NTP-2000 diet avg. =
92.1% with range of 82% to 98. Further, the control incidence in the concurrently run Baseline
Gasoline Vapor Condensate chronic study (LRRI study number FY01-027) was 48/50 (96%),
and no significant increase in the incidence of testicular interstitial adenoma with BGVC
exposure was found in that study.

REASON:

The change is made to correct the original statement that the high dose male incidence of
testicular adenomas was significantly greater than controls and to make the text consistent with
corresponding changes made in the Pathologist’s report. Corrections have been made in the
Pathologist’s report because groups were identified as significantly different at a p value < 0.05,
when a value of < 0.008 was the correct criterion.
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Location of Amendment: Abstract (pages ii thru iii) and Summary (pages S-1 thru S-3)

FROM: page iii, paragraph 3 and page S-3, paragraph 3

The incidences of mononuclear cell leukemia among males and females were high, as expected
among a population of aged F344 rats. MCL incidence in low-level (31/39; 79%) and mid-
level (31/38; 82%) males was significantly greater than controls (27/50; 54%), most likely
due to protocol driven sampling bias (non-target organs in low- and mid-level groups were
only examined histologically when gross lesions were observed). Overall, the incidence of
MCL appeared unaffected by GMVC inhalation. The only other nonproliferative lesion
attributable to GMVC exposure was hyaline degeneration of the olfactory epithelium (males) and
respiratory epithelium (females) of the nose.

TO:

The incidences of mononuclear cell leukemia among males and females were high, as expected
among a population of aged 344 rats. In males, MCL in the spleen demonstrated a
statistically significant trend. Group comparisons were not statistically significant and any
increases are judged unlikely to be a result of GMVC exposure. Overall, the incidence of
MCL appeared unaffected by GMVC inhalation. The only other nonproliferative lesion
atinbutable to GMVC exposure was hyaline degeneration of the olfactory epithelium (males) and
respiratory epithelium (females) of the nose.

REASON:

The change is made to correct the original statement that the incidences of MCL in low and mid
dose males were significantly greater than controls and to make the text consistent with
corresponding changes made in the Pathologist’s report. Corrections have been made in the
Pathologist’s report because groups were identified as significantly different at a p value < 0.05,
when a value of < 0.008 was the correct criterion.

Page 3 0of 136



Study Number FY01-013

211(b} Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Location of Amendment: Histopathology (page 3-17, paragraph 2)

FROM:

There was a high background incidence of testicular interstitial adenomas in control male rats
(43/50; 86%). The incidence among high-level males (50/50; 100%) was significantly
greater than the control incidence. The relationship between treatment and induction of
testicular interstitial adenomas is considered to be equivocal, since background incidence of this
tumor is extremely high (Boorman et al., 1990b; Gopinath et al., 1987) and historjcal incidence
data from one 2-year bloassay conducted at LRRI for a commercwl sponsor was 86% (n = 56).
NTP control incidence’ for air inhalation controls: for NII-07 diet avg. = 70.1% with range of
46% to 90%; for NTP-2000 diet avg. = 77.2% with range of 66% to 84%. Further, the control
incidence in the concurrently run Baseline Gasoline Vapor Condensate chronic study (LRRI
study number FY01-027) was 48/50 (96%). It has been hypothesized that MTBE disruption of
hormonal homeostasis could account for increased testicular interstitial cell adenomas (Cruzan et
al., 2007). Mechanistic work to date to evaluate this hypothesis has been conducted in in vitro
studies with high doses of MTBE; only one in vivo study has been reported and this study found
decreases in leuteinizing hormone and testosterone in a single time point measurement.
Consequently, this data should be interpreted with caution.

TO:

There was a high background incidence of testicular interstitial adenomas in control male rats
(43/50; 86%). There was a significant trend toward increased incidence with increased dose
(with 47/50, 94% in lows; 48/50, 96% in mids; and 50/50, 100% in highs). However, group
comparisons were not statistically significant. The relationship between treatment and
induction of testicular interstitial adenomas is considered to be equivocal, since background
incidence of this tumor is extremely high (Boorman et al., 1990b; Gopinath et al., 1987) and
historical incidence data from one 2-year bloassay conducted at LRRI for a connnercml sponsor
was 86% (n = 56). NTP control incidence® for air inhalation controls: for NTH-07 diet avg. =
70.1% with range of 46% to 90%; for NTP-2000 diet avg. = 92.1% with range of 82 — 98%.
Further, the control incidence in the concurrently run Baseline Gasoline Vapor Condensate
chronic study (LRRI study number FY01-027) was 48/50 (96%). 1t has been hypothesized that
MTBE disruption of hormonal homeostasis could account for increased testicular interstitial cell
adenomas (Cruzan et al., 2007). Mechanistic work to date to evaluate this hypothesis has been
conducted in in vitre studies with high doses of MTBE; only one in vivo study has been reported
and this study found decreases in leuteinizing hormone and testosterone in a single time point
measurement. Consequently, this data should be interpreted with caution.

REASON:

The change is made to correct the original statement that the high dose male incidence of
testicular adenomas was significantly greater than controls and to make the text consistent with
corresponding changes made in the Pathologist’s report. Corrections have been made in the
Pathologist’s report because groups were identified as significantly different at a p value < 0.05,
when a value of < 0.008 was the correct criterion.
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Location of Amendment: Histopathology (page 3-20, paragraphs 2 and 3)

FROM:

Proliferative Lesions Not Attributable to GMVC Exposure. Leukemia, a well-documented
feature of old age in F344 rats, did not appear to be enhanced by GMVC exposure. Results for
spleen, the defining organ for this disease, are shown for males and females in Table 3-12. In
males, the incidences of lenkemia in the low- and mid-GMVC levels are greater than
controls (Fisher’s test); however, the diagnoses were made on animals where gross lesions in
the spleen were present, and therefore some sampling bias was involved. There was no overall
trend with exposure concentration as determined by the Cochran-Armitage and logistic tests, and
the incidence of leukemia in high-level males was not different from controls (Fisher’s test). The
incidences of leukemma in GMVC-exposed females were not different from the incidence among
control females.

Mammary gland fibroadenoma was significantly increased in low- and high-level females
(Table 3-12). Interpretation of this finding is problematic due to the atypically low control
incidence of 0% in control females. Control incidences for this lesion have been reported to
range from 27-40% (Boorman et al., 1990c¢). The control incidence in the parallel BGVC study
(LRRI study number FY01-027) was 4/49 (8%). Additionally, increases in this leston have not
been observed in previous studies with neat MTBE or wholly vaporized gasoline (Cruzan et al.,
2007; MacFarland et al., 1984). Therefore, it is unlikely that the increased incidence of female
mammary gland fibroadenoma was treatment-related.

TO:

Proliferative Lesions Not Attributable to GMVC Exposure. Leukemia, a well-documented
feature of old age in F344 rats, did not appear to be enhanced by GMVC exposure. Results for
spleen, the defining organ for this disease, are shown for males and females in Table 3-12. In
males, MCL in the spleen demonstrated a statistically significant trend. Group
comparisons were not statistically significant (Fisher’s test), however, the diagnoses were
made on animals where gross lesions in the spleen were present, and therefore some sampling
bias was involved. There was no overall trend with exposure concentration as determined by the
Cochran-Armitage and logistic tests, and the incidence of leukemia in high-level males was not
different from controls (Fisher’s test). The incidences of leukemia in GMVC-exposed females
were not different from the incidence among control females,

Mammary gland fibroadenomas demonstrated a significant trend (Table 3-12). Interprectation
of this finding 1s problematic due to the atypically low control incidence of (0% in control
females. Control incidences for this lesion have been reported to range from 27-40% (Boorman
et al., 1990¢). The control incidence in the parallel BGVC study (LRRI study number FY01-
027) was 4/49 (8%). Additionally, increases in this lesion have not been observed in previous
studies with neat MTBE or wholly vaporized gasoline (Cruzan et al., 2007; MacFarland et al.,
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

1984). Therefore, it is unlikely that the increased trend of female mammary gland fibroadenoma
was treatment-related.

REASON:

The change is made to correct the original statement that the incidences of MCL in low and mid
dose males and the incidences of mammary tumors in high and low dose females were
significantly greater than controls. The change was also made to make the text consistent with
corresponding changes made in the Pathologist’s report. Corrections have been made in the
Pathologist’s report because groups were identified as significantly different at a p value < 0.05,
when a value of < 0.008 was the correct criterion.
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Study Number FY(01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Location of Amendment: Histopathology Table 3-12 (pages 3-18 and 3-19)

FROM:

Table 3-12. Incidences of Proliferative (Neoplastic and Hyperplastic) Lesions in Rats

Control Low Mid High
Ogm’) (@gm’) (10gm) (20 gm’)
MALES
Kidney No. examined 50 50 50 50
Adenoma, renal tubule 0 (0%) 0 (0%) 6 (12%)" 2 (4%)
Carcinoma, renal tubule 0 (0%) 1 (2%) 0 (0%) 1 (2%)
Renal tubule adenoma 0 (0%) 1 (2%) 6 (12%)" 3 (6%)
and carcinoma, combined
Nasal Turbinate Level 1
Sections No. examined 50 50 50 350
{Note that  Hyperplasia 3 (6%) 0 (0%) 3 (6%) 4 (8%)
the same Avg. severity 0.2 0.0 0.1 0.2
tumor Turbinate Level 2
may No. examined 50 50 50 50
appear in Hyperplasia 0 (0%) 2 (4%) 2 (4%) 3 (6%)
more than  Avg. severity 0.0 0.1 0.1 0.2
one Carcinoma, squamous cell 1 (2%) 0 (0%) 0 (0%) 0 (0%)
level.) Turbinate Level 3
No. examined 50 50 50 50
Carcinoma, squamous cell 0 (0%) 1 (2%) 0 (0%) 1 (2%)
Turbinate Level 4
No. examined 50 50 50 50
Carcinoma, squamous cell 0 (0%) 2 (4%%) 0 (0%) 2 (4%)
Thyroid  No. examined 50 35 31 50
Hyperplasia, follicular cell 0 (0%) 0 (0%) 1 (3%) 0 (0%)
Avg. severity 0.0 0.0 0.1 0.0
Adenoma, follicular cell 2 (4%) 0 (0%) 0 (0%) 3 (6%)
Carcinoma, follicular cell 1 (2%) 0 (0%) 1(3%) 3 (6%)
Follicular cell adenoma 3 (6%) 0 (0%) 1 (3%) 5 (10%)
and carcinoma, combined
Testes No. examined 50 50 50 50
Adenoma, interstitial cell® 43 (86%) 47 (94%) 48 (96%) 50 (100%)"
Mesothelioma 0 (0%) 1 (2%) 1 (2%) 2 (4%)
Spleen No. examined 50 39 38 50
Leukemia, mononuclear © 27 (54%) 31 (79%)" 31 (82%)° 31 (62%)
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Study Number FY01-013
211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)

Amendment 1
April 2011
Table 3-12. Incidences of Proliferative (Neoplastic and Hyperplastic) Lesions in Rats
(Concluded)
Control Low Mid High
Ogm) @gm) (0gm’) (0gm’)
FEMALES
Spleen No. examined 50 22 24 50
Leukemia, mononuclear 27 (54%) 12 (55%) 11 (46%) 23 (46%)
Mammary No. examined 49 20 22 47
Gland Fibroadenoma® 0(0%)  3(15%)"  2(9%) 5(11%)"

*Incidence is significantly different from controls and from the 2 g/m’ group (Fisher’s
test).

PIncidence is significantly different from controls (Fisher’s test). A positive trend toward
increased incidence with increasing dose was found with the Cochran-Armitage test.

‘A positive trend with increasing dose was found with the Cochran-Armitage and
Logistic tests A trend was also detected with Fisher’s test with the incidence among
the 20 g/m’ group being significantly increased compared to the control incidence.
“Incidence significantly different from controls (Fisher’s test).

“Trend detected with Fisher’s Exact test.
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate {GMVC)
Amendment 1

April 2011
TO:
Table 3-12. Incidences of Proliferative (Neoplastic and Hyperplastic) Lesions in Rats
Control Low Mid High
Ogm’) (gm’) (10gm’) (20 gm’)
MALES
Kidney  No. examined 50 50 50 50
Adenoma, renal tubule” 0 (0%) 0 (0%) 6 (12%) 2 (4%)
Carcinoma, renal tubule 0 (0%) 1 (2%) 0 (0%) 1 (2%)
Renal tubule adenoma 0 (0%) T (2%) 6 (12%) 3 (6%)
and carcinoma,
combined”
Nasal Turbinate Level 1
Sections No. examined 50 50 50 50
(Note that  Hyperplasia 3 (6%) 0 (0%) 3 (6%) 4 (8%)
the same Avg. severity 0.2 0.0 0.1 0.2
tumor Turbinate Leve] 2
may No. examined 50 50 50 50
appear in Hyperplasia 0 (0%) 2 (4%) 2 (4%) 3 (6%)
more than  Avg. severity 0.0 0.1 0.1 0.2
one Carcinoma, squamous cell 1 (2%) 0 (0%) 0 (0%) 0 (0%)
level.) Turbinate Level 3
No. examined 50 50 50 50
Carcinoma, squamous cell 0 (0%) 1(2%) 0 (0%) 1(2%)
Turbinate Level 4
No. examined 50 50 50 50
Carcinoma, squamous cell 0 (0%) 2 (4%) 0 (0%) 2 (4%)
Thyroid No. examined 50 35 31 50
Hyperplasia, follicular cell 0 (0%) 0 (0%) 1(3%) 0 (0%)
Avg. severity 0.0 0.0 0.1 0.0
Adenoma, follicular cell 2 (4%) 0 (0%) 0 (0%) 3 (6%)
Carcinoma, follicular cell 1 (2%) 0 (0%) 1 (3%) 3 (6%)
Follicular cell adenoma 3 (6%) 0 (0%) 1 (3%) 5 (10%)
and carcinoma, combined
Testes No. examined 50 50 50 50
Adenoma, interstitial cell® 43 (86%) 47 (94%) 48 (96%) 50 (100%)
Mesothelioma 0(0%) 1 (2%) 1(2%) 2 (4%)
Spleen No. examined 50 39 38 50
Leukemia, mononuclear® 27(54%) 31(79%) 31 (82%) 31 (62%)
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Study Number FY(01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011
Table 3-12. Incidences of Proliferative (Neoplastic and Hyperplastic) Lesions in Rats
(Concluded)
Control Low Mid High
Ogm’) Qgw) (10gm’) (0gm)
FEMALES
Spleen No. examined 50 22 24 50
Leukemia, mononuclear 27 (54%) 12 (55%) 11 (46%) 23 (46%)
Mammary No. examined 49 20 22 47
Gland Fibroadenoma® 0 (0%) 3 (15%) 2 (9%) 5(11%)

“Trend detected with Fisher’s Exact test.

PA positive trend with increasing dose was found with the Cochran-Armitage and
Fisher’s tests.

° A positive trend with increasing dose was found with the Cochran-Armitage, Logistic
and Fisher’s tests.

REASON:

This table was edited to reflect corrections made in the corresponding Pathologist’s report table
to correct ertors regarding group differences.
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Location of Amendment: Histopathology Table 3-13 (pages 3-21 and 3-22)

FROM:

Table 3-13. Nonproliferative (Non-Neoplastic) Lesion Incidences and Severity Scores

Control Low Mid High
Ogm’) (@gm’) (10gm’) (20gm’)
Males
Kidney No. examined 50 50 50 50
Nephropathy, chronic 44 (838%)* 47 (94%) 50 (100%) 46 (92%)
Avg. severity 1.9 2.1 2.6° 2.7°
Nose/Turbinate 2 No. examined 50 50 50 50
Degeneration, hyaline - 0 (0%) 5(10%) 7°(14%) 6°(12%)
olfactory epithelium
Average severity 0.0 0.2 0.2 0.2
Nose/Turbinate 3 No. examined 50 50 50 50
Degeneration, hyaline - 2 (4%) 1 (2%) 7(14%) 7 (14%)
olfactory epithelium
Average severity 0 0.2 0.3
Nose/Turbinate 4  No. examined 50 50 50 50
Degeneration, hyaline - 0 0 1 (2%) 1(2%)
olfactory epithelium
Average severity 0 0 0 0

Page 11 of 136



Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Table 3-13. Nonproliferative (Non-Neoplastic) Lesion Incidences and Severity Scores

(Concluded)
Control Low Mid High
Ogm’) (Qgm’) (10gm’) (20 gm’)
Females
Kidney No. examined 50 20 21 50
Nephropathy, chronic 42 (84%) 17 (85%) 15(71%) 43 (86%)
Average severity 1.0 1.0 1.0 1.5°
Nose/Turbinate 2 No. examined 50 50 50 50

Degeneration, hyaline- 0 (0%) 1(2%)  7°(14%) 6°(12%)"
respiratory epithelium
Average severity 0.0 0.0 0.3 0.2

“Percentage affected is in parentheses adjacent to incidence.

PSignificantly higher than controls at 0.05 level using Kolmogorov-Smirnov one-tailed test.

