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Table 1
Characteristics of the patients (n=193) and differences” in survival rate according to each factor.
N 5-Year survival (%) 95% Cl - p-Value®
~Patient and tumor characteristics
Gender ;
Male 96 7186 0.61-0.80 0027
Female 97 853 0.76-0.91 .
Age
<60 74 814 0.70-0.89 0274
60 orolder 119 765 0.67-0.83
Smoking habit -
Never 89 832 0.73-0.90 0.151
Ever : 104 743 0.64-0.82 .
Stage 7 2 5
o83y B0 s 048 +0,89-0.98
-V i 487 036-061 a0
Adenocarcinoma classification
Pre + minimally invasive™ 44 965 0.83-099 i
Invasive™ 149 72.9 0.65-0.80 ]
Expression status (IHC study)
- pAkt e
) - 120 853 0.77-091 i
+ 73 682 056-079 - et
PERK ;
Sihss 124 738 . 065-081
e 69 864 . 076-083 058
. pGSK3B ‘ o :
o 134 767 ot 068083 T
o+ 59 820 089080 0289
pmTOR ; A
ek § 125 75.7 . 0.77-083
- 68 831 10.71-090 9214
pS6K s Sireah :
P 92 741 0.63-0.82 "
fete 101 823 0.73-089 i
BT ! vl 0.77-091
i ; e e 056-077 apae
494 032-065 :
. 1858 0.79-090 ol
098
787 Yol
i . oma

* Log-rank test (p-value); CI: confidence interval; N: lymph node metastasis.

** Pre+minimally invasive: adenocarcinoma in situ+lepidic pattern predominant adenocarcinoma with minimal
invasion (<10% or <5mm invasion); Invasive: adenocarcinoma of papillary (including micropapillary), acinar or solid
pattern predominant and other variants; IHC: immunohistochemistry; TTF-1: thyroid transcription factor-1; pAkt:
phosphorylated Akt; pERK: phosphorylated extracellular signal-regulated kinase; pGSK3(: phosphorylated glycogen
synthase kinase 38; pmTOR: phosphorylated mammalian target of rapamycin; pS6K: phosphorylated ribosomal protein
S6 kinase; pFKHR: phosphorylated forkhead transcription factors.

ubiquitous. The contrast between positive and negative cells was
excellent. With the 10% cutoff, 35.8% (69/193) of the tumors were
positive for pERK (Fig. 1).

The results of mutation analysis of exons 18-21 of EGFR and
codons 12, 13 and 61 of KRAS are detailed in Suppl. Table 2. EGFR
mutations were detected in 54 cases (58.1%), among which 90%
were in exons 19 and 21. Mutations of KRAS were seen in seven
cases (7/93, 7.5%), all of which were at codon 12. The EGFR and
KRAS mutations were mutually exclusive except in one case. Of
note, both pAkt and pERK were strongly stained in this case with
double mutation of EGFR and KRAS. Types of EGFR mutation did
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not appear to affect the pattern of pathway activation. All but one
of the cases with KRAS mutation were strongly positive for pERK
(p=0.009, Table 4), whereas the EGFR mutation did not correlate to
PERK (p=0.294) nor pAkt (p =0.409) expression.

3.3. Patient survival

By univariate analyses using log-rank test, gender (p=0.027),
stage (p<0.001), adenocarcinoma classification (invasive or not)
(p<0.001), expression of TTF-1 (p < 0.001) and cytoplasmic staining
of pAkt (p=0.007) and pFKHR (p = 0.006) were significantly related



98 M. Hiramatsu et al. / Lung Cancer 70 (2010) 94-102

Table 2
Multivariate analysis for factors predicting poor prognostic outcome (n=193).
 Variable Relative risk 95%Cl p-Va!ue
“Cox regression analysis ;s
Patient and tumor characteristics
‘Female 0.48911 025-093 0.030
.Age (60 or older) 143993 0.75-278 0268
Ex or current smoker 158799 0.84-3.00 0.147
Stages lI-IV 1096302  5.02-2392 <0.001
‘Adenocarcinoma classification (invasive’)  1.81110 1,05-2.73 0.030
Expression status (IHC study) : : g
TTF-1+ 024379 .~ 0.13-045 = <0.001
pAkt+ ‘228909  122-429  0.009
PERK+ 050813 025-1.04 - 0.051
PGSK3B+ 068778 - 034-1.40
pmTOR+ 0.64731 032-129 .
PSEK+ ' 070277 - 038-130 -
 PFKHR+ 234981 126438
Mutation status (n=93) o ' ;
' EGFR mutation 056279 = 0.24-131 0,180 .
KRAS mutation 123578 0.29-5.29 ° ' 0.780
. Cox regression analysls with step wise selection
Female 0.54 0.27-1.06 0.074
Stagesli-IV. - 10542 461-24.1 <0001
 pAkt+ 2.268 1.17-438 0015
PFKHR+ 1812 0.95-348 0.073
TTF-1+ 0282 0.15-0.54  <0.001

° Cl: confidence interval; invasive: adenocarcinoma with a frankly invasive
region; TTF-1: thyroid transcription factor-1; pAkt: phosphorylated Akt; pERK:
phosphorylated extracellular signal-regulated kinase; pGSK3B: phosphorylated
glycogen synthase kinase 3B; pmTOR: phosphorylated mammalian target of
rapamycin; pS6K: phosphorylated ribosomal protein S6 kinase; pFKHR: phospho-
rylated forkhead transcription factors.

to survival (Table 1). Multivariate analysis using the Cox’s propor-
tional hazard model revealed that stage (p <0.001), expression of
TTF-1 (p<0.001) and pAkt (p=0.015) are statistically significant
factors for prognosis independent of any other conditions (Table 2).

3.4. Clinicopathological backgrounds of adenocarcinomas with
Akt activation or TTF-1 expression

Since pAkt and TTF-1 expression was revealed to be indepen-
dent prognostic factors, relationships between their positive status
and other factors including clinicopathological characteristics and
expression of other phosphorylated proteins are summarized
in Table 3. pAkt expression was significantly associated with
advanced stage (stage 1I-IV, p=0.021) and lymph node metasta-
sis (p=0.002) but not with expression of any other signal proteins
or TTF-1. TTF-1 expression, on the contrary, was significantly
associated with never-smoker status (p=0.013) and pre- or min-
imally invasive nature (p<0.001) as well as with expression of
PERK (p=0.039) and pmTOR (p=0.014). Also, TTF-1 expression
was related to EGFR mutation (p=0.017). Regarding invasiveness
of tumor, the pAkt activation frequency tended to be lower in
the pre- and minimally invasive adenocarcinomas (18.2%; 8/44) as
compared with invasive types (43.6%; 65/149) and this tendency
was highly and statistically significant (p = 0.004). In contrast, TTF-
1 staining was more frequently seen among the pre- and minimally
invasive adenocarcinomas (p <0.001).

Correlation coefficients between each factor were shown in
Table 4. The general tendency was largely in concert with results
of survival analysis (Tables 1 and 2) and expression of Akt and TTF-
1. Interestingly, activation of signal proteins of ERK had similar
and statistically (or marginally) significant correlation to non-
smoking (p=0.035), stage I (p=0.029) and noninvasive status
(p=0.001). GSK3B expression was related significantly to activation
of ERK(p=0.001), mTOR (p<0.001) and S6K (p=0.018). EGFR muta-

tions were significantly associated with female gender (p=0.031),
non-smokers (p=0.016), TTF-1 expression (p=0.008) and pS6K
expression (p=0.008).

