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Using electron microscopy and multivariate cluster analysis to determine
diagnosis and prognosis in cases of neuroendocrine lung carcinoma®**

Diagndstico e prognostico dos tumores pulmonares neuroendocrinos mediante
microscopia eletronica e analise multivariavel de agrupamento

Cecilia Aparecida Vaiano Farhat', Edwin Roger Parra?, Andrew V. Rogers?,
Silvia Nagib Elian*, Mary N. Sheppard?, Vera Luiza Capelozzi®

Abstract

Objective: To establish reproducible electron microscopic criteria for identifying the four major types of neuroendocrine tumors of the lung:
carcinoid; atypical carcinoid; large cell neuroendocrine carcinoma; and small cell carcinoma. Methods: Measurements were made on electron
micrographs using a digital image analyzer. Sixteen morphometric variables related to tumor cell differentiation were assessed in 27 tumors.
The examination under electron microscopy revealed that all of the tumors could be classified as belonging to one of the four categories
listed above. Cluster analysis of the morphometry variables was used to group the tumors into three clusters, and Kaplan-Meier survival
function curves were employed in order to draw correlations between each cluster and survival. Results: All three clusters of neuroendocrine
carcinomas were found to be associated with survival curves, demonstrating the prognostic significance of electron microscopic features.
The tumors fell into three well-defined clusters, which represent the spectrum of neuroendocrine differentiation: typical carcinoid (cluster 1);
atypical carcinoid and large cell neuroendocrine carcinoma (cluster 2); and small cell carcinoma (cluster 3). Cluster 2 represents an interme-
diate step in neuroendocrine carcinogenesis, between typical carcinoid tumors and small cell carcinomas. Conclusions: Our findings confirm
that electron microscopy is useful in making the diagnosis and prognosis in cases of lung tumor.
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Resumo

Objetivo: Estabelecer, com ajuda do microscopio eletronico, critérios que possibilitem uma diferenciagdo mais exata entre os quatro tipos
maiores de tumores neuroendocrinos pulmonares: tumor carcindide tipico e atipico, carcinoma de grandes células neuroenddcrino e
carcinoma de pequenas células. Métodos: Todos os tumores foram avaliados morfometricamente e 16 varidveis foram relacionadas com
diferenciacdo das células tumorais; estas variaveis foram analisadas sob microscopia eletronica com ajuda de um analisador de imagem
digital em 27 tumores. A avaliacdo através da microscopia eletronica revelou que todos os tumors investigados podiam ser classificados a um
dos quarto tipos listados acima. A analise das varidveis morfométricas foi usada para agrupar os tumores em trés grandes grupos, 0s quais
foram relacionados a sobrevivéncia pelas curvas de Kaplan Meier. Resultados: Os trés grupos de carcinoma neuroenddcrino associaram-se
as curvas da sobrevivéncia, as quais mostraram caracteristicas ultrastruturais na microscopia eletronica de significancia prognostica distinta.
Os tumores foram contidos em trés grupos bem definidos, que representam o espectro da diferenciacdo neuroenddcrina: tumor carcindide
(grupo 1); tumor carcinoide atipico e carcinoma de grandes células neuroendocrino (grupo 2); e carcinoma de pequenas células (grupo 3).
0 grupo 2 representa um espectro intermedidrio na carcinogénese neuroenddcrina, entre o carcinoide tipico e o carcinoma de pequenas
células. Conclusdes: Nossos achados confirmam que a microscopia eletronica ¢ uma ferramenta util no diagndstico e prognostico dos casos
de tumores pulmonares.

