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Abstract
The lung is the second most common target site of neoplasia of chemicals tested by the National
Toxicology Program (NTP). Of all peer-reviewed NTP studies to date (N = 545), a total of sixty-
four chemicals in sixty-six reports produced significant site-specific neoplasia in the lungs of rats
and/or mice. Of the studies associated with lung tumor induction, approximately 35% were inhalation
and 35% were gavage studies, with dosed-feed, dosed-water, topical, intraperitoneal, or in utero
routes of chemical administration accounting for 18%, 6%, 3%, 1%, and 1% of the studies,
respectively. The most commonly induced lung tumors were alveolar/bronchiolar (A/B) adenoma
and/or carcinoma for both species. The most frequently observed nonneoplastic lesions included
hyperplasia and inflammation in both species. The liver was the most common primary site of origin
of metastatic lesions to the lungs of mice; however, skin was most often the primary site of origin of
metastatic lesions to the lungs of rats. In summary, A/B adenoma and carcinoma were the most
frequently diagnosed chemically induced tumors in the lungs of both rats and mice in the NTP
toxicology and carcinogenesis bioassays, and hyperplasia and inflammation were the most common
nonneoplastic changes observed.
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Introduction
In the National Toxicology Program (NTP) two-year rodent bioassay, the lung is second to the
liver as the most common target site of neoplasia of chemical carcinogens in male and female
mice. In rats, the lung is third in females after the liver and mammary glands, and it is
uncommonly involved in male rats. Of the 545 peer-reviewed NTP reports to date, sixty-six
have identified chemical-related induction of primary pulmonary neoplasia. The most common
routes of chemical exposure associated with site-specific lung tumor induction in NTP
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bioassays are inhalation and gavage (both 35%) followed by dosed-feed (18%); dosed-water,
topical, intraperitoneal, and in utero exposures combined account for 11%.

The most common lung tumors induced in rats and mice by chemicals tested in the NTP
bioassay are alveolar/bronchiolar (A/B) adenomas and carcinomas. The cell(s) of origin of
most rodent lung tumors remains controversial. Many investigators have described tumor cells
with features of alveolar type II cells, Clara cells, or both cell types in spontaneous and
chemically induced pulmonary neoplasms in mice and rats (Belinsky et al. 1991; Dixon and
Maronpot 1991; Herbert et al. 1994; Kauffman 1981; Kauffman et al. 1979; Nikitin et al.
2004; Ohshima et al. 1985; Parsa and Kauffman 1983; Rehm et al. 1989; Sato and Kauffman
1980; Ward et al. 1985). Since the cell(s) of origin for most rodent pulmonary neoplasms is
debatable, the NTP classifies tumors originating in the alveolobronchiolar regions of the lung
of rats and mice as A/B tumors. The occurrence of other tumor types in the lungs of rats and
mice are less frequent; the diagnosis of squamous cell carcinoma and cystic keratinizing
epithelioma are the next two most commonly induced tumor types. However, in the NTP
studies, these other tumor types are seen primarily in rats (National Toxicology Program
2006a, 2006b).

In the 2006 NTP historical control database (consisting of data from over 1500 each of male
and female F344/N rats and 1500 each of male and female B6C3F1 mice from all two-year
studies within the most recent five years on the Toxicology Data Management System
[TDMS]), spontaneous A/B neoplasms of the lung occur at incidences of less than 4% in both
male and female F344/N rats (http://ntp-server.niehs.nih.gov). The mean incidences of
spontaneous A/B adenomas in male and female B6C3F1 mice are 17.4% and 4.6%,
respectively; for A/B carcinomas, they are 10.3% and 2.8%, respectively
(http://ntp-server.niehs.nih.gov). Spontaneous, primary bronchial-derived or mesenchymal
tumors, or squamous cell carcinoma and cystic keratinizing epithelioma, are rarely observed
in mice and rats; however, these tumors have been diagnosed in these species after chemical
exposures and are considered to be induced by exposure to some chemicals. In contrast,
bronchial tumors occur frequently in humans with lung cancer, although recently
adenocarcinoma of the lung has become a more common histologic cell type observed in human
lung cancer (Brooks et al. 2005; Stellman et al. 1997; Wynder and Muscat 1995).

