
(2), p. 501, note e; (14); and notes 7 and 8 of my Carcinogenicity of Phenacetin 
letter. Further, with the apparent exception of 
electric distribution costs (21), the newer studies 
Gallagher cites update only escalation and in- The article (I) that Pedro Cuatrecasas 
direct costs; the 1975 base costs and schedules LI 
will not be updated until the spring of 1979. quotes in his letter to Science (5 Jan., p. 

17. 1 assume a 1.1-gigawatt dual unit with a cooling 6) is a summary of the activities carried . repared 

tower, built outside the Northeast, as the archi- 
tect-engineer's 25th unit and the country's 124th out from 1971 to 1977 under the Pro- 
commercial construction-permit issuance (134, the Evaluation of the Carci- 
issued by 31 August 1976). The empirical cost nogenic Risk of Chemicals to Humans of 
including 16 under turnkey contracts, had been gramme on eiec trofocusing 
tsmoothed as in (15)] of plant 58, commissioned 
in December 1977, was $920/kWe in 1976 steam- the IARC (International Agency for Re- 
plant dollars, confirming the conservatism of my search on Cancer). The program is fo- for $929 for 1976 ordering and zero real escalation. 

18. See, for example, note 8 of my letter and, in cused on the preparation of monographs 
terms of total cost per kilowatt-hour sent out, C. in which all available experimental and electrofocusing 
L. Rudasill, "Coal and nuclear generating 
costs." [Report No. PS-455-SR, Electric Power epidemiological data, as well as data on 
Research Institute (EPRI), Palo Alto, Calif., use, production, and occurrence of mdi- 
April1977)]. . 

19. EPRI's average coal cost (18), derived from a vidual chemicals are critically analyzed 
special Bechtel study, is $595 to $721 per kilo- and summarized. The monographs end 
watt electric, comparing well with my $607. 
Komanoff has shown [(iS), "Responses to with an evaluation of the carcinogenicity 5-5- - 
PSE & G Requests 31 & 35," 27 December of the chemical in animals and humans. 
1978] that the average U.S. historical ratio of 
nuclear-to-coal capital costs per kilowatt elec- Faced with a very large number of chem- 
tric installed is 1.51 (1.72 without an industry- 
derived 16 percent addition for coal plants with- icais in our environment, we used certain 
out scrubbers). My own nuclear-to-coal ratio, criteria in our selection of those to be 
1.53, is consistent with this historical 1.51 and 
exceeds the ESPM's unrealistically low 1.23 be- considered in the monograph program. It 
cause of 2 years' differential escalation at 13 per- seemed reasonable to give precedence to 
cent per year in the Bupp & Treitel conversion 
from 1974 to l976 dollars (1, 2). If we assume chemicals for which (i) there is evidence 
zero differential escalation after 1976, the EPRI of human exposure and (ii) there is some 
Bechtel 1977 coal cost of $595 to $721/k We and 
the historical nuclear-to-coal ratio of 1.51 to- evidence of carcinogenicity in experi- 
gether imply a nuclear cost of $898 to $ 1089/k We, 
averaging 7 percent above my $929/kWe. Thus mental animals or some evidence or sus- 
in order to achieve a nuclear cost of only $929! picion of human risk. 
kWe, coal would have to escalate faster than 
nuclear from 1977 to 1985 in order to reduce It is clearly stated in a note to the read- 
their ratio below historical levels. This implausi- er at the beginning of each of the IARC 
ble requirement indirectly confirms the con- 
servatism of my reactor cost figure. monographs that "inclusion of a chem- Ampholine? carrier ampholytes 

20. J. M. Gallagher, R. Barany, P. F. Paskert, R. G. ical in the monographs does not imply are prepared by electrofocusing a 
J. Zimmerman, "Resource requirements, im- 
pacts, and potential constraints associated with that it is a carcinogen, only that the pub- range of polyamino-polycarboxylic 
various energy futures" (annual report to the lished data have been examined. Equal- acids into nine narrow, specific pH 
Department of Energy, Bechtel National, lnc., fractions. Is there any better way to 
San Francisco, August 1978; available from the 
National Technical Information Service, ly, the fact that a chemical has not yet prepare materials used in a 
Springfield, Va.). The nuclear cost given, using been evaluated in a monograph does not biochemical technique than by the 
the 7 percent and 9 percent annual escalation mean that it is not carcinogenic." 
and interest rates that the authors assume, is very technique itself? We know of 
$lllO/kWe installed in March 1977 dollars. The If the reader consults volume f3 (2) of none. 
ratio of this cost to their average coal cost the IARC monographs, which has the Are you also aware that Am- 
(weighting high- and low-Btu-coal plants accord- 
ing to the ESPM's table 7-7) is 1.51, precisely subtitle "Some miscellaneous pharma- pholine carrier ampholytes have 
the historical average and consistent with my ar- ceutical substances," a few misunder- the sharpest and lowest MW range 
gument 

(19). 