Descritores: Tumores neuroenddcrinos/pulmio; Microscopia eletronica; Analise por aglomerados; Analise de sobrevida.
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Introduction

Neuroendocrine tumors of the lung can be
regarded as a distinct subset of tumors since
they share certain morphological, ultrastructural,
immunohistochemical and molecular characteris-
tics.""® Their classification is very important, not
only because it provides the basis for patient treat-
ment, but also because it provides a cornerstone for
comparison of epidemiologic and biological studies,
which are useful for understanding etiology.(*™
According to the World Health Organization (WHO)
classification,'¥ the major categories of neuroen-
docrine tumors include small cell carcinoma, large
cell neuroendocrine carcinoma (LCNEC), typical
carcinoid and atypical carcinoid. The WHO!# clas-
sification is based on light microscopy. However, in
practice, the differentiation among these tumors is
typically made on the basis of electron microscopy
findings, specifically the quantification and qualifi-
cation of dense-core granules.!>'?

We decided to carry out an ultrastructural study
of the four types of neuroendocrine lung carci-
nomas, using morphometry and multivariate cluster
analysis to determine whether light microscopy
findings correlate with electron microscopy findings
in the classification of these tumors. If estab-
lished, this would allow us to gain better insight
into the morphological spectrum of neuroendocrine
carcinomas.

Methods

Specimens were obtained by retrospective
review of the medical and pathological records
of 27 primary lung tumors with neuroendocrine
features treated surgically between 1984 and 1992
at the Royal Brompton Hospital in London, England.
The tissue available for study had been fixed in 10%
buffered formalin, embedded in paraffin, sectioned
and stained with hematoxylin-eosin. Ultrastructural
studies were performed in all tumors. At the time
of resection, random samples of tumor were diced,
fixed in 2.5% buffered glutaraldehyde, embedded
in Araldite and cut into thin sections that were then
stained with uranyl acetate and lead citrate. Prior to
the morphometric study, light microscopy was used
to diagnose the degree of neoplastic differentiation
according to the 2004 WHO criteria.('¥ A total of
27 tumors were selected for morphometry: 7 typical
carcinoid tumors; 5 atypical carcinoid tumors;

8 LCNECs; and 7 small cell lung carcinomas (SCLCs).
From each tumor, electron micrographs of complete
cell profiles were obtained in a random fashion at
either x2,500 or x3,400. The photographs were
digitized, after which cells, cell nuclei and granules
were analyzed using the public domain software NIH
Image on an Apple Macintosh computer. For each
tumor type, approximately 50 cells were sampled.

The data were submitted to a 16-variable cluster
analysis in order to determine, in a reproducible
way, whether neuroendocrine tumors are classifiable
from a statistical viewpoint, and if they are, how so.
In this study, because of the differences in the mean
and variance among the variables, we defined the
distance between /7th and jth elements in a stand-
ardized form as follows:

D(ij) =[x, - X//)Z [ s, +(x, - XZJ.]Z [ s, +...
+ (X/m‘ - ij)z / 52/5/‘]]/2

where &, &, ... %, are the estimated vari-
ances for X, X, ... X, respectively. The distances
between pairs of clusters or between an individual
and a cluster were determined using the Ward hier-
archical linkage method.?® In the Ward method,
clustering is carried out with the objective of mini-
mizing the sum of square deviation (S) within a
cluster, as described in the following equation:
S= Z}ﬂj= 1 2'"/= 1(in_ )(_/)2

where x is the mean, 77 is the number of vari-
ables, 77is the number of individuals in the cluster,
X, is the measurement of the jth variable in the 7th
individual, X is the mean of the jth variable. If we
calculate AS , the increase in S when two clusters
(p and g) are fused is as follows:
a45,=35,,- Sp_ Sq: 2"”/: 1{2}7/; ](Xﬁ(pw) - X

Pq p+q
(p+a))2 _ - (P P2 _ - @ _ ()2
P q] 2‘"1)/_ 1("37}) Xj p) 2""7,»— ](/\/ﬁa XJ q) }
where xj'[”*‘ﬂ, xj'(”’ and xj.‘"’] are the mean values of
the jth variable in clusters p + g, p and g, respec-
tively. The above expression can be simplified as
follows:

— — -0 _ y-(@)2 =
ASP(I_ npna/(”p+ nq) 27”]— I(XJ'F qu) -
2
nn | (n,+n)Dpq
Thus, in the Ward method, a cluster is formed

so as to group pairs of individuals or clusters having
the minimum value of AS.
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To evaluate the classification obtained through
the hierarchical cluster analysis, a survival analysis
was performed. For each cluster, we estimated the
survival function S (¢#) = P (an individual survives
longer than ¢). The Kaplan-Meier product-limit
method,*'?) which is appropriate for estimating
survival functions in small samples with censored
observations, was employed. This method does not
require any assumptions about the form of the
function that is being estimated.

All analyses were performed using Statistical
Package for the Social Sciences (SPSS Inc., Chicago,
1L, USA).%® The threshold for statistical significance
was set at o = 5%.

Results

Ultrastructurally, in the typical carcinoid tumors,
the nuclei showed chromatin condensation at the
periphery, near the nuclear membrane. There were
characteristically abundant, dense, membrane-
bound granules, with considerable heterogeneity
in size and configuration within the cell cyto-
plasm (Figures 1a and 1c). In the atypical carcinoid
tumors, the nuclei were regularly contoured and
showed some peripheral chromatin condensation;
prominent nucleoli were rare. The cytoplasm was
abundant with cytoplasmic processes. There were
moderate numbers of dense-core granules, which
were diffusely distributed throughout the cytoplasm,
with a tendency to concentrate in the cytoplasmic
processes. The granules were heterogeneous in size,
shape and electron-density (Figures 2a and 2c). In
the LCNECs, the nuclear chromatin tended to be
coarsely electron-dense, and the nucleoli were quite
prominent. Small numbers of dense-core gran-
ules, varying greatly in shape and size, were noted
within the cytoplasm or in the cytoplasmic proc-
esses (Figures 2b and 2d). In the SCLCs, there was a
high nucleus/cytoplasm ratio, with little cytoplasm,
the nucleus showed finely granular chromatin, and
there were no prominent nucleoli (Figures 1b and
1d). Dense-core granules were few in number and
located primarily in cell processes.

After morphometry, the features of the cells were
represented by 16 variables, as listed in Table 1.

Figure 3 is a dendrogram obtained for the
16 variables using cluster analysis. The 27 tumors
were grouped into three clusters: cluster 1,
composed exclusively of typical carcinoid tumors
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Figure 1 - Tumors microscopically diagnosed as a typical
carcinoid (TC) tumor and a small cell lung carcinoma
(SCLC) prior to morphometry. The TC tumor (cluster 1;
Panels a and ¢) showed mild nuclear atypia with no
mitoses. The SCLC (cluster 3; Panels b and d) showed more
severe atypia with small hyperchromatic nuclei and little
cytoplasm with necrosis. Under electron microscopy, both
showed heterochromatin condensation at the periphery
of the nucleus, near the nuclear membrane. In the TC
tumor (Panel c), there were characteristically abundant,
dense, membrane-bound granules, with considerable
heterogeneity in size and configuration. (a and b, light
microscopy: H&E x200; C and D, electron microscopy:
x6000 and x5000, respectively).
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(AC) tumor and a large cell neuroendocrine

carcinoma (LCNEC) prior to morphometry. The AC tumor included in cluster 2 (Panels a and c) showed mild to
moderate nuclear atypia. The LCNEC included in cluster 2 (Panels b and d) showed nuclear atypia that was more
severe than that observed in the tumor depicted in panels a and c. Note the granules (small arrows) distributed in the
cytoplasmic processes (arrows) and more numerous in the AC tumor. (a and b, light microscopy: H&E x200; ¢ and d,

electron microscopy: x9000).