4. Discussion

By IHC applied to primary adenocarcinoma tissues and mouse
xenografts of cell lines used as controls, we succeeded in demon-
strating Akt activation to be an independent marker of poor
prognosis. In addition, TTF-1, which is known to be a marker of
type Il cell differentiation, was also proved to be a significant favor-
able prognostic marker in correlation with activation of ERK and
mTOR or EGFR mutation regardless of tumor stages. The expres-
sion of TTF-1 is important in outcome estimation of lung carcinoma
at any tumor stage whereas Akt activation is abnormally affected
according to the aggressiveness of the tumors regardless of their
cell origin. While EGFR mutations had no correlation to activation
of Akt or ERK pathways, six of seven cases with KRAS mutation were
remarkably stained for pERK throughout the tumors. Finally, FKHR
expression was established to be a marker for poor prognosis.

This study demonstrated that activated Akt was associated inde-
pendently and significantly with poor prognosis (p=0.015), which
was in agreement with previous studies [14-19]. In fact, pAkt
expression correlated with factors such as stages II-IV, positive
lymph node metastasis and the invasive histology (Table 3), sug-
gesting that Akt activation is an acquired characteristic according
to tumor aggressiveness. To cast light on actual regulators and
substrates of Akt that might mediate regulatory mechanisms in
primary lung adenocarcinoma, we compared the activation sta-
tus of Akt with upper and downstream components of the signal
transduction. However our results somewhat differed from those
obtained earlier with cell lines. For example, EGFR mutations in
NSCLC cell lines were reported to selectively activate the Akt path-
way [3], but in our primary tumors, this correlation between Akt
and constitutively activated RTK was not significant (p=0.409).
Moreover, in our study, expression of pAkt did not correlate with
activation of any of the downstream signal proteins such as GSK3B,
mTOR, S6K and FKHR in the burgeoning list of Akt substrates impli-
cated in oncogenesis [20,21)}. Linkage of Akt with those activated
downstream signal proteins has been confirmed in vitro, but the
results in clinical samples have been inconsistent [18,22-24]. Cer-
tainly, Akt activation is an important factor for development and
proliferation of cancer cells and perhaps a marker for targeted ther-
apies, the exploration of this area especially in real tumors has
definitely been inadequate and further study is needed.

Our multivariate analysis revealed that TTF-1 expression was
also a statistically significant and independent prognostic factor
(p<0.001). TTF-1 is a regulator of normal lung development or
maintenance of type Il pneumocytes [25) and was expressed in
79.8% (154/193) of the cases. Recently, a model of lineage specific
dependency on TTF-1 in a subset of adenocarcinoma, that is, the
terminal respiratory unit (TRU) type adenocarcinoma, has been
proposed [26]. In our study, TTF-1 staining was correlated with
never-smoker (p=0.013)and EGFR mutation status (p = 0.039) inde-
pendently of tumor stage, which is consistent with the concept of
lineage specific tumorigenesis in this subset of lung adenocarci-
noma. These insights suggest the importance of the cell lineage
that tumors were derived from in outcome estimation of lung car-
cinoma.

ERK was activated in 35.8% (69/193) of the cases in our study
and was associated with pathologically early stages, the pre or
minimally invasiveness and TTF-1 expression (p=0.039). Normal
tissues, such as type Il pneumocytes or interstitial fibroblasts, were
also positive with varying intensity (Fig. 1). Generally, ERK activa-
tion is known not only as the result of oncogenic dysregulation
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Table 3
Backgrounds of patients with expression of a significant prognostic factors; pAkt and TTF-1 (n=193).

No. of cases with expression of pAkt and TTF-1 (%)

Total pAkt p-Value’ TTF-1 p-Value'
193 73(37.8) 154(79.8)
Patient and tumor characteristics
Gender
Male % 33(35.1) 73(76.0)
Female 97 40(42.1) 0371 81(83.5) 0214
Age
<60 74 30(405) 62(83.8)
60 or over 119 43(37.4) 0760 92(77.3) 0357
Smoking habit
Never 89 37(42.0) 78(87.6)
Ever 104 36(356) 0.374 76(73.1) et
Stage
I 120 37(319) dasd 99(82.5) Tl
-V 73 36(49.3) . 55(753) -
N
4 135 41(313) 112(83.0)
¥ 57 32(56.1) 0.002 42(737) 0.118
Adenocarcinoma classification™
Pre + minimally invasive 44 8(182) - 44(1000)
Invasive : 149 65(43.6) 0.004 110(73.8) <0.001
Pap-pred 118 52(44.1) 91(77.1)
Acinar-pred 19 9(47.4) 14(73.7)
Solid-pred and other variants 12 4(333) 5(41.7)
Other IHC results
pAkt
gk 120 94(78.3)
R 73 58(79.5) 0851
PERK §
- 124 51(41.8) 93(75.0)
+ 69 22(32.8) 0253 61(88.4) 0.039
PGSK3B
2 134 48(36.56) 103(769)
3 59 25(43.1) 0421 50(84.7) 0331
pmTOR
- 125 49(39.2) 0754 93(74.4) 0014
+ 68 24(353) : 61(89.7) -
pS6K ;
_ 92 39(424) 73(793)
+ 101 34(337) 0370 81(802) 1,000
pFKHR
e ‘ 115 39(33.9) 87(757)
+ : 78 34(4356) 0.879 67(85.9) 0.101
TTF-1 S
i : 39 15(38.4)
,, - 154 58(37.7) it
’Mutationstatus(nfﬂj, S50
EGFR mutation :
% W 39 16(41.0) 26(66.7)
; s i 17(506) 0409 you st 0017
LT VR 86 41(47.7) 70(81.4)
+ ' 7 2(286) 0445 4(57.1) 0.148

* Results of Fisher's exact test; pAkt: phosphorylated Akt; TTF-1: thyroid transcription factor-1; N; lymph node metastasis.
** Adenocarcinoma classification; see text for details; -pred: predominant; Pap: papillary pattern including micropapillary pattern; Acinar: acinar pattern; Solid: solid with
mucin formation pattern.
*** Comparison between “Preinvasive + minimally invasive” vs other “invasive” carcinoma; IHC: immunohistochemistry; pERK: phosphorylated extracellular signal-regulated
kinase; pGSK3B: phosphorylated glycogen synthase kinase 3B; pmTOR: phosphorylated mammalian target of rapamycin; pS6K: phosphorylated ribosomal protein S6 kinase;
PFKHR: phosphorylated forkhead transcription factors.
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but also as an essential component of epithelial cell develop-
ment or adaptation to changing circumstances [27-29]. Moreover,
ERK regulation depends on very complex mechanisms, involving
several intracellular parameters [30], timing or balance of the sig-
nals [31-34] and other unknown factors [35]. Considering these
arguments, we may conjecture that ERK activation in lung ade-
nocarcinoma mostly reflects the intracellular signal transduction
of normal cells, which is still preserved within early-staged ade-
nocarcinoma especially with TTF-1 expression, and that the ERK
pathway is gradually switched off as the tumor cells progress to
a more malignant phenotype. Also, these results shown here is in
line with the recent studies of American cases |36}, where the ERK
pathway was more activated in earlier stages and the Akt pathway
in advanced stages. In further studies, considering significant het-
erogeneity of ERK activation, we may use more detailed judgment
criteria for immunoreactivity and whole sections of tumor, rather
than tissue microarrays.

Six of seven cases with KRAS mutation were remarkably stained
for pERK throughout the tumors, consistent with previous reports
[37,38]. 1t is notable that the clinical impact of such KRAS mutation-
induced ERK activation is enormous since it has already been shown
in mice models that tumors with ERK activation due to KRAS or
BRAF mutations can be successfully treated by an inhibitor of MEK,
a signal protein upstream of ERK [39]. Our results imply so far the
presence of at least two causes for ERK activation in lung adeno-
carcinoma, one is the vestige of normal intracellular signal and the
other is the impact of KRAS mutation.

