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We collected 75 primary pulmonary carcinomas with pleomor-
phic, sarcomatoid, or sarcomatous elements to better define
their clinical, histologic, and immunohistochemical profile.
The patient’s age ranged from 42 to 81 years (mean 65 years),
and the male-to-female ratio was 9.7:1. Sixty-nine patients
(92%) were smokers. Cough and hemoptysis were the most
frequent presenting symptoms. Fifty-nine patients (65%) died
of disease: only stage significantly predicts overall survival (p
� 0.0273). Microscopically, based on the WHO criteria, 58
cases were classified as pleomorphic carcinoma (51 with an
epithelial component, 7 composed exclusively of spindle and
giant cells), 10 as spindle cell carcinoma, 3 as giant cell car-
cinoma, 3 as carcinosarcoma, and 1 as pulmonary blastoma.
Immunohistochemically, in the tumors composed exclusively
of spindle and/or giant cells, thyroid transcription factor-1
(TTF-1) and cytokeratin 7 were positive in 55% and 70% of the
cases, respectively, whereas surfactant protein-A was always
negative. In pleomorphic carcinomas with an epithelial com-
ponent, cytokeratin 7, TTF-1, and surfactant protein-A were
positive in the sarcomatoid component in 62.7%, 43.1%, and
5.9% of the cases, respectively, whereas they were always
negative in the sarcomatous part of carcinosarcomas and blas-
toma. In the epithelial component of pleomorphic carcinomas,
cytokeratin 7, TTF-1, and surfactant protein-A were positive in
76.4%, 58.8%, and 39.2% of the cases, respectively, whereas
the same antibodies did not react with the epithelial component
of carcinosarcomas; in the case of blastoma, the epithelial part
of the tumor was positive for cytokeratin 7 and TTF-1, whereas
it was negative for surfactant protein-A. Cytokeratin 20 was

always negative. In our opinion, this study: 1) supports the
metaplastic histogenetic theory for this group of tumors; 2)
shows that cytokeratin 7 and TTF-1, but not surfactant protein-
A, are useful immunohistochemical markers in this setting; 3)
confirms that stage is at the moment the only significant prog-
nostic parameter, as in conventional non-small cell lung carci-
nomas; and 4) shows that this group of tumors has a worse
prognosis than conventional non-small cell lung carcinoma at
surgically curable stages I, justifying their segregation as an
independent histologic type in the WHO classification.
Key Words: Lung—Pleomorphic carcinoma—TTF-1—
Cytokeratins—Immunohistochemistry.
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The recent World Health Organization (WHO) classi-
fication of lung tumors unified the heterogeneous
group of non-small cell lung carcinomas (NSCLC) that
contain a sarcoma or sarcoma-like component under
the designation “carcinomas with pleomorphic, sarcoma-
toid, or sarcomatous elements” (CPSS).8,71,72 This group
includes different entities, such as pleomorphic carci-
noma (PC), spindle cell carcinoma (SCC), giant
cell carcinoma (GCC), carcinosarcoma (CS), and pulmo-
nary blastoma (PB).8,71,72 Globally, these tumors are
rare, comprising approximately 0.1–0.4% of all lung
malignancies.8,71,73 They predominantly occur in
heavily smoking males, with an average age at diagnosis
of 60 years, and they pursue an aggressive clinical
course.10,19,21,29,31,37,41,42,48,49,59,61,64,67,75–77

Histologically, CPSS commonly appear as biphasic
neoplasms, with a carcinoma (e.g., adenocarcinoma,
squamous cell carcinoma, large cell carcinoma, or a mix-
ture of these) intermingled with a sarcomatoid (spindle
and/or giant cell) component, or with heterologous sar-
comatous tissue. More rarely, they are devoid of an ob-
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vious epithelial differentiation on routine microscopy,
and they consist of a pure sarcomatoid component.

The differential diagnosis with a primary or meta-
static sarcoma may be difficult on hematoxylin and
eosin staining, particularly when an obvious carci-
nomatous component is lacking. Antibodies against
epithelial markers, such as cytokeratins and epi-
thelial membrane antigen, together with an exten-
sive tumor sampling, are very helpful in this set-
ting.1,4,7,9,10,14,15,19,21,25,29,31,41,42,48,49,55,58,59,67,74–77

However, the same antibodies have no value in differ-
entiating a pulmonary CPSS from a similar neoplasm
arising in another organ.7,22,77

Nowadays, several monoclonal antibodies are avail-
able to evaluate the pulmonary origin of a tumor, par-
ticularly thyroid transcription factor-1 (TTF-1), surfac-
tant apoprotein-A (SP-A), and the coordinated expres-
sion of cytokeratins 7 (CK7) and 20 (CK20). TTF-1 is a
38-kDa homeodomain-containing transcription protein
of the Nkx2 gene family that regulates the pulmonary
epithelial morphogenesis and the development of thyroid
gland and diencephalon. It is a specific immunohisto-
chemical marker for thyroid and pulmonary tumors, par-
ticularly for adenocarcinoma and small cell carci-
noma.2,5,11,17,20,24,33,36,52,53,57,62 SP-A is a monoclonal
antibody that recognizes 34–37-kDa and 62-kDa human
surfactant apoproteins, mainly located in normal and hy-
perplastic type II pneumocytes and playing an essential
role in avoiding alveolar collapse at the end of expira-
tion. SP-A is mainly expressed in pulmonary adeno-
carcinoma.6,11,35,51,62 CK7, a 54-kDa basic protein,
is strongly expressed in different epithelia, including
breast, endometrium, bladder, pancreas and biliary
tract, stomach, and lung,11–13,39,40,56 whereas CK20,
a 46-kDa acid protein, is basically located in the epi-
thelium of intestine, bladder, pancreas, and biliary
tract.12,13,39,40,44,45

TTF-1, SP-A, CK7, and CK20 are commonly used in
differentiating a primary pulmonary carcinoma from a
metastasis. However, to our knowledge, these antibodies
have never been assessed in CPSS.