Chemically induced nonneoplastic lesions of the lungs in rats and mice have not been well
documented in the literature. In this manuscript we describe nonneoplastic lesions, which
include acute to chronic inflammation and cellular infiltrates (most often histiocytic in type),
as well as hemorrhage, fibrosis, congestion, and metaplasia.

Metastatic lesions are often observed in the lungs of rodents, and in the evaluated NTP studies,
primary hepatocellular carcinoma was the most common metastatic lesion found in the lungs
of mice, whereas in rats, skin was most often the primary site of origin of pulmonary metastatic
lesions.

In this manuscript, we describe the histopathology of the most common neoplastic and
nonneoplastic lesions induced by NTP-tested chemicals in the lungs of rats and mice and
summarize metastatic lesions and NTP data related to chemically induced, site-specific
pulmonary neoplasia.

Materials and Methods
Pathology Data

Data were summarized from NTP Databases (http://ntp-server.niehs.nih.gov) and the 2006
NTP Historical Control Database (http://ntp-server.niehs.nih.gov). Representative images of
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pathologic lesions were obtained from VoxPort (NIEHS Management, NTP Archives Digital
Images, 2007) or directly from the NTP archives. Within individual NTP studies from which
pathology data were compiled, all animal procedures complied with the Public Health Service
Policy on the Humane Care and Use of Animals. All tissue collection, processing, sectioning,
and staining procedures were done in accordance with the Specifications for the Conduct of
Studies to Evaluate the Toxic and Carcinogenic Potential of Chemical, Biological, and Physical
Agents in Laboratory Animals for the National Toxicology Program (October 2006)
(http://ntp-server.niehs.nih.gov) and are described briefly. The lungs were prepared for
histologic evaluation by introducing 10% buffered formalin (approximately 1–2 mL for mice
and 4–8 mL for rats) into the trachea until the lungs were completely filled to normal inspiratory
volume. Next, the trachea was tied, and the organs were placed in formalin. An entire coronal
section of both right and left lungs, including mainstem bronchi, was submitted for processing.
Tissue sections were cut at 4–6 μm and stained with hematoxylin and eosin (H & E).

Results
Chemicals and Routes of Exposure

To date, there are 545 peer-reviewed NTP reports of long-term carcinogenicity studies in rats
and/or mice. Of these studies, sixty-six (12%) reported “clear,” “positive,” or “some” evidence
of carcinogenicity for site-specific induction of lung tumors in rats and/or mice (Table 1).
Nearly twice as many chemicals induced primary lung neoplasia in mice as in rats (Table 1).
Of the studies associated with lung tumor induction, approximately 35% were inhalation and
35% were gavage studies, whereas chemical administration by dosed-feed, dosed-water,
topical, intraperitoneal, or in utero routes accounted for 18%, 6%, 3%, 1%, and 1% of the
studies, respectively (Table 2).

