ABSTRACT

W LLI AM HAM LTON LOARY. Retrospectively Assigning Context of QObservation
for F-344 Rats Chronically Exposed to Formal dehyde. (Under the Direction of
ALVIS G TURNER)

One approach to estimting age-specific tumor incidence rates using
schedul ed sacrifice information involves determning context of observation for
each tunor bearing animl. Context of observation is defined as determnation
of whether the tumor of interest contributed directly or indirectly to the cause of
death, or alternatively, the tunor was an incidental finding at necropsy, in an
animal dying of an unrelated cause. The present study was undertaken to
assign retrospectively the context of observation for nasal squanous cel
carcinoma in F-344 rats exposed to 15 ppm of formal dehyde for up to 24
nonths. Results indicate that greater than 90%of the tumors were classifiable
as definitely incidental (2% or definitely fatal (88% wth a high degree of
confidence. This study denonstrates that context of observation can be
assigned even long after the bioassay has been conpleted, provided the data
have been properly archived


NEATPAGEINFO:id=BB2A7B9B-400F-4887-91E7-53F5F1DC3B33


ACKNOW_EDGEMENTS

| would like to thank Dr. Thomas B, Starr for all the support and guidance he
has given me while working on this project. | would also like to thank Dr. Tom
Monticello and Dr. Kevin Mrgan for their help on the pathol ogical eval uation
aspects of the project. | would like to thank CUT as a whole and all the people
associated with it, for being so helpful and for allow ng me the opportunity to
conduct ny research at such a fine facility.

| would like to thank Dr. Alvis Turner for ail of his input and insight he has
given me while conducting this research. | would also |ike to thank Dr. Dougl as
Crawford-Brown for his support and for serving as a conmttee menber. |
woul d like to thank collectively the faculty, staff, and students of the ESE
department for making ny sojourn a very enriching and rewarding experience.

| would also like to thank ny famly and friends for their support both
financially, emotionally, and spiritually and for making this endeavor achievable
Speci al thanks goes to Dawn W nst ead.

This investigation was conducted as part of a research program supported
by The Chem cal Industry Institute of Toxicology under grant nunber 66102.


NEATPAGEINFO:id=704BBA0D-A12A-430E-8A95-56A83A27161E


Tabl e of Contents

|. Literature Review

A. Regul atory Hi story

Physi cal and Chem cal Properties

Pr oducti on and Use

Epi dem ol ogy

IO TMmMOW
o
(s
)
m
-
()
0
(1))

Laborat ory Evi dence

|I. Effects of Treatnent

J. Age-Specific Incidence Rates

I1. Methods

A. Devel oping a Record for Each Ani nal

B. Developing Criteria

C. Determ ning Context of Cbservation

111, Resul t s

Il V. Di scussi on

V. Concl usi ons

VI . Recommendati ons

VIl. References

VI11. Appendices


NEATPAGEINFO:id=EA10D46F-C9F9-491B-8C4C-D67C4E6DDC7F


I == k> 1 — = —aa g = =

I . Anbi ent Fornmal dehyde Levels............... 45
I'l. I ndoor Exposure to Fornal dehyde............. 45
I1l1. Formal dehyde From Consuner Products........... 46

| V. Cccupational Exposure to Fornal dehyde.......... 46
V. Mrtality of Chemcal and Garnent Wbrkers........ 47
VI. Mrtality of Pathol ogists, Anatom sts, and Mrticians .. 47
VI1. Carcinogenicity Studies of Animals........... 48
VIITl. Intercurrent Mortality Exanple............. 22

I X. I'ndividual Satisfies for Each Animal .......... 49- 54
X. Summary of Al Aninmals................. 55
Xl. Criteria for Context of GQbservation........... 56
Xll. Summary of Context of Observation............ 57
Xll11l. Kaplan-Meier Data.................... 58- 60
Fi gures

1. Fornmal dehyde Dose- Response Curve.............. 61

2. Dhagramof Rat Nose................ 62

3. Kaplan-Meier Estinmate for 1,2-dichloroethane........ 63
4. Schematic of Animal Bioassay................ 64

5. Typical Record....................... 65- 66
6. Sections of Nasal Turbinate................ 67

7. Kapl an-Meier G aph for Formal dehyde............ 68
Appendi ces

|. Summary of Health Effects................. 69- 75

['l. Derivation of Tumor Incidence Rate Equation....... 76-81


NEATPAGEINFO:id=4BCAB8C4-FD41-4A77-8E1C-AC627F0B42C0


LI TERATURE REVI EW

Regul atory Hi story

In 1946, the Anerican Conference of Covernmental Industrial Hygenists
(ACGH set the threshold limt value (TLV) for fornal dehyde at 10 parts per
mllion (ppn). Responding to reports docunenting formal dehyde as an irritant,
the ACGH reduced the TLV to 5 ppmin 1948. In 1970, this TLV was adopt ed
under the Construction Safety Act and incorporated in the Cccupational Safety
and Heal th Administration (OSHA) construction standards. However, conplaints
of irritation at concentrations far below this ceiling forced the ACGHto further
reduce the ceiling limt to 2 ppm (Federal Register, 1987).

The National Institute of Cccupational Safety and Health (NIOSH) in 1976
reconmended that OSHA reduce the perm ssible exposure limt (PEL)
measured over a period of 30 mnutes to 1 ppm This reconmendation was
based on reports of eye, skin, and respiratory irritation experienced by a few
workers at 0.3 ppmand wi despread conplaints at |evels exceeding 1 ppm
(Federal Register, 1987).

During the year of 1976, the Consumer Product Safety Conmission (CPSC)
received nunerous reports fromindividuals conplaining of adverse health
effects fromforml dehyde exposure. As a result, the National Research

Council's Commttee on Toxicology was asked to evaluate the literature and
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determ ne safe concentrations fromlong-termcontinuous exposure in the hone.

Based on available data, the Comm ttee concluded that there was no human

popul ation threshold for the irritant effects of formaldehyde, even at extremely
| ow ai rborne concentrations (NAS 1980). Regar di ng formal dehyde
carcinogenicity, the Conmttee prefaced their report by stating

"I't nmust be recognized that the concern and

del i berations that |ed to devel opment of this
docunment have to a certain extent been

superseded by the recent prelimnary report
fromthe Chemcal Industry Institute of

Toxi col ogy (CUT), which indicated that

for mal dehyde exposure induced nasopharyngea
carcinomas in rats. It is strongly recommended
that when the CUT study has been reported in
detail, and the results are available for

eval uation, an appropriate peer group should
review in detail and commrent on the

investigation..." (NAS 1980).

In Cctober of 1979, CUT responded to reporting requirenents established
by section 8(e) of the Toxic Substances Control Act (TSCA). The Environmental
Protection Agency (EPA), who enforces TSCA, was sent the prelinmnary findings
of the animal bioassy indicating squamous cell carcinoma in rats exposed to
formal dehyde concentrations of 14.3 ppmat interimsacrifices. The study was
completed in 1981 and results indicated nasal cancers in rats exposed to
concentrations of 14.3 and 5.6 ppmand in nmce exposed to 14.3 ppm This
evidence was corroborated by a study at New York University (NYU) that also
found nasal cancers in rats at 14 ppm (Federal Register, 1987).

In 1980, the Federal Panel on Formal dehyde, consisting of scientists from

eight federal agencies, evaluated the existing data and concluded that it was
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"prudent to regard formal dehyde as posing a carcinogenic risk to humans"
(Federal Register, 1987). Based on the CUT and NYU studies along with the
Federal panel's conclusion, NIOSH in 1981 classified formal dehyde as a
potential occupational carcinogen

In 1982, the CPSC used the CUT data, coupled wth consunmer conpl aint
data, to ban urea-formal dehyde foaminsulation (UFFI) in homes and school s.
However, this ruling was overturned in subsequent litigation (Qulf South
insulation v. CPSC, 701 F. 2d 1137 5th cir. 1983) because of unsubstantiated
evidence. The court faulted CPSC for relying solely on the data of the CUT study
in establishing a risk estimate for consuners. Also, the Court determined that
consuner conpl aint data were not an acceptable nmethod for determining the
risk of injury due to the effects of an acute irritant (701 F.2nd at 1148)

I'n 1983, the ACA H added formal dehyde to the list of industrial substances
suspected of causing cancer in humans and reduced the Threshold Limt Value
fTLV) to 1 ppm neasured as an 8 hour time weighted average (TWA). ACGH
al so set the short-termexposure limt (STEL) for formal dehyde at 2 f Spm
(Federal Register, 1987). Also in 1983, the National Center for Toxicol ogica
Research (NCTR) sponsored a workshop on formal dehyde to try to resolve the
controversies surrounding formal dehyde's acute and chronic health effects.
Scientific studies were reviewed by over 60 scientists from governnent, industry
and universities. Arisk estimtion panel attenpted to develop a risk assessnent
for humans exposed to fornal dehyde. They concluded that carcinogenicity was

the only end point that could be assessed quantitatively. The panel also
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concl uded that the nmodeling for carcinogenicity should be based on the CUT
study instead of human epidem ol ogy studies that did not provide adequate
evi dence for carcinogenicity (Federal Register, 1987).

The Departnent of Housing and Urban Devel opment (HUD) in February of
1985 desi gnated standards for of f-gassing of formal dehyde from pressed wood
products used to produce manufactured and nobile homes. These regul ations
prohibit the em ssions of formal dehyde from pl ywood and particieboard which
woul d result in an air concentration in excess of 0.2 ppmand 0.3 ppm
respectively (Federal Register, 1987). One year later, the EPA announced it
woul d relinquish its authority to regulate formal dehyde in occupational exposure
settings because of OSHA's jurisdiction in that area. However, EPA would
continue to investigate non occupational situations, such as those settings which?
used pressed wood products made with formal dehyde-based resins. In April of
1987, EPA published their assessment of health risks associated with
f ormal dehyde exposure. Their position states that fornal dehyde shoul d be
classified as a "group Bl probable human carcinogen," based on 1)"sufficifent”
el " dence that formal dehyde is an aninmal carcinogen, 2) "limted" evidence from
human studies, and 3) other information, including short-termtests, (ie. gene
nut ation, sister chromatid exchanges, and chronosome abberation),
pliarmacokinetic studies, (DNA-protein crosslinks in the nose of rats exposed to
> 2 ppm) and conparative netabolismstudies, (show ng non-linear increases
in coval ent binding at higher concentrations) (Nelson at al., 1986). EPA's

"limted" (a causal interpretation is credible) evidence fromhuman studies is
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based on nine epidem ol ogic studies, but because of possible exposure to other
agents, the findings could have been confounded (Federal Register, 1987). in
1988, an Ad Hoc Panel on Health Aspects of Formal dehyde, conposed of
i ndependent, international scientists, evaluated the existing literature and
concluded that: 1) for no malignancy in man is there convincing evidence of a
relationship with formal dehyde exposure and 2) if a relationship does exist, the
excess risk, in absolute terms, nust be small. The panel futher stated that the
apparent |ack of consistency in studies of site-specific cancer risk, and the
uncertainty resulting fromunresolved confounding by known risk factors,
prevented the panel from naking nore definitive conclusions (Universities
Associ ated for Research and Education in Pathology, Inc., 1988). ;
A working group fromthe International Agency for Research on Cancer
(IARC) in 1987 reviewed recent epidem ol ogical evidence on fornal dehyde and
upgraded their designation to category 2(A), a probable human carcinogen
OSHA promul gated the final rule for occupational exposure to formal dehyde
publ i shed in the Federal Register dated Decenmber 4,1987 in 29 CFR Parts 1910
and 1926. This standard reduced the perm ssible exposure level (PEL) from3
ppmof formal dehyde in air to 1 ppmas an 6 hour TWA, and reduced the 15
mnute short termexposure limt (STEL) from5 ppmto 2 ppm OSHA also at
this tim revoked the peak al | owable exposure of 10 ppmand included an
"action level" of 0.5 ppmneasured as an 8-hour TVWA to reduce the conpliance

burden for enployers whose enpl oyees have m nimal exposure to
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formal dehyde. This standard took effect on February 2, 1988 (Federal Register

1987).

