Maeda et al.

Journal of Thoracic Oncology * Volume 7, Number 3, March 2012

p=0.005
A

3 f \
éﬂ 25 4
£
g
o
@
=
=
% 10
<
2 s
£
b
% pp—
=
- Noasolid (r = 19) Solid (n = 8)

Predominant subtypes

FIGURE 5. Differences in vascular endothelial growth factor
(VEGF)-A levels in tumor tissue samples between solid and
nonsolid adenocarcinoma patients, as determined using a
quantitative real-time polymerase chain reaction. GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

the existence of a bone marrow reservoir of EPCs and their
selective involvement in neovascularization has attracted
considerable interest because these cells could be used as
surrogate markers to monitor the status of tumor angiogene-
sis.!'¢ In this study, the number of EPCs in patients with
predominantly solid adenocarcinoma was significantly higher
than in patients with predominantly BAC, papillary, or acinar
adenocarcinomas. The higher number of circulating EPCs
associated with solid adenocarcinoma may indicate the pres-
ence of differences in the tumor angiogenic status between
early-stage adenocarcinoma histological subtypes.

In addition to the number of circulating EPCs, several
reports have also demonstrated a significant correlation be-
tween neovascularization assessed using the intratumoral
MVD, the tumor angiogenic status, and patient outcome in a
variety of tumors.!7-1 In this study, the MVD of the tumor
was significantly correlated with the number of circulating
EPCs. Regarding the prognostic relevance of angiogenic
activity in NSCLC as expressed by the intratumoral MVD, a
high MVD has been identified as an unfavorable prognostic
factor.3536 Yuan et al.37 reported that the MVD was signifi-
cantly correlated with the histological types and that a higher
MVD was found significantly more frequently in adenocar-
cinoma than in squamous cell carcinoma, suggesting that
adenocarcinomas might have a higher angiogenic potential.
However, in this study, no statistically significant differences
in the MVD were observed between adenocarcinoma and
squamous cell carcinoma. Instead, we found significant dif-
ferences in the MVD among the adenocarcinoma histological
subtypes. A higher MVD was found significantly more fre-
quently in solid adenocarcinomas than in nonsolid adenocar-
cinomas. This may reflect the aggressive and invasive char-
acteristics of this subtype and may be one of the reasons why

patients with solid adenocarcinoma have significantly poorer
outcomes than those with other adenocarcinoma histological
subtypes.

VEGF is the most important angiogenesis factor, and
its expression within tumors is suggested to affect the prog-
nosis of patients.26-38 Thus far, there have been several reports
regarding the association between the level of VEGF-A and
MVD.2627.36 In addition, bone marrow-derived EPCs are also
reported to be mobilized by the stimulation of tumor-derived
VEGF-A, inducing them to migrate toward the tumor and to
become incorporated into the developing neovasculature.2425
In this study, we confirmed that higher levels of VEGF-A
are present in solid adenocarcinomas than in nonsolid
adenocarcinomas. Recent studies have shown that the
addition of antiangiogenic therapy, such as bevacizumab,
to paclitaxel and carboplatin improves survival, compared
with chemotherapy alone, in patients with previously un-
treated metastatic nonsquamous NSCLC.!3 Especially
among adenocarcinoma patients, those with a solid adeno-
carcinoma may be the best candidates for the addition of
bevacizumab, an antiangiogenic monoclonal antibody that
blocks VEGF-A.

In this study, we showed a difference in the number of
circulating EPCs or intratumoral MVD, both of which might
be potential markers for neovascularization, between adeno-
carcinoma histological subtypes. Gao et al.?® reported that
circulating EPCs play a major and catalytic role in tumor
progression, which may be maximized in metastatic and
relapsing disease by the promotion of the progression of
avascular micrometastases to vascularized macrometastases.
The significantly higher levels of EPCs paralleling clinical
severity also suggest the possible relevance of these cells in
the metastatic progression of the tumors!® and point to their
potential use as targets in therapy against metastatic sites.
Therefore, preoperative or postoperative anti-EPC therapy
may be indicated for early-stage adenocarcinoma patients
with preoperative high EPC levels to prevent postoperative
recurrence after resection. In this study, the number of EPCs
in patients with solid adenocarcinoma was significantly
higher than that in nonsolid adenocarcinoma patients. This
finding may indicate a subgroup of adenocarcinoma patients
who may benefit from angiogenesis inhibitors targeted
against EPCs.

This study had several limitations. In particular, the
study lacked ethnic diversity, as all the patients were Japa-
nese. Another limitation is that the blood mononuclear cells
from the PA were isolated from the resected lungs and not
directly from the patients preoperatively to avoid unnecessary
invasiveness. However, we believe that the level of EPCs in
the blood from the PA in the vicinity of the tumor more
precisely reflects the effect of the tumors than the samples
from the peripheral blood, as previously reported.!6-24 In this
study, we first reported the differences in the number of
circulating EPCs or MVD between lung adenocarcinoma
subtypes. Further clinical studies are needed to confirm the
beneficial effects of antiangiogenic therapy against VEGF or
EPCs in solid adenocarcinoma patients.
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Number of Circulating EPCs and Intratumoral MVD

CONCLUSIONS
The number of EPCs and the MVD in patients with

predominantly solid adenocarcinomas were significantly
higher than those in nonsolid adenocarcinoma patients. In
particular, patients with solid adenocarcinoma may be the
best candidates for antiangiogenic therapies against VEGF or
EPCs among the various adenocarcinoma subtypes.
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Objective: We analyzed pulmonary squamous cell carcinoma and adenocarcinoma patient
survival in our single institution database, to evaluate the relationship of histologic analysis to
survival and tumor aggressiveness.

Methods: We reviewed 1856 consecutive patients with surgically resected pulmonary squa-
mous cell carcinoma or adenocarcinoma regarding their clinicopathologic characteristics,
overall survival and recurrence-free proportion.

Results: In squamous cell carcinoma patients, there were more elderly male smokers and
more patients with T2—4 tumors, moderately/poorly differentiated tumors, lymph node metas-
tasis or vascular invasion than in adenocarcinoma patients. In all patients and in pNO
patients, patients with squamous cell carcinoma showed significantly poorer overall survival
than those with adenocarcinoma, but there were no statistically significant differences in the
recurrence-free proportion between the two histologic types. There were statistically signifi-
cantly more lung cancer-specific deaths in patients with adenocarcinoma than in patients with
squamous cell carcinoma (P = 0.001).

Conclusions: There were no differences in the development of recurrence between squa-
mous cell carcinoma and adenocarcinoma of the lung, but considerable differences in overall
survival were observed between the two histologic types. According to the stage grouping
strategy of the TNM Classification for Lung and Pleural Tumours, these two histologic types
need to be staged differently. This survival difference, however, may reflect the difference in
patient background rather than in biologic aggressiveness between the two histologic types.

Key words: histologic type — prognosis — squamous cell carcinoma — adenocarcinoma — TNM
classification

INTRODUCTION

Squamous cell carcinoma and adenocarcinoma are the two
major histologic types of non-small cell lung cancer.
Patients with adenocarcinoma were known to result in poorer
prognosis than those with squamous cell carcinoma (1,2).
However, a recent increase in the use of computed tomog-
raphy (CT) has enabled small adenocarcinoma detection on
a screening basis, and many of these small adenocarcinomas

are relatively dormant bronchioloalveolar carcinomas and
have favorable outcome (3). This may be one reason why
patients with squamous cell carcinoma are known today to
have a poorer prognosis than those with adenocarcinoma fol-
lowing surgical resection (4).

Squamous cell carcinoma mostly develops in smokers, in
whom life-threatening co-morbidities often develop, which
may also explain the poorer survival rates of patients with
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squamous cell carcinoma compared with those with adeno-
carcinoma. However, differences in biological aggressiveness
between squamous cell carcinoma and adenocarcinoma of
the lung are not well understood.

