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CD117, a trans-membrane tyrosine kinase receptor, has been immunolocalized in a large variety of human
neoplasms. Little, however, is known about the prevalence and clinical implications of CD117 in stage |
adenocarcinoma and squamous cell carcinoma of the lung. We evaluated 201 consecutive stage |
adenocarcinoma and squamous cell carcinoma of the lung for CD117 immunoreactivity (dichotomized as
negative or positive if containing less than 5% or >5% immunoreactive neoplastic cells, respectively), also
taking into account the pattern (either membranous or cytoplasmic), and the intensity of immunostaining in
comparison with intratumoral mast cells. The immunostaining results were then correlated with tumor
biopathological characteristics and patients’ survival. Membranous CD117 immunoreactivity was documented
in 19 (22%) of 88 adenocarcinomas and 15 (13%) of 113 squamous cell carcinomas, whereas cytoplasmic
labelling was seen in 28 (32%) adenocarcinomas and eight (7%) squamous cell carcinomas. In both tumor types,
membranous or cytoplasmic CD117 immunoreactivity was associated with higher proliferative fraction and with
features of more aggressive tumor behavior, including higher stage, size and grade, occurrence of clinical
symptoms, high microvessel density and neuroendocrine differentiation. Furthermore, immunoreactive tumors
exhibited increased levels of bcl-2, cyclin-E, Her-2, p27%'** and fascin, the latter being a marker of tumor cell
metastatization in lung cancer. Membranous but not cytoplasmic labelling emerged as an independent risk
factor for death and reduced time to progression in adenocarcinoma but not in squamous cell carcinoma
patients, when singly adjusted for confounding factors. CD117 immunoreactivity identifies a peculiar subset of
stage | adenocarcinoma and squamous cell carcinoma of the lung with highly proliferative tumors and may
have prognostic relevance in adenocarcinoma patients. Targeting the CD117 pathway could be a novel
therapeutic strategy in a subset of pulmonary carcinomas.
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Cell receptors with tyrosine kinase activity are
important regulators mediating cell proliferation,
differentiation and survival, and have been docu-
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mented to play a central role in the development
and progression of several human malignancies,
including lung cancer (reviewed by Maulik et al').
The proto-oncogene c-Kit mapping to the chromo-
some 4q11-q12 encodes for a 145-160kDa type 3
trans-membrane tyrosine kinase receptor (CD117),
which undergoes dimerization and activation by
phosphorylation upon binding to its specific ligand,
known as stem—cell factor, mast cell growth factor,
steel factor or kit ligand.>™* Detailed information on
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the c-kit gene structure and protein sequence is
available online at web sites http://www.ncbi.nlm.
nih.gov/UniGene/clust.cgi’ORG = Hs&CID = 81665
or http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.
cgi?l=3815. CD117 is thought to be essential for
normal gametogenesis, melanogenesis, hematopoi-
esis and brain®® development, and it is expressed in
a variety of normal epithelia, but not in either
developing or adult lung tissue.*” This molecule is
also consistently expressed in a variety of neo-
plasms, such as gastrointestinal stromal tumors,?
seminoma/dysgerminoma,” acute myelogenous leu-
kemia,’ neuroblastoma,'® Ewing’s sarcoma,'"'* mast
cell disorders,"”® and small-cell'**° or large-cell
neuroendocrine carcinoma of the lung.?® However,
data on the prevalence and the clinical implications
of CD117 in stage I adenocarcinoma and squamous
cell carcinoma are still lacking, and most of the
current knowledge on this subject is derived from
experiments on cell cultures*'~** or from expression
studies of excised tumors, not correlated with
clinicopathological features and survival ana-
lyses.”"®24727 Another point of interest in assessing
the CD117 status also in these carcinomas is that
specific inhibitors of its tyrosine kinase activity,
such as imatinib mesylate (Gleevec, Novartis Phar-
maceuticals, Basel, Switzerland)—formerly referred
to as STI571 or CGP57148B**—have recently been
demonstrated to produce an antitumor effect in
other subtypes of lung cancer, such as small-cell
carcinoma.’** Therefore, these drugs might thus
constitute a novel targeted therapy also for those
adenocarcinomas and squamous cell carcinomas of
the lung strictly dependent on the c-kit kinase
activity for growth.

