Science-based commentary of the Proposal for Harmonised Classification and
Labelling of Divanadium pentaoxide (CLH Report, Version 02, August 2019) by
Professor Len Levy

The CLH proposal for carcinogenicity of divanadium pentaoxide is based principally on the results
from the NTP 2002 Report on the toxicology and carcinogenicity of vanadium pentoxide (divanadium
pentaoxide) in rats and mice and thus, | will restrict my comments to this study (NTP 2002) and its
interpretation.

The CLH Report states in the following section:
10.9.3 Conclusion on classification and labelling for carcinogenicity

“With a weight of evidence approach, considering the clear evidence for carcinogenicity in mice in both
sexes, also supported by results in rats (NTP, 2002) with the various other CLP criteria to be considered,
a classification to Carc. 1B, H350: May cause cancer is warranted.”

“Classification should not be limited to a single exposure pathway. Although the data available only
relate to inhalation exposure, a decision to restrict carcinogenicity classification to the inhalation
pathway of exposure would not be justified, in the absence of carcinogenicity data by the oral or
dermal pathway for divanadium pentaoxide.”

| would disagree with the interpretation of the available data as presented in the CLH Report and its
use in its conclusion in relation to the CLP criteria and CLH Guidelines. In my opinion, a weight of
evidence approach, still primarily based on the NTP 2002 study, as in the Report, would be Carc. 2 -
suspect human carcinogen and further, | would propose that this is restricted to inhalation and not
to the dermal and oral routes, as proposed in the Report, for the following five reasons:

1. Anumber of published papers (Assem and Levy, 2009; Starr et al. 2012) have clearly demonstrated
that there is no increase in lung tumours in either male of female rats in the NTP 2002 study when
the data from the appropriate historical background rates are applied and the data are analysed
statically. In any case, there never was a statistical increase in lung tumours, even in the original
NTP 2002 publication.

2. There were no tumour increases at sites, other than the lung in mice, in the rats or mice in the
NTP 2002 study but there is ample evidence to show that the inhaled divanadium pentaoxide,
reached all tissues and organs (measured as vanadium) over the two-year exposure duration. In
terms of marked inflammatory responses at the respiratory epithelium, this demonstrates that
the exposure was clearly greatly in excess of the maximum tolerated dose (MTD) in rat and mice
for the whole of the exposure duration at all exposure levels yet no systemic tumours or even
tissue pathology were reported. For this reason, | propose that any carcinogenicity classification
is restricted to inhalation, even in the absence of studies via the oral and dermal route.

3. Itis noted that the increases in lung cancer in mice at the three exposure levels in the NTP 2002
study were almost maximal and at the same level in the low, medium and high exposure groups
(Starr and Macgregor 2014). This lack of a dose response curve is both puzzling and problematical.
Normally, a positive dose-response curve gives confidence to the researcher and regulator of a
causal link between the exposure to a substance and an effect. This is not possible here. However,
there was a marked inflammatory response to the lungs (principally alveolar epithelial bronchiolar
epithelial hyperplasia) which was dose related but moderate to severe in all three groups. This
response was also seen in all three rat groups where it was even more marked.



4. A major drawback in the interpretation of the similar degree of lung tumour increase in the low,
medium and high exposure groups of mice in the NTP 2002 study is that the low, medium and
high groups all experienced marked and persistent inflammatory damage to the bronchial and
alveolar epithelium, presumably for the full experimental exposure duration. This is not surprising
as it is well known that divanadium pentaoxide is highly irritating and points to a poor dose
selection for the NTP 2002 study. This is surprising as the 16-day and 3-month range finding
studies, reported in NTP 2002, give evidence that marked inflammatory changes could be
expected in the two-year study at the selected doses. It is important to note that both the OECD
and the USEPA give guidance about the selection of doses used in chronic studies and note that
excessive toxicity may “compromise the usefulness of the study and/or quality of the data
generated” (OECD 2012). In general, international guidance for the design and conduct of hazard
evaluation explicitly state that doses, where irritation or inflammation occur at the site of contact
should be avoided (OECD 2012). In the case of chronic studies (as is NTP 2002) it states: “Principle
5 - Physicochemical factors (e.g., solubility, vapour pressure), the bioavailability of the compound,
the palatability of the compound in food or drinking water, and other factors such as the potential
for the substance to cause adverse effects at the site of administration (e.g., irritation, erosion,
and ulceration) will influence the selection of the highest dose for chronic rodent bioassays. It is
recommended that doses for chronic rodent bioassays be selected to minimize or avoid adverse
nutritional, physical, organoleptic, and irritant effects.” More recently, the OECD test guidelines
for chronic toxicity/carcinogenicity testing state that potentially corrosive or irritating substances
need to be diluted to avoid severe local effects (OECD 2018a,b). Clearly, these important study
design factors were not adhered to in the case of the NTP 2002 study in rats and mice, as
evidenced by the generally severe and persistent inflammatory changes, seen in both tested
rodent species and which presumably occurred over the whole exposure duration. | believe this
both “comprises the usefulness of the study” and confounds a clear interpretation of the lung
tumour findings in the mice.