The aims of this study are to analyze the clinical and
histologic features of a relatively large series of surgi-
cally treated pulmonary CPSS and to investigate the im-
munohistochemical expression of TTF-1, SP-A, CK7,
and CK20 in this group of tumors.

MATERIALS AND METHODS

The files of the Department of Pathology of the Uni-
versity of Modena and Reggio Emilia, and of the Opera-
tive Unit of Pathology of the S. Maria Nuova Hospital of
Reggio Emilia, were searched for surgical cases of pul-
monary carcinoma in which a spindle and/or giant cell
component was reported. Among 5788 lung carcinomas

diagnosed from 1984 to 2001, a total of 86 cases were
selected. After histologic and immunohistochemical re-
view, two cases were reinterpreted as monophasic syno-
vial sarcomas and four as metastatic neoplasms (two leio-
myosarcomas from the uterus, one malignant fibrous
histiocytoma from the retroperitoneum, and one spindle
cell thymoma). Five cases were excluded lacking of
complete clinical information. Thus, 75 cases were se-
lected for this study. All the cases consisted of surgical
resection specimens, and the tissue was routinely forma-
lin fixed and paraffin embedded. A mean of 6.5 (range
3–11) hematoxylin and eosin-stained slides for tumor
was available. All the slides were reviewed at a multi-
headed microscope by two pathologists (G.R., A.C.).
The cases were included in the study if they fulfill one of
the following histologic criteria: 1) presence of at least
10% of sarcomatoid (malignant spindle and/or giant
cells) or true sarcomatous (malignant chondroid, osteoid,
or muscular) component in an otherwise conventional
NSCLC; and 2) immunoreactivity for at least one broad-
spectrum epithelial marker (MNF 116, CAM 5.2,
AE1/AE3, or epithelial membrane antigen) in a mono-
phasic malignant spindle and/or giant cell neoplasm.

The tumors were classified according to the criteria of
the WHO classification.8,71,72 Briefly, PC is defined as
an NSCLC combined with neoplastic spindle and/or gi-
ant cells or a carcinoma consisting only of spindle and
giant cells. SCC is a carcinoma composed exclusively of
spindle-shaped tumor cells, whereas GCC is composed
only of neoplastic, highly pleomorphic giant cells. In CS
a carcinoma component is combined with a sarcoma, the
latter consisting of heterologous elements, such as ma-
lignant cartilage, bone, or muscle. PB is a biphasic tumor
in which both the epithelial and the mesenchymal com-
ponents have a primitive, “fetal-type” appearance.

The extent of necrosis was estimated by light micros-
copy, as follows: 0, no necrosis; 1+, small foci of necro-
sis; 2+, geographic necrosis; 3+, massive necrosis occu-
pying >50% of the neoplasm. Finally, the presence of
vascular invasion was recorded.

For immunohistochemical analysis, the following an-
tibodies were used: CK7 (clone OV-TL 12/30, Dako,
Glostrup, Denmark; 1:100 dilution), CK20 (clone Ks
20.8, Dako; 1:100 dilution), TTF-1 (clone 8G7G3/1;
Dako, Glostrup, Denmark; 1:100 dilution), and SP-A
(clone PE-10; Medite, Milan, Italy; 1:200 dilution). In
each case 4-�m-thick sections were obtained from a rep-
resentative block. Sections were air-dried overnight at
37°C, then deparaffinized in xylene and rehydrated
through a decreasing concentration of alcohol to water.
Endogenous peroxidase activity was blocked by immer-
sion for 10 minutes with 3% hydrogen peroxide (H2O2)
in methanol. Sections stained with CK7 and CK20 were
digested in 0.01% protease solution in 0.005 M (pH 7.6)
Tris-buffered saline at 37°C for 15 minutes. For TTF-1 a
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microwave antigen retrieving was performed for 30 min-
utes in 0.01 M citrate buffer (pH 7.8). Antigen retrieval
was not used for SP-A. Incubation with the primary an-
tibodies was accomplished with a modified avidin-biotin
peroxidase technique using a commercial immunohisto-
chemical autostainer (Ventana, Strasbourg, France); 3�3-
diaminobenzidene was used as the chromogene and Har-
ris hematoxylin as the counterstain. Alveolar type II cells
served as positive internal controls for TTF-1, CK7, and
SP-A, whereas appropriate sections of a colonic adeno-
carcinoma were used as positive control for CK20. Nega-
tive controls were included in each test by substituting
the primary antibodies with nonimmune mouse IgG.

For each antibody the percentage of positive cells (0,
negative; 1+, 1–25%; 2+, 26–50%; 3+, >50%) and the
intensity of staining (0, negative; 1, weak; 2, moderate;
3, strong) were recorded. A tumor was considered posi-
tive if >10% of the neoplastic cells reacted with an in-
tensity of �2+, on the relevant subcellular localization
(nuclear for TTF-1, cytoplasmic for others).