In esophageal cancer staging, squamous cell carcinoma
and adenocarcinoma are classified differently in the 7th
Edition of the Cancer Staging Manual of the American Joint
Committee on Cancer (5—7). In lung cancer, however, prog-
nostic differences in histologic types are not taken into con-
sideration in the latest TNM classification (8).

We retrospectively analyzed the survival differences
between squamous cell carcinoma and adenocarcinoma of
the lung, in an attempt to identify the prognostic impact of
histologic difference and to incorporate it in future staging
systems, based on our patient database.

PATIENTS AND METHODS

From July 1992 through December 2006, 1856 consecutive
patients with pulmonary squamous cell carcinoma or adeno-
carcinoma underwent complete resection at our institution.
We defined complete resection as segmentectomy or greater,
with systematic ipsilateral hilar and mediastinal lymph node
dissection but with no evidence of residual cancer either
macroscopically or histologically. Patients who had induction
chemotherapy, radiotherapy or both, patients with evidence
of residual tumor at the surgical margin or patients with ma-
lignant effusion or distant metastasis verified intraoperatively
or by means of postoperative pathologic examination were
excluded from this study.

Cases were pathologically staged based on the 7th Edition
of the TNM Classification for Lung and Pleural Tumours
(8). Histopathologic studies were done according to the
World Health Organization criteria (9). We reviewed the
medical records of all patients for the following clinico-
pathologic factors: age, gender, smoking history (never or
ever smoker), pathological differentiation, pathological
T stage, pathological N stage, vascular invasion and lymph-
atic permeation.

Student’s ¢-test was used to evaluate the relationships
between histologic type (squamous cell carcinoma or adeno-
carcinoma) and age. Fisher’s exact test was used to evaluate
the relationships between histologic type and other clinico-
pathologic factors. We compared overall survival and
recurrence-free proportion between squamous cell carcinoma
and adenocarcinoma in all patients, in pNO patients, in
pT1NO patients, in pT2NO patients and in pT3/4N0 patients.
When we analyzed recurrence-free proportion, we excluded
249 cases from this study because their recurrence data were
incomplete. The survival rates and recurrence-free propor-
tions were calculated using the Kaplan—Meier method, and
univariate analyses were performed with the log-rank test.
Multivariate analyses were performed by using the Cox pro-
portional hazards model. Zero time was the date of pulmon-
ary resection. The endpoint of overall survival was defined

as the date of death from any cause, and the last follow-up
observation was censored when the patient was alive or lost
to follow-up. The endpoint of recurrence-free proportion was
defined as the date when recurrence was confirmed. We
examined patients at 3-month intervals for the first 2 years
and at 6-month intervals thereafter on an outpatient basis.
The follow-up evaluation included physical examination,
chest radiography and blood examination including that of
pertinent tumor markers. Further evaluations, including CT
scans of the chest and abdomen, brain magnetic resonance
imaging and bone scintigraphy, were performed on the de-
tection of any symptoms or signs of recurrence. Since 2004,
integrated positron emission tomography and CT have also
been performed when appropriate. We diagnosed recurrence
based on the findings of physical examination and diagnostic
imaging and confirmed the diagnosis histologically when
clinically feasible. The date of recurrence was defined as the
date of cytohistological proof. However, in cases diagnosed
on the basis of clinicoradiological findings, the date of recur-
rence was defined as the date of identification by a physician.
The last follow-up observation was censored when the
patient was recurrence-free or lost to follow-up. Patients who
died from causes other than lung cancer recurrence were also
censored on the date of death. :

All P values were two-sided, and P values <0.05 were
considered to represent statistically significant differences.
Survival analyses were performed on SPSS software
(Dr SPSS 1I for Windows, Standard Version 11.0, SPSS Inc.,
Chicago, IL, USA).

Data collection and analyses were approved, and the need
to obtain written informed consent from each patient in this
retrospective study was waived, by the institutional review
board in June 2010.

RESULTS
PATIENT CHARACTERISTICS

The patient characteristics are shown in Table 1. In squa-
mous cell carcinoma patients, compared with adenocarcin-
oma patients, there were more elderly male smokers and
more patients with T2—4 tumors, moderately/poorly differen-
tiated tumors, lymph node metastasis or vascular invasion.
In pNO patients (n = 1328), there were more elderly male
smokers and more patients with T2—4 tumors, moderately/
poorly differentiated tumors or vascular invasion in squa-
mous cell carcinoma patients.

OVERALL SURVIVAL DIFFERENCES

Patients with squamous cell carcinoma showed significantly
poorer overall survival than those with adenocarcinoma in
all patients and in pNO patients (Figs 1A and 2A). The
results of multivariate analyses of the statistically significant
characteristics listed in Table 1 are summarized in Table 2.
Age, smoking history, pathological T classification, vascular



Jpn J Clin Oncol 2012,42(3) 191
Table 1. Patient characteristics
Patient characteristics All patients pNO patients
AD SQ P-value Total AD SQ P-value Total
Age
Median (range) 65 (32-90) 69 (31-88) <0.001* 65 (32-90) 70 (31-88) <0.001*
Sex
Men 731 (52) 418 (90) 1149 (62) 521 (51) 263 (89) 784 (59)
Women 662 (48) 45 (10) <0.001° 707 (38) 510 (49) 34 (11) <0.001° 544 (41)
Smoking history
Never smoker 617 (44) 123) 629 (34) 485 (47) 9(3) 494 (37)
Ever smoker 776 (56) 451 (97) <0.001° 1227 (66) 546 (53) 288 (97) <0.001° 834 (63)
Pathological T classification
Tla, Tlb 689 (49) 131 (28) 820 (44) 602 (58) 103 (35) 705 (53)
T2a, T2b, T3, T4 704 (51) 332(72) <0.001° 1036 (56) 429 (42) 194 (65) <0.001° 623 (47)
Pathological N classification
NoO 1031 (74) 297 (64) 1328 (72) — — — —
NI, N2 362 (26) 166 (36) <0.001° 528 (28) — — — —
Pathological differentiation
Well 491 (36) 21 (5 512 (28) 454 (44) 17 (6) 471 (36)
Moderately/poorly 892 (74) 440 (95) <0.001° 1332 (72) 569 (56) 279 (94) <0.001° 848 (64)
Vascular invasion
Absent 818 (59) 150 (32) 968 (52) 732 (71) 128 (43) 860 (65)
Present 575 (41) 313 (68) <0.001° 888 (48) 299 (29) 169 (57) <0.001° 468 (35)
Lymphatic permeation
Absent 964 (69) 320 (69) 1284 (69) 847 (82) 238 (80) 1085 (82)
Present 429 (31) 143 31) 1.000° 572 (31) 184 (18) 59 (20) 0.444° 243 (18)
Total 1393 463 1856 1031 297 1328

AD, adenocarcinoma; SQ, squamous cell carcinoma; T/N classification according to the 7th Edition of the TNM Classification for Lung and Pleural Tumours;

numbers in parentheses are percentages.
*Student’s t-test.
bFisher’s exact test.

invasion and lymphatic permeation were significant prognos-
tic factors in all patients and in pNO patients. Pathological N
classification was a significant prognostic factor in all
patients. Sex, pathological differentiation and histologic type
were not significant prognostic factors in any patients or in
pNO patients.

Although patients with squamous cell carcinoma showed
significantly poorer overall survival than those with adeno-
carcinoma in pTINO patients and in pT2NO patients
(Fig. 3A and C), no statistically significant differences were
observed in pT3/4N0 patients (P = 0.841; Fig. 3E).

RECURRENCE-FREE PROPORTION DIFFERENCES

There were no statistically significant differences in
recurrence-free proportion between adenocarcinoma and

squamous cell carcinoma in any patients (P = 0.351;
Fig. 1B) or in pNO patients (P = 0.715; Fig. 2B).

In pT1NO patients, patients with squamous cell carcinoma
showed significantly poorer recurrence-free proportion than
those with adenocarcinoma (Fig. 3B). In pT2NO patients,
there was no statistically significant difference in recurrence-
free proportion between the two histologic types (P = 0.098;
Fig. 3D). In pT3/4NO patients, patients with adenocarcinoma
showed significantly poorer recurrence-free proportion than
those with squamous cell carcinoma (Fig. 3F).

