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CORRESPONDENCE

Studies of the carcinogenesis and
tumourigenesis of skin applica-
tions of dodecylbenzene on hair-
less mice

Sir,-Several aspects of the study
reported by Iversen (1989;46:608-16)
give rise to concem, including its
design and conduct, the absence of
dose response relations, and the mar-

ginal statistical significance observed.
Iversen alludes to problems of

potential misdosing of animals but
dismisses the potential significance for
the overall results. Individual iden-
tification of animals was performed
only after the development of a lesion,
not from the start of the study.
Animals were not individually housed.
The incidence of papillomas in the
negative control animals is unusual,
although this had not been observed
previously in Iversen's laboratory. We
contend that any misdosing or mis-
assignment ofanimals could have been
significant to the overall outcome of
the study, particularly since the dose
of DMBA used (51-2 ig) for the
positive control mice caused about half
of the treated animals to develop skin
tumours. We consider that the inci-
dence of tumour bearing animals in
this case may have been too high to
distinguish clearly promoting activity.
The incidence of malignant lym-

phoma in negative control animals was
3-6% (2/56), in the low dose group
3 6% (2/56), and in the high dose
group 10-7% (6/56). Comparison of
the controls and the high dose group
was not considered statistically sig-
nificant (0-10 > p > 0 05 by a chi
squared assessment using one tailed
test). Therefore no clear evidence is
presented that malignant lymphomas
were related to treatment. As Iversen
notes, hairless mice are known to
develop reticuloses in old age. High
incidences of lymphoid leukaemias
have also been reported in these
animals.' The Norwegian Cancer Reg-
istry found no excess in lymphomas or

leukaemias in a large cohort ofworkers
exposed to mineral oils and to alkyl-
benzenes (OH Iverson, personal com-
munication).
Dodecylbenzene (a branched chain

alkylbenzene) is a skin irritant in mice.
Iversen describes lesions including
ulcerations and pronounced hyper-

plasia. The interpretation of results
from dermal bioassays conducted
under such conditions is important.
Repeated epidermal regeneration can
elicit promotion of both benign and
malignant neoplasms in mouse skin.2
Disruption of the barrier function of
the skin may potentially invalidate a
chronic cutaneous study.
We have conducted an eight week

dose range finding study in C3H mice
using two materials (C10-C13 linear
alkylbenzenes) of similar irritant
potential to that of dodecylbenzene
(branched chain alkylbenzene)
(ECOSOL unpublished data). The
study was conducted to GLP and used
various treatment regimens. Gross
and histopathological examinations of
the treated skin were assessed accord-
ing to the US-EPA criteria for setting
the maximum tolerated dose.3 This
was assessed as 5% linear alkylben-
zene (in acetone) applied twice weekly.
This conclusion was corroborated by
an ad hoc group ofpathologists, two of
whom were members of the EPA
workshop on dermal toxicity.3 We
therefore conclude that at each of the
concentrations used by Iversen (16%
40%, and 80%) the maximum toler-
ated dose was exceeded.

Iversen's conclusions from mouse
bioassay data are not supported by
results of in vitro studies conducted
recently4 (and A L Meyer, unpubli-
shed data). Alkylbenzenes (branched
chain and linear) with major compon-
ents in the C9 to C12 range show
overwhelming negative genotoxic and
cell transforming activities.

In evaluating the significance to
man of Iversen's findings, we agree
that no evidence is presented to
indicate that dodecylbenzene
(branched chain alkylbenzene) poses a
carcinogenic hazard to man. We
believe that the tumourigenic response
to 80% dodecylbenzene is related to
compromised skin. Lower levels of
dodecylbenzene provide no evidence
ofsuch an effect. We agree that there is
no evidence of a carcinogenic response
and, finally, we do not believe that the
observations of malignant lymphoma
were related to treatment.

C B J ASSOGNE
ECOSOL,

Avenue Louise 250 bte72,
B-1050 Brussels,

Belgium

ECOSOL (European Centre of
Studies on Linear Alkylbenzenes and
Derivatives)-A CEFIC Sub-group.

1 Meier H, Meyers DD, Huebner RJ.
Genetic control by the hr-locus of
susceptibility and resistance to leuk-
emia. Proc Natl Acad Sci
1969;63:759-66.

2 Argyris TS, Slaga TJ. Promotion of
carcinomas by repeated abrasion in
initiated skin ofmice. Cancer Research
1981;41:5193-5.