Two other supplementary implications were obtained from
this study. Among downstream proteins of the Akt pathway, only
S6K was significantly expressed in cases with the EGFR mutation
(p=0.008) and may potentially be an alternative marker for EGFR
mutation. S6K is known to regulate ribosomal biogenesis and to
play an important role in progression of G1 phase of the cell cycle
[41,42]. This correlation between EGFR and S6K suggests again a
cross talk between the Akt and ERK pathways and similar result
was previously described by Conde et al. [40]. Our results also indi-
cated cytoplasmic localization without intranuclear accumulation
of pFKHR protein to be an adverse prognostic factor. FKHR is a mem-
ber of a transcription factor family and represents a mammalian
counterpart of DAF186, first identified at chromosomal breakpoints
in human tumors [20]. Subcellular localization of FKHR is known to
play an important role by regulating cell cycle and apoptosis in nor-
mal cell, which is consistent with our result. Further accumulation
of cases will be needed to confirm those possibilities.

Asareference for IHC evaluation we here used mouse xenografts
selected from a cell line panel repeatedly used in drug research
[12,43]. This resulted in more accurate and reproducible evaluation
of protein expression, implying the usefulness of tumor xenografts
for clinical researches.
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Is the Epidermal Growth Factor Receptor Status in Lung
Cancers Reflected in Clinicopathologic Features?

Kentaro Inamura, MD, PhD; Hironori Ninomiya, MD; Yuichi Ishikawa, MD, PhD; Osamu Matsubara, MD, PhD

® Context.—Epidermal growth factor receptor (EGFR) ty-
rosine kinase inhibitors are molecular-targeted drugs that
are innovatively effective for non-small cell lung carcino-
mas with EGFR mutations. Epidermal growth factor recep-
tor is a transmembrane receptor forming dimers on ligand
binding. These then stimulate signals by activating receptor
autophosphorylation through tyrosine kinase activity. Au-
tophosphorylation triggers intracellular pathways facilitat-
ing malignant conversion. The most clinically advanced
EGFR inhibition strategies include small-molecule inhibi-
tion of the intracellular tyrosine kinase domain (gefitinib
and erlotinib) and monoclonal antibody-mediated block-
ade of the extracellular ligand-binding domain (cetuxi-
mab). Lung cancers with EGFR mutations are prevalent
among patients who are female, of Asian ethnicity, and
nonsmokers; thus, they can obtain benefit from EGFR ty-
rosine kinase inhibitors.

Objective.—To survey histopathologic findings and ex-

The epidermal growth factor receptor (EGFR), a receptor

of ligands including epidermal growth factor (EGF),
is a 170-kDa glycoprotein tyrosine kinase protein that
straddles the cell membrane.

Expression of EGFR is prevalent in variant normal cells
including cells of epidermal, mesenchymal, and neurogen-
ic origins. When EGF binds to EGEFR, signaling pathways
are activated that can lead to cell proliferation and differ-
entiation. Epidermal growth factor receptor plays an im-
portant role in cell differentiation, development, prolifer-
ation, and maintenance. With EGFR gene overexpression
due to mutation or structural alteration, carcinogenesis, in-
vasion, and metastasis are facilitated.

In recent years there has been substantial interest in
developing novel therapeutic agents that specifically target
growth factor pathways that are dysregulated in cancer
cells. Non-small cell lung cancer (NSCLC) is the most fre-
quent cause of cancer death in the world and targeting
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amine correlations with EGFR mutations. We mainly fo-
cused on component cell types (hobnail, columnar, and
polygonal) and presence or absence of bronchioloalveolar
carcinoma elements and a micropapillary pattern. Al-
though EGFR mutations can be detected by various meth-
ods, including polymerase chain reaction-Invader assay or
direct sequencing, these are inconvenient.

Data Sources.—Review of the published literature.

Conclusion.—Detailed pathologic examination showed
significant genotype-phenotype correlations between
EGFR mutations and presence of a bronchioloalveolar car-
cinoma component, a micropapillary pattern, and the hob-
nail cell type. We conclude that these characteristic his-
tologic features are good predictors of FGFR mutations,
and patients with these features might be good candidates
for and could benefit from therapy with EGFR tyrosine ki-
nase inhibitors.

(Arch Pathol Lab Med. 2010;134:66-72)

EGFR has played a central role in advancing NSCLC re-
search to improve patient outcome during the last several
years. With the move to personalized cancer therapy, we
need to understand oncologic biology at the molecular
and histopathologic levels in individual lesions. In this re-
view article, we focus on clinicopathologic features related
to EGFR change and consider their indications for clinical
application.

GENE MUTATIONS IN NON-SMALL
CELL LUNG ADENOCARCINOMAS

Lung cancer is the leading cause of cancer death in men
and women worldwide and identification of activating
mutations of EGFR is one of the most intriguing recent
discoveries in the field of lung cancer research.’? Epider-
mal growth factor receptor mutations are present in a par-
ticular subtype of lung adenocarcinomas, and cancers
with this mutation have been shown to be highly sensitive
to chemical inhibitors of the kinase activity of EGFR. This
subtype is prevalent among patients who are female, of
Japanese and other Asian ethnicity, and nonsmokers.?
K-ras is a downstream mediator of EGFR-induced cell sig-
naling, and K-ras mutations confer constitutive activation
of the signaling pathways without EGFR activation. Grow-
ing evidence indicates that K-ras mutations are also im-
portant in the development of lung carcinomas.® Very re-
cently, we found a novel transforming fusion gene result-
ing from linkage between the echinoderm microtubule-
associated protein like 4 (EML4) and anaplastic lymphoma
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kinase (ALK) genes in NSCLCs.¢ This translocation pro-
motes strong tyrosine kinase activity, which is a promi-
nent feature of ALK, leading to intensive oncogenesis in
NSCLCs. Cancers featuring EML4-ALK fusion thus con-
stitute a subtype of NSCLCs that might be highly sensitive
to ALK inhibitors. Interestingly, EGFR mutation, K-ras
mutation, and EML4-ALK translocation are mutually ex-
clusive”# Furthermore, lung cancers with each of these al-
terations appear to have their own particular clinicopath-
ologic characteristics.

DISCOVERY OF EGFR

In 1975, the existence of the EGF-specific receptor was
first reported on the cell membrane of the fibroblast.’
Thereafter, from work with the A431 human cancer cell
line, EGFR was initially defined as a 170-kDa protein.’® In
1984, the sequence of v-erbB, an oncogene of the avian
erythroblastic leukemia virus, was reported to be extreme-
ly similar to that of EGFR.! Gene products of oncogene
erbB and EGFR subsequently turned out to be identical
proteins. Thereafter, it was found that human genes cor-
responding to v-erbB were not only EGFR but also human
epidermal growth factor receptor 2 (HER2), these 2 now
being referred to as ERBB1 and ERBB2, respectively.

STRUCTURE AND FUNCTION OF EGFR

Growth factors belong to a family of polypeptides that
have been shown to stimulate proliferation and/or differ-
entiation in both normal and malignant cells. One of the
first growth factors discovered was EGE Later studies
showed that this protein binds to the cell surface growth
factor receptor EGFR, thereby either inducing cell prolif-
eration or differentiation in mammalian cells.

The binding of a ligand to EGFR induces conformation-
al changes within the receptor, which increase the catalytic
activity of its intrinsic tyrosine kinase, resulting in the au-
tophosphorylation that is necessary for biologic activity.
Epidermal growth factor receptor is a 170-kDa transmem-
brane glycoprotein that binds to specific ligands. The erbB
family cell-signaling process uses EGF-like ligands that in-
clude cell-signaling transforming growth factor a (TGF-ar),
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amphiregulin, heparin-binding EGE, epiregulin, heregulin,
neuregulin, and betacellulin. Epidermal growth factor re-
ceptor is known to bind with particularly high affinity to
EGE amphiregulin, and TGF-a.