Physi cal and Chenical Properties of Formal dehyde

Formal dehyde is defined as the chemical entity HCHO, and is identified by
the Chem cal Abstracts Service Registry No. 50-00-0. Formal dehyde is a
colorless gas that boils at -19" C upon condensing and freezes at -118° C
Because of this chemcal's ability to polynerize so readily, it is sold or
transported in solution. Formalin is the nost frequently encountered sol ution
containing 37-50 per cent formaldehyde and 6-15 per cent al cohol stabilizer
usual l'y in the formof nmethanol (Nelson at al. 1986). Paraformal dehyde occurs
as a solid polymer that vaporizes to its monomeric formand can contribute as a
sourca of fornal dehyde gas. Pure forns of fornal dehyde gas are stable at
tenperatures between 80° and 100° C, however stability |s dependent upon
purity and even water will enhance the rate of polymerization (Federal Register,”

A D= D> . - |

One ol ecul e of formal dehyde consists of a single carbonyl group with two

atons of hydrogen, HC = 0. Mbst reactions (Nelson et al., 1986) fall into the
followng three reaction sequences

OXI DATI ON- REDUCT1 ON

Canni zarro Reaction

2HCH) ---- HCOOH + CHgOH
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ADDI TI ON OR CONDENSATI ON

Bisulfite Addition:
HCHO + NaHSOy - HOCHgSQyNa

Al dol Condensati on:
HCO + R (R')CHC = OR HOCHCR (R') C=OR
POLYMERI ZATI ON
Met hyl ol For mat i on:
OH OoH )
+  HoHO - h20h - CH O

(@) O @)

Production and Use of Formal dehyde

For mal dehyde was first produced in the United States In 1901. It is now
ranked 24th in production volume in the United States, with 5.7 billion pounds
produced in 1985 (Federal Register, 1987). Formal dehyde i s produced using

two processes: the mxed oxide catal yst process or the silver oxide catalyst

process. Wile both of these processes require nethanol as the precursor, the
processes differ In catalyst type, operating tenperatures, and methanol/air
ratios. Because of formaldehyde's high degree of chemcal reactivity, It retily
undergoes a wi de variety of chem cal reactions, as previously nentioned.
Addition or condensation reactions are of great commercial value, for these
reaction yield such products as pentaerythritol and hexanethyl enetetram ne

vAhich are used in the wood product and apparell manufacturing industries
respectively. However, methanol formation I's the nost inportant commercial
reaction because the derivatives are used as the starting point in resin

production (Federal Register, 1987).
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The manufacture of resins such as urea-fornal dehyde, phenol -

f or mal dehyde, and nel am ne fornal dehyde conprise 59% of the tota

consunption of formal dehyde. Approximtely 33%is used in the synthesis of

such chemcals as pentaerythritol, hexanethyl enetetramne, and butanediol.

Two percent is consumed in the treatment of textiles, while small anmounts are
used in consuner and industrial products such as cosnetics, shanpoo, gl ue,
and preservatives (Federal Register, 1987).

Urea- f or mal dehyde resins represent an entire class of resins fornulated by
pol ymerizing different ratios of urea and formal dehyde at different pHlevels and
conbi ning such additives as thickeners, hardeners, plasticizers, and curing
agents. Geater than half of the urea-fornal dehyde resins produced are used as
adhesives in the manufacture of particleboard and plywood. Urea-fornal dehyde
foaminsulation (UFFI) was a resin made fromurea, water, and formal dehyde
that was mxed on site and punped, using a propellant, Into both commercial
and residential building (Federal Register, 1987).

Phenol - f or mal dehyde resins are produced by the condensation reaction of
methyl ol derivatives and are used primarily as binders for softwood plywoods.
They are al so used in the production of conpounds of plastic molds, insulation,
and abrasives. Polyacetal resins and mel am ne-formal dehyde resins are used
in plastic nol ded conpounds such as plates and cups, buttons, and decorative
| am nates used in furniture (Federal Register, 1987).

Nel son et al. (1986) report a number of other uses of fornal dehyde

including the manufacture of rubber, photographic film |eather, explosives,
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dyes, cosmetics, corrosion inhibitors, and enbal mng fluids. O her reported

uses include the production of vaccines.

Exposur e

Because formal dehyde is released fromso many sources, it is difficult to
assess the anount released into the environment fromboth direct and indirect
processes. Attenpts have been made to estimate exposure |evels (Preuss et al.
1985) fromfour nmajor types of exposure; anbient air, indoor exposure,
consumer exposure, and occupational exposure (tables |-1V respectively).
These three categories can be condensed by conbining anmbient air, indoor air,
and consuner exposure into one category, environnental exposure, which
i nvol ves exposure outside the workplace. Those exposures occurring in the
workplace will be termed occupational exposure. Tables I, Il, and IV indicate the
nmean and maxi mum | evel in parts per billion (ppb), the nunber of observations
and the type of exposure. Anbient nmean |levels range fromO0.4 ppb
(background rural) to 24.0 ppb in the Los Angel es Basin during unfavorable
climatic conditions. Possible sources of environmental exposures to
f or mal dehyde include notor vehicle exhaust, photochem cal smog, and the
em ssions fromburning of gas, oil, coal, and wood (Nelson et al., 1986).

| ndoor exposure to formal dehyde concentrations as denonstrated in tables
Il and 111 indicate that off-gassing fromboth UFFI and pressed-wood products

such as particle board and plywood account for significant routes of exposure.
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Table 11 denonstrates that mean concentration |evels rose substantially after
using UFFI in both conventional and nonconventional buildings. In conventiona
bui | dings, the mean concentrations rose from9-20 ppb, before using UFFI, to
130-280 ppb the first 90 days after using UFFl. The increase is even |arger
anong nonconventional buildings, citing mean concentration levels of 34 and 46
ppb before installation and 380 and 700 ppb after installation of UFFI (Preuss et
al., 1985)

Cccupational exposure is summarized in table IV. There are a nunber of
popul ations that appear to be exposed to fornal dehyde. The enmbal m ng and
funeral service industry has the highest nunber of people with 2,600,000
exposed at a mean |evel of 740 ppb. The second |argest group of workers
exposed is the textile and apparel manufacturing industry with 800,000 people
exposed to concentrations of a mean |evel of 250 ppb. Wile there are only
AN N0 workers estimated in the particle board manufacturing business, the nmean
exposure level is the highest at 920 ppb. Other sources with high mean
concentrations include UF foam manufacturing at 740 ppb, with only 50 workers
¢/ v wsed, and netal working machine operations at 500 ppb with 55,000 workers

exposed (Preuss et al., 1985).

Health Effects

There is a wide range of health effects fromexposure to formal dehyde either
through the inhalation route or fromdermal contact (NAS 1980 Appendix I). In

humans, airborne concentrations as low as 0.1 ppm have been shown to cause
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irritation In the eyes, nose, and throat. Irritation increases as concentrations
increase with severe lacrimation (tearing of the eyes) and pul monary reactions
such as pnuenonia, bronchial inflammation, and pul monary edema at airborne
concentrations of 50 ppm Concentrations of 100 ppmfor 30 m nutes or |onger
are believed to be fatal (CFR29). Skin irritation is a well docunented effect from
dermal contact (dass 1961, Sneddon 1968). Repeated dermal exposure can
| ead people to becone sensitized provoking allergic reactions, although even
the nost sensitized persons can tolerate up to 30 ppm fornmal dehyde in
products topically applied (NAS 1981). There are reports of various other types
of health effects on the central nervous system reproductive system and bl ood
but the end point of primary interest froma regulatory point of viewto date has

been carcinogenicity.

The Rol e of Epi deni ol ogy

Epi dem ol ogy has played a key role in detecting exposure to carcinogens.
Met hods used for assessing risk to humans from exposure to potentia
carci nogens shoul d be supported by human data (C ayson et a!., 1985).
However, these studies are of very limted value under certain circunstances.
For substances that have been recently introduced into the comercial market,
the use of epidem ologic studies to determne carcinogenicity would not be
feasibl e because of the long latency period involved In devel oping the disease of
interest (Armtage P. 1982). There are several other limtations (U S. Interagency

Staff Goup on Carcinogens (USISGC) 1986) that are difficult to overcone
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Probl ems related to hazard eval uation include occupational exposure |evels that
are usual Iy at higher levels than the exposure level of interest. Determning
causal relationships at |ower concentrations than exposure |evels observed,
usi ng extrapol ation techniques may produce spurious results. Another problem
arises in determning causality. The USISGC (1986) state that in a strict sense it
I's never possible to prove causality. A hypothesis concerning the cause of any
noted increased incidence follow ng exposure may, however, be given evidentia
support, based on dose-response rel ationships, consistency and reproducibility
of results, the strength and specificity of the association, its biologica
plausibility, and other considerations. A causal hypothesis can provide
conmpel ling evidence that can lead to preventative action as in the case of
cigarette smoking and |ung cancer

Wi le there are many limtations to using epidemologic studies in the risk
assessnment process, there are many strengths as well. The major strengths
include the studies' abilities to directly assess the risk from environnental
exposure to carcinogens. This in turn may give some insight into the hurhan
carcinogenesi s process which allows the extrapolation fromexposure to simlar
chemcals that have yet to be tested. These studies conplinment the data
gathered in long-termaniml studies to provide the decisionmker with the

necessary evidence to make wel|l informed decisions pertaining to the protection

of public health (US Interagency Staff Goup on Carcinogens 1986).
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Epi demi ol ogi ¢ Evi dence

There have been several epidem ol ogic studies performed on persons
exposed to formal dehyde in occupational settings. A summary of these studies,
as reported by Nelson et al. (1986), is shown in tables V and VI. Table V
docunents the mortality of industrial workers fromthe chem cal and garment
industry, while the nmortality of professionals such as pathol ogists, anatomists
and norticians is shown in table VI.