Clinical data were collected from pathologic reports,
from clinical charts, from referring physicians, or di-
rectly from the patient’s families. The following data
were recorded: age, sex, smoking habit, presenting clini-
cal symptoms, tumor size, location, stage, and follow-up
(calculated from the date of surgery). Staging was evalu-
ated according to the International Union Against Cancer
criteria.63

The correlation between clinicopathologic and immu-
nohistochemical variables was performed using contin-
gency table methods and tested for significance using the
Pearson’s �2 test. Survival curves were evaluated using
the Kaplan-Meier method and statistical significance was
estimated with the log-rank test. Univariate and multi-
variate relative risk were calculated using Cox propor-
tional hazards regression (SPSS version 10.0, Chicago,
IL, USA). A difference with probability (p) values �0.05
was considered significant.

RESULTS

The most relevant clinical and pathologic data are
summarized in Table 1.

Clinical Findings

The patients consisted of 68 males and 7 females
(male/female ratio, 9.7:1). The mean age at diagnosis
was 65 ± 8.4 years, with a wide range (42–81 years).
Sixty-nine patients (92%) were smokers. A simple lo-
bectomy plus regional lymph node sampling was per-
formed in 61 cases (81.3%), and a pneumonectomy was
performed in 14 (18.7%) cases. No patient underwent
preoperative adjuvant radiotherapy or chemotherapy. In
46 cases (61.3%), the tumor arose in the right lung,

whereas the left lung was involved in the remaining 29
cases. In 36 patients (48%), the tumor had a predilection
for the upper lobes (25 cases in the right side, 11 in the
left). The neoplasm was peripheral in 53 cases (70.7%)
and central in 13 (17.3%); in the remaining 9 cases, the
lesion was so large that the exact location could not be
evaluated.

Cough and/or hemoptysis were the most common pre-
senting symptoms, occurring in 60 patients (80%), and
fever, dyspnea, and chest pain represented the other
clinical manifestations. In five patients (6.7%), the tumor
was an incidental finding.

Forty-three patients (57.3%) were considered in patho-
logic stage I (9 Ia, 34 Ib), 20 (26.7%) in stage II (7 IIa,
13 IIb), and 12 (16%) in stage III (11 IIIa, 1 IIIb).

Follow-up and Prognosis

Follow-up was obtained in every case. Forty-nine pa-
tients (65.3%) died of disease, with a follow-up ranging
from 1 to 145 months. Globally, the median survival was
19 months (mean 29.28 ± 31.16 months). A median sur-
vival of 31 months was observed in stage I, whereas 10.5
and 9 months, respectively, were the median survival in
stage II and III. Twenty patients (26.7%) were alive and
free of disease, with a follow-up ranging from 2 to 156
months. Sixteen of these patients were in pathologic
stage I, and four in stage II. Six patients (8%) were alive
with disease progression.

Patients with pathologic stage I had a statistically sig-
nificant better prognosis than patients with stage II and
III (p � 0.0273) (Fig. 1). No significant differences in
overall survival were observed with other parameters,
such as tumor size >5 cm, pure spindle and/or giant cell
histotype, extension of necrosis, immunohistochemical
results, sex, and peripheral or central site of the tumor.

When a Cox proportional hazards model was con-
structed, including age at diagnosis, sex, histotypes, im-
munohistochemical results, extension of necrosis, and
tumor location, only stage (I or > I) predicted the overall
survival (p � 0.0107).

Pathologic Findings

Macroscopically, tumors were generally poorly cir-
cumscribed, gray–whitish with large, yellowish necrotic
areas and hemorrhagic foci. The size ranged from 1 to 13
cm, with a median of 4.9 cm (± 2.65 cm).

Histologically, 10 cases (13.3%) were classified as
SSC, 3 (4%) as GCC, 58 (77.3%) as PC, 3 (4%) as CS,
and 1 (1.3%) as PB.

SCCs were characterized by a variety of growth pat-
terns. In two cases neoplastic cells were cigar-shaped and
arranged in long fascicles, simulating a leiomyosarcoma
(Fig. 2A). In three cases tumor cells were more elon-
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gated, with moderately atypical nuclei, and grew in long
fascicles with a vague herringbone pattern, giving a strik-
ing resemblance to fibrosarcoma (Fig. 2B). An appre-
ciable number of lymphocytes, plasma cells, and eosino-
phils intermingled with relatively uniform spindle ele-
ments was observed in four cases: such tumors mimicked
an inflammatory pseudotumor or a follicular dendritic
cell sarcoma (Fig. 2C). Finally, in one case atypical
spindle cells dissected the alveolar septa and were asso-
ciated with extravasated erythrocytes, superficially simu-
lating an angiosarcoma (Fig. 2D).

Three neoplasms were classified as pure GCCs. Two
of these tumors consisted of pleomorphic cells with
abundant, eosinophilic cytoplasm and multiple or single
highly atypical nuclei with prominent nucleoli. Neoplas-
tic cells were often loosely arranged in an inflammatory-
rich stroma and showed prominent emperipolesis (Fig.
3A). Large necrotic and hemorrhagic areas were always

present. In one case many syncytiotrophoblast-like giant
cells associated with hemorrhagic foci were observed,
giving to the lesion a choriocarcinoma-like appearance
(Fig. 3B).

Fifty-eight cases were classified as PC. In 51 cases a
carcinomatous component was present (Fig. 4). It con-
sisted of squamous cell carcinoma (SqC) in 12 cases,
adenocarcinoma (ADC) in 14, large cell carcinoma
(LCC) in 18, mixed adenocarcinoma/large cell carci-
noma (ADC/LCC) in 5, and adenosquamous carcinoma
(ADC/SqC) in 2. In one case the LCC component
showed a rhabdoid phenotype. The sarcomatous compo-
nent consisted only of spindle cells in 15 cases, only of
giant cells in 10, and of both spindle and giant cells in 26.
Notably, a solely giant cell component was never found
in association with SqC, whereas no significant dif-
ferences were noticed in the distribution of the other
histotypes.

