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Abstract

BACKGROUND: The outcomes after repeat pulmonary resection for colorectal cancer (CRC) and the
factors associated with the prognosis of these patients remain uncharacterized.

METHODS: Data on 156 patients who underwent curative resection of pulmonary metastasis from
CRC were reviewed. Repeat pulmonary resection was performed in 25 patients; the present study
examined the outcomes and factors associated with prognosis after repeat pulmonary resection.

RESULTS: The S-year survival rate after the first pulmonary resection was 56.2%. A multivariate

analysis identified a histological type other than well-differentiated adenocarcinoma, a high prethora-
cotomy serum carcinoembryonic antigen (CEA) level, and the presence of hilar or mediastinal lymph
node metastasis as poor prognostic factors for the first pulmonary resection. The 5-year survival rate
after repeat pulmonary resection was 42.1%. Hilar or mediastinal lymph node metastasis at the time of
the repeat resection was significantly associated with poor survival.

CONCLUSIONS: Repeat pulmonary resection for metastatic CRC provides satisfactory outcomes.
Hilar or mediastinal lymph node involvement is consistently associated with a poor prognosis after the

first and repeat pulmonary resections.
© 2011 Elsevier Inc. All rights reserved.

Colorectal cancer (CRC) remains one of the leading
causes of cancer death in Western countries. More than two
thirds of these patients undergo primary curative resection;
however, more than half of the resected patients eventually
succumb to the disease.! The most common sites of recur-
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rence after resection of primary CRC are liver and lung.
Patients with untreated metastatic CRCs have a median
survival time of less than 10 months and a 5-year survival
frequency of less than 5%.% Recently, antiangiogenic ther-
apy with bevacizumab combined with oxaliplatin-based
chemotherapy was reported to improve the survival time of
patients with CRC.> However, few patients achieved com-
plete remission using these new treatments, and most pa-
tients therefore exhibit disease progression.

Therefore, surgery remains the best treatment for patients
with pulmonary metastases from CRC if potentially curative
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resection is expected and is an established treatment modal-
ity in patients with metastatic CRCs. The reported 5-year
survival rates after pulmonary metastasectomy for CRC are
24% to 71.2%.%7"3

Repeat pulmonary resection is also effective for recurrent
pulmonary metastasis.'® Several authors™!1>-1517 have ad-
vocated this treatment for patients with metastatic CRCs;
however, the outcomes after repeat pulmonary resection for
CRC and the factors associated with the prognosis of these
patients remain uncharacterized. The present study exam-
ined the outcome of surgical resection for recurrent pulmo-
nary metastasis from CRCs and determined the prognostic
factors compared with those of the first pulmonary resec-

tion.

Patients and Methods

Patient selection

From January 1980 to December 2008, a total of 156
patients with previous CRCs underwent curative pulmonary
resection at the Osaka Medical Center for Cancer and Car-
diovascular Diseases. Curative resection was defined as
follows: no additional extrapulmonary sites of metastatic
disease or already resected if present, no locoregional re-
currence, and no residual macroscopic tumor tissue after the
resection. Histopathological evaluations of the resected lung
specimens confirmed CRC metastases in all patients.

Patients were selected for resection of pulmonary metas-
tases after meeting the following criteria: (1) pulmonary
metastases were deemed to be completely resectable by
preoperative radiological examination, (2) absence of ap-
parent hilar or mediastinal lymph node metastases deter-
mined by preoperative radiologic examination, (3) meta-
static disease limited to the lungs or extrapulmonary distant
metastasis(es) that was controlled or controllable if present,
(4) locoregional control of the primary CRC was achieved
or achievable, and (5) good general condition and adequate
respiratory function to tolerate lung resection.

Before 2006, lymph node involvement was generally
assessed by computed tomography (CT) scanning, with
lymph nodes diagnosed as positive if they extended more
than 10 mm across the short-axis diameter. Since 2006,
lymph node involvement is generally assessed by F18-
fluorodeoxyglucose positron emission tomography/CT
(FDG-PET/CT) in our hospital.

Patient characteristics

Clinical information was obtained from the medical re-
cords in our hospital. The median time interval between
resection of primary CRC and first pulmonary resection was
27 months (range, 0—109 months). The mean age at the time
of first pulmonary resection was 62 years (range, 39-83
years of age). Thirty-eight patients had previously under-

gone resection for extrapulmonary metastases or local re-
currences before the pulmonary resection. Of these, 29
patients underwent liver metastasectomy, 6 patients under-
went resection of a local recurrence of the primary tumor, 2
patients underwent inguinal lymph node metastasectomy,
and 1 patient underwent resection of a para-aortic lymph
node metastasis. Three patients underwent simultaneous
resection of metastatic CRCs to the lung and either to an
extrathoracic site or local recurrence: thyroid metastasis in 1
patient, brain metastasis in 1 patient, and local recurrence of
primary tumor in 1 patient. Perioperative chemotherapy at
thoracotomy, including preoperative and/or postoperative
adjuvant therapy, was performed in 76 patients as follows:
5-fluorouracil or its derivatives were administered in 61
patients; tegafur in 23 patients; doxifluridine in 21 patients;
fluorouracil in 4 patients; carmofur in 3 patients; UFT in 9
patients; and S-1 in 1 patient. Cisplatin-, irinotecan-, and
oxaliplatin-based chemotherapy were administered to 6, 4,
and 5 patients, respectively. Table 1 summarizes the patient
characteristics.

Repeat pulmonary resection

If new nodules had evolved after the first pulmonary
resection, a second resection was defined as a repeat pul-
monary resection. Planned staged thoracotomy for bilateral
metastases was counted as a single operation and was there-
fore excluded from this study definition. In the survival
analysis of patients who underwent a planned staged thora-
cotomy, the date when the earlier surgery was performed
was recognized as the starting point. Repeat pulmonary
metastasectomies were also performed if the patient met the
criteria for the first pulmonary resection as described earlier.
Repeat pulmonary resections were performed in 25 patients;
24 of these patients underwent second pulmonary resec-
tions, and 1 patient underwent a third pulmonary resection.

Follow-up schedule

Follow-up generally involved a chest x-ray or a chest and
abdominal CT scan, a physical examination, and blood
chemistry performed every 6 to 12 months after the first
pulmonary resection. Follow-up information was obtained
from the medical records in our hospital, letters from the
patient’s general practitioner, or from the death certificates
of the Osaka Cancer Registry. Patients or their families were
contacted by phone or by letter if necessary.

Statistical analysis

The statistical analyses were performed using the Stat-
View 5.0 software program (SAS Institute, Berkley, CA).
The overall survival after the first and repeat pulmonary
resections was analyzed by the Kaplan-Meier method using
the dates of the first and second pulmonary resections,
respectively, as the starting points. Significance of differ-
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ences between subgroups was calculated using the log-rank
test. The multivariate analysis of prognostic factors was
performed using the Cox multivariate proportional hazard
model. A P value of less than .05 was considered statisti-
cally significant. Data are expressed as the mean * standard
deviation or median values.

Results
Details of first pulmonary resection

There was no operative major morbidity or mortality.
Sublobar resection (wide-wedge resection or segmentec-
tomy) was performed in 99 patients, lobectomy in 56, and
pneumonectomy in 1 patient. One hundred patients had a
solitary metastasis, and 56 patients had multiple metastases.
The details of the first pulmonary resections are shown in
Table 1. The median time interval between the first pulmo-
nary resection and death or the latest follow-up examination
in the present series was 43 months (range, 4-270 months).