5. Afurther concernis the lack of concordance between the and mice and rats in the NTP 2002 study.
It has been proposed that when a compound is non-genotoxic and associated with an increase in
lung tumours in mice only, the relevance of the finding for human lung cancer risk is greatly
diminished (Smith and Anderson 2017; Smith et al. 2018). In this context, non-genotoxic is
intended to mean non-DNA-reactive.

Discussion:

The CLP Regulation states in Table 3.6.1: “The placing of a substance in Category 2 is done on the basis
of evidence obtained from human and/or animal studies, but which is not sufficiently convincing to
place the substance in Category 1A or 1B, based on strength of evidence together with additional
considerations (see section 3.6.2.2). Such evidence may be derived either from limited (1) evidence of
carcinogenicity in human studies or from limited evidence of carcinogenicity in animal studies.”

My reasoning for proposing Cat.2 is that my evaluation of the results of the NTP 2002 studies lead to
an opinion of limited evidence of carcinogenicity in animal studies for the reasons given in 1-5 above.
| acknowledge that the IARC evaluation of divanadium pentaoxide (IARC 2006) as Group 2B possibly
carcinogenic to humans and that this was based on sufficient evidence in experimental animals.

However, the IARC Working Group did not have the benefit of the recent publications, noted above(
Assem and Levy, 2009; Starr et al. 2012), which have shown that there is no increase in lung tumours
in rats in the NTP 2002 study and, as is the working practice of IARC Monograph meetings, the animal
cancer findings were evaluated by the animal carcinogenicity sub-group and the inflammatory effects
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in the lung (from the same NTP 2002 study) by a separate sub-group (Other Effects) and thus may not
have received sufficient consideration for confounding, caused by chronic inflammation, that they
deserved.

In section 3.6.2.2 (see above) of the CLP Regulation, the following is provided to assist in the
evaluation:

Annex I: 3.6.2.2.6. “Some important factors which may be taken into consideration, when assessing
the overall level of concern are:

(a) tumour type and background incidence;

(b) multi-site responses;

(c) progression of lesions to malignancy;

(d) reduced tumour latency;

(e) whether responses are in single or both sexes;

(f) whether responses are in a single species or several species;

(g) structural similarity to a substance(s) for which there is good evidence of carcinogenicity;
(h) routes of exposure;

(i) comparison of absorption, distribution, metabolism and excretion between test animals and
humans;

(j) the possibility of a confounding effect of excessive toxicity at test doses;

(k) mode of action and its relevance for humans, such as cytotoxicity with growth stimulation,
mitogenesis, immunosuppression, mutagenicity.”

Where | disagree with the interpretation of the CLH Report for proposing Cat. 1B is based on three of
these above important factors in particular and as follows:

(b) multi-site responses; - there is no evidence that there was an increase in tumours at any site other
than the lung in male and female mice. This is clearly site-of-contact response related to the
inflammation caused by the well-known irritant properties of divanadium pentaoxide. The divanadium
pentaoxide is completely and rapidly concerted to the soluble vanadate ion and transported to all
tissues and organs where no increase in tumours or tissue or organ damage was seen in mice or rats
(NTP 2002).

(f) whether responses are in a single species or several species — it is a single species; only in mice.
There is no increase in lung tumours in the rat (male or female) Starr et al. 2012.

(j) the possibility of a confounding effect of excessive toxicity at test doses —the study findings (tumours
in mice) are confounded (OECD 2012) by the excessive toxicity (chronic and persistent marked
bronchial and alveolar epithelial inflammation) at all three dose levels tested and coupled with a lack
of dose response for the lung tumour findings in mice.

As has been noted, this chronic inflammation has led to marked oxidative damage which has resulted
in increases in oxidative damage, including the formation of reactive oxygen species (ROS). This could
well explain the increase in lung tumours in mice by secondary (non-DNA reactive) mechanisms, such
as aneuploidy (IARC 2006, Assem and Levy 2009). However, this is an effect due to chronic
inflammation due to the highly acidic local environment caused by the interaction of the inhaled



particulate divanadium pentaoxide at the mucous respiratory tract and alveolar epithelial lining and
unlikely to be an intrinsic toxicological property of divanadium pentaoxide per se. Clearly, the
persistent respiratory tract and alveolar epithelium inflammation at all three tested levels in the NTP
2002 study for the whole duration of the exposure period, greatly in excess of the MTD, has
compromised the study design and confounded a clearer interpretation of the mouse lung tumour
results and leads me to the conclusion of not sufficient but of limited evidence of carcinogenicity. This
is consistent with a Category 2 classification — based on the CLP Regulation and CLH guidance
document.

Conclusion:

Based on these above considerations, | would urge the authors of the CLH Report to re-evaluate the
data, review relevant publications and the comments above and to reconsider their proposal for the
carcinogenicity of divanadium pentaoxide.
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