As noted above, EGFR is a member of the erbB family
of receptor tyrosine kinase proteins, now known to also
include HER2/neu (erbB2), HER3 (erbB3), and HER4
(erbB4). These receptors are all composed of an extracel-
lular ligand-binding domain, a transmembrane lipophilic
domain, and an intracellular tyrosine kinase domain and,
with the exception of HER?2, all bind to receptor-specific
ligands (Figure 1). Phosphorylation of the tyrosine kinase
domain followed by homodimerization or heterodimeri-
zation between receptors of the same family leads to pro-
tein activation on the cell surface. In cancer cells, this is
believed to promote signaling cascades, cell growth, dif-
ferentiation, cell survival, cell cycle progression, and an-
giogenesis.

GENETIC STRUCTURE OF EGFR

The approximately 200-kb human EGFR gene, compris-
ing 28 exons and 27 introns, exists on the short arm of
chromosome 7 (7p12). Exons 1 to 16 encode the extracel-
lular domain, while exon 17 codes for the transmembrane
domain, and exons 18 to 28 are responsible for the intra-
cellular domains. The tyrosine kinase domain is encoded
by exons 18 to 24, while the C-terminal domain is encoded
by exons 25 to 28.

ACTIVATION OF EGFR DOWNSTREAM SIGNALING

Receptor tyrosine kinases, such as EGFR, transmit ex-
tracellular signals of growth factors into the intracytoplas-
mic region and transmit their stimulus to the nuclei by
signal transduction. As a result, transcriptional upregu-
lation follows, leading to protein synthesis and transfor-
mation of cell functions or cellular architecture.

As signaling pathways of EGFR, the Ras/Raf/MAPK
(mitogen-activated protein kinase) pathway, the PI3K
(phosphatidylinositol-3-kinase) / Akt pathway, and the Jak
(Janus kinase)/ STAT (signal transducers and activator of
transcription) pathway are all important. As a result of
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Figure 2.  Schematic illustration of the epidermal growth factor recep-
tor (EGFR) and downstream signaling pathways. Binding of a receptor-
specific ligand leads to phosphorylation of EGFR and signaling through
the mitogen-activated protein kinase (MAPK) pathway (green), signal
transducers and activator of transcription (STAT) pathway (blue), and
phosphatidylinositol-3-kinase (PI3K)/Akt pathway (orange). These path-
ways promote cell proliferation, angiogenesis, migration, adhesion,
and/or invasion, while inhibiting apoptosis. SOS, son of sevenless; Grb-
2, growth factor receptor-bound protein 2; Ras and Raf are well-known
oncoproteins; MEK, mitogen-activated protein kinase kinase; ERK, ex-
tracellular signal-regulated kinase.

Table 1. Epidermal Growth Factor Receptor (EGFR)
Expression in Various Tumor Types
Tumor Type Tumors Expressing EGFR, %
Head and neck 80-100
Renal 50-90
Lung 40-80
Breast 14-91
Colon 25-77
Ovarian 35-70
Prostate 3947
Glioma 40-63
Pancreas 30-50
Bladder 3148

the signal transduction, cell differentiation or cell prolif-
eration are promoted. The Ras/Raf/MAPK pathway
mainly promotes cell proliferation and survival, while the
PI3BK/ Akt pathway is mainly associated with cell growth,
inhibition of apoptosis, invasion, or migration (Figure 2).

EGFR OVEREXPRESSION

In a wide range of solid cancers, EGFR overexpression
has been detected to varying degrees (Table).’> Reported
values are 30% to 38% for gastric adenocarcinomas,14
30% to 62% for pancreatic cancers,’>*¢ and 100% for un-
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differentiated thyroid carcinomas.” Although the prog-
nostic significance of EGFR expression remains unclear, as
reports on these issues are contradictory, a retrospective
review of EGFR studies determined that EGFR expression
levels are highly predictive of clinical outcome for patients
with ovarian, cervical, bladder, esophageal, and head and
neck cancers. They are of moderate prognostic value for
gastric, colorectal, breast, and endometrial cancers and of
relatively low prognostic value for NSCLCs.®

EXTRACELLULAR MUTATION OF EGFR

In 1988, it was found that human glioblastoma multi-
forme cells carried amplified c-erbB genes that bore short
deletion mutations within the ligand-binding domain of
the EGFR. The products of these mutated c-erbB genes
were about 30 kDa smaller than the normal 170-kDa
EGFR, and cancer cell membrane fractions containing the
140-kDa abnormal EGFR showed a significant elevation of
tyrosine kinase activity without any ligand.” This muta-
tion type was referred to as EGFRVIIL There is no ligand
binding site and the result is constant activation without
any ligand binding.?? EGFRVIII is associated with cell pro-
liferation and malignancy in various neoplasms involving
breast cancers, small cell lung cancers, gliomas, and pros-
tatic cancers.?!

MUTATIONS OF INTRACYTOPLASMIC DOMAIN OF
EGFR GENE

In 2004, mutations of intracytoplasmic domain of EGFR
gene were found in NSCLCs, and NSCLCs with such mu-
tations were reduced in size by gefitinib, a chemical in-
hibitor of the kinase activity of EGFR.}? In the gene coding
for the receptor, mutations are divided into 4 major types:
point mutations in exon 18, deletions in exon 19, insertions
in exon 20, and point mutations in exon 21. Particularly,
the 2 most frequent mutations are deletion around codons
746 to 750 of exon 19 and transversion of T to G in codon
858 of exon 21, with an amino acid change from leucine
to arginine (L858R). These 2 mutations account for ap-
proximately 90% of intracytoplasmic mutations of EGFR
(Figure 3).2 They both cause conformational change in the
ATP-binding domain, which results in constant activation
of EGFR without ligand binding. However, affinity for ge-
fitinib is upregulated, so that the cancer cells are suscep-
tible to induction of apoptosis by this agent and to reduc-
tion in cancer size® The 2 EGFR mutations have been
found to be present in normal lung tissue around can-
cers,* and mice transgenic for the mutated EGFR gene
develop lung cancers.” The results thus suggest that EGFR
mutation is involved at an early stage of neoplasia in the
lung.

EGFR MUTATIONS GENERATING
GEFITINIB TOLERANCE

In addition to the EGFR mutations increasing sensitivity
to gefitinib, as mentioned above, secondary mutations can
occur so that cancers become tolerant. Substitution in co-
don 790, with a resulting amino acid shift from threonine
to methionine (T790M),' or in codon 761, resulting in
change from asparaginic acid to tyrosine (D761Y),% are
reported to be gefitinib tolerance-inducing mutations.
T790M has been detected in about half of the NSCLCs
exhibiting acquired gefitinib tolerance.?¢ Alteration of the
gefitinib binding site in the EGFR cytoplasmic domain is
presumably involved.
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DRUGS TARGETING EGFR

The most clinically advanced EGFR inhibition strategies
include small-molecule inhibition of the intracellular ty-
rosine kinase domain and monoclonal antibody-mediated
blockade of the extracellular ligand-binding domain. Ge-
fitinib and erlotinib are oral anticancer drugs, inhibiting
tyrosine kinase domain. Their cytoreductive effects are to
some extent dependent on intracytoplasmic mutations of
EGFR, as noted above, and they have been found to be
useful in the treatment of NSCLCs. Cetuximab is a mono-
clonal antibody, binding to the ligand-binding site of
EGFR and blocking its dimerization and activation. It is
also effective for the wild-type EGFR, with applications in
the treatment of colorectal as well as head and neck can-
cers.

EFFECT OF CANCER REDUCTION, COMBINATION
USAGE OF CHEMOTHERAPY, AND
LIFE PROLONGATION

From 2000 to 2001, 2 phase II studies of pretreated ad-
vanced NSCLCs (Iressa Dose Evaluation in Advanced
Lung Cancer [IDEAL] 1 study?” and IDEAL 2 study®)
were performed. The positive response rate to gefitinib
was 9% to 19% and the 1-year survival rate was 21% to
36%. Cancer reduction effects were most prevalent in
Asian nonsmoking females with adenocarcinomas. Can-
cers with EGFR mutations demonstrated significant cyto-
reductive effects to treatment,'? and this response is pre-
dominantly seen in persons with adenocarcinoma, who
are nonsmokers, of female sex, and of Asian ethnicity.