Clinical course after the first pulmonary resection

Ninety-three patients developed recurrence after the first
pulmonary resection (Fig. 1). The initial pattern of recurrence
after lung resection was pulmonary metastasis in 39 patients,
including 7 patients with radiologically apparent mediastinal
involvement, surgical margin relapse in 5 patients including 1
patient with radiologically apparent mediastinal involvement,
pleuritis carcinomatosa in 2 patients, pulmonary metastasis and
extrathoracic recurrence in 7 patients, and extrathoracic recur-
rence in 40 patients. Twenty-five patients underwent a second
pulmonary resection; 13 of these subsequently experienced
recurrent disease as pulmonary metastasis in 10 patients and
extrathoracic recurrence in 3 patients. Only 1 patient under-
went a third pulmonary resection. Currently, 69 patients are
alive with no evidence of disease, 14 patients are alive with
disease, 8 patients died of another disease, and 65 patients
succumbed to the disease.

Overall survival of patients after the first
pulmonary resection

The cumulative 3-, 5-, and 10-year survival rates after
the first pulmonary resection were found to be 71.4%,
56.2%, and 44.0%, respectively (Fig. 2).
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Figure 1  Clinical course after the first pulmonary resection.
AWD, alive with disease; DOAD, died of another disease; DOD,
died of disease; NED: no evidence of disease.
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Figure 2 Overall survival of patients after the first pulmonary
resection. The cumulative 3-year, 5-year, and 10-year survival
rates after the first pulmonary resection were 71.4%, 56.2%, and

44.0%, respectively.

Analysis of prognostic factors for the first
pulmonary resection

The following factors were selected for the univariate
analysis of survival: sex, age, pathological stage of the
primary CRC according to the Dukes classification, the
location of the primary tumor, the histology of the pri-
mary tumor (well-differentiated adenocarcinoma/moder-
ately differentiated adenocarcinoma or other/unknown),
the interval between primary resection and first pulmo-
nary resection (<24 or =24 months), the prethoracotomy
serum carcinoembryonic antigen (CEA) level (<5 or =5
ng/mL), a history of surgical treatment for extrathoracic
recurrence, repeat pulmonary resection (yes/no), the
number of resected metastases, the site of metastasis
(unilateral/bilateral), the maximum tumor size (=3 or

>30 mm), the hilar or mediastinal lymph node metastasis -

(yes/no), and the type of resection (sublobar resection/
lobectomy/pneumonectomy). Table 2 shows the results

of the univariate analysis. Significant relationships (P <
.05) were found between survival and the following fac-
tors: histology of the primary tumor, prethoracotomy
serum CEA levels, the maximum tumor size, the type of
resection (sublobar resection, lobectomy, or pneumonec-
tomy), and hilar or mediastinal lymph node metastasis.
The significant factors identified by the univariate anal-
ysis were then subjected to a multivariate analysis (Table
3). A moderately differentiated carcinoma or other his-
tological type, an elevated prethoracotomy serum CEA
level (=5 ng/mL), and hilar or mediastinal lymph node
metastasis were found to be independent and significant
determinants of a poor prognosis.

Details of repeat pulmonary resections

Twenty-one patients who had pulmonary metastasis
and 4 patients who had surgical margin relapse after the
first pulmonary resection underwent repeat pulmonary
resections. There was no operative major morbidity or
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mortality in the present patients. The surgical mode of
second pulmonary resection was a wedge resection in 8
patients, segmentectomy in 8 patients, completion lobec-
tomy in 4 patients, lobectomy in 3 patients, and comple-
tion pneumonectomy in 2 patients. All repeat pulmonary
metastasectomies were curative resections. The median
time interval between the first and repeat pulmonary
resection was 20 months (range, 5-57 months). The mean
patient age at the time of second pulmonary resection was

61 years (range, 47-79 years of age). Table 4 summarizes
the patient characteristics and details of repeat pulmonary
resections. The median time interval between second
pulmonary resection and either death or the latest fol-
low-up in the present series was 20 months (range, 1-238

months).

Overall survival of the patients after second
pulmonary resection

The cumulative 3- and 5-year survival rates after the
second pulmonary resection were 54.1% and 42.1%, respec-
tively (Fig. 3).

Analysis of the prognostic factors for repeat
pulmonary resection

The following factors were selected for a univariate
analysis of survival for repeat pulmonary resection: sex, age
at second pulmonary resection, pathological stage of the
primary CRC according to the Dukes classification, location
of primary tumor, histology of primary tumor, interval be-
tween first and second pulmonary resection (<20 or =20
months), serum CEA level before second pulmonary resec-
tion (<5 or =5 ng/mL), the number and site of resected
metastases at the second pulmonary resection, site of recur-
rence (pulmonary metastasis/surgical margin relapse), max-
imum tumor size at second pulmonary resection (=30 or
>30 mm), type of resection at second pulmonary resection
(sublobar resection, lobectomy, or pneumonectomy), and
hilar or mediastinal lymph node metastasis at the time of the
second pulmonary resection (Table 5). Significant relation-
ships were identified only between hilar or mediastinal
lymph node metastasis at the second pulmonary resection
and survival after the repeat pulmonary resection.

Comments

In our hospital, pulmonary metastasectomies have been
performed for various diseases including CRC, soft-tissue

] 4

.84
-
£ .6
3
=3
2 4 e ©
B
g
8 .27

0..

0 50 100 150 200 2850
Survival aiter the d pul y met {months}
Figure 3  Overall survival rates of patients after the second

pulmonary resection. The cumulative 3- and 5-year survival rates
after the second pulmonary resection were 54.1% and 42.1%,
respectively.
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sarcoma, transitional cell carcinoma, and hepatocellular car-
cinoma according to the general eligibility criteria described
in the Patients and Methods section and with good surgical
outcomes.'®*>* The present study analyzed the outcomes in
patients undergoing pulmonary metastasectomy from
CRCs. The overall 5-year survival rate was 56.2%, which
was consistent with the 24% to 71.2% range previously
reported.*~'

Twenty-five patients who met the criteria described for
this study underwent a second pulmonary metastasectomy
and had a S-year survival rate after the second resection of
42.1%. Table 6 compares the outcomes in studies involving
more than 10 patients undergoing repeat pulmonary resec-
tion of metastatic CRCs.>?"113-1517 The overall 5-year
survival rates after the second pulmonary resection in
these previous reports ranged from 23% to 52.1%. Con-
sidering the results of the current study, good surgical
outcomes were achieved by repeat pulmonary resections
of metastatic CRCs.

Many studies>®*'*** showed no association between
repeat pulmonary resection and poor survival by a multi-
variate analysis for survival after the first pulmonary resec-
tion. In addition, previous studies™'? of repeat pulmonary
resection patients identified no increase in the risk of mor-
bidity or mortality with a repeat pulmonary resection com-
pared with the initial resection. In the present study, there
was no major operative morbidity or mortality for patients
undergoing repeat pulmonary resection even in 2 patients
who had undergone completion pneumonectomies. These
findings indicated that repeat pulmonary resection for met-
astatic CRC patients is a safe procedure that provides sat-
isfactory patient outcomes.