“Significantly different from controls at 0.05 level using Fisher’s exact two-tailed test.

positive concentration-dependent trend by Cochran-Armitage and logistic tests. p = 0.054 by
Fisher’s exact {(no group comparisons made).
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

TO:

Table 3-13. Nonproliferative (Non-Neoplastic) Lesion Incidences and Severity Scores

Control Low Mid High
Ogm) @gm) @0gn’) @0gm’)
Males
Kidney No. examined 50 50 50 50
Nephropathy, chronic 44 (88%)" 47 (94%) 50 (100%) 46 (92%)
Avg. severity 1.9 2.1 2.6" 2.7°
Nose/Turbinate 2 No. examined 50 50 50 50
Degeneration, hyaline - 0 (0%) 5 (10%) 7 (14%) 6 (12%)
olfactory epithelium® 7
Average severity 0.0 0.2 0.2 0.2
Nose/Turbinate 3~ No. examined 50 50 50 50
Degeneration, hyaline - 2 (4%) 1 (2%) 7 (14%) 7 (14%)
olfactory epithelium?
Average severity 0 0 0.2 0.3
Nose/Turbinate 4  No. examined 50 50 50 50
Degeneration, hyaline - 0 0 1(2%) 1(2%)
olfactory epithelium
Average severity 0 0 0 0
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Table 3-13. Nonproliferative (Non-Neoplastic) Lesion Incidences and Severity Scores

{Concluded)

Control Low Mid High
(Ogm’) (QCgmh) @Q0gm’) 20gmd)

Kidney

No. examined

Average severity

Females

Nose/Turbinate 2

No. examined
Degeneration, hyaline - 0 (0%) 1 (2%) 7 (14%) 6 (12%)
respiratory epithelium®
Average severity

50 20 21 50
Nephropathy, chronic 42 (84%)" 17 (85%) 15(71%) 43 (86%)

1.0 1.0 1.0 1.5°

50 50 50 50

0.0 0.0 0.3 0.2

“Percentage affected is in parentheses adjacent to incidence.
kS gnificantly higher than controls at 0.05 level using Kolmogorov-Smirnov one-tailed test.
“Positive trend with increasing dose was found with the Cochran-Armitage, Logistic and

Fisher’s tests.

Ppositive concentration-dependent trend by Cochran-Armitage and logistic tests. p = 0.054 by
Fisher’s exact {(no group comparisons made).

REASON:

This table was edited to relocate footnotes indicating trends for increasing incidence with
exposure concentration and to be consistent with the corresponding table in the Pathologist’s

report.
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC})
Amendment 1

April 2011

Location of Amendment: Results — Proliferative Lesions, page 3-25, paragraph 3

FROM:

In testes, there was a high, not unexpected, incidence of adenomas in males in all dose groups
(86%—100% for the GMVC study and 94%-100% for the BGVC study). Inhalation of BGVC
did not significantly increase the numbers of tumors above control values (48%). However, the
incidence of adenomas in the high exposure level GMVC males was significantly increased
compared to controls, but this is likely attributable to the low incidence among controls in
that study (43%). Malignant testicular mesothelioma was observed in both studies, but a
significant positive trend was only observed in the BGVC study, and only by the Fisher’s test.

TO:

In testes, there was a high, not unexpected, incidence of adenomas in males in all dose groups
(86%—-100% for the GMVC study and 94%-100% for the BGVC study). Inhalation of BGVC
did not significantly increase the numbers of tumors above control values (48%). There was a
significant trend toward increased incidence with increased dose (with 47/50, 94% in lows;
48/50, 96% in mids; and 50/50, 100% in highs). However, group comparisons of the
incidence of adenomas were not significant. Malignant testicular mesothelioma was observed
in both studies, but a significant positive trend was only observed in the BGVC study, and only
by the Fisher’s test.

REASON:

The change is made to correct the original statement that the high dose male incidence of
testicular adenomas was significantly greater than controls and to make the text consistent with
corresponding changes made in the Pathologist’s report. Corrections have been made in the
Pathologist’s report because groups were identified as significantly different at a p value < 0.05,
when a value of < 0.008 was the correct criterion.
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Study Number FY01-013
211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)

Location of Amendment: Laboratory QA Statement (pages xii thru xiv)

Amendment 1
April 2011

FROM:
LABORATORY QA STATEMENT

Study Title 211(b) Chronic Carcinogenicity Study —
Gasoline MTBE Vapor Condensate (GMVC)
and Baseline Vapor Condensate (BGVC)

LRRI Study Number FY01-013

Sponsor Study Number N/A

Study Director J. Benson

This study was conducted under 21 CFR Part 58 Good Laboratory Practice (GLP). This study
was inspected by the LRRI Quality Assurance Unit. The final report accurately reflects the raw
data. Findings were reported to the Study Director and Test Facility Management as follows:

Date(s) of Inspection ~ Testing Facility Study

Study Phase Performed by or Audit Management Director
Aftermoon servicing of R. Marr 29-May-01 4-Fune-01 4-Fune-01
chambers and animal
body weights
Gasoline MTBE vapor R. Marr 30-May-01 30-May-01 30-May-01
condensate 20# tank
receipt, 420# tank usage
log, 20# tank usage and
fill log
Body weights, clinical R. Marr / D. Harris 3-Jul-01 9-Ful-01 9-Jul-01
observations
Environmental data R. Mar/ D. Harris 7-Aug-01 9-Aug-01 9-Aug-01
Environmental data R. Mar / ID. Harris 9-Aug-01 9-Aug-01 9-Aug-01
TA management data, R. Marr 22-0ct-01 320-Oct-01 30-Oct-01
clinical observations and
body weights, Miran
calibration data, GC data
Environmental data, R. Marr 5-Dec-01 18-Dec-01 18-Dec-01

clinical observations,
body weights, exposure
data, GC data, Miran
calibration data
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Study Number FY(01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Study Phase

Date(s) of Inspection  Testing Facility Study
Performed by or Audit Management Director

Environmental data,
exposure data, GC data,
MTBE running exposure
concentration summary

Environmental data,
climical observations,
body weights, 1 point and
8 point performance
qualifications

Environmental data,
clinical observations,
body weights, exposure
data, GC data, Miran
calibration data, TA
usage forms

Environmental data,
clinical observations,
body weights, exposure
chamber maps, exposure
data, GC data, TA usage
forms

Environmental data,
clinical observations,
body weights, TA
characterization, 1 point
and 8 point performance
calibrations, chamber
atmosphere
characterization,
individual animal
removal records, blood
smear/differential
morphology, exposure
data, TA usage forms

R. Marr 26-Dec-01 4-Jan-0)2 4-Tan-02

R. Marr 7-Mar-02 11-Mar-02 11-Mar-(2

R. Marr 1-May-02 13-May-02 13-May-02

R. Marr 6-Sept-02 [2-Sept-02 12-Sept-02

R. Marr 6-Nov-02 22-Nov-02 22-Nov-02
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Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Date(s) of Inspection  Testing Facility Study

Study Phase Performed by

or Audit

Management

Director

TANR forms, individual
animal removal — chain of
custody records, animal
room exposure log, sick
animal observations
records, exposure
chamber checklist,
exposure chamber maps,
8 point performance
calibration,
environmental data,
exposure data, Miran
calibrations

R. Marr

Environmental data, GC R. Marr
data, exposure data,

chamber profiles, Miran

calibrations, body

weights and observations

Exposure data, TA, body R. Marr
weight and observations,

chamber atmosphere,

environmental data,

Miran calibrations, IANR

forms, GC data, animal

removal records

Exposure data, TA, body R. Marmr
weight and observations,

chamber atmosphere,

environmental data,

Miran calibrations, TANR

forms, GC data, animal

removal records

Terminal sacrifices R. Marr

Gasoline MTBE vapor R. Marr
condensate 20# usage and

fill log

Organ weight data, gross R. Marr

observations

17-Dec-02

7-Jan-03

3-Feb-03

14-Mar-03

27-May-03

27-May-03

5-Jun-03

19-Dec-02

8-Jan-03

14-Feh-03

27-Mar-03

27-May-03

14-Tun-03

6-Jun-03

19-Dec-02

8-Jan-03

14-Feb-03

27-Mar-03

27-May-03

14-Jun-03

6-Jun-03
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Date(s) of Inspection ~ Testing Facility Study

Study Phase Performed by or Audit Management Director

Animal death dates
against JANR

Histology specimen
preparation

Histology lab

Exposure data, TA, Path
Tox dead animal status
list, body weight and
observations, chamber
atmosphere,
environmental data,
Miran calibrations, , GC
data, 1 point and 8§ point
performance
qualifications, JANR
forms, animal remowval
records and chain of
custody, additional
animal observations, sick
animal observations

TA records

Draft final report (report
text/appendices, all report
tabular data, pathologist
report, statistics
data/report

Final Report
Final Report Text
Final Report

Final Report

R. Marr

D. Harris

D. Harris

R. Marr

D. Harris

D. Harris

D. Harris
C. Storch
C. Storch

C. Storch

2-Jul-03

22-Jul-03

24-Jul-03

29-Jul-03

3-Oct-03

24-Jun-04

July 2006
June 2009
30-Sept-09

13-May-10

21-Jul-03

24-Jul-03

24-Jul-03

19-Aug-03

6-Oct-03

16-Jul-04

July 2006
1-Tul-09
30-Sept-09

13-May-10

21-Jul-03

24-Jul-03

24-Jul-03

19-Aug-03

6-Oct-03

16-Jul-04

July 2006
1-Jul-09
30-Sept-09

13-May-10

Christa R. Storch, BS, RQAP-GLP Date
Senior Quality Assurance Specialist
LRRI Quality Assurance Unit
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211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)

Amendment 1
April 2011
TO:
LABORATORY QA STATEMENT
Study Title 211(b) Chronic Carcinogenicity Study -
Gasoline MTBE Vapor Condensate (GMVC)
and Baseline Vapor Condensate (BGVC)
LRRI Study Number FY01-013
Sponsor Study Number N/A
Study Director J. Benson

This study was conducted under 21 CFR Part 58 Good Laboratory Practice (GLP). This study
was inspected by the LRRI Quality Assurance Unit. The final report accurately reflects the raw
data. Findings were reported to the Study Director and Test Facility Management as follows:

Date(s) of Inspection  Testing Facility Study

Study Phase Performed by or Audit Management Director
Afternoon servicing of R. Marr 29-May-01 4-June-01 4-June-01
chambers and animal
body weights
Gasoline MTBE vapor R. Marr 30-May-01 30-May-01 30-May-01
condensate 20# tank
receipt, 420# tank usage
log, 20# tank usage and
fill log
Body weights, clinical R. Marr/ D. Harris 3-Jul-01 9-Jul-01 9-Jul-01
observations
Environmental data R. Mar /D. Harris 7-Aug-01 9-Aug-01 9-Aug-01
Environmental data R. Mar /D. Harris 9-Aug-01 9-Aug-01 9-Aug-01
TA management data, R. Marr 22-Oct-01 30-Oct-01 30-Oct-01
clinical observations and
body weights, Miran
calibration data, GC data
Environmental data, R. Marr 5-Dec-01 18-Dec-01 18-Dec-01

clinical observations,
body weights, exposure
data, GC data, Miran
calibration data
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Amendment |

April 2011

Date(s) of Inspection  Testing Facility Study
Study Phase Performed by or Audit Manageiment Director

Environmental data, R. Marr 26-Dec-01 4-Jan-02 4-Jan-02
exposure data, GC data,

MTBE running exposure

concentration summary

Environmental data, R. Marr 7-Mar-02 11-Mar-02 11-Mar-02
clinical observations,

body weights, 1 point and

8 point performance

qualifications

Environmental data, R. Marr 1-May-02 13-May-02 13-May-02
clinical observations,

body weights, exposure

data, GC data, Miran

calibration data, TA

usage forms

Environmental data, R. Marr 6-Sept-02 12-Sept-02 12-Sept-02
clinical observations,

body weights, exposure

chamber maps, exposure

data, GC data, TA usage

forms

Environmental data, R. Marr 6-Nov-02 22-Nov-02 22-Nov-02
clinical observations,
body weights, TA
characterization, 1 point
and 8 point performance
calibrations, chamber
atmosphere
characterization,
individual animal
removal records, blood
smear/differential
morphelogy, exposure
data, TA usage forms
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Study Phase

Performed by

Date(s) of Inspection
or Audit

Testing Facility Study
Management Director

TIANR forms, individual
animal removal — chain of
custody records, animal
room exposure log, sick
animal observations
records, exposure
chamber checklist,
exposure chamber maps,
8 pomt performance
calibration,
environmental data,
exposure data, Miran
calibrations

Environmental data, GC
data, exposure data,
chamber profiles, Miran
calibrations, body
weights and observations

Exposure data, TA, body
weight and observations,
chamber atmosphere,
environmental data,
Miran calibrations, IANR
forms, GC data, animal
removal records

Exposure data, TA, body
weight and observations,
chamber atmosphere,
envirommental data,
Miran calibrations, IANR
forms, GC data, animal
removal records

Terminal sacrifices

Gasoline MTBE vapor
condensate 20# usage and
fill log

Organ weight data, gross
observations

R. Marr

R. Marr

R. Marr

R. Marr

R. Marr

R. Marr

R. Marr

17-Dec-02

7-Jan-03

3-Feb-03

14-Mar-03

27-May-03

27-May-03

5-Jun-03

19-Dec-02

8-Jan-03

14-Feb-03

27-Mar-03

27-May-03

14-Jun-03

0-Jun-03

19-Dec-02

8-Jan-03

14-Feb-03

27-Mar-03

27-May-03

14-Jun-03

6-Jun-03
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211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)

Amendment 1
April 2011
Date(s) of Inspection  Testing Facility Study
Study Phase Performed by or Audit Management Director
Animal death dates R. Marr 2-Jul-03 21-Jul-03 21-Jul-03
agamst JANR
Histology specimen D. Hartis 22-Jul-03 24-Jul-03 24-Jul-03
preparation
Histology lab D. Harris 24-Jul-03 24-Jul-03 24-Jul-03
Exposure data, TA, Path R. Marr 29-Jul-03 19-Aug-03 19-Aug-03
Tox dead animal status
list, body weight and
observations, chamber
atmosphere,
environmental data,
Miran calibrations, , GC
data, 1 point and 8 point
performance
qualifications, TANR
forms, animal removal
records and chain of
custody, additional
animal observations, sick
animal observations
TA records D. Harris 3-Oct-03 6-Oct-03 6-Oct-03
Draft final report (report D. Harris 24-Jun-04 16-Jul-04 16-Jul-04
text/appendices, all report
tabular data, pathologist
report, statistics
data/report
Final Report D. Harris July 2006 July 2006 July 2006
Final Report Text C. Storch June 2009 1-Jul-09 1-Jul-09
Final Report C. Storch 30-Sept-09 30-Sept-09 30-Sept-09
Final Report C. Storch 13-May-10 13-May-10 13-May-10
Final Report Amendment 1 C. Storch 3, 7-Sept-10 7-Sept-10 7-Sept-10

Mt 8 S

Christa R. Storch, BS, RQAP-GLP
Senior Quality Assurance Specialist
LRRI Quality Assurance Unit

Il - 2]

Date
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REASON:

Review needed of Amendment 1 to the Final Report.
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211(b) Chronic Carcinogenicity Study
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Amendment 1

April 2011

Location of Amendment: Appendix O (pages O-22 and O-28)

FROM:
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APPENDIX O
STATISTICIAN’S REPORT
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Study Number FY01-013
211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)

Study Number FY01-013

Study Title: 211(b) Chronic Carcinogenicity Study Gasoline MTBE Vapor Condensate
(GMVC)

LRRI Protocol Number: FY01-013

Appendix O

STATISTICIAN’S REPORT

@Aﬂ; SK“JY@./?-L-\ S/43/00
Betty Sln'ppei', PhD ° Date
Director, Biostatistics

University of New Mexico
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Study Number FY01-013
211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1
April 2011
INTRODUCTION

Groups of 50 male/50 female CDF(F344)CrIBR rats were exposed in H2000 whole-body
inhalation chambers at GMVC vapor concentrations of 2 g/m’ (low level), 10 g/m® (mid level),
and 20 g/m’ (high level) 6 hours/day, 5 days/week for 104 weeks (520 exposure days). There
was also a control group (0 g/m*). Blood was collected after approximately 12 and 18 months
and at terminal sacrifice for evaluation of total and differential white blood cell counts. Animals
surviving 104 weeks underwent a final sacrifice. Statistical evaluations were performed for the

following endpoints:
a.  Survival as a function of sex and dose group
b.  White blood cell count (estimate) and differential white blood cell counts
c.  Histopathological lesions

METHODS

Survival Analysis

The number of days of survival was calculated for each animal in the study. Two female
rats who died subsequent to accidental nose injuries early in the study were deleted from the
analysis. The probability of survival was estimated by the Kaplan-Meier product-limit method
using PROC LIFETEST in SAS Version 8.2. Mean numbers of survival days and time to 25%
mortality were estimated for each dose group. Log-rank tests were used to test the hypothesis
that there are differences among the four groups for each sex. The significance level was set at

p = 0.05. All reported p-values for the survival analysis are two sided.

Analysis of White Blood Cell Total and Differential Cell Counts

For the hematology data, medians and ranges are presented because the distributions are
highly skewed for some variables. Preliminary analyses were done using the generalized
estimating equation approach for longitudinal data analysis because there were three time points.
For some variables these analyses showed significant interactions between time and group.
Therefore, analyses were done to compare dose groups at each time point and to compare time

points within cach dose group. The Krusal-Wallis test was used for these comparisons.

