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control groups. Comparison to the tumor incidence rates 
in treated groups with both concurrent control groups and 
HCD can, along with other study data such as the incidence 
of other lesions of similar cell lineage, help to determine 
biological relevance.” Historical control data are routinely 
used by regulatory agencies in the assessment of chronic 
toxicity and carcinogenicity data. For example, according 
to the FDA (2001): “Historical control data can also be 
used as a quality control mechanism for a carcinogenicity 
experiment by assessing the reasonableness of the sponta-
neous tumor rates in the concurrent control group (Hase-
man 1984; Haseman et  al. 1984) and for evaluation of 
disparate findings in dual concurrent controls.” The use of 
historical control data, particularly from the same labora-
tory, is a well-established method used by regulatory agen-
cies and the National Toxicology Program (NTP) for under-
standing how an animal model performs and for preventing 
the overinterpretation of results (Keenan et al. 2009).

Waalkes et al. (2014a) are correct that the historical con-
trol data from Charles River Laboratories are not the most 
appropriate tumor data for comparison to the results of this 
study since it is a different laboratory. However, Waalkes 
and his colleagues have never provided historical control 
data from their laboratory for comparison. We used the 
results from their 2011 paper (Tokar et al. 2011), which we 
assume was at the same laboratory and under similar con-
ditions for a historical tumor incidence comparison in our 
letter to the editor.

Lung tumors in this strain of mouse are very common 
and quite variable (Nikitin et al. 2004; Giknis and Clifford 
2005). A comparison of the tumor range from the current 
and previously reported Waalkes et al. studies with the lit-
erature shows that the range of lung tumor incidence over-
laps considerably. Thus, the logical conclusion using these 
data is that the results of their most recent study indicate 

The reply of Waalkes et al. (2014a) to our concerns (Cohen 
et  al. 2014) regarding their publication in Archives of 
Toxicology (Waalkes et al. 2014b) did not address the key 
issues. Their study reported an unusual dose–response rela-
tionship with considerable mortality and with tumor inci-
dence results in contrast to their previous study (Tokar et al. 
2011) that could not be explained. Waalkes et al. (2014b) 
state in the manuscript that, “… these results should be 
interpreted with great care. For one, the reason for the 
absence of a typical dose–response for lung tumor forma-
tion is unknown and requires thoughtful scrutiny and con-
firmation and further study.” The rational explanation for 
the “unusual dose–response” which is readily apparent 
when comparing their two papers lies with the historical 
controls: There is no treatment-related effect.

Ignoring historical controls in carcinogenicity studies 
is inappropriate. Unquestionably, the concurrent control 
is very important, but as stated by Elmore and Peddada 
(2009), “To assess if the tumor responses in the current 
study are unusual in comparison to what is known histori-
cally about the lesion among control animals, it is custom-
ary for researchers to compare the responses in the current 
study with the tumor incidences in control groups from 
previous studies. Historical control data (HCD) is the 
term used for this compilation of data from previous stud-
ies. Thus, the HCD can be used to determine if the tumor 
incidence in the concurrent control group or dual control 
groups are consistent with the tumor incidence in historical 
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that there is no treatment-related effect at any of the doses. 
An additional confounder to the interpretation of the results 
from this study is the high and variable mortality seen in 
various groups, the effects of which on tumor incidence 
cannot be known. Nevertheless, this is a major complicat-
ing factor in interpretation of the results, which is why reg-
ulatory agencies and the NTP have guidance for survival 
that must be met to consider the study to be acceptable. 
While the exception is death due to the tumors, there is no 
indication that the early mortality in Waalkes et al. (2014b) 
was tumor-related.

Finally, the suggestion by Waalkes and colleagues that 
the inconsistent dose–response is indicative of a non-mono-
tonic dose–response is not supported by previous studies 
with arsenic and does not match with the current knowl-
edge on arsenic effects in animal studies, or, more impor-
tantly, with the findings in epidemiology studies, from 
which there is no evidence of a non-monotonic response 
for cancer or non-cancer endpoints. The suggestion by the 
authors regarding this matter is not supported by available 
data.

References

Cohen SM, Arnold LA, Klaunig JE, Goodman JI (2014) Re: Waal-
kes et  al.: Lung tumors in mice induced by “whole-life” inor-
ganic arsenic exposure at human-relevant doses. Arch Toxicol 
88:2061–2062

Elmore SA, Peddada SD (2009) Points to consider on the statistical 
analysis of rodent cancer bioassay data when incorporating his-
torical control data. Toxicol Pathol 37:672–676

FDA (2001) Guidance for industry, statistical aspects of the design, 
analysis, and interpretation of chronic rodent carcinogenic-
ity studies of pharmaceuticals. Center for Drug Evaluation and 
Research

Giknis MLA, Clifford CB (2005) Spontaneous neoplastic lesions in 
the CrI: CD-1 (ICR) mouse in control groups from 18  months 
and 2 year studies. Charles River Laboratories, Wilmington, pp 
1–19

Haseman JK (1984) Statistical issues in the design, analysis and inter-
pretation of animal carcinogenicity studies. Environ Health Per-
spect 58:385–392

Haseman JK, Huff J, Boorman GA (1984) Use of historical con-
trol data in carcinogenicity studies in rodents. Toxicol Pathol 
12:126–135

Keenan C, Elmore S, Francke-Carroll S, Kemp R, Kerlin R, Peddada 
S, Pletcher J, Rinke M, Schmidt SP, Taylor I, Wolf DC (2009) 
Best practices for use of historical control data of proliferative 
rodent lesions. Toxicol Pathol 37:679–693

Nikitin AY, Alcaraz A, Anver MR, Bronson RT, Cardiff RD, Dixon D, 
Fraire AE, Gabrielson EW, Gunning WT, Haines DC, Kaufman 
MH, Linnoila RI, Maronpot RR, Rabson AS, Reddick RL, Rehm 
S, Rozengurt N, Schuller HM, Shmidt EN, Travis WD, Ward JM, 
Jacks T (2004) Classification of proliferative pulmonary lesions 
of the mouse: recommendations of the mouse models of human 
cancers consortium. Cancer Res 64:2307–2316

Tokar EJ, Diwan BA, Ward JM, Delker DA, Waalkes MP (2011) Car-
cinogenic effects of “whole-life” exposure to inorganic arsenic in 
CD1 mice. Toxicol Sci 119:73–83

Waalkes MP, Qu W, Tokar EJ, Kissling GE, Dixon D (2014a) 
Response to letter to the editor by Cohen et al. (2014) “Re: Waal-
kes et  al.: Lung tumors in mice induced by “whole-life” inor-
ganic arsenic exposure at human-relevant doses, Arch Toxicol, 
2014”. Arch Toxicol 88:2063–2065

Waalkes MP, Qu W, Tokar EJ, Kissling GE, Dixon D (2014b) Lung 
tumors in mice induced by “whole-life” inorganic arsenic expo-
sure at human-relevant doses. Arch Toxicol 88:1619–1629


	Response to the Waalkes et al., Letter to the editor concerning our “letter to the editor, Re: Lung tumors in mice induced by “whole-life” inorganic arsenic exposure at human relevant doses, Waalkes et al., Arch Toxicol, 2014”
	References