Causes oF DEATH

There were 638 patients whose causes of death were identi-
fied in our cohort. There were significantly more lung
cancer-specific deaths in adenocarcinoma patients than in
squamous cell carcinoma patients (£ = 0.001; Table 3).
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Figure 1. Overall survival and recurrence-free proportion between squamous cell carcinoma and adenocarcinoma in all patients. (A) Overall survival and (B)
recurrence-free proportion curves of squamous cell carcinoma and adenocarcinoma in all patients. AD, adenocarcinoma; SQ, squamous cell carcinoma.
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Figure 2. Overall survival and recurrence-free proportion between squamous cell carcinoma and adenocarcinoma in pNO patients. (A) Overall survival and
(B) recurrence-free proportion curves of squamous cell carcinoma and adenocarcinoma in pNO patients.

Table 2. Multivariate analyses of overall survival

Patient characteristics All patients pNO

HR (95% CI) P value HR (95% CI) P value
Age (>65/<65) 1.641 (1.414—1.905) <0.001 2.152 (1.728-2.680) <0.001
Sex (men/women) 1.023 (0.805—1.300) 0.853 1.054 (0.768—1.446) 0.744
Smoking history (ever smoker/never smoker) 1.429 (1.104—1.848) 0.007 1.661 (1.166—2.365) 0.005
Pathological T stage (T2 + 3 4 4/T1) 1.988 (1.653—-2.391) <0.001 2.267 (1.772-2.900) <0.001
Pathological N stage (N1 + 2/N0) 2.182 (1.844-2.582) <0.001 — —
Pathological differentiation (moderately + poorly/well) 1.185 (0.943-1.490) 0.145 1.180 (0.888—1.567) 0.255
Vascular invasion (present/absent) 1.572 (1.301—1.900) <0.001 1.811 (1.426-2.301) <0.001
Lymphatic permeation (present/absent) 1.352 (1.148-1.592) <0.001 1.375 (1.092-1.731) 0.007

0.875 (0.737-1.039) 0.128 1.095 (0.866—1.385) 0.448

Histologic type (SQ/AD)

HR, hazard ratio for death; CI, confidence interval.
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Figure 3. Overall survival and recurrence-free proportion between squamous cell carcinoma and adenocarcinoma in pTINO patients, in pT2NO patients and in
pT3/4N0 patients. (A) Overall survival and (B) recurrence-free proportion curves in pT1NO patients. (C) Overall survival and (D) recurrence-free proportion
curves in pT2NO patients. (E) Overall survival and (F) recurrence-free proportion curves in pT3/4N0 patients.

DISCUSSION

We set out to determine the relationship of histologic analysis
to survival and tumor aggressiveness in pulmonary squamous

cell carcinoma and adenocarcinoma. Patients with pulmonary
squamous cell carcinoma are known today to have a poorer
prognosis than those with adenocarcinoma after surgical resec-
tion (4). Squamous cell carcinoma mostly develops in smokers
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Table 3. Causes of death

Characteristics Total AD SQ P value
Lung cancer-specific deaths 479 355 (79) 124 (66)

Deaths from other causes 159 96 (21) 63 (34) 0.001*
Total 638 451 187

“Fisher’s exact test; numbers in parentheses are percentages.

in whom life-threatening co-morbidities also often develop, in-
cluding atherosclerotic cardiovascular events, chronic obstruct-
ive pulmonary disease and cerebral infarction (10), which may
explain the poorer survival of patients with squamous cell car-
cinoma compared with those with adenocarcinoma. In the
present study, there were significantly more patients who died
of causes other than lung cancer in squamous cell carcinoma
than in adenocarcinoma. However, it remains unclear whether
biological aggressiveness differs between squamous cell car-
cinoma and adenocarcinoma of the lung.

In the present study, there were significantly more patients
with squamous cell carcinoma than those with adenocarcin-
oma among smokers. In patients with squamous cell carcin-
oma, there were significantly more T2—4 patients and
patients with lymph node metastases or vascular invasion.
There were statistically significant differences in overall sur-
vival between adenocarcinoma and squamous cell carcinoma
patients in all patients and in pNO patient cohorts. However,
when we analyzed recurrence-free proportion to exclude any
possible influence of non-cancer-specific death and to
compare biological aggressiveness between squamous cell
carcinoma and adenocarcinoma, we found that there were no
statistically significant differences in any patients or in pNO
patients. There were significantly more deaths from causes
other than lung cancer in patients with squamous cell carcin-
oma than in those with adenocarcinoma.

These results indicate that although squamous cell carcin-
oma developed more frequently among smokers and was
more advanced and invasive when resected compared with
adenocarcinoma, its biological aggressiveness was not sig-
nificantly different from adenocarcinoma. The poorer overall
survival in patients with squamous cell carcinoma than those
with adenocarcinoma seemed to be attributable to advanced
and invasive cancer status on resection and smoking/
age-related co-morbidities.

We also analyzed overall survival and recurrence-free pro-
portion in each pathological T stage in pNO patients to
compare biological aggressiveness between squamous cell car-
cinoma and adenocarcinoma in each T stage. In pTINO
patients, the patients with squamous cell carcinoma had signifi-
cantly poorer survival and recurrence-free proportion than
patients with adenocarcinoma. This may partly be explained
by the fact that a considerable number of pT1 adenocarcinoma
patients had non- or minimally invasive disease, such as
bronchioloalveolar carcinoma, thereby resulting in better
outcome compared with squamous cell carcinoma patients. In

pT3/4 patients, on the other hand, there was no significant dif-
ference in overall survival between the two histologic types,
but adenocarcinoma patients had significantly poorer
recurrence-free proportion than squamous cell carcinoma
patients. The poorer recurrence-free proportion of adenocarcin-
oma patients compared with squamous cell carcinoma patients
may be interpreted that adenocarcinoma of this T status has
biologically more aggressive nature than squamous cell carcin-
oma. However, probably because squamous cell carcinoma
patients had more smoking/age-related co-morbidities and
were more often killed by them than adenocarcinoma patients,
there was no significant difference in overall survival.

In the 7th Edition of the TNM Classification for Lung and
Pleural Tumours, stage groupings are based on overall sur-
vival (8). According to the strategy in this study, and based
on our findings, squamous cell carcinoma and adenocarcin-
oma of the lung need to be staged differently. It is important
to note, however, that the difference is likely to be due to
advanced and invasive cancer status on resection and
smoking/age-related co-morbidities of patients with squa-
mous cell carcinoma, but not to biological tumor aggressive-
ness of squamous cell carcinoma.

There were several limitations in this study. Although the
total number of consecutive patients was large (1856), the
study was performed in a single institution using a homogen-
ous Japanese ethnic group. Therefore, a multicenter trial
based on various ethnic groups may be valuable. There were
more well-differentiated tumors in adenocarcinomas than in
squamous cell carcinomas in the present cohort. This may be
another reason for the observed better prognosis in adenocar-
cinoma patients than in squamous cell carcinoma patients.

In conclusion, this study showed that there were no differ-
ences in the development of recurrence between squamous
cell carcinoma and adenocarcinoma of the lung, but consid-
erable differences in overall survival were observed between
the two histologic types in all patients and pNO patients.
According to the stage grouping strategy of the TNM
Classification for Lung and Pleural Tumours, these two
histologic types need to be staged differently. This survival
difference, however, may reflect the difference in patient
background rather than the difference in biological aggres-
siveness between the two histologic types.

Acknowledgements

The authors thank Mr Roderick J. Turner and Prof. J. Patrick
Barron of the Department of International Medical
Communications of Tokyo Medical University for their
review of this manuscript.

Funding

The work was supported in part by a Grant-in-Aid for
Cancer Research from the Ministry of Health, Labour and
Welfare, Japan.



Conflict of interest statement

None declared.

References
1. Ichinose Y, Yano T, Asoh H, Yokoyama H, Yoshino I, Katsuda Y.

