Pulmonary Neuroendocrine Neoplasms

of patients was collected, and histology-specific characteristics
were extensively analyzed.

Patients

A total of 383 patients with a histologic diagnosis of primary pulmonary
NE tumor at each institution were enrolled onto this retrospective study.
Intermediate- and high-grade NE tumors were a focus for enrollment. Sam-
ples were obtained from 10 institutions in the Japanese Multicenter Study
Group of NE Tumors (Appendix). To ensure that there would be enough
specimens for pathologic examination, only surgical cases were considered.
Patients who were diagnosed only by biopsy sample and treated by some
modality other than surgery were excluded. Histopathologic and clinicopath-
ologic studies were performed. The final histologic diagnosis was established
by an expert central review, as described later in detail. Extensive clinical
information was also collected and included demographic data, surgical infor-
mation, preoperative serum tumor marker levels, pathologic data, endocrine
syndromes (Cushing’s syndrome, acromegaly, and so 0n), tumor recurrence,
and survival. For serum tumor markers, three markers, carcinoembryonic
antigen (CEA; normal range, < 5 ng/mL), neuron-specific enolase (NSE;
normal range, < 15 ng/mL), and progastrin-releasing peptide (proGRP;
normal range, < 46 ng/mlL), were studied. All patients were staged post-
surgically according to the International Union Against Cancer TNM
classification system.'?

Pathologic Diagnosis: Central Review

To ensure an accurate histologic diagnosis as NE tumor, the histology of
all of the enrolled patients was reviewed by a pathology panel consisting of six
experts (T.K,, Y.M., T.L, Y.I, M.N,, and T.Y.). Paraffin-embedded blocks or
unstained slide glasses were obtained in all cases and processed by routine
hematoxylin and eosin staining and immunohistochemical studies solely at
one institution (T.K. and S.-X.J.). To demonstrate the NE phenotype, at least
three antibodies to chromogranin-A, CD56 (neural adhesion molecule), and
synaptophysin were used. Immunohistochemically, the tumor was considered
as positive if the tumor cells exhibited focal, patchy, or diffuse staining in the
intracellular locations for each antigen. The classification criteria were based
on the revised WHO classification of lung carcinoma (1999)," in which TC,
AC,LCNEC, and SCLC are strictly differentiated. The process of central review
was as follows. First, the pathology panel members performed a pathology
review independently, and their respective reports were sent directly to the
central office. After the individual reviews were completed, a review meeting
was held to establish a final consensus on the histologic type in each case. The
evaluation of immunohistochemical staining was also documented.

Statistics

The Kaplan-Meier product limit estimator was used to graphically dis-
play the survival curves, and the log-rank test was used to compare survival
between different groups. The Cox proportional hazard model was used to
examine the effects of variables that may have affected the prognosis of patients
with NE tumors. P = .05 was considered significant.

Among the 383 patients enrolled, 18 were excluded from the study. In
= 17 patients, the specimens were judged to be inappropriate because

* either the tumors were of nonpulmonary origin or no specimens were
available from the primary site. In one patient, the eligibility criteria
were not met because this was an autopsy case. The remaining 365
tumors were considered for further central pathology review.

Central Pathology Review
Of the 365 tumors, as a final agreement of the review meetings, a
total of 318 (87.1%) were diagnosed as pulmonary NE tumors,
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whereas a histology of non-NE tumor was confirmed in 47 tumors
(12.9%; Table 1). Actually, the pathology panel could not reach a
consensus with regard to the histologic type of 14 high-grade NE
tumors at the initial session of panel meetings. Therefore, after enough
intervals, the panel meetings were held again, and the final consensus
as either LCNEC or SCLC was established. Of the NE tumors, a
diagnosis of TC, AC, LCNEC, and SCLC was made in 55, nine, 141,
and 113 patients, respectively. In the non-NE tumors, large-cell carci-
noma (LCC) was most commonly seen (33 patients), followed by
poorly differentiated squamous cell carcinoma (seven patients),
poorly differentiated adenocarcinoma (three patients), pulmonary
blastoma (two patients), and indeterminate histology by treatment
(two patients). When looking at the histologic subtypes of 74 LCCs,
141 were diagnosed as LCNEC because of the coexistence of NE
morphology and phenotype. However, the NE phenotype was not
demonstrated despite the presence of NE morphology in 11 patients
(LCC with NE morphology), and the NE morphology was not dem-
onstrated despite the presence of NE phenotype in 12 patients (LCC
with NE phenotype). In the remaining 10 patients, neither NE pheno-
type nor NE morphology was demonstrated (LCC). Among 141
LENECs, 15 tumors (10.6%) were combined with other histologic
types, and 126 tumors (89.14%) were not combined (Table 2). Also,
among 113 SCLCs, 30 tumors (26.6%) were combined with other
histologic types, and 83 tumors (73.4%) were not combined (Table 3).
Despite the various combinations of high-grade NE tumors with other
histologic types, neither TC nor AC was seen as the combined histol-
ogy for LCNEC and SCLC.

Clinicopathologic Profiles

The clinical background and profiles were studied according to
the histologic type (Table 4). Aggressive tumors tended to affect older
patients. In particular, patients with TC were significantly younger
than patients with other tumor histologies. A remarkable difference in
sex distribution was seen between carcinoid tumors (TC and AC) and
other high-grade NE carcinomas (LCNEC and SCLC). Compared
with carcinoid tumors, the high-grade NE tumors affected men sig-
nificantly more often than women, with males accounting for more
than 80% to 90% of the tumors. Also, 95% to 100% of the patients
with high-grade NE carcinomas had a smoking history, whereas only
half of the patients with carcinoid tumors were smokers. Only four
patients (1.3%) in the entire group of patients with NE tumors showed

Table 1. Histologic Diagnosis
No. of

Histologic Type Patients %
NE tumors C 318 : 87.1

TC 55 15.1
- AC - . .9 2.5

LCNEC 141 38.6
- SCLC 113 31.0
Non-NE tumors 47 12.9

LcC 33 9.0

Others 14 38
Total 365 100
Abbreviations: NE, neuroendocrine; TC, typical carcinoid; AC, atypical carci-
noid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, smali-cell lung
carcinoma; LCC, large-cell carcinoma.
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Tahle 2. Details of Histologic Diagnosis of LCNEC

No. of

Histologic Type Patients %
LLCNEC, not combined 126 89.4
LCNEC, combined 15 10.6
With AD 5 3.5
With SQ 8 5.7
With others 2 1.4

Total 141 100

Abbreviations: LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell
tung carcinomna; AD, adenocarcinoma; SQ, squamous-cell carcinoma.

symptoms related to the paraneoplastic syndromes. The following
syndromes were seen: Eaton-Lambert’s syndrome in two patients with
SCLC, syndrome of inappropriate antidiuretic hormone secretion in
one patient with SCLC, and carcinoid syndrome in one patient with
TC. In AC and LCNEC, paraneoplastic syndrome was not seen. The
serum tumor markers of CEA, NSE, and proGRP were measured
before surgery in 298 (93.7%), 240 (75.5%), and 79 (24.8%) of 318
patients, respectively (Table 5). The serum CEA level was elevated in
half of the patients with LCNEC or SCLC. Although proGRP was a
good marker of high-grade NE tumors, the elevation of NSE level was
limited in these patients, probably because of the relatively early stage
for the tumors. The pathologic profiles of resected tumors are listed in
Table 6. The average size of LCNEC (41 mm) was the largest among
NE tumors; other types averaged approximately 30 mm in diameter.
In TC, nodal involvement was seen in only two patients (3.6%),
whereas approximately half of the patients with other histologic types
had lymph node involvement in both the pulmonary hilum and
mediastinum. Accordingly, the postsurgical stage of TC was stage L in
more than 90% of the patients. However, approximately half of the
patients with the other types of tumors were categorized as stage I, and
there was no remarkable difference in the stage distribution between
the different histologic types.

