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consisting of distinct, definable stages or phases
is now considered to be the case in the develop-
ment of the majority of animal and human neoplasms
(1-5). In some of the earliest studies in experimental
animals demonstrating the existence of such stages (6-
8), two stages, termed initiation and promotion, oc-
curred in that order preceding the development of
tumors. The majority of tumors occurring in the system
studied, that of mouse epidermal carcinogenesis, were
benign papillomas, and carcinomas developed only
later. Subsequently, Foulds (9), from studies on exper-
imental mammary adenocarcinoma, argued that the
stage following initiation be termed “progression,” to
represent a continuous spectrum of alterations, presum-
ably irreversible, beginning with the initiated cell.
Later investigations, however, have shown that nei-
ther of these two concepts could account for all of the
biological characteristics of neoplastic development fol-
lowing initiation. The characteristics of initiation—
including its irreversibility, additivity, and lack of a
readily measurable threshold dose of the initiating
agent—have been generally accepted (1, 3). Further-
more, there is increasing evidence that the process of
initiation has many, if not all, of the characteristics
usually attributed to mutagenesis (10, 11). Indirect
evidence (12, 13) has argued that initiation is charac-
terized by relatively minor structural changes in the
genome, such as base transitions, transversions, and
small deletions. That the process of initiation can and
does occur spontaneously in virtually all animal systems
is now well recognized (1, 11). Recent evidence (14)
has suggested that, while it is possible that millions of
cells may be initiated in an organism, those that develop
further in the stage of promotion are dependent upon

That cancer develops from an antecedent process
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the specific chemical characteristics of the promoting
agent (14). This leads to the concept that cells in the
stage of initiation are quite common, with those that
develop further in the minority.

Postinitiation Stages of Carcinogenesis

As noted above, the terminology for stages beyond
initiation has been somewhat confused until recently.
However, with a more complete study of the character-
istics of postinitiation stages of carcinogenesis and the
development of model systems for the study of these
stages (15), a more distinct picture of the process of
neoplastic development has evolved. At least two dis-
tinct postinitiation stages, promotion and progression,
occurring in that sequence, can be defined and charac-
terized (1). The characteristics of these two stages are
listed in Table I. The critical distinction between the
first postinitiation stage, promotion, and the final
postinitiation stage, progression, is their reversibility
and irreversibility, respectively. Furthermore, many, if
not all, of the cells in the stage of promotion are
dependent upon the presence of the promoting agent
for their continued existence (17, 18). One mechanism
for this dependency, which has been demonstrated in
the case of tumor promoters involved in hepatocarcin-
ogenesis (19), is the inhibition by the promoting agent
of apoptosis, programmed cell death, in cell populations
in the stage of promotion. An interesting and as yet
little understood fact is that, after regression of lesions
in the stage of promotion on removal of the promoting
agent, subsequent readministration stimulates regrowth
of the lesions, presumably in many cases from one or
a few cells that have escaped apoptosis (20).

The irreversible characteristic of the stage of pro-
gression is emphasized by the demonstration in cells in
this stage of major genetic abnormalities usually dis-
cernible as karyotypic anomalies (21), in contrast to the
normal chromosomal structure of cells in the stage of
promotion (22, 23). Furthermore, although cells in the
stage of progression are not completely dependent for
their existence on the continued presence of the pro-
moting agent, it is clear that promoting agents and
other environmental factors may enhance the devel-
opment of cells in this stage (Table I). Progressor agents
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Table . Some Biological Characteristics of Promotion and Progression in Carcinogenesis®

Promotion

Progression

Reversible

Promoted cell population dependent on continued ad-
ministration of the promoting agent

Efficacy sensitive to dietary and hormonal factors

Dose response exhibits measurable threshold and
maximal effect dependent on the total dose of initi-
ating agent

Relative effectiveness of promoters depends on their
ability with constant administration to cause an ex-
pansion of the progeny of the initiated cell popula-
tion

Irreversible. Measurable and/or mor-
phologically discernible aiteration
in cell genome’s structure

Growth of altered cells sensitive to
environmental factors during early
phase

Benign and/or malignant neoplasms
characteristically seen

“Progressor” agents act to advance
promoted cells into this stage

Spontaneous (fortuitous) progression
can be demonstrated

“ Table adapted from Pitot (16).

