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Following are comments regarding the recently published toxicological review of Ethyl tert-butyl 
ether (ETBE) (CAS RN 637-92-3) which was published in June 2017. I was a participant in the PWG 
reported as Cohen et al., (2011). These comments are from myself, without support from any 
company or other individuals. 

I have extensive experience in human and in animal pathology, including rats and mice, and I am 
still a practicing surgical pathologist. In addition, I have more than 50 years of experience in 
experimental toxicology, carcinogenesis, and pathology research and have published extensively 
with nearly 400 publications in my career. I 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. I 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. I also serve on the FEMA Expert Panel for the evaluation of flavors, which evaluates the 
safety of flavor ingredients in foods. I have extensive experience in kidney pathology, and I have 
served on a number of pathology working groups involving kidney pathology, including the one 
organized for ETBE. 

Ethyl tert-butyl ether (ETBE) is the subject of a draft toxicological review by IRIS. In the review 
last year, the authors of the ETBE draft document were strongly encouraged to seek pathology 
expertise in reviewing the material. This obviously has not been done. There is no pathologist 
listed in their assessment team, contributors to the document, the production team, or 
contractor support. In addition, I 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. Many of the comments that I am making regarding ETBE 
I have made in my comments regarding tert-butyl alcohol (TBA), and I refer the EPA to those 
comments, rather than repeat them in detail here.  

For ETBE, the issues are kidney changes in the rat, particularly in males, and the increased 
incidence of liver tumors in rats treated with ETBE. Ultimately, none of the findings regarding 
the kidney nor the liver tumors are relevant to human risk, and therefore, should not be 
incorporated into a risk assessment for ETBE. The centriloblular hypertrophy of the liver could 
be relevant to humans so could be used for risk assessment purposes. I will first address the 
changes in the kidney, which are non-cancer, and then address the issue of liver toxicity and 
tumors. 
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As with TBA, the authors for the IRIS document have completely misinterpreted the pathology 
findings regarding the kidney and their relationship to chronic progressive nephropathy (CPN). I 
have written about these changes in detail in the document for TBA, and I refer the reader to 
those comments. However, let me address some of the specifics regarding ETBE. It is very likely 
that the changes in the kidneys secondary to ETBE are related to its metabolism to TBA. Since 
the exposure to TBA would be less than the direct administration of TBA, it is not surprising that 
the changes are less severe and do not result in tumors.  

Findings regarding alpha2u-globulin nephropathy are detailed in the PWG report on ETBE (Cohen 
et al., 2011). The changes are consistent with alpha2u-globulin nephropathy, are male specific, 
and are not relevant to humans. Details regarding the findings for CPN and ETBE are also detailed 
in that PWG report. 

The pathologic findings related to CPN have been extensively delineated in INHAND criteria 
published by the Society of Toxicologic Pathologists in 2012 (Frazier et al., 2012). The 
characteristic histopathologic features of CPN in include tubular basophilia, nuclear crowding, 
thickened basement membrane, hyaline casts, tubular atrophy, tubular dilitation, focal 
glomerular sclerosis, glomerular atrophy, inflammatory infiltrate, transitional cell hyperplasia of 
the renal pelvis lining (to be discussed in greater detail below), and interstitial fibrosis (Frazier et 
al., 2012). Not all features will be present in every kidney affected with CPN, but depends on the 
grade of the disease which will partly be a reflection of age of the rat. An increase in kidney weight 
is a gross finding related to CPN, as well as α2u-globulin, and is a non-specific finding regarding 
many forms of kidney toxicity in rodents. As the disease progresses, renal function decreases 
leading to an increase in BUN and creatinine levels, and ultimately, if it progresses to end-stage 
kidney, and results in uremia.  