Prognostic factors obtained by a pathologic examination in completely
resected non-small-cell lung cancer. An analysis in each pathologic
stage. J Thorac Cardiovasc Surg 1995;110:601-5.

. Suzuki K, Nagai K, Yoshida J, Nishimura M, Takahashi K, Yokose T,
et al. Conventional clinicopathologic prognostic factors in surgically
resected nonsmall cell lung carcinoma. A comparison of prognostic
factors for each pathologic TNM stage based on multivariate analyses.
Cancer 1999;86:1976—84.

. Noguchi M, Morikawa A, Kawasaki M, Matsuno Y, Yamada T,
Hirohashi S, et al. Small adenocarcinoma of the lung. Histologic
characteristics and prognosis. Cancer 1995;75:2844—52.

Jpn J Clin Oncol 2012;42(3) 195

. Asamura H, Goya T, Koshiishi Y, Sohara Y, Eguchi K, Mori M, et al.

A Japanese Lung Cancer Registry study: prognosis of 13,010 resected
lung cancers. J Thorac Oncol 2008;3:46-52.

. Rice TW, Blackstone EH, Rusch VW. A cancer staging primer:

esophagus and esophagogastric junction. J Thorac Cardiovasc Surg
2010;139:527-9.

. Rice TW, Blackstone EH, Rusch VW. 7th edition of the AJCC Cancer

Staging Manual: esophagus and esophagogastric junction. Ann Surg
Oncol 2010;17:1721—4.

. Rice TW, Rusch VW, Apperson-Hansen C, Allen MS, Chen LQ,

Hunter JG, et al. Worldwide esophageal cancer collaboration. Dis
Esophagus 2009;22:1-8.

. Goldstraw P, editor. Staging Manual in Thoracic Oncology. Denver:

IASLC 2009.

. Travis WD, Brambilla E, Miiller-Hermelink H, Harris C, editors.

Pathology and Genetics of Tumours of the Lung, Pleura, Thymus and
Heart. Lyon: IARC Press 2004.

. Doll R, Peto R, Boreham J, Sutherland I. Mortality in relation to

smoking: 50 years’ observations on male British doctors. BMJ
2004;328:1519.



ORIGINAL ARTICLE

Prognostic Factors After Pulmonary Metastasectomy for
Colorectal Cancer and Rationale for Determining
Surgical Indications

A Retrospective Analysis
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Objective: We aimed to identify prognostic factors after pulmonary metas-
tasectomy for colorectal cancer and propose the clinical application of them.
Furthermore, we endeavored to provide a rationale for pulmonary metas-
tasesectomy.

Background: Several prognostic factors have been proposed, but clinical ap-
plication of them remains unclear. Moreover, there is no theoretical evidence
that pulmonary metastasectomy is indicated for colorectal cancer.

Methods: We retrospectively analyzed 1030 patients who underwent pul-
monary metastasectomy for colorectal cancer from 1990 to 2008. Prognostic
factors were identified and the relationship of recurrent sites after pulmonary
resection to pulmonary tumor size was assessed.

Results: Overall 5-year survival was 53.5%. Median survival time was 69.5
months. Univariate analysis showed tumor number (£ < 9.0001), tumor size (P
< 0.0001), prethoracotomy serum carcinoembryonic antigen (CEA) level (P <
0.0001), lymph node involvement (P < 0.0001), and completeness of resection
(P < 0.0001) to significantly influence survival. Tn multivariate analysis, all
remained independent predictors of outcome. In patients whose recurrent
sites extended downstream from the lung via hematogenous colorectal cancer
spread, pulmonary tumor size was significantly larger than in those with
recurrent sites confined to the lung and regions upstream from the lung.
Conclusions: We should utilize these prognostic factors to detect patients
who might benefit from surgery. Therefore, we should petiodically follow up
advanced colorectal cancer patients by chest computed tomography to detect
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small pulmonary metastases before serum CEA elevation. Metastases to the
lung or organs upstream from the lung are regarded as semi-local for colorectal
cancer. This concept provides a rationale for validating surgical indications
for pulmonary metastases from colorectal cancer.

Keywords: colorectal cancer, prognostic factor, pulmonary metastasectomy,
pulmonary metastasis, surgical indication

(Ann Surg 2012;00: 1-6)

olorectal cancer, one of the most common cancers worldwide,

frequently metastasizes to the liver and lungs. Recently, the de-
velopment of chemotherapy for metastatic colorectal cancer has been
reported,'? but surgical resection is still believed to be the optimal
treatment, if possible, for lung metastasis.>~

Numerous reports have focused on pulmonary metastasectony
for colorectal cancer and several prognostic factors have been pro-
posed. In most cases, however, the number of patients is not large
(range: 50-150) and results vary among studies. In addition, clini-
cal application of these prognostic factors has not yet been defined.
Moreover, even the essential question of why a local therapy is poten-
tially beneficial for a patient with hematogenous metastatic disease
remains unknown.

Herein, we aimed to (1) identify prognostic factors after pul-
monary metastasectomy for colorectal cancer and (2) propose the
clinical application of any such factors identified, and furthermore,
(3) we endeavored to provide a rationale for determining whether sur-
gical intervention is indicated for colorectal pulmonary metastases.

PATIENTS AND METHODS

Patients

The 26-institution Metastatic Lung Tumor Study Group of
Japan was established in 1984, and has collected various clinico-
pathological data from patients undergoing pulmonary metastasec-
tomy with curative intent for malignant tumors. In this registry, we
retrospectively reviewed the 1223 patients with colorectal cancer
whose pulmonary resections were performed between January 1990
and March 2008 (Table 1). We especially focused on the number of
pulmonary metastases, maximum pulmonary tumor size, prethoraco-
tomy serum carcinoembryonic antigen (CEA) level, hilar or mediasti-
nal lymph node involvement, completeness of pulmonary resection,
and history of hepatic metastasis. Patients with missing data for these
items were excluded. Thus, we ultimately analyzed 1030 patients.
This study was approved by the Institutional Review Board of Keio
University.

www.annalsofsurgery.com | 1

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



lida et al

Annals of Surgery * Volume 00, Number 00, 2012

TABLE 1. Demographic and Clinical Characteristics
of All 1223 Patients

Study Group (n = 1223) n (%)
Age, years
Median (IQR) 64 (57-70)
Range 26-94
<49 106 (8.7)
50-59 284 (23.2)
60-69 452 (37.0)
70-79 307 (25.1)
80+ 41 (3.4)
Missing 33(2.7)
Sex
Male 722 (59.0)
Female 497 (40.6)
Missing 4(0.3)
Number of tumors
Median (IQR) 1(1-2)
Range 1-23
1 717 (58.6)
2 256 (20.9)
3 113 (9.2)
=4 126 (10.3)
Missing 11(0.9)
Maximum tumor size, cm
Median (IQR) 2.0(L.5-3.2)
Range 0.1-18.0
0-1.0 182 (14.9)
>1.0-2.0 423 (34.6)
>2.0-3.0 280 (22.9)
>3.0-5.0 227 (18.6)
>5.0 79 (6.5)
Missing 32(2.6)
CEA level
Normal 638 (52.2)
High 438 (35.8)
Not measured 4(0.3)
Missing 143 (1.7
Nodal involvement (pathological)
None 578 (47.3)
Pulmonary/hilar 52(4.3)
Mediastinal 51 (4.2)
Not resected 529 (43.3)
Missing 13(1.1)
Completeness of resection
RO 1117 (91.3)
R1,R2 56 (4.6)
Missing 50 (4.1)
History of hepatic metastasis
Absent 992 (81.1)
Present 230 (18.8)
Missing 1(0.1)

Data are median (IQR) or number (%).
IQR indicates interquatile range.