that act to cause the conversion of cells in the stage of
promotion to the stage of progression are genotoxic,
possessing the ubiquitous characteristic of clastogenesis
in contrast to the action of initiating agents (21, 24),
which induce point mutations and small deletions when
initiating a normal cell without significant clastogenesis
(11-13, 23). Since it is now generally accepted that
most mutagenic agents induce most types of mutation,
depending to some extent on the dose (25, 26), one
may understand why very low doses of complete car-
cinogens only initiate cells, whereas much higher doses
cause the rapid transition of normal cells to the stage
of progression, at times with no clear transitional stage
of promotion (27, 28). On the other hand, agents may
exist that rarely, if ever, actually initiate cells but exhibit
clear progressor activity. Clastogenic agents are most
likely to be in this category (21, 24). Finally, a charac-
teristic common to all stages of neoplastic development
is their spontaneous occurrence. Many endogenous
agents are capable of tumor promotion (16), and thus
endogenous or spontaneous promotion is present in
virtually all species. Spontaneous (fortuitous) progres-
sion may be the result of spontaneous abnormalities in
cell division, which occur in relatively rapidly dividing
populations of initiated cells during promotion in the
presence of the promoting agent (29).

Comparison of the Characteristics of Initiating and
Progressor Agents

Initiating agents cause the initiation of cells pre-
sumably by a mechanism involving a change in the
structure of one or more critical genes. The evidence
supporting this statement 1s as follows.

1. All initiating agents are themselves mutagenic
or can be metabolized to a mutagenic intermediate
(proximate carcinogen) (1, 10, 11).

2. Initiation exhibits no “measurable threshold” in
a dose-response relationship (30, 31), which indicates
that even minimal changes (mutations) in gene struc-
ture can induce the stage of initiation in a cell.

3. Like the process of mutagenesis, initiation (i) is
additive with dose to the point of toxicity (11, 31, 32),
(ii) requires “fixation” by one or a few cycles of cell
division in the presence of the initiator (1, 33), and (iii)
induces an “irreversible,” permanent phenotype (a pre-
sumed reflection of the altered genotype) in the initiated
cell (34).

Although this evidence strongly supports the thesis
that initiation is the result of a genetic change, the
evidence cited above also indicates the general nature
of the initiating event. Since very low doses of initiators
are effective, the structural DNA changes occurring in
the stage of initiation must be very subtle, probably
involving transitions, transversions, small deletions,
and the like (1). In support of this statement are the
characteristics of the mutated sequences in a number
of proto-oncogenes (35) and tumor suppressor genes
(36) that have been reported. In a significant number
of instances, the base change(s) found at the site of
mutation is that predicted by the chemistry of the
mutational event (37).

On the basis of our knowledge of the stage of
progression, progressor agents should also induce struc-
tural alterations in the genome. Since, unlike initiation
and promotion, cells in the stage of progression are
aneuploid, exhibiting discernible chromosomal abnor-
malities, it is reasonable to propose that the genotoxic
nature of progressor agents is their ability to induce,
directly or indirectly, karyotypic structural changes.
This characteristic can be more fully appreciated from
the tabulation of putative progressor agents (Table II;
Refs. 38-49). Table II lists representative examples of
biological, physical, and chemical agents, all of which
are clastogenic and few, if any, of which have significant
initiating activity. However, all of these agents are
carcinogenic, although the carcinogenic action of some
can be demonstrated only by their action on popula-
tions of cells in the stage of promotion. These would
include benzoyl peroxide, hydroxyurea, and 2,5,2",5’-
tetrachlorobiphenyl. The techniques used to identify
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Table Il. Putative Progressor Agents in Carcinogenesis in Humans and Lower Animals

Initiatin Clastogenic Carcinogenic
Agent activityg activ?ty activgy Re.