(n = 7); cluster 2, composed of atypical carci-
noid tumors and LCNECs (n = 13); and cluster 3,
composed exclusively of SCLCs (n = 7). Clusters 1
and 3 presented a deep cleavage with cluster 2, and
the difference was highly significant. Clusters 1 and
3 were quite coherent, whereas cluster 2 exhibited
subclusters. Cluster 2 presented close overlapping
of the atypical carcinoid tumors and LCNECs. We
therefore have an electron microscopy finding spec-
trum ranging from pure typical carcinoid tumor to
pure SCLC, whereas the atypical carcinoid tumors
and LCNECs diagnosed under light microscopy fall
into the overlapping cluster (cluster 2).

In Table 1, the descriptive values (mean and vari-
ance [V]) are presented for each cluster. In cluster 3,
the cell area (C,) and nuclear area (N,) were smaller
(mean C, = 72.18, VC, = 272.91; mean N,= 24.38,
V N, = 83.54), the mean nuclear length (N) was
8.30 (VN, = 0.81), and there were few granules, the
mean granule area (G,) being 9805 (VG, = 1.5 E+7).
The granules were distributed primarily in the

cytoplasmic processes, which is characteristic
of small cell carcinoma. In cluster 2, there was a
combination of large cells and pleomorphic cells
(mean C, = 243.50, VC, = 2601; mean cell length
[C]=24.62,VC, =83.90) with irregularly elongated
nuclei and pleomorphic nuclei (mean N, = 49.66,
VN, = 340.77), containing large granules and pleo-
morphic granules (mean G,=23622,V G, =1.8 E+8),
which are characteristic of atypical carcinoid tumors
and large cell carcinomas. Cluster 1 showed smaller
nuclei than did cluster 2, with more cytoplasm than
in cluster 3 but less than in cluster 2. Cluster 1 also
had more granules than did either of the other two
clusters, which is characteristic of typical carcinoid
tumors.

Special attention is given to the parameter values
of the atypical carcinoid tumors and LCNECs in
cluster 2, which exhibited two subclusters (Figure 3):
subcluster A, on the left, comprising 3 atypical
carcinoid tumors and 2 LCNECs, with pleomorphic
cells that were larger and more elongated (mean

J Bras Pneumol. 2008;34(10):804-811
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Table 1 - Variable values in the three clusters.

Variable Cluster 1 Cluster 2 Cluster 3
Mean (variance) Mean (variance) Mean (variance)

Cell area 108.0 (745.30) 243.50 (2601.0) 72.18 (272.91)
Cell width/length ratio 1.63 (0.04) 2.45 (0.50) 1.02 (0.09)
Cell length 14.60 (4.28) 24.62 (83.90) 8.18 (1.81)
Nuclear area 33.36 (8.41) 49.66 (340.77) 24.38 (83.54)
Nuclear length 7.43 (0.29) 14.65 (12.96) 8.30 (0.81)
Granule area 12792 (2.4E+7) 23622 (1.8E+8) 9805 (1.5E+7)
Granules/cytoplasm 0.90 (0.40) 0.60 (1.40) 0.10 (0.04)
Cytoplasm/nucleus ratio 1.37 (0.02) 2.00 (0.56) 1.40 (0.03)
Nuclear width 5.46 (0.13) 7.69 (2.29) 6.04 (1.43)
Cell width 8.95 (0.65) 10.57 (10.10) 8.41 (4.21)
Cytoplasmic area 71.82 (59.91) 103.23 (3083) 36.41 (116.47)
Nuclear width/length ratio 0.47 (0.005) 0.58 (0.08) 0.74 (0.15)
Granules/cell 0.87 (0.11) 0.52 (0.069) 0.042 (0.0001)
Total granules 183.42 (3540) 31.54 (127.57) 5.40 (5.01)

57.14 (151.53)
115.94 (636.33)

Granule axis (smallest diameter)
Granule diameter (largest diameter)

64.89 (297.05)
132.56 (1738)

60.99 (106.05)
121.99 (424.19)

Cluster 1: typical carcinoid tumors (n = 7); Cluster 2: atypical carcinoid tumors and large cell neuroendocrine carcinomas (n = 13);

and Cluster 3: small cell lung carcinomas (n = 7).