The studies in table V as reported by Nelson et al. (1986), indicate an
increase in nortality for various types of cancer, but |ack consistency. An
increase in nortality fromlung cancer was seen in two of the six chemical plants
and one of the three garment plants, while a decrease was observed anong
pat hol ogi sts, anatom sts, and norticians. Respiratory cancer was slightly
increased in one of the four garnent plants but was bel ow the expected
I nci dence anong pat hol ogi sts, anatom sts, and norticians. There was an
increase in buccal cavity and pharynx cancer in two of the industrial worker
studies, however the authors point out that the industrial studies my be flawed
because of their inability to detect unusual causes of death. Again anong the
professionals, there is a defference between the observed and expected val ues.
An increase in cancer of the |ynphopoietic systemwas reported anong the
professional s and garment industry workers, while the six studies of chem ca
wor kers were bel ow those expected. There was a very slight increase in

bl adder cancer mortality anong both industrial workers and professionals, with
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relative risks of 1.07 and 1.08 respectively. Brain cancer was consistently high
anong the studies of professional workers exposed to fornal dehyde, but not
anong industrial workers.

Overal |, the epidem ol ogic evidence |inking cancer with exposure to
formal dehyde is "limted", meaning a causal interpretation is credible (Nelson et
al ., 1986). However, conparing different types of cancers anmong occupationally
exposed workers reveal s some inconsistency in the findings of these studies.
Many workers in industrial settings are exposed to other conpounds such as
wood dust, a known carcinogen, which may bias the results. Aso the exposure
levels are difficult to determne. In the studies listed in tables Vand VI, the
author cites a range of mean exposures and the highest |evel reported. The
mean exposures range from0.17-3 ppmin the chemcal industry studies, with
the highest level reported as 5.4 ppm The nmean exposures range fromO0. 15 -
8.3 ppmanong anatonists, with the highest mean level reported as 14.8 ppm

A case-control study was perforned by Vaughan et al. (1986) in an effort to
determine if an association exists between occupational exposure to
f ormal dehyde and cancer of the pharynx, or sinus and nasal cavity. Results
fromtheir study indicated that there was no significant association found
bet ween occupational exposure to formal dehyde and the types of cancers they
were scoring. However, the authors admt to several limtations of the study
whi ch tended to conservatively bias the results. |

In a study undertaken by the National Cancer Institute (NCI) in collaboration

with the Formal dehyde Insitute (FI), Blair et al. (1987) reported the results of the
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largest nortality study of industrial workers exposed to formal dehyde. However

sel ection of the cohort was criticized strongly because four of the ten plants used
were studied previously, perhaps indicating that the author had prior know edge
of the plant popul ation. The cohort consisted of over 25,000 workers who had
been exposed for at |east 14 years to formal dehyde. Standard Mortality Ratios
(SVMR) were evaluated in relation to dose (an 8 hour TWA > 0.1 ppn). Based
on his analysis, the author concluded that these data provided little evidence that
nortality fromcancer was associated with exposure |evels of fornal dehyde

experienced by the workers studied

Laboratory Evi dence

Long-term ani mal bioassays to determne the carcinogenicity of chemcals
began in the 1920s. It was not the intent of these early researchers to use this
procedure as a routine method for testing chemcals (Pito, 1981). By the 1960s
the National Cancer Institute (NCI) had begun |arge scale testing using
standar di zed protocol (USISGC, 1986). Until this tinme, there were no uniform
testing procedures. One conclusion drawn fromthese tests, with the exception
of arsenic, was that known human carcinogens produce tumors in animals in
properly carried out studies. The inverse of that statenent, that substances
causing tumors in animals will produce tunors in humans, may not be valid
Certain chemcals do not produce tumors in all species, but if a chemcal has
produced a carcinogenic effect In one species, "in the absence of adequate data

on humans, it is reasonable, for practical purposes, to regard chemcals for
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which there is sufficient evidence of carcinogenicity in animals as if they
presented a carcinogenic risk to humans" (I ARC, 1984).

Currently, chronic bioassays are used to determne if exposure to a test
pubstance alters the normal patterns of tumor devel opnent (Garth et al., 1986).
Typi cal National Toxicology Program (NTP) design protocol requires
random zed groups of animals exposed to various treatment |evels by sone
route of admnistration. A group of non-exposed animals serve as a control for
conparison. The animals are observed for the majority of their lifetime. Animls
that die before the predetermned end point of the study, or animals that are
killed at interimor termnal sacrifices, undergo necropsy histopathol ogica
exam nation of organ tissue fromvarious sites. The basic data recorded for
each ani mal includes the nunber of days on the study (time of death), necropsy
(gross lesions), and histopathol ogi cal eval uation, including diagnosis of those
tissues that were exanined, and any clinical observations noted during the
course of the study. Statistical analysis is perfornmed to determne the strength
of the evidence of carcinogenicity for that test substance (Garth et al., 1986)."

The biol ogi cal event of interest is usually the occurrence of a tumor at a
particular organ site. Garth et al. (1986) define a tumor as lesion within a well-
defined class of neoplastic tissue, restricting the group of lesions to tumors of
the same histological type and arising fromthe the same kind of tissue. Wile
initially this appears to be a workable definition, many problens arise upon
cl oser exam nation. Such outcomes as tumor nultiplicity, acceleration of tumor

devel opnent in exposed groups and unusual tunor norphol ogy may al so be
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carci nogeni ¢ responses that require the judgement of an experienced
pat hol ogi st .

Table VI1, taken froma summary by Flammet al. (1985) provides the results
of numerous short-termand |ong-termanimal studies. Many of the earlier
studies reported no significant increase in tumor incidence, however, nost of
those studies used small nunbers (le. 6 rabbits, 10 rats) of animals in each
group or used an exposure route (oral, drinking water) that did not produce a
detectabl e increase in tunor incidence.

Regul atory agencies, such as OSHA, have stated that the CUT chronic
inhal ation study clearly stands out as a superior data set fromwhich to define a

dose-response curve (29 CFR Part 1910). CUT (1981) used two strains of

animals, the Fischer 344 rat and the B6C3F nouse. There were 120 ani mal s of
each sex exposured to 0, 2.0, 5.6, and 14.3 ppmof formal dehyde. The aninals
were exposed for 6 hours per day, 5 days per week for up to 24 nonths. The
scoring of squamous cell carcinoma (SCC) gave the follow ng results when
sexes were conmbined: for the nouse study, there were O tunors at 0, 2.0, and
5.6 ppm and 2 tunmors at 14.3 ppm In the rat study there were 0 tunors at 0
and 2.0 ppm 2 tunors (1 male, 1 female) at 5.6 ppmand 103 (51 males and 52
femal es) devel oping SCC at 14.3 ppm yielding a dose-response rel ationship
(non-linear) only in the rat population at the higher doses (see figure 1). The
concentration dependence in this bioassay has permtted the use of quantitative
risk assessnment procedures by regul atory agencies to set exposure limts that

will protect the public health of workers, consuners, and the public at large. The
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CUT study has been used In every formal risk assessment process by the
regul atory agencies to set exposure limts for formal dehyde. A study reported
by Albert et al. (1982), performed at New York University, corroborated CIIT s
results using a different strain of rat, the Sprague-Daw ey. Although only one
concentration was used (14.2 ppn, and the length of study was slightly |ess
than 2 years, a significant increase of nasai tumors was reported

Results denonstrate a species sensitivity as well as a concentration
dependence. The species difference (at 14.3 ppmthere was a 50% t unor
incidence in rats versus 3.3%tunor incidence in B6C3FL mice), as proposed by
Chang et al. (1982), involves the nouse's ability to reduce minute ventilation so
as to have less formal dehyde available for deposition in the nasal cavity than the
rat. Also, the difference in surface area in the nasal cavity between the nouse
and rrt (the nmouse being nuch smaller) helps to explain the large difference in
tumor incidence rates among the two species.

Both mal i gnant and beni gn tunmors were observed during experinents.
Kerns et al. (1981) reported squanous cell carcinoma (SCC) in 103 rats at a
exposure |evel of 14.3 ppm In that sane high dose group, three rats devel oped
pol ypoi d adenomas, a benign tunor. Two of these animals devel oped SCC
Wil e the response of the polypoid adenomas was not dose related, there were
some questions by the regulatory agencies as to whether the polypoid
adenomas shoul d be included in the risk assessnent. Mrgan et al., (1986)
decided to | ook more precisely at the |ocation of both the squamous cel

carcinomas (SCC) and the pol ypoi d adenomas. Morgan mapped the distribution
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of the SCC and reported that they originated in the nucosa of the anterior nasa
passage and devel oped fromthe surface epitheliumand not the underlying
glands. This point of origin differs fromthat of the polypoid adenomas which
originated frompoorly ciliated epitheliumin the most anterior portion of the nasa
cavity (fig. 2). Also the polypoid adenomas were confined to a small region of
the nasal cavity whereas the SCC were invasive and found in multiple |evels of
the nasal cavity. Because of these differences and the fact that the squanmous
cell carcinomas are not considered to be the nalignant counterpart of the
pol ypoi d adenomas, the data fromthe benign pol ypoid adenomas were not
included in the formal risk assessments as proposed by OSHA. However, this
controversy has not been resolved. The USEPA has proposed including the

pol ypoi d adenomas in their risk assessnent.

Ef fects of Treatnent

Determning effects on nortality due to exposure of a conmpound is of
primary interest when anal yzing chronic bioassay data (Garth et al., 1986).
Comparing differences in nortality patterns anong treatnent groups can be

performed using the Kaplan-Meier estimator of the survival function, a step

function defined as foll ows:
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Suppose that deaths are observed at K distinct timest. , k =1,2,...K Suppose
that X.. is the number of animals dying ingroup i at t. , and n.. Is the number of
animals at risk of dying ingroupi at t.. For any t, let R(t) = {k t. *t}. Another
way of stating It is that R(t) is the set of all k with death times occurring at or
before t. Aplot of the survival function S (t) frombeginning to the end of the
experinment conpares any effect of treatment on nmortality with controls (Garth et
al ., 1986). See figure 3 as an exanple of this method of data treatnment. It may
be seen that there is very little effect on nortality at the I ow dose; however, there
I's a substantial effect at the high dose as demonstrated by many earlier deaths
conpared with the |ow dose or control group.

Classically, when using the Kaplan-Meier nethod for determning the effects
of a conpound on nortality, an assunption had to be made was that the tunor
of interest was rapidly fatal. Therefore if an animal developed the tumor, it was
assumed that he died fromthe tumor. Using context of observation infornation
allows the investigator to determne whether the animal died fromthe tumor, or
whet her the tumor was an incidental finding at necropsy. Therefore'the
assunption that the tunor was rapidly fatal does not have to be made when
context of observation information is available, demonstrating a more accurate
and realistic effect of treatment on mortality.