Prognosis

The follow-up for the patients in this study ranged from 2 to 197
months. The median follow-up time was 60 months. There were 124
tumor recurrences (39.0%) among all of the patients with NE tumors
(Table 7). Compared with carcinoid tumors, high-grade NE tumors
had a higher recurrence rate, at appproximately 50%. The survival
curves for the 318 patients with NE tumors according to the histologic

Tahle 3. Details of Histologic Diagnosis of SCLC
No. of

Histologic Type Patients %
SCLC, not combined ’ 83 734
SCLC, combined 30 26.6

With LCNEC 15 13.3

With AD 9 8.0

With SQ 5 4.4

With AD + SQ 1 0.9
Total ) 113 100
Abbreviations: LENEC, large-cell neuroendocrine carcinoma; SCLC, small-cell
lung carcinoma; AD, adenocarcinoma; SQ, squamous-cell carcinoma.

Table 4. Clinicopathologic Profiles According to the Histologic Type
Histologic Type
TC AC LCNEC SCLC Total
Profile n=55 (n=9 (n=141) (n=113 (N =318
Age, years
Median 52 63 66 67 65
Range 17-83 3873 3888 40-84 17-88
Sex
Fernale, No. 23 5 15 23 66
Male
No. 32 4 126 90 252
% 58.2 44.4 89.4 79.7 79.3
Paraneoplastic
syndrome
No. 1 0 0 3 4
% 1.8 0 0 2.7 1.3
Present and past
smokers
No. 30 5 139 106 280
% " B46 556 98.6 93.8 88.1
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC,
large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma.
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type are shown in Figure 1. The 5-year survival rates for patients with
TC, AC, LCNEC, and SCLC were 96.2%, 77.8%, 40.3%, and 35.7%,
respectively. The histologic type as NE tumor significantly affected the
prognosis of the patients (P = .0001). The prognosis of AC was
significantly better than the prognosis of both LCNEC and SCLC
(P = .0406), which means that intermediate-grade malignancy (AC)
could be differentiated from high-grade malignancy (LCNEC and
SCLC). The survival curves of LUNEC and SCLC were superimposed,
and there was no difference in survival (P = .9147). Survival was
further analyzed within the same stage category, and a range of prog-
noses was seen. The relative grade of malignancy was reproduced
within each stage category; in stage I patients (n = 175), the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 98.0%, 75.0%;
57.8%, and 42.2%, respectively (Fig 2). Again, there was no survival
difference between LCNEC and SCLC (P = .1851), although the
5-year survival rate was numerically better for LCNEC. In stage I
patients (n = 46), the 5-year survival rates for TC, AC, LCNEC, and
SCLC were 75.0%, 100%, 31.9%, and 38.9%, respectively. In the
multivariate analyses, the following variables were entered based on
the results of univariate analyses: histologic type, symptoms, com-
pleteness of resection, nodal status, pathologic stage, and age. Among
these variables, a histologic type of high-grade NE tumor was the most
significant prognostic factor, with risk ratios (RRs) for SCLC and
LCNEC of 17.40 and 17.69, respectively. Other significant prognostic
factors included incomplete resection (RR = 3.13), symptoms
(RR = 1.69), nodal involvement (RR = 2.23),and old age (RR = 1.53).

A population of NE cells can be recognized in the normal brov-
choalveolar structures in the lung, where NE defines specific cellu-
lar characteristics and the ability to uptake and decarboxylate amin¢
precursors.' These features are reflected by the morphology, such a8
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Table 5. Percentage of Abnormal Elevations of the Tumor Markers CEA, NSE, and proGRP
Histologic Type
TC {n = 55) ACh =9 LCNEC (n = 141) SCLC {n = 113)
No. of No. of No. of No. of
Patients Patients Patients Patients
With With With With
Abnormally Abnormally Abnormally Abnormally
Elevated No. of Elevated No. of Elevated No. of Elevated No. of
Serum Patients Serum Patients Serum Patients Serum Patients
Tumor Marker % Level Measured % - Level Measured % Level Measured % Level Measured
CEA 5.9 3 51 1.1 1 9 48.5 63 130 40.7 44 108
NSE 0 0 42 0 0 5 12.4 13 106 2.3 2 88
proGRP 7.1 1 14 100 1 1 25.8 8 29 48.5 16 31
Abbreviations: TC, typical carcinoid: AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma; LCC, large-cell carcinoma;
CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; proGRP, progastrin-releasing peptide.

secretory granules and dense core granules by electron microscopy.
However, the clinical implications of these NE characteristics (NE
phenotype and NE morphology) in lung tumors have not yet been
defined, especially in relation to the proper choice of treatment strat-
egy. For SCLC, which shows a chemosensitive and aggressive nature, a
standard therapeutic strategy has been established apart from other
histologies. However; other NE tumors require the further refinement
of histology-specific treatment.

NE lung tumors exhibit a spectrum of histologies, clinical pro-
files, and biologic behaviors ranging from relatively indolent TC to
histologically high-grade, biologically aggressive tumors.” The grad-
ing was proposed in the 1999 WHO classification, with rigorous cri-
teria for each subtype, even though LCNEC is still considered a variant
form of large-cell carcinoma.'* According to the WHO dlassification,
AC can be differentiated from TC by a higher mitotic activity and/or
the presence of necrosis. Although LCNEC is characterized by the NE
morphology (nesting, palisading, and rosettes), a high mitotic rate,

necrosis, cytologic features similar to non~small-cell lung cancer, and
positive immunohistochemical staining for NE markers, it can some-
times be difficult to differentiate between LCNEC and SCLC. Even for
an expert pathologist, the cytologic features falling between LCNEC
and SCLC can make it difficult to define the histology as either SCLC
or LCNEC, as seen in 14 tumors in the present series. One of the issues
in the present WHO classification is that, despite the morphologic and
clinical close relationship between SCLC and LCNEC, these tumors
are placed in different categories. Specifically, LCNEC is recog-
nized as a part of non-small-cell carcinoma, and the present ther-
apeutic strategy is being planned in a histology-specific basis as
SCLC or non-SCLC. Further assessment of therapeutic response is
a high-priority issue, which will also justify the distinction between
LCNEC and SCLC.

