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Fig. 1 Chest radiograph showing a mass in the right lower field (a). Chest computed
tomography showing a 45X 30-mm cavity-forming mass in the right lower lobe
(b). PET scan revealed a marked accumulation of FDG in the tumor with a
maximum standardized uptake value of 7.3 (c¢).

X30mm OERPE CHERAOEERKREZZD 2
(Fig. 2-a). #MRFITIE, MBEVERAMHRIZIED, Pk
HICRREEETAEERELZRL, ZORE»OERL
TEELHBREMEEL D OSBRI LR 2 RERY
i, BEREOHZIEAY F S AR (optically clear nu-
cleus) TH o7z (Fig.2-b, ¢). BEEIRLEMIZZLL,
BT EEERSP SR Y, MERSIED L, o7
fELRE T, EEMEE, BB I UMBEEN, B
catenin raEEER L 72 (Fig 2-d). U LEOBIRA»S,
BEOLIE R EE & 2T L7z, WIEREIEEED S, U >
NEEELBETH Y, pT2aNOMO, pStagelB L 2L
7z.
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01%) BAEETH- 7.

1961 #£1Z Spencer” %%, MRIEMICEBI L2, Lk - HE
BAPORBERE Y, OMBEEIEFE (nephroblas-
toma) WHMPT B &5, fiFME (pulmonary blas-
toma ; PB) & L CTHE L7z, 1982 4£12id Kradin SY7,
WIER S % R M3 E (pulmonary endodermal tumor
resembling fetal lung ; PET) & L7-4%, kR
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Fig. 2 Resected specimen showed a well-defined cavity-forming solid tumor in the right lower
lobe (a). Histological findings showed complex neoplastic glandular structures resem-
bling the fetal lung, and the nodules consisted of small solid nests of tumor cells (mor-
ules) (b, ¢; HE stain), and, immunohistochemically, the epithelial cells were positive for
anti-B-catenin antibody in the nucleus and cytoplasm (d).
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Tid, L-FLAC, H-FLAC 285 2R IBHRE (fetal

adenocarcinoma) & LT, BREOHHEIZSE SN,
2011 EICEBBEEE 2 EPOREINHBREO S
HIZBWT D, 2004 4ERK WHO 448 & R ICEEB ST
WA

L-FLAC/WDFA OB L T3, B-catenin &\ )
i CHEE - MLICEELREE R LTSRN
BFTFHHY, FO pcatenin BEFEELZEDL Wnt V7
FIRZROFEBRPEE L TWwa 2 EARBIh Ty
%. Bcatenin BIETERICLY, ARFE L L THIBBEIC
BET AR 87 OMENEYE - BABITIES,
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Table 1 Summary of the 31 Reported Cases of Well-Differentiated Fetal Adenocarcinoma Resected in Japan

No. reg:;tred author (yi%is) sex smoking symptoms prgg;igastge location ?:;:2;;{ disl;régggnn&fiﬁm ‘Isrii:) pT pN M pStage recurrence 832?,3‘5
1 1985 Mitsuoka 39 M ND none none RUL (S2) lobectomy ND 70 2b 0 0 IIA alive (72)
2 1986 Ogawa 33 F ND none none LUL (81+2) lobectomy LND 60 2b 0 0 IIA + alive (55)
3 1987 Tanimura 27 F - none none LUL (S3) lobectomy mediastinal 90 3 0 0 IIB alive (52)
4 1990 Nakamura 46 F - cough, sputum none LUL (S5) lobectomy mediastinal 3 1 0 O IA alive (7)
5 1991 Fukase 35 F ND none none RUL (S1) lobectomy ND 30 1 0 0 IA alive (60)
6 1992 Sato 32 F - cough none LLL (S6) lobectomy mediastinal 8 3 0 0 1B alive (5)
7 1992 Higashiyama 52 M + chest discomfort, none RLL (S6) pneumonectomy hilar 60 2 0 O TIA + dead (28)

weight loss
8 1992 Higashiyama 36 M + none SCC RLL (S10) lobectomy mediastinal 24 1 0 O IA alive (88)
9 1992 Higashiyama 62 M + none Sq RLL (S9) lobectomy mediastinal 20 la 0 0 IA alive (42)