Pathology
Neoplastic Lesions
Alveolar/Bronchiolar Adenoma and Carcinoma: The most common chemically induced
tumors in the lungs of rats and mice originated in the alveolobronchiolar regions of the lung
and were classified as alveolar/bronchiolar (A/B) adenomas or carcinomas. A/B tumors
accounted for 90% of the NTP studies reported to have primary lung tumors. Microscopically,
A/B adenomas are composed of cuboidal cells that obliterate or efface the normal alveolar
architecture (Figures 1A and 1B). The tumor cells tend to fill adjacent alveolar spaces, have
little to no pleomorphism or atypia, and have low mitotic activity. A/B adenomas often
compress the surrounding tissue; however, there is no invasion. Growth patterns are similar to
those observed in spontaneous A/B adenomas and may be papillary, solid, or a combination
thereof (Figures 1C and 1D). In contrast, A/B carcinomas are composed of cells that may be
pleomorphic, ranging from low cuboidal to columnar, often lining fronds of connective tissue
forming papillary structures that extend into alveolar spaces (Figures 1E and 1F). Frequently,
they have variable growth patterns similar to spontaneous A/B carcinomas; however, induced
carcinomas may show a greater tendency to differentiate into mucinous or squamous cell types
and show tubular or glandular growth patterns (Figures 2A and 2B). The tumor cells frequently
have a high nucleus–cytoplasm ratio, nuclear piling, or multilayered growth, cellular and
nuclear atypia, and increased mitotic activity (Figures 2C and 2D). A/B carcinomas can invade
the surrounding parenchyma and may metastasize within the lung or to extrapulmonary sites.
Some A/B carcinomas have areas of necrosis, sterol clefts, fibrosis, and infiltrates of alveolar
macrophages within the tumors and adjacent alveoli. These A/B carcinomas must be
differentiated from atypical hyperplasia, which is characterized by fibrosis and dysplastic
alveolar epithelium, which lacks sufficient atypia to be considered neoplastic. Atypical
hyperplasia is often observed in the lungs of rats exposed repeatedly to particulates via
inhalation (Figures 2E and 2F).
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Cystic Keratinizing Epithelioma and Squamous Cell Carcinoma: Cystic keratinizing
epithelioma is most often seen in rats exposed to particles such as diesel exhaust, carbon black,
talc, quartz or titanium dioxide (Boorman et al. 1996; Mohr et al. 2006; Rittinghausen et al.
1997). At the NTP, these tumors were observed in Sprague-Dawley (SD) rats following
exposure to polychlorinated biphenyls (PCBs), dioxin, and dioxin-like compounds (National
Toxicology Program, 2006a, 2006b). Cystic keratinizing epitheliomas in the lung tend to occur
late in a study, are generally observed in rats in high-exposure groups, are much more common
in females than males, and are rare in controls (Boorman et al. 1996). The historical control
incidence of cystic keratinizing epithelioma in NTP B6C3F1 mice, F344/N rats, and Sprague-
Dawley rats is zero (0/340 for SD rats), although it has been reported elsewhere to occur
spontaneously in a Sprague-Dawley rat (Rittinghausen and Kaspareit 1998). Microscopically,
the tumors consist of squamous cells that tend to form a multilayered wall that typically
surrounds a central area of keratin, fibrosis, and/or inflammation (Figures 3A and 3B).
Peripherally, the tumors have a cobblestoned appearance and expand into the adjacent alveoli.

In NTP studies, squamous cell carcinoma of the lung is rarely induced by chemical exposure;
less than 10% of those studies with lung tumor induction led to a diagnosis of squamous cell
carcinoma. Of those chemicals that induced squamous cell carcinoma in the lung, induction
was in male or female rats, but not in mice. The historical control incidence of squamous cell
carcinoma in B6C3F1 mice is zero, whereas for male and female F344/N rats the incidence is
less than 0.1%. The NTP reserves the diagnosis of primary lung squamous cell carcinoma for
those cases where greater than 90% of the tumor is composed of neoplastic squamous cells
(Dixon and Maronpot 1991). In rats and mice, neoplasms with equal to or less than 90%
squamous cells are classified as A/B carcinoma with squamous differentiation based on the
assumption that they are variants of A/B carcinoma. Squamous cell carcinoma of the lung
typically has the same histologic characteristics as those found in other organs such as the
forestomach or skin. They often consist of infiltrative tumor cells associated with focal areas
of necrosis, inflammation, and hemorrhage (Figures 3C–3F). They are typically composed of
irregular nests or cords of invasive anaplastic epithelial cells that may show prominent
intercellular bridges (Figure 3D). The tumor cells may show cellular atypia, mitotic activity,
or dysplasia. They sometimes appear as individualized keratinized cells or surround “keratin”
or “horn” pearls, which consist of concentric layers of keratinized squamous cells with keratin
formation toward the center. Fibrosis can often be seen with squamous cell carcinoma of the
lungs in rats.