Patients with pathological stage I adenocarcinoma
or squamous cell carcinoma—who usually do not
receive any adjuvant therapy—have the best life
expectation because they lack major adverse prog-
nostic factors at the time of diagnosis, such as
incomplete tumor resection or presence of metas-
tases. The long-term survival rate, however, still
remains disappointing because 55-72% of these
patients will experience relapsing disease,?***
mostly in the first 2-3 years after diagnosis.
Furthermore, patients free from disease after 5 years
will still show an excess of lung cancer-related
mortality as compared with the referring popula-
tion.*® Therefore, unveiling the causative role of
growth factor receptors in the development of early-
stage adenocarcinomas or squamous cell carcinomas
might offer new insights into the mechanisms of
local tumor growth and distant metastases, and
allow the patients to be better stratified into
different risk categories or to be offered novel
options of targeted therapy.

The aim of this study was to evaluate the
prevalence and the clinical implications of CD117
immunoreactivity in a large series of stage I
adenocarcinoma and squamous cell carcinoma of
the lung with long-term follow-up time (median 82

33,34
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months), and to compare the results with the
expression of several key gene products involved
in cell cycle control and apoptosis (bcl-2, p53,
cyclin-E, p21We", p27%r1); tumor growth (Her-2,
proliferative fraction, neuroendocrine differentia-
tion and neoangiogenesis) and lung tumor cell
motility (fascin).®® Our results indicate that CD117
represents a growth stimulator in a definite subset
of these tumors, and its detection may be clini-
cally relevant in patients with pulmonary adeno-
carcinoma.

Materials and methods
Patients

The study population consisted of 201 consecutive
patients (182 males and 19 females) with newly
diagnosed stage I adenocarcinoma or squamous cell
carcinoma from 1345 patients with stage I-III
primary lung carcinoma (201 out of 1342 patients:
15%), who were diagnosed and treated from 1987 to
1993 at the Verona City Major Hospital (Italy). For
each case, all paraffin blocks were retrieved and
archival hematoxylin—eosin sections were reviewed.
As part of routine case, all patients had been studied
preoperatively with clinical history, physical exam-
ination, respiratory tests, chest X-ray, total body CT-
scan, bone scintigraphy and routine laboratory
profile. To ensure accurate staging, all tumors were
removed by radical surgery with extensive mediast-
inal lymph node dissection (median value: eight
excised lymph nodes per patient). Only patients
with a minimum 30-day postoperative survival were
included in the study. Other inclusion criteria were
pathological stage IA (pT1 NO MO; 90 men and 10
women) and IB (pT2 NO MO; 92 men and nine
women),** no (neo)-adjuvant therapy and minimum
follow-up of 5 years.

Clinical data were abstracted retrospectively from
hospital charts, whereas follow-up data—recorded
every 6 months until December 2002—were ob-
tained by personal contact or by a questionnaire sent
to the family doctor or to relatives of deceased
patients.®® Detailed information on the patients’
cigarette smoking history was unavailable at the
time of the present study. The patients’ age ranged
from 35 to 77 years for men (mean+s.d.: 62+8
years; median: 63 years) and from 47 to 76 years for
women (mean +s.d.: 61+ 8 years; median: 62 years).
In all, 76 patients presented with local symptoms
(ie cough, chest pain, hemoptysis or dyspnea), and
45 with systemic symptoms (ie fever, weight loss,
asthenia or digital osteopathy) at the time of
diagnosis. In three patients with squamous cell
carcinoma, the data on clinical symptoms were not
available at the time of the present study. Complete
clinical follow-up was available for all 201 patients
with a mean duration of 79+ 44 months (median 82;
range 2—159); during this period, 87 (43%) patients
experienced relapses and 75 (37%) died of disease.



According to previously refined pathological
criteria for lung tumors,*” there were 113 (56%)
squamous cell carcinomas and 88 (44%) adenocar-
cinomas. Subtyping of adenocarcinomas was per-
formed according to the WHO classification.?” In all,
11 (5%) carcinomas were well differentiated (10
adenocarcinomas and one squamous cell carcino-
ma), 117 (59%) moderately differentiated (75 squa-
mous cell carcinomas and 42 adenocarcinomas) and
73 (36%) poorly differentiated (37 squamous cell
carcinomas and 36 adenocarcinomas).

Immunohistochemistry and Evaluation of Data

Formalin-fixed and paraffin-embedded tissue sam-
ples obtained at surgery were investigated. Tumors
up to 2cm in size were entirely embedded and
immunostained; at least two representative tissue
blocks were investigated in larger neoplasms.
Samples of normal pulmonary parenchyma from
patients with nonmalignant lung diseases, and
peritumoral lung tissue from the same cohort of
adenocarcinoma and squamous cell carcinoma
patients provided the control groups for noncarci-
noma and carcinoma patients, respectively.