Interpretation of data fromchronic bioassays is used to determne whether
the treatment al so produced a carcinogenic effect. If biases due to
random zation, animal husbandry, and pathol ogi cal exam nation are elim nated,

then the effects observed can be attributed to one of three events: 1) chance.
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meani ng that each treated individual has the same opportunity as untreated
individuals for developing the outcome 2) differences in the length of tine that
each individual vtas at risk of developing the outcome, or 3) the real effects of
treatment. The possibility of chance al one effecting the outcome can be
determ ned using classical hypothesis testing. Longevity differences can be
corrected so as to elinnate the bias due to intercurrent nortality, leaving only
the effects due to treatment (Peto et al., 1980)

Peto et al. (1980) demonstrated the need to adjust for intercurrent nortality
when anal yzing chronic bioassay data. Intercurrent nortality refers to all interim
deaths that are unrelated to the outcome of interest. Previously, investigators
either reported crude proportions of tumor-bearing animals among treatnent
groups, or they partially corrected for intercurrent nortality by reporting the
number of tunor-bearing aninmals as a percentage of the nunber of survivors
when the tunor was first observed. This does not conpletely elimnate
intercurrent nmortality. If there are simlar survival patterns anong treatment
groups, then expressing results in this manner may give a reasonably accurate
picture of the effects of treatnment. However, if the treatment reduces |ongevity,
for exanple through acute toxicity, among different groups, animals may die at a
younger age fromthis exposure, or other causes, then the treated aninmals do
not survive a sufficiebt length of time to express the tumor of interest.
Interpretation of the effects of treatnment in these studies can have serious

probl ens.
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For exanple, consider a chronic bioassay conprised of 200 animals, 100 in
the control group (unexposed) and 100 animals in the exposed group, (exposed
toachemcal). Prior to 12 mnths, the control group shows 4/40 (10% of the
ani mal s devel oping a tunor (where the nunerator is the nunber of aninals
devel oping the tunor and the denomnator is the number of animals that died)
and the exposed group showed 18/90 or 20%of the aninals devel oping a
tunor. However, after 12 nonths, the control group denonstrated 21/60 (35%
and the exposed group demonstrated 7/10 (70%. Regardless of the fact that in
both groups (prior to and after 12 months) the proportion of tumors amongst
survivors was higher in the exposed group than the controls, the total fraction of
ani mal s developing tumors is 25/100 (25% for both groups (see Table VIII).
Thi's suggest a need to take into consideration the differences in longevity
between the exposed and control groups (Garth et al. 1986).

Table VI
Contr ol Exposed

Died prior to 12 nmonths 4/40 (10% 18/90 (20%
Died after 12 nonths 21/60(35% 7/10 (70%
Total for experinment 25/100(25% 25/100(25%

Det erm ni ng Age- Specific Incidence Rates ;
Chroni ¢ hioassays for routine testing of chemecals has become an

increasingly inportant tool used by regulatory agencies in setting standards for
potential carcinogens. Until recently, however, analysis and interpretation of
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chroni ¢ bioassay data have been focused primrily on frequency of tumor
occurrence, neglecting such aspects as time to tunor onset and death, either
fromnatural causes or as part of scheduled sacrifices. Wile advances have
been made in the areas of experimental design and pathol ogical evaluation of
long-termanimal studies (Gart et al., 1986), statistical nethods for determning
age-specific tumor incidence rates remain hampered by the lack of adequate

data. This lack of adequate data is inherently problematic in the approach by
which animal data are collected. Because tumor onset time is not an observable

outcome for occult tumors, age at death with tumor must be substituted, and
statisticians are required to make inferences based on assunptions (ie. the
tumor is rapidly fatal) that may not always represent the real situation

The use of age-specific incidence rates avoids hiases due to the differences
inmortality (M Knight 1987) by conparing tunor rates among only those
animal s surviving to each age. Determning context of observation for each
individual animal will helptoelimnate this bias due to intercurrent nortality
Context of observation identifies whether the tumor of interest contributed
directly or indirectly to the death of the animal, or alternatively, whether the
tumor was just an incidental finding at necropsy in an animl dying of an
unrelated cause. Because of the unobservable nature of tumor onset time, a
nunber of different types of time to tumor estimation procedures are presented
Inthe [iterature, While a review of these procedures s beyond the scope of this
paper, it is of Interest to note that problems exist using each of these estimtion
procedures. A parametric approach by Borgan et al. (1984) for estimting tumor
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I nci dence was of little value without data fromfrequent sacrifices. Qher
approaches byTurnbul | etal. (1978) using sophisticated statistical software
packages to fit log-linear and logistic models to data found it difficult to correlate
the observed differences in the model fits in different groups to the differences
in tunor incidences rates, except in special cases (MKnight and Crow ey,
1984). More recently Portier (1986) and Portier and Dinse (1987) have proposed
a semparanetric model which describes the tumor onset rate as paranmetric in
form but the death rate is adjusted in a nonparametric fashion and requires
sacri fi ce I NTf or mMmaat i onN. |
Using information from assigning context of observation is another
approach to determning age-specific tunmor incidence rates. Figure 4 is a
schematic of the status of animals in a chronic bioassay study at any specific
time. There are four different possibilities for each animal; 1) alive and not
tunor (ANT), 2) dead and not tumor (DNT), 3) alive with tunor (AT), and 4) dead
with tunor (DT). There are three different conditional death rates; 1) the rate at
which tunor-free animals die without a tunmor (X DINT), 2) the rate at which
tunor-bearing animals die fromthe tumor (X DFT/T), and 3) the rate at which
t umor - bearing animals die fromcauses other than the tumor (X DOC/T). The
tunor incidence rate X is the rate at which tunor-free animals develop a tunor
Because tumor onset is unobservable in occult tumors (tumors that develop in
places that can not be seen, ie. internal organs), it is necessary to include tumor;
preval ence information. Tumor preval ence (p)is defined as the proportion of

those animals alive with tunors, ie. p = AT/(AT-i-ANT). Tumor preval ence can
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be estimated from schedul ed sacrifices since at any given tine in a large
popul ation the preval ence of tunors anong the sacrificed animals should be the
same as the preval ence of tunmors in the population. Conbining this information
together with context of observation information, and making a few assunptions
allows the tumor incidence rate to become estimble (Starr 1985).

Tumor preval ence can change with time. Tunor-free animals can devel op
tumors or die tumor-free. Tunor-bearing aninals can die fromthe tumor or
fromother causes. The rate of change of prevalence with respect to time, dp/dt,
i s dependent upon the tunor incidence rate and the natural death rates of both

tunor-free and tumor-bearing animls and can be expressed as fol | ows:
(dpldt) = (i-pxt-p(i-p) (x " + X0 M-xD*

Thi's equation can be solved in terms of the tumor incidence rate by rearranging

Xt = (dp/d. )/ (L) + p{Xe M T A ADC ADI T

Preval ence information is estimted fromfrequent schedul ed sacrifices,
assumng the prevalence of the tumor in the sacrificed animals is representative
of the prevalence In the population. The three conditional death rates (X,

J"DOC/T M JADINT) ~ Vhen sacrifice information is not available to estimate

preval ence, the assunption that the presence of a tumor has no effect on the
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risk of dying fromother causes, X" becomes equal to X and these two
terms cancel. Wen this is true, it has been shown that the preval ence of tumor-
bearing animals dying of natural (nontumor) causes is the same, on average, as
the prevalence rate. That is to say the natural deaths from causes other than the
tumor serve as unschedul ed sacrifices and yield information about tunor
preval ence and the rate of change with time (see appendix Il for derivation of
fornula and conplete explanation). Thus the tumor Incidence rate for occult
tunors can now be estimted fromthe context of observation information (Starr

1985).
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NE=T HOODDOS |

The data used for this study were obtained fromthe final report issued by
the Chem cal Industry Institute of Toxicology (CUT 1981). The 24 nonth
inhalation toxicity study in male and female mce and rats was initiated in June of
1978 using 120 rodents per sex at exposure concentrations of 0, 2, 6, and 15
ppmfor 6 hours per day, 5 days a week for 24 nonths. There was a post
exposure period of 6 nmonths. Control animals were subjected to the sane
procedures asthe treated group, except exposure was to air wthout
formal dehyde. Body weight, clinical observation, and mortality were nonitored
for the length of the study. Because a significant tumor incidence rate (> 50%
was observed only at the 14.3 ppmlevel in rats (1% tunor incidence rate at 5.6
ppmin rats), the 14.3 ppmwas the only dose group considered in this study:

A record was devel oped for each animal for the purpose of retrospectively
assi gning context of observation (see figure 5). This record contained the
followi ng information: animl nunber, pathology nunber, sex, death status
(unschedul ed death or sacrifice), and nunber of days on study. Also Included in
each record were clinical observations, necropsy data (citing gross
abnormalities in organs, cavities, and glands), and histopathol ogy data I|isting

any abnormal organs,including a diagnosis and a severity rating for any
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abnormal organs. Tunors, (squanous cell carcinomas) were |isted as being
present. Each record was reviewed by a pathol ogist. Dr. Thomas Monticello
For tumor bearing animals, an initial context (using a four-way classification
system see below) was assigned based on the information contained in the
record. Histopathol ogical examnation of tissue was used in determning the
final context of observation.

Materials used for the histopathology portion of this study were derived
fromthe sane tissue sections and paraffin blocks of the previously reported
chronic inhalation study of formaldehyde in F-344 rats (CUT, 1981; Kerns et al.
1983). Sections of nasal passages at four representative |evels of the nose
(Figure 6) were examned by Iight mcroscopy for all rats reported to have
squarmous cel | carcinomas (Kerns et al., 1983). For each aninal, the follow ng
criteria were evaluated as being present or not present (a score of one or zero,

respectively)

i) 50% or nore of the nasal cavity occupied by tunmor or-the
associ ated keratin produced by the tumor, at any one |eve

i1) tunor present in nore than one |evel of the nose
Ii1) tunor invasion
iv) tunmor necrosis

v) noderate to severe tunor-associated inflammation
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Based on the results of each case, a four-way classification systemwas
used I'n assigning context of observation (ie. whether the cause of death was
directly or Indirectly due to the tumor), as described by Peto (1980):

Context 1 - Tunor found in animal certainly or almost certainly did not
directly or indirectly cause the animl's death

Cont ext 2- Tunor was probably non-fatal to animal (ie. probably
context 1, but not sure).

Context 3 - Tumor was propably fatal to animal (ie. probably context 4
but not sure).

Context 4 - Tunor found in animal certainly or alnost certainly was
fatal to animal. This category includes both direct causes
of death by the tumor and indirect causes due to sone
consequence of the tumor (ie. obstruction of airway, tunor-
induced infection, paraneoplastic effects of tumor).
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RESULTS

Table I X |ist data for each animal. These data include the pathol ogy
nunber, number of days on study (time of death), sex, context of observation

tumor status, and death status (sacrifice or unschedul ed death).

Tabl e X summarizes the tunor status for all 240 rats exposed to 15 ppm of
formal dehyde. As shown in table X, 103 rats (52 female and 51 nmales) were
found to be tumor bearing, 121 rats were found to be tumor free and 16 animals
were classified as either mssing or critical tissues were not examned. Two of
the five animals listed in the extended unschedul ed death category were not
available for nasal turbinate examnation, while the three animls that Wre

examned in that category were all found to be tumor bearing

Table XI lists the criteria used to determne context of observation for tumor
bearing ani mals. Neither of the two animals classified in the definitely incidenta
(D) context met any of the criteria. Only one of the two animls classified in the
probably incidental (Pl) context met one of the criteria. In contrast, six of the

seven animals were scored for two of the criteria in the probably fatal (PF)
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context, and 74 of the 92 animals in the definitely fatal (DF) context net every

criterion. Eighty-eight of the 92 aninmals in this category had multi-|evel

i nvol venent and necrosi s.

Table XI'I summarizes the context of observation for all tumor bearing
animal s by death tinmes of both unschedul ed deaths and sacrificed aninmals. The
data suggest that squanous cell carcinoma (SCC) is a fatal tumor in rats.
Geater than 97%of the tumors were classified as either definitely fatal (88% or
probably fatal (9% . As expected, the mgjority of animals that died unschedul ed
deaths fromthe tumor (definitely fatal) occurred between 12 and 24 nonths, with

more than half the tunors occurring between 18 and 24 nonths.