Hepatitis B virus ? + + 38, 39
Herpes simplex virus - + + 40
lonizing radiation + + + 41
Arsenic salts - + + 42,43
Asbestos fibers ? + + 44, 45
Benzene - + + 46
Benzoyl peroxide - + + 47
Hydroxyurea - + + 21
1,4-Bis[2-(3,5-dichloropyridyloxy)]-benzene - + + 48
2,5,2’,5'-Tetrachlorobipheny! - + + 49

putative progressor agents active in vivo are only now

beginning to be developed, as discussed below. Initiator Progressor

Identification of Progressor Agents ‘ ........... ;

Although all complete carcinogens by definiton |  “F55 5553

possess progressor activity, only relatively recently have

model systems been developed in which progression, Promoter

separate from promotion and initiation, has been de-

monstrable. Among the early examples of such model

systems was that of epidermal carcinogenesis, in which Initiator Progressor

the conversion of papillomas to carcinomas was dem- ‘ # # # ‘ ‘

onstrated by subsequent administration of specific car- | = e

cinogens to animals bearing papillomas (50). A similar

model system has been demonstrated in rat liver (51),

as well as in several earlier studies on rat liver and Promoter

bladder (52-54).

The theoretical basis for such model systems is the
“two-hit” hypothesis first enunciated by Knudson and
Moolgavkar (55) and their associates, and later elabo-
rated on by Potter (56). A diagram of a model system
for the demonstration of initiation, promotion, and
progression is shown in Figure 1. In mouse epidermis,
initiation is carried out after weaning with promotion
until papillomas develop, followed by administration
of a progressor agent (50). In rat liver, the system has
involved the admiriistration of an initiating agent either
during the first week of life or shortly after weaning. If
the latter course is taken, a mitotic stimulus in the form
of a 70% partial hepatectomy is utilized immediately
prior to the administration of the initiating agent. Ad-
ministration of a promoting agent starts from the time
of weaning in the case of neonatal initiation or imme-
diately after the administration of the initiating agent
when initiation is performed after weaning. In the latter
case, after 4-6 months of promotion, the progressor
agent is administered, usually in several or multiple
doses. In the case of neonatal initiation, the progressor
agent is administered after the 4- to 6-month period of
promotion either as a single dose or multiple doses,
with a 70% partial hepatectomy administered within
24-48 hr after the operation (51). The necessity for an
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Figure 1. Models for testing potential progressor agents: initiation-
promotion-progression. Figure shows format of test systems used
for identification of progressor agents. The arrows indicate the single
or multiple administrations of the initiator, promoter, and progressor
agents. The exact time intervals for multiple administrations vary with
the specific agent. See text for further details.

externally induced mitotic stimulus to stimulate the
conversion from the stage of promotion to that of
progression in hepatocarcinogenesis has not been con-
firmed. In the case of mouse epidermis, no such exter-
nal stimulus is required, and preliminary investigations
in our laboratory (J. Hully, Y. Dragan, and H. Pitot,
unpublished observations) have demonstrated that par-
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tial hepatectomy at the time of administration of the
progressor agent is probably not necessary for multi-
stage hepatocarcinogenesis. Presumably, the increased
mitotic rate of hepatocytes in the stage of promotion is
sufficient if cell division is required for the fixation or
progression as it is for the stage of initiation (33). The
methods that have been utilized to quantitate the extent
of the stage of progression and of administered progres-
sor agents are discussed in another paper in this Sym-
posium issue (57).

The Stage of Progression and Progressor Agents in
Carcinogenesis in the Human

Although the original basis for the “two-hit” hy-
pothesis was developed from epidemiologic studies in
the human (55), the clear demonstration of a defined
stage of progression in human carcinogenesis is not so
readily accomplished as in the experimental animal.
However, the presence of premalignant and preneo-
plastic lesions pathologically demonstrable in a variety
of human cancers is completely in concert with the
stages of promotion and progression as components in
the development of malignant human neoplasia from
initiated cells (58, 59). Furthermore, just as the
“focus-in-focus” lesion is characteristically noted in the
development of the stage of progression during rat
hepatocarcinogenesis (21), similar focal malignancies
developing in benign lesions in the human have been
reported for a variety of human neoplasms, both epi-
thelial (60-63) and mesenchymal (59, 64, 65). Further-
more, careful study of a variety of specific human
neoplasms from the earliest definable stages has dem-
onstrated a series of morphologic and karyotypic
changes that can be considered analogous to the model
systems in multistage carcinogenesis in animals (66,
67). Therefore, there is ample evidence that the stage
of progression can be defined in the development of

human cancers. Such a concept raises the interesting
idea that a number of human tumors may represent
cells in the stage of promotion, such promotion being
the result of the action of endogenous (16) or uncon-
trolled exogenous promoting agents. A partial list of
such lesions is seen in Table I1I (68-79). Table III also
indicates where evidence for the regression, sponta-
neous or otherwise, of such lesions has been demon-
strated.