Analysis of the Incidences of Microscopic Lesions

Page 28 0f 136



Study Number FY(01-013
211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1
April 2011
The incidences of all neoplastic and non-neoplastic lesions are given as the ratio of the

number of affected animals to the number of animals with the site examined microscopically.,
Three statistical evaluations were performed on the histopathology lesion incidence data:

1) Cochran-Armitage test, which tests whether the incidence of lesions shows a trend across dose
groups; 2) logistic regression that takes death date into account when assessing the presence of a
dose-dependent trend; and 3) the Fisher’s exact test to compare incidences among the four dose
groups. The two-sided significance level was set at p = 0.05. If a significant difference was
detected by the Fisher’s test, six possible pairwise comparisons were calculated. Using the
Bonferroni correction for pairwise comparisons, each pairwise comparison would be considered

significant if p < 0.008.

Fisher’s exact test and the Cochran-Armitage test do not use survival information and are
appropriate in situations where survival is similar among exposure group as is the case for this
study. The Fisher’s exact tests the null hypothesis of equality of prevalences across dose groups
against the alternate hypothesis that the prevalences are not equal, while the Cochran-Armitage
tests the null hypothesis of equality across doses against the alternate hypothesis of a monotonic
increasing or decreasing trend. The difference in these hypothesis tests can be seen in the test of
“degeneration, cytoplasmic vacuolization” for female adrenal glands. The incidences are 24%,
5%, 0%, and 28% for 0 g/m’, 2 g/m’, 10 g/m’, and 20 g/m’, respectively. The p-value for the
Fisher’s exact test is (.006, indicating differences among the incidences. However, the p-value
for the Cochran-Armitage test is 0.73, indicating no detectable upward or downward trend across

the doses.

RESULTS
Survival

All groups had 50 animals except the mid-level group for females. Two animals in that
group were omitted from the analysis because of nose injuries. Figures O-1 and O-2 show the
survival curves for male and female animals, respectively. The differences among the groups are
not statistically significant for male (p = 0.46) or female animals (p = 0.07). Table O-1 shows
means, standard errors, and day of 25% mortality for male and female animals under each
experimental condition. For the calculation of mean and standard errors of survival times, the
last day of the study was used as the value of the survival time for animals that were sacrificed at

the time that the study was terminated. Therefore, the means and standard errors may be
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underestimated because some of the animals may have lived longer if the protocol had included

following them for a longer period of time. The results indicate that chronic GMVC inhalation

did not shorten the lifespan of the exposed rats compared to the controls.
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Figure O-2. Survival of Female Animals
Table O-1. Mean Survival Days and Day of 25% Mortality
for Male and Female Rats
Male Female
Mean Days of  Estimate Day Mean Days of Estimated Day
Exposure Survival of 25% Survival of 25%
Group (SE) Mortality (SE) Mortality
0 g/m’ 652.6 (14.4) 626 665.9 (11.5) 632
2 g/m® 651.6 (12.8) 633 685.5(11.9) 680
10 g/m’ 6753 (9.4) 633 680.9 (15.5) 660
20 g/m’ 674.1 (9.5) 645 697.3 (10.6) 715

Analysis of White Blood Cell Total and Differeniial Cell Counts

Results for female and male rats are provided in Tables O-2 and O-3, respectively. In
many cases there were differences in cell numbers over time, but the differences in control and
high-level animals were in the same direction. Significant differences beiween exposed and

control groups occurred primarily in males at the 12-month sampling time.

Analvsis of the Incidences of Microscopic Lesions

Results of analyses on microscopic lesions for female and male rats are provided in
Tables O-4 and O-5, respectively. Significant trends with increasing GMVC exposure
concentration were detected in some cases. Incidences of lesions did not always increase with
increasing concentration. In several cases, although a difference was detected by the Fisher’s
test, the lesion incidences were not concentration dependent, leading to a lack of similarity
between the results obtained using the Fisher’s test and results using the Cochran-Armitage test
and logistic regression. Interpretation of the significance of these differences is provided in the

main report text and in the Pathologist’s Report (Appendix P).
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Table O-2a. Alterations in Percentages of White Blood Cell Components - Females
12 months 18 months 24 months
Variable Median (Range) Median (Range) Median (Range) p-value
Neutrophils (%)
0 g/m’ 21 (8, 40) 28 (6, 53) 32 (5, 49) 0.002
20 g/m’ 26 (15, 41) 29 (16, 45) 36 (7,71) <0.0001
p-value 0.02 0.63 0.053
Band Neutrophils (%)
0 g/m’ 0 (0, 0) 0 (0, 3) 00, 1) 0.04
20 g/m’ 0 (0, 2) 0(0, 1) 0(0, 1) 0.64
p-value 0.32 0.98 0.34
Lymphocytes (%)
0 g/m’ 73 (55, 90) 69 (45, 84) 59 (41, 82) <0.0001
20 g/m’ 70 (53, 82) 66 (52, 81) 56 (25, 79) <0.0001
p-value 0.013 0.40 0.23
Monocytes (%)
0 g/m’ 4 (0, 7) 2(0, 5) 2 (0, 5) <0.0001
20 g/m’ 4 (0, 9) 3 (0, 8) 2(0,7) <0.0001
p-value 0.60 0.003 0.83
Eosinophils (%)}
0 g/m’ 1 (0, 6) 2(0, 5) 1 (0, 4) 0.06
20 g/m’ 2 (0, 5) 1(0,4) 0 (0, 3) 0.0005
p-value 0.04 0.053 0.10
Basophils (%)
0 g/m’ 00, 1) 0 (0, 0) 0 (0, 0) 0.003
20 g/m’ 0(0, 1) 0 (0, 0) 0(0,1) 0.55
p-value 0.014 1.00 0.41
Atypical Lymphocytes (%)
0 g/m’ 0 (0, 0) 0(0,17) 8 (3, 30) <0.0001
20 g/m’ 0 (0, 0) 0 (0, 2) 4(0,21) <0.0001
p-value 1.00 0.25 0.02
Blasts (%)
0 g/m’ 0 (0, 0) 0(0, 1) 0 (0, 3) 0.37
20 g/m’ 0 (0, 0) 0 (0, 0) 0 (0, 3) 0.003
p-value 1.00 0.33 0.35
Nucleated RBC (#100WBC)
0 g/m’ 0 (0, 4) 2(0, 14) 5(1, 42) <0.0001
20 g/m’ 0(0,2) 2(0,9) 3 (0, 16) <(.0001
p-value 0.91 0.62 0.38
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Table O-2b. Alterations in White Blood Cell Total and Differential Cell Counts - Females
12 months 18 months 24 months
Median Median Median
Variable (Range) (Range) (Range) p-value
WBC Estimate
0 g/m’ 8.6 (4.4,13.6) 44(2.0,9.2) 3.7(1.8,130.0) <0.0001
20 g/m’ 8.8 (4.8,12.0) 4.6(1.8,8.2) 3.0(1.4,40.0) <0.0001
p-value 0.58 0.77 0.14
Absolute Neutrophils
0 g/m’ 2.0(0.4,5.0) 1.2 (0.3,2.8) 1.1(0.6,6.5) <0.0001
20 g/m’ 2.1(1.1,4.3) 1.3 (0.4, 3.3) 1.1(0.4,2.9) <0.0001
p-value 0.27 0.91 0.50
Absolute Band Neutrophils
0 g/m’ 0.0(0.0,0.0)  0.0(0.0,01)  0.0(0.0,13) 0014
20 g/m? 0.0 (0.0, 0.2} 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.66
p-value 0.32 0.58 0.29
Absolute Lymphocytes
0 g/m’ 6.3 (4.0, 10.5) 3.1(1.3,6.9) 1.8 (0.8, 97.5) <0.0001
20 g/m’ 5.8(3.3, 81) 3.1(1.3,5.1) 1.3(0.7,31.6) <0.0001
p-value 0.15 0.87 0.07
Absolute Monocytes
0 g/m’ 0.3 (0.0, 0.8) 0.1 (0.0, 0.3) 0.1 (0.0,0.8) <0.0001
20 gm’ 0.3(0.0,0.9) 0.1 (0.0, 0.5} 0.0(0.0,0.6) <0.0001
p-value 0.93 0.02 0.42
Absolute Eosinophils
0 g/m’ 0.1 (0.0, 0.5) 0.1 (0.0, 0.3} 0.0(0.0,0.2) 0.0008
20 g/m’ 0.1 (0.0, 0.5) 0.0 (0.0, 0.2) 0.0(0.0,0.1) <0.0001
p-value 0.12 0.048 0.09
Absolute Basophils
0 g/m’ 0.0 (0.0, 0.1) 0.0 (0.0, 0.0} 0.0 (0.0, 0.0) 0.004
20 g/m’ 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.56
p-value 0.015 1.00 0.41
Absolute Atypical Lymphocytes
0 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0,0.3) 0.3 (0.1, 20.8) <0.0001
20 g/m’ 0.0 (0.0, 0.0} 0.0 (0.0,0.1) 0.1(0.0,4.4) <0.0001
p-value 1.00 0.16 0.007
Absolute Blasts
0 g/m’ 0.0 (0.0, 0.0} 0.0 (0.0, 0.0) 0.0 (0.0, 3.9) 0.12
20 g/m’ 0.0 (0.0, 0.0} 0.0 (0.0, 0.0) 0.0 (0.0,1.2) 0.003
p-value 1.00 1.00 0.38
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Table O-3a. Alterations in Percentages of White Blood Cell Components - Males

12 months 18 months 24 months
Variable Median (Range) Median (Range) Median (Range) p-value
Neutrophils (%)
0 g/m> 30 (16, 47) 33 (12, 60) 54 (4, 63) 0.004
20 g/m’ 40 (22, 57) 36 (17, 71) 45 (5, 64) 0.46
p-value <0.0001 0.02 0.25
Band Neutrophils (%)
0 g/m’ 0 (0, 1) 0(0, 1) 0 (0, 0) 0.40
20 g/m? 0 (0, 2) 0 (0, 1) 0 (0, 0) 0.01
p-value 0.02 0.31 1.00
Lymphocytes (%)
0 g/m’ 65 (45, 82) 61 (30, 80) 40 (2, 75) 0.0001
20 g/m’ 55 (37, 70) 59 (27, 76) 47 (27, 85) 0.13
p-value <0.0001 0.03 0.13
Monocytes (%)
0 g/m’ 4 (0, 8) 4(1,9) 4(1, 6) 0.28
20 g/m’ 3(1,9) 4 (0, 9) 1(0,4) <0.0001
p-value 0.78 0.40 0.002
Eosinophils (%)
0 g/m’ 1(0, 5) 2(0, 6) 1 (0, 5) 0.003
20 g/m? 2 (0, 6) 2(0, 6) 1 (0, 3) 0.001
p-value 0.10 0.98 0.97
Basophils (%)
0 g/m’ 0(0, 1) 00, 1) 0 (0, 0) 0.66
20 g/m’ 0(0,1) 0 (0, 0) 0 (0, 0) 0.02
p-value 0.16 0.32 1.00
Atypical Lymphocytes (%)
0 g/m’ 0 (0, 0) 0 (0, 0) 6 (0, 19) <0.0001
20 g/m’ 0 (0, 0) 0 (0, 0) 6(2,11) <0.0001
p-value 1.00 1.00 0.87
Blasts (%)
0 g/m’ 0 (0, 0) 0 (0, 0) 0 (0, 0) 1.00
20 g/m® 0 (0, 0) 0 (0, 0) 0 (0, 3) 0.0004
p-value 1.00 1.00 0.12
Nucleated RBC (#/100WBC)
0 g/m’ 0(0,2) 1 (0, 10) 2(0,7) <0.0001
20 g/m’ 0(0,2) 1 (0, 6) 4(0, 12) <0.0001
p-value 0.63 0.94 0.08
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Table O-3b. Alterations in White Blood Cell Total and Differential Cell Counts - Males
12 months 18 months 24 months
Median Median Median
Variable (Range) (Range) (Range) p-value
WBC Estimate
0 g/m’ 10.0(4.0,20.0) 12.0(6.8,29.6) 3.7(2.0,68.8) 0.0001
20 g/m’ 16.8 (8.8,29.6) 12.4(4.4,36.4) 3.6(1.6,362.0) <0.0001
p-value <0.0001 0.50 0.94
Absolute Neutrophils
0 g/m’ 3.3 (1.0, 8.9) 4.1(1.2,17.8) 1.9(1.1,5.4) 0.0002
20 g/m’ 6.5(2.5,13.2) 3.8(1.6,24.0) 1.8(0.7,25.3) <0.0001
p-value <0.0001 0.60 0.58
Absolute Band Neutrophils
0 g/m’ 0.0 (0.0, 0.1) 0.0 (0.0, 0.2) 0.0 (0.0, 0.0) 0.39
20 g/m’ 0.0 (0.0, 0.4) 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.014
p-value 0.02 0.29 1.00
Absolute Lymphocytes
0 g/m’ 6.3(2.7,122) 73(4.1,22.77) 1.6(0.6,51.6) 0.0005
20 g/m’ 9.2(4.4,153) 6.2(23,154) 1.4(0.8,307.7) <0.0001
p-value <0.0001 0.13 0.48
Absolute Monocytes
0 g/m’ 0.3 (0.0, 1.0) 0.5(0.1,2.7) 0.2(0.0,1.4) 0.002
20 g/m’ 0.6 (0.1, 1.8) 0.4 (0.0, 1.9) 0.0(0.0,0.4) <0.0001
p-value <0.0001 0.47 0.005
Absolute Eosinophils
0 g/m’ 0.1 (0.0,0.7) 0.3 (0.0, 0.9) 0.0(0.0,0.2) <0.0001
20 g/m’ 0.3 (0.0, 1.3) 0.3 (0.0, 0.9) 0.0 (0.0,0.1) <0.0001
p-value 0.0003 0.84 0.75
Absolute Basophils
0 g/m’ 0.0 (0.0, 0.2) 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.66
20 g/m’ 0.0 (0.0,0.2)  0.0(0.0,00)  0.0(0.0,0.0)  0.016
p-value 0.15 0.32 1.00
Absolute Atypical Lymphocytes
0 g/m’ 0.0(0.0,0.0)  0.0(0.0,0.0) 02(0.0,13.1) <0.0001
20 g/m’ 0.0(0.0,0.0)  00(0.0,00) 02(0.1,253) <0.0001
p-value 1.00 1.00 0.55
Absolute Blasts
0 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.00
20 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 3.6) 0.0004
p-value 1.00 1.00 0.13
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INTRODUCTION
Groups of 50 male/50 female CDF(F344)CrlIBR rats were exposed in H2000 whole-body
inhalation chambers at GMVC vapor concentrations of 2 g/m” (low level), 10 g/m’ (mid level),
and 20 g/m’ (high level) 6 hours/day, 5 days/week for 104 weeks (520 exposure days). There
was also a control group (0 g/m°). Blood was collected after approximately 12 and 18 months
and at terminal sacrifice for evaluation of total and differential white blood cell counts. Anjmals
surviving 104 weeks underwent a final sacrifice. Statistical evaluations were performed for the
following endpoints:
a.  Survival as a function of sex and dose group

b.  White blood cell count (estimate) and differential white blood cell counts

c.  Histopathological lesions

METHODS
Survival Analysis

The number of days of survival was calculated for each animal in the study. Two female
rats who died subsequent to accidental nose injuries early in the study were deleted from the
analysis. The probability of survival was estimated by the Kaplan-Meier product-lnnit method
using PROC LIFETEST in SAS Version 8.2. Mean numbers of survival days and time to 25%
mortality were estimated for each dose group. Log-rank tests were used to test the hypothesis
that there are differences among the four groups for each sex. The significance level was set at

p = 0.05. All reported p-values for the survival analysis are two sided.

Analysis of White Blood Cell Total and Differential Cell Counts

For the hematology data, medians and ranges are presented because the distributions are

highly skewed for some variables. Preliminary analyses were done using the generalized
estimating equation approach for longitudinal data analysis because there were three time points.
For some variables these analyses showed significant interactions between time and group.
Therefore, analyses were done to compare dose groups at each time point and to compare time

points within each dose group. The Krusal-Wallis test was used for these comparisons.

Analysis of the Incidences of Microscopic Lesions

The incidences of all neoplastic and non-neoplastic lesions are given as the ratio of the
number of affected animals to the number of animals with the site examined microscopically.
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Three statistical evaluations were performed on the histopathology lesion incidence data:
1) Cochran-Armitage test, which tests whether the incidence of lesions shows a trend across dose
groups; 2} logistic regression that takes death date into account when assessing the presence of a
dose-dependent trend; and 3) the Fisher’s exact test to compare incidences among the four dose
groups. The two-sided significance level was set at p=0.05. If a significant difference was
detected by the Fisher’s test, six possible pairwise comparisons were calculated. Using the
Bonferroni correction for pairwise comparisons, each pairwise comparison would be considered

significant if p < 0.008.