Figure 7 illustrates the Kaplan-Meier estimate of survival to death from
tunor, assuming the tunor is rapidly lethal. The first tumor bearing animal died

at day 358, and the last tunor bearing aninmal died at day 819

Table X1 lists the data necessary to construct the Kaplan-Meier surviva
curve. This includes the nunber of responses (both positive and negative) and

the nunber of days on study listed in the order of death times
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DI SCUSSI ON

Wil e assigning context of observation proved to be a sinple and efficient
approach used in statistical analysis of bioassay data, pathologists have been
reluctant to performthis task. Results fromthis study indicate that it is possible
to assign context of observation retrospectively with a high degree of
confidence, and Incorporate this data into the analysis for determning age-
specific tumor incidence rates.

The use of a four way classification system as suggested by Peto et al.
(1980) allows the pathol ogi st sone latitude in determning whether the tumor of
Interest was observed in an incidental or fatal context by using a "probably"
category. This has advantages for both the pathol ogi st and the statistician. If
the pathologist is unsure if the tunor was definitely fatal or definitely incidental
the pathol ogi st has the option of classifying the tunor as probably fatal or
probably incidental allow ng for some degree of uncertainty in cases of multiple
tunors or systemc diseases such as |eukema. The statistician has the option
of reversing the numbers in the probably incidental and probably fatal categories
to determine the effects of nmisclassification on the outcone. |If the nunbers in
the "probably" categories are relatively small, then msclassification will [ikely
have little or no effect on the outcome. Peto et al., (1980) eval uated over 4500

Colworth rats for |iver and esophageal tumors using this type of classification
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system Although Peto used a separate category especially for schedul ed
sacrifices (context 0), they reported 5.6%of their cases with an uncertain
context. In this study al most 10%of the cases had an uncertain context when
animals used in schedul ed sacrifices were included, but less than 4%are of
uncertain context when schedul ed sacrifices were not included. The rationale for
including the animals in schedul ed sacrifices with the unschedul ed deaths is
based on the assunption that the tumor is rapidly lethal, and when a tunor-
bearing animal is sacrificed, the aninal actually dies fromthe sacrifice but would
have di ed soon after because of the tunor.

These data suggest that nasal tumors can be classified using context of
observation with a high degree of confidence. The validity of this assunptionis
I11ustrated in Table XI which indicates that there were no responses to any of the
criteria in the context definitely incidental and over 90%response to every criteria
inthe definitely fatal context. Interestingly, both of the animals that were placed
in the probably incidental context, and 5 of the 7 animals placed in the probably
fatal context, were fromschedul ed sacrifices and account for almost 90% of
those animals with an "uncertain" context. If the results fromthe schedul ed
sacrifices were not conbined as Peto et al., (1980) suggest, then the degree of
certainty of context would be over 98%

Criteria used to determne context of observation (tumor size, invasiveness,
milti-level involvement, necrosis, and inflammtion) were used to reduce nuch
of the subjectivity that may arise involving the determnation of whether a tumor

Is incidental or fatal. Using distinct and well defined criteria for determning
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context of observation allows pathologists the possibility of producing results of

simlar quality if data are available.

The Kapl an-Meier estimator of survival to death fromfatal tumors is an
appropriate way of visually denonstrating cunul ative tumor nortality. The
graph displays the proportion of animals surviving at any given tine when al
other causes of death except fromthe tumor of interest are elimnated. It is
unappropriate to conbine both fatal tumors and incidental tumors when using
this graph; therefore context of observation becomes inportant in deternning
only those tumor which were fatal. Usually this curve is used to conpare
mortal ity anong treatnent groups; however in the case of formaldehyde,
because there were only two tumors in the 5.6 ppmdose, and no tunors in the
2.0 ppmand control group, the results of graphing these doses would be a
horizontal straight line at 1.0 (except for a slight downward dip to account for the
two tumors found at termnal sacrifice at the 5.6 ppmtreatnment |evel). Gaphing
the [ow dose and control groups woul d show insignificant effects due to
T rr e &> € rryY = r12cC - L

Meto et al., (1980) used information fromcontext of observation to analyze
his data from4500 Colworth rats (16 treatment groups) exposed to N
ni trosodi methyl am ne (NOVA), Using the same categories as previously
described (Contexts 1-4), Peto reported 42%of the tumors were classified as
either definitely incidental (39% or probably incidental (3%, and 58%as either
definitely fatal (55% or probably fatal (3%. Because nearly half of the tunors

found were classified as either definitely incidental or probably incidental, Peto
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used two different methods to analyze his data to elimnate the bias due to
intercurrent mortality. For those rats in context 1 and 2 (definitely/probably
incidental), Peto used the 'prevalence’ method. For those animals in context 3
and 4 (definitely/probably fatal), he used the 'death rate' nethod. He discovered
that if the 'preval ence’ nmethod had been applied to both the incidental tunors
and fatal tumors, msleading inferences would have resulted, demonstrating a
protective effect of NOMA. Conversely, if he used the 'death rate' method for
both fatal and incidental tumors, he found a highly significant carcinogenic effect.
This clearly denmonstrates the need to elimnate the bias due to intercurrent
mortality. However, in the case of formal dehyde, because greater than 97% of
the tumors (SCC) were classified as either definitely fatal or probably fatal, using
the "death rate" nethod woul d be appropriate for analyzing those tunors
classified as definitely or probably fatal, while the remaining 3%of the incidenta

tunors shoul d be anal yzed using the preval ence method to avoid introducing

bi as.
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CONCLUSI ONS

There is a high degree of confidence (greater than 90% that animals with tumors
can be readily classified with a context of observation

\
Squamous Cel | Carcinoma was probably/definitely fatal to rats exposed to 14.3
ppm formal dehyde in 97%of the cases, and therefore an analysis based on the

assunption that the tumor was rapidly lethal would not be expected to produce

much bi as.

It is oyident that this classification can be done in a retrospective mode, |ong
after the bioassay has been conpleted, provided that the information has been

proper |y archived

Age-specific tumor incidence rates can be estimated using schedul ed sacrifice

and context of observation information.

Context of observation information provides a sinple and efficient approach to
maki ng inferences concerning age-specific tunor incidence rates. This
information helps to elimnate potential bias due to intercurrent nortality anong

treatnent groups.
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Thi's type of data also adds a new dinension to risl< characterization by focusing

attention on the tine to tunor onset in addition to the probability of developing a

tunor.
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RECOMVENDATI ONS

Careful |y selected criteria to determne context of observation shoul d be used to

reduce much of the subjectivity that might arise when pathologists attenpt to

classify the tumor as incidental or fatal.

Investigators should properly archive all the infornation so retrospective analysis

can be performed without |oss of accuracy over tine.

It is apparent fromthis study and fromPeto's work that hoth nasal tumors and

internal organ tumors can be classified with a high degree of confidence
Pat hol ogi sts shoul d be encouraged to determne context of observation both

retrospectively and as the study is on-going.

More enphasi s shoul d be placed on tine-dependent aspects of carcinogenesis
bi oassays. Conparing age-specific tumor incidence rates is a mich nore

effective nethods for determning effects fromtreatment.

More work needs to be done in quantaitative nodeling field to acconmodate
time-to-tumor data that will allowregulatory agencies to focus on nore than just

the cumulative lifetime probability of developing cancer.
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Change the termnol ogy of context of observation to something that is
under standabl e to nost people. Recommendations include cause of death

assi gnment, tumor context, or tumor lethality.
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Table I. Anbient Formal dAyit Levels

Espoture Levd (ppb
Utttnherod o pord vd (ppd)

Type ef ExpotuTt Ohtenat i ont * Ut an Max. o
Rural areas E{background)
Emweto Atoll. South Pacific 7 0.4 0.8
Urban areas
Los Angel es Basin rPI cal ) 8.0 12.0
Los, Agredes Basi n seve e Vers o $4.0 48.0
onne. N 6.1 20.0
j 3.8 14.0
El 1 za%et h, N. J NR 5.5 16.0
Newar k, N. J. NR 6.6 20.0
-NR|nd| cates not reported,
Ess“ r?nﬁ Eznrbu eer ex oagd /6\0 0(*0 0 _g
Sour ee: aptedb fe tal., (1985)
Table I1 . Indoor Exposure to Fonnal dehyde
Sanpl i ng
and Mean
. Analytical  Number oj  Concentrati
SouTtt of Exposure Met hods' goé‘ervarm{]s L;VC;: r(;p'b;n
Canadi an UFFl Study
Homes with heal th conplaints CA 100 139
Control (non-UFFl) homes CA 378 34
UFFl homes (no conpl aints CA 654 40
UFFI homes (no conpl aints CA 1146 54
Uni ted Kingdom UFFI " St udy
Control ‘non UFFI) buildings ~MBTH- CA 50 47
UFFl bui | dings MBTH- CA 1143 93
Bui | di ngs bef ore-after UFFI
Conventi onal ({double wal |
masonry) before MBTH- CA 7 20-9.0
Conventional (doubl e-wal | '
masonry) after MBTH- CA 7 130- 280" -
Nonconventional (prefab
concrete) hefore VBTH- CA > 46 34"7
Nonconventional (prefab ’
concrete) after MBTH- CA 2 380, 700"
g&ég%gwfr {Cg@%? %W&L'@t fethy! -2-benzot i azol one hydrazone
erages o two houses priof o Insia L?o

%;r! es&ap%%g ouB%efsaneas euss'”ﬁ'%“ﬁw 1 Clist 90 days postinstal
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Table x\ Qocupationa] Exponire to Formal ddiyde

Exponire
Estimted Nunber 0J  Leod{ppb)
Number Qoter- o
Erpoture Source Exposed  ttetiont Mem  Max.
Direct nfr. of formaldehyde 1400 135 410 2200
Resin nfr. (VF. PF) 6000 8 240 490
Plywood m r. (UF. FF) S7, 000 81 350 1200
Particle board nfr. 4000 6 920 1400
Wod furniture nfr. €0, 000 6 100 140
Mobi | e home nfr. 32. 000 o o -
UP foamnfr. 50 4 740 1280
UFFI installation 1000 17 420 1300
Metal ol ds-castings nfr. 60, 000 11 390 690
Plastic products nfr. 17.000 8 350 500
Paper and paperboard nfr. 1000 64 470 990
Textile and apparel nfr. 800. 000 30 250 310
Bui | di ng paper and building board nfr. 4000 —_— - -
Paints and coatings nfr. 2300 — . o
Abrasive products nfr. 7000 — S
A shestos products nfr, - S S
Nonresin CHO derivatives nfr. £50 o o -
Nitrogenous fertilizers nfr. 3000 1 500 500
Use (rf CH O containing saniution
product s o —_— 2 380 470
Use in agricultural pesticide
applications — 12 320 650
Bi ol ogy-medi cal |aboratories — — o
Enbal mng and funeral aervice
i ndustry . . 2,600. 000 6 740 1390
Met al wor | dng machi ne operations 55, 000 9 500 1200