Identification of Progressor Agents Active in Human
Carcinogenesis

The use of model systems such as those depicted
in Figure | for the identification of progressor agents
that may potentially be important in human carcino-
genesis has not been generally accepted for a variety of
reasons. On the other hand, one may make certain
predictions about agents that potentially may act to
induce the stage of progression either in their role as a
complete carcinogen or as a progressor agent. Because
of the unique characteristic of karyotypic abnormalities
of cells in the stage of progression (24), one may propose
that clastogenic agents are potentially progressor agents.
Although it is clear that not all clastogens fall into this
class, some of the known human carcinogens that in
the past have defied attempts to demonstrate their
carcinogenicity in animals are clastogenic. These in-
clude benzene, arsenicals, and asbestos (80). Presum-
ably, such agents exert their progressor or clastogenic
effects on rapidly growing cell populations, such as bone
marrow in the case of benzene, to stimulate the fortui-
tous clastogenicity of exposed replicating cells. A syn-
ergy of promoter and clastogenic agents, which has
been noted in multistage rat hepatocarcinogenesis (81),
may also be inherent in the synergistic effect of tobacco
smoking and asbestos exposure (82). Although the prin-
cipal effect of tobacco smoking may be considered to

Table 1ll. Human Lesions Postulated to Be in the Promotion Stage of their Development to Neoplasia

. Potential
Lesion subsequent lesion(s) Ref.

Aberrant colonic crypts Adenomas and carcinomas 68
Adrenal cortical nodules Adenomas and carcinomas 69
Dysplasia

Cervix Carcinoma in situ or regression 70

Esophagus and stomach Carcinoma in situ 71

Larynx Carcinoma in situ 72
Intestinal metaplasia of Carcinoma or gastric mucosa 73

gastric mucosa differentiation

Leukoplakia

Bladder Carcinoma or regression 74

Oral cavity Carcinoma or regression 75
Liver cell adenoma Carcinoma or regression 76,77
Mesenteric fibromatosis Uncertain 78
Pulmonary lymphangio- Uncertain 79

leiomyomatosis
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result from its complete carcinogenicity, the extended
period and reversibility of its effects (83, 84) argue that
its promoting action is the predominant factor in the
development of malignant neoplasms. Thus, tobacco
smoking sets the stage for the progressor action of
asbestos. Arsenicals, which have been extremely diffi-
cult to demonstrate as carcinogenic in animals, presum-
ably exert carcinogenic effects by their chronic clasto-
genic effects on replicating cell populations (epidermis)
or cells in the stage of promotion in other organs (liver).
This presumption is borne out by the report of Per-
shagen er al. (85), who found that smokers exposed to
arsenic exhibited a 4- to 5-fold greater risk of developing
lung cancer than individuals exposed either to cigarette
smoke or to arsenic alone.

Both experimental and epidemiologic studies
strongly support the concept that the development of
neoplasia in the human involves the stages of initiation,
promotion, and progression, as seen in animal systems.
Since cancer develops in the final stage of neoplastic
development, the risk of human exposure to progressor
agents may be a significant factor in the development
of specific human neoplasms. In view of the endoge-
nous and ambient exposure to numerous promoting
agents and the ubiquitous spontaneous initiation of
human cells, progressor agents, some of which are as
yet undetected, can pose a significant risk to the devel-
opment of human cancer in many human populations.

The authors gratefully acknowledge the editorial assistance of
Dr. Ilse Riegel and the expert technical typing of Mary Jo Markham.
The studies described in this manuscript were supported in part by
National Cancer Institute Grants CA-07175, CA-22484, and CA-
45700.

1. Pitot HC, Dragan YP. Facts and theories concerning the mech-
anisms of carcinogenesis. FASEB J 5:2280-2286, 1991.

2. Slaga TJ. Critical events in skin tumor promotion and progres-
sion. In: Sudilovsky O, Pitot HC, Liotta LA, Eds. Boundaries
between Promotion and Progression during Carcinogenesis. New
York: Plenum Press, pp19-30, 1991.