The most significant clinical and pathologic implication of the
present study is the determination of the relative grade of malignancy
of each histologic type among NE tumors. In particular, for the three

Tahle 6. Pathologic Profiles According to the. Histologic Type
Histologic Type )
TC AC LCNEC" SCLC Total
{n = 55) (n=9) n=141) - (n=113) (N =318)
No, of No. of No. of No. of No. of
Profile Patients % Patients % Patients % Patients % Patients %

Tumor diameter, mm

Mean 26 26 41 29 34

Range 9-70 13-44 7-140 7-75 7-140
Postsurgical stage

I 50 90.9 4 44.4 63 45.3 58 51.3 175 55.4

I 4 7.3 2 222 22 16.9 18 16.0 46 14.6

na 1 1.8 2 22.2 32 23.0 24 21.2 59 18.7

s 0 0 0 0 13 9.4 12 10.6 25 7.9

v 0 0 1 1.1 9 6.5 1 0.9 i 3.5
Nodal involvement

NO 53 96.4 5 55.6 76 55.1 65 57.5 199 63.2

N1 1 1.8 2 22.2 26 18.8 23 20.4 52 16.5

N2 1 1.8 2 22.2 33 23.9 24 21.2 60 19.1

N3 0 0.0 "0 0.0 3 2.2 1 0.9 4 1.3
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma.
‘Data on the stage and nodal status were not available in two and three patients with LCNEC, respectively,
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Table 7. Outcome of Patients With NE Tumors
Histologic Type
TC AC LCNEC SCLC Total
{n = 55) hn=29 (n = 141) (n = 113} (N =318}
No. of No. of No. of No. of No. of
Outcome Patients % Patients % Patients % Patients % Patients %
Tumor recurrence 2 3.6 3 33.3 68 48.2 54 47.8 124 39.0
Locoregional 1 1 17 10 30
Distant 1 2 34 18 55
Both 0 0 16 16 36
Unknown 0 0 1 1 4
All deaths 3 5.5 2 22.2 84 59.6 69 61.1 158 49.7
Cancer death 1 33.3 0 0.0 62 73.8 43 63.2 106 67.5
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-celt iung carcinoma; NE, neuroendocrine.

histologic types that are considered intermediate- or high-grade ma-
lignancy (AC, LCNEC, and SCLC), the present findings clearly re-
vealed their relative prognoses. There have been several previous
reports on the prognosis of NE tumors of the lung. However, relatively
few cases of high-grade NE tumors have been included. On the basis of
their own diagnostic criteria, Travis et al® reported that the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 87%, 56%, 27%,
and 9%, respectively. Garcia-Yuste et al* reported that the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 96%, 72%, 21%,
and 14%, respectively. Neither report described a significant differ-
ence in survival between LCNEC and SCLC. As for LCNEC, the
reported 5-year survival rates have ranged from 13% to 47% 4091112
The 5-year survival rate of LCNEC in our present series was 41.3%,
which is within the range of the rates reported previously. Even for
stage I disease, the reported 5-year survival rates have been approxi-
mately 10% to 30%.%%%'2 In the present series, however, the 5-year
survival rate of stage | LCNEC was 60%, which was higher than the
rates in previous reports. However, considering the 5-year survival
rate of stage I non—small-cell lung cancer, LCNEC s the histology with
the worst prognosis among non—small-cell histologies."® Also, we
confirmed that LCNEC shows almost the same prognosis as SCLC.

These two histologies also shared similar clinicopathologic back-
grounds, such as smoking history and sex. :

" In high-grade NE tumors, the existence of borderline cases be-
tween LCNEC and SCLC has been noted. In the process of central
pathologic review of the present study, there were 14 borderline cases
between LCNEC and SCLC, which required another session of panel
meetings to reach the consensus regarding the histology as either
LCNEC or SCLC. There might be three factors that are closely related
to the difficulties in the diagnosis; these are technical issues in the
preparation of specimens, diagnostic reproducibility issues, and diag-
nostic criteria issues. There are several technical issues that make the
diagnosis difficult. One is the poor histology as a result of poor fixa-
tion, extensive tumor necrosis, and sections that are cut too thick or
poorly staining, although the preparation of the slides was com-
pletely centralized in the present study to minimize these issues.
The histologic heterogeneity with the different cellular sizes and
different proportions also affects the diagnosis.'® The fact that the
cell size in SCLC tends to be larger in the large, well-fixed speci-
mens should be well recognized.'’

Tt has been well known for SCLC that expert lung cancer pathol-
ogists disagree about the diagnosis in approximately 5% to 6% of the

TC {n =55)

PETYRNNNT Y W WY WA S S ¥ W | bood

bt AC(N=0)

Survival Rate
1

SCLC (n=113)

021  Logrank P<.0001 -

] r LCNEC (n =141}
0.1 4 G. Wilcoxon: P < .0001

S s s s s s T S D D A Y I L A B T L B B I
0 1 2 3 4 5 6 7 8 9 10 i1 12 13 14 18

Years

1.0 TR T TC (n=50)
e | 'YV SRR YR N Y S V0 T Y T ) )
O.QZx
087 . b ACH=4)
o 0.7
] i
ff_“o.e—
g 05 LCNEG (n = 83)
g n
2] 0.4: N N
03 7 SCLC (n =58}
0.2
0.1 4
|1|||||||||1|||,|||||:|1|||||4|"|
0 123456789101112131415
Years

Fig 1. Overall survival curves in neuroendocrine tumors of all stages (N = 318)
according to the following histologic types: TC, typical carcinoid (n = 55); AC,
atypical carcinoid (n = 9); LCNEC, large-cell neuroendocrine carcinoma (n =141,
and SCLC, small-cell lung carcinoma {n = 113). The histologic type significantly
affected the survival (P < .0001, log-rank test).

74

Fig 2. Overall survival curves in stage | neuroendocrine tumors {n = 175)
according to the following histologic types: TC, typical carcinoid (n = 50k AC,
atypical carcinoid (n = 4}; LCNEC, large-cell neuroendocrine carcinoma {n = 63)
and SCLC, small-cell lung carcinoma (n = 58). The histologic type significantly %
affected the survival (P < .0001, log-rank test). P

JOURNAL OF CLINICAL OneokoaY




Pulmonary Neuroendocrine Neoplasms

cases.'® In the present study, there was difficulty in the diagnosis of 14
tumors, which composed 5.5% of the 254 high-grade NE tumors; this
percentage is quite similar to those previously reported. As part of the
diagnostic criteria, the cellular and nuclear size isan important part in
the differentiation between LCNEC and SCLC, According to the mor-
phometric analysis by Marchevsky et al,'® a considerable overlap of
nuclear size was shown between LCNEC and SCLG, and the authors
addressed that these two histologies should be merged as a single
group of high-grade NE carcinoma. However, it is not clear how they
could reach the definitive diagnosis as LCNEC or SCLC despite the
overlapping cellular and nuclear size. These data, as well as our own,
demonstrate that the cell size alone is insufficient as a criterion for
establishing the diagnosis of high-grade NE tumors, and a constella-
tion of criteria needs to be used. We still need more pathobiologic
characteristics (and perhaps, they are more likely to be molecular
rather than morphologic) to make the differentiation between SCLC
and LCNEC clearer. , :

The limitations of this study must also be addressed. In this study,
only surgical cases were collected to ensure that a thorough investiga-