21. This assumes costs (including escalation and in- standings could perhaps be avoided with of any ampholytes on the market? 
terest) as given in (20) for all facilities; Bechtel's regard to the evaluation of phenacetin as And that only LKB's ampholytes 
0.65 capacity factor (13); the ESPM's 16.4 per- 
cent T & 0 losses (1); my fuel-cycle parameters being associated with the occurrence of have been shown to be easily sepa- 
(1) and initial core costs (1) ($100/k We installed, 
inflated 7 percent to 1977 dollars); and the cancer in humans. At the time phenace- rated from proteins with no ar- 
T & D modal splits (1) supplied by Gallagher on tin was evaluated, that is, 18 to 25 Octo- tifactual binding? For the highest 
4 October 1976. Per kilowatt electric of installed resolution, for the highest reliabil- 
generating capacity, (20) then yields 1977 dollar her 1976, the results of only one experi- ity, you can put your trust in 
costs for the reactor, marginal fuel-cycle facili- mental carcinogenicity 

study 

on 

phen- 

Ampholine 

ampholytes. 

ties, transmission, and 

distribution 

of, 

respec- 

tively, $1110 (12 percent up from my value), $79 

acetin 

(3) 

were 

available. 

No 

evidence 

(3 percent down), $97 (5 percent up), and $290 of treatment-related tumors was found in Contact LKB today for full in- 
(48 percent down). The updated costs thus agree formation on Ampholine solutions. 
quite well with those I obtained by escalating the this study, in which phenacetin was Ask, too, about IEF workshops, 
ESPM's costs from 1974 to 1976 dollars with ap- 
propriate indices (1, 2)-except for distribution, mixed in the diet of Berlin-Druckrey rats seminars and a free subscription to 
whose base cost the update has inexplicably at a dose of 40 milligrams per animal per Acta Ampholinae, a bibliography 
halved (16, 20) from a value Bechtel described in 
May 1976 as 'based on quite detailed informa- day. The results of another study in- of over 2000 papers on IEF using 
tion, with both quantities and prices listed, [so] dicated N-hydroxyphenacetin, a puta- Ampholine carrier ampholytes. 
we are confident based on a thorough re- 
view - - - that the estimate is reasonable, given tive metabolite of phenacetin, is carcino- 
the assumptions used." I' 'Review of electric 
distribution costs" (memorandum to Brookha- genie in rats, producing hepatocellular New: agarose for elect rofocusing! 
yen National Laboratory, Bechtel Corp.)]. Be- carcinomas (4). The evaluation of the 
cause the other capital costs agree so well, com- 
bining Gallagher's latest costs (20) with my 0.55 carcinogenicity of phenacetin in experi- 
capacity factor and 10.7 percent T & D losses mental animals states: "In one limited 
changes the whole-system nuclear cost from 
$2905/kWe delivered to $3204, only 8 percent study in which phenacetin was adminis- 
below my $3495 (all in 1976 dollars, deflating the tered orally to rats, no carcinogenic ef- LKB Instruments Inc. 
Bechtel values 7 percent); this difference arises 
from the changed distribution base cost. Thus fects were observed. One putative me- i222i Parklawn Drive Rockyille, MD 20852 
neither substituting Bechtel's latest costs nor tabolite of phenacetin, N-hydroxy- 301: 881-2510 
their ancillary assumptions for mine significant- 
ly changes my results, as Gallagher suggests. phenacetin, is carcinogenic in rats after Circle No. 96 on Readers' Service Card 
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its oral administration: it produced he- 
patocellular carcinomas" (2, p. 150). 

We were not aware at that time that 
the Wellcome Research Laboratories 
had undertaken a carcinogenicity study 
on phenacetin in mice. It is not clear 
from Cuatrecasas' letter if this study was 
already completed in October 1976 and 
could have been reviewed by the work- 
ing group evaluating phenacetin. How- 
ever, it would have been difficult to 
know of such a study since the material 
was not published and could not be 
traced by a search of the scientific litera- 
ture. In the preamble of the IARC mono- 
graphs, it is also stated that "anyone 
who is aware of data that have been pub- 
lished or are in press which are relevant 
to the evaluations of the carcinogenic 
risk to humans of chemicals for which 
monographs have appeared is urged to 
make them available to the Unit of 
Chemical Carcinogenesis, International 
Agency for Research on Cancer, Lyon, 
France." Since the monograph on phe- 
nacetin was published in April 1977, one 
may wonder why it has taken so long to 
attract our attention to a possible omis- 
sion. It is also hard to understand why 
drug companies, and chemical industries 
in general, are reluctant to publish their 
results on experimental studies related to 
such important and widely used chem- 
icals as medical drugs and other industri- 
al chemicals. 