3. Boyd JA, Barrett JC. Genetic and cellular basis of multistep
carcinogenesis. Pharmacol Ther 46:469-486, 1990.

4. Hirayama T. Operational epidemiology of cancer. J Cancer Res
Clin Oncol 99:15-28, 1981.

5. Day NE. Time as a determinant of risk in cancer epidemiology:
The role of multi-stage models. Cancer Surv 2:577-593, 1983.

6. Rous P, Kidd JG. Conditional neoplasms and sub-threshold
neoplastic states: A study of the tar tumors of rabbits. J Exp Med
73:369-390, 1941.

7. Mottram SC. A developing factor in experimental blastogenesis.
J Pathol Bacteriol 56:181-187, 1944,

8. Berenblum I, Shubik P. A new quantitative approach to the study
of stages of chemical carcinogenesis in the mouse’s skin. Br J
Cancer 1:383-391, 1947.

9. Foulds L. The experimental study of tumor progression: A re-

20.

21.

22,

24.

25.

26.

27.

28.

29.

30.

view. Cancer Res 14:327-339, 1954,

. Schulte-Hermann R. Tumor promotion in the liver. Arch Toxi-

col 57:147-158, 1985.

. Pitot HC, Sirica AE. The stages of initiation and promotion in

hepatocarcinogenesis. Biochim Biophys Acta 605:191-215, 1980.

. Balmain A, Brown K. Oncogene activation in chemical carcino-

genesis. Adv Cancer Res 51:147-182, 1988,

. Buchmann A, Bauer-Hofmann R, Mahr J, Drinkwater NR, Luz

A, Schwarz M. Mutational activation of the c-Ha-ras gene in
liver tumors of different rodent strains: Correlation with suscep-
tibility to hepatocarcinogenesis. Proc Natl Acad Sci USA 88:911-
915, 1991.

. Dragan YP, Rizvi T, Xu Y-H, Hully JR, Bawa N, Campbell HA,

Maronpot RR, Pitot HC. An initiation-promotion assay in rat
liver as a potential complement to the 2-year carcinogenesis
bioassay. Fund Appl Toxicol 16:525-547, 1991.

. Goldsworthy TL, Hanigan MH, Pitot HC. Models of hepatocar-

cinogenesis in the rat—Contrasts and comparisons. CRC Cirit
Rev Toxicol 17:61-89, 1986.

. Pitot HC. Endogenous carcinogenesis: The role of tumor pro-

motion. Proc Soc Exp Biol Med 198:661-666, 1991.

. Glauert HP, Schwarz M, Pitot HC. The phenotypic stability of

altered hepatic foci: Effect of the short-term withdrawal of phe-
nobarbital and of the long-term feeding of purified diets after the
withdrawal of phenobarbital. Carcinogenesis 7:117-121, 1986.

. Stenbick F. Tumor persistence and regression in skin carcino-

genesis—An experimental study. Z Krebsforsch 91:249-259,
1978.

. Schulte-Hermann R, Timmermann-Trosiener I, Barthel G,

Bursch W. DNA synthesis, apoptosis, and phenotypic expression
as determinants of growth of altered foci in rat liver during
phenobarbital promotion. Cancer Res 50:5127-5135, 1990.
Hendrich S, Glauert HP, Pitot HC. The phenotypic stability of
altered hepatic foci: Effects of withdrawal and subsequent read-
ministration of phenobarbital. Carcinogenesis 7:2041-2045,
1986.

Pitot HC. Characterization of the stage of progression in hepa-
tocarcinogenesis in the rat. In: Sudilovsky O, Pitot HC, Liotta
LA, Eds. Boundaries between Promotion and Progression during
Carcinogenesis. New York: Plenum Press, pp3-18, 1991.

Aldaz CM, Conti CJ, Klein-Szanto AJP, Slaga TJ. Progressive
dysplasia and aneuploidy are hallmarks of mouse skin papillo-
mas: Relevance to malignancy. Proc Natl Acad Sci USA
84:2029-2032, 1987.

. Sargent L, Xu Y-H, Sattler GL, Meisner L, Pitot HC. Ploidy and

karyotype of hepatocytes isolated from enzyme-altered foci in
two different protocols of multistage hepatocarcinogenesis in the
rat. Carcinogenesis 10:387-391, 1989.

Pitot HC. Progression: The terminal stage in carcinogenesis. Jpn
J Cancer Res 80:599-607, 1989.