tion of histopathologic features would be possible, and advanced,
unresectable tumors were excluded. As is well known, most patients
with SCLC are not candidates for resection because of local/systemic
spread of the tumor. It is speculated that typical SCLC arises in the
hilum and metastasizes to remote organs at a relatively early stage
of the disease. In this sense, the resected SCLC in the present series
may not represent typical SCLC, which might have a more aggres-
sive nature. Although it will still be difficult to obtain enough
specimens or to perform an immunohistochemical study using
only biopsy samples in nonsurgical patients, future studies should
include advanced diseases. '
In conclusion, the present, large-scale, multi-institutional study
defined the prognostic spectrum of pulmonary NE tumors as TC, AC,
LCNEC, and SCLC, where LCNEC and SCLC were similarly aggres-
sive. Future studies should clarify the histology-specific sensitivity to
treatment, especially with regard to chemoradiotherapy. If similar
responses are found, the histologic distinction at least has little signif-
icance in the planning of treatment strategy.
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Abstract. Hepatoma-derived growth factor (HDGF), unrelated
to hepatocyte growth factor, is a heparin-binding protein
originally purified from human hepatoma HuH-7 cells. HDGF
exhibits mitogenic activities for certain hepatoma cells, fibro-
blasts and vascular smooth muscle cells, and angiogenic
activities through nuclear targeting. Recently, HDGF was
found to be a mitogen for lung epithelial cells in vitro and
in vivo. This suggests that HDGF may play a critical role in
the development and progression of lung cancer. We
investigated, immunohistochemically, the relationship between
HDGF expression and clinicopathological variables, and the
prognostic significance of HDGF in 102 patients with
completely resected non-small-cell lung cancer (NSCLC: 70
adenocarcinomas and 32 squamous cell carcinomas). To
address the mechanism of action of HDGF, we evaluated the
contribution of HDGF to tumor cell proliferation and intra-
tumor angiogenesis using anti-Ki-67 and anti-CD31 antibodies,
respectively. HDGF expression was strongly detected in the
nucleus of cancer cells; the HDGF-labeling index (LI) was
20-95% (median 64.5%). There was no significant association
between HDGF-expression level and clinicopathological
variables. Patients with NSCLC showing a high HDGF-LI
(265%) had significantly worse overall and disease-free
survivals than those with NSCLC showing a low HDGF-LL
Multivariate analysis revealed that HDGF is a significant
independent prognostic factor, more powerful than pathological
stage. Moreover, HDGF expression correlated with Ki-67-LI
and intratumor microvessel density. We consider HDGF as a
useful prognostic marker for patients with completely resected
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NSCLC and it may play a critical role in the pathobiology of
lung cancer through its mitogenic and angiogenic activities.

Introduction

Hepatoma-derived growth factor (HDGF), unrelated to hepato-
cyte growth factor (HGF) produced by non-parenchymal cells,
is a secretory heparin-binding protein that was purified from
the conditioned medium of human hepatoma HuH-7 cells,
and its cDNA was cloned from HuH-7 cells (1,2). HDGF
represents a new family of growth factors called HDGE-
related proteins (HRPs), including HRP1, HRP2, HRP3,
HRP4 and p52/p75/lens epithelium-derived growth factor
(LEDGF) (3). These proteins have in common the following
characteristics: i) homology in the N-terminal amino acids
[termed homologous to the amino terminus of HDGF (hath)
region] containing a PWWP domain, which is suspected to
play a role in cell growth and differentiation possibly by
DNA binding, ii) bipartite nuclear localization signals, and
iif) lack of signal peptides. (3-5). Recent studies have shown
that HDGF is an exogenous mitogen for HuH-7, Swiss 3T3
fibroblasts (2), endothelial cells (6-8), and vascular smooth
muscle cells (9,10), and that nuclear targeting of HDGF is
essential for its mitogenic activity (10,11).

As for roles of HDGF in tumor pathobiology, HDGE
stimulates in vitro proliferation of hepatoma cells such as
HuH-7, and antisense oligonucleotides of HDGF can suppress
it (12). In vivo, HDGF induces tumorigenesis of NTH3T3 cells
in nude mice through its angiogenic activity (7) and may also
play an important role in the development and progression of
hepatocellular carcinoma in humans and rodents on the basis
that HDGF expression is higher in hepatoma cells than in the
adjacent non-cancerous tissues (13).

Although HDGF was originally identified in hepatoma
cells, HDGF and its mRNA are expressed in various normal
adult tissues, including lung tissue (2,6,14). HDGF may be
involved in fetal Jung development (15). Recently, Mori et al
(14) reported that HDGF is also a mitogen for lung epithelial
cells in vitro and in vivo. Taken together, these findings suggest
that HDGF may play a critical role in the development and
progression of lung cancer.

The most common cancer in Japan today is lung cancer.
Lung cancer was the leading indication for general thoracic
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surgery (~43%) and more than 20,000 patients were operated
on at Japanese institutions in 2002 (16). Non-small-cell lung

carcinomas (NSCLC) represent 98% of all operable cases of

lung cancer, and they are still associated with a poor prognosis,
even when operable. Many molecular markers of prognosis
have been studied, although the critical cause for the poor
prognosis of patients with NSCLC remains to be determined.

In the present study, we investigate immunohistochemically
the relationship between HDGF expression and clinico-
pathological variables and the prognostic significance of
HDGF in NSCLC patients who underwent complete resection.
Additionally, to address the mechanism of action of HDGFE
on lung cancer biology, we evaluated the contribution of
HDGEF to tumor cell proliferation and intratumor angiogenesis.

Materials and methods

Patients and tumors. Among patients with primary lung
carcinoma who were operated on at the Osaka Prefectural
Medical Center for Respiratory and Allergic Diseases (Osaka,
Japan) from 1994 through 1997, one hundred and two patients
underwent complete resection for adenocarcinoma (n=70) or
squamous cell carcinoma (n=32) without previous chemo-
therapy or radiotherapy, and adequate paraffin-embedded
tissue sections were available. These patients had no other form
of malignancy. Tumor specimens were fixed in 10% formal-
dehyde solution, embedded in paraffin and microscopically
examined after hematoxylin and eosin (HE) staining.
Histological classification of tumors was based on the World
Health Organization criteria. Visceral pleural involvement was
classified according to the Japan Lung Cancer Society (17) as
follows: PO, the tumor does not penetrate the elastic layer of

the visceral pleura; P1, the tumor penetrates the elastic layer but .

is not exposed on the pleural surface; P2, the tumor is exposed
on the pleural surface but does not involve adjacent anatomic
structures; and P3, the tumor involves adjacent anatomic
structures (18). A tumor larger than 3 cm in diameter or a P2
tumor of any size was defined as T2 classification. All tumors
were staged according to the TNM pathological classification
of the American Joint Committee on Cancer (AJCC) and the
International Union Against Cancer (UICC) (19): 40 stage I (23
cases in stage IA and 17 cases in stage IB), 21 stage II (3 cases
in stage IIA and 18 cases in stage 1IB), 35 stage III (26 cases
in stage IITA and 9 cases in stage [1IB) and 6 stage IV (patients
with a metastatic nodule in the ipsilateral non-primary-tumor
lobe of the lung). The patients (69 men and 33 women) were
between 40 and 80 years of age (mean 64 years) and grouped
according to age as being either <70 or 270 years old. Smoking
status was 0-232 (median 44.5) pack-year, and patients were
divided into 2 groups: those who smoked <40 pack-year and
those who smoked 240 pack-year. Survival was calculated from
the day of surgery, and follow-up of the 102 patients ranged
from 4.1 to 108.9 (median 61.3) months; 54 patients (52.9%),
without exception, died of recurrence or metastasis of lung
cancer during follow-up. Our study was carried out with the
approval of the ethical committee of the Osaka Prefectural
Medical Center for Respiratory and Allergic Diseases.