Statistical Analysis

Overall survival was calculated from the date of first pul-
monary resection to the date of last follow-up or death. To identify
prognostic factors after pulmonary metastasectomy, the probability
of survival was estimated by the Kaplan-Meier method and compared
among the levels in categorical variables using the log-rank test. Over-
all survival rates at 5 years and median survival time were calculated.
To eliminate the arbitrariness of setting a threshold, the effect of
continuous variables on survival was also evaluated with a Cox pro-
portional hazards model. In multivariate analysis for both categorical

2 | www.annalsofsurgery.com

and continuous variables, a Cox proportional hazards model with the
stepwise sclection method was used. The correlation between recur-
rent sites after pulmonary resection and maximum pulmonary tumour
size was examined using the Mann-Whitney U test in a case-control
analysis and the x2 test in a retrospective cohort analysis. A signif-
icant difference was defined as a P-value less than 0.01. Statistical
analyses were conducted with StatView software (version 5.0).

RESULTS

Patients’ characteristics are presented in Table 1. Extensive
review of 1223 patients who underwent pulmonary metastasectomy
for colorectal cancer revealed that 193 patients (15.8%) had some
missing data. We excluded these patients and analyzed the remaining
1030 patients.

Median postoperative follow-up of 624 survivors (60.6%) was
40.3 months (interquartile range : 20.4—71.1). Recurrence after pul-
monary resection was noted in 5035 patients (49.0%). The estimated
overall survival rates at 5 and 10 years were 53.5% and 38.4%, re-
spectively. The median survival time was 69.5 months. Patients were
usually followed up by chest X-ray or computed tomography, and
additional imaging studics were performed at the discretion of the
treating physician. Of 406 deceased cases, the cause of death was
obtained from 363. The breakdown was 326 (89.8%) for recurrent
colorectal cancer, 7 for other malignancies, and 30 for other diseases.

To identify prognostic factors, we selected eight categorical
variables: age (<70 vs >70), sex (male vs female), number of pul-
monaty metastases (solitary vs multiple), maximum tumor size (<2
cm vs >2 cm), prethoracotomy serum CEA level (normal vs high),
nodal involvement (negative vs positive), completeness of pulmonary
resection (RO vs R1, R2), and history of hepatic metastasis (absent
vs present). Systematic lymph node dissection was not always per-
formed, and we did not have any guidelines for tymph node sampling.
Nodal involvement was assessed pathologically and patients whose
lymph node was not resected were excluded. We also examined the
use of chemotherapy for pulmonary metastases in the perioperative
period. Univariate analysis showed the number of metastases (P <
0.0001), maximum tumor size (P < 0.0001), prethoracotomy serum
CEA level (P < 0.0001), nodal involvement (P < 0.0001), and com-
pleteness of pulmonary resection (P < 0.0001) to significantly influ-
ence survival (Table 2). Age, the number of pulmonary metastases,
and maximum tumor size were also evaluated by a Cox univariatc
analysis as continuous variables (Table 3). The results were compati-
ble with those of the log-rank analysis.

Table 4 summarizes the multivariate analysis results. All po-
tential prognostic factors described in Tables 2 and 3 except for the
use of chemotherapy were entered into a Cox proportional hazards
model with stepwise selection. Number of pulmonary metastases (as
a continuous variable, P < 0.0001), maximum tumor size (ds a cat-
egorical variable, P < 0.0001), prethoracotomy serum CEA lcvel
(P = 0.0008), nodal involvement (P = 0.0053), and completeness
of pulmonary resection (P < 0.0001) were selected as independent
prognostic factors.

There was a significant correlation between recurrent sites af-
ter pulmonary resection and maximum pulmonary tumor size. The
details of recurrence arc shown in Table 5. We divided the recurrent
sites after pulmonary resection into 2 areas based on the hematoge-
nous metastatic pathway from colorectal cancer. One was the lung or
regions upstream from the lung (ie, locoregional sites or the liver),
and the other was downstream from the lung (the brain, bone, and so
on). A case-control analysis revealed that in patients whose recurrent
sites were downstream, the pulmonary tumor size was significantly
larger than in patients whose recurrence were confined to the lung
or upstream sites (P < 0.0001; Fig. 1). Similarly, a retrospective co-
hort analysis showed that in patients whose maximum tumor size was

© 2012 Lippincott Williams & Wilkins
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TABLE 2. Univariate Analyses of Potential Survival Prognostic Factors by Using

Kaplan-Meier and Log-Rank Tests

n (%) 5-Year Survival, %  MST, Mouths P
Age, years
Median (IQR) 64 (58-71)
Range 26-94
<70 725 (70.4) 523 63.9 0.3823
>70 305 (29.6) 56.5 759
Sex
Male 608 (59.0) 51.1 624 0.0437
Female 422 (41.0) 56.9 87.6
Number of tumors
Median (IQR) 1(1-2)
Range 121
Solitary 597 (58.0) 61.5 99.9 <0.0001*
Multiple 433 (42.0) 42.0 48.1
Maximum tumor size, cm
Median (IQR) 2.1 (1.5-3.2)
Range 0.1-18.0
<2cm 505 (49.0) 59.9 100.2 <0.0001*
>2cm 525 (51.0) 48.1 55.5
CEA level
Normal 615 (59.7) 60.4 93.0 <0.0001*
High 411 (39.9) 43.4 49.9
Nodal involvement (pathological)
Negative 506 (49.1) 59.4 93.1 <0.0001*
Positive 97 (9.4) 373 39.0
Completeness of resection
RO 979 (95.0) 55.8 75.9 <0.0001*
R1,R2 51(5.0) 8.3 24.9
History of hepatic metastasis
Absent 849 (82.4) 55.3 75.7 0.0156
Present 181 (17.6) 44.6 494
Chemotherapy (neoadjuvant or adjuvant)
Yes 241 (53.0) 452 554 0.0152
No 214 (47.0) 60.5 81.9
Missing 575

*A significant difference was defined as a P-value less than 0.01. Number of tumors, maximum tumor size,
prethoracotomy seram CEA level, nodal invelvement, and completeness of pulmonary resection significantly influenced

survival.

IQR indicates interquatile range; MST, median survival time.

TABLE 3. Univariate Analyses of Continuous
Variables by Using Cox Proportional Hazards

Model
Hazard Ratio
(95% Confidence
Interval) P
Age, year 0.998 (0.988-1.008) 0.7121
Number of tumors 1.215(1.165-1.268)  <0.0001*

Maximum tumor size,cm  1.123 (1.069-1.179)  <0.0001*

*A significant difference was defined as a P-value less than 0.01.
Number of tumors and maximum tumor size significantly influenced sur-
vival.

larger than 2 cm at pulmonary metastasectomy, recurrence was more
frequent downstream from the lung (P < 0.0001; Table 6).

DISCUSSION

The advantage of this study was that the sample size was
definitely larger than any other previous studies about colorectal pul-
monary metastasectomy. According to a recent systematic review, the

© 2012 Lippincott Williams & Wilkins

TABLE 4. Multivariate Cox Regression Analysis with
Stepwise Selection Method

95%
Confidence
Hazard Ratio  Imterval P

Number of tumors

{continuous factor) 1.2 1.148-1.253 <0.0001*
Maximum tumor size, cm

<2cm 1

>2cm 1.577 1.262-1.971 <0.0001*
CEA level

Normal 1

High 1.416 1.156-1.734  0.0008*
Nodal involvement (pathological)

Negative 1

Positive 1.545 1.138-2.098 0.0053*

Not resected 1.632 1.298-2.051 <0.0001*
Completencss of resection

RO !

