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Following are comments regarding the recently published toxicological review of tert-butyl
alcohol (tert-butanol) (CAS Mo. 75-65-0) which was published in June 2017. | was reviewer of the
previous IRIS document as requested by the National Academy of Sciences. These comments are
from myself, without support from any company or other individuals.

| have extensive experience in human and in animal pathology, including rats and mice, and | am
still a practicing surgical pathologist. In addition, | have more than 50 years experience in
experimental toxicology, carcinogenesis, and pathology research and have published extensively
with nearly 400 publications in my career. | have received numerous honors for my
achievements, notably the Lehman Award for excellence in risk assessment research from the
Society of Toxicology, the Merit Award from the Society of Toxicology, the Lifetime Achievement
Award from the Society of Toxicologic Pathology, and the Distinguished Scientist Award from the
American College of Toxicology. | have served on numerous national and international
committees and panels, including those from the NIH, NAS, IPCS, IARC, EPA, FDA, NTP and NIEHS,
including serving on the Boards of Scientific Counselors of both the NTP and NIEHS at different
times. | also serve on the FEMA Expert Panel for the evaluation of flavors, which evaluates the
safety of flavor ingredients in foods. | have extensive experience in kidney pathology, and | have
served on a number of pathology working groups involving kidney pathology, including the one
organized for TBA.

TBA was evaluated in a National Toxicology Program (NTP, 1995) two vyear bioassay
accompanying shorter term assays, in particular, a 90-day dose range finding study. An increased
incidence of tumors was identified in the male rat kidney, with no increased tumor incidences in
the female rat. In the male and female mouse, there was a slight increase in benign thyroid
follicular tumors (adenomas) and follicular hyperplasia.

At the previous review held in June, 2016, the scientists involved in the production of the IRIS
document were strongly recommended to seek expertise in pathology for review of the animal
studies, in particular, those related to the kidney. It is striking to me that this advice has not been
followed by the IRIS scientists. There is no pathologist listed in their assessment team,
contributors to the document, the production team, or contractor support. In addition, | do not
see any pathologists selected for the Scientific Advisory Board (SAB) that is reviewing this
document, nor is pathology listed as one of the areas of expertise to be represented on the SAB.
| believe this to be a significant deficiency, as my comments below will indicate. Many of these
comments were made at my presentation and discussion at last year's review, as well as in my
previous comments to the docket on TBA.



The kidney slides from the various studies performed in rats at the NTP were reviewed by a
pathology working group (PWG) of which | was a member (Hard et al., 2011). It would appear
that the IRIS report has discounted the findings of this PWG and are discounting the findings
presented in the NTP report and in the extensive literature on the issues being evaluated (Hard
et al., 2004; 2005; 2009; 2011; 2012; 2013; Seely et al., 2002; Travlos et al., 2011; Frazier et al.,
2012). The key issues are whether the findings in the kidneys can be completely explained by
changes involving ayy-globulin nephropathy, chronic progressive nephropathy (CPN), and
corticomedullary calcification. It would appear from the current IRIS document that they accept
that the corticomedullary junction calcification is a common rat phenomenon and is not relevant
to humans, so | will not discuss that further.

The IRIS document discusses at length the various aspects of axy-globulin nephropathy and CPN.
Rather than focus on the pathology and biology related to the various manifestations of these
two disease entities, they have resorted to a statistical analysis showing that certain pathologic
findings were not due to either ay.-globulin or CPN. The statistical analyses that have been
performed are erroneous for a number of reasons. Primarily, both the numerators and
denominators used in these calculations are incorrect. To begin with, the three features that they
are focusing on are renal pelvic transitional hyperplasia, suppurative inflammation, and increased
kidney weights. All three of these are manifestations of CPN (Frazier et al., 2012; NTP, 1995).
However, the findings of suppurative inflammation and transitional cell hyperplasia occur only in
higher grades of CPN, grade 3 and grade 4, not with the lower grades. Thus, to do statistical
analyses involving all of the cases of CPN is incorrect. Furthermore, these statistical analyses are
made on the presumption that the recordings of these findings are always listed by the
pathologist reading these slides. This also is incorrect, since, depending on the pathologist and
depending on the findings, they may not list all of the particular details involved with CPN, just
lumping them together under the diagnosis of CPN. Thus, without going through the slides and
reviewing them specifically, animal by animal for grade, and the specific changes that can occur
with CPN, a statistical analysis is inappropriate and can be quite misleading.