Fisher’s exact test and the Cochran-Armitage test do not use survival information and are
appropriate in situations where survival is similar among exposure group as is the case for this
study. The Fisher’s exact tests the null hypothesis of equality of prevalences across dose groups
against the alternate hypothesis that the prevalences are not equal, while the Cochran-Armitage
tests the null hypothesis of equality across doses against the alternate hypothesis of a monotonic
increasing or decreasing trend. The difference in these hypothesis tests can be seen in the test of
“degeneration, cytoplasmic vacuclization” for female adrenal glands. The incidences are 24%,
5%, 0%, and 28% for 0 g/m3, 2 g/m3, 10 g/m3, and 20 g/1n3, respectively. The p-value for the
Fisher’s exact test is 0.006, indicating differences among the incidences. However, the p-value
for the Cochran-Armitage test is .73, indicating no detectable upward or downward trend across

the doses.

RESULTS
Survival

All groups had 50 animals except the mid-level group for females. Two animals in that
group were omitted from the analysis because of nose injuries. Figures O-1 and O-2 show the
survival curves for male and female animals, respectively. The differences among the groups are
not statistically significant for male (p = 0.46) or female animals (p = 0.07). Table O-1 shows
means, standard errors, and day of 25% mortality for male and female animals under each
experimental condition. For the calculation of mean and standard errors of survival times, the
last day of the study was used as the value of the survival time for animals that were sacrificed at
the time that the study was terminated. Therefore, the means and standard errors may be
underestimated because some of the animals may have lived longer if the protocol had included
following them for a longer period of time. The results indicate that chronic GMVC inhalation

did not shorten the lifespan of the exposed rats comipared to the controls.
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Table O-1. Mean Survival Days and Day of 25% Mortality
for Male and Female Rats
Male Female
Mean Days of  Estimate Day Mean Days of  Estimated Day
Exposure Survival of 25% Survival 0f 25%
Group (SE) Mortality (SE) Mortality
0 g/m’ 652.6 (14.4) 626 665.9 (11.5) 632
2 g/m’ 651.6 (12.8) 633 685.5 (11.9) 680
10 g/m’ 675.3 (9.4) 633 680.9 (15.5) 660
20 g/m’ 674.1 (9.5) 645 697.3 (10.6) 715

Analysis of White Blood Cell Total and Differential Cell Counts

Results for female and male rats are provided in Tables O-2 and O-3, respectively. In
many cases there were differences in cell numbers over time, but the differences in control and
high-level animals were in the same direction. Significant differences between exposed and

control groups occurred primarily in males at the 12-month sampling time.

Analysis of the Incidences of Micrescopic Lesions

Results of analyses on microscopic lesions for female and male rats are provided in
Tables O-4 and O-5, respectively. Significant trends with increasing GMVC exposure
concentration were detected in some cases. Incidences of lesions did not always increase with
increasing concentration. In several cases, although a difference was detected by the Fisher’s
test, the lesion incidences were not concentration dependent, leading to a lack of similarity
between the results obtained using the Fisher’s test and results using the Cochran-Armitage test
and logistic regression. Interpretation of the significance of these differences is provided in the

main report text and in the Pathologist’s Report (Appendix P).

Page 61 of 136



Study Number FY01-013
211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)

Amendment 1
April 2011

Table O-2a. Alterations in Percentages of White Blood Cell Components - Females

12 months 18 months 24 months
Variable Median (Range) Median (Range) Median (Range) p-value
Neutrophils (%)
0 g/m’ 21 (8, 40) 28 (6, 53) 32 (5, 49) 0.002
20 g/m’ 26 (15, 41) 29 (16, 45) 36 (7,71) <0.0001
p-value 0.02 0.63 0.053
Band Neutrophils (%)
0 g/m’ 0 (0, 0) 0(0, 3) 00,1 0.04
20 g/m’ 0 (0, 2) 0(0,1) 00,1 0.64
p-value 0.32 0.98 0.34
Lymphocytes (%)
0 g/m’ 73 (55, 90) 69 (45, 84) 59 (41, 82) <0.0001
20 g/m’ 70 (53, 82) 66 (52, 81) 56 (25,79)  <0.0001
p-value 0.013 0.40 0.23
Monocytes (%)
0 g/m’ 4(0,7) 2(0, 5) 2(0,5) <0.0001
20 g/m® 4(0,9) 3 (0, 8) 2(0,7) <0.0001
p-value 0.60 0.003 0.83
Eosinophils (%)
0 g/m’ 1(0, 6) 2(0, 5) 1(0,4) 0.06
20 g/m® 2(0, 5) 1(0, 4) 0(0,3) 0.0005
p-value 0.04 0.053 0.10
Basophils (%)
0 g/m’ 0(0, 1) 00, 0) 0 (0, 0) 0.003
20 g/m’ 0 (0, 1) 0 (0, 0) 0 (0, 1) 0.55
p-value 0.014 1.00 0.41
Atypical Lymphocytes (%)
0 g/m’ 0 (0, 0) 00, 17) 8 (3, 30) <0.0001
20 g/m’ 0 (0, 0) 0 (0, 2) 4 (0, 21) <0.0001
p-value 1.00 0.25 0.02
Blasts (%)
0 g/m’ 0 (0, 0) 00, 1) 0 (0, 3) 0.37
20 g/m’ 00,0 00,0 0(0,3) 0.003
p-value 1.00 0.33 0.35
Nucleated RBC (#/100WBC)
0 g/m’ 0(0,4) 2(0,14) 5(1, 42) <0.0001
20 g/m’ 0(0,2) 2(0,9) 3(0,16) <0.0001
p-value 0.91 0.62 0.38
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Table O-2b. Alterations in White Blood Cell Total and Differential Cell Counts - Females

12 months 18 months 24 months
Median Median Median
Variable {Range) (Range) (Range) p-value
WBC Estimate
0 g/m’ 8.6 (4.4,13.6) 44(2.0,92) 3.7(1.8,130.0) <0.0001
20 g/m’ 8.8 (4.8,12.0) 4.6 (1.8, 8.2) 3.0(1.4,40.0) <0.0001
p-value 0.58 0.77 0.14
Absolute Neutrophils
0 g/m’ 2.0 (0.4, 5.0 1.2 (0.3, 2.8) 1.1(0.6,6.5) <0.0001
20 g/m’ 2.1(1.1,4.3) 1.3(0.4,3.3) 1.1(0.4,2.9) <0.0001
p-value 0.27 0.91 0.50
Absolute Band Neutrophils
0 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.0 (0.0, 1.3) 0.014
20 g/m’ 0.0 (0.0, 0.2) 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.66
p-value 0.32 0.58 0.29
Absolute Lymphocytes
0 g/m’ 6.3 (4.0, 10.5) 3.1(1.3,6.9) 1.8 (0.8,97.5) <0.0001
20 g/m’ 5.8(3.3, 8.1) 3.1(1.3,5.1) 1.3(0.7,31.6) <0.0001
p-value 0.15 0.87 0.07
Absolute Monocytes
0 g/m’ 0.3 (0.0, 0.8) 0.1 (0.0, 0.3) 0.1 (0.0,0.8) <0.0001
20 g/m’ 0.3 (0.0,0.9) 0.1 (0.0, 0.5) 0.0 (0.0,0.6) <0.0001
p-value 0.93 0.02 0.42
Absolute Eosinophils
0 g/m’ 0.1(0.0, 0.5) 0.1 (0.0, 0.3) 0.0 (0.0,0.2)  0.0008
20 g/m’ 0.1 (0.0, 0.5) 0.0 (0.0, 0.2) 0.0 (0.0,0.1)  <0.0001
p-value 0.12 - 0.048 0.09
Absolute Basophils
0 g/m’ 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.004
20 g/m’ 0.0 (0.0, 0.1) (.0 (0.0, 0.0) 0.0 (0.0, 0.0y 0.56
p-value 0.015 1.00 0.41
Absolute Atypical Lymphocytes
0 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.3) 0.3 (0.1,20.8) <0.0001
20 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.1(0.0,4.4) <0.0001
p-value 1.00 0.16 0.007
Absolute Blasts
0 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0,3.9) 0.12
20 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 1.2) 0.003
p-value 1.00 1.00 0.38
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Table O-3a. Alterations in Percentages of White Blood Cell Components - Males

12 months 18 months 24 months
Variable Median (Range) Median (Range) Median (Range) p-value
Neutrophils (%)
0 g/m’ 30 (16, 47) 33 (12, 60) 54 (4, 63) 0.004
20 g/m’ 40 (22, 57) 36 (17, 71) 45 (5, 64) 0.46
p-value <0.0001 0.02 0.25
Band Neutrophils (%)
0 g/m’ 0 (0, 1) 0(0,1) 0 (0, 0) 0.40
20 g/m’ 0 (0, 2) 0(0,1) 0 (0, 0) 0.01
p-value 0.02 031 1.00
Lymphocytes (%o)
0 g/m’ 65 (45, 82) " 61 (30, 80) 40 (2, 75) 0.0001
20 g/m’ 55 (37, 70) 59 (27, 76) 47 (27, 85) 0.13
p-value <0.0001 0.03 0.13
Monocytes (%)
0 g/m? 4 (0, 8) 4(1,9) 4(1,6) 0.28
20 g/m’ 3(1,9) 40, 9) 1 (0, 4) <0.0001
p-value 0.78 0.40 0.002
Eosinophils (%)
0 g/m’ 1(0,5) 2 (0, 6) 1 (0, 5) 0.003
20 g/m’ 2.(0, 6) 2 (0, 6) 1(0, 3) 0.001
p-value 0.10 0.98 0.97
Basophils (%)
0 g/’ 00, 1) 0(0, 1) 0 (0, 0) 0.66
20 g/m’ 0 (0, 1) 0 (0, 0) 0 (0, 0) 0.02
p-value 0.16 0.32 1.00
Atypical Lymphocytes (%)
0 g/m’ 0 (0, 0) 0 (0, 0) 6 (0, 19) <0.0001
20 g/m’ 0 (0, 0) 0 (0, 0) 6(2,11) <0.0001
p-value 1.00 1.00 0.87
Biasts (%)
0 g/m’ 0 (0, 0) 0 (0, 0) 0 (0, 0) 1.00
20 g/m’ 0 (0, 0) 0 (0, 0) 0 (0, 3) 0.0004
p-value 1.00 1.00 0.12
Nucleated RBC (#/100WBC)
0 g/m’ 0(0,2) 1 (0, 10) 2(0,7) <0.0001
20 g/m’ 0 (0, 2) 1 (0, 6) 4(0, 12) <0.0001
p-value 0.63 0.94 0.08
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Table O-3b. Alterations in White Blood Cell Total and Differential Cell Counts - Males

12 months 18 months 24 months
Median Median Median
Variable (Range) (Range) (Range) p-value
WBC Estimate
0 g/m’ 10.0(4.0,20.0) 12.0(6.8,29.6) 3.7(2.0,68.8) 0.0001
20 g/m’ 16.8 (8.8,29.6) 12.4(4.4,36.4) 3.6(1.6,362.0) <0.0001
p-value <0.0001 0.50 0.94
Absolute Neutrophils
0 g/m’ 3.3(1.0,8.9) 4.1(1.2,17.8) 1.9(1.1,5.4)  0.0002
20 p/m’ 6.5(2.5,13.2) 3.8(1.6,24.0) 1.8(0.7,253) <0.0001
p-value <0.0001 0.60 0.58
Absolute Band Neutrophils
0 g/m® 0.0 (0.0, 0.1) 0.0 (0.0, 0.2) 0.0 (0.0, 0.0) 0.39
20 g/m’ 0.0 (0.0, 0.4) 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.014
p-value 0.02 0.29 1.00
Absolute Lymphocytes
0 g/m’ 6.3(2.7,12.2) 734.1,22.7) 1.6(0.6,51.6) 0.0005
20 g/m® 02(44,153) 62(23,154) 14(0.8,307.7) <0.0001
p-value <0.0001 0.13 0.48
Absolute Monocytes
0 g/m’ 0.3 (0.0, 1.0} 0.5(0.1,2.7) 0.2(0.0,1.4) 0.002
20 g/m’ 0.6 (0.1, 1.8) 0.4 (0.0, 1.9) 0.0(0.0,0.4) <0.0001
p-value <0.0001 0.47 0.005
Absolute Eosinophils
0 g/m’ 0.1 (0.0,0.7) 0.3 (0.0, 0.9) 0.0(0.0,0.2) <0.0001
20 g/m’ 0.3 (0.0, 1.3) 0.3 (0.0, 0.9} 0.0 (0.0,0.1) <0.0001
p-value 0.0003 0.84 0.75
Absolute Basophils
0 g/m’ 0.0 (0.0,0.2) 0.0 (0.0, 0.1} 0.0 (0.0, 0.0) 0.66
20 g/m? 0.0 (0.0, 0.2) 0.0 (0.0, 0.0} 0.0 (0.0, 0.0) 0.016
p-value 0.15 0.32 1.00
Absolute Atypical Lymphocytes
0 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0} 0.2 (0.0, 13.1)  <0.0001
20 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0} 0.2 (0.1,25.3) <0.0001
p-value 1.00 1.00 0.55
Absolute Blasts
0 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.00
20 g/m’ 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 3.6) 0.0004
p-value 1.00 1.00 0.13
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REASON:

The incorrect version of statistical results for males was included in the report. The revised
Appendix contains the correct table.
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Location of Amendment: Appendix P (Pathologist’s Report)

FROM:
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PATHOLOGIST’S REPORT
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Appendix P

PATHOLOGIST’S REPORT

M‘P 7 u«?;:%w i A2 ﬁ"?qr 22

Andrew P. Gigliotti DVM, PhD, Diplomate ACVP "Date
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INTRODUCTION

Four hundred (400) F344 rats exposed to gasoline MTBE vapor condensate (GMVC) in
whole body inhalation exposure chambers were examined. Males and females were divided
equally into 4 groups {50 males and 50 females per group) and exposed to 0 g/m’, 2 g/1n3,

10 g/m3 or 20 g/m®> GMVC for 6 hours/day, 5 days/week for 104 weeks (520 exposure days).
The sole scheduled sacrifice occurred after 104 weeks (520 days) of exposure. Gross necropsy

and tissue collection was performed as specified in the main report text.

METHODS
Hematology

Blood was collected on control and high-level GMVC rats by tail nick at 12 and 18
months of exposure and was collected from all final sacrifice rats by cardiac puncture for
assessment of total and differential white blood cell counts. Duplicate blood smears were
prepared and read manually for the control and high-level groups at all three time points.
Percentages of each nucleated cell type were counted. An estimate of the number of white blood
cells in each sample was made according to LRRI SOP. Absolute numbers of each cell type
were calculated by multiplying the fraction of each cell type by the estimated white blood cell

count.

Gross Pathology

As expected in a chronic study, a wide spectrum of gross lesions was documented at
necropsy. Complete gross lesion incidences as well as correlation of gross and histologic lesions
are located in Appendix M (males) and N (females). Gross lesions were examined histologically

in all groups.

Histopathology

All study animals received a complete necropsy. Animals were euthanized with an
overdose of intraperitoneally injected barbiturate anesthetic (Euthasol®, Virbac AH Inc., Fort
Worth, TX). Body weights and fresh organ weights were collected on lungs, liver, kidneys,
adrenals, testes, epididymides, ovaries, uterus, spleen, brain and heart of final sacrifice and
moribund sacrifice animals. Animals found dead received a complete necropsy with tissue
collection, but blood and organ weight data were not routinely collected. Cardiac blood was

collected from animals at final sacrifice for determination of total and differential white blood
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cell counts. Gross lesions, body weights, and organ weights were entered on pre-prepared forms

and then the information was recorded on the Path-Tox database (Version 4.2.2, Module P,

Xybion Medical Systems, Cedar Knolls, NJ),

Lungs were gently instilled via the trachea with 10% neutral buffered formalin (NBF) to
approximate normal volume. Organs/tissues were immersion fixed in 10% NBEF for subsequent
histopathologic examination. Tissues were trimmed, processed routinely, paraffin embedded,

sectioned at 5 pm and stained with hematoxylin and eosin for histopathologic examination.

All collected tissues and lesions were examined histologically in control (0 g/m”)
animals, ligh- (20 g/m3) level animals, and dead or moribund animals of all groups. Respiratory
tissues (lungs, larynx, trachea and nasal turbinate sections), potential target tissues (testes,
kidneys of males) and gross lesions were examined histologically from final sacrifice low- (2
g/m?) and mid- (10 g/m?) level animals. Nomenclature of proliferative lesions was based on the
international harmonized nomenclature recommended by the Rat Nomenclature Reconciliation
Subcommittee of the Society of Toxicologic Pathologists (see http://www.toxpath.org;
Standardized Rat Nomenclature). Nomenclature of other lesions was routine, widely understood

usage (see Boorman et al., 1990a; Gopinath et al., 1987).

Standard, subjective severity scoring of most nonproliferative lesions was based on the
extent of tissue affected by the change and the severity of the change within affected areas.
Typically, a score of 0 (none) = essentially no tissue affected; 1 (minimal) =~1 to 10% affected,
2 (mild) = ~11 to 25% affected, 3 (moderate) = ~26 to 50% affected, 4 (marked) = ~51 to 100%
affected. Severity scores may have been adjusted up or down (usually by 1 point) based on the

intensity of the change within the affected arcas.

Because the diagnosis of chronic progressive nephropathy encompasses a large
constellation of changes, severity scoring for this diagnosis was somewhat more complex and is

described in Table P-1.