RL,R2 2.884 2.035-4.087 <0.0001*

*A significant difference was defined as a P-value less than 0.01.
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TABLE 5. Details of Recurrence After Pulmonary Resection
After First Pulmonary Resection
Site of Recurrence Therapy n 5-Year Survival, %  MST, Months
Lung 318 38.1 475
Surgery 121 56.7 93.0
Chemotherapy 56 35.2 39.1
Radiotherapy 11 35.4 37.4
BSC 15
Missing 128
Liver 118 243 31.8
Surgery 17 38.5 58.0
Chemotherapy 28 374 349
Radiotherapy 6
BSC 2
Missing 71
Colorectum* 63 16.1 26.8
Surgery 10 - 19.3
Chemotherapy 13 - 26.8
Radiotherapy 6
Missing 28
Brain 66 10.6 20.7
Bone 46 23.8 235
Hilar/mediastinal lymph node 37 15 34.7
Other 33 16.6 386
Adrenal gland 8
Cervical lymph node 7
Chest wall 5
Pleural dissemination 4
Spleen 2
Pancreas 2
Kidney 2
Skin 1
Larynx 1
Acxillar lymph node 1
In total, we identified 681 lesion sites of recurrence in 505 patients.
*Including regional lymph node, peritoneal dissemination, and so on.
BSC indicates best supportive care; MST, median survival time.
£ ” TABLE 6. Correlation Between Pulmonary Tumor Size
2 g0 and Recurrent Sites in a Retrospective Cohort
P Analysis
§ 8 Recurrence in
; o the Lung or Recurrence in
g Pulmonary Upstream Downstream
£ o Tumor Size Sites Sites Total
=
& <2cm 197 (39.0) 43 (8.5) 240 (47.5)
2+ >2cm 152 (30.1) 113 (22.4) 265 (52.5)
P <0.0001 Total 349 (69.1) 156 (30.9) 505 (100.0)
P < 0.0001

Recurrence in
Downstream Sites
(n=156)

Recurrence in
the Lung or Upstream Sites
(n = 349)

FIGURE 1. Correlation between recurrent sites after pulmonary

resection and maximum pulmonary tumor size in a case-
control analysis.

number of patients in most studies ranged from 50 to 150, and the
maximum was 378.3 Thus, the prognostic factors that we pointed out
are more precise.

In the univariate analysis, tumor number, tumor size, CEA
level, nodal involvement, and completeness of resection significantly
influenced survival after pulmonary metastasectomy. The use of
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Data are number (%). Statistical analysis was performed using the x? test.

chemotherapy was slightly associated with poor prognosis. We believe
this may be the result of selection bias. In the multivariate analysis, all
of these variables remained independent predictors of outcome. It is
noteworthy that maximum tumor size of pulmonary metastases was
identified as a prognostic factor. Interestingly, contrary to the widely
held clinical impression, only a few studies have shown larger tumor
size to correlate with a poor prognosis.”~ In fact, among patients
with a large and solitary pulmonary metastasis, some have good out-
comes. The large sample size of this study eliminated the effect of
these anomalous cases on survival.

© 2012 Lippincott Williams & Wilkins
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It is very important to apply these prognostic factors to clinical
practice. Almost all previous studies have advocated that prognostic
factors be considered in determining surgical indications.”*!%!! This
means that patients with certain poor prognostic factors should not be
considered for surgery. However, such exclusion only improves sur-
gical outcomes and does not contribute to the survival of colorectal
cancer patients. Furthermore, operative indications should be intrin-
sically decided by comparing outcomes among patients with the same
condition who did or did not undergo pulmonary resection. Thus, we
must wait for the results from randomized trials.!?

Herein, we propose that prognostic factors be utilized not to se-
lect but rather to detect patients who might benefit from surgery. From
this viewpoint, we should periodically follow up advanced colorectal
cancer patients by chest computed tomography and try to detect small
pulmonary metastases before serum CEA elevation.

The criteria for resection of metastatic pulmonary tumors were
first described by Thomford in 1965 and have been developed into the
National Comprehensive Cancer Network guidelines.'*>'* However,
the reasons for local therapy possibly being beneficial for hematoge-
nous metastatic disease remain unclear.® To provide a rationale for
pulmonary metastasectomy for colorectal cancer, we investigated the
relationship between maximum pulmonary tumor size and recurrent
sites after pulmonary resection.

When considering the hematogenous metastatic pathway from
colorectal cancer, tumor cells reach the lung through the liver via
the portal vein or directly via the inferior vena cava. In either case,
cancer cells that migrate into the blood necessarily arrive at the lung
and then spread throughout the body. If cancer cells with metastatic
ability pass through the lung and circulate around the body, pulmonary
metastasis and metastases to other organs that are located downstream
from the lung will be independent. In this case, pulmonary metastasis
is one aspect of systemic disease and downstream organ metastasis
will not correlate with pulmonary tumor size. However, if cancer
cells with metastatic ability are almost certainly trapped within the
lung, downstream organ metastasis will only occur after a pulmonary
metastasis has grown to some extent and destroyed pulmonary defense
mechanisms. In this case, despite distant metastasis from the primary
colorectal lesion, metastases to the lungs or other upstream organs
can be regarded as semi-local disease.

As a result, pulmonary tumor size tends to be larger in patients
whose recurrences extend to sites downstream from the lung (Fig. 1).
In other words, our findings suggest that in most hematogenous metas-
tases of colorectal cancer, the lung functions as a filter organ. This
is one potential explanation for the pattern of metastases in this dis-
ease, and we do not deny that colorectal cancer may have a particular
affinity for the lung through some molecules. The possibility that
the lung has a filtering action for cancer cells has been hypothesized
as an anatomical and mechanical function or to represent a cascade,
based on experimental animal studies or autopsy cases.!>'3 How-
ever, this is the first evidence of the filtering function of the lung
based on clinical data from cases with pulmonary metastasectomy
for colorectal cancer. This hypothesis may explain several previously
reported results, for example, a history of hepatic metastases and re-
peated pulmonary resection does not reduce survival after pulmonary
metastasectomy,’> 2% whereas distant metastases such as those to the
brain, bone, adrenal gland, and so on without pulmonary metastases
are very rare.?!

Recently, chemotherapy for colorectal cancer has advanced
remarkably, ' but in fact, surgery is still usually chosen in preference
to chemotherapy or radiotherapy for localized colorectal cancer.*
Thus, if pulmonary metastasis is considered to be a semi-local recur-
rence, pulmonary metastasectomy would logically be supported as
long as all lesions are resectable.

© 2012 Lippincott Williams & Wilkins

Although we recognized several prognostic factors, their uti-
lization is very limited for patient management. The number of pul-
monary metastases has essentially been decided at the time of resec-
tion of a primary colorectal cancer, and we have no influence over
this. We can only detect small pulmonary metastases and resect them
as semi-local disease. For this reason, early detection of pulmonary
metastases by periodic chest computed tomography is very important.

Our study has some limitations. First, since this is a retrospec-
tive study on surgical cases, patients included in the analysis were
highly selected and might not be representative of all patients with
pulmonary metastases from colorectal cancer. Second, owing to long-
standing multicenter registry, there were many cases with incomplete
data, such that 193 patients (15.8%) had to be excluded from the anal-
ysis due to missing data. For confirmation, we checked that the same
results were obtained in the analysis of all 1223 patients. Furthermore,
while we consider the liver to be upstream from the lung, some hep-
atic metastases might arise secondarily from pulmonary metastases.
However, patients with localized hepatic metastases downstream from
the lung are exceptional and few in number, such that we do not think
this factor would have affected our findings.
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Abstract

Purpose The intravenous administration of x-Galactosylcera-
mide (o-GalCer)-pulsed antigen presenting cells (APCs) is
well tolerated and the increased IFN-y producing cells in the
peripheral blood after the treatment appeared to be associated
with prolonged survival. An exploratory study protocol was
designed with the preoperative administration of x-GalCer-
pulsed APCs to clarify the mechanisms of these findings, while
especially focusing on the precise tumor site.

Methods Patients with operable advanced lung cancer re-
ceived an intravenous injection of «-GalCer-pulsed APCs
before surgery. The resected lung and tumor infiltrating lym-
phocytes (TILs) as well as peripheral blood mononuclear cells
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were collected and the invariant NKT (iNKT) cell-specific
immune responses were analyzed.

Results Four patients completed the study protocol. We ob-
served a significant increase in iNKT cell numbers in the TILs
and augmented IFN-y production by the o-GalCer-stimulated
TILs.