Norrc: —indiott« dau not avaHabie.
Source: preuss et al., (1985)
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Table V - Formal dehyde exposure: mortality of chemcal and garment workers.
(oser xed/ expectcd (0/E) deaths
Chenical industrj- Garnent i ndustrv*
Qz\i?.e of Toul Tot al
death Al A2 A3 A4 AS AC AW  B(SS) ows) DW E(”™ Tim A F goF
Al causes 77193 QA'107  49/45 45 as3 104/149 446/485 1619/18C2 115/—% 24/ —-  146/197 256/ —* 1765, - 2059
Al cancers 19723 32127 la'll 251/246 21138 114/123 455/ 46S 20/ 22 10/ 6 37137 42027 87/73  651/633 (1 ﬁ?
Ek' g 2/ — 01—  1A).9 A11 320
;;;aphcaarvl. 5/4.6 2/0.2 3/1.3 10/6.1 1.64
Respirator)-
l\eose ) 0/0.05 0/0.06 0/0.03 0A).5C  0/0.09 0,-0.28  0/1.07 %/7j Séii 12(4/12;4 o/ — 11(;/12—'2 3?; |34|' vooes
Lar xTi x 4'4.5 I A- o/ — 4/ 4l 5
“Lung 6/9.3 11/11.5  7/4.7 12SM03.4 7/13.3  46/31.6 205/193.8 1117 1&7.6 11116 245/224.7 1.09
Di gesti ve n& 117  8/6.3  *n.h  6/9.5 14i9.0 22a7.5 171/160.8 106
Esophagus 01— 1/0.9 1/0.9 '
Col on 4«. 6 3«. 0 713.6 1.94
Prostate o/ — 413 IR B
Ki dney 7/8.3 o/— 110 8«.l3 0.86
;L;ciicrller 18/16.9 o/—  1/0.8 19/17.7  1-07
6/12.5 0/ — 30.6 I« 6/16.2  0.56
20/26.3 2123 IA.5 644 &Z.'S  10/6.1 44/42.1 1.03

Lr nphopoi eti ¢
Leukem a
9/11. 4 2a. 7 412.4  15/15.5 0.97

TR A b e £
8r0p rtlon? rXJrHFHy stut\{
Source: Nelson et al., (1986)

Table W Formal dehyde exposure: Mortality «fpatholofists, anatomsts, and mitieians (includes contingd totals of observed and
expe éat s tor Tal es
. . Observed/ expected (0/E) deaths
Pat hol ogi st * Anat oci ust * Mortician' Total Tablesi and 2
a @ 11 12 K

Cause of death {99,100) {99J00) H(»«) LO1302) aoj.iol) J (JQ) UG JOS) L(iaf) Total GL ofE* ;"_‘E' o
ﬁ: zzxg:s 1;;31/;;14 1815)//51295 787/1129 1182/-* wnt—-  319/322 833/  31A* 1312/1890 0.69  §077/3949 0. 78
SKin 120/188  243/219  205%70 687 69/ 60 17/13  772/83) 0.93 14230464  0.97
Buccal cav. 21%: 8/3. 6 213.4 <VD. 9 a- V—  12ai.4 .08 1503. 4 [.'12
and phar. : 8.1 8« | I« Si1.6 01— 21/23.7  0.89  31/20.8  1.04
Respi rat ory- 19/46.3  74I70.7  43/46.0  20/21.6  13/17.3  4/3.7 167/2055 0.81  199/239.9 0 83
. Nose w. 0/0.4 0A).5 0/0.6 on. i o/—  oas8 ' 029 '

Larynx 1/2.8 213.4 2«. 6 (WO u- 6. 8 0. 61 /1

“Lung 107274 0/22.0  12/43.0  78/66.8 41/42.8 19120.2 12°4.0  3/3.4 176239.6 0 74 10/14.3 ~0.70
D gest |ve 12/19.8 8/15.5 88/ 66. 4 68/ 65. 2 6S/31.0 17/22.6 18/19.3 V4..2 233/ 270.. 0 0. 86 iéi; jgg S g gi

CEglogr:]aguS 2/4.6 6/5.3 SM 1 on.7 in 3 OA- 11/17.0 0: 65 1207. 9 0: 67
Prosk e 20/18.5  20/20.3 Vi TIi M 5/S. 4 in4 85616t 138  92/65.2t 141
Ki dne 0087 18164 timv 804 &8  3AS5  69/50.9 115  736L2 119
Bl adder \fz.\ die  sa o e viro U4 01—  16/16.5  0.97  24/25.8  0.93
Brain ' 22 U3 siss 6/25 01—  20/26.8  4.08 45445 1.0

VL2 s 9058 4.7 3/2.6 116 01—  36/19.6*  1.84  45/35.8

Lynphopoetic  &/3.8* m O  18/14.4 25«0.6 19/15.6  8/6.5 10/5. 6 U1 eu70.6+ 199 8 L2

teukema s e 12085 1269 425 g2t C weems v s 1a

e 0 0 R 8-8§a\' Y 6 e 81”“

L rande 0 1&9 OSUr €9, . d h N | )

[ e rSﬁs FULUS R lﬁé g 0’9

OpoT ti 0na rta Ity st u

'Slgmflcant increase, p < 00

f Significant increase, p < 0.01,

[Significant increase, p < 0.00L

our ce: hb? onet al., (1986)
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Table yjjtudies ot the carcinogenicity of formaldet»yde in laboratory animals

Speci es M e»«tmali cc'
9' oup

Ral 10

Rat 20

Rat (BO 15/ sex

Mouse (CTM. 27-100/sex
SVR. C3HF)

Rat 12- 4B/ sex
(Wstar)

Rat 12- 24/ sex
(Wstar)

Rat 16- 4S/ sex
(Wstar)

Rabbi t 6

Mouse 42- 60/ group
(CG3H)

Hanst er 88-132
(Syrian nmal es
poi den)

fta"> 120/ sex
(Fi scher
344)

Mouse 120/ sex
(B5C3F,)

Ra: 100 nul es
( Spr ague-

Cawl ey)

Ral 100 nal es
( Sprague-

Cawl ey)

Rat 100 nul es
( Sprague-

Dawl ey)

Rat 100 nal es
( Spr ague-

Dawi ey)

oMM, HettntnAy<tnt!tutmnt
mwf.rr fctu'ls

Co«npound

-no eose

tm o 04%for-
mal i n

1 nm ot 9-40%
HMT*

0. 0.4 g HVIr
(total dose)

0. 0.5. 1.0.

5. 0% HMI

0. 1.0. 5.0% HVI
0. 1.0% HMr

0. 2.0% HMr

0, 3y. lornalin

0.41.80, 163 ppm
t or mai dehyde

0. 10 ppm
f or mal dehyde

0,2.0.5.6.14.3 ppi T
f or mal dehyde

0,2.0.5 6.14.3 ppm
| or mal dehyde

0. 14.7 ppm

f or mal dehyde

+ 10.6 ppm HCl
0, 14.3 ppm

f or mal dehyde

+ 10.0 ppm HO
0, 14.1 ppm

f or mal dehyde

+ 9.5 ppm Hd

0. 14.2 ppm

f or mal dehyde

Aoure s ««
I reouencv

Subcut aneous
once/ week

Subcut aneous
once/ week
Oral, drinking-
wat er

Oral, drinking-
wat er

Oral, drinking-
wat er

Oral, drinking-
wat er |or
2070 weeks
Oral, drinking-
wat er (or

50 weeks
Direct applica-
tion to palate
5 tinmes/ week

i nhal ati on

1 h/day

3 days/ week

I nhal ati on

5 h/ day

3 days/ week

I nhal ati on

6 h/day

5 days/ week

Inhal atiort

6 h/day

5 days/ week
I nhal ation

6 h/day

5 days/ week
I nhal atio(\

6 h/day

5 days/ week
I nhal ati on

6 h/day

5 days' «««k
I nhat ati on

6 h/ day

5 days. <week

tofm tormataetirQC upon Bit»wpo»»»»”

t9r>gmel ttud

15 nont hs

Until tunour
formation

333 days

110- 130 weeks
156 weeks

3 generations

2 years

10 nont hs

35-70 weeks

LMeti ne

2.5 years

2.5 years

Lifetine

586 days*

5Bf| days*

SBSdays*

Twnt ow nti a»nct

2/ 10 | ocal
sar comas
1/10 liver
1/10 peritoneal
cavity
7/ 20 | ocal

sar conas

Negative
Negative
Negati ve

Negative

Negat i ve

1/ 6 ' carci noma
insitu of the
pal ate

Negative

Negati ve

Nasal tunours
(conbi ned
sexes.

103/ 200 at

14.3 ppm 2/214

*t 5.6 ppm

Nasal tunours
(2/240 at
14.3 ppm

Nasal tunours

(25/99)

Nasal tunours

(12/ 100)

Nasal tunours
(6/100)

Nasal tunours

(10/ 100)
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Tabl e DC

TI ME TO TUMOR STATI STI CS

PATH # DAYS SEX
1 801581 5 M
2 801587 181 M
3 801651 181 M
4 801569 181 M
5 801641 181 M
6 801628 181 M
7 801583 181 M
8 801650 181 M
9 801595 181 M
10 801636 181 M
11 801653 181 M
12 801797 181 F
13 801761 181 F
14 801701 181 F
15 801728 181 F
16 801776 181 F
17 801700 181 F
18 801690 181 F
19 801717 181 F
20 801693 181 F
21 801748 181 F
22 801762 252 F
23 801656 274 M
24 801719 319 F
25 801627 353 M
26 801767 353 F
27 801754 358 F
28 801763 361 F
29 801711 364 F
30 801639 364 M
31 801646 364 M
32 801585 364 M
33 801676 364 M
34 801643 364 M
35 801601 364 M
36 801596 364 M
37 801602 364 M
38 801619 364 M
39 801664 364 M
40 801766 364 M

PATH # = PATHOLOGY NUMBER
DAYS = DAYS ON STUDY

COB = CONTEXT OF OBSERVATI ON
TUMOR = 1=PRESENT O=ABSENT
DEATH = UD=UNSCHEDULED DEATH

) B

i el i
o O o o

A O

e
o o o o

P ol e b e b s e e B e B s e e e s e
O O OO O 0 OO0 o O Ok OF OO0 o0 o oo

TUMOR

MO SAC=MONTH OF | NTERI M SACRI FI CE

DEATH —
uD

6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
6 MO SAC
uD

uD

uD

uD

uD

uD

uD

uD

12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
12 MO SAC
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41 801791 364 F
42 801777 364 F
43 801751 364 F
44 801774 364 F
45 801720 364 F
46 801746 364 F
a7 801684 364 F
48 801787 364 F
49 801765 364 F
50 801617 390 M
51 801710 420 F
52 801640 432 M
53 801659 432 M
54 801771 433 F
55 801745 438 F
56 801610 474 M
57 801796 477 F
58 801633 479 M
59 801741 479 F
60 801740 488 F
61 801638 491 M
62 801604 495 M
63 801655 504 M
64 801715 504 F
65 801725 508 F
66 801785 509 F
67 801642 511 M
68 801792 512 F
69 801736 520 F
70 801567 521 M
71 801772 525 F
72 801677 530 M
73 801574 531 M
74 801729 531 F
75 801775 633 F
76 801708 533 F
77 801697 535 F
78 801652 537 M
79 801618 539 M
80 801742 543 F
PATH # = PATHOLOGY NUVBER
DAYS = DAYS ON STUDY
COB = CONTEXT OF OBSERVATI ON
TUMOR = 1=PRESENT 0=ABSENT
DEATH = UD=UNSCHEDULED DEATH
MO SAC = MONTH OF