For the immunohistochemical experiments, after
blocking endogenous peroxidase activity with 5%
hydrogen peroxide for 12min, de-waxed sections
were reacted with a panel of commercially available
primary antibodies (Table 1) for 30min at room
temperature using an automatic immunostainer
(Autostainer, Dako, Glostrup, Denmark), and then
incubated with a high-sensitivity detection kit (Dako
EnVision Plus-HRP) according to the manufacturer’s
instructions. All primary antibodies were used
according to the manufacturer’s instructions with
minor modifications in the pretreatment procedures
for antigen retrieval, when appropriate. In particular

Table 1 Antibody panel used in the study
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for CD117 immunostaining, tissue sections were
reacted with two polyclonal antibodies, one raised
against the region from 963 to 976 amino acid
residues at the C terminus (Dako), the other against
an amino acid sequence of the C terminal domain
not otherwise specified (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), both recognizing a p145 kDa
c-kit gene product of human origin. Peroxidase
activity was then developed with 3-3’-diaminoben-
zidine-copper sulfate (Sigma Chemical Co, St Louis,
MO, USA) to obtain a bright brown-black end
product. The specificity of all immunoreactions
was double-checked by substituting the primary
antibody with a nonrelated isotypic mouse immu-
noglobulin or rabbit IgG, at a comparable dilution or
with normal serum alone.’® Appropriate internal
positive controls represented by tumor-infiltrating
mast cells were also checked in all reactions.

All immunostaining reactions were evaluated
without any knowledge of the patients’ identity or
clinical outcome. The percentage of immunoreactive
tumor cells for each marker (labelling index) was
assessed scanning at least 1000 neoplastic cells in
representative fields of immunostaining. For CD117,
the immunostaining pattern was recorded as either
membranous if staining was seen along the entire
tumor cell membrane, or cytoplasmic if granular
dotting was confined to the cytoplasm with no
appreciable membrane reinforcement. Tumors were
considered negative for CD117 if staining was either
completely absent or observed in less than 5% of
neoplastic cells. Also, the immunostaining intensity
of either pattern was evaluated subjectively by using
a two-tier scale: weak if it was less intense than that
seen in tumor-infiltrating mast cells, or strong
if it was of the same or greater intensity than the
latter. Tumor cell proliferation was evaluated by Ki-
67 immunostaining and tumor neoangiogenesis
was inferred by microvessel density after CD34

Antibodies m/p Clone Source Dilution/ml (ug) Pretreatment®
CD117 P — DAKO, Glostrup, Denmark 10 —

P — Santa Cruz Biotechnology, Santa Cruz, CA, USA 10 —
Ki-67 antigen m MIB-1 Immunotech, Marseille, France 2.5 MWO-EDTA
CD34 m QBEnd/10 Novocastra Laboratories, Newcastle upon Tyne, UK 2.5 MWO-CB
p21/Waf1 m 4D10 ” 25 MWO-CB
Cyclin-E m 13A3 ” 20 MWO-EDTA
p53 m DO7 ” 1 MWO-CB
Fascin m IM20 ” 2.5 MWO-EDTA
Her-2 P —_ DAKO, Glostrup, Denmark 0.6 MWO-EDTA
p27/Kip1 m 57 Transduction Laboratories, Lexington, KY, USA 0.4 MWO-CB
Chromogranin A m LK2H10 Signet Laboratories, Dedham, MA, USA 25 —_
Synaptophysin m SY38 DAKO, Glostrup, Denmark 50 MWO-CB
Bcl-2 m 124 DAKO, Glostrup, Denmark 5 MWO-CB

m, monoclonal; p, polyclonal;

MWO-CB: microwave oven at 750 W for 10min in citrate buffer, pH6; MWO-EDTA: microwave oven at 750 W for 12min in ethylenediamine

tetraacetic acid buffer, pH8.

4All pretreatments for antigen retrival were optimized according to internal standarization of the author’s laboratory.
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immunostaining of endothelial cells as previously
reported.®

Statistical Analysis

Qualitative data were presented as frequencies and/
or percentages and compared using y* test or
Fisher’s exact test. Continuous data (ie age) were
expressed using medians and contrasted employing
the Wilcoxon or the Kruskal-Wallis test if medians
were compared between two or more groups,
respectively. All correlations were calculated using
Spearman’s rank test (r). In order to identify factors
associated with CD117 expression, defined as a
binary response (yes/no), either in the membrane
or in the cytoplasm, multiple logistic regression
models were built by including variables found
significant when regressed individually. Logistic
regression results were expressed using odds ratios
(OR) and corresponding 95% confidence intervals
(CI). Unadjusted survival estimates according to
CD117 expression status, either overall or disease-
free, were calculated using the Kaplan—-Maier meth-
od and compared by the log-rank test. Cox propor-
tional regression models were used to estimate the
hazard ratios and 95% CI by adjusting known
prognostic factors in lung cancer. Tables summariz-
ing the results of the Cox regression models only
display hazard ratios (HR) associated with CD117
expression either unadjusted or adjusted by indivi-
dual variables and not the HRs associated with the
remaining variables in the models. Multiple linear
regression analysis was used to investigate if CD117/
ckit expression was an independent predictor of
tumor diameter after taking into account additional
explanatory variables. All analyses were carried out
using SAS (SAS Institute, Cary, NC, USA). P-values
were based on two-sided testing.