In the present study, the poor prognostic factors for the
first pulmonary resection of metastatic CRC included a
moderately differentiated carcinoma or other histological
type, an elevated prethoracotomy serum CEA level (=5
ng/mL), and hilar or mediastinal lymph node metastasis

according to a multivariate analysis. The prethoracotomy
serum CEA levels were the most consistently reported
prognostic factor for pulmonary metastasectomy from
CRC.#76:212:1924-28 we previously reported that the pre-
thoracotomy CEA level was the most useful prognostic
factor, and an elevated serum CEA level is associated with
extrathoracic metastasis after pulmonary metastasectomy
from CRCs. A number of reports*>2%?° associated the pres-
ence of hilar or mediastinal lymph node metastases with a
poor patient prognosis. Several authors”>* have shown results
consistent with the present study, showing that a histological
diagnosis for the primary CRC of well-differentiated ade-
nocarcinoma is an independent significant prognostic factor
after the first pulmonary resection of CRC.

Although prognostic factors for the first pulmonary re-
section of metastatic CRC have been well studied, the pre-
dictive factors for repeat pulmonary resection have not been
sufficiently investigated. Ogata et al’® reported that patients
with extrathoracic recurrence before a second pulmonary
metastasectomy or with mediastinal lymph node metastasis
had a poorer prognosis. Welter et al'* identified an increas-
ing number of metastases as a poor prognostic factor for
repeat pulmonary resection for metastatic CRC patients by
a multivariate analysis, whereas Park et al’> showed an
association between elevated serum preoperative CEA lev-
els and a poor prognosis by a univariate analysis.

Interestingly, the present study showed that the prognos-
tic factors for the first and repeat pulmonary resection are
different. Hilar or mediastinal lymph node involvement is
consistently associated with a poor prognosis for both the
first and repeat pulmonary resections, whereas the histolog-
ical type of the primary CRC and the prethoracotomy serum
CEA level does not significantly affect patient survival after
second pulmonary resection. The differences in the prog-
nostic factors for the first and repeat pulmonary resections
depend on the differences between the characteristics of
these 2 cohorts. The characteristics between these 2 cohorts
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reflect different patterns of recurrence after pulmonary re-
section. The proportion of pulmonary metastasis of patients
who experienced recurrence after repeat resection was
higher than after the first resection in the present study.
Pulmonary metastasis after the second pulmonary resection
was found in 10 patients (77%) out of 13 patients who
experienced recurrence and in 39 of 93 patients (42%) who
experienced recurrence after the first pulmonary resection in
the present study. This higher proportion of pulmonary
metastasis of patients who experienced recurrence after re-
peat resection is also observed in Ogata’s series'® in which
the proportions was 64% (7/11) and 33% (25/75). It was
speculated that patients who underwent repeat pulmonary
resection are highly selected patients whose disease tended
to metastasize to the lung without extrathoracic lesions after
the first pulmonary resection.

Based on the data of the present study, it is speculated
that repeat pulmonary resection for metastatic CRC patients
with lymph node involvement should be avoided. There-
fore, the preoperative assessment of lymph node involve-
ment is important for repeat pulmonary resection. In our
hospital, patients with apparent mediastinal lymph node
metastases as determined by preoperative radiologic exam-
inations were excluded as candidates for pulmonary metas-
tasectomy. Before 2006, lymph node involvement was gen-
erally assessed by a CT scan. In 2006, FDG-PET/CT was
introduced in our hospital for hilar and mediastinal lymph
node staging in patients with metastatic lung tumors. One
hundred thirty patients of 156 patients underwent a first
pulmonary resection during this period in the present study.
Fourteen of 130 patients (11%) in the CT era had lymph
node involvement, whereas only 1 of 26 patients (4%) in the
FDG-PET/CT era had lymph node involvement. Although

the superior diagnostic performance of FDG-PET/CT com-
pared with CT could not be shown because of the retro-
spective nature of the present study, we recommend the use
of FDG-PET/CT for the preoperative assessment of patients
with metastatic CRC.

The present study had several limitations. The analyses
were performed on a large number of patients treated over
several decades with changing chemotherapeutic regimens,
and it is possible that reported outcomes were partly influ-
enced by the medical treatments. Patients with recurrence
after pulmonary resection who received more recently
developed treatments, such as antiangiogenic therapy
with bevacizumab combined with oxaliplatin-based che-
motherapy,® may survive for a longer period than those
who received an older regimen of chemotherapy regard-
less of the other factors that were analyzed. However, the
significance and influence of chemotherapy on patient out-
comes remains difficult to establish in the present study
because of its retrospective nature.

Conclusions

Repeat pulmonary resection for metastatic CRC is a safe
procedure that provides satisfactory outcomes. The prog-
nostic factors for the first and repeat pulmonary resection
are different. Prethoracotomy serum CEA levels and the
histological type of primary CRC affect survival after the
first pulmonary resection but do not affect survival after
repeat pulmonary resection. Hilar or mediastinal lymph
node involvement is consistently associated with a poor
prognosis after the first and repeat pulmonary resections.
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The preoperative assessment of lymph node involvement is
important for both the first and repeat pulmonary resection.
Aggressive repeat resection is justified for carefully selected
patients.
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ARTICLE INFO ABSTRACT

Article history: Background: Integrated F18-fluorodeoxyglucose positron emission tomography/computed tomography

Received 27 March 2010 (FDG-PET/CT) is widely used for mediastinal lymph node (MLN) staging in patients with non-small cell

Received in revised form 7 june 2010 lung cancer (NSCLC). However, FDG-PET/CT has certain limitations. Prediction of occult MLN metas-

Accepted 10 June 2010 tasis could allow selection of candidates for preoperative cervical mediastinoscopy or endobronchial
ultrasound-guided transbronchial needle aspiration. This study defined risk factors for occult MLN metas-

Keywords: tasis in patients with NSCLC patients who were diagnosed as clinical NO-1 by preoperative integrated

Computed tomography FDG-PET/CT and CT.

E;: ggncoas?: e, Methods: Consecutive patients with NSCLC who underwent staging using integrated FDG-PET/CT as an
adjunct to CT prior to lung resection from October 2006 to September 2009 were evaluated retrospec-

Positron emission tomography ) abs *
tively. The prevalence of MLN metastasis in patients diagnosed as clinical NO-1 was analyzed according to

clinicopathological factors such as tumor location, tumor size, histology, and FDG uptake by the primary
turmnor. Risk factors for occult MLN metastasis were defined by multivariate analysis. Patterns of occult
MLN metastasis were also analyzed and the involved MLNs were further examined histopathologically.

Results: The incidence of MLN metastasis was 11% (24 patients of 224). Multivariate analysis identified
adenocarcinoma (P=0.04), tumors located in upper or middle lobe (P=0.02), tumor size >3 cm (P=0.01),
and SUVqax of primary tumor >4.0 g/ml (P =0.04) as significant risk factors for MLN metastasis. The pattern
of occult MLN metastasis was typical for NSCLC cases. The size of metastatic foci were small, with 68% of
foci smaller than 4.0 mm.