Immunohistochemical examination. Immunohistochemical
staining for HDGF was performed essentially as previously

IWASAKT et al: HDGF IN NON-SMALL-CELL LUNG CANCER

“described (7,12,14,20). The paraffin sections (4 Lm thick)

were deparaffinized, microwaved in 10 mmol/l citrate buffer
(pH 6.0) and then immersed in methanol containing 0.3%
hydrogen peroxide. Slides were blocked with normal goat
serum and incubated with a 1:5,000 dilution of rabbit poly-
clonal IgG raised against C-terminus (231-240) of the human
HDGF sequence for 30 min at room temperature. After washing
the sections twice with phosphate-buffered saline, they were
incubated with peroxidase-conjugated goat anti-rabbit immuno-
globulin (Envision; Dako, Glostrup, Denmark) for 30 min at
room temperature. After washing, diaminobenzidine tetra-
hydrochloride (DAB) solution was applied. The sections were
then counterstained in hematoxylin. Specificity of the anti-
HDGF antibody (Ab) had been previously demonstrated by
Western blot analysis using recombinant human HDGF (14).
Weak staining of smooth muscle cells and endothelial cells
of blood vessels was used as the internal positive control.
Negative controls were treated in the same way, but anti-HDGF
Ab was replaced by non-immune rabbit serurn. HDGF was
detected mainly in the nucleus of cancer cells more strongly
than in that of smooth muscle cells, and weakly in the cyto-
plasm of some cancer cells. HDGF immunoreactivity was
judged positive when HDGF staining in the nucleus of tumor
cells was equivalent to or stronger than that in the nucleus of
smooth muscle cells. HDGF-labeling index (L.I) was expressed
as the proportion of cancer cells with positive HDGF nuclear
reactivity.

Immunohistochemical staining for Ki-67 nuclear antigen
was performed using a mouse monoclonal anti-human Ki-67
antigen Ab (MIB-1, DAKO) according to the manufacturer's
instructions. Ki-67-LI was expressed as the proportion of
Ki-67-positive cancer cells. For evaluation of HDGF- and
Ki-67-L1, more than 1,000 cancer cells were counted in at
least 5 representative areas without necrosis in each section.
Intratumor angiogenesis was assessed by counting the micro-
vessels detected with CD31 staining using a mouse mono-
clonal anti-human CD31 Ab (JC/70A, DAKO) according to
the manufacturer's instructions. Intratumoral microvessel
density (MVD) was calculated as the average value of micro-
vessels/mm? using the criteria previously described elsewhere
(21,22). After the area of highest vascularization was identified
by scanning sections at low power, individual microvessel
counts were determined at magnification x200 (0.95 mm? area)
in 3 different fields under an Olympus microscope (Tokyo,
Japan). All values determined by slide examination were
presented by the median of scores evaluated by 3 investigators
(Teruo Iwasaki, Yoshiaki Takada and Kunimitsu Kawahara).

Statistical analysis. The relationship between HDGF expression
and clinicopathological variables [age, sex, smoking, tumor
size, pathological stage, T-factor (classification), N-factor
(classification), pleural involvement, vascular involvement,
lymphatic involvement, histological type and degree of
differentiation] was analyzed by the ¥*-test. The significance
of differences in Ki-67-LI and MVD was tested by Student's
t-test. The Kaplan-Meier method was used to estimate overall
and disease-free survival as a function of time, and survival
differences were analyzed by the log-rank test. Factors
potentially related to overall and disease-free survival were
analyzed by the Cox proportional-hazards model. For all
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Figure 1. Representative photomicrographs of immunohistocheniical staining of HDGF in adenocarcinoma (A and B) and squamous cell carcinoma (C and D)
cases. HDGF is expressed weakly in the nucleus of <65% of tumor cells in A and C (defined as low HDGF-expression). To the contrary, HDGF staining was
more intense in the nucleus and weak in the cytoplasm of 265% of tumor cells in B and D (defined as high HDGF-expression). Scale bars, 50 yim.

statistical analyses, the criterion of significance was defined
as P<0.05.

Results

HDGF expression was detected in all tumor sections in
various proportions. Many cancer cells exhibited strong
HDGF-staining, mainly in the nucleus, and some cancer cells
presented weak staining in the cytoplasm. Representative cases
of adenocarcinoma and squamous-cell carcinoma are shown
in Fig. 1. The median score of HDGF-LI in all cases was 64.5%
(20-95%), and therefore we defined 65% as a cut-off for low
(<65%, n=51) and high (265%, n=51) expression. Weak
staining in the endothelial cells and smooth muscle cells in the
vessels was used as the internal control as mentioned above.
HDGEF was also detected weakly in some of the non-cancerous
type II pneumocytes and ciliated columnar epithelial cells (data
not shown). These findings were consistent with those of a
previous report on idiopathic pulmonary fibrosis (14).

The relationship between HDGF expression and clinico-
pathological variables (age, sex, smoking, tumor size, stage,
T-factor, N-factor, pleural involvement, vascular involvement,
lymphatic involvement, histology and differentiation) in all
cases is summarized in Table I. There was no significant
relationship between HDGF expression and any clinicopatho-
logical variable.

Kaplan-Meier overall and disease-free curves for HDGF
expression dichotomized by the median level are shown in
Figs. 2 and 3, respectively. Patients with lung cancer expressing
high HDGF had a significantly worse overall and disease-
free survival than those with lung cancer expressing low HDGF
(P=0.0004 and P=0.0005 by the log-rank test, respectively).
Among 102 patients, 25 received adjuvant therapy: radio-
therapy was given to 6 patients and systemic chemotherapy
including cisplatin or a combination of uracil and tegafur
(UFT) was given to 19 patients. There was no significant
difference in the proportion of patients who received adjuvant
therapy between the 2 groups (13/51 in the low-HDGF group
and 12/51 in the high-HDGF group, P>0.99).

In the univariate analysis of correlations between prognosis
and potential prognostic factors evaluated (HDGF expression,
adjuvant therapy and the 12 clinicopathological variables
shown in Table I), vascular involvement, smoking, N-factor,
tumor size, sex, pathological stage and HDGF were significant
prognostic factors (P<0.05) for overall and disease-free
survival. Adjuvant therapy was not a significant factor for
overall (P=0.580) or disease-free (P=0.536) survival in this
study. These 7 significant variables were entered into the Cox
proportional-hazards model and multivariate analysis was
performed (Table II). Pathological stage and HDGF-expression
level were significant independent prognostic factors for
overall and disease-free survival, and moreover HDGF had
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Table 1. Association between HDGF-

: expression and clinico-
pathological variables in all cases.

Variables High-HDGF Low-HDGF P-values
(%)

Age

<70 years 37 (50.0) 37

270 years 14 (50.0) 14 >0.999
Sex

Male 38 (55.1) 31

Female 13 (39.4) 20 0.204
Smoking

<40 pack-year 28 (54.9) 23

240 pack-year 23 (45.1) 28 0.428
Tumor size :

<30 mm 17 . (40.5) 25

>30 mm 34 (59.5) 26 0.159
pStage® ; k

Stage T+ 1I 30 (49.2) 31

Stage III + IV 21:°(51.2) . 20 >0.920
pT-factor® , -

T1+T2 42 (49.4) 43

T3+T4 9 (52.9) 8 >0.999
pN-factor® 7

NO 25 (51.0) 24

N1+ N2 26 (49.0) 27 >0.999
Pleural involvement®

PO + P1 40 (49.4) 41

P2 +P3 11 (50.6) 10 >0.999
Vascular involvement

v ) 19 (48.7) 20

v (+) 32 (50.8) 31 >0.999
Lymphatic
involvement 7

Iy () 16 (500) * 16

Iy (+) 35 (50.0) 35 >0.999
Histology!

Ad 38 (54.3) 32

Sq 13 (40.6) = 19 0.286
Differentiation

Well 25 (45.5) 30

Moderate/poor 26 (55.3) - 21 0.427

sitest, bAccording to the AJCC/UICC TNM pathological
classification. pStage, pathological stage; pT, pathological tumor;
pN, pathological lymph node; “According to the general rules for
clinical and pathological record of lung cancer established by the
Japan Lung Cancer Sosiety. YAd, adenocarcinoma; Sq, squamous
cell carcinoma.
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higher risk-ratios than pathological stage for overall (2.976
versus 1.964) and disease-free survivals (2.970 versus 1.84%).