Statistical Analyses

Statistical analyses of both hematology and histopathology data were conducted as
detailed in the statistician’s report (Appendix O). In the case of renal tubule nephropathy and

nasal epithelial degeneration, statistical evaluation of group differences in severity scores was
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performed using the Kolmogorov-Smirnov test within the Path-Tox software (significance level

p = 0.05; c.f” Algorithms used in Path/Tox System 4.2.2; Vol. I, Chap. 7, pp. 24-25).

Table P-1. Severity Scoring of Chronic Progressive Nephropathy

Score Histologic Findings

0 Essentially no changes of CPN. May have rare scattered protein casts in tubules,
mineral concretions.

1 Increased number and size of tubular protein casts; primarily within tubules at the
corticomedullary junction, some within collecting ducts. Minor/scattered foci of
basophilic, regenerative tubules. Changes affect less than ~5% of tissue component.

2 Homogeneous protein casts relatively abundant within tubules and collecting ducts
(especially at corticomedullary junction). Increased size and frequency of tubular
basophilia. Accompanying changes present, may include small foci of tubular basement
membrane thickening and/or mineralization, interstitial fibrosis, tubular atrophy and
dilatation, minor associated mononuclear inflammatory infiltrates, glomerular changes
(including mesangial proliferation, synechiae, proliferation of parietal epithelium).
Changes may affect up to ~25% of component.

3 As 2 with increased tubular atrophy/dilatation/regeneration, interstitial fibrosis,
increased inflammatory infiltrates, mcreased thickening of basement membranes of
tubules and glomeruli,

4 As 3 with increased severity and extent of changes. Senescent glomeruli relatively
common. Typically combined changes affect well over 50% of kidney.

RESULTS
Hematology

The high incidence of leukemia in aged F344 rats, other physiologic changes with aging,
sampling differences between time points and the limitations of manual hematology (e.g., the
small numbers of leukocytes other than neutrophils and lymphocytes counted) dictate that the
hematology results be interpreted with caution. Trend tests within a group across all sampling
periods frequently show a statistical difference, but are not expected to be biologically significant
for the reasons noted above (some specific examples follow). A statistically significant increase
relative to controls in WBC estimate, “absolute™ neutrophils, and “absolute” lymphocytes was
noted in high-level group males at 12 months. This change is not present in females and does
not persist in males at 18 or 24 months. It is interpreted as an excitement response probably
resulting from initial blood sampling difficulties. The increase in atypical lymphocytes in both
the control and the high-level group at 24 months is consistent with the high incidence of
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leukemia in these aged F344 rats. Other statistically significant changes are unlikely to be

biologically significant based on the small numbers of leukocytes of that type (such as band

neutrophils, monocytes or eosinophils) counted in blood smears.

Histopathology

Condensed tables including only microscopic lesions judged to be more relevant as
potential effects of GMVC exposure or those for which reviewers indicated an interest are
presented below. Note that all microscopic findings are not included here; refer to the summary
tables in Appendices M and N for a complete listing. Though some comparisons are included
here, see GMVC main report for more complete comparison between findings from this study

and the Baseline Gasoline Vapor Condensate (BGVC) study run concurrently.

Proliferative Lesions. Proliferative lesions include hyperplasias and neoplasias (both benign and

malignant). As is evident in the complete lesion incidence summary tables (Appendices M and
N), scattered hyperplasias and neoplasias occur relatively commonly in aged F344 male and

female rats.

Male rats m the mid-level GMVC group demonstrated a significant increase in the
incidence of renal tubule cell adenomas m mid-dose animals, with 0/50 (0%), 0/50 (0%), 6/50
(12%) and 2/50 (4%} in the control, low, mid and high groups, respectively (Table P-2).
Although not statistically significant alone, there was also an increase in renal tubule
carcinomas in the males (1/50; 2% in low- and 1/50; 2% in high-level males). Combimng
adenoinas and carcinomas for analysis maintained the statistically significant increase in
tumors in mid-dose animals, and additionally showed a significant trend toward increased

incidence with increased exposure concentration (Table P-2).

Squamous cell carcinoma occurred in nasal sections of males with an animal incidence
(incidence of tumor occurring in any of turbinates 2-4) of 1/50 (2%), 2/50 (4%), 0/50 (0%) and
2/50 (4%) for control, low-, mid- and high-dose animals, respectively, with no statistically
significant differences or trends. In all instances, the tumors were judged to have arisen in the
oral cavity (Appendix M-6). Animal incidence is relevant because the same tumor may occur in

more than one nasal section. This is true for the low- and high-level groups for male nasal
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turbinates 3 and 4 (Table P-2), where one animal in each group has a tumor spanning levels 3

and 4.

No significant changes in incidence were seen for thyroid follicular cell adenoma or
carcinoma. Combining thyroid follicular cell adenoma and carcinoma in male rats gave a
combined incidence of 3/50 (6%), 0/35 (0%), 1/31 (3%) and 5/50 (10%) for control, low-, mid-
and high-level groups, respectively. No statistical significance was found upon combining the
incidences of adenomas and carcinomas. Note that one high-dose male had both an adenoma
and a carcinoma, yielding a combined incidence of 5/50 (10%). However, even when counting
adenoma and carcinoma in this animal individually, yielding an incidence 6/50 (12%) for this
group {(arguably the most conservative combined incidence from a risk assessment perspective)
the difference is not significant using Fisher’s exact test; p = 0.130. See e-mail correspondence
from statistician including statistical test in study file). A statistically significant increase in
thyroid follicular cell carcinomas (but not combined adenomas and carcinomas) was observed

among males in the Baseline Gasoline Vapor Condensate study run concurrently (FY01-027).

As expected, there was a high background incidence of testicular interstitial adenomas in
control male rats (43/50; 86%). There was a significant trend toward increased incidence
with increased dose (with 47/50; 94% in lows and 48/50; 96% in mids), and the incidence
among high-level males (50/50; 100%) was significantly greater than the control incidence
(Table P-2). Essentially all testes with adenomas had foci of hyperplasia when the testis was not
entirely effaced by tumors. However, the frequent effacement of testicular parenchyma by
tumors in this chronic study renders the diagnosis of hyperplasia in testes with tumors of little or

no value. Thus interstitial cell hyperplasia was recorded primarily in testes without tumors (see
Appendix M).

Mesothelioma was present at a relatively low incidence of 0/50 (0%), 1/50 (2%), 1/50
(2%} and 2/50 (4%} for control, low-, mid- and high-level groups, respectively, and no statistical
differences were noted for this neoplasm. Incidences in this study were comparable to the
historical incidences for NTP studies (0—-10% with a mean of ~3% [Haseman et al., 1998]).
Results are somewhat different from those obtained in the Baseline Gasoline Vapor Condensate

study, were a significant trend toward increased mesothelioma was noted (Fisher’s Exact test). It
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should be noted that no testicular mesotheliomas were present in control animals in this or in the

Baseline Gasoline Vapor Condensate study.

Table P-2. Incidence of Selected Proliferative (Neoplastic and Hyperplastic) Lesions

Control Low Mid High
Ogm) @gm) (10gn) (20gm’)
MALES
Kidney No. examined 50 50 50 50
Adenoma, renal tubule 0 (0%) 0 (0%) 6 (12%)" 2 (4%)
Carcinoma, renal tubule 0 (0%) 1 (2%) 0 (0%) 1 (2%)
Renal tubule adenoma 0 (0%) 1(2%) 6 (12%)" 3 (6%)
and carcinoma, combined
Nasal Turbinate Tevel 1
Sections No. examined 50 50 50 50
(Notethat ~ Hyperplasia 3 (6%) 0 (0%) 3 (6%) 4 (8%)
the same Avg, severity 0.2 0.0 0.1 0.2
tumor Turbinate Level 2
may No. examined 50 50 50 50
appear in Hyperplasia 0 (0%) 2 (4%) 2 (4%) 3 (6%)
more than  Avg. severity 0.0 0.1 0.1 0.2
one Carcinoma, squamous cell 1 (2%) 0 (0%) 0 (0%) 0 (0%)
level.) Turbinate Level 3
No. examined 50 50 50 50
Carcinoma, squamous cell 0 (0%) 1 (2%) 0 (0%) 1(2%)
Turbinate Level 4
No. examined 50 50 50 50
Carcinoma, squamous cell 0 (0%) 2 (4%) 0 (0%) 2 (4%)
Thyroid  No. examined 50 35 31 50
Hyperplasia, follicular cell 0 (0%) 0 (0%) 1 (3%) 0 (0%)
Avg. severity 0.0 0.0 0.1 0.0
Adenoma, follicular cell 2 (4%) 0 (0%) 0 (0%) 3 (6%)
Carcinoma, follicular cell 1 (2%) 0 (0%) 1 (3%) 3 (6%)
Follicular cell adenoma 3 (6%) (0 (0%) 1 (3%) 5(10%)
and carcinoma, combined
Testes No. examined 50 50 50 50
Adenoma, interstitial cell® 43 (86%) 47 (94%) 48 (96%) 50 (100%)"
Mesothelioma 0 (0%) 1(2%) 1 (2%) 2 (4%)
Spleen No. examined 50 39 38 50
Leukemia, mononuclear ° 27 (54%) 31 (79%)° 31(82%) 31 (62%)
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Table P-2. Incidence of Selected Proliferative (Neoplastic and Hyperplastic) Lesions

(Concluded)
Control Low Mid High
Ogm) Qgm) (0gm) (0gm)
FEMALES
Spleen No. examined 50 22 24 50
Leukemia, mononuclear 27 (54%) 12(55%) 11 (46%) 23 (46%)
Mammary No. examined 49 20 22 47
Gland Fibroadenoma® 0(0%) 3(15%)° 2 (9%) 5 (11%)°

*Incidence is significantly different from controls and from the 2 g/m3 group (Fisher’s
test).

PIncidence is significantly different from controls (Fisher’s test). A positive trend toward
increased incidence with increasing dose was found with the Cochran-Armitage test.

‘A positive trend with increasing dose was found with the Cochran-Armitage and
Logistic tests. A trend was also detected with Fisher’s test with the incidence among
the 20 g/m3 group being significantly increased compared to the control incidence.

Yncidence significantly different from controls (Fisher’s test).

“Trend detected with Fisher’s Exact test.

In males, mononuclear leukemia in the spleen demonstrated statistically significant
increases in low and mid versus control group, these are judged unlikely to be a result of

GMVC exposure (see Table P-5 and Discussion).

Female rats had relatively similar incidences of mononuclear leukemia and across groups.
Mammary fibroadenomas were significantly increased in low and high animals, but a
surprisingly low incidence in controls complicates the interpretation (see Table P-6, Discussion,

Appendices M and N).

Nonproliferative Lesions. Nonproliferative lesions include degenerative and inflammatory

changes. Such changes are common in many tissues in aged F344 male and female rats, and

thetr significance in older animals must be interpreted with caution.

Kidneys of male rats exposed to GMVC had significant increases in severity, but not
incidence of chronic progressive nephropathy and both mid- and high-level males (Table P-3).
Mid- and high-level males also demonstrated a significant increase in incidence (but not

severity) of hyaline degeneration of olfactory epithelium in nasal section 2 (located at the level
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of the incisive papilla). There was a positive concentration-dependent trend toward degeneration

in the olfactory epithelium of turbinate 3 (located midway between the incisive papilla and molar

teeth).

Table P-3. Nonproliferative Lesion Incidences and Severity Scores - Males

Control Low Mid High
Ogm’) @gm’) (0gm’) (20gm’)
Kidney No. examined 50 50 50 50
Nephropathy, chronic 44 (88%)" 47 (94%) 50 (100%) 46 (92%)
Avg. severity 1.9 2.1 2.6° 2.7°
Nose/Turbinate 2 No. examined 50 50 50 50

Degeneration, hyaline - 0 (0%) 5(10%)  7°(14%)  6°(12%)
olfactory epithelium
Average severity 0.0 0.2 0.2 0.2

Nose/Turbinate 3 No. examined 50 50 50 50
Degeneration, hyaline - 2 (4%) 1 (2%) 7(14%) 7 (14%)°
olfactory epithelium

Average severity 0 0 0.2 0.3
Nose/Turbinate 4  No. examined 50 50 50 50

Degeneration, hyaline - 0 0 1(2%) 1(2%)

olfactory epithelium

Average severity 0 0 0 0

Percentage affected 1s in parentheses adjacent to incidence.

®Significantly higher than controls at 0.05 level using Kolmogorov-Smimov one-tailed test.

“Significantly different from controls at 0.05 level using Fisher’s exact two-tailed test.

Ypositive concentration-dependent trend by Cochran-Armitage and logistic tests. p = 0.054 by
Fisher’s exact (no group comparisons made).

As in males, high-level GMVC-exposed female rats demonstrated a significant increase
in severity (but not incidence) of chronic progressive nephropathy (Table P-4). Mid- and high-
level females had a significantly increased incidence (but not severity) of hyaline degeneration of

respiratory epithelium in nasal turbinate section 2.
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Table P-4. Nonproliferative Lesion Incidences and Severity Scores - Females
Control Low Mid High
Ogm) @gm) (0gm) (20gm)
Kidney No. examined 50 20 21 30
Nephropathy, chronic 42 (84%)" 17 (85%) 15(71%) 43 (86%)
Average severity 1.0 1.0 1.0 1.5°
Nose/Turbinate 2 No. examined 50 50 50 50

Degeneration, hyaline - 0 (0%) 12%) 7°(14%) 6°(12%)°
respiratory epithelium
Average severity 0.0 0.0 0.3 0.2

*Percentage affected is in parentheses adjacent to incidence.

PSignificantly higher than controls at 0.05 level using Kolmogorov-Smirnov one-tailed test.

“Significantly different from controls at 0.05 level using Fisher’s exact two-tailed test.

positive concentration-dependent trend by Cochran-Armitage and logistic tests. p = 0.054 by
Fisher’s exact (no group comparisons made).

Lesions Showing Statistical Significance, but Judged Not Likely Due to GMVC Exposure

Other proliferative and nonproliferative lesions occurred which were not clearly
significant or were judged to have confounding factors which must be considered in
interpretation. For completeness, these lesions are listed for males (Table P-5) and females
(Table P-6). Some findings were decreased in exposed animals compared to controls, these are

not generally discussed.
Some general notes are warranted:

1) A number of diagnoses which appear as statistically significant are confounded by
the fact that the tissues were only examined if grossly abnormal. This is
particularly true in low- and mid-level animals. For example, liver and uterus were
examined histologically in low- and mid-level animals only if a gross lesion was
detected. Thus, the incidence of “leukemia, monocytic” and “polyp, endometrial
stromal” was skewed upward by a protocol driven sampling bias. For the purpose

of comments in the tables below, this will be termed “gross lesion sampling bias.”

2)  The incidence data for the diagnosis of “leukemia, mononuclear” should be

considered only for the spleen. This is typically accepted as the tissue of origin of

this hematopoietic neoplasm (also termed large granular lymphocytic leukemia,
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Fischer rat leukemia, monocytic leukemia, etc.) in F344 rats, and the lesion was

called in the spleen any time it occurred in other tissues. Incidence data for this

diagnosis in other organs are often spurious because some tissues were examined

only if abnormal. This is particularly true in low- and mid-level group animals

which had a more limited routine tissue set (“gross lesion sampling bias™).

Table P-5. Lesions Judged Not Attributable to GMVC Exposure - Males

Statistical
Finding  Statistical
Tissue Diagnosis {Group) Test” Comments
Adrenal Hyperplasia, medullary, Trend to C-A, Increase was not significant versus
Gland focal nerease Logistic controls (Fisher’s) and there is no
evidence of an increase in benign or
malignant tumors in exposed animals.
Mammary  Hyperplasia, lobular Trend to C-A Increase was not significant versus
Gland increase controls (Fisher’s) and there is no
evidence of an increase in benign or
malignant tumors in exposed animals.
Nose/ Degen., hyaline- Trend to C-A, Increase was not significant versus
Turbinate 3  olfactory epithelium increase Logistic controls (Fisher’s), but is complemen-
tary to the significant increase seen in
nasal section 2.
Spleen Leukemia, Increase  Fisher’s High and variable incidence is
mononuclear (low, mid) expected, increase was not

significant in highs. A
corresponding increase among
females was not present.

*C-A = Cochran-Armitage
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Table P-6. Lesions Judged Not Attributable to GMVC Exposurc - Females
Statistical
Finding Statistical
Tissue Diagnosis (Group) Test® Comments
Brain Compression Increase Fisher’s Relatively low incidence among
(low, mid) control females renders interpretation
problematic (Note: this lesion
typically results from pituitary gland
tumors and correlates with those
findings, see comments for that
lesion below).
Liver Hepatodiaphragmatic Increase Fisher’s Relatively common congenital
nodule (tow) malformation (control incidences
reported from 1-1 1%"), can be
affected by gross lesion sampling
hias.
Liver Hyperplasia, biliary Trend to Logistic Significance only achieved with
decrease Logistic test. Biological
significance uncertain, deemed
unlikely,
Lung Hyperplasia, alveolar Trend to C-A, Biological significance uncertain,
epithelial, focal decrease Logistic deemed unlikely.
Mammary  Fibroadenoma Increase Fisher’s, Control incidence of (% in this study
Gland {low, C-A remarkably low (reports from ~27—
high); 40%"), rendering interpretation of
Trend to significance problematic.
increase
Pituitary Adenoma, pars distalis  Increase Fisher’s Relatively low incidence among
Gland (low, mid) contro] females renders interpretation
problematic. Common neoplasm
with historical control mcidence high
(~30%, ranges from 14-60%"), high
males show a minor decrease in
incidence. Biological significance
uncertain, deemed unlikely.
Uterus Polyp, endometrial Increase Fisher’s Gross lesion sampling bias, no
stromal (low, mid) evidence of increase in other uterine

hyperplasia, benign or malignant
tumors, control incidence rather low
(reports from 11-37%°). These
factors render interpretation of
significance problematic.