TABLE 1. Summary of relevant clinical and pathologic findings: part 1

Case
Age
(yrs) Sex Complaints

Size
(cm) Site Histotype Stage

Outcome
(months)

1 57 M C+H 1.8 LUL SCC 1a A (40)
2 62 M C+H 6.0 LUL SCC 1b D (32)
3 70 M F 5.0 RUL SCC 1b D (53)
4 74 M H 5.0 LUL SCC 1b D (18)
5 73 M C 1.5 RIL SCC 1b A (19)
6 54 M H 1.5 RUL SCC 2b AWD (22)
7 64 M C+H 2.0 RUL SCC 1a D (13)
8 57 M C+H 4.5 LUL SCC 2b A (10)
9 48 M H 5.0 RL SCC 3a D (8)

10 45 M C+H 5.5 RL SCC 2b AWD (11)
11 71 M H 3.5 RL GCC 3a D (34)
12 67 M C+H 12.0 RUL GCC 1b D (22)
13 47 M H 4.5 LL GCC 1b A (2)
14 70 M C 4.0 RUL PC (GCC/SCC) 1b D (32)
15 62 M ChP 10.0 LIL PC (GCC/SCC) 1b D (1)
16 61 M C+H 5.5 RUL PC (GCC/SCC) 1b D (38)
17 58 M H 1.0 RUL PC (GCC/SCC) 1a A (118)
18 70 F H 4.0 RUL PC (GCC/SCC) 1b D (9)
19 58 F Inc 2.0 LUL PC (GCC/SCC) 1b D (10)
20 57 M C+H 6.0 RIL PC (GCC/SCC) 2b AWD (19)
21 68 M C+H 13.0 LIL PC (LCC+GCC) 2b D (2)
22 57 M C 3.5 RUL PC (LCC+GCC) 1b D (41)
23 72 M ChP 8.0 RIL PC (LCC+GCC) 3a D (2)
24 42 M C+H 5.5 LL PC (LCC+GCC) 2b D (48)
25 62 M H 6.0 RUL PC (LCC+GCC) 3a AWD (71)
26 72 M Inc 3.5 RUL PC (LCC+GCC) 1b D (17)
27 69 M C 3.5 LL PC (LCC+SCC) 3b D (8)
28 55 M Inc 4.0 LL PC (LCC/SCC) 3a D (2)
29 67 M C 2.4 LUL PC (LCC+SCC) 1b A (15)
30 69 F C+H 5.0 LIL PC (LCC+GCC/SCC) 2a A (80)
31 81 M Inc 3.4 RIL PC (LCC+GCC/SCC) 1b A (156)
32 62 M F 2.0 LUL PC (LCC+GCC/SCC) 1a D (45)
33 54 M H 7.0 RUL PC (LCC+GCC/SCC) 1b A (88)
34 51 M ChP 8.0 LUL PC (LCC+GCC/SCC) 2b D (58)
35 72 M C 10.0 RUL PC (LCC+GCC/SCC) 1b D (8)
36 70 M C+H 8.0 RL PC (LCC+GCC/SCC) 2b D (16)
37 60 M H 1.0 LIL PC (LCC+GCC/SCC) 1a D (55)
38 61 M C 4.0 LIL PC (LCC+GCC/SCC) 1b A (145)
39 72 M C 3.5 RIL PC (LCC/ADC+GCC) 1b D (46)
40 66 M H 7.0 RUL PC (LCC/ADC+GCC/SCC) 2a D (8)
41 65 M Dys 3.5 RUL PC (LCC/ADC+GCC/SCC) 1b D (35)
42 51 M H 8.0 LUL PC (LCC/ADC+GCC/SCC) 2b D (3)
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In seven PC a carcinomatous component was not evi-
dent on hematoxylin and eosin. These tumors simulated
a pleomorphic malignant fibrous histiocytoma: they were
composed of atypical fusiform elements arranged in a
storiform pattern, admixed with bizarre multinucleated
giant cells (Fig. 5). An inflammatory background was
always present.

Finally, three CS were found (Fig. 6). The sarcoma-
tous component was represented by cartilage (two cases)
and bone (one case): the carcinomatous foci took the
form of SqC in all cases. Finally, one case was charac-
terized by an undifferentiated blastema-like component
associated with a conventional ADC (Fig. 7): in agree-
ment with Koss et al.36, we classified this case as PB.

Overall, geographic and diffuse necrosis (2+ and 3+)
was present in 19 (25.3%) and 50 cases (66.7%), respec-
tively, whereas the remaining 6 cases (8%) presented
punctated necrotic foci scattered throughout the tumor
(1+). Vascular invasion was noted in 48 cases (64%).
Notably, the latter finding was observed particularly in

cases with a spindle cell component (9 of 10 SCC)
(Fig. 8).

Immunohistochemical Findings

Distribution and grading of immunoreactivity for
TTF-1, CK7, and SP-A are summarized in Table 2.

CK7

Tumors composed exclusively of spindle and/or giant
cells showed a positive immunostaining in 14 cases of 20
(70%: 7 SCC, 2 GCC, and 5 PC), whereas the remaining
6 cases were negative. Strong immunoreactivity was ob-
served in 6 of these 14 tumors (3 SCC, 1 GCC, and 2
PC), the others presenting a moderate intensity of stain-
ing (Fig. 9A, B). Globally, the carcinomatous component
in PC reacted at least moderately with CK7 in 39 cases
of 51 (76.4%), whereas spindle and/or giant cells showed
a positive staining in 32 cases (62.7%): in tumors with a

TABLE 1. Summary of relevant clinical and pathologic findings: part 2

Case
no.