The IRIS authors have chosen to separate several manifestations of the kidney changes as 
separate entities from CPN, including urothelial hyperplasia, increased blood concentrations of 
total cholesterol, BUN, and creatinine, and increased kidney weight. These are all manifestations 
of CPN (or combined with α2u-globulin), and cannot be separated. The statistical approaches 
described by IRIS are inappropriate for several reasons as detailed in my TBA comments. The 
changes in urothelial hyperplasia and the blood levels of BUN and creatinine will only occur in 
the more severe grades of CPN, and thus are not usually present in earlier grades, such as grade 
1 or 2. Important to note for the evaluation is that the pathologist will not always record all of 
the features separately in their list of diagnoses but will lump them together under CPN, or might 
delineate one or more of the specific changes. Thus, without going through a specific review of 
the slides to list each of the features for individual animals, a statistical comparison cannot be 
made.  

It should be noted that the increased levels of BUN and creatinine are a manifestation of end-
stage kidney disease. These are usual features with high grades of CPN, which is increasing in 
incidence and severity over time in many of the rat strains that are used for tumor bioassays. This 
is particularly true for the F344 rat, and has led to the termination of the use of that strain by the 
NTP because of the marked increase in mortality secondary to renal failure secondary to CPN.  
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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 on TBA (Hard et al., 2011) and the PWG report on ETBE (Cohen et al., 
2011). True transitional cell (urothelial cell) hyperplasia occurs in the lining of the renal pelvis, 
which is distinct 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. 

Lining of the papilla 

Hyperplasia 

True kidney pelvis 
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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). This is also the "renal pelvis hyperplasia" in the ETBE studies 
which described in the PWG report on ETBE (Cohen 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. 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. I have never seen it in my career, and I have spoken with 
nephropathologists who also indicate that this type of proliferation has not been identified in 
humans. Furthermore, I cannot find reference to it in nephropathology 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 or ETBE studies, but is merely another manifestation of advanced CPN. 

Most importantly, CPN in rats is not relevant to humans (Hard and Seely, 2005; Hard and Khan, 
2004; Hard et al., 2009; 2011; 2012; 2013; Seely et al., 2002; Travlos et al., 2011). The IRIS 
document continues to cite the contrary opinion of Melnick et al., (2012; 2013), but do not 
mention the numerous deficiencies of his data and arguments as delineated in detail in Hard et 
al. (2013). All of the kidney findings in the ETBE studies can be explained by CPN and α2u-globulin 
which are not relevant to humans, and therefore should not be used for human risk assessment.  

It is also known that the changes of CPN are more extensive and appear earlier in the male rat 
compared to the female rat. Furthermore, there are similar changes in male and female mice 
with similar pathologic and clinical manifestations, but the extent is generally not as frequent or 
as severe as in the rat. Thus, the rat has greater changes than the mouse, and the male has 
changes greater than the female regarding CPN in rats or CPN-like changes in mice. 

In summary, all of the kidney changes that are described in the IRIS report regarding the kidney 
can be attributed to CPN and α2u-globulin nephropathy. This includes increased kidney weight, 
urothelial hyperplasia (actually hyperplasia of the kidney papilla lining), and increased blood 
concentrations of total blood cholesterol, BUN and creatinine. Since CPN is not relevant to 
humans, these findings described by IRIS in response to ETBE administration also are not relevant 
to humans. As has been extensively evaluated, 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). Without doubt, 
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 ETBE study involving the kidney are 
related to CPN and are not relevant to humans and should not be used in a risk assessment.  

The discussion regarding findings in the liver also reflect a significant lack of pathology expertise 
by the writers of this document. They report on the bioassays of ETBE which have been 
performed by gavage, water administration, and by inhalation. The indication is that there was 
an increased incidence of tumors in male rats only, and only in the gavage study and in the 
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inhalation study. In the inhalation study, there was only a slight increase in adenomas, but not 
carcinomas. Administration in the water study was completely negative, and all studies were 
negative in female rats. These results suggest a weak effect at most with respect to the liver.  