The role of HDGF in the biological behavior of NSCLC
remains to be fully elucidated. HDGF was very recently
reported to be not only a mitogenic factor for lung epithelial
cells but also an angiogenic factor (6,9,10,14). We, therefore,
examined the relationship between HDGF-expression level
and Ki-67-LI or MVD in serial sections. Ki-67-LI values for
low and high HDGF-expressing cases were 19.3+14.3%
and 34.1+£17.7%, respectively (mean = SD, P<0.00005 by
Student's t-test). MVD values for low and high HDGF-
expressing cases were 49.8423.6 and 68.5+20.7 vessels/
mm?, respectively (mean * SD, P<0.00005 by Student's t-test).
These findings suggested that HDGF may promote the
proliferation of tumor cells and intratumor angiogenesis in
lung cancer.

Discussion

We demonstrated that HDGF is mainly expressed in the
nucleus of NSCLC cells and that high expression of HDGF
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Table I1. Multiyariate analysis of prognostic factors.
Variables Unfav./Fav.» Overall survival P-value Discase-free survival P-value

Risk ratio (95% CI®) Risk ratio (95% CI)

Vascular involvement v () () 1.016 (0.512-2.014) 0.9644 1.044 (0.532-2.048) 0.9009
Smoking 240/<40 pack-year 1.398 (0.700-2.792) 0.3427 1.632 (0.815-3.270) 0.1667
pN-factort” N1 + N2/NO 1.462 (0.760-2.811) 0.2548 1.246 (0.649-2.392) 0.5083
Tumor size >30/<30 mm 1.572 (0.853-2.895) 0.1468 1.443 (0.782-2.663) 0.2404
Sex Male/femnale 1.957 (0.856-4.472) 0.1114 1.956 (0.860-4.450) 0.1096
pStage¢ I+ IV/I+ 11 1.964 (1.084-3.556) 0.0259 1.848 (1.018-3.355) 0.0436
HDGF High/low 2.976 (1.641-5.398) 0.0003 2.970 (1.651-5.344) 0.0003

"Unfavorable vs. favorable characteristics. ®Cl, confidence interval. “According to the AJCC/UICC TNM pathological classification. pStage,

pathological stage; pN, pathological lymph node.

is an independent significant factor for worse overall and
disease-free survival of patients with completely resected
NSCLC. We also showed that HDGF-expression level was
associated with both a high Ki-67-LI and a high intratumor
MVD.

Recently, Ren et al (23) reported that overexpression of
HDGF was a marker of poor prognosis only in patients with
curatively resected stage I NSCLC. They found no association
between HDGF expression and Ki-67-LI of cancer cells,
which is inconsistent with our results. This difference may be
because our study included stage I-IV cases whereas theirs
only included stage I cases: HDGF-expression correlated with
Ki-67-LI in stage IB-IV but not in stage IA (data not shown).
Thus, we demonstrated that HDGF-expression level is a
prognostic factor independent of and more powerful than the
pathological stage of NSCLC by the multivariate analysis.

Exogenous HDGF promotes in vitro DNA synthesis and
cell proliferation in rat and human lung epithelial cells. Endo-
genous HDGF overexpressed via transient gene transfer was
translocated into the nucleus and promoted the proliferation
of human lung epithelial A549 cells. Mori et al (14) confirmed,
using short interfering RNA technique, that endogenously
produced HDGF has a mitogenic effect on A549 cells.
Collectively, HDGF probably stimulates the proliferation of
lung epithelial cells, at least partially, in an autocrine manner.
These findings support our result that high expression of HDGE
correlates with a high Ki-67-LI of cancer cells. To date it is
unknown if the exogenous mitogenic effect of HDGF is
mediated by a cell surface receptor or uptake of the protein
(4). Further exploration of this mechanism will contribute to
the precise understanding of the biological functions of HDGF.

HDGF induced tumorigenesis of NIH3T3 cells in nude
mice via direct angiogenic activity and induction of VEGE
(7). Moreover, HDGF is a highly expressed vascular endo-
thelial cell protein in vivo and is a potent endothelial mitogen
and regulator of endothelial cell migration that acts through
mechanisms distinct from those of VEGF (6). Since we could
not observe a remarkable enhancement of HDGF expression
in endothelial cells or vascular smooth muscle cells in NSCLC
sections (data not shown), overproduction of HDGF by cancer
cells might induce a high intratumor MVD possibly in a
paracrine manner.

HDGF shows a homology to high mobility group-1
(EMG-1), a DNA binding protein (24), but lacks the
characteristics of an HMG-1 protein, especially of the HMG
box responsible for DNA bindings (2). HMG-1 enhances the
activity of several transcription factors, including the gluco-
corticoid receplor, as well as the activity of RAG recombinase
(24,25). The molecules controlled by HDGF in the nucleus
and subsequent functions of HDGF have not been identified.
Therefore, HDGF may display other tumorigenic behavior
besides tumor-cell proliferation or angiogenesis.

Bernard et al (26) detected HDGF expression mainly in
the nucleus and much more strongly in melanoma cell lines
than in melanocytes. They showed by immunohistochemical
analysis of clinical samples that 54% of benign nevoid cells
reacted positively, whereas 78-90% of melanoma cells were
positive in all stages of melanoma. We found that HDGF was
expressed in ~30-40% of non-cancerous alveolar or bronchial
epithelial cells (data not shown) and 20-95% (median 64.5%)
of NSCLC cells. The proportion of HDGF-positive cells seems
slightly smaller in NSCLC than in melanoma, but our results
were in general compatible with those of Bernard et al (26).
With regard to other malignancies, a recent study using
differential display revealed that HDGF expression was
associated with radjosensitivity in esophageal cancer (27).
Expression profiling of gastric adenocarcinoma using cDNA
array revealed that HDGF was one of the overexpressed genes
in gastric cancer as compared with normal gastric mucosa (28).
Thus, HDGF probably plays a critical role in the development
and progression of various malignancies.

Based on the above findings, we consider HDGF is a useful
marker of poor prognosis in patients with completely resected
NSCLC, and high HDGF-expression might be a potential
indicator of the need for adjuvant therapy. Although further
investigations need to be done on the molecular characteristics
and biological functions of HDGF, this factor may be a target
molecule for the treatment of NSCLC.
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'CASEREPORT

Ectopic Cervico-mediastinal Thymoma Confirmed
by Flow Cytometric Analysis of Tumor-derived
Lymphocytes

Ectopic cervical or cervico-mediastinal thymomas are very rare and most of them are asymptom-
atic, except for the presence of a cervical mass. We present the case of a 71-year-old man with an ectopic
cervico-mediastinal thymoma threatening superior vena cava syndrome. He had a slight headache
and presented with venous dilatation on the chest wall. A computed:tomographic scan and magnetic
resonance imaging of the chest demonstrated a mass extending from the right neck to the hilum, that
indented the trachea and compressed and displaced the brachiocéph‘zylli,(‘;' veins anteriorly. Under a right
hemicollar incision and median sternotomy, the mass was resected en bloc together with the thymus. The
resected specimen was an encapsulated mass measuring 11x7x4 cm UTgh"e pathological diagnosis was type
AB, non-invasive thymoma, confirmed by 3-color flow cytometry of tumor-derived lymphocytes. Flow

cytometry using biopsy material may contribute to the preoperative disgnosis of ectopic thymoma.