Bronchial Adenoma and Carcinoma: Spontaneous and induced bronchial adenoma and
carcinoma are rare in rats and mice in contrast to humans, although they are occasionally
observed in mice and rats after chemical exposure (Figures 4A–4D). The historical control
incidence for bronchial tumors in rats and mice in NTP studies is zero. Bronchial neoplasms
are diagnosed only when the origin of the proliferation is clearly the major airways.
Microscopically, bronchial adenomas appear as polypoid or exophytic papillary growths that
protrude into the airway lumen and originate from one or more sites of the bronchial mucosa
(Figures 4A and 4B). The tumor cells are typically cuboidal to columnar and have round to
oval centrally or basally located nuclei. The tumor cells are often monomorphic and well
differentiated, and they show little or no nuclear or cytoplasmic pleomorphism, or nuclear
atypia. Benign bronchial neoplasms do not invade the bronchial walls, whereas cells of
bronchial carcinomas will commonly infiltrate the wall of bronchi. Bronchial carcinomas are
characterized by papillary or tubular/glandular growths of anaplastic tumor cells that may
partly extend into or fill the bronchial lumen (Figures 4C and 4D). These malignant tumors
can be infiltrative, and tumor cells may range from cuboidal to tall columnar and often have
cytologic and nuclear pleomorphism and nuclear atypia; foci of mucinous cell differentiation
can occur.
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Mesothelioma: In contrast to peritoneal mesotheliomas in rats, spontaneous primary
mesothelioma of the lung pleura is rare in F344/N rats and B6C3F1 mice, and it is very rarely
reported as an induced tumor. Proposed early mesotheliomas grow along the pleural surfaces
and rarely infiltrate the lung. The tumors can be classified as epithelial (tubular, papillary, or
solid) or mesenchymal (fibrous). The neoplastic epithelial cells in mesotheliomas are typically
small and uniformly cuboidal and form glandular-like structures, line papillary fronds of
fibrovascular tissue, or form solid sheets. Advanced or late mesotheliomas, on the other hand,
can be infiltrative and consist of large atypical pleomorphic cells that may have glandular-like
structures, solid areas, tubulopapillary, or mixed growth patterns (Figures 4E and 4F).
Mesenchymal mesotheliomas must be distinguished from fibrosarcomas. Mesenchymal
mesotheliomas are often composed of bundles of spindle to plump elongate, or pleomorphic
cells within a fibrous matrix.

Mesenchymal Neoplasms—Spontaneous primary mesenchymal neoplasms of the lung
are rare in mice and rats, and they are rarely induced by chemicals. Primary hemangiosarcoma,
hemangioma, fibrosarcoma, fibroma, leiomyosarcoma, and sarcoma have been diagnosed in
the lungs of rats and mice in NTP studies.

Metastatic and Systemic Neoplasms—In mice, the liver (33.3%) was the most common
primary site of origin of tumors metastatic to the lungs. Metastatic hepatocellular carcinoma,
hepatoblastoma, histiocytic sarcoma, hepatocholangiocarcinoma, cholangiocarcinoma,
hemangiosarcoma, and malignant fibrous histiocytoma were observed in the lungs of mice in
NTP studies (Figures 5A and 5B). In mice, the skin was the second most common primary site
of origin of tumors metastatic to the lungs (15.8%), and it was the most common site of origin
of metastatic tumors in rats (16.0%). Metastatic sarcoma, fibrosarcoma, liposarcoma,
malignant fibrous histiocytoma, and squamous cell carcinoma originating from the skin were
diagnosed as metastatic tumors in the lungs of rats and mice in the NTP studies (Figure 5C).
In rats, bone (11.9%) was the second most common primary site of metastatic tumors, with
osteosarcoma being most often diagnosed (Figures 5D). Other metastatic tumors observed in
the lungs of rats and mice included chordoma, Zymbal's gland carcinoma, Harderian gland
adenocarcinoma, and mammary adenocarcinoma.

Of the spontaneous systemic tumors that may involve the lung, mononuclear cell leukemia is
the most common in F344/N rats (male = 41.6%; female = 26.8%). Malignant lymphoma is
often observed systemically in control female B6C3F1 mice (19.2%; male = 4.1%), with an
incidence of less than 1% in male and female F344/N rats. Histiocytic sarcoma is more often
observed in female B6C3F1 mice (1.7%), and the incidence in male B6C3F1 mice and male
and female F344/N rats is less than 1.0%.