Results

CD117 Immunoreactivity is Lacking in Normal
Epithelial Cells of the Lung, but Consistently
Expressed in Mast Cells

Type I and II pneumocytes and Clara cells of the
bronchioloalveolar epithelium in all samples of non-
neoplastic peritumoral lung tissue from the cohort
of adenocarcinoma and squamous cell carcinoma
patients, as well as the normal pulmonary parench-
yma from patients with nonmalignant lung diseases,
were consistently unreactive for CD117. Likewise,
surface ciliated and mucous cells of the bronchial
epithelium and seromucous glands of the bronchial
wall never showed CD117 immunostaining. Mast
cells infiltrating the tumor tissue or scattered in the
interstitium of all examined samples were the only
cells consistently and strongly immunoreactive for
this marker.
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CD117 Immunoreactivity is Consistently Found in a
Subset of Adenocarcinoma and Squamous Cell
Carcinoma

Staining with the two primary antibodies to CD117
did not differ significantly in corresponding histo-
logical fields of adjacent sections, either as for the
percentage of immunoreactive tumor cells, or the
staining intensity and pattern. Representative fea-
tures of CD117 immunoreactivity in lung carcino-
mas obtained with Dako antibody are depicted in
Figure 1.

Overall, CD117 membrane immunoreactivity in
5% or more tumor cells was observed in 34/201
(17%) tumors, including 19 (22%) of 88 adenocarci-
nomas and 15 (13%) of 113 squamous cell carcino-
mas. The labelling index ranges from 5 to 90%
(mean+s.d.: 244+ 23; median: 15) in the former, and
from 5 to 100% (mean+s.d.: 36+ 31; median: 25) in
the latter (P=NS). Cytoplasmic decoration was seen
in 36/201 (18%) tumors, including 28 (32%)
adenocarcinomas and eight (7%) squamous cell
carcinomas (P<0.0001), with a labelling index
ranging from 5 to 80% (mean+s.d.: 27 +19; median:
20) in the former and from 5 to 37% (mean+s.d.:
17 +12; median: 13) in the latter (P=NS).

In adenocarcinomas, there was a prevalence of
membrane-negative/cytoplasm-positive (17/21) or
both positive (11/15) tumors, whereas in squamous
cell carcinoma a prevalence of membrane-positive/
cytoplasm-negative (11/19) or both negative (94/154)
tumors (x*=21.087, P<0.001) (Table 2). A close
correlation was observed between CD117 labelling
index and immunostaining intensity in both adeno-
carcinoma and squamous cell carcinoma for either
membrane (r=0.899 and 0.886, respectively) or
cytoplasmic (r=0.899 and 0.947, respectively) pat-
tern (P<0.001). In particular, tumors exhibiting 30%
or more CD117 immunoreactive cells showed a
strong intensity in both immunostaining patterns
(14/34 for the membranous and 14/36 for the
cytoplasmic), whereas tumors with less than 30%
of immunoreactive cells mostly exhibited weak
staining (20/34 and 22/36, respectively) (P<0.001).
No preferential distribution of CD117 immunoreac-
tive cells was seen within individual cases in
perivascular, peripheral or central viable areas of
the tumors.

Relationship Between CD17/c-kit Immunoreactivity
and Biopathological Variables

In adenocarcinomas, CD117 membrane immunor-
eactivity in 5% or more tumor cells was associated
with lower age (median: 56 years), occurrence of
systemic clinical symptoms, highly proliferating
Her-2 expressing tumors, more advanced stage and
greater size (Table 3). Also, there was a tendency for
less differentiated and bcl-2-upregulating tumors
with features of neuroendocrine differentiation to
exhibit CD117 membrane decoration, even though
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Figure 1 CD117/c-kit immunoreactivity patterns in different samples of lung carcinomas. The membrane pattern was characterized by
moderate to strong decoration of the cell membrane of either adenocarcinoma (a,c) or squamous cell carcinoma (b) A few tumors (in this
case an adenocarcinoma) presented cell membrane labelling in more scattered neoplastic cells, sometimes with baso-lateral
immunostaining pattern (c) A strong immunoreactivity for CD117/c-kit in the cytoplasm of tumor cells is depicted in this case of
pulmonary adenocarcinoma (d) ( x 250. All immunoperoxidase staining was performed with diaminobenzidine, and counterstained with
hematoxylin).