From 2000 to 2001, as a first treatment for advanced
NSCLCs, gefitinib was given in combination to standard
treatment involving the platinum-containing drugs. Al-
though the other drugs included gemcitabine and cisplat-
in? or paclitaxel and carboplatin,® significant combination
effects were not obtained.

In 28 countries, not including Japan, a phase III study
has been performed for 1692 cases of posttreatment ad-
vanced NSCLCs (Iressa Survival Evaluation in Lung Can-
cer).”" For either all lung cancers or lung adenocarcinomas,
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gefitinib (versus placebo) could not significantly prolong
survival time for patients. However, on subset analysis,
gefitinib did significantly enhance survival in Asian per-
sons and nonsmokers.

SIDE EFFECTS OF EGFR TYROSINE KINASE
INHIBITION (GEFITINIB)

Major clinical problems caused by gefitinib are acute
lung damage and interstitial pneumonia, the latter being
the most significant side effect.>? An epidemiologic inves-
tigation by the West Japan Thoracic Oncology Group,
which used approximately 2000 cases, revealed an inci-
dence rate of 3.2% to 3.5% and a death rate of 1.2% to
1.4%. Generally, ineffectiveness of steroid therapy makes
the condition serious. Male sex, the existence of lung fi-
brosis before treatment, and a smoking habit were iden-
tified as risk factors for development of interstitial lung
diseases related to gefitinib therapy. Thus, the effective
treatment group for gefitinib and the high-risk group for
interstitial lung disease with gefitinib are widely dissoci-
ated. This means that it is essential to preselect patients
for gefitinib therapy.

EGFR MUTATIONS AND
CLINICOPATHOLOGIC FEATURES

Lung cancers with EGFR mutations are prevalent
among patients who are young, of female sex, never-
smokers, and of East Asian ethnicity.?+33-3

Correlations between morphology and EGFR mutations
in lung adenocarcinomas have been investigated previ-
ously. Concerning histopathology, a bronchioloalveolar
carcinoma (BAC) histologic feature and well-differentiated
to moderately differentiated grades were earlier reported
to predict responsiveness to the EGFR tyrosine kinase
(TK) inhibitor and the presence of EGFR mutations®* The
finding that the hobnail cell type and a micropapillary
morphology can predict a higher incidence of EGFR mu-
tations in lung adenocarcinomas has been reported more
recently.%
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EGFR MUTATIONS AND CELL TYPES IN
LUNG ADENOCARCINOMAS

Cell type classification of lung adenocarcinomas was
originally performed by Hashimoto et al,*” describing hob-
nail, columnar, polygonal, goblet, and mixed cell types.
They combined the Clara (nonciliated bronchiolar) cell
type and type II cell type as the hobnail cell type because
these types have the same cytologic features and are usu-
ally found to be mixed. This classification was applied
with slight modification to a series of lesions in our hos-
pitals. We divided lung cancers into hobnail, columnar,
and polygonal cell types, focusing on the most frequent
cell type rather than using the mixed cell category. Also,
we merged the goblet and columnar cell types because of
similarity in histologic and etiologic features and because
the goblet cell type is present in minority (Figure 4, A
through C).

As a result, the hobnail cell type was found to be sig-
nificantly more associated with EGFR mutations than any
of the other groups (P < .001). The cell type classification
also relates to differences in mutation frequency and pat-
tern of TP53 (which codes for p53 protein).”” The hobnail
cell type, characterized by cytoplasmic protrusions and a
tadpole or hobnail appearance, shows a low TP53 muta-
tional frequency, mainly of spontaneous transition type at
CpG nucleotides. In contrast, the columnar cell type
shows a high TP53 mutational frequency, with G to T
transversions, considered to be caused by exogenous car-
cinogenic agents like those found in tobacco smoke. We
identified a significant difference in EGFR mutation rates
between the hobnail cell type and the other 2 types. This
finding provided further evidence of differences in the ge-
netic background of EGFR mutations.

EGFR MUTATIONS AND MICROPAPILLARY PATTERN
OR BAC HISTOLOGY IN LUNG ADENOCARCINOMAS

Additionally, we have focused on the presence of BAC
component, as well as micropapillary pattern (MPP), de-
fined as papillary structures with tufts lacking a fibrovas-
cular core (Figure 5, A and B).* The micropapillary com-
ponent belongs to moderately differentiated structures be-
cause of the lack of stroma.*® When a cancer comprises
more than 5% MPP, the prognosis has been shown to be
poor, even with pathologic stage I disease.®

As a result, there was a significant association between
the existence of BAC component or MPP and EGFR mu-
tations (P = .01 and P = .04, respectively). In addition,
both BAC component and MPP were significantly associ-
ated with the hobnail cell type (P < .001 and P = .01,
respectively), as compared with the combined group of
columnar and polygonal cell types. However, there was
no assodiation between BAC components and MPP (P =
75).%

The MPP is a distinct pathologic subtype first reported
in lung cancers by Amin et al.¥ Among early stage lung
adenocarcinomas, MPP-positive cancers show a signifi-
cantly poorer prognosis than those that are MPP nega-
tive.® We speculated that the distinct MPP feature reflects
a step of tumor progression from well-differentiated pap-
illary adenocarcinoma of the hobnail cell type to a less
differentiated state, unrelated to smoking. From their
pathologic presentation and relatively unfavorable out-
come, it is suggested that cancers with MPP should be
classified as moderately differentiated rather than well dif-
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Figure 4. Microscopic appearance of the 3 cytologic subtypes. A,
Hobnail cell type. Apical portions of carcinoma cells containing nuclei
protrude or bulge into the lumen. B, Columnar cell type. Nonciliated
columnar or cuboidal cells, with or without mucus in their cytoplasm,
have flat apical portions. C, Polygonal cell type. Note polygonal cells
showing sheet-like growth (hematoxylin-eosin, original magnifications
X400).
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Figure 5. Histologic features of the micropapillary pattern in pulmo-
nary adenocarcinomas. A, Note diffuse distribution of tufts in alveolar
spaces. B, Papillary tufts lack central fibrovascular cores (hematoxylin-
eosin, original magnifications X40 [A] and X400 [B]).

ferentiated. This pattern is often observed in nonsmokers
and correlates with a high degree of tumor aggression.
We also have demonstrated that metastasis to lymph
nodes, pleural invasion, intrapulmonary metastases, and
nonsmoking status are significantly more frequent in
MPP-positive cases with a significantly poorer survival.*®
In our study, the presence of MPP components signifi-
cantly correlated with EGFR mutations. Kim et al® re-
ferred to an association between the presence of MPP and
tumor sensitivity to an EGFR TK inhibitor, although their
analysis was limited to 36 relapsed lung adenocarcinomas.
A notable characteristic of MPP is its frequent presence at
the periphery of cancers and its predominance in meta-
static foci.**#! These clinicopathologic observations, accom-
panied by our findings of a high mutational frequency for
EGFR, may explain the dramatic responses to gefitinib in
lung adenocarcinomas with diffuse micronodular intra-
pulmonary metastasis.*?
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COMMENT ON EGFR MUTATIONS AND
CLINICOPATHOLOGIC FEATURES

Both BAC components and MPP are prevalent among
nonsmokers.*# Considering the etiologic relevance and its
correlation with EGFR mutations, we speculate that lung
cancers with these features belong to the same lineage
characterized by thyroid transcription factor-1%* and the
hobnail cell type. Also, the results imply that lesions fea-
turing MPP may be at a slightly more advanced stage than
those with BAC components, because the MPP is an ad-
verse prognostic marker for pathologic stage I disease.®®
Lung cancers in nonsmokers are considered to be less ge-
netically complex than those in smokers*45 and, therefore,
they may have distinct characteristics depending on sim-
ple signaling pathways, such as EGFR/Akt, for mainte-
nance and survival.? Consequently, patients with tumors
harboring these pathologic features could be good candi-
dates and benefit from EGFR TK inhibitors.