Legator MS, Ward JB Jr. Use of in vivo genetic toxicity data for
risk assessment. Mutat Res 250:457-465, 1991.

Zeiger E, Haseman JK, Shelby MD, Margolin BH, Tennant RW.
Evaluation of four in vitro genetic toxicity tests for predicting
rodent carcinogenicity: Confirmation of earlier results with 41
additional chemicals. Environ Mol Mutagen 16:1-14, 1990.
Iversen OH. The skin tumorigenic and carcinogenic effects of
different doses, numbers of dose fractions and concentrations of
7,12-dimethylbenz[a]anthracene in acetone applied on hairless
mouse epidermis. Possible implications for human carcinogene-
sis. Carcinogenesis 12:493-502, 1991.

Carnaghan RBA. Hepatic tumours and other chronic liver
changes in rats following a single oral administration of aflatoxin.
Br J Cancer 21:811-814, 1967.

Ames BN, Gold LS. Chemical carcinogenesis: Too many rodent
carcinogens. Proc Natl Acad Sci USA 87:7772-7776, 1990.
Zerban H, Preussmann R, Bannasch P. Dose-time relationship

TUMOR GROWTH/PROGRESSOR AGENTS/HUMAN RISK 41



31

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

42

of the development of preneoplastic liver lesions induced in rats
with low doses of N-nitrosodiethanolamine. Carcinogenesis
9:607-610, 1988.

Pitot HC, Goldsworthy TL, Moran S, Kennan W, Glauert HP,
Maronpot RR, Campbell HA. A method to quantitate the relative
initiating and promoting potencies of hepatocarcinogenic agents
in their dose-response relationships to altered hepatic foci. Car-
cinogenesis 8:1491-1499, 1987.

Richardson FC, Morgan PH, Boucheron JA, Deal FH, Swenberg
JA. Hepatocyte initiation during continuous administration of
diethylnitrosamine and 1,2-sym-dimethylhydrazine. Cancer Res
48:988-992, 1988. '

Warwick GP. Effect of the cell cycle on carcinogenesis. Fed Proc
30:1760-1765, 1971.

Dragan YP, Rizvi T, Xu Y-H, Hully JR, Bawa N, Campbell HA,
Maronpot RR, Pitot HC. An initiation-promotion assay in rat
liver as a potential complement to the 2-year carcinogenesis
bioassay. Fund Appl Toxicol 16:525-547, 1991.

Strom SC, Faust JB. Oncogene activation and hepatocarcinoge-
nesis. Pathobiology 58:153-167, 1990.

Puisieux A, Lim S, Groopman J, Ozturk M. Selective targeting
of p53 gene mutational hotspots in human cancers by etiologi-
cally defined carcinogens. Cancer Res 51:6185-6189, 1991,
Wiseman RW, Stowers SJ, Miller EC, Anderson MW, Miller JA.
Activating mutations of the c-Ha-ras protooncogene in chemi-
cally induced hepatomas of the male B6C3 F, mouse. Proc Natl
Acad Sci USA 83:5825-5829, 1986.

de Almeida-Melo N, Ferrari I, Fiorillo AM. Clastogenic effect of
hepatitis B virus (HBV) on human chromosomes. Rev Bras
Genet V 3:587-594, 1982.

Hino O, Tabata S, Hotta Y. Evidence for increased in vitro
recombination with insertion of human hepatitis B virus DNA.
Proc Natl Acad Sci USA 88:9248-9252, 1991.

Galloway DA, McDougall JK. The oncogenic potential of herpes
simplex viruses: Evidence for a “hit-and-run” mechanism. Nature
302:21-24, 1983.

Savage JRK. The production of chromosome structural changes
by radiation. Experientia 45:52-59, 1989.

Lee T-C, Oshimura M, Barrett JC. Comparison of arsenic-in-
duced cell transformation, cytotoxicity, mutation and cytogenetic
effects in Syrian hamster embryo cells in culture. Carcinogenesis
6:1421-1426, 1985.

Yamamoto A, Hisanaga A, Ishinishi N. Tumorigenicity of inor-
ganic arsenic compounds following intratracheal instillations to
the lungs of hamsters. Int J Cancer 40:220-223, 1987.
Oshimura M, Hesterberg TW, Tsutsui T, Barrett JC. Correlation
of asbestos-induced cytogenetic effects with cell transformation
of Syrian hamster embryo cells in culture. Cancer Res 44:5017-
5022, 1984.