Table 2 Distribution of CD117 immunoreactivity in stage I adenocarcinoma and squamous cell carcinoma according to histology and

immunostaining pattern

CD117/c-kit immunostaining pattern Adenocarcinoma n =88 (%) Squamous n=113 (%) P-value
Both negative 52 94 (83)

Membrane negative/cytoplasm positive 17 4(3)

Membrane positive/cytoplasm negative 8 11 (10)

Both positive 11 4 (4) P<0.001

Positive immunostaining, either membrane or cytoplasmic, was defined as 5% or more tumor cells being reactive.

this did not achieve significance (Table 3). Cyto-
plasmic immunostaining in 5% or more tumor cells
was preferentially distributed into adenocarcinoma
patients complaining of systemic clinical symp-
toms, or bearing high proliferating tumors with
greater size, or higher grade, or increased bcl-2 and
cyclin-E expression or occurrence of neuroendo-
crine differentiation (Table 3). In squamous cell
carcinoma, CD117 membrane decoration in 5% or
more tumor cells was more prevalent in less
differentiated tumors and in increased bcl-2,

p27%P* and fascin expression and greater micro-
vessel density, whereas cytoplasmic immunostain-
ing was significantly associated with increased
tumor grade and cyclin-E expression (Table 4).
When regressing simultaneously, only pT and Her-
2 expression in adenocarcinomas, and tumor grade,
bcl-2 and p27%P' in squamous cell carcinoma
emerged as independently associated with CD117
membrane labelling (Table 5). In squamous cell
carcinoma, but not in adenocarcinoma patients,
tumor grade and cyclin-E expression were the only

Modern Pathology (2004) 17, 711-721
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Table 3 Relationship between CD117 and bio-pathological variables in 88 adenocarcinoma patients

Variable Category Membrane P Cytoplasmic P
0-4.99% >5% 0-4.99% >5%
Age (year) Median 62 56 0.02 61.5 59.5 NS
Gender Male 56 (81%) 17 (89%) NS 47 (78%) 26 (93%) NS
Female 13 (19%) 2 (11%) 13 (22%) 2 (7%)
Symptoms at diagnosis Absent 36 (52%) 6 (32%) 0.05 27 (45%) 15 (54%) 0.05
Local 24 (35%) 6 (32%) 25 (42%) 5 (18%)
Systemic 9 (13%) 7 (37%) 8 (13%) 8 (29%)
Vascular invasion Yes 45 (65%) 12 (63%) NS 38 (63%) 19 (68%) NS
No 24 (35%) 7 (37%) 22 (37%) 9 (32%)
pT 1 38 (55%) 5 (26%) 0.03 32 (53%) 11 (39%) NS
2 31 (45%) 14 (74%) 28 (47%) 17 (61%)
Tumor grade 1 10 (14%) 0 0.12 10 (17%) 0 0.01
2 34 (49%) 8 (42%) 30 (50%) 12 (43%)
3 25 (36%) 11 (58%) 20 (33%) 16 (57%)
Size (cm) Median 2.5 5.0 0.002 2.55 3.55 0.04
Ki-67 (%) Median 18 29 0.02 18 28 0.02
Synaptophysin Neg 60 (87%) 13 (68%) 0.08 52 (87%) 21 (75%) NS
Pos 9 (13%) 6 (32%) 8 (13%) 7 (25%)
Chromogranin A Neg 66 (96%) 18 (95%) NS 59 (98%) 24 (86%) 0.01
Pos 3 1 (5%) 1(2%) 4 (14%)
(4%)
Fascin Neg 42 (61%) 14 (74%) NS 15 (25%) 5 (18%) NS
Pos 27 (39%) 5 (26%) 15 (25%) 8 (29%)
Her-2 Neg 62 (90%) 13 (68%) 0.03 53 (88%) 22 (78%) NS
Pos 7 (10%) 6 (32%) 7 (12%) 6 (22%)
Bal-2 (%) Median 0.8 6.6 0.09 0.3 2.1 0.04
Cyclin-E (%) Median 2.5 5.9 NS 1.2 10.8 0.04
P53 (%) Median 1.0 2.0 NS 0 12.0 NS
p21Waf1(%) Median 4.1 5.5 NS 5.4 3.9 NS
p27Kip1 (%) Median 26.0 28.0 NS 25.1 31.6 NS
Microvessel density Median 117 108 NS 112 118 NS

independent predictors of cytoplasmic immunos-
taining (Table 5).