Nonneoplastic Lesions—Hyperplasia was the most common nonneoplastic lesion
observed in the lungs of mice (Table 3). Inflammation and hyperplasia were equally the most
commonly diagnosed nonneoplastic lesions in rats (Table 3). Hyperplasia of the alveolar septal
epithelium is typically characterized as focal and poorly demarcated, but it does not result in
compression of the surrounding parenchyma. Proliferation of alveolar type II epithelial cells
often results in thickening of the alveolar septa; however, the alveolar septal architecture is
maintained (Figures 6A and 6B). The cells generally lack cellular or nuclear atypia, and mitoses
are uncommon. Induced bronchiolar hyperplasia is rare in rats and mice, although it can occur.
Inflammation was one of the most common lesions observed in the lungs of rats, and the second
most common lesion in mice in NTP studies. Inflammation was most frequently characterized
as suppurative, chronic, chronic-active, granulomatous, or necrotizing (Figures 6C and 6D).
Cellular infiltrates, most frequently consisting of histiocytes, were diagnosed in the lungs of
both rats and mice; in addition, nonneoplastic changes such as hemorrhage and congestion
were observed (Figures 6E and 6F). Mineralization, squamous metaplasia of the alveolar septa,
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and fibrosis were more commonly observed in rats than in mice (Figures 7A and 7B). Other
nonneoplastic changes such as crystal (sterol/cholesterol cleft) deposition, bronchiolar
metaplasia (bronchiolization) of the alveolar epithelia, alveolar proteinosis, and keratin cysts
were also reported in treated rats and mice exposed to chemicals in studies at the NTP (Figures
7C and 7D). Multiple nonneoplastic lesions were often diagnosed in the lung of a single animal
(i.e., inflammation and squamous metaplasia; inflammation, squamous metaplasia, and
fibrosis) (Figures 7E and 7F). Thrombosis was often observed in mice, but not in rats (Table
3).

Summary
The most frequently induced tumors in the lungs were alveolar/bronchiolar (A/B) adenoma
and/or carcinoma in rats and mice. Of the sixty-six reports that showed evidence of site-specific
carcinogenicity in the lung, sixty reports indicated A/B adenoma, A/B carcinoma, or both as
the primary tumors induced. The six exceptions were PCBs, 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD), or dioxin mixtures studies in female SD rats, in which primary cystic
keratinizing epitheliomas of the lung were induced (National Toxicology Program 2006a,
2006b). Cystic keratinizing epitheliomas are often observed in the lungs of rats following
exposure to particles such as diesel exhaust, black carbon, quartz, talc, and nickel oxide
(Boorman et al. 1996; Mohr et al. 2006; Rittinghausen and Kaspareit 1998). Other compounds
such as nickel (subsulfide and oxide), cobalt sulfate heptahydrate, dimethyl hydrogen
phosphite, indium phosphide and tetranitromethane all induced squamous cell carcinoma in
the lungs of rats in addition to A/B tumors. Sarcomas and mixed malignant tumors were
observed in rats exposed to tetranitromethane. Induced bronchial adenoma and carcinoma and
mesotheliomas were rarely observed in the lungs of rats and mice exposed to NTP chemicals.

In NTP studies, mesenchymal tumors of the lung were also less often diagnosed in chemically
treated rats and mice. When present, these included hemangioma, hemangiosarcoma, fibroma,
fibrosarcoma, leiomyosarcoma, and sarcoma. Among the spontaneous systemic tumors
affecting the lung, mononuclear cell leukemia was the most common systemic tumor found in
F344/N rats (male = 41.6%; female = 26.8%). Spontaneous malignant lymphoma was often
observed systemically in female B6C3F1 mice (19.2%; male = 4.1%), with an incidence of
less than 1% in male and female F344/N rats. Spontaneous histiocytic sarcoma was less often
observed in male and female B6C3F1 and F344/N rats, with the incidence being less than 2.0%.

The liver was the most common primary site of origin for metastatic lung tumors in mice,
whereas in rats, skin was most often the primary site of origin. Metastatic hepatocellular
carcinoma, hepatoblastoma, histiocytic sarcoma, hepatocholangiocarcinoma,
cholangiocarcinoma, hemangiosarcoma, and malignant fibrous histiocytoma were observed in
the lungs of mice from NTP studies. Metastatic sarcoma, fibrosarcoma, malignant fibrous
histiocytoma, and squamous cell carcinoma originating from the skin were often reported in
the lungs of rats. Similar metastatic lesions were also found in mice, because the skin was the
second most common site of origin. Bone was the second most common primary site of origin
of metastatic lesions to the lungs of rats.