Conclusions: The present study demonstrated that adenocarcinoma, tumors located in the upper or middle
lobe, tumor size >3 cm, and SUVpmax of primary tumor >4.0 g/ml are risk factors for occult MLN metastasis
in patients with NSCLC who were diagnosed as clinical NO-1 by preoperative integrated FDG-PET/CT and
CT. Patients with tumors located in the right upper or middle lobe are considered candidates for cervical
mediastinoscopy because the involved metastatic mediastinal lymph nodes are easily accessible by these

modalities.
© 2010 Elsevier Ireland Ltd. All rights reserved.

lung cancer (NSCLC) patients is important for both assessing prog-
nosis and selecting the optimal therapy. Mediastinal lymph node

Lung cancer is the leading cause of cancer-related deaths in (MLN) staging is particularly critical because survival is improved
the Western world [1]. Despite advances in surgical management, in patients with stage IlIA disease who undergo chemoradiotherapy
chemoradiotherapy, and early diagnosis, the prognosis for patients followed by surgery, compared to those undergoing with surgery

with lung cancer remains poor. Accurate staging for non-small cell alone [2-4].
Chest computed tomography (CT) and cervical mediastinoscopy

have been the gold-standard modalities for MLN staging in NSCLC
patients. F18-fluorodeoxyglucose positron emission tomography
(FDG-PET) has become increasingly utilized for MLN staging in

1. Introduction

* Corresponding author. Tel.: +81 06 6972 1181, fax: +81 06 6981 8055.
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NSCLC patients. To overcome the inherent disadvantages of FDG-
PET such as poor quality of the anatomical information, new
imaging systems using integrated FDG-PET/CT were developed
recently [5]. This integrated approach provides higher sensitivity
compared with CT alone in MLN staging for NSCLC.

A practical approach adopted in many centers is scheduling
patients with negative mediastinal uptake by integrated FDG-
PET/CT for resection [6]. However, the incidence of occult MLN
metastasis in NSCLC patients showing negative uptake by FDG-
PET/CT is 7-16% [6-8]. Several studies therefore investigated
factors associated with occult MLN metastasis in NSCLC patients
[6-8], since a successful prediction could select candidates for
either preoperative cervical mediastinoscopy or endobronchial
ultrasound-guided transbronchial needle aspiration. However,
these studies were limited in that no histological examination of
the involved MLNs was undertaken nor was a source of the negative
result by integrated FDG-PET/CT discussed sufficiently.

The aim of the present study was to define risk factors for occult
MLN metastasis in patients with NSCLC diagnosed as clinical NO-1
by preoperative integrated FDG-PET/CT and CT. Histopathological
examination of the involved MLNs was conducted to examine why
these lymph nodes were diagnosed as negative. The patterns of
occult MLN metastasis were also analyzed.

2. Patients and methods

2.1. Patient eligibility and staging

The study retrospectively evaluated patients with NSCLC in our
hospital who underwent staging by integrated FDG-PET/CT as an
adjunct to CT from October 2006 to September 2009. No patient
underwent preoperative mediastinoscopy in this period. The fol-
lowing patients were excluded from the present study: those who
underwent limited resection (wide-wedge resection or segmen-
tectomy; n=144), patients with diabetes mellitus (n=39), patients
who received neo-adjuvant chemotherapy (n=11), and patients
with positive mediastinal uptake on integrated PET-CT or enlarged
MLNs on CT (i.e,, clinical N2/N3; n=39). The remaining 224 patients
were staged as clinical NO or N1 by integrated FDG-PET/CT and
CT, and underwent resection with systematic lymph node dissec-
tion. The preoperative CT, integrated FDG-PET/CT, and pathological
findings were reviewed. Preoperative clinical staging and postop-
erative pathological staging was based on the 1997 update of the
TNM staging system [9]. The study group comprised 122 men and
102 women age from 30 to 83 years (mean age of 65.5 years).
Table 1 details the patient characteristics and preoperative tumor
evaluations.

2.2. CTimaging

All studies (CT and integrated FDG-PET/CT) were interpreted
independently. CT examination was performed using a helical scan-
ner (LightSpeed VCT, General Electric, Waukesha, WI; Aquilion 16,
Toshiba, Tokyo, Japan), and all patients had contrast-enhanced CT.
Lymph nodes were interpreted as positive if >1 cm across the short-
axis diameter. All positive nodes were localized according to the
lymph node stations, based on the classification by Naruke et al.
f10].

Atumor was deemed central if its center was located in the inner
1/3 of the lung parenchyma (adjacent to the mediastinum)on trans-
verse CT imaging. Non-centrally located tumors were identified as
those centered in the outer 2/3 of the lung parenchyma on trans-
verse CT imaging. All CT images were performed within 4 weeks of

surgery.
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Table 1
Characteristics of patients and tumors (n=224).

* Concurrent lung disease includes interstitial lung disease, chronic obstructive
pulmonary disorder, bronchial asthma, and tuberculosis.

2.3. Integrated FDG-PET/CT imaging

Patients were asked to fast, except for glucose-free oral hydra-
tion, for at least 5h before the injection of 18F-FDG (3.5 MBq/kg
body weight). After injection of the tracer, patients were kept
lying comfortably on a bed. No urinary bladder catheterization
was performed and no oral muscle relaxants were administered.
Whole-body PET/CT fusion scanning was performed 1h after the
injection, using a PET/CT system (Discovery LS, General Electric,
Waukesha, WI; Biograph Duo LSD, Siemens-Asahi Medical Tech-
nologies, Tokyo, Japan). PET, CT, and integrated PET/CT images
were available for review, displayed in axial, coronal, and sagittal
planes. The FDG uptake of tumor was visually compared with that
of the surrounding tissue in areas devoid of prominent artifacts and
overlapping increased FDG uptake organs. A team of experienced
radiologists reviewed the integrated FDG-PET/CT images indepen-
dently from the CT data. Nodal uptake with a standardized uptake
value (SUVnax) >2.5 were interpreted as positive. All integrated
FDG-PET/CT imaging was performed within 4 weeks of surgery.

2.4. Surgical resection

All of the surgical resections and mediastinal nodal dissections
were conducted by thoracic surgeons at Osaka Medical Center for
Cancer and Cardiovascular Diseases. Systematic lymph node dis-
section was carried out.
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Table 2
Postoperative pathological evaluation of the tumors.

@ Other histopathological types of NSCLC included adeno-squamous carcinoma,

large cell carcinoma.
b Stage of disease was defined according to the 1997 update of TNM criteria

established by UICC.

2.5. Pathological examination and the size of metastases

All resected tumor specimens were examined by experienced
pulmonary pathologists. Histological classification of NSCLC was
based on the WHO classification [11]. The dissected lymph nodes
were examined histologically following hematoxylin and eosin
staining, and the long-axis diameters of the metastatic foci in all
involved lymph nodes were measured. The lymph node with the
largest metastatic foci was selected as a representative foci of each
station containing metastases.

2.6. Statistical analysis

Statistical analysis was performed with Dr.SPSS II software
(SPSS Japan, Tokyo, Japan). Univariate data analysis was conducted
using Fischer's exact test or Pearson’s chi-square test. Multivariate
analysis was conducted using the logistic regression (backwards
stepwise) method. P-values were considered statistically signifi-
cant if <0.05.

3. Results
3.1. Theincidence and pattern of MLN metastasis

The incidence of MLN metastasis in this study was 11%(24 of 224
patients). Table 2 details the postoperative pathological evaluation
of the tumors. Of 24 patients with mediastinal node metastasis,
multistation MLN metastasis was found in 12 patients (50%), while
the other 12 patients showed on a single station (50%). Skip metas-
tasis was found in 10 patients (42%). Forty-four MLN stations in
total were involved. Table 3 indicated the patterns of MLN involve-
ment. In patients whose tumors were located in the right upper
lobe (n=12), 9 had metastasis in the superior lymph nodes (#1,
#2, #3, #4) and 3 patients had metastases in both the superior and
inferior (#7) lymph nodes. One patient whose tumor was located
in the right middle lobe had metastasis in #3 and #7 lymph nodes,
while a patient with a tumor in the right lower lobe had metastasis
in #7 lymph node. In patients whose tumors were located in left
upper lobes (n=9), 7 patients had metastasis in the aortic lymph
nodes (#5, #6), 1 patient had metastasis in #4 lymph nodes, and 1
patient had metastasis in #4 and #5 lymph nodes. Finally, a patient
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Table 3
Pattern of mediastinal lymph node involvement.