CD117 Membrane Immunoreactivity Is an
Independent Correlate of Tumor Size in
Adenocarcinoma

As either membrane or cytoplasmic CD117 immu-
nostaining was correlated with several parameters of
tumor growth, we carried out multiple linear
regression analysis modelling tumor size. Interest-
ingly, we found that only the occurrence of CD117
membrane (P=0.016) and bcl-2-immunoreactive
tumor cells (P=0.047) emerged as independent

Modern Pathology (2004) 17, 711-721

factors associated with increasing tumor diameter
in a model including all variables significantly
correlated with CD117 expression (Table 3). Expres-
sion in the cytoplasm was not independently
associated with tumor size after adjusting for other
variables significantly correlated with CD117 im-
munoreactivity (Table 4).

CD117 Membrane Immunoreactivity is a Predictor of
Shorter Survival in Adenocarcinoma

Adenocarcinoma patients with positive (>5%)
membrane but not cytoplasmic decoration had
significantly lower OS and DFS rates compared to
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Table 4 Relationship between CD117 and bio-pathological variables in 113 squamous cell carcinoma patients

Variable Category Membrane P Cytoplasmic P
0-4.99% >5% 0-4.99% >5%

Age (year) Median 63 64 NS 63 66 NS

Gender Male 95 (97%) 14 (93%) NS 101 (96%) 8 (100%) NS
Female 3 (3%) 1(7%) 4 (4%) 0

Symptoms at diagnosis® Absent 27 (28%) 8 (53%) NS 33 (32%) 2 (25%) NS
Local 41 (43%) 5 (33%) 43 (42%) 3 (37%)
Systemic 27 (28%) 2 (13%) 26 (26%) 3 (37%)

Vascular invasion Yes 71 (72%) 13 (87%) NS 77 (73%) 7 (87%) NS
No 27 (28%) 2 (13%) 28 (27%) 1 (13%)

pT 1 52 (53%) 5 (33%) NS 53 (50%) 4 (50%) NS
2 46 (47%) 10 (67%) 52 (49%) 4 (50%)

Tumor grade 1 1 (1%) 0 0.001 1(1%) 0 0.03
2 71 (72%) 4 (27%) 73 (70%) 2 (25%)
3 26 (27%) 11 (73%) 31 (29%) 6 (75%)

Size (cm) Median 3.0 4.0 NS 3.0 3.3 NS

Ki-67 (%) Median 42 37 NS 42 32.5 NS

Synaptophysin Neg 89 (91%) 12 (80%) NS 94 (90%) 7 (87%) NS
Pos 9 (9%) 3 (20%) 11 (10%) 1(12%)

Chromogranin A Neg 89 (91%) 14 (93%) NS 95 (90%) 8 (100%) NS
Pos 9 (9%) 1 (7%) 10 (9%) 0

Fascin Neg 0 2 (13%) 0.009 1 (1%) 1(12%) NS
Pos 98 (100) 13 (87%) 104 (99%) 7 (87%)

Her-2 Neg 65 (66%) 7 (47%) NS 67 (64%) 5 (62%) NS
Pos 33 (34%) 8 (53%) 38 (34%) 3 (37%)

Bcl-2 (%) Median 1.9 78.5 <0.001 3.0 3.3 NS

Cyclin-E (%) Median 29.8 17.3 NS 2.2 30.5 0.007

P53 (%) Median 6.0 24.0 NS 31.0 0 NS

P21Waf1(%) Median 14.5 10.8 NS 14.3 11.5 NS

p27Kip1 (%) Median 9.3 41.4 0.001 10.4 26.2 NS

Microvessel density Median 90 108 0.04 92 94 NS

%In three patients the data on symptoms were not available.

patients with negative tumors (Figure 2). Moreover,
evaluation of OS and DFS by immunostaining
pattern suggested a trend for decreasing survival in
patients with tumors expressing both patterns as
compared with patients having either or both
negative patterns (Figure 2). In squamous cell
carcinoma, CD117 expression, regardless of the type
or the combination of staining patterns, was not
associated with patient’s survival.

Cox’s regression was performed including the
same biopathological variables found to be signifi-
cant (P<0.05) or marginally (P<0.10) associated
with either membrane or cytoplasmic pattern (Ta-
bles 3 and 4). In adenocarcinoma, the risk of death
and time to progression in patients with CD117

membrane expression persisted after singly adjust-
ing for factors shown in Table 6. However, when
simultaneously adjusting for all these variables, the
differences in risk according to CD117 expression
status vanished in this full model. Cytoplasmic
immunostaining in adenocarcinoma was not pre-
dictive of survival. Neither cytoplasmic nor mem-
brane CD117 expression in patients with SCC was
associated with survival.