Age
(y) Sex Complaints

Size
(cm) Site Histotype Stage

Outcome
(mo)

43 68 M F 6.0 LL PC (ADC/SCC) 3a D (28)
44 71 M H+F 3.5 LUL PC (ADC+SCC) 3a D (1)
45 71 M C 1.5 RIL PC (ADC+SCC) 1a D (18)
46 60 M H 2.5 RUL PC (ADC+SCC) 1a A (23)
47 67 M C 5.0 LIL PC (ADC+SCC) 3a D (10)
48 78 M F 13.0 LIL PC (ADC+SCC) 1b D (2)
49 65 M C+H 4.0 RML PC (ADC+SCC) 2a D (3)
50 72 M F 3.0 LUL PC (ADC+SCC) 1b A (25)
51 62 M H 8.0 LL PC (ADC+GCC) 2b D (2)
52 68 M H 3.5 RUL PC (ADC+GCC) 3a D (26)
53 55 M H 4.6 LIL PC (ADC+GCC) 2a D (31)
54 72 M C 3.5 RUL PC (ADC+GCC/SCC) 1b A (44)
55 67 F H 5.0 RML PC (ADC+GCC/SCC) 2b A (2)
56 65 M C+H 4.5 RUL PC (ADC+GCC/SCC) 2b AWD (7)
57 71 F C+H 6.5 RIL PC (ADC+GCC/SCC) 2a A (72)
58 70 M C+H 5.0 RIL PC (SqC+SCC) 3a D (16)
59 69 M C+H 3.5 RUL PC (SqC+SCC) 1b A (41)
60 73 M C+H 1.5 RUL PC (SqC+SCC) 1a A (22)
61 59 F C+H 6.0 RIL PC (SqC+SCC) 1b AWD (18)
62 60 M Inc 7.5 RML PC (SqC+GCC/SCC) 2a D (8)
63 70 M F 3.5 RIL PC (SqC+GCC/SCC) 1b D (1)
64 76 M H 2.0 RIL PC (SqC+GCC/SCC) 1a A (76)
65 63 M C+H 5.0 RIL PC (SqC+GCC/SCC) 1b D (32)
66 76 M C 3.5 RUL PC (SqC+GCC/SCC) 1b A (54)
67 76 M C 4.0 RUL PC (SqC+GCC/SCC) 1b D (46)
68 73 M C+H 8.0 RUL PC (SqC+GCC/SCC) 2b D (8)
69 77 M C+H 3.5 LIL PC (SqC+GCC/SCC) 1b A (11)
70 69 M C 10.0 RUL PC (ADC/SqC+GCC/SCC) 1b D (7)
71 50 F H 3.5 LIL PC (ADC/SqC+GCC/SCC) 1b D (16)
72 69 M C+H 6.5 LL CS 3a D (8)
73 76 M C+H 3.5 RUL CS 1b D (19)
74 65 M C+H 4.0 LUL CS 2a D (11)
75 69 M H 3.5 RUL PB 1b D (45)

C, cough; H, hemophtoe; F, fever; ChP, chest pain; Inc, incidental finding; Dys, dyspnea; RL,
right lung; LL, left lung; RUL, right upper lobe; LUL, left upper lobe; RIL, right inferior lobe; LIL,
left inferior lobe; RML, right middle lobe; PC, pleomorphic carcinoma; ADC, adenocarcinoma;
SqC, squamous cell carcinoma; LCC, large cell carcinoma; GCC, giant cell carcinoma; SCC,
spindle cell carcinoma; CS, carcinosarcoma; PB, pulmonary blastoma; A, alive and well; D,
dead; AWD, alive with disease.
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negative epithelial component, the sarcomatoid cells
were always negative. Positive staining for CK7 was
noted in the epithelial component of all PC containing
ADC (Fig. 9C), and their corresponding sarcomatoid
component was positive in all but two cases (one spindle
cell and one mixed spindle/giant cell). Five of 12
(41.6%) PC with a SqC component were weakly positive
in the latter, but only two of these reacted in the sarco-
matoid component. PC containing LCC expressed CK7
(in both components) in 13 of 18 cases (72.2%); notably,
the case with rhabdoid features was negative. PC with an
ADC/SqC epithelial component were immunoreactivity
in one of two cases: in the positive case both components
were reactive.

Finally, a moderate positivity was seen only in the
ADC component of the PB (Fig. 9D), whereas the three
CS were completely negative.

TTF-1

Positive nuclear immunostaining was observed in 11
of 20 (55%) pure spindle and/or GCCs (4 SCC, 2 GCC
and 5 PC). Notably, none of these neoplasms contained
>50% of immunoreactive cells (Fig. 10A, B).

Carcinomatous component in PC showed immunore-
activity for TTF-1 in 30 cases of 51 (58.8%), namely, in
12 of 14 ADC, in 13 of 18 LCC, in 4 of 5 ADC/LCC, in
1 of 2 ADC/SqC, and in no SqC. Again, no tumor with
a negative epithelial component had positive sarcoma-
toid cells.

In only three PC with an ADC epithelial component,
the associated malignant spindle cells did not react for
TTF-1, the remaining 11 cases displaying the same posi-
tive immunophenotype in both components (Fig. 10C).
At least moderate expression was reported in the spindle

FIG. 1. Kaplan-Meier curve for overall survival in 75 patients who underwent surgery for carcinomas with pleomorphic,
sarcomatous, and/or sarcomatoid components of the lung, stratified according to stage at diagnosis (p = 0.0273 by
log-rank test).
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and/or giant elements in 7 of 18 PC associated with LCC,
in 3 of 5 associated with ADC/LCC, in 1 of 2 associated
with ADC/SqC, and in none of the cases admixed with
SqC.