C, = 271.5, VC, = 5227.3) than those observed in
subcluster B, which comprised 2 atypical carcinoid
tumors and 6 LCNECs (mean C, = 226.01, VC, =
559, 19) and in which the pleomorphic nuclei were
larger and more irregular (mean N, = 53.55, VN, =
491.06).

The validity and reproducibility of the results
were determined in the following way. Initially, data
related to the 16 variables for the 27 lesions were
subjected to principal component analysis®" creating
the 1st, 2nd . . . 6th principal components y7, y2.
.. y6. We found that, even if only the 1st through
the 6th components were taken into consideration
and the others were omitted, more than 929 of the
total variations in the data would be saved.

Since the coefficients of the components y7/,
V2, ¥3, y4, y5 and y6 were, respectively, (0.8050;
0.8240; 0.9610; 0.8070), (0.6970; 0.6930; 0.7090),
(0.7630), (-0.6060; 0.7020), (-0.4930; 0.4890;
0.4800) and (-0.5280; 0.4450), they can be viewed
as follows:

® y, (the first component) coincides with the

variables C, + N, + granules/cytoplasm (ch] +
nuclear width (N, ), referred to, collectively, as
cell size factor

e 2 (the second component) coincides with

the variables nuclear width/length ratio (N)

+ granule axis (G,) + granule diameter (G),

J Bras Pneumol. 2008;34(10):804-811

referred to, collectively, as nucleus and granule
size factor
® )3 (the third component) coincides with gran-
ules/cell (G), referred to as granule density
factor
e y4 (the fourth component) coincides with the
variables granule area (G,) + (C), referred to,
together, as granule by cell length size factor
e y5 (the fifth component) coincides with the
variables cell width/length ratio (C,) + cyto-
plasm/nucleus ratio (Cy,) + cell width (C))
+ N, + G, + G, referred to, collectively, as
nucleus by cytoplasm ratio factor
® 16 (the sixth component) coincides with the
variables G, + total granules (TG), referred to,
together, as cell by granule ratio factor
In the 16-dimensional cluster analysis, one
cannot visualize how the individual lesions are
distributed in 16-dimensional space. Therefore, we
introduce the canonical discriminant analysis (the
Fisher discriminant analysis)®" to visualize to what
degree the lesions overlap or form separate groups.
This analysis also creates a set of linear discriminant
equations from the given set of data so as to maxi-
mize the difference between clusters. Thus, linear
discriminant formulae d/, d2, and d3, respectively,
are each expressed as a linear formula including the
principal components y7, y2. .. y6:
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Figure 3 - Dendrogram obtained from the 27 lesions evaluated, here grouped into three clusters. Note that cluster 2
is composed of two subclusters, A and B. Shown along the lower margin are the diagnoses given to each prior to
morphometry. SCLC: small cell Tung carcinoma; AC: atypical carcinoid (tumor); LCNEC: large cell neuroendocrine

carcinoma; and TC: typical carcinoid (tumor).

e dl=-10.185 — 5.68 y7 + 5.30 y2 + 8.55 y3
—1.17 y4 + 2.16 y5 + 0.0055 y6

e d2=-5331+7.77 yl - 2.27 y2 - 2.06 y3 +
0.52 y4+ 2.41 y5-1.04 y6

e d7=-10.462 — 8.75 y/ - 1.08 y2 - 4.71 y3 +
0.21 y4- 6.64 y5+ 1.92 y6

Of the canonical variables obtained, the 1st and
2nd variables, d7 and d2, were calculated for each
individual. These allow one to visualize in a two-
dimensional d7, d2 scattergram to what degree
the individuals are separated within a given cluster.
Using these variables, a second discrimination test
was performed for each of the 27 lesions.