The IRIS document tries to explain the possible modes of action that could be involved with ETBE-
induced liver tumors, but get lost in their understanding of the pathology and with respect to 
mode of action analysis. They indicate that the finding of centrilobular hypertrophy of the liver is 
seen only in the shorter term studies but not in the two year bioassays, indicating that this is a 
transient effect and likely not related to the tumorigenic finding. This goes against an extensive 
literature discussing various modes of action that produce centrilobular hypertrophy and 
ultimately liver tumors. It has been clearly shown that centrilobular hypertrophy occurs early in 
the life span of the animals, and usually is not detectable at the two year time point largely 
because of the extensive changes that are present in the liver. This has been discussed in detail 
by Dr. Robert Maronpot (Maronpot et al., 2010), a renowned authority in liver histopathology 
who was the head of the pathology branch of the National Toxicology Program for many years. 
Numerous authors have actually argued that this reflects an adaptive response rather than an 
adverse response (Hall et al., 2012). Furthermore, a lack of comprehensive evaluation of not only 
the pathology but an understanding of modes of action related to centrilobular hypertrophy is 
reflected by the fact that they do not even cite the publication by Corton et al. (2014), which 
provided an extensive analysis of the mode of action for CAR activated tumorigenesis in the liver. 
This is disturbing because Dr. Corton is an EPA scientist and led the team of international 
scientists that developed the mode of action analysis on PPARα that was published in 2014. 
Undoubtedly, the centrilobular hypertrophy was related to one of the nuclear receptors, CAR, 
PXR, or PPARα, which are well-known to produce centrilobular hypertrophy early in the course 
of treatment, for some chemicals within days. Evidence for activation of these receptors has been 
published by various authors (e.g. Kakehashi et al., 2013). These are associated with an increase 
in liver weight early in the course of the experiment, and with the eventual development of liver 
tumors in the two year bioassay. The amount of data presented in the IRIS document clearly 
shows that one or more of these receptors are affected. Centrilobular hypertrophy is related to 
activation of these receptors, and the centrilobular hypertrophy is related to the eventual 
development of these liver tumors.  

The IRIS document also suggests that because there is a lack of complete correlation between 
the finding of centrilobular hypertrophy in different studies by different routes of administration 
and the ultimate development of tumors, it can't be related to the development of the tumors. 
This reflects a distinct lack of understanding of the relationship of these findings, and a 
relationship to toxicokinetics and changes over time. Most importantly, although the metabolic 
changes related to CAR, PXR, and PPARα occur in humans at high doses of exposure to these 
chemicals, the human liver does not respond to activation of these receptors with an increase in 
cell proliferation, which is a central key event to the mode of action in the animal models for 
these tumors (Corton et al., 2014; Elcombe et al., 2014).  

Increased hepatocyte proliferation in addition to activation of these receptors and centrilobular 
hypertrophy have been demonstrated (Kakehashi et al., 2015). PPARα has been accepted as a 
mode of action that is not relevant to humans and most organizations accept CAR and PXR 
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activation (frequently together) as also not relevant to humans. Epidemiology study with drugs 
that act by these mechanisms (fibrates for PPARα activation and phenobarbital and various anti-
anxiety drugs for CAR activation) have consistently not shown a relationship to an increase in 
tumor formation, even at doses that are similar in the human compared to the animal studies.  

A lack of understanding of the overall mode of action approach to evaluation is evident in some 
of the comments made in the IRIS documents, as has been an issue for IRIS documents in the 
past (Guyton et al., 2009). For example, one of the statements that they make (page 1-53) is that 
data gaps exist and a lack of information regarding gap junctions and clonal expansion are cited 
as examples. Gap junction communication loss is not considered one of the key events in the 
mode of action, but rather is considered an associative of that event (Corton et al., 2014; Elcombe 
et al., 20174). The issue of clonal expansion refers primarily to the appearance of foci, but is 
clearly present if there is development of adenomas and/or carcinomas, since these are clonal 
expansions of liver cells, as are the foci. Difficulties of the IRIS program with use of mode of action 
data has been addressed previously (Meek et al., 2008). There is a well-established framework 
for evaluation of mode of action in animals and human relevance (Sonich-Mullen et al., 2001; 
Meek et al., 2003; Seed et al., 2005; Boobis et al., 2006; 2008) that is incorporated into EPA's 
cancer guidelines and is also used for non-cancer toxicities. Scientists from numerous 
governmental agencies participated in development of this framework, including scientists from 
EPA, and at least for pesticide evaluations in EPA-OPP registrants are required to use it in their 
presentations to the Agency. 