(Jpn J Thorac Cardiovasc Surg 2006; 54: 35-39)

Key words: ectopic thymoma, superior vena cava syndrome, flow cytometry,

magnetic resonance imaging, surgical resection
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ctopic cervical thymoma is a rare tumor that arises -

from unusual thymic tissue anywhere along the
path of thymic descent from the neck to the mediastinum
during development.'? We report the 39th case of
ectopic cervical or cervico-mediastinal thymoma in
the English-language literature; this is the first case
of ectopic cervico-mediastinal thymoma threatening
superior vena cava (SVC) syndrome. Moreover, the
pathological diagnosis was supported by 3-color flow
cytometry of tumor-derived lymphocytes.
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Case

A 71-year-old otherwise healthy man was admitted
for further evaluation of an abnormal shadow found on
a chest X-ray. On admission, he reported he had been
having slight headaches during the previous month, and
he did not have myasthenia gravis or any other autoim-
mune diseases. On physical examination, facial edema
and dilated veins on the anterior chest wall were noted.
A prominent firm mass, 5 cm in diameter with unclear
caudal margin, was palpable in the right supraclavicular
fossa. Laboratory data, including tumor markers (AFP,
CA19-9, CEA, CYFRA, HCG-B, NSE, Pro-GRP, SCC
and thyroglobulin) and thyroid function tests were all
within normal limits. - Serum aati-acetylcholine-receptor
antibodies were negative. A chest X-ray showed an oval
shacdow in the right upper mediastinum with a shift of
the trachea to the left (Fig. I). A computed tomographic
scan of the chest demonstrated that the right lobe of the
thyroid gland was mostly replaced by a mass, which
indented the trachea and compressed and displaced the
brachiocephalic veins anteriorly. Magnetic resonance
imaging (MRI) showed that the mass extended from
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Fig.1. Chest X-ray showing a right upper mediastinal mass with
a shift of the trachea to the left.

the right neck to the right hilum along the trachea (Fig.
2A). On Tl-weighted imaging, the mass was isointense
to skeletal muscle. On T2-weighted imaging, it had a
slightly lower signal intensity than muscle, accompanied
by some high signal intensity suggestive of hemorrage
or degenerative necrosis, and a lobulated internal archi-
tecture separated by linear areas of low signal intensity
(Fig. 2A). No calcification was detected. Venography
performed by bilaterally transcubital catheterization
revealed no visualization of the brachiocephalic veins
or SVC but many collateral vessels from the subclavian
veins (Fig. 2B). No invasion of the tracheal wall by the
mass was observed under bronchoscopic examination.
This location of the mass was suggestive of intrathoracic
goiter. Ultrasound-guided needle (14-gauge) biopsy
of the right-supraclavicular part of the mass revealed
spindle-shaped epithelial cells arranged in a swirling
pattern and accompanied by lymphocytes. These
findings suggested a cervico-medliastinal thymoma.

A right hemicollar incision confirmed that the right
lobe of the thyroid gland had been replaced by an
encapsulated mass extending to the right paravertebral
region along the trachea and that the mass could not
be removed via a transcervical approach. Additional
median stecrnotomy revealed that the thymus was located
orthotopically in front of the mediastinal part of the mass
across the brachiocephalic trunk and veins and that the
right upper pole of the thymus adhered to a cervical part
of the mass via the thyrothymic ligament. Thymectomy
was carried out, and the mass could be bluntly or sharply

The Japanese Journal of
Thoracic and Cardiovascular Surgery

oPS oF6
"~ Brc S

Fig.2. .

A: Coronal MRI (T2-weighted) along the trachea showing a
well-defined, large oval mass (T). """

B: Venography performed under manual pressure revealing no
visualization of the brachiocephalic veins or SVC but many
collateral vessels.

RBYV, Right brachiocephalic vein; RUB, right upper bronchus.

dissected from the trachea, vertebrae, SVC and brachio-
cephalic trunk and veins. Right thyroidectomy was also
performed to remove the mass en bloc together with the
orthotopic thymus, including the fatty tissue around.
The resected specimen was an encapsulated mass
measuring 1Ix7x4 cm (255 g, Fig. 3A). The cut surface
showed multiple tan colored nodules of various sizes
separated by fibrous bands, including a small necrotic
and hemorrhagic area. Macroscopically, the thyroid
gland was not observed in the mass. The microscopic
examination revealed the mass had a nodular growth
pattern and ‘w;\‘s formed by a lymphocyte-poor
component (right half in Fig. 3B) and a lymphocyte-
rich compohqng (left half in Fig. 3B), indicating a
type AB thymoma. The thyroid gland was observed
to be atrophic and was separated from the tumor by a
fibrous capsule. Additionally, the tumor was found to
be completely separated from the orthotopic thymus
by a fibrous capstle. The orthotopic thymus was also
atrophic and free of tumor cells. These findings led us
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A: Macroscopic findings of the resected specimen. The mass was encapsulated and connected with the
right upper pole of the orthotopic thymus via the thyrothymic ligament., ;.

B: Microscopic findings of the resected specimen. HE stn{xliiig.

to diagnose this tumor as an ectopic cervico-mediastinal
thymoma, not as a cervical extension of a mediastinal
thymoma derived from the orthotopic thymus.

To confirm the pathological diagnosis, 3-color flow
cytometry of tumor-derived lymphocytes was performed
with anti-CD3, anti-CD4 and anti-CD8 antibodies.’

Identification of the CD4*CD8" double-positive lympho- .

cytes (29%) by flow cytometric analysis suggested
that this tumor derived from the thymus (Fig. 4A).
Moreover, the limited expression level (36%) of CD3 in
the CD4"CD8" single-positive cells indicated that some
cells in the population of CD4"CD8" single-positive
cells were immature (Fig. 4B). On the basis of flow
cytometry, this tumor was diagnosed as a thymoma.’
The patient has now been followed up for 24 months
postoperatively and has shown no signs of recurrence.

Discussion

The thymus derives from the endoderm of the third
and probably the fourth pair of branchial pouches. The
two thymic primordia migrate caudally and medially
along the neck, unti! they fuse to form a bilobed organ in
the anterior mediastinum. Incomplete descent or persis-
tence of the cervical portion of the thymus results in the
so-called ectopic thymus.! Chan and Rosai proposed 4

categories of tumors arising from ectopic thymic tissues:

ectopic hamartomatous thymoma, ectopic cervical
thymoma, spindle epithelial tumor with thymus-like

Original magnification: x40.