Conclusion The administration of «-GalCer-pulsed APCs
successfully induced the dramatic infiltration and activation
of iINKT cells in the tumor microenvironment.
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Introduction

V24 invariant natural killer T (V24 iNKT) cells are a
unique innate lymphocyte subpopulation characterized by
the expression of a canonical invariant T cell receptor with a
specific a-chain gene rearrangement (V«24-Jx18) and pair-
ing mostly with a V311 3-chain in human. Synthetic gly-
colipid, x-Galactosylceramide (x-GalCer) is a mouse and
human iNKT cell ligand, presented by a monomorphic class
I-like antigen presenting molecule CD1d [1-3]. Ligand ac-
tivated INKT cells exhibit both direct and indirect potent
anti-tumor activity.

Patients with malignant diseases show either a decreased
number or functionally impaired V24 iNKT cells in human
peripheral blood mononuclear cells (PBMCs) [4-9]. Head
and neck cancer patients with poor circulating iNKT cell
number show significantly worse clinical outcomes, suggest-
ing an important contribution of iNKT cells to anti-tumor
responses [10]. In addition, the ability to produce IFN-~y from
circulating iNKT cells in cancer patients is preserved even
though the absolute number of INKT cells decreases, and thus,
residual iNKT cells might still have a good competence to
exert anti-tumor responses. Therefore, the expansion and ac-
tivation of these cells in vivo may be therapeutically mean-
ingful in patients with severely decreased or functionally
deficient V24 iNKT cells. Clinical studies of x-GalCer-
pulsed antigen presenting cells (APC)s have been conducted
to recover a functionally sufficient number of Vo224 iNKT
cells [11-14]. A phase /Il study ofa-GalCer-pulsed APCs in
patients with advanced or recurrent non-small cell lung cancer
(NSCLC) found that the treatment elicits V24 iNKT
cell-dependent immune responses, which are correlated with
prolonged overall survival time [13]. The mechanisms that
underlie this positive clinical outcome are still unclear.

The current clinical trial focused on the iNKT cell-specific
immunological responses in the tumor microenvironments to
investigate further anti-tumor mechanisms of V24 iNKT
cells after «-GalCer-pulsed APC treatment. Therefore, in this
exploratory study, the preoperative administration of -
GalCer-pulsed APCs was performed to clarify the iNKT cell
specific immune responses at the tumor site more precisely.
The results indicated that o-GalCer-pulsed APCs successfully
induced the activation of tumor infiltrating V24 iNKT cells
in the lung.

Material and Methods
Patient Eligibility Criteria
The study included patients between 20 and 80 years of age,

with a diagnosis of clinical stage IIB or IITJA NSCLC that
was to be treated surgically. Further inclusion criteria were a

@ Springer

performance status of 0, 1, or 2; normal or near normal
renal, hepatic and hematopoietic function; and no chemo-
therapy or radiotherapy received for at least 4 weeks before
enrollment. V24"V 117 iNKT cells were detected by flow
cytometry in the enrolled patients at a level of >10 cells in
1 ml peripheral blood. The exclusion criteria were a positive
response to HIV, hepatitis C virus, or human T-cell lympho-
trophic virus antibodies; positive for hepatitis B antigen; the
presence of active inflammatory disease or active autoim-
mune disease; a history of hepatitis; pregnancy or lactation;
concurrent corticosteroid therapy and evidence for another
active malignant neoplasm. The x-GalCer-pulsed APC non-
treatment cases were investigated as a control group to
elucidate the effects of x-GalCer-pulsed APC treatment.
The inclusion and exclusion criteria of the control group
were the same as for the treatment group. The histological
type, tumor-node-metastasis classification and the anti-
tumor effect of treatment were classified according to the
general rules for the clinical and pathologic recording of
lung cancer as described by the Japan Lung Cancer Society.

Clinical Protocol and Study Design

The study was carried out in the Department of Chest
Surgery, Chiba University Hospital, Japan, according to
the standards of Good Clinical Practice for Trials on Medic-
inal Products in Japan. The protocol was approved by the
Institutional Ethics Committee (No. 1972). In addition, this
trial underwent ad hoc reviews by the Chiba University
Quality Assurance Committee on Cell Therapy.

The study design is illustrated in Fig. 1. Written informed
consent was obtained from all of the patients before under-
going a screening evaluation to determine eligibility. Clinical
and laboratory assessments were conducted once a week,
including of a complete physical examination and standard
laboratory values. Any adverse events and changes in labora-
tory values were graded according to the National Cancer
Institute Common Toxicity Criteria version 4.0.

Preparation of APCs from Peripheral Blood
All procedures were carried out according to the Good

Manufacturing Practice standards. Eligible patients underwent
peripheral blood leukapheresis (COBE Spectra, Gambro BCT,

apheresis APC surgery
0 7 14  day

Fig. 1 Study design of x-GalCer-pulsed APC administration. The
patients received «-GalCer-pulsed APCs. The timing for both apheresis
and «-GalCer-pulsed APC administration are shown. APC, «-GalCer-
pulsed APC administration
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Inc., Lakewood, CO) and PBMCs were collected and further
separated by density gradient centrifugation (OptiPrep,
Nycomed Amersham, Oslo, Norway). Thereafter, whole
PBMCs were cultured with GM-CSF and IL-2, as previously
described [11, 15]. Briefly, PBMCs were washed three times
and resuspended in AIM-V (Invitrogen Corp., Carlsbad, CA)
with 800 units/ml of human granulocyte macrophage colony-
stimulating factor (GeneTech Co., Ltd., China) and 100 Jap-
anese reference units per milliliter of recombinant human IL-2
(Imunace, Shionogi, Osaka, Japan). The cultured cells were
pulsed with 100 ng/ml of specific ligand, x-GalCer
(KRN7000; Kirin Brewery, Gunma, Japan) on the day before
administration. Whole cells were harvested after 7 days of
cultivation, washed 3 times and resuspended in 100 ml of
2.5 % albumin in saline. The patients received an intravenous
injection of the cultured cells once (Fig. 1). The criteria for oc-
GalCer-pulsed APC administration included a negative bac-
terial culture 48 h before APC injection, cell viability >70 %
and an endotoxin test 48 h before APC injection with a
result <0.7 Ehrlich units/ml. The patients were injected with
1x10° cells/m?*/injection of APCs.

Phenotype Evaluation of APCs

The phenotypes of x-GalCer-pulsed APCs were determined
using a FACSCalibur flow cytometer (BD biosciences). The
monoclonal antibodies (mAb) used were FITC-labeled anti-
HLA-DR, CD83, CD14; phycoerythrin-labeled anti-CD86,
CDI1d; and allophycocyanin-labeled anti-CD11lc, CD40
(Becton Dickinson, San Diego, CA). Isotype-matched
control mAbs were used as negative controls.

Preparation of Tumor Infiltrating Lymphocytes, Tumor
Cells, Normal Lung Mononuclear Cells and Lymph Nodes
Mononuclear Cells

Fresh tumor tissue specimens were obtained from the surgi-
cal specimens and the tissue was cut into small pieces with
scissors. The tissue specimen was placed in a flask with a
mixture of 0.1 mg/ml DNase type I, I mg/ml collagenase
type IV and 0.5 mg/ml hyaluronidase type V (all from
Sigma, St. Louis, MO) in RPMI 1640 and stirred at room
temperature for 1 h. The resultant cell suspension was
washed in HBSS and subjected to two-layered (75 and
100 %) Ficoll-Hypaque discontinuous density gradient
centrifugation at 1200 g for 20 min. The cells from the
100 % interface and 75 % interface were used as tumor
infiltrating lymphocytes (TILs) and tumor cells, respec-
tively. Normal lung tissue and lymph nodes were excised from
the surgical specimen, cut with scissors in RPMI 1640
containing enzymes and passed through a gauze filter.
The resultant cell suspension was washed in HBSS and
subjected to Ficoll-Hypaque gradient centrifugation. The

interface was collected and used as either a normal lung
or lymph node.

Immunological Monitoring

PBMC samples were obtained at least twice before APC
administration and 1 week after APC injection.