The most common nonneoplastic lesions in the lungs of rats and mice were hyperplasia of the
alveolar epithelium and inflammation. Most inflammatory lesions were categorized as acute,
acute/chronic, or chronic; suppurative, granulomatous, and other types were less frequently
observed in the lungs of rats and mice from NTP studies. Cellular infiltrates of primarily
histiocytes were commonly observed in the alveoli of both rats and mice. Hemorrhage and
congestion were common changes observed in both species. Squamous metaplasia of the
alveoli, mineralization, and fibrosis occurred more often in rats than in mice. Thrombosis was
observed in mice but was uncommon in rats. It should be noted that it is often difficult to
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differentiate nonneoplatic lesions such as A/B hyperplasia and histiocytic infiltrates induced
in some of the inhalation studies from similar but spontaneous lesions related to aging,
especially in rats.

In conclusion, A/B adenomas and carcinomas are the most frequently diagnosed chemically
induced tumors in the lungs of rats and mice in NTP studies, with hyperplasia and inflammation
being the most common nonneoplastic changes in both species. The lung is the second most
common target site of tumor induction of chemicals tested in the NTP two-year rodent bioassay.
Of the 545 peer-reviewed NTP studies to date, sixty-six produced significant site-specific
neoplasia in the lung of rats and mice. Primary lung tumor diagnoses are most often associated
with chemicals administered by the inhalation, gavage, or dosed-feed routes, with all other
routes of administration composing a total of 11%.
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Figure 1.
Alveolar/bronchiolar (A/B) adenoma and carcinoma. (A) A/B adenoma with a papillary growth
pattern. (B) Higher magnification of tumor cells shown in 1A forming short papillary
projections. (C) A/B adenoma with a more solid growth pattern. (D) Higher magnification of
tumor in 1C, with more compact cells. (E) A/B carcinoma with a papillary growth pattern. (F)
Higher magnification of malignant tumor cells shown in 1E forming papillary fronds. H & E.
A, B: B6C3F1 (B6) mouse, untreated control male (UM); C, D: B6 mouse, high-dose male
(HM), beta-myrcene; E, F: C3A mouse, ozone/NNK.
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Figure 2.
A/B carcinoma. (A) A/B carcinoma showing mucinous differentiation of malignant tumor
cells. (B) A/B carcinoma with tubule formation and squamous differentiation of tumor cells.
(C) Large, invasive A/B carcinoma. (D) Higher magnification of tumor in 2C showing piling
of anaplastic tumor cells. (E) Atypical hyperplasia of the lung. (F) Higher magnification of 2E,
with pronounced areas of fibrosis and inflammation. H & E. A: B6 mouse, high-dose female
(HF), butadiene; B: B6 mouse, HF, 1,2 dibromoethane; C, D: F344/N rat, HM, methylene blue
trihydrate; E, F: F344/N rat, HF, cobalt sulfate heptahydrate.
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Figure 3.
Cystic keratinizing epithelioma and squamous cell carcinoma. (A) Cystic keratinizing
epithelioma. (B) Higher magnification of 3A. Note peripheral “cobblestoned” appearance of
tumor cells and multiple layers of squamous cells surrounding central areas of keratin and
inflammation. (C) Squamous cell carcinoma. (D) Higher magnification of 3C. Note nests of
neoplastic squamous epithelial cells and focal areas of hemorrhage and inflammation. (E)
Squamous cell carcinoma with cords of invasive tumor cells. (F) Higher magnification of 3E.
Note nests and cords of neoplastic squamous cells. H & E. A, B: Sprague-Dawley (SD) rat,
HF, PCB 126/PCB 118; C, D: SD rat, HF, PCB 126(3,3,′4,4,′5.5′-pentachlorophenyl); E, F:
SD rat, MF, PCB 126/PCB 153.