LLL, left lower lobe; LUL, left upper lobe; RLL, right lower lobe; RML, right middle
lobe; RUL, right upper lobe.

whose tumor was located in the left lower lobe had metastasis in
#7 lymph node.

3.2. Analysis of risk factors associated with MLN metastasis

Table 4 summarizes the results of univariate analysis for fac-
tors associated with MLN metastasis. Factors that are significantly
associated with MLN metastasis are: never smoked (P=0.03),
tumor located in the upper or middle lobe (P=0.01), tumor >3 cm
(P=0.005), SUVmax of primary tumor >4.0g/ml (P=0.0498), and
adenocarcinoma (P=0.04). The multivariate risk-factor analysis
(Table 5) identified adenocarcinoma (P=0.04), tumors located in
the upper or middle lobe (P=0.02), tumor >3 cm (P=0.01), and
SUVnmay of primary tumor >4.0 g/m! (P=0.04) as risk factors for MLN
metastasis.

3.3. A Pathological examination and the size of metastases

The size of metastatic foci across 44 stations ranged from 0.5
to 9 mm with a mean value of 3.7 & 2.0 mm (£SD). Thirty of the 44
involved stations (68%) had metastatic foci smaller than 4.0 mm.
Table 6 details the size distribution of the metastatic foci.

4. Discussion

The present study defined risk factors for occult metastasis in
patients with NSCLC diagnosed as clinical NO-1 by preoperative
integrated FDG-PET/CT and CT. The patterns of occult MLN metas-
tasis were also analyzed, and the involved MLNs were examined
histologically. The incidence of MLN metastasis in our series of
patients was 11%. This finding was concordant with comparable
previous studies; Al-Sarraf et al. [6] reported the incidence of occult
N2 disease in similar patients as 16%, while Cerfolio et al. [12]
reported a 14% incidence, although when they limited the anal-
ysis to clinical stage I patients, the incidence decreased to 7% [7].
Risk factors for occult N2 disease reported in these previous studies
were as follows: adenocarcinoma [ 7], tumors located in right upper
lobe [6}, larger tumor size [7], a high SUVmax of the primary tumor
[7,12], centrally located tumors [6,7], positive N1 nodes on PET [6],
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Table 4
Univariate analysis for factors associated with mediastinal lymph node metastasis.

3 Upper or middle lobe includes right upper lobe, right middle lobe, and left upper
lobe. Lower lobe includes right lower lobe, left lower lobe.

Table 5
Multivariate analysis for risk factors for mediastinal lyrmnph node metastasis.

and poorly differentiated histology [12]. A limitation of these stud-
ies was the lack of histological examination of the involved MLNs
and insufficient consideration of why the involved lymph nodes
showed as negative by integrated FDG-PET/CT.

Adenocarcinoma was also identified as a risk factor for occult
MLN metastasis in the present patient cohort. Interestingly, Lee et
al. [7] reported similar data in that all of their 16 patients with
pathological N2 disease showed adenocarcinoma as the primary
tumor cell type. On the contrary, in the Al-Sarraf and co-workers’
series [6], the primary tumor cell type did not affect the incidence of
occult MLN metastasis. A major difference between their series and

Table 6
Distribution of size of metastatic foci.
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ours is the inclusion of patients with enlarged lymph nodes (>1 cm)
on CT in our analysis. In the comparative study [6], 8 of 25 patients
with pathological N2 disease in their series had enlarged lymph
nodes (>1cm) on CT, and 12 of the 25 had non-adenocarcinoma
tumors. It is reported that lymph node metastases from adenocar-
cinoma were of normal size (1 ¢cm < across the short-axis diameter)
more frequently than those from squamous cell carcinoma [13,14].
Therefore, we speculate that patients with MLN metastasis from
squamous cell carcinoma tended to be excluded in our series and
included in the series of patients reported on by Al-Sarraf and co-
workers [6].

Tumor location in the upper or middle lobe also proved to be
a risk factor for occult MLN metastasis in the present study. A
predisposition of lobar distribution was also observed in the pre-
vious study by Al-Sarraf and co-workers, with the right upper
lobe dominating in their series. The other risk factors for occult
MLN metastasis were identified as tumor size >3 cm, SUVqpax of
primary tumor >4.0g/ml. It is well known that the incidence of
MLN metastasis increased as the tumor size increased [15]. The
relationship between SUVnax of the primary tumor and incidence
of lymph node metastasis has also been investigated previously.
Downey and colleagues [16] reported higher SUVax of the primary
tumors in patients with pathological nodal involvement than in
patients without nodal involvement, while Cerfolio and colleagues
[8] showed that SUVnmax of lung tumors increased as the cancer
progressed from NO to N3.

In contrast to the report of Al-Sarraf et al. [6], positive N1 nodes
on PET was not a risk factor for MLN metastasis in the present
study. This difference might be attributable to the relatively high
incidence of skip metastasis in the present series (42%).

To overcome a limitation of similar previous studies, we
conducted histological examination of the involved MLNs. This
additional analysis demonstrated that metastatic foci of occult MLN
metastases were small; of 44 stations, the size of foci ranged from
0.5 to 9 mm with a mean value of 3.7 +2.0 mm, and 30 of the 44
involved stations (68%) contained foci of <4.0 mm diameter. This
finding is supported by previous studies wherein the metastatic
foci of false-negative lymph nodes by PET were small. Takamochi
etal.[17] reported such foci to be 1-7.5 mm (mean, 3.4 mm; n=12),
while Nomori et al. [18] found that false-negative (n=8) and true-
positive (n=28) lymph nodes on PET contained foci ranging from
0.5 to 9mm (mean, 3 mm) and 4-18 mm (mean, 10 mm), respec-
tively. No metastatic foci smaller than 4 mm were detected with
PET.

The pattern of occult MLN metastasis shown in the present study
was identical to the typical distribution in NSCLC patients reported
by Naruke et al. [19] These authors reviewed 1815 patients who
underwent systematic lymph node dissection, and examined which
nodes had the highest likelihood of metastasis. Distribution of MLN
metastasis from each lobe in their series was as follows: right upper
lobe tumor, #3 (12.3%) and/or #4 (8%); right middle lobe tumor, #3
and/or #7 (16.4%); right lower lobe tumor, #7 (13.7%); left upper
lobe tumor, #5 (12.3%) and/or #6 (6.7%); and left lower lobe tumor,
#7 (11.9%). Based on our data, patients with tumors in the right
upper or middle lobe are potential candidates for cervical medi-
astinoscopy because their possible metastatic mediastinal lymph
nodes (#3, #4, #1, #2, #7) are easily accessible by cervical medi-
astinoscopy or endobronchial ultrasound-guided transbronchial
needle aspiration. Skip metastasis was found in 10 patients (42%) in
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the present series, which is a relatively high incidence compared to
other reports for NSCLC patients (25-29%)[15].In these 10 patients,
it is speculated that metastatic MLNs were negative for integrated
FDG-PET/CT and CT because they are the first nodal target of lymph
from a primary tumor site and metastatic foci were still small.
Because of the small size of the metastatic foci, occult MLNs are
considered difficult to be detected by endobronchial ultrasound-
guided transbronchial needle aspiration. Therefore, we recommend
cervical mediastinoscopy for the patients with tumors in the right
upper or middle lobe who have risk factors for occult MLN metas-

tasis.
5. Conclusions

The present study demonstrated that adenocarcinoma, tumors
located in the upper or middle lobe, tumor size >3 cm, and SUV % of
primary tumor >4.0 g/ml are risk factors for occult MLN metastasis
in patients with NSCLC diagnosed as clinical NO-1 by preopera-
tive integrated FDG-PET/CT and CT. The metastatic foci of involved
stations were small, with 68% of foci measuring <4.0mm. The
pattern of occult MLN metastasis discerned in the present study
was typical for reported distribution of metastatic foci in NSCLC
patients. Patients with tumors in the right upper or middle lobe are
considered candidates for cervical mediastinoscopy because their
metastatic mediastinal lymph nodes (#3, #4, #1, #2, #7) are easily
accessible by these modalities.
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1. Imtroduction