CONCLUSION

There is no doubt that the EGFR TK inhibitors and
EGFR monoclonal antibodies offer innovative molecular-
targeted drugs, effective for some NSCLCs. However, the
possibility of acute lung damage and interstitial pneu-
monia as negative side effects must be borne in mind.
Therefore, the fact that in patients who are young, female,
never-smokers, and of East Asian ethnicity, one subtype
of NSCLC positively responds to EGFR TK inhibitors—
because of the presence of EGFR mutations—is of great
importance.

Pathologically, the hobnail cell type, MPP, and BAC com-
ponents of lung adenocarcinomas are associated with a
high incidence of EGFR mutations. Adenocarcinomas with
these features form a distinct subtype, a fact suggesting
that a genetic background confers susceptibility to EGFR
TK inhibitors. The immunohistochemical analysis has a
potential vulnerability because different antibodies might
yield different results. Hence, these histologic features of
lung adenocarcinomas with EGFR mutations, which can
be detected by hematoxylin-eosin staining, are meaning-
ful. These findings could provide a clue for selection of
patients who might benefit from such treatment, as well
as insights into biologic mechanisms of phenotype-geno-
type correlations.
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Discriminant Model for Cytologic Distinction of Large Cell
Neuroendocrine Carcinoma from Small Cell Carcinoma of
the Lung

Rira Hoshi, CT,* Noriyuki Furuta, CT,* Takeshi Horai, MD,* Yuichi Ishikawa, MD, PhD,1
Satoshi Miyata, PhD,} and Yukitoshi Satoh, MD, PhD*§

Background: To establish cytologic criteria for pulmonary large
cell neuroendocrine carcinoma (LCNEC), we developed and evalu-
ated a discriminant model for cytologic differential diagnosis be-
tween LCNEC and small cell lung carcinoma (SCLC).

Methods: Aspiration cytologic and/or imprint smears from 29
LCNEC cases were reviewed in comparison with 26 SCLC cases.
We selected the following parameters for assessment: background,
cellular arrangement, cell clusters, cell cohesion, arrangements, cell
dimensions areas, the presence of cytoplasm and/or prominent
nucleoli, nuclear features, mitosis, naked nuclei, and nuclear streak-
ing. To demonstrate the utility of differences in frequencies of
cytologic parameters for LCNECs and SCLCs, a discriminant model
was developed and evaluated.

Results: Among the cytologic parameters investigated, large clus-
ters (consisting of =60 tumor cells) with tight cohesion and small
tumor cells (showing =120 um?) without prominent nucleoli on
each case were particular focuses of attention, because statistically
significant differences with good power were evident between the
LCNEC and SCLC groups for their frequencies (p < 0.0001). On
the basis of variation in plotted location on scatter plots, a discrimi-
nant model for LCNEC and SCLC was made and evaluated by
logistic discriminant analysis. Sensitivity, specificity, and accuracy
were all 100%. With leave-one-out cross validation, the predicted
error rate of the discriminant model for new cases was 0.00545.
Conclusion: Our model based on the cytologic features of large cell
clusters with tight cohesion and of small tumor cells without prom-
inent nucleoli should be a useful aid for distinction between LC-
NECs and SCLCs.
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Large cell neuroendocrine carcinoma (LCNEC) of the lung
and small cell lung carcinoma (SCLC) are both now
considered as high-grade neuroendocrine carcinomas arising
in the lung.'-* Based on the large, multiinstitutional study in
Japan, Asamura et al.> reported that the 5-year survival rates of
patients with all stages were 40.3% for LCNEC and 35.7% for
SCLC, the differenc not being statistically significant. However,
these two tumors are generally thought to have different clinical
features! 4¢-14 and require different treatments.

Currently, surgical resection is advocated for the LC-
NEC as same as other nonsmall cell lung cancers.!s However,
Iyoda et al.'0 reported that patients with stage I disease treated
with either neoadjuvant or postoperative adjuvant chemother-
apy had a significantly better prognosis than their counter-
parts groups receiving surgery alone. Therefore, LCNEC
requires a refined histology-specific approach. Conversely,
the SCLC is aggressive but chemosensitive, and a standard
therapeutic strategy has already been established.®

The cytologic diagnosis of SCLC is clear, but criteria
for the LCNEC have yet to be established.516-22 Recently, the
cytologic features of LCNEC described in several reports are
as follows: necrotic background, loose cell aggregates, large
cell size (three times as large as mature lymphocytes), rosette
and Indian-filing arrangements, abundant cytoplasm, granular
nuclear chromatin, clear nucleoli, naked nuclei, and nuclear
streaking.'’-22 Because these are also often recognized in
SCLC cases,'516.23 they are not specific.

The aim of this study was to elucidate the cytologic
characteristics of the LCNEC in comparison with SCLCs
particularly and evaluate the utility of proposed scoring
system for their differential diagnosis.

MATERIALS AND METHODS

Patients

The pathology files of the Cancer Institute Hospital
(Tokyo, Japan) between 1990 and 2007 were searched for 29
patients who underwent pulmonary resection for LCNECs.
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These LCNEC cases were all confirmed by pathologic exam-
ination on surgically resected materials with the World
Health Organization (WHO) classification system.'s The his-
tologic diagnostic criteria of LCNEC proposed by WHO are
as follows: neuroendocrine morphologic features (organoid
nesting, palisading, rosettes, and trabecular growth pattern); a
high mitotic rate (>10 per 10 high-power fields); necrosis
(often large zones); cellular features of a nonsmall cell
carcinoma (large cell size, a low nuclear/cytoplasmic ratio,
polygonal shape, finely granular eosinophilic cytoplasm,
coarse chromatin, and/or frequent nucleoli); and neuroendo-
crine features by immunohistochemistry or electron micros-
copy or both.!S For comparison, we randomly extracted 26
cases of SCLCs diagnosed during the same period, 16 of
which were diagnosed with surgical materials and the re-
maining 10 with transbronchial lung biopsy samples. The
histologic diagnosis of SCLCs was also based on the WHO
classification system.'> Combined LCNECs and SCLCs
and SCLC cases after any treatment were all excluded in
this study, which was approved by our institutional review
board, each patient giving written informed consent before
treatment.

Cytologic Materials

Cytologic specimens obtained by transbronchial aspi-
ration and/or imprint from the resected specimens were fixed
routinely in 95% ethanol and stained by the Papanicolacu
method. Five to 12 cytologic slides were reviewed for each
patient. From previous studies,'’-22 we selected the following
parameters for assessment: necrotic background, cellular ar-
rangement, tumor cell clusters, tumor cell cohesion, cell
arrangements, cell dimensions areas, the presence of tumor
cells with identifiable cytoplasm and/or prominent nucleoli,
nuclear features, mitosis, naked nuclei, and nuclear streaking.
Cluster size was categorized in the three groups as follows:
small clusters, consisting of more than 10 and less than or
equal to 20 cells; intermediate-sized clusters, consisting of
more than 20 cells and less than 60 cells; and large clusters,
consisting of more than or equal to 60 cells. Tight cohesive-
ness of clusters was defined as a straight cluster border
composed of cells lined up and/or arranged in palisades. Cell
areas were measured for 50 cells extracted at random in each
specimen and calculated as (long diameter + short diameter/
2X 2 w(w = 3.14). The diameters of tumor cells were
measured using an ocular micrometer (DSM; Olympus, To-
kyo, Japan). Cell size was categorized in 2 groups as follows:
small tumor cells, less than or equal to 120 wm?; and large
tumor cells, more than or equal to 600 um?®.