3 Environmental Protection Agency.
Summary of the second EPA workshop
on carcinogenesis bioassay via the der-
mal route, May 18-19, 1988, Research
Triangle Park, NC. (EPA 560/6-89-
003) available NTIS, 5284 Port Royal
Road, Springfield, VA 22161 (703-
487-4650).

4 Robinson EC, Nair RS. The genotoxic
potential of linear alkylbenzenes in a
short term test battery. Toxicologist
(in press).

Author's reply:
The authors of the letter think that my
study "gives rise to concern" as
regards the design and conduct, the
absence of a dose response relation,
and the marginal statistical sig-
nificance observed. The design and
conduct of my study were carefully
worked out. The alkylbenzene tested
was not a linear, but a branched,-
compound. A research and testing
services contract was signed in
September 1983 by myself and vice-
president R Wilson of Essochem,
Europe. During the study we were
inspected by two auditors, one from
the quality assurance division of
Exxon Corporation (J K Baldwin,
USA) and one from Essochem Europe
(N J Sarginson). They went through
the whole experiment, the laboratory
books, the identification of the
animals, etc, and found everything
acceptable.

I presume that the authors of the
letter are not seriously intending to
suggest that we deliberately misdosed
the animals to obtain a desired result
or to cast doubt on the quality or
scientific integrity of the laboratory or
its researchers and technicians. I
personally prepared and applied the
initial dose of DMBA and the tech-
nicians applied the oils and fluids
twice a week by an automatic pipette.
On page 611 of my paper it is
specifically mentioned that there were
no statistically significant differences
in tumour rates or yields between the
group of 48 animals that received
DMBA once in this study and all the
other groups at our institute that had
received one application of the same
dose of DMBA. This is what I meant
by saying that "any possible small
misdosing of animals is of no sig-
nificance for the overall results." In
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other words, this experiment, as all
others in our institute, was designed
also to control the possibility of an
accidental misdosing by using one
specific control group and, for statis-
tical assessment, also a large historical
control group.
The individual identification of

animals after the development of a
lesion is a well tried method. There is
no point in identifying an animal with-
out a lesion, because such animals
provisionally belong to the random
group. Random grouping in cages of
eight of each sex is done by the animal
caretakers, who receive bulk consign-
ments of 75 animals of each sex in one
box, from which they are randomly
assigned to cages. After a lesion had
appeared in an animal, it was carefully
identified by cuts in the ears (much
safer than small aluminium numbers
fixed to the ears, which often fall off).
All tumour bearing mice could be
easily identified every week for the rest
of the study. Each lesion was also
marked in the laboratory book on a
separate pair of charts, showing the
ventral and dorsal surfaces with loca-
tion of each lesion.
The objection that the animals were

not individually housed is unreason-
able. At that time we were also carry-
ing out a large study of oils and
synthetic insulation fluids from
another company, and altogether we
painted 2088 animals twice a week.'
The logistics of doing this with cages
of eight animals per box are quite
considerable. If we had had 2088
individual boxes to clean once a week
in addition to the controlling of food
and water each day and performing
the paintings twice a week the cost
of the study would have increased
beyond the bounds of possibility. If
ECOSOL, however, is prepared to
build an animal house for me and
provide enough money to employ
animal technicians to keep more than
2000 mice in separate cages I would be
quite willing to discuss such an
arrangement. We would need at least
one British mile of shelf length for the
cages alone. Further, there are always
great variations between cages in
animal carcinogenesis experiments,
and it is thought that they are due to
different degress of stress and varying
hormone status in the cages.' Mice
usually live in groups and almost all
comparable studies of skin carcino-
genesis have been carried out with
groups of animals in each cage. In

some United States laboratories I have
seen up to 50 animals per cage in such
studies. The loneliness of an animal
kept in an individual cage may
influence the results much more than
the random licking of oil and fluid or
scratching that occur under normal
conditions. And even a lonely animal
would touch the walls of the cages and
may lick these afterwards. So, large
new groups of separately kept control
animals would first have to be studied.
The incidence of altogether three

papillomas on two animals in the
negative control acetone group is
noted in table 2, where they are
described as "very small, entirely
benign papillomas." They did not
appear until week 64, as may be seen
from figs 1 and 2 in my paper. The
charts show that they occurred not on
the painted area but on the head. They
may well be transient viral papillomas
but we had to register them when they
were noted by the technician. If they
had not occurred the statistical
difference between the control group
and the painted group would have
been only slightly greater. As it is, the
statistical significance was not
influenced in any way by these three
benign papillomas.
The use of the dose of 51 2 pg (200

nmol) DMBA as an initiating dose is
classic in epidermal carcinogenesis. If
one is testing for either enhancement
or inhibition of the tumour crop the
best initiating dose is one that will give
about 40-50% tumour bearing
animals and a two tailed p value must
be used to assess significance levels. If,
however, only enhancement (so called
promotion) is being tested for (as done
by strong believers in the two stage
theory) a lower initiating dose may be
preferable and a one tailed p is often
used. As mentioned above, I have
carried out a large scale oil and insula-
tion fluid study in which I used 25 6 pg
(100 nmol) DMBA as initiator as well
as the larger dose.' This smaller
initiating dose led to a non-significant
tendency to enhancement, similar to
what was found after 512 pg in the
study commented on here.