Olofsson K, Mark J. Specificity of asbestos-induced chromo-
somal aberrations in short-term cultured human mesothelial
cells. Cancer Genet Cytogenet 41:33-39, 1989.

Ciranni R, Barale R, Adler I-D. Dose-related clastogenic effects
induced by benzene in bone marrow cells and in differentiating
spermatogonia of Swiss CD1 mice. Mutagenesis 6:417-421, 1991.
O’Connell JF, Klein-Szanto AJP, DiGiovanni DM, Fries JW,
Slaga TJ. Enhanced malignant progression of mouse skin tumors
by the free-radical generator benzoyl peroxide. Cancer Res
46:2863-2865, 1986.

Rossi AM, Zaccaro L, Rosselli F, Quattrone C. Clastogenic ef-
fects induced in mice and rats by 1,4-bis[2-(3,5-dichloropyridy-
loxyl)]-benzene, a phenobarbital-like enzyme inducer and liver
tumour promoter. Carcinogenesis 9:1147-1151, 1988.

Sargent LM, Sattler GL, Roloff B, Xu Y-H, Sattler CA, Meisner
L, Pitot HC. Ploidy and specific karyotypic changes during
promotion with phenobarbital, 2,5,2’5’-tetrachlorobiphenyl,
and/or 3,4,3’4'-tetrachlorobiphenyl in rat liver. Cancer Res

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

52:955-962, 1992.

Hennings H. Malignant conversion, the first stage in progression,
is distinct from phorbol ester promotion in mouse skin. In:
Sudilovsky O, Pitot HC, Liotta LA, Eds. Boundaries between
Promotion and Progression during Carcinogenesis. New York:
Plenum Press, pp31-42, 1991.

Pitot HC, Campbell HA, Maronpot R, Bawa N, Rizvi TA, Xu
Y-H, Sargent L, Dragan Y, Pyron M. Critical parameters in the
quantitation of the stages of initiation, promotion, and progres-
sion in one model of hepatocarcinogenesis in the rat. Toxicol
Pathol 17:594-612, 1989.

Reuber MD. Effect of 3-methylcholanthrene on hyperplastic and
early neoplastic hepatic lesions induced in rats by carbon tetra-
chloride. JNCI 45:1237-1242, 1970.

Takayama S, Imaizumi T. Sequential effects of chemically dif-
ferent carcinogens, dimethylnitrosamine and 4-dimethylamino-
azobenzene, on hepatocarcinogenesis in rats. Int J Cancer 4:373-
383, 1969.

Tudor RJ, Severs NJ, Hick RM. The “promoting” activity of
methyl methanesulphonate in rat bladder carcinogenesis. Br J
Cancer 50:63-75, 1984.

Moolgavkar S, Knudson A. Mutation and cancer: A model for
human carcinogenesis. JNCI 66:1037-1052, 1981.

Potter VR. A new protocol and its rationale for the study of
initiation and promotion of carcinogenesis in the rat liver. Car-
cinogenesis 2:1375-1379, 1981.

Dragan Y. Identification of progressor agents in multistage
hepatocarcinogenesis. Proc Soc Exp Biol Med (in press).
Dunham LJ. Cancer in man at site of prior benign lesion of skin
or mucous membrane: A review. Cancer Res 32:1359-1374,
1972.

Henson DE, Albores-Saavedra J. The Pathology of Incipient
Neoplasia. Philadelphia: WB Saunders, 1986.

Orlowska J, Tomecki R, Butruk E. Carcinoma in hyperplastic
polyps of the stomach. An underestimated possibility. Acta Pa-
thol Microbiol Immunol Scand 99:398-404, 1991.

Reed RJ. Minimal deviation melanoma. Hum Pathol 21:1206-
1211, 1990.

McNeal JE, Villers A, Redwine EA, Freiha FS, Stamey TA.
Microcarcinoma in the prostate: Its association with duct-acinar
dysplasia. Hum Pathol 22:644-652, 1991.

Christopherson WM. Dysplasia, carcinoma in situ, and microin-
vasive carcinoma of the uterine cervix. Hum Pathol 8:489-501,
1977.

Ferry JA, Malt RA, Young RH. Renal angiomyolipoma with
sarcomatous transformation and pulmonary metastases. Am J
Surg Pathol 15:1083-1088, 1991.