It is important to understand the overall pathology and biology of CPN to make a proper
assessment of the data. CPN is a common finding in rat kidney, with nearly all animals by 10
weeks of age having some degree of CPN, even involving a single nephron (Travlos et al., 2011;
Frazier etal., 2012; Hard et al., 2011; 2013). Thus, incidences in a 13 week study, with the animals
6 to 8 weeks of age at the beginning of the study, or in a 2 year bioassay, will be nearly 100%.
This is true in both males and females, but with greater severity in the males. Incidences less than
this can be reported because many pathologists will ignore the very early signs of CPN when there
is only involvement of only a few nephrons or there will be a sampling issue. Importantly, the
well-defined features of CPN have been extensively delineated in the INHAND criteria published
by the Society of Toxicologic Pathologists in 2012 (Frazier et al., 2012). The "earliest lesion
detectible in young adults is a basophilic tubule or evidence of regeneration in outer kidney, but
soon thereafter basophilia is accompanied by crowded nuclei and/or thickened basement
membrane." The characteristic features of CPN include tubular basophilia, nuclear crowding,
thickened basement membrane, hyaline casts, tubular atrophy, tubular dilitation, focal
glomerular sclerosis, glomerular atrophy, mononuclear cell inflammatory infiltrate, transitional



cell hyperplasia of the renal pelvis lining (to be discussed in greater detail below), and interstitial
fibrosis. Not all features will be present in every kidney affected with CPN, but depends on the
grade of the disease which will be partly a reflection of age of the rat. An increase in kidney weight
is a gross finding of CPN, and also ay,-globulin. It is important to understand that some of these
changes occur early and are characteristic of all cases of CPN, whereas others occur only in more
advanced stages. Increased kidney weight is an early feature as is tubular basophilia with nuclear
crowding and thickened basement membrane, the characteristic features of CPN. Not all of the
features that | have just listed will be present in every case of CPN, and the study pathologists
will not always record all of the individual features, but just note the diagnosis of CPN. What
needs to be understood about the biology of CPN is that it is a degenerative disease with
consequent regeneration, with a high rate of cell turnover. This has been repeatedly
demonstrated (Frazier et al., 2012; Konishi and Ward, 1989). Thus, the extensive discussion in
the IRIS report about lack of cell necrosis and cytotoxicity is erroneous, as these are a part of CPN
by definition. This again reflects the way pathologists list the diagnoses. CPN is recorded, but the
cytotoxicity, degeneration, and hyperplasia are frequently not listed separately since they are an
integral part of CPN. This is another example of the fallacies of a statistical approach as used by
IRIS, and again is a clear indication that they have not sought pathology expertise nor do they
understand the biology and pathology of CPN. The basophilia and tubular hyperplasia that is
characteristic of early as well as late CPN and are an indication of the proliferation, Furthermore,
the proliferation is always in response to the degenerative changes that are occurring in the
tubules in CPN.

Increased kidney weight and suppurative inflammation or chronic inflammation are part of CPN
(Frazier et al., 2012). They are not specific findings to CPN, but if CPN is present, they will be
assumed to be part of the CPN diagnosis unless there are other parts of the kidney not involved
with CPN that show evidence of inflammation. This was specifically examined in the PWG review
of the slides, and was found not to occur (Hard et al., 2011). Thus, all of the degenerative and
proliferative changes in the kidney could be identified in areas that were involved with either
CPN or ayy-globulin nephropathy (see below). There was no area of the kidney that showed
changes distinct from CPN or az,-globulin nephropathy. All of these findings were described in
detail in the report and the publication of the PWG.