Both the epithelial and the heterologous tissues of CS
did not react for TTF-1. Positive staining was observed
in the ADC component of PB, but not in the blastema-
tous tissue (Fig. 10D).

SP-A

All carcinomas composed only of spindle and/or giant
cells were negative (Fig. 11). Globally, among the 51 PC
with an epithelial component, 20 (39.2%) were positive
in the latter, especially in ADC (12 of 14). A moderate
reactivity was found in the sarcomatoid component in
only three PC associated with ADC (5.9%: one com-
posed of spindle cells, one of giant cells, and one of
spindle/giant cells). Spindle and/or giant elements in the
remaining PC were completely negative.

Both the epithelial and the sarcomatous components of
CS and PB were negative.

CK20

As expected, CK20 did not react in any case, both
in the epithelial and in the sarcomatoid/sarcomatous
components.

DISCUSSION

We collected a relatively large series of CPSS to better
define their clinicopathologic and immunohistochemical
profile. The recent WHO classification of lung tumors
defines CPSS as “a group of poorly differentiated
NSCLC that contain a component of sarcoma or
sarcoma-like elements.”8,71,72 Under this heading several
different entities are considered. PC is defined as “a
poorly differentiated NSCLC, namely squamous cell car-
cinoma, adenocarcinoma or large cell carcinoma, con-

FIG. 2. Spindle cell carcinoma appears as a leiomyosarcoma-like proliferation of long fascicles of cigar-shaped cells (A),
or consists of a fibrosarcoma-like neoplatic growth arranged in a herringbone pattern (B), or mimics an inflammatory
pseudotumor with uniform bland neoplastic elements intermingled with a collagenized and lymphoid-rich stroma (C).
Malignant spindle cells dissecting alveolar septa in a hemorrhagic background strikingly resemble an angiosarcoma (D).
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taining spindle cells and/or giant cells, or a carcinoma
consisting only of spindle and giant cells.”8,71,72 In
agreement with a previous work by Fishback et al.19 and
with the 1999 WHO classification,8,71,72 at least 10% of
spindle and/or giant cells should be present to classify a
carcinoma as PC. Following this definition, we found 58
examples of PC: 51 with an epithelial component and 7
composed only of spindle and/or giant cells. SSC is “a
carcinoma consisting only of spindle-shaped tumor
cells,” and we found 10 examples of such an entity in our
files. GCC is “a large cell carcinoma consisting only of
highly pleomorphic multi and/or mononucleated tumor
giant cells.”8,71,72 We were able to find only three GCC,
confirming the rarity of this entity.3,8,14,19,21,30,71,73 CS,
of which we found three examples, is defined as “a ma-
lignant tumor having a mixture of carcinoma and sar-
coma containing heterologous elements such as malig-
nant cartilage, bone or skeletal muscle.”8,71,72 Finally,
we found a unique example of PB, a rare “biphasic tumor

containing a primitive epithelial component that may re-
semble well-differentiated fetal adenocarcinoma and a
primitive mesenchymal stroma.”8,71,72

One of the most striking histologic findings in our
series was the extreme heterogeneity of CPSS, not dis-
similar to the heterogeneity of convential NSCLC, as
documented by the classic work of Roggli et al.60 This
extreme variability of histologic presentation corre-
sponds to a wide spectrum of differential diagnosis,
which includes reactive processes, various sarcomas, and
metastases from similar tumors arising in other organs.

Occasionally, CPSS may be composed of relatively
bland cells in an inflammatory background, simulating a
reactive process, like inflammatory pseudotumor or
bronchiolitis obliterans-organizing pneumonia. These
features, reported by Wick et al. as inflammatory sarco-
matoid carcinoma,75 were present in four of our cases.

FIG. 3. Classic giant cell carcinoma consists of pleomor-
phic, multinucleated cells in an inflammatory stroma to-
gether with phenomena of emperipolesis (A). A case of
giant cell carcinoma with many syncytiotrophoblast-like
cells in a hemorrhagic background closely mimicking a
choriocarcinoma (B).

FIG. 4. A biphasic pleomorphic carcinoma showing an
overtly carcinomatous component imperceptibly admixed
with a spindle cell sarcomatoid component.

FIG. 5. Malignant spindle elements arranged in a stori-
form pattern admixed with bizarre giant cells in an
inflammatory-rich stroma giving a striking resemblance to
an inflammatory-type malignant fibrous histiocytoma.
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Helpful morphologic clues of the malignant nature of the
lesion are the presence of a focally moderate nuclear
atypia and vascular invasion: the latter was present in
64% of our cases and was particularly frequent in SCC (9
of 10 cases).15,76

When a clear-cut carcinomatous component is lacking
in hematoxylin and eosin, CPSS can be difficult to be
differentiated from a variety of sarcomas, including fi-
brosarcoma, pleomorphic malignant fibrous histiocy-
toma, leiomyosarcoma, follicular dendritic cell sarcoma,
angiosarcoma, and synovial sarcoma.18,23,26,32,34,50,68,79

A generous sampling (at least one section per centimeter
of tumor diameter) and the use of ancillary techniques,
such as electron microscopy and immunohistochemistry,
can be necessary to disclose the epithelial nature of the
tumor.