TI ME TO TUMOR STATI STI CS ( CONT)

PATH # DAYS

SEX COB

TUMOR

a O a =

- (@) 1=
a O a=
- (@) a=
a =

a=
a=
a=
a=

0

CRRADLR A AN AN AN T RANAAR A A R
Oiiorligperlig grunmgpelupnloooo

I NTERI M SACRI FI CE

Cece
kil

DEATH

N SAC
NED SAC
NI SAC
NI SAC
NAD SAC
NI SAC
NI SAC
NI SAC
NI SAC

I

50


NEATPAGEINFO:id=80154FCA-433D-4574-97BE-BCA5A2E6C4A0


000

4 B BRI & AR08

> ->] -
». CcOt Ol

"he>H »-" -
7\0>|_¢.|",n|

ocdexst

L= re) - -
P PR = - S
>c; i >b. cot oi

h— >W= >»-
OCOO_O-

t dK| H

b

H

B R OB

00- " >
I

5 (9%

o PGB K

5854

M

o ool

g
o1l

I *7

25

3 I0 I-
8

»<

fe)

1y
;1 O
NNNN

G
>CnN
AN

n
cn
NeNeNeNeNeN' NeNgg55555S5SA"' N AT A AggggE| ' A AT A Agss:

x

s 8I~T18T108

0oz Iog003

2

AVHI MOOOOOOOOOOOOMDOO O O OOA4G - 't -

pe

Ogt 03

00«

00G0OWO000M000000000000000000000000000000000000000000000000000000000SSSS

cococococ/ ) c/ 3cncncocococncococoa) cn(/}c/ 3coc/ }cncncocoencocncococncococo

080


NEATPAGEINFO:id=D751148E-BA6C-47F3-AFA1-6BC9CDCC5CF4


TI ME TO TUMOR STATI STI CS ( CONT)

PATH # DAYS SEX coB TUMOR DEATH ™

121 801734 552 F (0] 18 MO SAC

122 801794 552 F 0 18 MO SAC

122 801780 552 F 0 18 MO SAC

124 801783 552 F 1 18 MO SAC
125 801577 555 M 0} uD
126 801667 560 M 1 uUD
127 801749 567 F 1 uD
128 801558 569 M 1 uD
129 801706 571 F 0 uD
130 801688 572 F 1 uD
131 801609 674 M 1 uUD
132 801621 574 F 1 uUD
133 801670 574 M 0 uD
134 801722 - 577 M (0] uD
135 801658 677 M (0] uD
136 801795 683 F 0 uD
137 801766 586 F 0 uD
138 801564 588 M uD
139 801699 588 F uD
140 801707 590 F uD
141 801698 595 F uD
142 801723 596 F uD
143 801685 596 F uD
144 801799 603 F uD
145 801597 606 M uD
P 201579 607 M uD
147 801582 609 M uD
148 801629 614 M uD
~tia ouxi 0O 615 F uD
150 801592 619 M uD
151 801599 619 M uD
Lo 801714 620 F uD
I co OKIXFj Zb 621 M uD
154 801709 624 F uD
155 801757 627 F uD
156 801781 629 = J uD
157 801622 630 M uD
"1 -Moa 631 M uD
159 801666 631 M uD
160 801687 631 F (0] uD

PATH # = PATHOLOGY NUMBER
DAYS = DAYS ON STuUDY

COB = CONTEXT OF OBSERVATI ON
TUMOR = 1=PRESENT O=ABSENT
DEATH = UD=UNSCHEDULED DEATH

MO SAC=MONTH OF | NTERI M SAC
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Time to
death in
nont hs

12

18

24

27

ubD.*

Ext. UD*

TOTAL

UD = unschedul ed deat hs.
Ext. UD = extended unschedul ed deat hs.

TUMOR BEARI NG

M F
0 0
0 o}
4 4
3 7
2 0
39 41
3 0
51 52

TABLE X

CHARACTERI ZATI ON OF RATS EXPOSED TO FORMALDEHYDE

TOTAL

10

80

103

10

10

15

10

13

61

F

10

10

15

18

60

ATI SPPM

TUMOR FREE

TOTAL

20

20

30

17

31

121

NASAL TURBI NATES
NOT EXAM NED

M F
0 0
0 0
1 o)
0 0
0 0
1 4
1 o)
3 4

TOTAL

ANI MALS M SSI NG

M F TOTAL TOTAL
0] o (0] 20

0 o ] 20
0] 0] (0] 39
0] 0] (0] 27
o 0] (0] 5

4 4 8 124
1 (0] 1 5

5 4 9 240
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TABLE XI

CONTEXT OF OBSERVATI ON | N TUMOR- BEARI NG ANI MALS

Number of Animals with each Criterion

| nvol venent of
Tot al Nunber Tunor Size

Cont ext with Context | B0% nmor el :\2?” one i nvasi on Necr osi s | nfl ammat i on
Definitely Incidental (D) 2 0 0 0 0 0
Probably Incidental (PI) Mo o 0 0 1
Probably Fatal (PF) 0 4 0 5 6
Definitely Fatal (DF) 91 88 90 81 90 84
Total # of Tunor-Bearing

Ani mal s 103

H stopat hol ogical criteria as described in text.
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TABLE Xl |
CONTEXT OF OBSERVATI ON OF TUMOR- BEARI NG ANI MALS

BY TI ME OF DEATH (MONTHS) FOR UNSCHEDULED
DEATHS AND SCHEDULED SACRI FI CES

CONTEXT 12 18 24 27 Subt ot al

Definitely Incidental

unschedul ed deat hs o} 0 0] 1 o 1

sacrificed 0] (0] o} 0 1 1

Probably incidental

unschedul ed deat hs 0 o 0 0 0 o]

sacrificed o 0 (0] 1 0 1

Probably fatal

unschedul ed deat hs 0 o 0 2 o} 2

sacrificed (0] (0] 5 1 1 7

Definitely fatal

unschedul ed deat hs 0 = == == = 80

sacrificed 0 [ @ J — - [ @ ) 11

Tot al 32 64

Tot al

91

103
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58

TABLE Xm

KAPLAN- VEI ER TUMOR FREE SURVI VAL CURVE

R, RN BT

181
252
274

319
353
358
361

364
390
420
432
433

20

10
11
12
13
14
15
16
17
18
19
20
21

438
474
477

479
488
491

495
504

508

22
23
24

509
511

512
520
521

25

26
27
28
29

525
530
531
533
535
537

30
31

32

33
34
35
36

539
543
545

I N DAYS

RESPONSE POsSI Tl VE
RESPONSE NEGATI VE

RESPONSE TI ME

RT

RP
RN
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RP
RN

KAPLAN- MElI ER SURVI VAL CURVE ( CONT)

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59
60
61

62
63
64
65
66
67
68
69
70
71
72

Py
T

NP, ONOOONPFORRFRPREFRLONWWELRWDO

 OO0ONPFR O

RESPONSE POCSI Tl VE
RESPONSE NEGATI VE

RESPONSE TI ME

I N DAYS

RN

R © O -
N

Or P POPOO0OO0OONOOOOOOOORFROFRERPRNRFPOROOOERL N

RT

546
547
550
551
552
555
560
567
569
571
572
574
577
583
586
588
590
595
596
603
606
607
609
614
615
619
620
621
624
627
629
630
631
633
641
642

59
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60

KAPLAN- MEI ER TUMOR FREE SURVI VAL CURVE ( CONT)

RT

RN

RP

643

73
74
75

644
652
654
663
665
672
673
675

76
77
78
79
80
81

679
683

82
83
84

686
687
688

85

86

689
693
694
697
697

87
88
89

90
91

699
705

92

93
94

705
711

95

712
715
718
721
727
728
729

96

97
98
99

100
101

102

740
753
767
808

103
104
105

106

812
819

107
108

I N DAYS

RESPONSE NEGATI VE

RESPONSE TI ME

RESPONSE PGSI TI VE

RT

RP
RN
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FIG 1
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Fic. 2 Diagramof Lrvtl Il of the ni note ihowini the
m of attachnment (fine Unn) of polypoid adenomas and
the number of nu with a polypoid idenoma at each site
The bol d linev indicated b> the arrow iho» the principal
met, of origin of the majoritv of squamous cell carcinomas
(tee Tabic | and Figs 3 and 3). N> Basottrbinate. "clT
o O;axilloiurbmdie. S+ aasal |epium

Source: Mrgan et al., (1986)
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Fig.

3 Kaplan-Meter estimtes of survival curves for three groups of female nice (D.
control; O l|ow dose; A high dose) treated with 17-dich(oroethane

100 110 120
Ti e (weeks)

Source: Garth et al., (1986)
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ANT X D/ NT DMT
X DFT/T

AT DT
XDOOT

Fig- A

Schematic of bioassay aninmal status at any specific time,
Animal s are either alive and tunor-free (A7), dead w thout
tunor (DNT), alive and tunor present (AT), or dead with
tunor present (DT). As time passes, tunmor free (ANT)
animal s can develop tumors at a rate of X (tunor

incidence rate) or die tunor free at a rate X D/ NT.
Tunor-bearing (AT) animals can die fromtunmor or from
other causes at rates X DFT/T or X DOC/ T respectively.

Source: Starr, (1985)
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Fig.b

Pat hol ogy Nunber: 801757
Ani mal Nunber: 2303

O gan

Col on A
Adrenal d and A

Pituitary Gand A

Bone Mar ow Fermur A

Lynph- node Mandi bul ar A

Spleen A
Nasal Turbinate A

65

TYPI CAL RECORD

Sex: F Days on Study: 627
Status: UD # of Slides: 16

# of Blocks: 4

Hi st opat hol ogy

Di agnosi s

Nenmat odi asis P

Zonal Fascicul ata Lipicosis
Bi | ateral 2

Pars Distalis Adenoma P

Hyperplasia 3

Lynphocytic and pl asmacytic
hyperpl asia diffuse 3

Lynphoi d Depletion 2

Epithelial Dysplasia Miltifocal 2
Hyperkeratosis focal 3

O af actory epithelium squanous
netapl asia multifocal 2

Rhinitis seropurul ent 2

Squarous cel | carcinoma P
Squarmous net apl asia nul tifocal 2

Necr opsy
Nasal Cavity nmass
Pituitary enl arged and/or cystic focal or
di ffuse
Cinical Ooservations
From Dat e To Date Abnor mal Qbservati ons
800212 800229 Nasal / Qccul ar Di schar ge
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800302

800302

800303

800303

Cont ext :

4

Nasal / Cccul ar Di scharge
Red Eyelids

Conmment s
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FIG 6

A —NASOTURBI NATES
B - MAXr LLOTURBI NATES
C — ETHMOTURBI NATES

Mitagma! Minn or | r«f hMi that dwnorMstw t« kft*WH ti*i
I fldnw t\ MXI Irve {/KV)toi trntmij?ik, vvakjMor..