Cuatrecasas also mentions a summary 
of the National Cancer Institute report 
on the bioassay of a mixture of aspirin, 
phenacetin, and caffeine, published in 
the Federal Register on 11 August 1978. 
I wonder how we could have considered 
this study in October 1976 or quoted it in 
our Cancer Research article, which ap- 
peared in April 1978. 

In our article in Cancer Research we 
mention (p. 881), however, that "recent 
unpublished results indicate that phe- 
nacetin is carcinogenic in rats." Since 
then, the results of a long-term carcino- 
genicity test on phenacetin in Sprague- 
Dawley rats have been presented at two 
different meetings (5, 6); these indicate 
that an excess of urinary tract and nasal 
cavity tumors was observed in rats 
treated with phenacetin. 

As for the human evidence on phen- 
acetin, Cuatrecasas makes reference 
only to one epidemiological study. In the 
IARC monograph on phenacetin, eight 
published case reports and ten epidemio- 
logical studies were summarized, and the 
interested reader may refer to these sum- 
maries on pages 147 and 149 of that 
monograph. The evaluation of the hu- 
man data made in (2) was that "available 

130 

data indicate that heavy use of analgesic 
mixtures containing phenacetin is associ- 
ated with papillary necrosis of the kidney 
and suggest a relationship between such 
use and the development of transitional- 
cell carcinoma of the renal pelvis." It 
was on the basis of this evaluation that 
phenacetin was included in table 2 of our 
article in Cancer Research, listing chem- 
icals or industrial processes associated 
with cancer induction in humans. 

If, as I have said above, drug com- 
panies and other chemical industries 
would publish the results of studies they 
have carried out on their products, such 
associations could be better established, 
and some misinterpretations might be 
avoided. 

L. TOMATIS 
Unit of Chemical Carcinogenesis 
Internattional Agelncy, for Research on 

Cancer, Wor(l Health Organ isation, 
69372, Lyon C&dex 2, France 
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vol. 1, No. 24, p. 40. 

Cuatrecasas, a representative of the 
pharmaceutical company Burroughs 
Wellcome, in his letter of 5 January, 
does not cite some recent published re- 
sults of clinical and epidemiological as 
well as experimental studies with phe- 
nacetin and phenacetin-containing anal- 
gesics. More than 100 cases of renal pel- 
vic tumors in abusers of phenacetin-con- 
taining analgesics have been reported in 
the literature (1). Studies of the Swedish 
population strongly indicate a relation- 
ship between high intake of phenacetin- 
containing analgesics and the develop- 
ment of urothelial renal pelvic tumors 
(2, 3). Also 42 primary tumors of the uri- 
nary bladder and four of the ureter have 
been reported in such patients (4). In an 
experimental study, four ear-duct tu- 
mors and five mammary adenocarci- 
nomas were induced in Sprague-Dawley 
rats after long-term feeding with 0.535 
percent phenacetin in the diet. One con- 
trol rat developed a mammary adeno- 
carcinoma (5). Tumors in these locations 
have been induced by aromatic amines 
chemically related to phenacetin, which 

is an aromatic amide (6). Isaka et al. (7) 
reported a 71 percent incidence of malig- 
nant tumors in Sprague-Dawley rats fed 
with 2.5 percent phenacetin in the diet, 
and 36 percent in the rats fed with 1.25 
percent phenacetin in the diet. The au- 
thors concluded, "it is a fact beyond 
controversy that phenacetin is a carcino- 
genic chemical." We have recently com- 
pleted a study (8) in which male Sprague- 
Dawley rats have been fed with 0.535 
percent phenacetin in the diet for up to 
117 weeks. We obtained a tumor in- 
cidence similar to what was reported by 
Isaka et al. (7). 

One reason why relatively few tumors 
were found in the National Cancer Insti- 
tute study may be that a mixture of aspi- 
rin, phenacetin, and caffeine was admin- 
istered to Fischer rats, which are known 
to be less efficient in N-hydroxylation 
than Sprague-Dawley rats. This is con- 
sidered to be the explanation of the 
lower susceptibility of Fischer rats to 
aromatic amine carcinogenesis (9). Phen- 
acetin is an aromatic amide with N-hy- 
droxylated metabolites. One of these, N- 
hydroxyphenacetin, has been shown to 
be a potent liver carcinogen (10). Nitro- 
sation of phenacetin has been demon- 
strated and the nitroso compound has 
been shown to be tumorigenic (/1). 

Thus there are epidemiological studies 
in humans and metabolic and experimen- 
tal data in rats that strongly support the 
assertion that phenacetin is a carcino- 
gen. We therefore question the justifica- 
tion of keeping such a drug on the mar- 
ket. 
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Departmnent of Pathology II, 
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