Flow Cytometric Analysis of V24 V117 Inkt Cells
in the Peripheral Blood and TILs

The cell concentrations of V24 VB 11" iNKT cells in
PBMCs, TILs and mononuclear cells from normal lung
tissue or lymph node were assessed by flow cytometry.
Mononuclear cells were three-color stained with FITC-
conjugated anti—T-cell receptor (TCR) Va24 mAb (C15;
Immunotech, Marseilles, France), phycoerythrin-conjugated
anti-TCR VB11 mAb (C21, Immunotech) and APC-
conjugated anti-CD3 mAb (UCTHI; BD Bioscience). The
stained cells were subjected to flow cytometry and the
percentages of Va24"VB11"CD3" cells among mononucle-
ar cells were calculated. Thereafter, the number of INKT cells
(counts/ml) was estimated based on the PBMC counts.

Single-Cell Enzyme-Linked Immunospot Assay

PBMCs, TILs and cells from normal lung tissue or lymph
nodes were washed 3 times with PBS and then were stored
in liquid nitrogen until use. IFN-y-secreting cells were
assayed in 96-well filtration plates (Millipore, Bedford,
MA) coated with mouse anti-human IFN-y (10 pg/ml;
Mabtech, Nacka Strand, Sweden). The cells (5x10° per
well) were incubated for 16 h with or without a-GalCer
(100 ng/ml) in 10%FCS containing RPMI. Phorbol 12-
myristate 13-acetate (10 pg/ml) plus ionomycin (10 nmol/l)
was used as a positive control. After culture, the plates were
washed and incubated with biotinylated anti-IFN-y (1 pug/ml;
Mabtech). Spot-forming cells were quantified by microscopy.

Quantitative Real Time PCR of V24 Invariant
TCR and CD1d Expression

Total RNA was extracted from the tumors, normal lung
tissue and lymph nodes using TRIzol Reagent (Sigma
Aldrich) and reverse transcribed using Superscript II RT
(Invitrogen Life Technologies) and oligo (dT12-18) primers
(Invitrogen Life Technologies). The primers specific for the
constant region of TCR « chain (Ceo) (sense, CGCCTTCAA
CAACAGCATTA,; antisense, ACCAGCTTGACATCA
CAGGA), TCR Vx24 (sense, GCAAAGCTCTCT
GCACATCA,; antisense, CCAGGGTTGAGCCTCTGTC),
CD1d (sense,gtcagggaagtcggaactga; antisense, atcctgaga-
catggcacacc) were used with 5 pg of sample cDNA and
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amplified with 7aq polymerase (Promega). Quantitative real-
time PCR was performed using real-time Tag-Man technolo-
gy and an ABI PRISM 7000 sequence detector (Applied
Biosystems, Foster City, CA). The expression was normalized
using the Co signal for V24 and GAPDH for CD1d.

Statistical Methods

Statistical analyses were performed using Student’s z-test.

Results
Patient Characteristics

A total of 4 patients met the inclusion criteria and were
enrolled in the study. The patient characteristics are summa-
rized in Table I. The study included one patient with ade-
nocarcinoma and three patients with squamous cell
carcinoma. Two patients were stage IIb and two were stage
[Ila primary lung cancer. No patients had received any
previous treatments.

In addition, a total of 6 patients who had not received «-
GalCer-pulsed APC injection were enrolled as the control
group. Fresh tumor tissue, normal lung tissue and lymph
nodes were excised from the surgical specimens. The patient
characteristics of the control group are also listed in Table L.

Phenotypes of aGalCer-Pulsed APCs

The phenotypes of aGalCer-pulsed APCs prepared for ad-
ministration were analyzed by flow cytometry. All profiles
for each patient are shown in Fig. 2. The percentages of
HLA-DR, CD11c", CD86", CD40", CD83" and CD1d"
cells were determined by the overtone subtraction test using
the population comparison platform in the FlowlJo software
package. More than 50 % of the cultured cells were HLA-
DR™ cells, 10 % to 50 % were CD11c* cells and 50 % to

80 % were CD86" cells. Interestingly, the majority of the
cultured cells were CD3™ T cells or CD56"CD3" NK cells,
indicating the expression of HLA-DR*, CD11c" or CD86"
on human T cells or NK cells (data not shown). Some
variations were observed in the expression of CD83 (23.9—
55.4 %), CD40 (8.5-17.1 %) and CD1d (23.1-69.9 %;
Fig. 2).

Adverse Events

No serous (grade >2) toxicity or severe side effects were
observed in any patients.

Immunological Monitoring of PBMCs and Resected
Specimens

Immunological assays were conducted for all patients. The
frequency of peripheral blood Va24 iNKT cells in all
patients was measured by FACS. Figure 3 shows that two
patients (cases 002 and 004) showed an increased number of
circulating V24 iNKT cells after the a-GalCer-pulsed
APC administration. No clear relationship was found be-
tween the number of circulating V24 iNKT cells and the
a-GalCer-pulsed APC administration in the remaining two
patients (cases 001 and 003).

Immunological assays were also performed for TILs and
mononuclear cells (MNC)s from normal lung and lymph
node tissues. TILs from all 4 cases in the «-GalCer-pulsed
APC administration group contained a high percentage of
V24 iNKT cells in comparison to the normal lung MNCs
(TILs; 1.86 %, 0.32 %, 0.15 % and 0.39 % vs. lung MNCs;
0.031 %, 0.013 %, 0.003 % and 0.01 %, Fig. 4a). The
frequency of Va24 iNKT cells in the TILs in case 001
was 60 times higher than the normal lung MNCs. Though
the content of V24 iNKT in the normal lung MNCs was
extremely low in case 003, the V24 iNKT cells were found
to have accumulated in the TILs. The average percentage of
V24 iNKT cells in the TILs was 50 times higher than that

Table I Patient characteristics

of a-GalCer-pulsed APC Case Treat Agel/Sex Histology c-stage Operation method
group and control group
001 APC® 75M Ad¢ T2N1MO (stage IIB) Lobectomy+LND?#
002 APC 76/M Sq° T2N1MO (stage IIB) Lobectomy+LND
003 APC 74/M Sq TIN2ZMO (stage IITA) Lobectomy+LND
004 APC 68/M Sq T3NIMO (stage II1A) Pneumonectomy+LND
c-01 cont® 1M Sq T2N1MO (stage IIB) Lobectomy+LND
“Treat, Treatment; "APC, c-02 cont 55 M largef T2N1MO (stage 11B) Lobectomy+LND
o-GalCer-pulsed APC adminis- . 3 cont 70 M Sq T3NOMO (stage TIB) Lobectomy+LND
tration; © cont, control; “Ad,
Adenocarcinoma; © Sq, c-04 cont 72 M Sq T3NIMO (stage ITIA) Bilobectomy+LND
Squamous cell carcinoma; c-05 cont 56/M Sq T2N1MO (stage IIB) Lobectomy+LND
"large, large cell carcinoma; c-06 cont 63M Ad TIN2MO (stage TMA) ~ Lobectomy+LND

€ LND, Lymph Node dissection
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Fig. 2 Flow cytometric
analysis of «-GalCer-pulsed
APCs. The expression levels
of HLA-DR, CDllc, CD86,
CD383, CD1d and CD40 were
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in normal lung MNCs. The Va24 iNKT cell frequency in
the draining lymph nodes of each case was almost the same
as that in the normal lung MNCs (Fig. 4a).

The proportion of V24 iNKT cells in the control group
showed a relatively high percentage of TILs in comparison
to the normal lung MNCs (TILs; 0.031 %, 0.058 %, 0.13 %,
0.47 %, 0.18 % and 0.12 % vs. lung MNCs; 0.034 %,
0.011 %, 0.004 %, 0.039 %, 0.014 % and 0.02 %,

Fig. 3 Immunological
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Fig. 4b). The average percentage of Va24 iNKT cells in
the TILs was only 8 times higher than that in the normal
lung MNCs.

Normal lung MNCs in the control group demonstrated a
trend toward a higher V24 iNKT cell rate in comparison to
the treatment group (Fig. 4c). On the other hand, the pro-
portion of V24 iNKT cells in TILs tended to increase in the
a-GalCer-pulsed APC injected group in comparison to the
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