*C-A = Cochran-Armitage
*Boorinan et al., 1990b; Haseman et al., 1998
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‘Haseman et al., 1998; Leininger and Jokinen, 1990
DISCUSSION

Proliferative Lesions

Benign tumors of the kidney and testes in males are the proliferative lesions documented

most clearly in rats exposed via inhalation to GMVC in this study.

Adenomas of renal tubule epithelial cells are relatively uncommon background lesions in
F344 rats, with an average incidence in males of 1.0% (range 0—4%) in NTP study controls
(Haseman et al., 1998). The lack of a typical exposure concentration response in this study is
difficult to resolve, but the significantly increased incidence in mid- (12%) and increased
incidence in high- (4%) level males is presumed to have resulted from GMVC exposure,
Additionally there was a low incidence of renal tubule carcinoma in low- (2%) and high- (2%)
level males which was not statistically different front controls. Combining adenomas and
carcinomas for analysis (controls 0%, low 2%, mid 10% and high 6%) maintained the
significant increase in tumors in the mid-dose group and yielded a significant positive
exposure-related trend. These results are consistent with findings of an increased incidence of
combined renal adenomas and carcinomas in the Baseline Gasoline Vapor Condensate Study

(FY01-027).

Given the increased severity of chronic progressive nephropathy in niid- and high-level
males, a plausible explanation for the increase in renal tubule tumors may be a sustained increase
in cell turnover/proliferation and subsequent tumor induction via epigenetic mechanisms of
carcinogenesis in male rats, including damage related to alpha-2u globulin overload (Hard, 1998;
Baetcke et al., 1991). Previous studies with wholly vaporized gasoline, MTBE, and related
compounds have also documented increased nephropathy in inale rats, and increases in renal
tubular adenomas and carcinomas (MacFarland et al., 1984; Medinsky et al., 1999; Bird et al.,
1997). Further consideration of the nonproliferative, but potentially relevant lesion of chronic
progressive nephropathy is presented below and under the “Nonproliferative Lesions”

discussion.

The increase in renal tubule adenomas and carcinomias in males may be related to the
increased severity of chronic progressive nephropathy through a sustained increase in tubule

epithelial cell turnover, a recognized occurrence in male rats (Hard, 1998). For compounds
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inducing renal tumors in male rats through increased alpha-2u globulin accumulation and

subsequent increased renal tubule cell turnover, the human health relevance of the mechanism
and thus the tumors is often regarded as suspect (Baetcke et al., 1991; Hard, 1998; Hard and
Khan, 2004). Alpha-2u globulin nephropathy is a plausible mechanism for GMVC related renal
adenomas and carcinomas based on other MTBE and similar compound study reports (and
including the results of a 13-week unpublished study on gasoline vapor condensate without
MTBE conducted at LRRI). In F344 male rats after approximately 1 year of age, alpha-2u
globulin overload nephropathy may be masked by age-related chronic progressive nephropathy
{CPN), since both forms of nephropathy share similar if not identical diagnostic hallmarks. The
effect of alpha-2u globulin overload nephropathy typically manifests itself in increased severity,
rather than incidence, smce essentially all males surviving past 1 year of age will develop CPN.
Note that GMVC also induced increased severity of nephropathy in females at the highest dose,

although via a different mechanism since alpha-2u globulin overload is male rat specific.

Squamous cell carcinomas (SCC) present in nasal sections of males [animal incidences of
1/50 (2%), 2/50 (4%), 0/50 (0%) and 2/50 (4%)] were judged to be of oral origin in all cases.
The low incidences and presence of this neoplasm in a control male render any relationship to
exposure difficult to discern in this study. Historical control incidences of this tumor in NTP
inhalation studies are low (~0.6%). However, a large study with cigarette smoke conducted at
this facility in the early 1990°s had an incidence of 0/118 (0%) squamous cell carcinomas of oral
origin in males and 3/119 (2.5%) in females. No tumors were of nasal origin. While comparison
between this study and the concurrent BGVC study is largely done in the GMVC main report,
note that the BGVC study had none of these tumors (0/50) in control males but one (1/50) in
control females. In the BGVC, there was a trend for significant increase in squamous cell
carcinomas in males, but no group differences by the Fisher’s Exact Test. Nonetheless, a minor
but relatively consistent increase in incidence in exposed animals is present in both studies.
Clearly the whole body method of inhalation exposure has the potential to result in some degree
of exposure directly to the oral cavity in addition to the systemic exposure from inhalation (from

grooming, etc.).

Interstitial (Leydig) cell adenoinas of the testes are very common lesions in male F344

rats, with average reported incidences up to 89% or even 100% in 2-year studies (Haseman et al.,
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1998; Boorman et al., 1990c). Incidence of this benign tumor was similarly high in all groups in

this study as well, but the incidence in high-level males was significantly increased, and an
exposure concentration response was present. While within this study with GMVC the data
suggest a causal relationship between exposure and testicular interstitial adenomas, the
relationship between treatment with MTBE and induction of testicular interstitial adenomas is on
the whole more equivocal, since background incidence of this tumer is quite variable and usually
extremely high [(NTP control incidence for air inhalation controls: for NTH-07 diet avg. =
70.1% with range of 46% to 90%; for NTP-2000 diet avg. = 92.1% with range of 82% to 98%),
and control incidence in the concurrently run Baseline Gasoline Vapor Condensate chronic study
(LRRI study number FY01-027) was 48/50 (96%)]. Other MTBE toxicity studies have
documented increases in testicular interstitial cell adenomas (Bird et al., 1997; Belpoggi et al.,
1995). However, in a recent review of the mechanisms of MTBE induced carcinogenicity, the
overall evidence for MTBE induction of testicular interstitial cell adenoma was considered to be
equivocal (Cruzan et al., 2007). Note that the human health relevance of interstitial cell tumors
in rats has been called into question suggesting little predictive value for humans (Prentice and

Meikle, 1995; Cook et al., 1999).

Leukemia, a well-documented feature of old age in F344 rats, did not appear to be
enhanced by GMVC exposure. Results for spleen, the defining organ for this disease, are shown
for males and females in Table P-2. In males, the incidences of leukemia in the low- and mid-
GMVC levels are greater than controls (Fisher’s test). However, there was no overall
significant trend with exposure concentration as determined by the Cochran-Armitage and
logistic tests, and the incidence of leukemia in high-level males was not different from controls
(Fisher’s test). The incidences of leukemia in GMV C-exposed females were similar to or lower

than control but not significantly different (Table P-2).

Mammary gland fibroadenoma was significantly increased in low- and high-level
females (Tables P-2 and P-6). Interpretation of this finding is problematic due to the atypically
low control incidence of 0% in control females. Control incidences for this lesion have been
reported to range from 27-40% (Boorman et al., 1990b). The control incidence in the parallel
BGVC study (LRRI study number FY01-027) was 4/49 (8%). Additionally, increases in this

lesion have not been observed in previous studies with neat MTBE or wholly vaporized gasoline
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(Cruzan et al., 2007; MacFarland et al., 1984). Therefore, it is judged unlikely that the increased

incidence in female mammary gland fibroadenoma was treatment-related.

Nonproliferative Lesions

Males. Chronic progressive nephropathy (CPN) is the diagnostic terminology for an entity in
rats comprised of a constellation of changes commonly affecting the kidneys of F344 rats.
Lesions in male rats appear earlier and are routinely more severe than those in females
{Montgomery and Seely, 1990). Renal lesions typically consist of tubular degeneration and
regeneration, proteinaceous casts, tubular atrophy and dilatation, interstitial fibrosis, basement
membrane thickening and glomerulosclerosis depending on the severity. The severity scoring

for this lesion in described in a previous section.

The increased average severity score for CPN in mid- and high-level males is judged to
be a consequence of GMVC exposure. It may reflect damage resulting from increased alpha-2u
globulin associated with hydrocarbon nephropathy (HN). Some classic hallmarks of
hydrocarbon exposure—including the presence of brightly eosinophilic cytoplasmic droplets
within tubular epithelium and granular casts/linear mineralization in the outer stripe of the
medulla—were not apparent even in high-level males (while regions of cytoplasmic eosinophilic
droplets occurred, they were similar between controls and exposed and not judged representative
of HN). As discussed below however, the absence of these hallmarks is not unexpected in

kidneys from aged rats.

Hyaline droplet or protein accumulation in shorter term MTBE studies is reported
(Medmsky, 1999; Lington et al., 1997; Bird et al., 1997), but the change is not necessarily noted
in kidneys from chronic exposures (Bird et al., 1997; Rudo, 1995). It is noteworthy that a
chronic t-butyl alcohol exposure study conducted by the NTP also lacks a specific diagnosis of
“hyaline droplet nephropathy,” although such a diagnosis is made during a shorter term {13
week) exposure study (NTP, 1995). Hyaline droplet accumulation is commonly seen with
hydrocarbon exposure, and might be expected with GMVC inhalation (Gopinath et al., 1987).
Such a “hydrocarbon nephropathy” may have occurred as an earlier lesion which was
masked/obscured in these chronically exposed animals by the progression of CPN. There is also
some evidence that aged male rats are much less sensitive to hydrocarbon nephropathy and that

production of the major protein constituent of hyaline droplets, alpha-2u globulin, is greatly
Page 103 of 136



Number FY01-013
211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1
April 2011
decreased in old rats (Murty et al., 1988). In addition to renal lesions of hyaline droplet

formation, increased tubular regeneration/proliferation and CPN have been previously reported
in male rats as a result of MTBE and similar compound exposure (Medinsky et al., 1999;

Lington et al., 1997; Bird et al., 1997; Clary, 1997; Borghoff et al., 2001).

The human health significance of the chronic progressive nephropathy of male rats
associated with accumulation of hyaline droplets containing alpha-2u globulin is suspect. Tt and
the subsequent development of renal tubule adenomas are often considered male rat specific and
thus not significant for humans (Greaves, 2000; Baetcke et al., 1991; Hard, 1998) though
opinions differ (Melnick, 1992). As previously noted, the typical lesions of hyaline droplet
nephropathy were not documented in this study at the chronic timepoints examined, but this is
not unexpected since diagnostic hallmarks (primarily linear mineralization) to suggest HN at
chronic timepoints and with severe overlying CPN are limited. It should be noted that the
severity of chronic progressive nephropathy was increased in high-level females which are not
susceptible to typical alpha-2u globulin related nephropathy. This suggests the possibility that
more than one mechanism may be important in the development of chronic progressive

nephropathy in response to GMVC.

Increased hyaline degeneration of nasal epithelium (typically olfactory and respiratory)
characterized by the accumulation of hyaline droplets/globules is a common, nonspecific finding
in aged rats and is increased in response to a nunmiber of toxicants (Boorman et al., 1990d;
Gopinath et al., 1987). Mid- and high-level males had significant increases in incidence relative
to that seen in control animals in nasal section 2, and there was an exposure concentration
response in turbinate 3 for males. The overall incidence was relatively low, and the severity of
the lesion ranged from minimal to moderate in most exposure groups. While the lesion is likely

exposure related, the significance of this common, minor change by itself is uncertain.

Females. Kidneys of high-level female rats cumulatively demonstrated a slight increase in
overall severity score of chronic progressive nephropathy. Though the minor severity difference
renders interpretation less clear than that in males, the increased severity of CPN in high-level
females is judged to be an effect of GMVC exposure. A lesser severity of CPN is typical in
female F344 rats compared to males (Montgomery and Seely, 1990). Reports of MTBE effects

on kidneys in female rats vary. Some do not report significant differences in female renal lesions
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(Lington et al., 1997), others report increased bromodeoxyuridine labeling of tubular epithelium

or increased CPN incidence and severity (Medinsky et al., 1999; Bird et al., 1997; Clary, 1997).

As noted for the males, hyaline droplet accumulation in olfactory and respiratory nasal
epithelia is a common, nonspecific response to toxicants in rodents. While the lesion is likely

exposure related, the significance of this common, minor change by itself is uncertain.

HISTOPATHOLOGY SUMMARY
Statistically significant increases in GMVC exposure related lesions were seen in both
male (kidney, testes, nasal epithelia) and female (kidney, nasal epithelia) F344 rats. Exposure

related proliferative lesions occurred only in males and consisted of renal tubule adenomas (and

combined adenomas and carcinomas) and testicular interstitial (Levdig) cell adenomas. The

increase in renal tubule adenomas was significant only in mid-level group males relative to
controls (Fisher’s exact test, p < 0.05) and lacked significance using trend tests (Cochran-
Armitage and Logistic tests, p < 0.05). Combining renal tubule adenomas and carcinomas
maintained the significant increase in mid-level males and also resulted in a significant

pusitive trend with increased exposure. Renal tubule neoplasms in rats are influenced by

epigeneiic mechanisms related to CPN and this must be taken into account in this study.

Increases in testicular interstitial cell adenomas were statistically significant relative to controls
in high-level animals (Fisher’s exact test, p < 0.05) and as an exposure related trend (both

Cochran-Armitage and Logistic tests, p < 0.05). As noted in the discussion section, the

variable and typically very high background incidence of this tumor in aged rats must be

considered on the whole in risk assessment.

Nonproliferative lesions related to GMVC exposure were present im kidneys (as an

increase in severity of chronic progressive nephropathy) and nasal epithelia (as hyaline

degeneration) of both genders. Both mid- and high-level males had significant increases in the

severity, but not incidence of chronic progressive nephropathy relative to controls (Kolmogorov-
Smirnov test, p < 0.05). The incidence of hyaline degeneration of olfactory epithelium (nasal
turbinate section 2) was significantly increased in male animals of mid- and high-level groups
(Fisher’s exact test, p < 0.05), and increased as an exposure related trend {Cochran-
Armitage and Logistic tests, p < 0.05). An exposure-related trend for olfactory epithelial

degeneration was also present in turbinate 3 for males. Kidneys of females exposed to GMVC
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did not have an increased incidence (Fisher’s exact test, p < 0.05) or exposure related trend to

increased incidence (Cochran-Armitage and Logistic tests, p < 0.03) of chronic progressive
nephropathy, but did demonstrate a significant increase in severity of this lesion in high-level
females (Kolmogorov-Smirnov test, p < 0.05). Nasal cavities of mid- and high-group females
had an increased incidence of hyaline degeneration of respiratory epithelium (nasal section 2)
relative to controls (Fisher’s exact test, p < 0.05), and the exposure-related trend for this

change was also significant (Cochran-Armitage and Logistic tests, p <0.05).

Hyaline degeneration of olfactory and respiratory epithelium is characterized by the
accumulation of homogeneous, hyaline eosinophilic globules, Small numbers of cells with these
globules are common in aging rodents and in response to toxicants. The significance of the

minor nasal epithelial changes noted in this study is uncertain.
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INTRODUCTION
Four hundred (400) F344 rats exposed to gasoline MTBE vapor condensate (GMVC) in
whole body inhalation exposure chambers were examined. Males and females were divided
equally into 4 groups (50 males and 50 females per group) and exposed to 0 g,/m3 , 2 g/1n3,
10 g/m’ or 20 g/m® GMVC for 6 hours/day, 5 days/week for 104 weeks (520 exposure days).

The sole scheduled sacrifice occurred after 104 weeks (520 days) of exposure. Gross necropsy

and tissue collection was performed as specified in the main report text.

METHODS
Hematology

Blood was collected on control and high-level GMVC rats by tail nick at 12 and 18
months of exposure and was collected from all final sacrifice rats by cardiac puncture for
assessment of total and differential white blood cell counts. Duplicate blood smears were
prepared and read manually for the control and high-level groups at all three time points.
Percentages of each nucleated cell type were counted. An estimate of the number of white blood
cells in each sample was made according to LRRI SOP. Absolute numbers of each cell type
were calculated by multiplying the fraction of each cell type by the estimated white blood cell

count.

Gross Pathology

As expected in a chronic study, a wide specirum of gross lesions was documented at
necropsy. Complete gross lesion incidences as well as correlation of gross and histologic lesions
are located in Appendix M (males) and N (females). Gross lesions were examined histologically

in all groups.

Histopathology

All study animals received a complete necropsy. Animals were euthanized with an
overdose of intraperitoneally injected barbiturate anesthetic (Euthasol®, Virbac AH Inc., Fort
Worth, TX). Body weights and fresh organ weights were collected on lungs, hver, kidneys,
adrenals, testes, epididymides, ovaries, uterus, spleen, brain and heart of final sacrifice and
moribund sacrifice animals. Animals found dead received a complete necropsy with tissue
collection, but blood and organ weight data were not routinely collected. Cardiac blood was

collected from animals at fmal sacrifice for determination of total and differential white blood
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cell counts. Gross lesions, body weights, and organ weights were entered on pre-prepared forms
and then the information was recorded on the Path-Tox database (Version 4.2.2, Module P,

Xybion Medical Systems, Cedar Knolls, NJ).