Klima M, Gyorkey F. Benign pleural lesions and malignant
mesothelioma. Virchows Arch [A] 376:181-193, 1977.

Wolman SR. Karyotypic progression in human tumors. Cancer
Metastasis Rev 2:257-293, 1983.

Balaban GB, Herlyn M, Clark WH Jr, Nowell PC. Karyotypic
evolution in human malignant melanoma. Cancer Genet Cyto-
genet 19:113-122, 1986.

Pretliow TP, Barrow BJ, Ashton WS, O’Riordan MA, Pretlow
TG, Jurcisek JA, Stellato TA. Aberrant crypts: Putative preneo-
plastic foci in human colonic mucosa. Cancer Res 51:1564-1567,
1991.

Neville AM. The nodular adrenal. Invest Cell Pathol 1:99-111,
1978.

Johnson LD, Nickerson RJ, Easterday CL, Stuart RS, Hertig AT.
Epidemiologic evidence for the spectrum of change from dyspla-
sia through carcinoma in situ to invasive cancer. Cancer 22:901-
914, 1968.

Correa P. Precursors of gastric and esophageal cancer. Cancer
50:2554-2565, 1982.

Crissman JD, Zarbo RJ. Dysplasis, in situ carcinoma, and pro-

TUMOR GROWTH/PROGRESSOR AGENTS/HUMAN RISK



73.

74.

75.

76.

77.

78.

79.

gression to invasive squamous cell carcinoma of the upper aero-
digestive tract. Am J Surg Pathol 31(suppl 1):5-16, 1989.
Oohara T, Tohma H, Aono G, Ukawa S, Kondo Y. Intestinal
metaplasia of the regenerative epithelia in 549 gastric ulcers.
Hum Pathol 14:1066-1071, 1983.

Reece RW, Koontz WW Jr. Leukoplakia of the urinary tract: A
review. J Urol 114:165-171, 1975.

Silverman S Jr, Gorsky M, Lozada F. Oral leukoplakia and
malignant transformation. A follow-up study of 257 patients.
Cancer 53:563-568, 1984.

Rosenberg L. The risk of liver neoplasia in relation to combined
oral contraceptive use. Contraception 43:643-652, 1991.

Buhler J, Pirovino M, Akovbiantz A, Altorfer J, Weitzel M,
Maranta E, Schmid M. Regression of liver cell adenoma. Gastro-
enterology 82:775-782, 1982.

Burke AP, Sobin LH, Shekitka KM. Mesenteric fibromatosis. A
follow-up study. Arch Pathol Lab Med 114:832-835, 1990.
Taylor JR, Ryu J, Colby TV, Raffin TA. Lymphangioleiomy-
omatosis. Clinical course in 32 patients. N Engl J Med 323:1254~
1260, 1990.

80.

81.

82.

83.

84.

8s.

Pitot HC. The stages in neoplastic development. In: Schottenfeld
D, Fraumeni J, Eds. Cancer Epidemiology and Prevention, 2nd
ed. Philadelphia: WB Saunders, in press.

Sargent L, Dragan YP, Erickson C, Laufer CJ, Pitot HC. Study
of the separate and combined effects of the non-planar 2,5,2",5’-
and the planar 3,4,3’,4’-tetrachlorobiphenyl in liver and lympho-
cytes in vivo. Carcinogenesis 12:793-800, 1991.

Hammond EC, Salikoff JJ. Relation of cigarette smoking to risk
of death of asbestos-associated disease among installation workers
in the United States. In: Biological Effects of Asbestos. Lyon,
France: IARC Scientific Publication No. 8, pp312-317, 1973.
Zatonski W, Becher H, Lissowska J. Smoking cessation: Inter-
mediate nonsmoking periods and reduction of laryngeal cancer
risk. JNCI 82:1427-1428, 1990.

Reif AE. Effect of cigarette smoking on susceptibility to lung
cancer. Oncology 38:76-85, 1981.

Pershagen G, Wall S, Taube A, Linnman L. On the interaction
between occupational arsenic exposure and smoking and its
relationship to lung cancer. Scand J Work Environ Health 7:302-
309, 1981.

TUMOR GROWTH/PROGRESSOR AGENTS/HUMAN RISK 43