differentiation:(SETTLE), and carcinoma showing
thymus-like difféientiation (CASTLE)E ~Among them,
ectopic 'thymomas; with or without connection to the
orthotopi¢ mediastinal thymus, have been described in
submandibular,-pardtracheal :and -intratracheal locations,
within the thyroid glahd;and in several other locations.
We screened thé English:langiage literature based
on the:PubMed 'claﬁiéi?~base:and, to the best of our
knowledge;38 icases of ectopic cervical or cervico-
mediastinal thymoma (of thymic carcinoma) have been
reported: Thercharacteristics of previously reported
cases of ectopic cervical thymomas, including our case,
are summarized as follows. They are more common
in women (82%; 32 cases) than in men (18%; 7 cases).
Patients’ ages ranged from 11 to 71 years (mean: 48
years). “Tumors - were located on the left (54%; 21 cases),
right (33%; 13 cases) or anterior neck (13%; 5 cases).
Tumors measured 1.2-11 (median: 5.5) cm in the major
dimension and the tumor in our patient was the largest.
Such thymomas are more commonly non-invasive (69%;
27 cases) than invasive (18%; 7 cases) or carcinomatous
(13%; 5 cases). Most cases of cervical thymomas were
asymptomatic, except for the presence of a cervical
mass.  The present case is the only one threatening SVC
syndrome. Moreover, it is noteworthy that association
with myasthenia gravis is very rare (5%; 2 cases).*?
Preoperative diagnosis is difficult because of the
unusual location and rarity of a cervical thymoma.
When situated in the vicinity of the thyroid gland, a
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Fig. 4. Three-color flow cytometric analysis of lymphocytes derived from the tumor. Expression of CD4 and CD8 (A) and
expression of CD3 in CD4*CD8" single-positive subset (B) are shown. :

cervical thymoma can mimic a thyroid nodule. Only 5
(13%) of 39 cases could be preoperatively diagnosed
as ectopic cervical thymomas: one case was diagnosed
by MRI; another case by incisional biopsy; and 3 cases
by needle biopsy. As in our case, MRI may facilitate
the diagnosis of cervical thymoma by revealing the
internal fibrous septa of the tumor.® Ectopic thymomas
have often been misdiagnosed as chronic thyroiditis or
malignant lymphoma by fine needle biopsy. Since our
patient had a type AB thymoma, the combination of
epithelial tumor cells and lymphocytes and the swirling
arrangement of tumor cells were helpful for the differ-
ential diagnosis of the tumor. To our knowledge, this is
the 2nd case of ectopic cervical thymoma in which the
presence of immature T-cells was confirmed by flow
cytometry of tumor-derived lymphocytes. In the other
case, preoperative flow-cytometry was performed using
material obtained by fine needle aspiration biopsy.’
Flow cytometry niay contribute to the preoperative
diagnosis of ectopic thymoma.

There was no case of recurrence among the completely
resected cases.of ectopic cervical non-invasive thymo-
mas. Whereas, recurrence was reported in one of 7
cases (14%) of invasive thymomas and 3 of 5 cases (60%)
of thymic carcinomas.*'” Complete surgical resection
of the lesion, if possible, appears to be the treatment of
choice, and adjuvant irradiation or chemotherapy had
better be performed in invasive or carcinomatous cases;
however, it remains to be elucidated whether ectopic
thymic tumors exhibit the same biological behavior as
orthotopic mediastinal ones. There was one case of an
ectopic thymoma in the anterior neck accompanied by

a simultaneous mediastinal thymoma arising from the
orthotopic thymus.> Therefore, additional thymectomy
should be considered when an orthotopic thymoma is
simultaneously suspected.

Conclusion

We report the first case of ectopic cervico-mediastinal
thymoma threatening SVC syndrome. MRI and fine
needle biopsy were useful to establish the preoperative
diagnosis, and after complete resection, the patho-
logical diagnosis of type AB thymoma was supported
by postoperative flow-cytometry of tumor-derived
lymphocytes.. If-a cervical mass is encountered even in
a patient without myasthenia gravis, the possibility of an
ectopic thymoma should be considered. Flow cytometry
using biopsy material may contribute to the preoperative
diagnosis of ectopic thymoma.
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Assessment of Predicted Postoperative Pulmonary Function
After Pulmonary Resection for Lung Cancer

Pathologically Associated With Emphysema |

—Effects of Lung Volume Reduction Surgery (LVRS) —

Motoaki Yasukawal; Katsuhiro Nakagawal; Hiroshi Katsural;
Teruo Iwasakil; Naoko Ohsel

ABSTRACT ~—— Qbjective. Lung volume reduction surgery (LVRS) reportedly enables surgeons to perform pulmo-
nary resection in case of lunig cancer associated with emphysema and low pulmonary function, which do not comply
with the conventional criteria for functional pulmonary resection. This study was performed to predict cases in which
LVRS effects are attainable. Method. To assess predicted and measured residual pulmonary function after resection for
lung cancer, the percentgge of predicted residual pulmonary function and the percentage of measured residual pulmo-
nary function (FVC and FEV10) were compared by Student’s paired ¢-test betwéen the group of patients with pathologi-
cally normal lung tissue (61 patients) and the group of patients with concoritant emphysema (43 patients) . Results. In

the patients with normal lung tissue, the percentage of measured residual pulmonary function was not significantly dif-
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ferent from the percentage of predicted residual pulmonary function (FVC and FEV10). On the other hand, in the group

of palients with emphysema, the percentage of measured residual pulmonary function was higher than the percentage

of predicted residual pulmonary function (FEV1io, p=0.0072). In the group of patients with emphysema, the percentage

of measured resicdual pulmonary function was higher than the percentage of predicated residual pulmonary function

(FVC and FEV10) in 23 patients with matching resection site and area of low blood flow in the blood flow scintigram
(FVC: p'=0.0042, FEV1.0: p=0.00014) . Conclusion. Measured postoperative residual FEV1o tends to be higher than pre-

dicted in patients with emphysema and it is assumed that LVRS effects are attained particularly in patients with lower

blood flow at the resection site. (JJLC. 2005:45:705-710)

KEY WORDS —— Lung cancer, Predicted postoperative pulmonary function, Lung perfusion scanning, Pulwnonary

emphysema, Lung volume reduction surgery
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N B & EBICAEAD, WEEIEEL, M, mEE,
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(Table 1).

WitE T AFRAFEE & EWIFRAFEEICE % paired t-test TR
95 &, NBETIE, FVC I TFRGRFEELY 0.8270=
0.0819, 7 % % Wl 7% 7% 2 £°0.8005£0.1169 T p f& i
0.0956, FEVio (&7 7l 5% fE 22 4% 0.8270 £ 0.0819, ¥
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FNEEEZLED o7z (Figure 14).
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BTGB T RIRFR L M RENRFERIIELTD W
2%, B BETIE FEVL 0B W TIlF RN 2 iz 7l
BEELVERICEEEZR L.

706 : Japanese Journal of Lung Cancer—Vol 45, No 6, Oct 20, 2005—www.haigan.gr.jp



Assessment of the Effects of LVRS in Lung Cancer Patients—Yasukawa et al

Table 1. Characteristics of Patients

No respiratory disease (Group N) Emphysema (Group E) P values
Nuraber 43
Age 63.6 = 8.7 674 £ 9.9 0.043
Gender (M/T) 33/28 37/6 < 0.001
Side (Lt/Rt) 25/36 15/28 0.529
Area (upper/lower) 36/25 26/17 0.882
His (ad/sq/others) 46/13/2 28/16/0 0.125
Smoking (pack-years) 30.8 = 365 57.5 + 35.6 < 0.001
Tumor size (mm) 2.7 + 14 32+ 1.7 0.099
Operation 0.927
Lobectomy 34
Segmentectomy 9
Preoperative respiratory function
FVC () 2.89 = 0.69 3.15 = 0.86 0.102
%EVC (%) 100.96 = 14.69 09.67 x 20.84 0.726
FEVio (1) 2.13 + 0.57 2.06 * 0.72 0.546
%FEVLo (%) 89.47 £ 13,42 75.561 = 19.56 < 0.001
FEVion (%) 74.15 = 10.43 64.71 = 12.85 < 0.00L

Lt: left; Rt: right; His: histology; ad: adenocarcinoma; sq: squamous cell carcinoma
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(FVC: p=0.0042, FEVio: p=0.00014) (Figure 2).
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