Discussion

The current investigation documents that a minor
subset of stage I adenocarcinoma and squamous cell

Modern Pathology (2004) 17, 711-721
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Table 5 Multiple logistic regression of membrane and of cytoplasmic CD117 expression in adenocarcinoma and squamous cell

carcinoma

Variable Category No. of patients No. of c-kit positive OR CI P

(a) Membrane expression of CD117 in adenocarcinoma patients (n = 88)*

HER-2 Pos 13 6 6 1.16-30.8 0.032
Neg 75 13 1

pT 2 45 14 3.3 0.81-13.2 0.096
1 43 5 1

(b) Membrane expression of CD117 in squamous cell carcinoma patients (n=113)°

Grade 3 37 11 8 1.8-36 0.007
1/2 76 4 1

Bcl-2 Pos 72 14 27 1.9-400 0.015
Neg 41 1 1

p27%irt Continuous — — 1.05°¢ 1.01-1.08 0.005

(c) Cytoplasmic expression of CD117 in squamous cell carcinoma patients (n=113)*

Grade 3 37 6 9.3 1.6-54 0.013
1/2 76 2 1

Cyclin-E Pos 98 5 0.14 0.02-0.83 0.031
Neg 15 3 1

CIL: 95% confidence intervals for odds ratios (OR).

@0ther variables included in the model but not statistically significant were age, symptoms at diagnosis, Ki-67 labelling index, tumor grade and

bcl-2 and synaptophysin expression;

POther variables included in the model but not statistically significant were fascin expression and microvessel density;

®0dds ratio (OR) per CD117/c-kit membrane expression per 1% unit increase in p27<®,

9dNo other variable was included in this model.

carcinoma are immunoreactive for CD117 showing
either a membranous and/or a cytoplasmic labelling.
CD117 immunoreactivity correlates with indicators
of aggressiveness in lung cancer, such as the
occurrence of clinical symptoms, higher tumor stage
and larger size, neuroendocrine differentiation and
fascin overexpression. Finally, CD117 membrane
but not cytoplasmic stain increases the risk of death
and reduces the time to progression in patients with
pulmonary adenocarcinoma.

The reported prevalence of CD117 immunoreac-
tivity in adenocarcinoma or squamous cell carcino-
ma of the lung is in keeping with previously
published data documenting immunoreactivity in
6-74% of the cases.”'®?*?® Despite the lack of
quantitative analyses of CD117 mRNA expression,
the current results have been obtained using two
different immunoreagents and comparing the stain-
ing of tumor cells with that of infiltrating mast cells,
to minimize the bias of the variability in the
immunostaining procedure or in the fixation time.
Our data suggest that CD117 expression in stage I
adenocarcinoma or squamous cell carcinoma is
actually low, but it may have potential clinical and
therapeutical implications.

CD117 immunoreactivity in tumor cells, either
membranous or cytoplasmic, was significantly
(P<0.05) or marginally (P<0.10) higher in pT2
stage patients complaining of systemic clinical
symptoms and bearing less differentiated and highly
proliferating tumors of greater size, showing upre-
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gulation of Her-2, bcl-2, p27¥®* and cyclin-E and
increased microvessel density. All these findings
point to a possible role of CD117 in the development
and/or progression of this subset of stage I lung
carcinomas. Furthermore, multiple linear regression
analyses according to tumor size confirmed that the
increase of tumor diameter was independently
associated with CD117 and bcl-2 expression. As a
matter of fact, tumor diameter is the net result of the
interaction of many variables, including the rates of
tumor cell replication and apoptosis, the effective-
ness of neoangiogenesis and the preclinical duration
of disease that in turn may affect the occurrence of
clinical symptoms.

Furthermore, our study provides some hints into
the molecular mechanisms independently involved
in CD117 immunoreactive early-stage lung carcino-
mas, as assessed by odds ratio analysis (Table 5).
Although the precise downstream pathway of
CD117 in tumor cells is poorly understood, there is
some evidence that an increased expression of bcl-2
or cyclin E in vitro eventually occurs after receptor
activation upon stem-cell factor binding, leading to
progression into cell cycle with increased prolifera-
tive activity, and to reduction of apoptosis with
prolonged cell survival.***' Also, the increased
levels of p27%P* detected in CD117 overexpressing
stage I lung carcinomas could facilitate the assembly
of cyclin—cyclin-dependent kinase complexes,
thereby promoting cell cycle progression, as pre-
viously suggested in pulmonary adenocarcinoma.*?
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Figure 2 OS and DFS curve analysis performed according to CD117/c-kit immunoreactivity in 88 adenocarcinoma of the lung. Patients
with positive (>5%) membrane decoration exhibited significantly lower OS (a) and DFS (b) rates as compared to patients with negative
(<5%) tumors. Moreover, evaluation of survival by immunostaining pattern suggested a trend for decreasing OS (c) and DFS (d) in
patients with tumors expressing both positive (+) patterns as compared with patients having either or both negative (—) patterns.