The IRIS report also tries to argue that the findings in the female involved a lack of tumors despite
the findings of increased kidney weight, inflammation, and transitional cell hyperplasia. They
argue that these occurred separately from the CPN. They further argue that these are
independent because the degree of CPN in the females on average was similar to that seen in
the males. What is critical to note is that the highest grade of CPN (grade 4) is much less common
in the female than in the male (Hard et al., 2012; Frazier et al., 2012; NTP, 1995). Furthermore,
the changes of more severe CPN occur earlier in the age of the male rat than in the female rat so
that there is a greater chance for the proliferative changes seen with CPN to evolve into a tumor
in the males than in the females.

The issue of transitional cell hyperplasia also needs to be specifically discussed. This is a finding
that is associated with CPN (Frazier et al., 2012). This association is specifically stated in the NTP



report on TBA on p. 56 (NTP, 1995), a statement ignored by the IRIS authors. Unfortunately, it
has been traditional amongst pathologists to classify the increased proliferation seen along the
lining of the renal papillae as part of the kidney pelvis. This is inaccurate, and has been discussed
in detail in the PWG report (Hard et al., 2011). True transitional cell (urothelial cell) hyperplasia
occurs in the lining of the renal pelvis, which is separate from the kidney papillae. The true pelvis
is an extension of the lower urinary tract including the ureters and urinary bladder (Murphy et
al., 2004; Wu et al., 2009). The true kidney pelvis, ureters and urinary bladder are lined by an
epithelium currently named the urothelium but was previously referred to as a transitional cell
epithelium (Murphy et al., 2004; wu et al., 2009). Both terms are currently used, but the preferred
terminology is urothelium or urothelial cell epithelium. This is a characteristic epithelium with a
well-defined layered structure (Wu et al., 2009). This is not the epithelium that lines the kidney
papillae (Hard et al., 2011). The lining of the kidney papillae (Figure 1) is generally cuboidal to
slightly columnar, is a single cell layer, and does not have the characteristic proteins of the
urothelium (uroplakins).

Figure 1. Modified from Hard et al., 2011, figure 5. Labeling in the figure has been added. Figure
shows the renal papilla, the hyperplasia of the epithelial lining of the papilla, and the normal
kidney pelvis.




The proliferation that occurs in the lining of the papillae is a distinct form of "hyperplasia"”, is not
a transitional (urothelial) cell hyperplasia of the kidney pelvis. The hyperplasia seen in the TBA
study was entirely the proliferation of the lining of the renal papillae and was not proliferation of
the true kidney pelvis (Figure 1). This was specifically examined in the PWG and is stated clearly
in that report (Hard et al., 2011). What is important to understand is that this proliferation of the
lining of the renal papillae is a finding of advanced CPN, usually grade 3 or grade 4. This is explicitly
stated in the NTP report (NTP, 1995) on TBA on page 56; they indicate that this hyperplasia is a
manifestation of CPN. It in no way is a reflection of a direct effect of the chemical on this epithelial
lining, but rather, it is secondary to the CPN itself. It is also important to note that this type of
proliferation does not occur in humans. | have never seen it in my career, and | have spoken with
nephropathologists who also indicate that this type of proliferation has not been identified in
humans. Furthermore, | cannot find reference to it in textbooks (Jennette et al., 2015; Taal et al.,
2012) nor in a brief review of the recent nephropathology literature. Thus, even if the IRIS insists
that this is an independent finding, it is irrelevant to humans. However, it is important to
understand that this is not a separate finding from CPN in any circumstance in the TBA study, but
is merely another manifestation of advanced CPN.