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Figure 4.
Bronchial tumors and mesothelioma. (A) Bronchial adenoma, papillary. (B) Higher
magnification of 4A. Note monomorphic population of tumor cells originating from the
bronchial epithelium. (C) Bronchial carcinoma. (D) Higher magnification of 4C. Note nests
and tubules of anaplastic tumor cells infiltrating into the adjacent parenchyma. (E)
Mesothelioma, epithelial. (F) Higher magnification of 4E. Note fronds of epithelial tumor cells
originating from the pleura. H & E. A, B: C3A mouse, NNK; C, D: rat, M, asbestos, amosite;
E, F: F344/N rat, mid-dose female (MF), dibromoacetic acid.
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Figure 5.
Metastatic hepatocellular carcinoma, liposarcoma, and osteosarcoma. (A) Metastatic
hepatocellular carcinoma in the lung with a primary A/B carcinoma. (B) Higher magnification
of 5A. Note typical heptocarcinoma cells adjacent to A/B carcinoma cells. (C) Metastatic
liposarcoma in the lung. (D) Osteosarcoma, pulmonary metastases. Note osteoid deposition
and areas of early calcification. H & E. A, B: B6 mouse, low-dose male (LM),
tetranitromethane; C: F344/N rat, vehicle control male (VM); D: F344/N rat, HM, nalidixic
acid.
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Figure 6.
Hyperplasia and inflammation. (A) Hyperplasia with thickening of the alveolar septa. (B)
Higher magnification of hyperplasia. Note maintenance of alveolar septal architecture, with
no compression and lack of cellular or nuclear atypia of hyperplastic alveolar cells. (C) Focal
infiltrate of acute inflammatory cells. (D) Infiltrates of mixed inflammatory cells. (E) Infiltrates
of histiocytes. (F) Higher magnification of Figure 6E. Note alveolar sacs filled with numerous
histiocytes. H & E. A: F344/N, MF, gallium arsenide; B: F344/N, HF, gallium arsenide; C: B6
mouse, HM, 2,3-dibromo-1-propanol; D: F344/N, rat, HF, hexachloropentadiene; E, F: B6
mouse, HM, gallium arsenide.
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Figure 7.
Fibrosis and metaplasia. (A) Focal areas of fibrosis and inflammation. (B) Higher
magnification of 7A. Note areas of fibrosis, inflammation, and sterol cleft deposition. (C)
Bronchiolar epithelial metaplasia (bronchiolization) of the alveolar septa. (D) Higher
magnification of 7C. Note ciliated bronchiolar-like epithelium lining the alveolar septa. (E)
Squamous and bronchiolar epithelial metaplasia of alveoli. (F) Higher magnification of 7E.
Note areas of squamous metaplasia and ciliated bronchiolar epithelium lining alveoli. Also
note inflammation. H & E. A, B: F344/N rat, MM, cobalt sulfate heptahydrate; C, D: SD rat,
MF, PCB 126/PCB 118; E, F: SD rat, MF, PCB 126/PCB 118.
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Table 2
Route of Administration of NTP Chemicals Associated with Primary Lung Tumor Induction in Rats and/or Mice

Lung tumor induction

Routea Nb Percentage (%)

Inhalation 23 35

Gavage 23 35

Dosed feed 12 18

Dosed water 4 6

Topical 2 3

Intraperitoneal 1 1

In utero 1 1

a
Data for 66 reports showing “clear,” “positive,” or “some” evidence of pulmonary carcinogenicity.

b
N = number of studies
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Table 3
Most Commonly Diagnosed Nonneoplastic Pulmonary Lesions in Rats and Mice

Rats Mice

Diagnosis
Percentage

(%)a Diagnosis
Percentage

(%)a

Inflammation 94.9 Hyperplasia 96.5

Hyperplasia 94.9 Inflammation 90.6

Hemorrhage 90.4 Infiltration, Cellular 84.8

Infiltration, Cellular 75.7 Hemorrhage 84.2

Congestion 64.9 Thrombosis 50.9

Mineralization 55.9 Congestion 49.1

Metaplasia 54.2

Fibrosis 48.6

a
Percentage of studies in which the indicated lung lesion was found.
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