The IRIS document also refers to an investigation by Maltoni et al. (1999). They delineate the 
serious flaws in that study, which were corroborated by a peer review of that study by a number 
of pathologists from the United States, including individuals from the National Toxicology 
Program (Malarkey et al., 2011). Fundamentally, the Maltoni et al. studies have a poor quality of 
pathology, have not been peer reviewed (prior to the Malarkey et al. review), and are significantly 
complicated by the presence of pneumonia in all of the animals in the facility. There are also 
numerous other deficiencies. This study should not be considered for any risk assessment. As an 
example, the European Food Safety Authority (EFSA) has refused to consider any of the 
publications from the Ramazzini Institute because of significant deficiencies in the study design 
and execution.  

The IRIS document also refers to studies by Hagiwara et al. (2011; 2013; 2015) in which ETBE is 
administered after pretreatment with a number of DNA reactive carcinogens. These models 
should be considered carefully, since they have not been validated. Most importantly, IRIS does 
not provide a critical analysis of these studies. The study involving the administration of five 
different DNA reactive carcinogens before treatment with ETBE (Hagiwara et al., 2011) is 
particularly suspect. This is primarily because of the extensive variability in the incidence of 
tumors in this model when the animals are treated only with these five DNA reactive chemicals, 
without a subsequent test chemical, such as ETBE. This variability makes interpretation of the 
results extremely difficult, if not impossible. For example, in the five chemical initiation study 
(Hagiwara et al., 2011) there is an increased incidence of urinary bladder tumors, but in the study 
specifically looking at the BBN model without the other 4 DNA reactive chemicals showed no 
effect by ETBE (Hagiwara et al., 2013). In addition, in the five chemical initiation study, they 
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reported forestomach tumors (Hagiwara et al., 2011). Forestomach tumors are not relevant to 
humans, so it is unclear why the IRIS document does not address this lack of relevance any 
further. The effects on the thyroid are probably the most variable in the five chemical study.In 
the experiment in which the animals were initiated with N-ethyl-N-(2-hydroxyethyl)nitrosamine 
(EHEN) there is an increase in liver tumor and kidney tumors (Hagiwara et al., 2051). This is not 
surprising since ETBE by itself slightly increased the incidence of liver tumors. Any chemical that 
by itself produces an increased incidence of tumors will also be positive in such a two-stage 
initiation/promotion assay. The finding of kidney tumors suggests that in this model, at least, 
ETBE is metabolized adequately to TBA leading to a possible increase in kidney tumors.  

In summary, the liver tumors are slightly increased with ETBE, are present in only one sex, and 
are variable depending on the route of administration. Based on the information available, it is 
likely that the mode of action involves activation of a nuclear receptor, reflected in the 
development of centrilobular hypertrophy, with the ultimate slight increase in liver tumors, 
primarily adenomas. This mode of action and these tumors are not relevant to human risk 
assessment. If a quantitative extrapolation to human risk regarding non-cancer findings is to be 
performed, one could use the centrilobular hypertrophy as a potential risk to humans as a non-
cancer finding, since this is likely to occur in humans with any of these three nuclear receptors. 
This is in contrast to the lack of human relevance of any of the kidney findings.  

In summary, there is no human relevant cancer finding with ETBE. The non-cancer kidney findings 
with ETBE are not relevant to humans, but the centrilobular hypertrophy that is seen with ETBE 
in the liver is potentially relevant to humans, but will be a high dose phenomenon only. 
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