Suppurative inflammation is also a part CPN, primarily due to the degeneration of the tubules
with an inflammatory reaction to the material from the lumen of the tubules or the cast-like
material that can form. Again, this is not a direct effect of the chemical, but rather, is a
consequence of advanced CPN, with greater likelihood of inflammation occurring as the more
advanced stages of CPN are attained. This is also related to the chronic interstitial inflammatory
infiltrate that is frequently seen in these end stage kidneys, along with fibrosis, which is the end
stage of the inflammation.

In summary, all of the findings of increased kidney weight, suppurative inflammation, and
transitional cell hyperplasia (actually hyperplasia of the papillae lining) are all manifestations with
TBA of CPN, with the addition that the increased kidney weight could also be contributed to be
by the az,-globulin nephropathy, which | will discuss below.

The relationship of CPN to the development of kidney tumors has been extensively examined
utilizing NTP bioassay data. One would anticipate that CPN would lead to an increase in renal
proliferative lesions including renal atypical hyperplasia and tumors, particularly adenomas, since
it is a proliferative nephropathy. In general, the incidence is usually relatively low secondary to
CPN, but can be higher. This was best illustrated by a study by Hard et al. (2012) which examined
the control rats in a large number of 2 year bioassays from the NTP. He utilized an 8 grade system
rather than the usual 4 grade system, but his grade 8 his generally equivalent to the grade 4 of
the NTP classification. He was able to show that in males, 41 of 170 male rats that had the highest
grades of CPN, had atypical hyperplasia or renal cell tumors (24.1%) and in the females, 1 of 6
animals with grade 8 CPN had atypical hyperplasia or tumors (16.7%). From this data, one can
see a number of factors. First, the incidence of high grade CPN is much greater in male rats than
in female rats. Secondly, with end stage CPN involving end stage kidney disease, there is a
significant incidence of renal cell tumors. Because CPN is a proliferative disease, the increased
incidence of tumors with the most advanced grades of this disease fits with what we know about



the relationship of increased cell proliferation and carcinogenesis. Similar findings supporting this
relationship have also been reported by others, including an early report by Seely et al. (2002),
but that study involved a smaller number of studies that were evaluated. It is important to note
that the studies by Hard et al. (2012) and Seely et al. (2002) involved actual re-examination of
the kidneys from these studies for both the diagnosis and grading of CPN as well as identification
of atypical hyperplasia and tumors. They did not rely on the reports. It should be noted that the
hyperplasia routinely seen with CPN is not considered atypical tubular hyperplasia, but is the
more "typical" hyperplasia seen with tubules that is a characteristic feature of CPN, even in its
early stages. It is only with the expansion of the proliferation that it becomes "atypical" and is
classified as atypical tubular hyperplasia. It is the atypical tubular hyperplasia that evolves into
adenomas. Adenomas occasionally evolve into carcinomas, but most of the lesions seen with CPN
remain as either atypical tubular hyperplasia or adenomas. The specific criteria for these tumors
have been well delineated in the INHAND classification document.

As has been evaluated extensively, CPN does not occur in humans and there is no analogous
disease in humans. The numerous distinctions between chronic renal disease in humans versus
CPN in rats has been described extensively by Hard et al. (2009). There is no doubt that CPN is
not relevant to humans, and should not be included in a risk assessment for humans. Thus, all of
the findings that have been attributed to CPN in the TBA study in the kidney, including increased
kidney weight, suppurative inflammation and transitional cell hyperplasia, are related to CPN and
are not relevant to humans.