Lung cancer is the leading cause of cancer death in the United

ABSTRACT

Introduction: Squamous cell carcinomas (SqCCs) of the lung can be divided into two types according to the
location of primary site; one is central type and another is peripheral type. Many reports on the central
type revealed the clinicopathological characteristics relating carcinogenesis, therapeutics and prognosis.
On the other hand, those on the peripheral type are very a few and prognostic indicators of peripheral
type have not been enough elucidated. The aim of this study was to clarify clinicopathological prognostic
factors of small peripheral SqCCs of the lung 30 mm or less.

Materials and methods: We evaluated various 15 clinicopathological parameters in 81 patients with
peripheral type SqCCs, which are defined as tumors located in or more peripheral from the third branching
bronchus, measuring 30 mm or less in diameter.

Results: Univariate analyses were performed using the log lank test and multivariate analyses using
logistic regression model. As a result, two factors had a statistically significant influence on outcome of the
patients in the univariate analysis; no relapse was observed in the patients with the ratio of alveolar space
filling (ASF) area to tumor area of 70% or more and the maximum diameter of invasive area measuring
10mm or less in size (P=0.0214, P=0.0373, respectively). Meanwhile, multivariate analysis showed that
the ASF ratio of 70% or more significantly affected the outcome of the patients (P=0.0337), however the
maximum diameter of invasive area did not (P=0.2136). We could not show the unfavorable prognostic
factor contributory to tumor relapse.

Conclusions: We have shown that the ASF ratio is a significantly favorable prognostic factor for small
peripheral type. Especially the focally invasive tumors with ASF ratio of 70% or more might be classified
as “a microinvasive carcinoma” of the peripheral SqCCs of the lung and tumors with ASF ratio 100% as

noninvasive carcinoma.
© 2010 Elsevier Ireland Ltd. All rights reserved.

and prognosis, but those of the peripheral type have been very a
few because the biological behavior has not been well evaluated
[4-6].

States and other countries, including Japan. Squamous cell carci-
noma (SqCC) occupies approximately 30% in all lung cancers [1].
About 70% of SqCC has been reported to arise from central portion
of the lung, whereas the remaining 30% does from periphery [2].
According to a statistical report by Kodama in Japan, the periph-
eral type of SqCC goes on increasing around 50% of all SqCCs of
the lung [3]. Many reports of the central type SqCC have revealed
the pathological and clinical characteristics relating therapeutics

* Corresponding author. Tel.: +81 45 391 5761; fax: +81 45 361 4692.
E-mail address: yokose-t@kech.jp (T. Yokose).

0169-5002/3$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2010.12,001

Central type SqCC of the lung is generally believed to arise
from bronchial dysplastic epithelium through the multiple steps
of dysplasia—-carcinoma sequence, which is the same well-known
carcinogenic pathway as observed in uterine cervical neoplasia {7].
During this pathway, carcinoma in situ (CIS) is the earliest stage of
the progression of central type SqCC and showed favorable prog-
nosis. If the CIS lesion is localized, a non-surgical procedure like
photodynamic therapy may be selected instead of operation. On the
other hand, the carcinogenic pathway observed as dysplasia-CIS
sequence in the central type has not been fully established in the
peripheral SqCC of the lung, so that the standard treatment of
peripheral SqCC in the early stage is confined to lobectomy at the
present time.
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Fig. 1. Peripheral squamous cell carcinoma (SqCC) consisting of two types of area; alveolar space filling (ASF) area and non-ASF area. (A) Histology of alveolar space filling
(ASF) area. Hematoxylin and eosin (H&E). (B) Elastic fiber framework of ASF area. Elastica von Gieson (EVG). (C) Histology of non-ASF area. H&E. (D) Destruction of elastic

fiber framework was observed. EVG.

Recently, several studies of peripheral SqCC have been pre-
sented. Funai et al. studied 109 cases of peripheral SqCC and
indicated that those can be divided into three subtypes based on
two distinctive structural patterns based on the tumor growth pat-
tern and the condition of the elastic fiber framework (EFF): the
alveolar space filling (ASF) type, the expanding type and the mixed
type consisting of the mixture of the former two types [5]. Pure ASF
type tumors, which showed no destruction of elastic fiber frame-
work, had a favorable prognosis, showed 100% 5-year survival and
thought to be classified as CIS of peripheral SqCCs. Meanwhile,
Maeshima et al. studied 101 cases of peripheral SqCCs and pro-
posed three types based on the minimal tumor nest (MTN) pattern:
large nest consisting of more than 6 tumor cells, small nest consist-
ing of 2-5 tumor cells, or single cell [6]. They considered tumors
with single cell invasive component appeared to be highly malig-
nant, whereas those composed only of large tumor nest or small
tumor nest components seemed to have a relatively low potential
for malignancy and recurrence, despite these two types also being
invasive.

We consider that the clarification of clinicopathological prog-
nostic factors in the peripheral SqCCs leads to the prediction of
recurrence or survival and contribution to increase of therapeutic
selections. The aim of this study was to identify favorable and unfa-
vorable clinicopathological factors for small peripheral SqCCs of the
lung.

2. Materials and methods

2.1. Patients

Between January 1993 and September 2008, surgical resection
was performed in 364 cases of lung SqCCs at Kanagawa Cancer Cen-
ter Hospital. The subjects of the study were consecutive 81 patients

with small peripheral SqCC of the lung measuring 30 mm or less in
diameter. “Peripheral type” in this study was defined as tumors
located in or more peripheral to the third branching bronchus.
The patients included 72 men and 9 women with a median age
of 70.5 years (range, 47-84 years). We obtained the various clin-
ical parameters from a medial record of each patient, including
age, gender, smoking habit, exposure to asbestos, and limited or
standard resection. The cases were classified according to the 7th
edition of the Union International Against Cancer Staging System

[8].
2.2. Pathologic review

All tumor slides stained with hematoxylin and eosin (H&E) and
by the Elastica von Gieson method (EvG) for elastic fibers were
reviewed by two of the authors (YW and TY) to confirm the his-
tological differentiation, tumor stage, vessel invasion, lymphatic
permeation, pleural involvement, presence or absence of usual
interstitial pneumonia (UIP), the degree of lymphocytic inflamma-
tory cell infiltration into the tumor nests, the size of necrotic area,
the maximum diameter of invasive growth area which was charac-
terized by the destruction of EFF and stromal cell reaction (Fig. 1),
the proportion of ASF area to the entire tumor area (ASF ratio), and
the minimal tumor nest (MTN) pattern. The degree of inflammation
was defined as follows; mild lymphocytic tumor nest infiltration,
the number of less than 10% of tumor cells per nest; moderate,
10 to less than 50%; severe, 50% or more. Definition of UIP met
histological features of UIP pattern in the American Thoracic Soci-
ety/European Respiratory Society international multidisciplinary
consensus classification of idiopathic interstitial pneumonias [9].
ASF area showed tumor cells fill the alveoli and grow from one
alveolus to another with no destruction of the elastic framework
as if tumor cells penetrate the pores of Cohn and no desmoplastic
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change in stroma which usually occurs in invasive lesion (Fig. 1) [5].
When a tumor had areas of tumor nests surrounded by thin fibrous
septa without elastic fibers, the areas were excluded from ASF area.
We determined the ASF ratio by visual examination using H&E and
EvG staining specimens and 70% as a threshold (data not shown).
A tumor nest was defined as either a nested group of tumor cells
or a single tumor cell invading individually, similarly the MTN was
defined as the smallest group of tumor cells observed in the pri-
mary tumor. The size of the MTN in each patient was classified as
follows according to the report of Maeshima et al.: large nest (con-
sisting of more than 6 tumor cells), small nest (consisting of 2-5
tumor cells) or single cell [6]. When discordant assessments arose,
consensus was achieved after joint review of the specimen over a
multiheaded microscope.