I agree that dodecylbenzene is a skin
irritant. The authors contend that
destruction of the epidermal barrier
may have a tumour enhancing effect in
itself; I agree with them. Nevertheless,
since it is a fact that these fluids are
rather strong skin irritants, this fact is
also part of their possible tumorigenic
potency.

Concern is raised about what the
authors call marginal statistical sig-
nificance. The significance levels in
my study were calculated by the most
up to date statistical tests. I am not
clear as to why the authors ofthe letter
are concerned about marginal statis-
tical significance, however. Would
they not have been more concerned if
there had been a clearly significant or a
very significant tumorigenic or car-
cinogenic effect of dodecylbenzene?
The authors of the letter contend

that my conclusions are not supported
by results of in vitro studies conducted
recently and they support this by two
manuscripts that cannot yet be
referred to. These appear, however, to
be based on negative genotoxic and
cell transforming activities in cell
cultures only. I can see no connection
whatsoever between the lack of such
cellular effects of small doses in
culture and the reaction of an animal
to higher, skin irritating doses. The
support alluded to is highly specu-
lative and theoretical, disregarding
the fact that epigenetic carcinogenic
mechanisms do exist.

Finally, the authors say that there is
an absence of dose response relations.
Figures 1 and 2 indicate an obvious
dose response relation for dodecyl-
benzene alone. With Peto's method for
group comparison, the results were as
follows when acetone, 16% and 80%
dodecylbenzene alone were compared
for tumorigenicity: one tailed p value
for positive trend = 0-0032. Chi-
squared statistics for heterogeneity
7-47 on 2 DF p = 0-0239, for
trend 7-41 on 1 DF p = 0-0065.
Hence, statistically, there is a signifi-
cant or very significant dose response
relation.
My conclusion in the study was that

the results indicated that for hairless
mice 800% dodecylbenzene alone is
weakly tumorigenic, but not carcino-
genic, to the skin. It tends slightly, but
not significantly, to enhance DMBA
initiated tumorigenesis and carcino-
genesis. Skin carcinogenicity was
significantly correlated with DMBA
treatment but not with dodecylben-
zene. It may (only suggestively) be a
weak inducer ofmalignant lymphomas
but the mechanism is unknown.
Dodecylbenzene is a fairly strong skin
irritant and may increase amyloidosis.
I also emphasised that it is always
difficult to extrapolate the significance
of results from animal experiments to
human tumorigenesis and carcino-
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genesis. In general, however, man is
more resistant than mouse to chemical
carcinogens, and the latency time is
much longer.

In the larger work that is soon to
be published I conclude that some

mineral oils and derived fluids rep-

resent only a small hazard for man

even under conditions of relatively
heavy exposure at the workplace.'
With modem hygiene and protective
measures against skin contact and
especially against inhalation, however,
the risk of cancer in people from
exposure to such fluids and oils is
probably small.

1 Iversen OH. Tumorigenesis and
carcinogenesis studies of a number of
insulation oils and fluids on hair-
less and SENCAR mice with special
reference to skin tumours and malig-
nant lymphomas. APMIS Suppl (in
press).

Kidney cancer in utility workers
exposed to polychlorinated bi-
phenyls (PCBs)