The differential diagnosis of pulmonary CPSS with
histologically identical tumors arising in other organs has
not been well assessed in the literature. For this purpose

we investigated the utility of several commercially avail-
able monoclonal antibodies, including TTF-1, CK7,
CK20, and SP-A. TTF-1 immunoreactivity has been
demonstrated in the majority of pulmonary ADC and
small cell and large cell neuroendocrine carcinomas,
whereas variable staining was reported for SqC, LCC,
and carcinoids.2,28,33,52,62,65,66 SP-A is frequently posi-
tive in pulmonary ADC but is negative in the other his-
totypes.5,11,24,35,51,62 Finally, the coordinated expression
of CK7 and CK20 is routinely used in trying to deter-
mine the origin of various neoplasms.12,39,40,44,45

To our knowledge, TTF-1, CK7, CK20, and SP-A
have never been studied in pulmonary CPSS. However,
similar works are reported with variable results in ana-
plastic carcinomas of the thyroid, an undifferentiated
neoplasm sharing a close morphologic resemblance to
pulmonary CPSS. Miettinen and Franssila43 investigated
35 anaplastic thyroid carcinomas reporting TTF-1 and
CK7 immunoreactivity in 2 and 24 cases, respectively,
whereas Bejarano et al.6 found TTF-1 and CK7 expres-
sion in 1 and in 0 of their 4 cases, respectively. We
obtained a positive staining for TTF-1, CK7, and SP-A in
the sarcomatoid (spindle and/or giant) cells of 43.1% (22
of 51), 62.7% (32 of 51), and 5.9% (3 of 51) of PC with
an epithelial component, and in 55% (11 of 20), 70% (14
of 20), and 0% of carcinomas composed only of spindle
and/or giant cells, respectively. The true sarcomatous
component of CS and the blastematous tissue of PB did
not react in any case with these antibodies. In the epi-
thelial component of PC, TTF-1, CK7, and SP-A were
positive, respectively, in 58.8% (30 of 51), 76.4% (39 of
51), and 39.2% (20 of 51) of the cases, whereas the same
antibodies did not react in the epithelial component of
CS. Because all tumors included in this study have been
reclassified on the basis of the morphologic criteria of
the WHO classification, markers for true mesenchymal
differentiation have been performed just to confirm or

FIG. 6. Carcinosarcoma showing divergent chondrosar-
comatous differentiation associated with a carcinomatous
component.

FIG. 7. Pulmonary blastoma displays endometrioid-
like malignant glands mingled with a blastematous
component.

FIG. 8. A characteristic neoplastic luminal obliteration of
pulmonary vessels by a spindle cell carcinoma.
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FIG. 9. Positive cytokeratin 7 immunostaining in spindle cell carcinoma (A), in giant cell carcinoma (B), and in carcino-
matous and sarcomatoid components of a pleomorphic carcinoma (C). Pulmonary blastoma shows positive immunostain-
ing in the adenocarcinomatous component but not in the blastema-like tissue (D).

TABLE 2. Immunoreactivity for TTF-1, Ck7, and SP-A in epithelial and sarcomatous/-oid
components of pleomorphic carcinomas

Histotypes (n = 75)

TTF-1 Ck7 SP-A

0 1+ 2+ 3+ 0 1+ 2+ 3+ 0 1+ 2+ 3+

SCC (10) 6 2 2 – 3 3 1 3 10 – – –
GCC (3) 1 1 1 – 1 1 – 1 3 – – –
PC (GCC/SCC) (7) 2 3 2 – 2 3 – 2 7 – – –
PC (ADC+SCC) (7) 2/3 1/2 1/2 3/− −/1 1/4 3/1 3/1 2/6 3/1 2/− –
PC (ADC+GCC) (3) – −/1 1/2 2/− – – −/3 3/− −/2 1/1 1/− 1/−
PC (ADC+GCC/SCC) (4) – −/3 1/1 3/− −/1 −/1 −/2 4/− −/3 1/1 3/− –
PC (SqC+SCC) (4) 4/4 – – – 2/3 2/1 – – 4/4 – – –
PC (SqC+GCC/SCC) (8) 8/8 – – – 5/7 3/1 – – 8/8 – – –
PC (LCC+SCC) (3) −/2 2/− 1/1 – – −/1 2/2 1/− 3/3 – – –
PC (LCC+GCC) (6) 2/4 2/1 1/1 1/− 1/1 −/2 1/2 4/1 4/6 2/− – –
PC (LCC+GCC/SCC) (9) 3/5 3/2 2/2 1/− 3/4 3/4 2/1 1/− 7/9 2/− – –
PC (ADC/LCC+SCC) (1) −/1 – 1/− – −/1 – – 1/− −/1 – 1/− –
PC (ADC/LCC/GCC) (1) – −/1 1/− – – −/1 1/− – 1/1 – – –
PC (ADC/LCC+GCC/SCC) (3) 1/1 −/2 2/− – – – 1/3 2/− 2/3 1/− – –
PC (ADC/SqC+GCC/SCC) (2) 1/1 −/1 – 1/− 1/1 – −/1 1/− 1/2 1/− – –
CS (3) 2/3 – 1/− – 2/3 – 1/− – 3/3 – – –
PB (1) −/1 – 1/− – −/1 – – 1/− 1/1 – – –

Grading of reactivity: 0, negative; 1+, 1–25% of reactive cells; 2+, 26–50%; 3+, >50%; TTF-1, thyroid
transcription factor-1; Ck7, cytokeratin 7; SP-A, surfactant protein-A; PC, pleomorphic carcinoma; ADC,
adenocarcinoma; LCC, large cell carcinoma; SqC, squamous cell carcinoma; SCC, spindle cell carci-
noma; GCC, giant cell carcinoma; CS, carcinosarcoma; PB, pulmonary blastoma.
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exclude the presence of heterologous elements suspected
at hematoxylin and eosin. It is therefore possible that we
could have missed some heterologous elements (e.g.,
rhabdomyosarcomatous cells), thus reducing the real

proportion of CS in our series. Positive staining for
TTF-1 and CK7, but not for SP-A, was noted in the
ADC component of the unique PB. CK20 was always
negative.