Statistical Analysis

The clinicopathologic factors analyzed in this study in-
cluded age (<65 or =65 years), gender, and smoking habits,
evaluated by the x* test. Differences in cell areas and the
frequency of the cytologic features between LCNEC and SCLC
cases were analyzed by an unpaired Student 7 test and x* test;
p < 0.05 was considered significant.

Logistic Discriminant Analysis
To demonstrate the utility of differences in frequencies
of cytologic parameters for LCNECs and SCLCs, a discrimi-
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nant model was developed and evaluated. The frequencies of
two cytologic features, in which differences were statistically
significant, were regarded as two variables for a set of data,
displayed as a scatter plot. By logistic discriminant analysis
based on the scatter plots, a discriminant model for LCNEC
and SCLC was made. When two variables for frequency of
cytologic features were regarded as x, and x,, the probability
of an SCLC was calculated as follows.

exp(—319.81—10.82x,+16.30x,)
1 + exp(—319.81—-10.82x, + 16.30x,)

P(SCLC) =

And the discriminant line was as follows.
~319.81—10.82x, + 16.30x, = 0 & x,
= 19.62 + 0.6641x,

We regarded a point on upper part of the line as true (SCLCs)
and a point on lower part of the line as false (LCNECsS).
Furthermore, we analyzed prediction of error discrimination
for new cases by leave-one-out cross validation. A discrimi-
nant model for LCNEC and SCLC was made except in one
case. The excepted case was predicted by the discriminant
model, and the discrimination confirmed whether it was
correct. For all SCLC and LCNEC cases, the same analyses
were performed repeatedly.

RESULTS

Clinical Findings

Clinicopathologic findings for the 29 LCNEC patients
are summarized in Table 1. There were 26 men and 3 women,
ranging in age from 48 to 80 years, with a median of 67 years.
Lobectomy was performed on all. Mean follow-up time was
2.4 years (range, 0.33-9 years); 14 were dead, and 15 were
alive at the time of this analysis. All patients had a smoking
habit, ranging from 3 to 206.5 pack years. Of the 26 SCLC
patients, 19 were men and 7 women, ranging in age from 58
to 80 years, with a median of 69 years. Eight were treated
with surgical resection and eight with surgical resection after
chemotherapy. In these 16 cases, no combination of SCLC
with other histologic types was identified on resected mate-
rials. The remaining 10 underwent chemotherapy and/or
radiotherapy, but again no admixture of other types was noted
in biopsy specimens. Mean follow-up for the 26 patients was
2.6 years (range, 0.08—8 years); 14 were dead, and 12 were
alive at the time of this analysis. All patients also had a
smoking habit. A comparison of data for LCNEC and SCLC
groups revealed no statistically significant differences in age,
gender, and smoking status (Table 1).

Cytologic Findings

The initial cytologic diagnoses of 29 LCNEC patients
were 4 LCNECs, 5 SCLCs, 2 combined SCLCs and adeno-
carcinomas, 5 neuroendocrine carcinomas, 1 atypical carci-
noid, 7 poorly differentiated adenocarcinomas, 3 poorly dif-
ferentiated squamous cell carcinomas, and 2 nonsmall cell
carcinomas. In the LCNEC group, the unanimity in diagnosis
between pathology and cytology was 21.1%. The cytologic
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TABLE 1. Clinicopathologic Findings for LCNEC and SCLC TABLE 2  Cytologic Comparison Between LCNEC and
Cases SCLC
No. of LCNEC SCLC LCNEC SCLC
Characteristic Patients (n = 29) (n = 26) P Cytologic Parameters (n = 29) (n = 26) p value
Age (yr) Necrotic background 2529 (86.2%)  23/26 (88.5%) 0.802
<65 14 9 5 0.32 Predominant ceilular
<65 41 20 21 arrangement
Gender Cluster 26129 (89.7%)  5/26 (19.2%)
Male 45 26 19 0.11 Single cells 3/29 (10.3%)  21/26 (80.7%)  <0.0001
Female 10 3 7 Presence of characteristic
Smoking status c]uste‘rs )
Nonsmoker 0 0 0 1.00 Large sized . 27/29 (93.1%) 4/26(15,4"/?) <0.0001
Smoker 35 29 2 Strong cohesion 27/29 (93.1%) 3/26 (11.5%)  <0.0001
Cytologic materials Presence of tumor cell
arrangement
]TCBAC 3‘5‘ ‘2’ ‘z 0.56 Rosetie 28/29 (96.6%)  21/26 (80.7%)  0.061
TBAC and IC e o . Molding 26129 (89.7%)  26/26 (100 %) 0.092
- A ) Pair cells 12/29 (41.3%)  17/26 (65.4%) 0.075
Cytologic diagnosis Palisading 2729 (93.1%) 3126 (11.5%)  <0.0001
LCNEC 4 4 0 <0.0001 Mean tumor cell size 178.1 um? 127.2 pm? <0.0001
LCNEC > SCLC 2 2 0 .
Presence of characteristic
NE 4 4 0 tumor cells
SCLC 31 5 26 Large sized 18129 (62.0%)  20/26 (76.9%) 0.224
SCLC + NSCLC 2 2 0 Evidently identifiable 27129 (93.1%)  20/26 (76.9%) 0.089
NSCLC 12 12 0 cytoplasm
Tumor location Prominent nucleoli 24/29 (82.8%)  20/26 (76.9%) 0.589
Right lung s — 5 — Small sized without 15729 (51.7%)  26/26 (100 %)  <0.000]
RUL 15 12 3 prominent nucleoh
RLL 12 7 5 Chromation pattern
Left lung 2 — 2 Finely granular 10/29 (34.5%) 11726 (42.3%)
LUL 14 9 5 Finely granular to 14/29 (48.3%)  15/26 (57.7%) 0.085
LLL 7 1 6 granular
Type of location Granular 5/29 (17.2%) 0/26 (0 %)
Central " 3 8 0.09 Presence of characteristics
Peripheral M % 18 Mitoses 2529 (86.2%)  25/26 (96.2%) 0200
Tumor size (cm) Nuclear streaking 26/29 (89.7%)  25/26 (96.2%) 0.354
=30 25 12 13 _ Naked nuclei 24/29 (82.8%)  10/26 (38.5%) 0.0007
>3.0 24 17 7
NA 6 0 6
Pathologic stage (pTNM) diagnoses for the 26 SCLC patients were all SCLCs, with
1A 14 8 6 — statistically significant unanimity (p < 0.0001).
1B 12 11 ! In a preliminary study, we evaluated any cytologic
A 5 1 4 differences between aspiration smears and touch preparations
B 4 3 1 in pilot groups consisting of 10 cases each of LCNEC and
1A 8 4 4 SCLC. In these groups, aspiration preparations and imprints
1B 2 1 1 showed no significant differences in any of the parameters
v 6 1 5 chosen for assessment (data not shown). Comparisons be-
NA(LD) 4 - 4 tween LCNEC and SCLC for each cytologic parameter are
Survival after surgery shown in Table 2. Cytologic parameters with statistically
Dead 28 14 14 0.68 significant differences were as follows: cellular arrangement,
Alive 27 15 12 presence of large clusters, tumor cell cohesion, palisading
Mean = SD 239227 263 *233

TBAC, transbronchial aspiration cytology; IC, imprint cytology; LCNEC, large cell
neuroendocrine carcinoma; SCLC, small cell lung carcinoma; NE, neuroendocrine
carcinoma; NSLC, nonsmall cell lung carcinoma; RUL, right upper lobe; RLL, right
lower lobe; LUL, left upper lobe; LLL, left lower lobe; NA, not available; pTNM, from
Ref. 15; LD, Limited disease.
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arrangement of tumor cells, mean of cellular areas, and
presence of small cells without prominent nucleoli and naked
nuclel. With regard to cellular arrangement, single cells were
evident in all SCLC cases, whereas tumor cell clusters were
frequently observed in LCNECs (Figures 1, 2). In the
LCNEC group, although single cells were evident, many of
them had naked nuclei. In particular, large clusters consisting
of more than 60 cells were characteristic in LCNEC group

Copyright © 2010 by the International Association for the Study of Lung Cancer
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FIGURE 2. Frequencies of large clusters with tight cohesion
in the LCNEC and SCLC groups (n = 55).