Coexpression of CD117 and Her-2 has been found in
human malignant myeloma,*® but further larger
studies are needed to determine if either one
(CD117 or HER-2) may lead to overexpression of
the other oncoprotein in stage I adenocarcinoma or
squamous cell carcinoma.

As CD117 is likely relevant to the growth of a
subset of stage I adenocarcinoma and squamous cell
carcinoma, the use of specific inhibitors of its
tyrosine kinase activity could be potentially helpful
as adjuvant targeted therapy after immunohisto-
chemical screening for receptor expression. In fact,
tumors must be strictly dependent on the stimulus
of CD117 for specific inhibitors to produce an
antitumor effect.?®** Clinical trials aimed at target-
ing CD117 (eg Gleevec) in immunoreactive early-
stage non-small-cell lung carcinomas, including
adenocarcinoma and squamous cell carcinoma, are
clearly warranted.

The evaluation of OS and DFS by immunostaining
pattern showed a trend for decreasing survival in
adenocarcinoma patients with tumors expressing
both patterns, as compared with those showing

either or both negative (Figure 2). In mutivariate
analysis, only CD117 membrane decoration emerged
as a significant and partially independent risk factor
for death and reduced time to progression in
adenocarcinoma patients when adjusting for single
confounding factors (Table 6), whereas either cyto-
plasmic immunostaining in adenocarcinoma or both
patterns in squamous cell carcinoma did not affect
the patients’ survival. When simultaneously adjust-
ing for all variables modifying the magnitude of the
HR for CD117 expression, the differences in risk for
OS and DFS vanished even in the adenocarcinoma
group probably because of the low statistical power
of the full model dealing with a very small number
of CD117-reactive cases rather than the lack of a
predictive value for this molecule. Although we
cannot draw clear-cut conclusions on the indepen-
dent prognostic role of CD117 in this subset of
adenocarcinoma patients, we indicate, however,
that the molecule strictly parallels the tumor
development and is likely to influence the tumor
progression and the patients’ survival. Further
studies on a greater number of CD117-expressing
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Table 6 Multivariate survival analysis by CD117 membrane in
adenocarcinoma patients

HR 95% cl P-value
(a) Risk of death (OS)
Unadjusted c-kit 23 1149 0.032
Adjusted by age 2.2 1.0-4.3 0.05
Adjusted by diameter 2 0.9-4.3 0.093
Adjusted by pT 2 0.9-4.4 0.07
Adjusted by Ki-67 labelling index 2.2 1.0-5.0 0.05
Adjusred by HER-2 2.2 0.9-4.9 0.057
Adjusted by tumor grade 25 1154 0.025
Adjusted by symptoms 2 0.9-4.3 0.07
Adjusted by bcl-2 2.4  1.1-5.1  0.025
Adjusted by synaptophysin 2.2 1.0-4.3 0.048
Full model® 1.7 0.6-4.6 0.3

(b) Risk of time to progression (DFS)

Unadjusted c-kit 2.3 1.2-4.7 0.015
Adjusted by age 2 0.9-4.1 0.056
Adjusted by diameter 2.1 1.0-4.3 0.042
Adjusted by pT 2.2 1.1-44 0.029
Adjusted by Ki-67 labelling index 23 1.1-438 0.027
Adjusted by HER-2 2.3 1.1-4.38 0.03

Adjusted by tumor grade 26 1.3-5.3 0.01

Adjusted by symptoms 2.2 1144 0.028
Adjusted by bcl-2 24 1.2-48 0.012
Adjusted by synaptophysin 2.2 1.1-4.5 0.026
Full model® 1.5 0.6-3.6 0.36

#n this model, which included the simultaneous modelling of the
above-listed variables, only symptoms (P=0.016) was significant.

bIn this model, which included the simultaneous modelling of the
above-listed variables, only age (P=0.048) was significant.

Variable definitions: age and diameter used as continuous; pT2 vs
pT1; Ki-67: >32% vs <32% (median value); HER-2, bcl-2 and
synaptophysin: positive vs negative; tumor grade: G3 vs G1/G2;
clinical symptoms: local/systemic vs none.

stage I adenocarcinomas and squamous cell carci-
nomas are clearly warranted for elucidating this
point.

In conclusion, our investigation supports the view
that CD117 immunoreactivity identifies a peculiar
subset of stage I non-small-cell lung carcinoma
patients, with rapidly growing adenocarcinoma or
squamous cell carcinoma, and that its membrane
expression is a partially independent risk factor of
poor prognosis in adenocarcinoma patients.
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