FIG. 10. Nuclear immunoreactivity for TTF-1 in spindle cell carcinoma (A), in giant cell carcinoma (B), and in carcino-
matous and sarcomatoid components of a pleomorphic carcinoma (C). Pulmonary blastoma displays nuclear staining in
the endometrioid-like malignant glands but not in the blastematous component (D).

FIG. 11. Spindle (A) and giant cell carcinomas (B) do not stain for surfactant apoprotein-A. Note the positive internal
control consisting of normal bronchiolar and alveolar structures.
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Recently, Pelosi et al.54 studied 25 PC of the lung,
showing a statistically significant difference between the
carcinomatous and the sarcomatoid component in the
immunoreactivity for cytokeratins, epithelial membrane
antigen, carcinoembryonic antigen, p21, p27, tumor sup-
pressor gene FHIT (particularly expressed in the carci-
nomatous component), and vimentin, fascin, and CD34
(mainly restricted in the sarcomatoid areas): the authors
concluded that this divergent differentiation between the
epithelial and the sarcomatoid elements justifies a seg-
regation of PC from conventional NSCLC. We failed to
obtain the same results regarding TTF-1, SP-A, and CK7
expression. By contrast, it is noteworthy that in PC with
carcinomatous and sarcomatoid cells, we obtained the
same pattern of immunostaining (positive or negative)
for TTF-1 and CK7 in both components in 84.3% (43 of
51) and 86.2% (44 of 51) of the cases, respectively, even
if with a less degree of intensity in sarcomatoid elements.

Although this study does not have the main goal to
discuss the histogenesis of CPSS, the finding of a similar
immunoreactivity for CK7 and TTF-1 in the sarcomatoid
and epithelial components supports the concept that
these tumors should be considered as carcinomas with a
divergent sarcomatoid differentiation, rather than “colli-
sion” neoplasms.19,29,31,38,48,49,75–77 Consistent with this
concept, previous studies have been demonstrated the
same genetic abnormalities in microdissected areas of
CPSS in both components.16,27,70 Interestingly, our case
of choriocarcinoma-like GCC reacted with both TTF-1
and CK7, supporting the hypothesis that, in the lung, this
tumor is simply a variant of NSCLC. From a morpho-
logic viewpoint, choriocarcinoma typically displays a di-
morphic neoplastic population consisting of cytotropho-
blastic and syncytiotrophoblastic elements, whereas, as
in our case, a continuum spectrum of cellular size from
medium to giant and multinucleated cells characterizes
pulmonary PCs in general and GCCs in particular.3 Con-
sidering the above finding, the well-known “burnt-out”
phenomenon occurring in germinal tumors, and the pos-
sible expression of ectopic placental hormones in many
nontrophoblastic malignancies, including conventional
lung carcinomas, a diagnosis of primary pulmonary cho-
riocarcinoma should be accepted only after a meticulous
clinicopathologic and immunohistochemical analysis has
been performed. In this setting TTF-1 seems to represent
a helpful marker because we have tested five bona fide
choriocarcinomas of the testis and 10 normal placentas,
but staining was observed neither in cytotrophoblasts nor
in syncytiotrophoblasts (unpublished observation).

CPSS is a rare tumor, prevailing in adult males. It
accounts for 1.3% of all primary lung malignancies di-
agnosed in our institutions (75 of 5788), showing a little
higher incidence rate than that reported in the classic
epidemiologic study by Travis et al.73 A possible expla-
nation for this discrepancy is the extensive tumor sam-

pling performed in our cases (mean of 6.5 blocks × tu-
mor). In our series the mean age at diagnosis was 65
years, and 92% of patients were smokers. The
male/female ratio we obtained (9.7:1) was higher than
that reported by other authors9,41,42,47,78 but similar to
that found by Ishida et al.31 and Pelosi et al.54 In accor-
dance with the literature,10,19,21,29,31,41,42,47–49,59,67,75–78

CPSS presented in our series as a large, frequently pe-
ripheral, necrotic mass mainly involving upper lobes.
The most frequent symptoms were cough and hemoptysis.

As in conventional NSCLC, stage seems to be the
most important prognostic parameter. By contrast, we
failed to obtain a statistically significant correlation with
survival with other parameters (tumor size and location,
histotype, extent of necrosis, immunohistochemical re-
sults, or lymph node involvement), as disclosed in other
works.19,47,59 The median survival from the initial diag-
nosis was 19 months, similar to that obtained by other
authors.10,19,21,29,41,42,78 None of the patients who died
survived �5 years. Surgically treated CPSS at stage I
seem to have a worse prognosis than conventional
NSCLC.69 Supporting this observation, 27 of 43 (63%)
patients at stage I did not achieve 5-year survival, a
higher percentage if compared with that reported in the
classic work by Mountain.46 However, larger series of
CPSS are needed to better evaluate prognosis.

In summary, we presented the clinical, histologic, and
immunohistochemical findings of 75 CPSS of the lung.
As a group, pulmonary CPSS shows a quite heteroge-
neous morphology and probably carries a worse progno-
sis than conventional NSCLC; as in the latter, stage
seems to be the only parameter statistically related to
prognosis. Finally, we found that TTF-1 and CK7 are
positive in a significant percentage of pulmonary CPSS.
These antibodies may be extremely useful in supporting
the pulmonary origin of a sarcomatoid carcinoma,
whereas SP-A is not helpful in this specific setting. �
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