(Figures 1, 2). Also, on those histologic specimens, cell adhesion
between tumor cells of LCNEC cases was conspicuous, whereas
it was indistinct in SCLC cases (Figures 1B, D).

Furthermore, tumor cell cohesion was weak in SCLC
cases, whereas in LCNEC cases tightly cohesive clusters
predominated (Table 2). Frequencies of large clusters with
tight cohesion are shown in Figure 3. The mean frequency
was 37.7 = 21.0% in the LCNEC cases and 4.2 = 8.4% in
SCLCs, the difference being statistically significant (p <
0.0001). LCNEC cases featured discrete cell nests divided by

Copyright © 2010 by the International Association for the Study of Lung Cancer

FIGURE 1. Photomicrographs illus-
trating cellular arrangement in
transbronchial aspiration or histol-
ogy specimens of LCNEC and SCLC
cases. A, Large and three-dimen-
sional clusters are conspicuous in a
cytologic smear of an LCNEC case
(Papanicolaou stain, X20); B, tumor
nests of an LCNEC case show pali-
sading and Rosette-like formations
in a histology specimen (hematoxy-
lin and eosin stain, X40); C, single
cells are conspicuous in the cyto-
logic smear of an SCLC case (Papa-
nicolaou stain, X20); and D, tumor
cells of an SCLC case comprise ir-
regular nests in a histology speci-
men (hematoxylin and eosin stain,
X40).
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FIGURE 3. Histograms of cell areas in LCNEC and SCLC
groups. Note that about 60% of the SCLC cells fall in the
range of less than 120 um?, as compared with about 25%

for LCNEC cells (p < 0.0001).

fibrous stroma with frequent peripheral palisading, whereas
SCLC cases were characterized by cell nests, frequently
infiltrating adjacent fibrous stroma (Figure 1).

Mean cell areas were 178.1 = 84.8 um? (range, 45.3—
808.9 um?) for LCNEC cases and 127.8 *+ 69.3 um? (range,
36.8—699.5 um?) for SCLCs, the difference being statisti-
cally significant (p < 0.0001). The distributions are shown
graphically in Figure 3. Some 58.2% of the SCLC cells
(756/1300) were less than 120 wm?, as compared with only
24.6% for LCNEC cells (357/1450; p < 0.0001). Further-
more, small tumor cells lacking prominent nucleoli in SCLC
cases were observed more frequently than in LCNEC cases
(p < 0.0001; Table 2 and Figure 5). Frequencies are shown
in Figure 4. The mean values were 11.9 = 12.1% in LCNEC
and 55.8 = 18.9% in SCLC cases, the difference being
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FIGURE 4. Frequencies of small tumor cells without promi-
nent nucleoli in the LCNEC and SCLC groups (n = 55).

statistically significant (p < 0.0001). Also, in histologic
specimens, SCLC cases had the cell nests predominantly
composed of small tumor cells with scant cytoplasm without
nucleoli, whereas LCNEC cases demonstrated cell nests pre-
dominantly composed of large tumor cells with abundant
cytoplasm and occasional prominent nucleoli (Figure 5B, D).

Logistic Discriminant Analysis
For the frequencies of large clusters with tight cohesion
and small tumor cells without prominent nucleoli, statistically

FIGURE 5. Photomicrographs illus-
trating single cells and tissue archi-
tecture in LCNEC and SCLC cases.
A) Tumor cells =120 um? and/or
with prominent nucleoli are evident
in a cytologic smear of an LCNEC
case (Papanicolaou stain, X100); B,
nests of LCNEC cells are predomi-
nantly composed of large tumor
cells with abundant cytoplasm and
occasional prominent nucleoli (he-
matoxylin and eosin stain, X40); C,
tumor cells <120 pm? without
prominent nucleoli are evident in a
cytologic smear of an SCLC case
(Papanicolaou stain, X100); D, nests
of SCLC cells are predominantly
composed of small tumor cells with
scant cytoplasm without nucleoli
(hematoxylin and eosin stain, X40).

significant differences with strong power was evident be-
tween LCNEC and SCLC groups. Therefore, these two cy-
tologic parameters were considered as the two variables for
the scatter plots. The dots for LCNEC cases are located on
the lower right, whereas those of SCLC cases were located
on the upper left, with clear differences between the two
for the majority. The results of logistic discriminant analysis
are shown in Figure 6. Because all SCLC and LCNEC cases
were cytologically discriminated accurately, sensitivity, spec-
ificity, and accuracy were all 100%. Moreover, the results of
leave-one-out cross validation, shown in Figure 7, gave a
predicted error rate of (2 + 1)/55 = 0.00545.

DISCUSSION

In this study, the large cell cluster with tight cohesion
was confirmed to be a valuable cytologic feature, allowing
distinction between LCNECs and SCLCs. Although other
reports on cytologic features of LCNECs described that cell
cohesion of LCNECs was reduced as in SCLC,'7-22 the
difference was highly significant in our series. However,
palisade arrangement was described as a one point for cyto-
logic distinction of LCNEC from SCLC,'7-22 and it was
considered to be easy to detect tight cell cohesion by light
microscope. Therefore, it should be emphasized that focusing
on large clusters with tight cohesion is most important for
cytologic discrimination between LCNECs and SCLCs.

Several authors showed that tumor cells of LCNECs
had similar morphologic features to SCLCs except for cell
size, this being significantly larger for LCNECs than
SCLCs.17-22 In these series, a majority of the SCLC cells
were less than 120 wm? in size, statistically significant as
compared with LCNEC cells (p < 0.0001). Another charac-
teristic was that most of small cells in SCLC cases had no
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prominent nucleoli, again being significantly different from
LCNECs (p < 0.0001). Moreover, although naked nuclei
appear to be a significant distinguishing attribute between the
two tumor types, it was considered to be inadequate for
inclusion in the discriminant model for the following reasons:
it is rather difficult to perceive cytoplasm in intact large cells
compared with small cells, and naked nuclei was not found in
more than 60% of SCLC cases. Therefore, only the frequency
of the small cells without prominent nucleoli contributed to
cytologic discrimination between LCNEC and SCLC.

To establish accurate cytologic diagnosis of LCNEC
using the two cytologic parameters, we established a dis-
criminant model that gave exceedingly good sensitivity, spec-
ificity, and accuracy. The current discriminant model, how-
ever, does have some problems with routine cytology as
follows: complicated procedures for obtaining the two cyto-
logic parameters and necessity of uniform diagnostic criteria
among cytopathologists. However, with greater experience of

Copyright © 2010 by the International Association for the Study of Lung Cancer

model was analyzed. Red dots show error
discriminant cases on cross validation. Two
of the LCNEC cases and one SCLC case
were discriminated in error with the dis-
criminant model, so that the prediction of
error rate of the model was 0.00545.

LCNEC cases and grasp of detailed cytologic features, it
should be possible to overcome these problems.

In conclusion, our discriminant model based on the
cytologic features of large cell clusters with tight cohesion
and of small tumor cells without prominent nucleoli should
prove a useful aid for distinction between LCNECs and
SCLCs particularly. Prospective large-sized studies including
other nonsmall cell lung cancers are now required to assess
the diagnostic impact of this model with routine cytology.
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