2.3. Statistical analysis

Log-rank test was used to select significant factors examined
for discriminating the patients with a relapse from those without
a relapse. To identify which factors had a significant influence on
the patients’ outcome, logistic regression models were used. The
correlations between clinicopatholegical variables were evaluated
by the chi-square test or Fisher’s exact test, as appropriate. P-values
<0.05 were considered significant.

3. Results

We reviewed 81 patients with SqCC of the peripheral lung
measuring 30 mm or iess in diameter. Clinicopathological charac-
teristics are shown in Table 1. Peripheral SqCC patients showed
male preponderance (89%) and high smoking habit (99%). In the
present population, 70% took lobectomy, 80% diagnosed as Tla
or T1b, 75% showed the tumor size over 20 mm, vessel invasion
was more frequent than lymphatic permeation and lymph node
metastasis was only 9%. UIP was observed in 9% of the patients.
The recurrence rate for all patients was 19.7%. In the univariate
analysis, only two factors had a statistically significant influence
on the patients’ outcome (Table 2). Neither the patients with ASF
ratio 70% or more nor the maximum diameter of invasive area
of 10mm or less in size relapsed (ASF area, P=0.0214; maxi-
mum diameter of invasive area, P=0.0373). None of other factors;
MTN size, lymph node metastasis, vessel invasion and lymphatic
permeation showed significant difference in disease free survival
(DFS) rate. Multivariate analysis showed that the ASF ratio 70%
or more (P=0.0337), not the maximum diameter of invasive area
(P=0.2136), significantly affected the outcome of the patients
(Table 3). Fig. 2 shows disease-free survival curves for patients with
ASF ratio 70% or more and ASF ratio less than 70%. Table 4 shows
the clinicopathological characteristics of the tumors with ASF ratio
70% or more in comparison to those with ASF ratio less than 70%.
The tumors with ASF ratio 70% or more showed female preference,
less maximum diameter of tumor invasion size or vascular inva-
sion, less single cell pattern, and less inflammation. Moreover, no
patients with those turmnors showed recurrence or death.

4. Discussion

in the present study, we evaluated several clinicopathological
factors to reveal prognostic indications for peripheral lung SqCCs
and found ASF ratio to be significant. The multivariate analysis
showed that the patients having focally invasive tumors with ASF
ratio 70% or more had no recurrence as same as those pure ASF type
5SqCCs (ASF ratio 100%).

The definition of ASF depends on the observation of alveolar EFF
whose complete preservation is considered to represent noninva-

Table 1
Patients characteristics (n=81).
Number of patients (%)
Total 81
Gender
Male 72 (89%)
Female 9(11%)
Age (years, range) 70.5 (47-84)

Smoking habit
Non-smoker 1(1%)

Past-smoker 36 (45%)
Current-smoker 44 (54%)
Surgery
Lobectomy +LN 57 (70%)
Partial resection 24 (30%)
T factor
Tla 22 (27%)
T1b 43 (53%)
T2 16 (20%)
Tumor size
<20 mm 20 (25%)
20-30 mm 61(75%)
Lymph node metastasis
Negative 74 (91%)
Positive 7(9%)
Vessel invasion
Negative 55 (68%)
Positive 26 (32%)
Lymphatic permeation
Negative 71(87%)
Positive 10(13%)
Pleural involvement
PO 65 (80%)
P1-3 16 (20%)
Exposure to asbestos
Negative 72 (88%)
Positive 9 (12%)
Tumor location
Patients without UIP
Upper lobe 39 (48%)
Middle and lower lobe 33 (41%)
Patients with UIP
Upper lobe 2(2%)
Middle and lower lobe 7(9%)

5qCC, squamous cell carcinoma; UIP, usual interstitial pneumonia.

sive area. It has been well-known in lung adenocarcinoma that the
preservation of alveolar structure [10-13] and alveolar EFF has sig-
nificant association with prognosis [ 14-16]. Funai et al. considered
pure ASF type tumors on peripheral SqCCs of the lung to be non-
invasive cancers which were thought to be equivalent to tumors
without EFF destruction on adenocarcinomas of the lung [5]. How-
ever, only 5% (5 cases of 109) of the patients had pure ASF type. That
was only 1 case 1.2% in our study. The prognostic factors that are
applicable to the majority of peripheral SqCCs have been desired.
Since Funai et al. did not refer the proportion of ASF, we attempted
to evaluate the ratio to clarify the significance as a prognostic fac-
tor. In the present study, nineteen patients (23.5%) had a tumor
with ASF ratio70% or more which was equivalent to a pure ASF
type tumor of the Funai’s study; we were able to select more cases
with favorable prognosis in manner of detailed analysis of ASF ratio
than Funai’s study. In addition, the invasive tumors with ASF ratio
70% or more may appear to have low grade malignancy and no
recurrence, therefore it could be said that they are micro-invasive
carcinormas.

In 2009, Samuel and Yousem studied 62 peripheral SqCCs of
lung focusing on the patterns of marginal or peripheral growth and
rate of an alveolar filling (AF) component [17]. Comparing those
tumors with 20% or more of their diameters composed of an AF
pattern to those tumors of equivalent diameter without AF pattern,
no differences in average survival were observed. In our advance
investigation, we obtained the same result (data was not shown).
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Table 2
Examination of prognostic factors on recurrence in peripheral squamous cell carci-
noma of lung by univariate analysis.

Table 4
Correlation between clinicopathological features and peripheral squamous cell car-
cinoma of lung with ASF ratio 70% or more and less than 70%.

Clinicopathological factors Number of no Number of Univariate
recurrence recurrence analysis
(Pvalue)

Total 65 16

Gender
Male 57 15 0.676
Female 8 1

Brinkman index
0-999 34 8 0.870
1000- 31 8

Smoking habit
Current smoker 8 36 0.765
Past smoker 8 28
No smoker 0 1

T factor
Tla 17 4 0.792
T1b 36 3
T2 12 4

Lymph node metastasis
Negative 74 16 0.229
Positive 7 0

Vessel invasion
Negative 44 11 0.701
Positive 21 5

Lymphatic permeation
Negative 55 16 0.146
Positive 10 0

Necrotising area
<50% 47 12 0.869
>50% 18 4

Pleural involvement
PO 53 12 0.541
P1-3 12 4

Size of minimal tumor nest
Large nest 4 0 0.284
Small nest 15 2
Single cell 46 14

Differentiation
Well 5 3 0314
Moderate 27 7
Poor 33 6

Alveolar space filling
>70% 19 0 0.0214
<70% 46 16

Inflammatory cell infiltration
Mild 60 11 0.304
Moderate or severe 21 5

Background lung
With UIP 7 2 0.739
Without UIP 58 14

Diameter of invasion area
<10 mm 16 0 0.0373
>10mm 45 16

The maximum diameter of invasive area (MDIA) of 10 mm or less
in size had a statistically significant influence on the patients’ out-
come in univariate analysis but not in multivariate analysis. MDIA
in peripheral SqCC had not been well evaluated, although the MDIA
of 5mm or less in adenocarcinoma was proved to be a good prog-

Table 3
Examination of prognostic factors on recurrence in peripheral squamous cell carci-

noma of lung by multivariate analysis.