Sir,-On reading this paper (1989;
46:823-4) I found that the three case

reports involved workers commonly
exposed to several substances (of
which PCBs were one group) and that
there was absolutely no evidence
offered (or found) which indicated
that PCBs were any more responsible
aetiologically for the cancers than any
of the other common exposures.
The title of the paper suggests to me

that the authors have capitalised on the
current PCB hysteria fostered by the
popular press in North America - and
perhaps in Europe? I am surprised
that you let that title pass: it is mislead-
ing. Nowhere, other than in the title,
do the authors infer a causal relation
between the cancer and any of the
substances to which the men were

exposed. No evidence is presented
even to suggest there might be a statis-
tical association between the cancers

and exposure to PCBs.
REM LEES

Occupational Health Centre,
Queen's University, Kingston,

Canada K7L 3N6

Author's reply:
We can appreciate Lees's concern with
respect to raising undue anxiety by
singling out PCBs in the title of our

article. We believe, however, that our

action is appropriate for several
reasons. The only chemicals singu-
larly identified as occupational ex-

posures by all three cases of kidney
cancer were PCBs. Significant animal

toxicological data exist to implicate
PCBs as carcinogenic promoters.' We
consider this to be critical in that the
time from exposure to appearance of
disease for at least two of our cases

would suggest a relatively short
latency period. Given the persistence
of PCBs in the environment, the
potential for these chemicals to offer a

continuing health hazard to general
populations, even though many coun-

tries have banned the production and
use of these chemicals, must be con-

sidered. Statistical analysis of our

three cases would have shown a large
excess (about 20 cases per 10 000 per-

son-years versus a population figure of
one case per 10 000 person-years2);
however, this is not unusual for dis-
ease clusters and any formal statistical
test would have confirmed this as a

highly unusual event.
Finally, whereas it is true that PCBs

have received significant play in the
popular press as carcinogens the issue
is far from resolved in scientific
circles. We believe that it is thus
desirable to bring to the attention of
serious researchers the possibility that
PCBs in concert with other agents may
be an area requiring specific hypo-
thesis testing research.

26 1 Safe S. Polychlorinated biphenyls
(PCBs): mutagenicity and carcino-
genicity. Mutat Res 1989;220:31-47.

2 Cusano MM, Young JL, jr, eds. Forty-
five years of cancer incidence in
Connecticut: 1935-1979. Washington:
US Department of Health and
Human Services, 1986. (Monograph
70.) (NIH pub No 86-2652.)

Pulmonary function in histology
technicians compared with
women from Michigan: effects of
chronic low dose formaldehyde
exposure on a national sample of
women

Sir,-Kilburn and colleagues (1989;
46:468-72) have compared the lung
function of a group of histopathology
technicians with the lung function
from a population sample from
Michigan studied by Miller et al.' The
studies were carried out by the same

groups and Kilburn's co-authors were
also authors of the Miller et al paper.

Kilburn et al concluded that there was
a steeper relation of lung function to

age among the technicians compared
with the Michigan sample. They at-

tributed this to an adverse response to

low dose formaldehyde (by title of
paper) and to solvents (in the sum-

mary).

This conclusion is not justified for
methodological reasons and because of
limitations of both studies.
The Michigan sample is described

as "a probability sample of a large
9 000 000 population industrial
state." But the sample was small and it
cannot be concluded that it is repre-
sentative. Firstly, the sampling was
biased towards rural dwellers by tak-
ing different sampling rates for six
geographical regions "to ensure that
an adequate number of people would
be selected in each area to justify
establishing a clinic there." No in-
formation is provided on the numbers
of people selected. There were 4077
initial volunteers, of whom 2542
agreed to be examined. Of these, 1738
actually completed the examinations.
So it is most unlikely that the par-
ticipation rate was higher than 20%.
These numbers were whittled down

further: others excluded were 507
children, 249 non-white adults, 159
obese people, 339 clinically abnormal,
and 88 ex-smokers. This left just 190
men and 216 women. The prediction
equations for lung function for
Michigan women used in the Kilburn
paper were based on just the 216 non
and current smokers aged 18 to 82. But
even then a further 23 women were
excluded from the calculations
because the data "were identified as
influential values." Thus these 23
women must have had data which
changed either the slope or position of
the regression relations, so that their
inclusion would have yielded a
different regression line. It is impossi-
ble to conclude that these 193 white,
non-obese, clinically non-abnormal,
non-extreme women are representa-
tive of all Michigan women, let alone
of all American women. It needs to
be noted that the 23 additional ex-
clusions were from all lung function
analyses (FVC, FEV,, FEV,/FVC %,
FEF2575,, FEF755, FEF50., and
FEF75. ), but it is not stated whether
their extreme influence affected all
relations or only one.
The Kilburn paper, however,

reports that "The entire Michigan
sample of 486 white women which
provided a representative sample of
women in the United States was
compared with white women in this
paper. It appeared reasonable to
compare them with a representative
population for evidence of an
occupational exposure rather than
with a hand picked normal group
selected for modelling." Thus he is
saying that he added back to the 193

358

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.47.5.356-a on 1 M
ay 1990. D

ow
nloaded from

 

http://oem.bmj.com/