Lungs were gently instilled via the trachea with 10% neutral buffered formalin (NBF) to
approximate normal volume. Organs/tissues were immersion fixed in 10% NBF for subsequent
histopathologic examination. Tissues were trimmed, processed routinely, paraffin embedded,

sectioned at 5 pm and stained with hematoxylin and eosin for histopathologic examination.

All collected tissues and lesions were examined histologically in control (0 g/1n3)
animals, high- (20 g/m®) level animals, and dead or moribund animals of all groups. Respiratory
tissues (lungs, larynx, trachea and nasal turbinate sections), potential target tissues (testes,
kidneys of males) and gross lesions were examined histologically from final sacrifice low- (2
g/m’) and mid- (10 g/m®) level animals. Nomenclature of proliferative lesions was based on the
international harmonized nomenclature recommended by the Rat Nomenclature Reconciliation
Subcommittee of the Society of Toxicologic Pathologists (see http://www.toxpath.org;
Standardized Rat Nomenclature). Nomenclature of other lesions was routine, widely understood

usage (see Boorman et al., 1990a; Gopinath et al., 1987).

Standard, subjective severity scoring of most nonproliferative lesions was based on the
extent of tissue affected by the change and the severity of the change within affected areas.
Typically, a score of 0 (none) = essentially no tissue affected; 1 (minimal) = ~1 to 10% affected,
2 (mild) = ~11 to 25% affected, 3 (moderate) = ~26 to 50% affected, 4 (marked) =~-51 to 100%
affected. Severity scores may have been adjusted up or down (usually by 1 point) based on the

intensity of the change within the affected areas.

Because the diagnosis of chronic progressive nephropathy encompasses a large
constellation of changes, severity scoring for this diagnosis was somewhat more coniplex and is

described in Table P-1.

Statistical Analyses

Statistical analyses of both hematology and histopathology data were conducted as
detailed in the statistician’s report (Appendix O). In the case of renal tubule nephropathy and

nasal epithelial degeneration, statistical evaluation of group differences in severity scores was
Page 114 of 136



Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment !

April 2011

performed using the Kolmogorov-Smimov test within the Path-Tox software (significance level

p = 0.05; ¢/ Algorithms used in Path/Tox System 4.2.2; Vol. I, Chap. 7, pp. 24-25).

Table P-1. Severity Scoring of Chronic Progressive Nephropathy

Score Histologic Findings

0 Essentially no changes of CPN. May have rare scattered protein casts in tubules,
mineral concretions.

1 Increased number and size of tubular protein casts; primarily within tubules at the
corticomedullary junction, some within collecting ducts. Minor/scattered foci of
basophilic, regenerative tubules. Changes affect less than ~5% of tissue component.

2 Homogeneous protein casts relatively abundant within tubules and collecting ducts
(especially at corticomedullary junction). Increased size and frequency of tubular
basophilia. Acconipanying changes present, may include small foci of tubular basement
membrane thickening and/or mineralization, interstitial fibrosis, tubular atrophy and
dilatation, minor associated mononuclear inflammatory infiltrates, glomerular changes
(mcluding mesangial proliferation, synechiae, proliferation of parictal epithelium).
Changes may affect up to ~25% of component.

3 As 2 with increased tubular atrophy/dilatation/regeneration, interstitial fibrosis,
increased inflammatory infiltrates, increased thickening of basement membranes of
tubules and glomeruli.

4 As 3 with increased severity and extent of changes. Senescent glomeruli relatively
common. Typically combined changes affect well over 50% of kidney.

RESULTS
Hematology

The high incidence of leukemia in aged F344 rats, other physiologic changes with aging,
sampling differences between time points and the limitations of manual hematology {(e.g., the
small numbers of leukocytes other than neutrophils and lymphocytes counted) dictate that the
hematology results be interpreted with caution. Trend tests within a group across all sampling
periods frequently show a statistical difference, but are not expected to be biologically significant
for the reasons noted above (some specific examples follow). A statistically significant increase
relative to controls in WBC estimate, “absolute” neutrophils, and “absolute” lymphocytes was
noted in high-level group males at 12 months. This change is not present in females and does
not persist in males at 18 or 24 months. It is interpreted as an excitement response probably
resulting from initial blood sampling difficulties. The increase i atypical lymphocytes in both

the control and the high-level group at 24 months is consistent with the high incidence of
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leukemia in these aged F344 rats. Other statistically significant changes are unlikely to be
biologically significant based on the small numbers of leukocytes of that type (such as band

neutrophils, monocytes or eosinophils) counted in blood smears.

Histopathology

Condensed tables including only microscopic lesions judged to be more relevant as
potential effects of GMVC exposure or those for which reviewers indicated an interest are
presented below. Note that all microscopic findings are not included here; refer to the summary
tables in Appendices M and N for a complete listing. Though some comparisons are included
here, see GMVC main report for more complete comparison between findings from this study

and the Baselime Gasoline Vapor Condensate (BGVC) study run concurrently.

Proliferative Lesions. Proliferative lesions include hyperplasias and neoplasias (both benign and

malignant). As is evident in the complete lesion incidence summary tables (Appendices M and
N), scattered hyperplasias and neoplasias occur relatively commonly in aged F344 male and

female rats.

Male rats in the mid-level GMVC group demonstrated an increase not achieving
significance in the incidence of renal tubule cell adenomas in mid-dose animals, with 0/50 (0%),
0/50 (0%), 6/50 (12%) and 2/50 (4%) in the control, low, mid and high groups, respectively
(Table P-2). Though also not statistically significant, there was also an increase in renal tubule
carcinomas in the males (1/50; 2% in low- and 1/50; 2% in high-level males). Combining
adenoimas and carcinomas for analysis still did not achieve statistical significance, though

there was a significant trend toward increased incidence with increased exposure concentration
(Table P-2).

Squamous cell carcinoma occurred in nasal sections of males with an animal incidence
(incidence of tumor occurring in any of turbinates 2—4) of 1/50 (2%), 2/50 (4%), 0/50 (0%) and
2/50 (4%} for control, low-, mid- and high-dose animals, respectively, with no statistically
significant differences or trends. In all instances, the tumors were judged to have arisen in the
oral cavity (Appendix M-6). Animal incidence is relevant because the same tumor may occur in
more than one nasal section, This is true for the low- and high-level groups for male nasal
turbinates 3 and 4 (Table P-2), where one animal in each group has a tumor spanning levels 3

and 4.
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No significant changes in incidence were seen for thyroid follicular cell adenoma or
carcinoma. Combining thyroid follicular cell adenoma and carcinoma in male rats gave a
combined incidence of 3/50 (6%), 0/35 (0%), 1/31 (3%) and 5/50 (10%) for control, low-, mid-
and high-level groups, respectively. No statistical significance was found upon combining the
incidences of adenomas and carcinomas. Note that one high-dose male had both an adenoma
and a carcinoma, yielding a combined incidence of 5/50 (10%). However, even when counting
adenoma and carcinoma in this animal individually, yielding an incidence 6/50 (12%) for this
group (arguably the most conservative combined incidence from a risk assessment perspective)
the difference is not significant using Fisher’s exact test; p = 0.130. See e-mail correspondence
from statistician including statistical test in study file). A statistically significant increase in

thyroid follicular cell carcinomas (but not combined adenomas and carcinomas) was observed

among males in the Baseline Gasoline Vapor Condensate study run concurrently (FY01-027).

As expected, there was a high background incidence of testicular interstitial adenomas in
control male rats (43/50; 86%). There was a significant trend toward increased incidence
with increased dose (with 47/50, 94% in lows; 48/50, 96% in mids; and 50/50, 100% in
highs) (Table P-2). Essentially all testes with adenomas had foci of hyperplasia when the testis
was not entirely effaced by tumors. However, the frequent effacement of testicular parenchyma
by tumors in this chronic study renders the diagnosis of hyperplasia in testes with tumors of little
or no value. Thus interstitial cell hyperplasia was recorded primarily in testes without tumors

(see Appendix M).

Mesothelioma was present at a relatively low incidence of 0/50 (0%), 1/50 (2%), 1/50
(2%) and 2/50 (4%) for control, low-, mid- and high-level groups, respectively, and no statistical
differences were noted for this neoplasm. Incidences in this study were comparable to the
historical incidences for NTP studies (0—10% with a mean of ~3% [Haseman et al., 1998]).
Results are somewhat different from those obtained in the Baseline Gasoline Vapor Condensate
study, where a significant trend toward increased mesothelioma was noted (Fisher’s Exact test).
It should be noted that no testicular mesotheliomas were present in control animals in this or in

the Baseline Gasoline Vapor Condensate study.
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Table P-2. Incidence of Selected Proliferative (Neoplastic and Hyperplastic) Lesions

Control Low Mid High
Ogm’) (Qgm’) (0gm) (20gm’)
MALES
Kidney  No. examined 50 50 50 50
Adenoma, renal tubule” 0 (0%) 0 (0%) 6 (12%) 2 (4%)
Carcinoma, renal tubule 0 (0%) 1 (2%) 0 (0%) 1 (2%)
Renal tubule adenoma 0 (0%) 1(2%) 6 (12%) 3 (6%)
and carcinoma,
combined”
Nasal Turbinate Level 1
Sections No. examined 50 50 50 50
(Note that  Hyperplasia 3 (6%) 0 (0%) 3 (6%) 4 (8%)
the same Avg. severity 0.2 0.0 0.1 0.2
tumor Turbinate Level 2
may No. examined 50 50 50 30
appear in Hyperplasia 0 (0%) 2 (4%) 2 (4%) 3 (6%)
more than  Avg. severity 0.0 0.1 0.1 0.2
one Carcinoma, squamous cell 1 (2%) 0 (0%) 0 (0%) 0 (0%)
level.) Turbinate Level 3
No. examined 50 30 50 50
Carcmoma, squamous cell 0 (0%) 1 (2%) 0 (0%) 1(2%)
Turbinate Level 4
No. examined 50 50 50 50
Carcinoma, squamous cell 0 (0%) 2 (4%) 0 (0%) 2 (4%)
Thyroid  No. examined 50 35 31 50
Hyperplasia, follicular cell 0 {0%) 0 (0%) 1 (3%) 0 (0%)
Avg,. severily 0.0 0.0 0.1 0.0
Adenoma, follicular cell 2 (4%) 0 (0%) 0 (0%) 3 (6%)
Carcinoma, follicular cell 1 (2%) 0 (0%) 1 (3%) 3 (6%)
Follicular cell adenoma 3 (6%) 0 (0%) 1 (3%) 5 (10%)
and carcinoma, combined
Testes No. examined 50 50 50 50
Adenoma, interstitial cell° 43 (86%) 47 (94%) 48 (96%) 50 (100%)
Mesothelioma 0 (0%) 1 (2%) 1 (2%) 2 (4%)
Spleen No. examined 50 39 38 50
Leukemia, mononuclear” 27 (54%) 31(79%) 31 (82%) 31 (62%)
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Table P-2. Incidence of Selected Proliferative (Neoplastic and Hyperplastic) Lesions
{Concluded)
Control Low Mid High
Ogm’) (2gm) (10gm’) (20gm’)
FEMALES
Spleen No. examined 50 22 24 30
Leukemia, mononuclear 27 (54%) 12(55%) 11 (46%) 23 (46%)
Mammary No. examined 49 20 22 47
Gland Fibroadenoma® 0 (0%) 3 (15%) 2 (9%) 5(11%)

“Trend detected with Fisher’s Exact test.

"A positive trend with increasing dose was found with the Cochran-Armitage and
Fisher’s tests.

‘A positive trend with increasing dose was found with the Cochran-Armitage, Logistic
and Fisher’s tests.

In males, mononuclear leukemia in the spleen demonstrated a statistically significant
trend. Group comparisons were not statistically significant and any increases are judged

unlikely to be a result of GMVC exposure (see Table P-5 and Discussion).

Female rats had relatively similar incidences of mononuclear leukemia across groups.
Mammary fibroadenomas demonstrated a significant trend, but a surprisingly low incidence in

controls complicates the interpretation (see Table P-6, Discussion, Appendices M and N).

Nonproliferative Lesions. Nonproliferative lesions include degenerative and inflammatory

changes. Such changes are commeon in many tissues in aged F344 male and female rats, and

their significance in older animals must be interpreted with caution.

Kidneys of male rats exposed to GMVC had significant increases in severity, but not
incidence of chronic progressive nephropathy and both mid- and high-level males (Table P-3).
Mid- and high-level males also demonstrated a significant toward increased incidence (but not
severity) of hyaline degeneration of olfactory epithelium in nasal section 2 (located at the level

of the incisive papilla). There was a positive concentration-dependent trend toward degeneration
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in the olfactory epithelium of turbinate 3 (located midway between the incisive papilla and molar

teeth).

Table P-3. Nonproliferative Lesion Incidences and Severity Scores - Males

Control Low Mid High
Ogm’) Qgmw’) (0gm’) (20gm)
Kidney No. examined 50 50 50 50
Nephropathy, chronic 44 (88%) 47 (94%) 50 (100%) 46 (92%)
Avg. severity 1.9 2.1 2.6° 2.7°
Nose/Turbinate 2 No. examined 50 50 50 30
Degeneration, hyaline - 0 (0%) 5 (10%) 7 (14%) 6 (12%)
olfactory epithelium®
Average severity 0.0 0.2 0.2 0.2
Nose/Turbinate 3~ No. examined 50 50 50 50

Degeneration, hyaline - 2 (4%) 1 (2%) 7 (14%) 7 (14%)
olfactory epithelium®

Average severity 0 0 0.2 0.3
Nose/Turbinate 4  No. examined 50 50 50 50

Degeneration, hyaline - 0 0 1 (2%} 1(2%)

olfactory epithelium

Average severity 0 0 0 0

"Percentage affected is in parentheses adjacent to incidence.

*Significantly higher than controls at 0.05 level using Kolmogorov-Smirnov one-tailed test.

‘A positive trend with increasing dose was found with the Cochran-Armitage, Logistic
and Fisher’s tests.

positive concentration-dependent trend by Cochran-Armitage and logistic tests. p = 0.054 by
Fisher’s exact (no group comparisons made).

As in males, high-level GMVC-exposed female rats demonstrated a significant increase
in severity (but not incidence) of chronic progressive nephropathy (Table P-4). Mid- and high-
level females had a significant trend toward increased incidence (but not severity) of hyaline

degeneration of respiratory epithelium in nasal turbinate section 2.
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Table P-4. Nonproliferative Lesion Incidences and Severity Scores - Females

Control Low Mid High
(Ogm’) (2gm’) (10gm) (20gm’)
Kidney No. examined 30 20 21 30
Nephropathy, chronic 42 (84%)" 17(85%) 15(71%) 43 (86%)
Average severity 1.0 1.0 1.0 1.5"
Nose/Turbinate 2 No. examined 50 50 50 50

Degeneration, hyaline - 0 {0%) 1(2%) 7 (14%) 6 (12%)
respiratory epithelium®
Average severity 0.0 0.0 0.3 0.2

*Percentage affected is in parentheses adjacent to incidence.
"Significantly higher than controls at 0.05 level using Kolmogorov-Smirnov one-tailed test.
°A positive trend with increasing dose was found with the Cochran-Armitage, Logistic and

Fisher’s tests.

Lesions Showing Statistical Significance, but Judged Not Likely Due to GMVC Exposure

Other proliferative and nonproliferative lesions occurred which were not clearly

significant or were judged to have confounding factors which must be considered in

interpretation. For completeness, these lesions are listed for males (Table P-5) and females

(Table P-6). Some findings were decreased in exposed animals compared to controls, these are

not generally discussed.

Some general notes are warranted:

1) A number of diagnoses which appear as statistically significant are confounded by

the fact that the tissues were only examined if grossly abnormal. This is

particularly true in low- and mid-level animals. For example, liver and uterus were

examined histologically in low- and mid-level amimals only if a gross lesion was

detected. Thus, the incidence of “leukemia, monocytic” and “polyp, endometrial

stromal” was skewed upward by a protocol driven sampling bias. For the purpose

of comments in the tables below, this will be termed “gross lesion sampling bias.”

2)  The incidence data for the diagnosis of “leukemia, mononuclear” should be

considered only for the spleen. This is typically accepted as the tissue of origin of

this hematopoietic neoplasm (also termed large granular lymphocytic leukemia,
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Fischer rat leukemia, monocytic leukemia, etc.) in F344 rats, and the lesion was
called in the spleen any time it occurred in other tissues. Incidence data for this

diagnosis in other organs are often spurious because some tissues were examined

only if abnormal. This is particularly true in low- and mid-level group animals

which had a more limited routine tissue set (“gross lesion sampling bias™).

Table P-5. Lesions Judged Not Attributable to GMVC Exposure - Males

Statistical
Finding  Statistical
Tissue Diagnosis (Group) Test? Comments
Adrenal Hyperplasia, medullary, Trend to C-A, Increase was not significant versus
Gland focal increase Logistic, controls (Fisher’s) and there is no
Fisher’s evidence of an increase in benign or
malignant tumors in exposed animals.
Mammary  Hyperplasia, lobular Trend to C-A Increase was not significant versus
Gland increase controls (Fisher’s) and there is no
evidence of an increase in benign or
malignant tumors in exposed animals.
Nose/ Degen., hyaline- Trend to C-A, Increase was not significant versus
Turbinate 3  olfactory epithelium increase Logistic controls (Fisher’s), but is coinplemen-
tary to the significant increase seen in
nasal section 2.
Spleen Leukemia, Trend to  Fisher’s High and variable incidence 13
mononuclear increase expected, increase was not

significant. A corresponding increase
among females was not present.