The estimated survival curves are plotted in
Figure 4. The median survival of patients with
tumors belonging to cluster 2 was 48 months, which
was much worse than that of those with tumors
belonging to cluster 1 but better than that of those
with tumors belonging to cluster 3. The log rank test
provided strong evidence of a difference between
the survival curves (p = 0.0001). Multiple compari-
sons for the curves revealed significant differences
among each pair of groups. Patients with SCLCs
presented the shortest estimated survival, and
those with typical carcinoid tumors presented the
longest.

Discussion

Neuroendocrine tumors of the lung encompass a
spectrum from low-grade (typical carcinoid tumors)
to intermediate-grade (atypical carcinoid tumors)
and high-grade (LCNECs and SCLCs). 1t was only
recently that LCNEC was recognized as the fourth
category of neuroendocrine tumors of the lung. In
the present study, examination of 27 neuroendo-
crine lung tumors under light microscopy resulted
in their subclassification into these four major
groups, which have been shown to have prognostic
significance. The incidence of neuroendocrine
tumors throughout the body is on the rise.?® There
is controversy as to whether examination under
light microscopy is the best means of distinguishing
among the different types of neuroendocrine lung
tumors, especially between LCNECs and SCLCs, as
well as between LCNECs and undifferentiated carci-
nomas.?

We applied techniques of morphometry and
multivariate analysis to 16 electron microscopic
parameters in the 27 neuroendocrine lung tumors
evaluated, which resulted in the formation of three
clusters, each with prognostic significance. This
expands upon the work we have done previously

J Bras Pneumol. 2008;34(10):804-811
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Figure 4 - Survival curves of patients stratified by cluster:
cluster 1, consisting of typical carcinoid (TC) tumors;
cluster 2, consisting of atypical carcinoid (AC) tumors
and large cell neuroendocrine carcinomas (LCNECs);
and cluster 3, consisting of small cell lung carcinomas
(SCLCs).

using light microscopy and confirms that electron
microscopic features are of prognostic significance
in neuroendocrine lung tumors. We have previously
shown the usefulness of electron microscopy in the
diagnosis of LCNECs and SCLCs.*'>'9) In the present
study, the tumors fell into three well-defined clus-
ters that represent a spectrum of neuroendocrine
differentiation within lung tumors as analyzed using
electron microscopy. Cluster 2 presented a mixture
of atypical carcinoid tumors and LCNECs, thus
representing an intermediate range between typical
carcinoid tumors and SCLCs. The electron micros-
copy findings indicate that nuclear, cytoplasmic and
granule features can clearly differentiate between
typical carcinoid tumors and SCLCs but cannot
differentiate between atypical carcinoid tumors and
LCNECs in which there is overlapping of nuclear,
cytoplasmic and granule features at the electron
microscopic level. Nuclear features and mitoses
seen at the light microscopic level remain the most
important criteria in distinguishing among these
four tumor types.?”

Our findings confirm that electron microscopy
is useful in the classification of lung tumors, as has
been shown previously.?® Our results also confirm
the morphological spectrum, at the light and elec-
tron microscopic levels, within neuroendocrine
tumors of the lung. We have demonstrated that
using electron microscopy can have major prog-
nostic significance. In the present study, electron

J Bras Pneumol. 2008;34(10):804-811
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microscopy identified an overlap between atypical
carcinoid tumors and LCNECs, which mirrors the
overlap found under light microscopy.?” The clinical
characteristics and optimal treatments for patients
with LCNECs or atypical carcinoid tumors have
yet to be well defined. The prognosis of LCNECs
is believed to be poorer than is that of other non-
small cell lung cancers.C?

Further studies are needed in order to look more
closely into the overlap between atypical carcinoid
tumors and LCNECs, and further collaborative accu-
mulation of clinicopathological data is required.
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