There has been some controversy regarding the human relevance of tumors associated with CPN.
The above discussion clearly shows that CPN can be the cause of renal cell atypical tubular
hyperplasia and renal cell tumors. The evidence for this is overwhelming. Specific key events in
the mode of action have been well-described by Hard et al. (2013). These include: 1) exposure to
chemical (usually at high concentrations); 2) metabolic activation (if necessary); 3) exacerbated
CPN, including increased number of rats with end stage renal disease; 4) increased tubule cell
proliferation; 5) hyperplasia; and 6) adenoma (infrequently carcinoma) (see Figure 2). These key
events are well-delineated, and fit with the IPCS and EPA framework for mode of action analysis
in examination of human relevance (Sonich-Mullin et al., 2001; Meek et al., 2003; Seed et al.,
2005; Boobis et al., 2006; 2008). Since CPN is not relevant to humans, the tumors associated with
CPN are obviously not relevant to humans, either.



Figure 2. The modes of action for a azU—gIobuIin nephropathy and CPN, both starting with cell
loss (exfoliation in azU—gIobuIin nephropathy and cytotoxicity or degeneration for CPN). a -
globulin nephropathy is induced by the binding of the chemical to azU-gIobuIin, and its

incorporation into the tubule cell lysosomes.
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The IRIS document again brings up the arguments of Dr. Ronald Melnick in which he and his
colleagues try to argue that CPN is not a mode of action and that the kidney tumors are relevant
to humans (Melnick et al., 2012; 2013). There are numerous parts of Dr. Melnick's examination
and discussion which are erroneous, as described in detail in Hard et al. (2013). To begin with,
Melnick et al. (2012; 2013) confuse mode of action with mechanism of action. Mode of action
requires an identification of identifiable key events that lead from the exposure to the chemical
to the development of the apical endpoint, in this instance kidney tumors. This has been well met
for CPN. This contrasts with mechanism of action where the molecular details would be known.
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Obviously that is not known for CPN, nor is it known for most causes of cancer in animals or in
humans, although progress is being made along these lines. Second of all, his statistical analyses
are completely erroneous (Hard et al., 2013). To begin with, his analysis includes studies of
chemicals for which well-known modes of action have been identified, including genotoxicity. To
lump all of these together for an evaluation of CPN is clearly misleading and statistically not
appropriate. Furthermore, the analysis does not evaluate specifically animals with end stage
renal disease, which would have an increased incidence of renal tumors, rather than all stages of
CPN, including early stages of CPN. Additionally, the studies that he incorporated in his analysis
utilized various classification schemes for CPN, and different pathologists at different times have
included different criteria in their overall diagnostic details for CPN. None of this is taken into
account in his analysis, nor were any of the studies re-examined. It should be noted that Dr.
Melnick is not a pathologist. Furthermore, this is the same Dr. Melnick (Melnick, 1992) that has
argued that the mechanism for azu-globulin nephropathy-induced tumors is wrong despite a
clear description of the fallacies of his argument (Borghoff et al., 1993). Furthermore, the MOA
is widely accepted (IARC, 1999; Meek et al., 2003), including by the EPA and is delineated in the
IRIS document for TBA, is wrong. He argues that they are relevant to humans. For the IRIS
document to dwell and rely on the arguments by Dr. Melnick without a critical analysis is
unacceptable. Particularly, when the details examining the Melnick publications have been
delineated in Hard et al. (2013), which the IRIS document does not discuss.