*C-A = Cochran-Armitage
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Table P-6. Lesions Judged Not Attributable to GMVC Exposure - Females

Statistical
Finding Statistical
Tissue Diagnosis (Group) Test" Comments
Brain Compression Increase Fisher’s Relatively low incidence among
(low, mid}; control females renders interpretation
Trend to problematic (Note: this lesion
increase typically results from pituitary gland
tumors and correlates with those
findings, see comments for that
lesion below).
Liver Hepatodiaphragmatic Increase Fisher’s Relatively common congenital
nodule {low) ; malformation {control incidences
Trend to reported from 1-1 1"/?1’), can be_
increase a‘ffected by gross lesion sampling
bias.
Liver Hyperplasia, biliary Trend to Logistic,  Significance only achieved with
’ decrease Fisher’s  Logistic and Fisher’s tests.
Biological significance uncertain,
deemed unlikely.
Lung Hyperplasia, alveolar Trend to C-A, Biological significance uncertain,
epithelial, focal decrease Logistic, deemed unlikely.
Fisher’s
Mammary  Fibroadenoma Trend to Fisher’s Control incidence of 0% in this study
Gland increase remarkably low (reports from ~27—
40%"), rendering interpretation of
significance problematic.
Pituitary Adenoma, pars distalis  Trend to Fisher’s Relatively low incidence among
Gland Hemorrhage increase control females renders interpretation
problematic. Adenoma is a
common neoplasm with historical
control incidence high (~30%, ranges
from 14-60%"), high males show a
minor decrease in incidence.
Biological significance of either
change uncertain, deemed unlikely.
Uterus Polyp, endometrial Increase Fisher’s Gross lesion sampling bias, no
stromal Trend, evidence of increase in other uterine
Increase, hyperplasia, benign or malignant
low dose tumors, control incidence rather low

(reports from 11-37%"). These
factors render interpretation of
significance problematic.

?C-A = Cochran-Armitage
"Boorman et al., 1990b; Haseman et al., 1998
‘Haseman et al., 1998; Lemmger and Jokinen, 1990
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DISCUSSION

Proliferative Lesions

Benign tumors of the kidney and testes in males are the proliferative lesions documented

most clearly in rats exposed via inhalation to GMVC in this study.

Adenomas of renal tubule epithelial cells are relatively uncommon background lesions in
F344 rats, with an average incidence in males of 1.0% (range 0-4%) in NTP study controls
{Haseman ct al., 1998). The lack of a typical exposure concentration response in this study is
difficult to resolve, but the increased incidence in mid- (12%) and high- (4%) level males is
judged likely to have resulted from GMVC exposure, though not achieving statistical
significance. Additionally there was a low incidence of renal tubule carcinoma in low- (2%) and
high- (2%) level males which was not statistically different from controls. Combining adenomas
and carcinomas for analysis (controls 0%, low 2%, mid 10% and high 6%) did yield a
significant positive exposure-related trend. These results are consistent with findings of an
increased incidence of combined renal adenomas and carcinomas in the Baseline Gasoline Vapor

Condensate Study (FY01-027).

Given the increased severity of chronic progressive nephropathy in mid- and high-level
males, a plausible explanation for the increase in renal tubule tumors may be a sustained increase
in cell turnover/proliferation and subsequent tumor induction via epigenetic mechamsms of
carcinogenesis in male rats, including damage related to alpha-2u globulin overload (Hard, 1998,
Baetcke et al., 1991). Previous studies with wholly vaporized gasoline, MTBE, and related
compounds have also documented increased nephropathy in male rats, and increases in renal
tubular adenomas and carcinomas (MacFarland et al., 1984; Medinsky et al., 1999; Bird et al.,
1997). Further consideration of the nonproliferative, but potentially relevant lesion of chronic
progressive nephropathy is presented below and under the “Nonproliferative Lesions”

discussion.

The increase in renal tubule adenomas and carcinomas in males may be related to the
increased severity of chronic progressive nephropathy through a sustained increase in tubule
epithelial cell turnover, a recognized occurrence in male rats (Hard, 1998). For compounds

inducing renal tumors in male rats through increased alpha-2u globulin accumulation and
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subsequent increased renal tubule cell turnover, the human health relevance of the mechanism
and thus the tumors is often regarded as suspect (Baetcke et al., 1991; Hard, 1998; Hard and
Khan, 2004). Alpha-2u globulin nephropathy is a plausible mechanism for GMVC related renal
adenomas and carcinomas based on other MTBE and similar compound study reports (and
including the results of a 13-week unpublished study on gasoline vapor condensate without
MTBE conducted at LRRI). In F344 male rats after approximately 1 year of age, alpha-2u
globulin overload nephropathy may be masked by age-related chronic progressive nephropathy
(CPN), since both forms of nephropathy share similar if not identical diagnostic hallmarks, The
effect of alpha-2u globulin overload nephropathy typically manifests itself in increased severity,
rather than incidence, since essentially all males surviving past 1 year of age will develop CPN.
Note that GMVC also induced increased severity of nephropathy in females at the highest dose,

although via a different mnechanism since alpha-2u globulin overload is male rat specific.

Squamous cell carcinomas (SCC) present in nasal sections of males [animal incidences of
1/50 (2%), 2/50 (4%), 0/50 (0%) and 2/50 (4%)] were judged to be of oral origin m all cases.
The low incidences and presence of this neoplasm in a control male render any relationship to
exposure difficult to discern in this study. Historical control incidences of this tunior in NTP
inhalation studies are low (~0.6%). However, a large study with cigarette smoke conducted at
this facility in the early 1990’s had an incidence of 0/118 (0%) squamous cell carcinomas of oral
origin in males and 3/119 (2.5%) in females. No tumors were of nasal origin. While comparison
between this study and the concurrent BGVC study is largely done m the GMVC main report,
note that the BGVC study had none of these tumors (0/50) in control males but one (1/50) in
control females. In the BGVC, there was a trend for significant increase in squamous cell
carcinomas in males, but no group differences by the Fisher’s Exact Test. Nonetheless, a minor
but relatively consistent increase im incidence in exposed animals is present i both studies.
Clearly the whole body method of inhalation exposure has the potential to result in some degree
of exposure directly to the oral cavity in addition to the systemic exposure from inhalation (from

grooming, etc.).

Interstitial (Leydig) cell adenomas of the testes are very common lesions in male F344

rats, with average reported incidences up to 89% or even 100% in 2-year studies (Haseman et al.,
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1998; Boorman et al., 1990c¢). Incidence of this benign tumor was similarly high in all groups in
this study as well, but a significant exposure concentration response trend was present.
While within this study with GMVC the data suggest a possible causal relationship between
exposure and testicular interstitial adenomas, the relationship between treatment with MTBE and
induction of testicular interstitial adenomas is on the whole more equivocal, since background
incidence of this tumor is quite variable and usually extremely high [(NTP control incidence for
air inhalation controls: for NIH-07 diet avg. = 70.1% with range of 46% to 90%; for NTP-2000
diet avg. = 92.1% with range of 82% to 98%), and control incidence in the concurrently run
Baseline Gasoline Vapor Condensate chronic study (LRRI study number FY01-027) was 48/50
(96%)]. Other MTBE toxicity studies have documented increases in testicular interstitial cell
adenomas (Bird et al., 1997; Belpoggi et al., 1995). However, in a recent review of the
mechanisms of MTBE induced carcinogenicity, the overall evidence for MTBE induction of
testicular interstitial cell adenoma was considered to be equivocal (Cruzan et al., 2007). Note

that the human health relevance of interstitial cell tumors in rats has been called into question

suggesting little predictive value for humans (Prentice and Meikle, 1995; Cook et al., 1999).

Leukemia, a well-documented feature of old age in F344 rats, did not appear to be
enhanced by GMVC exposure. Results for spleen, the defining organ for this disease, are shown
for males and females in Table I’-2. In males, the incidences of leukemia in the low- and mid-
GMVC levels are greater than controls and a positive trend is present with the Fisher’s test.
However, there was no overall significant trend with exposure concentration as determined by
the Cochran-Armitage and logistic tests, and the incidence of leukemia in high-level males was
not different from controls (Fisher’s test). The incidences of leukemia in GMVC-exposed

females were similar to or lower than control but not significantly different (Table P-2).

Mammary gland fibroadenoma was increased in low- and high-level females and a
significant trend was present (Tables P-2 and P-6). Interpretation of this finding is problematic
due to the atypically low control incidence of 0% in control females. Control incidences for this
lesion have been reported to range from 27—40% (Boorman et al., 1990b). The control incidence
in the parallel BGVC study (LRRI study number FY01-027) was 4/49 (8%). Additionally,

increases in this lesion have not been observed in previous studies with neat MTBE or wholly
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vaporized gasoline (Cruzan et al., 2007; MacFarland et al., 1984). Therefore, it 1s judged

unlikely that the increased trend in female mammary gland fibroadenoma was treatment-related.

Nonproliferative Lesions

Males. Chronic progressive nephropathy (CPN) is the diagnostic terminology for an entity m
rats comprised of a constellation of changes commonly affecting the kidneys of F344 rats.
Lesions in male rats appear earlier and are routinely more severe than those in females
{Montgomery and Seely, 1990). Renal lesions typically consist of tubular degeneration and
regeneration, proteinaceous casts, tubular atrophy and dilatation, interstitial fibrosis, basement
membrane thickening and glomerulosclerosis depending on the severity. The severity scoring

for this lesion in described in a previous section.

The increased average severity score for CPN in mid- and high-level males is judged to
be a consequence of GMVC exposure. It may reflect damage resulting from increased alpha-2u
globulin associated with hydrocarbon nephropathy (HN). Some classic hallmarks of
hydrocarbon exposure—including the presence of brightly eosinophilic cytoplasmic droplets
within tubular epithelium and granular casts/linear mineralization in the outer stripe of the
medulla—were not apparent even in high-level males (while regions of cytoplasmic eosinophilic
droplets occurred, they were similar between controls and exposed and not judged representative
of HN). As discussed below however, the absence of these hallmarks is not unexpected in

kidneys from aged rats.

Hyaline droplet or protein accumulation in shorter term MTBE studies is reported
(Medinsky, 1999; Lington et al., 1997; Bird et al., 1997), but the change is not necessarily noted
in kidneys from chronic exposures (Bird et al., 1997; Rudo, 1995). It is noteworthy that a
chronic t-butyl alcohol exposure study conducted by the NTP also lacks a specific diagnosis of
“hyaline droplet nephropathy,” although such a diagnosis is made during a shorter term (13
week) exposure study (NTP, 1995). Hyalme droplet accumulation is commonly seen with
hydrocarbon exposure, and might be expected with GMVC inhalation (Gopinath et al., 1987).
Such a “hydrocarbon nephropathy” may have occurred as an carlier lesion which was
masked/obscured in these chronically exposed animals by the progression of CPN. There is also

some evidence that aged male rats are much less sensitive to hydrocarbon nephropathy and that
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production of the major protein constituent of hyaline droplets, alpha-2u globulin, is greatly
decreased in old rats (Murty et al., 1988). In addition to renal lesions of hyaline droplet
formation, increased tubular regeneration/proliferation and CPN have been previously reported
in male rats as a result of MTBE and similar compound exposure (Medinsky et al., 1999;

Lington et al., 1997; Bird et al., 1997; Clary, 1997; Borghoff et al., 2001).

The human health significance of the chronic progressive nephropathy of male rats
associated with accumulation of hyaline droplets containing alpha-2u globulin is suspect. It and
the subsequent development of renal tubule adenomas are often considered male rat specific and
thus not significant for humans (Greaves, 2000; Baetcke et al., 1991; Hard, 1998) though
opinions differ (Melnick, 1992). As previously noted, the typical lesions of hyaline droplet
nephropathy were not documented in this study at the chronic timepoints examined, but this is
not unexpected since diagnostic hallmarks (primarily linear mineralization) to suggest HN at
chronic timepoints and with severe overlying CPN are limited. It should be noted that the
severity of chronic progressive nephropathy was increased in high-level females which are not
suséeptible to typical alpha-2u globulin related nephropathy. This suggests the possibility that
more than one mechanism may be important in the development of chronic progressive

nephropathy in response to GMVC.

Increased hyaline degeneration of nasal epithelium (typically olfactory and respiratory)
characterized by the accumulation of hyaline droplets/globules is a common, nonspecific finding
in aged rats and is increased in response to a number of toxicants (Boorman et al., 1990d;
Gopinath et al., 1987). Mid- and high-level males had increases in incidence relative to that
seen in control animals in nasal section 2 and a significant trend, and there was also an
exposure concentration response trend in turbinate 3 for males. The overall incidence was
relatively low, and the severity of the lesion ranged from minimal to moderate in most exposure
groﬁps. While the lesion is likely exposure related, the significance of this common, minor

change by itself is uncertain.

Females. Kidneys of high-level female rats cumulatively demonstrated a slight increase in
overall severity score of chromic progressive nephropathy. Though the minor severity difference

renders interpretation less clear than that in males, the increased severity of CPN in high-level
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females is judged to be an effect of GMVC exposure. A lesser severity of CPN is typical in
female F344 rats compared to males (Montgomery and Seely, 1990). Reports of MTBE effects
on kidneys in female rats vary. Some do not report significant differences in female renal lesions

(Lington et al., 1997), others report increased bromodeoxyuridine labeling of tubular epithelium
or increased CPN incidence and severity (Medinsky et al., 1999; Bird et al., 1997, Clary, 1997).

As noted for the males, hyaline droplet accumulation in olfactory and respiratory nasal
epithelia is a common, nonspecific response to toxicants in rodents. While the lesion is likely

exposure related, the significance of this common, minor change by itself is uncertain.

HISTOPATHOLOGY SUMMARY

Statistically significant increases or trends to increase in GMVC exposure related
lesions were seen in both male (kidney, testes, nasal epithelia) and female (kidney, nasal
epithelia) F344 rats. Exposure related proliferative lesions occurred only in males and consisted

of renal tubule adenomas (and combined adenomas and carcinomas) and testicular interstitial

(Leydig) cell adenomas. The increase in renal tubule adenomas was not significant relative to

controls (Fisher’s exact test, p < 0.008) and demonstrated a significant trend only with the
Fisher’s test (using Cochran-Armitage, Logistic and Fisher’s tests, p < 0.05). Combining
renal tubule adenomas and carcinomas still did not show a significant increase within any
group, but did result in a significant positive trend with increased exposure. Renal tubule

neoplasms in rats are influenced by epigenetic mechanisms related to CPN and this must be

taken into account in this study. Increases in testicular interstitial cell adenomas were not

statistically significant relative to controls but did demonstrate a significant exposure related

trend (Cochran-Armitage, Logistic and Fisher’s tests, p < 0.05). As noted in the discussion

section, the variable and typically very high background incidence of this tumor in aged rats

must be considered on the whole in risk assessment.

Nonproliferative lesions related to GMVC exposure were present in kidneys (as an

increase in severity of chronic progressive nephropathy) and nasal epithelia (as hyaline

degeneration) of both genders. Both mid- and high-level males had significant increases in the

severity, but not incidence of chronic progressive nephropathy relative to controls (Kelmogorov-

Smirnov test, p <0.05). The incidence of hyaline degeneration of olfactory epithelium (nasal
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turbinate section 2) was significantly increased in male animals as an exposure related trend
(Cochran-Armitage and Logistic tests, p < 0.05). An exposure-related trend for olfactory
epithelial degeneration was also present in turbinate 3 for males (Cochran-Armitage and
Logistic tests, p < 0.05). Kidneys of females exposed to GMVC did not have an increased
incidence or exposure related trend to increased incidence of chronic progressive nephropathy,
but did demonstrate a significant increase in severity of this lesion in high-level females
(Kolmogorov-Smirnov test, p < 0.05). Nasal cavities of mid- and high-group females had an
increased incidence of hyaline degeneration of respiratory epithelium (nasal section 2) relative to

controls, and a significant exposure-related trend for this change (Cochran-Armitage,

Logistic and Fisher’s tests, p < 0.05).

Hyaline degeneration of olfactory and respiratory epithelium is characterized by the
accumulation of homogeneous, hyaline eosinophilic globules. Small numbers of cells with these
globules are common in aging rodents and in response to toxicants. The significance of the

minor nasal epithelial changes noted in this study is uncertain.
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REASON:

The reason is to correct errors in statistical interpretation of group differences where positive
trends were found using Fisher’s exact test.

Page 134 0of 136



Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Protocol Amendment Approved:

4&’ é%fmw/ 2 Lo (204

LRRI Study Director Date
%M 4{ o%mfm?é 2/ April 20)/
LRRI Management Date

Page 135 of 136



Study Number FY01-013

211(b) Chronic Carcinogenicity Study
Gasoline MTBE Vapor Condensate (GMVC)
Amendment 1

April 2011

Protocol Amendment Approved:

//%» /Y s, '%?f%zf//

onsor Re@atauve / Die

Pape 136 of 136