Parameters Pvalue
ASF ratio 70% or more 0.038
Invasive diameter 10mm or less 0.094
T factor 0.454
Age 0.428
Histological differentiation 0.493
Size of minimal tumor nest 0.826
Sex 0.936

Factors ASF>70%(n=19) 70%>ASF (n=62) Pvalue

Sex 0.046"
Male 14 58
Female 5 4 0.702

Age (years)
<70 8 21
<70 11 41

Asbestos exposure 0.745
Absent 16 56
Present 3 6

Tumor size (mm) 0.221
<20 8 15
<20 11 47

T 0.867
la+1b 16 45
2 3 13

N 0.894
0 18 56
lor2 1 6

ly . 0.357
Negative 15 56
Positive 4 6

v 0.043"
Negative 17 38
Positive 2 24

PL 0.867
PO 16 49
P1-3 3 13

pm 0.528
pmO 19 61
pm1 0 1

Differentiation 0.226
Well 0 8
Moderate or poorly 19 54

Necrosis 0.696
Mild 15 44
Moderate or severe 4 18

Nesting 0.020°
Small or large 10 51
Single cell 9 11

Tumor invasion (mm) 0.00"
<10 12 4
<10 7 58

Inflammation 0.040°
Mild 18 42
Moderate or severe 1 20

Interstitial pneumonia 0.178
Absent 19 53
Present 0 9

Recurrence 0.032"
Absent 19 46
Present 0 16

Death 0.032°
Live 19 46
Died 0 16

" Statistically significant factor.

nosis factor and thought to represent a microinvasive carcinoma
[18]. We think that MDIA lost significance because ASF ratio 70% or
more became a confounding factor to MDIA as shown in Table 4.

Inflammation is generally thought to be a positive prognostic
factor in non-small cell carcinoma, but not in this case [19]. We
have supposed that previous reports which regarded inflammation
as a favorable factor conducted prognostification in patients with
advanced cancers. But we compared probably minimally invasive
cancers with overt invasive cancers; therefore analysis of inflam-
mation might bring an opposite result.

In other studies, vascular invasion, lymphatic permeation, and
perineural invasion have been reported to be important prognostic
factors in peripheral SqQCC. Saijo et al. reported that peripheral type
SqCC had higher vascular invasion and higher pleural invasion and
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Fig. 2. Disease-free survival curves for patients with ASF ratio 70% or more and ASF
ratio less than 70%.

with less lymph node metastasis compared with central type SqCC
{20]. In our study those all factors had not influence to patient’s out-
come, however, only vascular invasion was observed frequently in
the tumors with ASF ratio less than 70%, significantly, and probably
the study of Saijo et al. included many invasive tumors with ASF
less than 70%.

We propose from the present data that peripheral invasive SqCC
with ASF ratio 70% or more could be classified as microinvasive car-
cinoma and peripheral SqCC with ASF ratio 100% as noninvasive
carcinoma. Anatomical lobectomy with mediastinal lymph node
dissection is the present standard of care for such patients with
stage I or II, and adjuvant chemotherapy may be performed in
patients with stage IB or more advanced stage. In a similar manner
to noninvasive adenocarcinoma of the lung, limited resection could
be an acceptable treatment for a tumor with ASF ratio 100% and par-
tial resection or simple lobectomy without lymph node dissection
and/or adjuvant therapy for a tumor with ASF ratio 70% or more in
the future. However, since it might be difficult to select candidate
cases of favorable peripheral SqCC by the radiological procedure in
the present, additional studies are needed before modification of
the standard therapy by the basis of the proposed classification.
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adenocarcinoma - a report of two cases
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Abstract

for EGFR tyrosine kinase inhibitors.

pattern

Generally, adenocarcinomas with micropapillary pattern, featuring small papillary tufts lacking a central fibrovascular
core, are thought to have poor prognosis. This pattern has been described in various organs. However, tumor cells
with micropapillary pattern of lung adenocarcinoma are more often seen to float within alveolar spaces
(aerogenous micropapillary pattern, AMP) than in fibrotic stroma like other organs (stromal micropapillary pattern,
SMP) and SMP predominant lung adenocarcinoma (SMPPLA) has not been well described yet. We presented two
cases of SMPPLA which were found in the last four years. Both the cases showed more than 50% of SMP in the
tumor area. The majority of the stromal micropapillary clusters expressed MUCT and epithelial membrane antigen
along the outer surface of cell membrane. On the other hand, connective tissues surrounding stromal
micropapillary clusters showed no reactivity for epithelial markers (thyroid transcription factor-1 and cytokeratin) or
endothelial marker (D2-40 and CD34). {t means clusters of SMP do not exist within air space or lymphatic or vessel
fumens. The tumors with SMP often presented lymphatic permeation and vessel invasion, and intriguingly, one of
the two cases showed metastasis to the mediastinal lymph node. Additionally, both the cases showed EGFR point
mutations of exon 21. These results suggest that SMPPLA might be associated with poor prognosis and effective

Keywords: lung adenocarcinoma, micropapillary subtype, stromal micropapillary pattern, aerogeneous micropapillary

Background

A new lung adenocarcinoma classification has been pro-
posed by the International Association for the Study of
Lung Cancer, American Thoracic Society and European
Respiratory Society (IASLC/ATS/ERS). In this classifica-
tion, the micropapillary subtype of lung adenocarcinoma
(MSLA) was recommended as a newly added subtype of
lung adenocarcinoma to lepidic, acinar, papillary, and solid
subtypes defined in the 2004 World Health Organization
(WHO) classification {1,2]. Generally, the micropapillary
pattern is defined as tumor cells growing in papillary tufts,
which lack fibrovascular cores surrounded by lacunar
spaces and has been reported to be associated with a high
incidence of nodal metastasis and poor prognosis [3-6].
This pattern has been described in various organs such as
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breast [7,8], urinary bladder [9,10], ovary [11,12], salivary
gland [13], and is known to behave aggressively. In other
organs than the lung, this pattern was observed mainly in
stroma as invasive components (stromal micropapillary
pattern: SMP) [7-19]; however in lung, MSLA is widely
recognized as floating tumor cells within alveolar spaces
(aerogenous micropapillary pattern: AMP) [3,4].

We examined whether SMP predominant subtypes
were present in lung adenocarcinoma. During the period
from February 2007 to December 2010, 559 patients
with lung adenocarcinoma were consecutively treated by
surgical resection at the Kanagawa Cancer Center,
Kanagawa, Japan, and we found only two cases of SMP
predominant lung adenocarcinoma (SMPPLA) (0.36%).
We reported the cases of SMPPLA and attempted to
describe the clinicopathological features.

© 2011 Ohe et al; licensee BioMed Central Ltd. This is an Open Access anticle distributed under the terms of the Creative Commons
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