The other issue is axu-globulin. The IRIS report delineates a great deal of detail regarding this
issue, but appears to be stymied by a lack of casts being identified in the NTP report despite their
being identified in the review by the PWG. The issue of casts is actually irrelevant. Although
having casts or cast-like material present is helpful in the diagnosis (Frazier et al., 2012), there
are other findings which clearly support the relationship of TBA to azu-globulin nephropathy
(Hard et al., 2011). Most notably is the finding of linear mineralization in the 2 year study. This is
a characteristic finding, although not pathognomonic, for azu-globulin nephropathy. Importantly,
it indicates that there has been tubular degeneration over time with eventual calcification of the
tubules, including the contents. Essentially, by definition, this indicates that cast-like material had
to be present within the tubules at some point in the development of this mineralization possibly
later than the 13 weeks of the shorter term study. It should be kept in mind that this
mineralization is to be distinguished from the corticomedullary calcification described earlier,
which is a common finding in rats, both male and female. The issue with ay,-globulin that appears
to be unclear to the writers of the IRIS document is that it involves cell loss. The writers of the
IRIS document appear to be confused about the issue of toxicity and regeneration with regard to
azu-globulin. It is not an issue of whether it is necrosis or not, but actually is related to cell loss.
The characteristic finding of az,-globulin is the "exfoliation" of tubular cells into the lumen of the
tubule. It is not known whether these are alive at the time of exfoliation or not. However, once
they have fallen off into the tubular lumen, they will die and progress down the nephron. Over
time, these accumulate and form the cast-like material, which over an even greater length of
time undergo degenerative changes and become calcified, leading to the formation of the linear
mineralization that is characteristic of au-globulin nephropathy. Thus, one does not necessarily
have to see tubular necrosis or even tubular cell degeneration for there to be cell loss. The
important observation is that there is cell loss, and when there is cell loss, the tubule has to



proliferate to regenerate the lost cells. Thus, like CPN, this is an issue of degeneration (in this
instance, cell loss) with regeneration (Borghoff et al., 2001). Thus, both az,-globulin nephropathy
and CPN lead to an increase in cell proliferation, which over time leads to an increase in renal
tumors (see Figure 2).

It is well-accepted, including by EPA, that az,-globulin nephropathy is not relevant to humans,
and therefore, the tumors associated with az,-globulin nephropathy are not relevant to humans,
and therefore the tumors associated with ay,-globulin nephropathy are also not relevant to
humans (IARC, 1999). This is a well-accepted conclusion by nearly everyone, except possibly Dr.
Melnick.

Some concern was raised in the IRIS report that the incidence of tumors in the study with TBA in
the male rat was higher than usually seen with axu-globulin or CPN. This is likely due to the fact
that there would be expected to be a synergy between these two factors, since both increase cell
proliferation. Furthermore, TBA is increasing the extent of CPN, including higher grades which
are more likely to lead to tumor development. Since both ay,-globulin nephropathy and CPN
increase cell proliferation, there is a greater likelihood that tumors will evolve over time,
particularly over the time of a 2 year bioassay. Since ayy-globulin is a male rat specific
phenomenon, the synergy between these two will only be seen in the male rat, and readily
explains why there were tumors in the male rat and not in the female rat. Although tumors have
been identified associated with CPN in female rats in other studies, these are very uncommon,
largely due to the fact that very few female rats in the 2 year bioassay develop end stage renal
disease as described above. One can readily develop a mode of action framework for the findings
in the rat kidney that fully explain all of the findings (see Figure 2). All of the findings in the kidneys
in the study with TBA, including those in the male and in the female can be attributed to
corticumedullary calcification, az,-globulin nephropathy, or CPN. Since all three of these are not
relevant to humans, none of the findings in the male or female rat kidneys in the TBA bioassay
are relevant to humans and should not be used for risk assessment purposes, whether qualitative
or quantitative.

The evidence that TBA is non-genotoxic is strong. This includes the NTP genotoxicity assays (NTP;
1995): the Ames assay, the mouse lymphoma cell assay, chromosomal aberration studies in CHO
cells, and an in vivo micronucleus assay in mice. Those were uniformly negative. In the IRIS draft
document, they mention a few other studies suggesting possible oxidative damage or reduced
glutathione activities, particularly referencing the two publications by Acharya (1995; 1997). It is
disturbing that the IRIS document described these papers without any critical analysis of the
quality of the data in these papers. Both of these publications have severe limitations with
respect to methodology, which raise serious questions as to the reliability of the data for
consideration for risk assessment. To begin with, in the first paper, they describe a level of toxicity
in the animals at a dose for which there was no toxicity seen in the NTP bioassay. Although it is
unclear as to what this was due, there is a strong possibility that this was due to the animals being
infected, possibly with Helicobacter hepaticus. The publications by Acharya describe possible
liver toxicity, although it is unclear that this is actually present. Liver toxicity is not seen in the
NTP publication on TBA. Furthermore, the histology is poorly presented, and the slides from the