Source: Kerns et al., (1983)
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Speci es

Rilt

Cat
Quinea pig
Mouse

Concentration

820
482

250

650- 1, 600

735

650

300

0. 3-50

414

ppn

APPENDI X |

Dur ati on

of Exposure

0.5

4

4

10

h

h

mn

Ef fecta

LG Q (over 3 wka)

Death In 2-4 of 6

Deat h, pul monary edens,
enphysenma

Deat h

Irritation, recovery
in 6 d

Irritation, recovery
in hours

I ncreased ai rway
resistance, decreased
l ung conpliance

LC50

RD5 0

Table 1» Summary of Selected Animal Acute-Inhalation Data on Formal dehyde

Ref er ence

Skog, 1950

Nagornyl jet jbl. , 1979

Carpenter et al.,1949
[ wanof f, 1911
I wanof f, 1911
[ wanof f, 1911
[ wanof f, 1911

Amdur, 1960

Nagornyl, et al., 1979

Kane and Al arle, 1977
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Table 2. Summary of Effects of

Dur ati on

Concentration, ppm of Exposure Speci es Effects
41.5, 83 1 h/id, 3 d/wk Mouse Hyperpl asia and netapl asia of the
X 35 wk tracheal epithelium
50 5 h/id, 1 d/wk Hamst er Squanous cel | netapl asia
X 18 no
15* 6 h/d, 5 d/wk Rat Squanous cel | carcinonas in the naso-
lifetine mexillary epitheliura, epithelia
dyspl asi a and squanous cell neta-
pl asi a of nasal turbinates
15* 6 h/d, 5 d/wk Mouse None to date
lifetinme
12.7 6 h/d, 5 d/wk Mouse, Nasal irritation, decreased body
X 13 wk r at wei ght
10 5 h/d, 5 d/wk Hamster Cell proliferation, hyperplasia
T< 18 mo
SO d Rat Respiratory tract and eye irritation,
decreased body wei ght, decreased
number of al veol ar macrophages
6* 6hd 5 dwk Rat Squanous cel |l carcinona of skin
lifetime in1lrat, epithelial dysplasia and
squarous cell metaplasia of nasa
tur bi nat es
6* 6 h/d, 5 d/ wk Mouse None to date
lifetine
4.6 45 d Rat Yel | ow ng of body hair, decreased
body wei ght
6 h/d, 5 d/wk Mouse, None observed
X 13 wk r at

Prol onged ExposuwFto Formal dehyde in Animals

Ref er ence

Horton et al, 1963

Netteshelra, 1976

CUT, 1979b;
CUT, 1980

CUT, 1979b;
CUT, 1980

Battel | e Col unbus

Laboratori es,
1977a

Nett eaheim 1976

Dubreul | et

3 [
1976

CUT, 1979b;
CUT, 1980

CUT, 1979b;
CUT, 1980

Dubr eul
1976

et al,,

Battel | e Col unbus

Laboratori es,
1977a
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| Tabl e 2. (continued)

Concentration,

ppm_______

3.8

2*

2*

1.6

0. 028

0. 0098

Dur ation

of Exposure Species

90 d
90 d
6 h/d, 5 d/wk
lifetine
6 h/d, 5 d/wk
lifetine
90 d
90 d
90d ?
90 d

Rat, rabbit,

dog, monkey,

guinea pig

Rat

Rat

Mouse

Ef fects

1 of 15 rats died, sone inflam

matlon of lungs in all species
Peribronchial and perivascul ar

hyperen a

EthHaldFmaﬂaemdswmmm

cell netaplasia of the nasa
tur bi nates

None to date

Yel | ovring of body hair

Peribronchial and perivascul ar
hyperem a

None observed

None observed

Study in progress; only Interimfindings have been reported.

Ref er ence

Coon £t al ™.
1970

Fel ' dman and Bon-
ashevskaya, 1971

CUT, 1979Db,
CUT, 1980

CUT, 1979b,
CUT, 1980

Dubreul | eX al.
1976

Fel ' dman and Bon-
ashevskaya, 1971

Fel ' dman and Bon-
ashevskaya, 1971

Fel ' dman and Bon-
ashevskaya, 1971
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Table 3. Summary OF Human | nhal “Pon Data on For nal dehyde

Concentration, ppm Exposur e
20 Chanber

(<1 mn)
13.8 Chanber

(30 min)
0.5-10 I ndoor resi-—

dential air

6-5 Cccupat i ona
(10-30 min)

0,67-4.82 | ndoor resi-
dential air
(I'nfants)

0. 02-4. 15 | ndoor resi-

dential air

0.9-2.7 Cccupati ona
0.3-2.7 Cccupati ona
0.03-2.5 I ndoor resi-

dential air

Ef fects Ref er ence

Di sconfort, lacrimation Barnes and Spei cher, 1942

Eye and nose irritation Simand Pattle, 1957

Eye irritation, headaches,
@ tract synptons,
skin problens, respiratory
conpl ai nts

Sardinas et al., 1979

Irritation, disconfort,
lacrinmati on

Fassett, 1963

W sconsi n Di vi si on
of Health, 1978

Vomiting, diarrhea,
Il acri mati on

W sconsi n Division
of Health, 1978

Eye and upper respiratory
tract irritation, headache,
tiredness, nausea, diarrhea

Upper respiratory tract irri- Blejer and MIler, 1966
tation, lacrinmation

Annoyi ng odor, |acrinmation,
irritation of respiratory
tract, disturbed sleep

Shi pkovltz, 1968

Drowsi ness, nausea, headache, Breysse, 1977
nose and respiratory tract
irritation
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Table 3. (continued)

Concentration, ppm

0.9-1.6

0.25-1.39

O A-0.8

0. 13-0. 45

Exposure

Cccupati onal

Cccupati ona

Cccupati ona

Cccupati onal

Ef fects

i ntense eye Irritation and
Itching; dry, sore throat;
I ncreased thirst; disturbed
sl eep

Upper respiratory tract

Irritation, coughing,
headaches

Lowered FEVj" c1/ FVC, upper
respiratory tract
Irritation

Burni ng and stinging of eyes,
nose, and throat; headache

Ref er ence

Merrill, 1961

Kerf oot and Mooney,
1975

Shoenberg and M tchell
1975

Bour ne and Sef afl an,
1959
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Table 4 Sutntnay of Qinical Studies with Fornal dehyde

Concentration, ppu 5?“ Exat e e No- ZSUb] ects Slﬁgpmtngs

0.03-3. 2* 35 mn

0.03-2. 1* 20 mn 33

1.6 5 h/d 16
X 4 d

0.83 5 h/d 16
X 4 d

0.03-0. 5* 5 nin 33

0.42 5 h/d 16
X 4 d

0.25 5 h/d 16
X 4 d

36
19

33
20
10

94

94

19

Ef fects Ref er ence

No Si nlflcant change In eye
'% king rate ) y

Doubling of eye blinking rate
Increases In eye blinking rate

Doubl ing. of eye bl | nki g rate

Desire“to | eave the rodm
Mediumeye Irritation o
Strong odor, strong eye Irritation

"Slight disconfort," conjunctival

Iriit atlon dryness of nose
and thro

"Jigh
I

g 9| sconfort," conJ unctival
rfitati
nd thro

t
E on, dryness of nose

I
a

Doubl i ng of eye innking rate
Desire”to | eave the roont

Mediumeye irritation

"Slight discomfort," conjunctival

irfitation, dryness of nose
and t hroat

"Slight d| sconfort," conjunctival
Irglg |on dryness of nose

“Total exposure for 35 ninat concentrations increasing from0.03 to 3.2 ppm

AAnder sen, 1979
""\\eber-Tschopp et al., 1977

4n
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Tabl e 5« Sunna of Irrit
to Fo rral dehyde

Response

Throat Irritation
Eye blinking rate
Eye irritation
Nose irritation

ation Thr sholds (33 Subj

"Desire to | eave the roonf

*\\eber - T8chopp et al .,

1977

.3 3*2 ppm f or 35 mn

;ec s Exposed

Threshol d Concentration

en
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3) dN (t) /\/\A/\A(/\j i (/\AAXA),\B([)
A DR T RN = KN
= XN e-CY
AV = f (ST VN @MV g
XCrets V- H- AN ot

NN (@MS* A" A AR )
(X3 DX - X - Xg)

0B X VA (M - e - (130 W)

(X3 DX - XY™ - Xg)

dt

CBEX K-

(X3 N XA) XANP
(X3 D¢ - X - X)) MEERD) e (X3 D
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VNG
2 No(t) X (1- (H* V)
3 N
(A3 4 xM- "L - A2
g owgy = 0 DRXN (L-eCl-v) (1-e

Sone ot her definitions:

P(t) =N(t)/[N (1) (1)
kL TR)

dr(t) *
[N(t) DNt)]2

N (t) M)

CN(t) dN(t)/ dt PN (t) / dt
(NG *NG) (1) 0 )]

78


NEATPAGEINFO:id=53B4B12B-94C6-4C3C-8FBC-554CDD10D7E6


NQ)

[NG) NgQ)]

dP(t) A (1-P)dN3(t)/dt)  _ PdNi(t)/dt
dt [N(t) DnQ)] [N(t)  DQ)]

C(1-P) dNB(t)/dt - PONj(t)/dt)
[N'(t) DNgQ)]

Dropping the explicit tine reference.

PA(L- P (XN - (X3 DX NB)
ARl * HB)

PPN X N

Sd- P (L-P) - (L-P) (X3+X)P

P (X OXg) (1-P

HP=X0 P (LB - P (N Dg- B0

-4-
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solving for X\:

but this requires that X, X* and X* be estimble fromthe data. (P and dP/dt
may be estimated fromthe sacrifice data).

By I ooking at the animals dying with a tumor, we may find the fraction dying in
any interval fromthe tumor and the fraction dying fromother causes. Let f. be

the fraction of animals dying with £ tunor who die fromthe tunor

then f, » 73

or XgfJ XMJ = X3
Vi =73 - Vi =73(1-V
X =Xd - )]

Al'so, we mght assune that the presence of a tunor does not affect the rate of

udci;.ri A lromall other causes. In other words:

Riif we irpnwthsit the rate at which animals are dying free of a tunmor is
R =XN

The total rate of dying, R is:
RER [ X3* X4) N3

but also, X s Xgd - fi)/fi


NEATPAGEINFO:id=45FAB7F9-3A12-45D4-8D41-EFBDBA8EB600


81

RS R DG OL- fiytiy

or \A éF‘_) LA -
tOATIL - )T
X <JPdt A (R- R)P

17 [T~

A dp/dt A (R- R,3
[L-F [ 1AM MRS Y

or

X = dP/dt ~ (R- Rj)
17 (LD e h

To summarize, finding X* requires:

P =fraction of tiving animals with a tunor in the "sacrifice" group.

_d|_ = Rate of change of P during some small increment of tine.
t

R=total rate at which the animls are dying in the "non-sacraf ice" group'v
R = Rate at which animls are dying free of a tunor.

f- =fraction of animals dying with a tunor who are judged to have died fromthe

tunor,

P and dP/dt cone fromthe "sacrafice" group. R R and f- come fromthe "non-

sacrafice" group.
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