kidneys actually show some degree of autolysis rather than necrosis. If the tissues were not fixed
adequately, this would raise questions regarding the other studies that were performed. Liver
toxicity is associated Helicobacter infections, and unless this was specifically analyzed for, it could
well have been present. There is no statement with regard to the specific pathogen free (SPF)
status of the animals, either at the time of purchase or the quality of the animal facility. In the
1990's, many of the laboratories in India where this study was performed, had complications with
numerous infections in their animals. This would completely explain the findings that they were
observing, so that it is unlikely that TBA was responsible for any of their findings. Furthermore,
they do not describe whether or not the animals were randomized for placement in the groups,
the number of animals per group was small (6), and there is no indication whether the
evaluations were performed in a blinded fashion. Furthermore, they describe weight loss in the
first paper. Although the animals were weighed in the second study, there is no description of
the results. In addition, there is no pathologist involved in the evaluation of the histopathologic
slide preparations.

Overall, TBA is clearly a non-genotoxic chemical. All of the findings in the kidney, including
increased kidney weight, suppurative inflammation, and transitional cell hyperplasia, in both
males and females, can be explained by CPN, az,-globulin nephropathy, and corticomedullary
calcification. None of these disorders occur in humans, so none of these findings are relevant to
humans. They therefore should not be used in a risk assessment.
In addition in the 2 year bioassay in mice, there was no evidence of changes in the kidneys, but
there was a slight increase in the incidence of follicular cell thyroid tumors and hyperplasia. In
pair wise comparisons, none of these were statistically significant. There was p < .05 for trend.
This is a common tumor in mice (common is defined by Haseman (1983) as a spontaneous
incidence of 1% or greater). Statistical significance has been recommended by Haseman at p <
.01 rather than < .05 because of the wide variations that can occur in the incidence of these
common tumors. This consideration of using p < .01 rather than .05 has been adopted
internationally in the pharmaceutical industry and is incorporated into the ICH Guidelines. These
guidelines are used by the US FDA and drug evaluation regulatory agencies around the world. It
has also been used by agencies involved in other types of chemicals. Applying this rule to the
thyroid tumors seen in the mouse study with TBA would indicate that this is not statistically
significant, and thus there is no significant tumor incidence in the mice. Furthermore, although
extensive studies have not been performed to evaluate the effects of TBA on thyroid and thyroid-
related hormones, it is well known that in rats in particular, but also in mice, that the quantitative
aspects of thyroid homeostasis differ between rodents and humans (Meek et al., 2003; IARC,
1999; Hill et al., 1989). This is largely because of the presence of thyroid-binding globulin in
humans as well as a larger reserve of thyroid hormone in the follicle material of the thyroid itself.
Furthermore, all of the modes of action that have been identified for non-genotoxic chemicals
producing thyroid follicular tumors in rodents have involved hypothyroidism, TSH stimulation,
and consequent increased cell proliferation of the follicle cells. This is true regardless of what
causes the decrease in circulating thyroid hormone (T3 and/or T4), whether due to increased
metabolism of the circulating thyroid hormone or direct thyrotoxicity, the end result is an
increase in pituitary secretion of TSH and consequent increase of thyroid follicular proliferation
and ultimately tumors. However, extensive epidemiology studies have been performed in
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humans examining various types of hypothyroidism, including iodine deficiency, and there does
not appear to be any relationship between hypothyroidism and an increase in follicular thyroid
tumors in humans. The only known carcinogen for the human thyroid is radiation. Thus, there is
no statistical significance in the incidence of thyroid tumors in the mice, and even if there was,
the findings would not be relevant to humans.
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