10 1993 Shimada 31 F ND none none RUL (52) lobectomy mediastinal 45 2a ND O ND ND ND

11 1995 Fujino 33 F - none PB RLL (S6) pneumonectomy ND 99 3 1 0 IIA alive (12)

12 1996 Okano 33 F ND none none RUL (S3) bilobectomy mediastinal 5 2 0 0 IB alive (11)

13 1997 Tzumi 32 F + none Ad RUL (52) lobectomy mediastinal 30 1 0 0 IA + alive (33)

14 1997 Matsumoto 30 F ND none Ad LUL (S3) lobectomy ND 32 2 0 0 IB alive (48)

15 1998 Nakatani 35 M + none ND RUL (S3) ND ND 14 la 0 O IA alive (24)

16 1998 Nakatani 35 F - none ND RUL ND ND 2 1 0 0 IA alive (24)

17 1998 Nakatani 39 M + none ND LUL (S1+2) ND ND 25 1 0 0 IA alive (10)

18 1998 Nakatani 40 F + cough, hemosputum ND RML ND ND 3 1 0 0 IA alive (120)

19 1998 Nakatani 35 F + none ND RUL ND ND 30 1 0 0 IA alive (48)

20 1998 Nakatani 33 F + none ND LUL ND ND 3% 2 0 0 1B alive (108)

21 1998 Nakatani 45 M + none ND LUL (S4) ND ND 45 2 0 0 1B alive (72)

22 1998 Nakatani 55 F + eye pain ND RLL ND ND 5 22 1 1 IV (advanced) dead (24)

23 1998 Nakatani 19 M ND ND ND LUL (S1+2) ND ND 15 la ND 0 ND ND ND

24 2001 Tatebayashi 27 F none none LUL (53/4) lobectomy mediastinal 26 1 0 0 IA alive (8)

25 2001 Sawamoto 24 F ND cough, fever Ad RUL bilobectomy mediastinal 120 3 0 0 B ND ND

26 2003 Kawai 58 M ND none none LLL (S10) lobectomy mediastinal 32 22 0 0 B alive (36)

27 2003 Mori 38 M + none Ad LUL (84) lobectomy mediastinal 12 1la 0 0 IA ND ND

28 2006 Sato 36 M ND none Ad RLL bilobectomy mediastinal 41 2a 0 0 1B alive (38)

29 2011 Takeshita 32 F + cough none LLL (S8) lobectomy LND 17 la 0 O IA alive (36)

30 2011 Yamaguchi 15 F - none Ad RLL (59/10) bilobectomy mediastinal 5 2 0 O IIA alive (8)

31 2012 Present case 21 M - none Ad RLL (510) lobectomy mediastinal 40 2a 0 O 1B alive (30)

ND: not described, SCC: small cell carcinoma, Sq: squamous cell carcinoma, PB: pulmonary blastoma, Ad: adenocarcinoma, RUL: right upper lobe, RML: right middle lobe, RLL: right lower lobe, LUL: left

upper lobe, LLL: left lower lobe.
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L-FLAC/WDFA iZ, WIRMICIZBEFREEcCLITLIZ
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LIREHEL YD, TORE,SERL TEBEME?S
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A resected case of well-differentiated fetal adenocarcinoma

of the lung in a young male adult

Tohru Momozane, Hidenori Kusumoto, Naoko Ohse
Akio Hayashi, Yukiyasu Takeuchi, Hajime Maeda

Department of General Thoracic Surgery, National Hospital Organization Toneyama Hospital

Fetal adenocarcinoma is a rare type of malignant lung tumor resembling fetal lung tissue, and is estimated to account
for only 0.1% of all pulmonary malignant neoplasms. We report a resected case of well-differentiated fetal adenocarci-
noma. A 2l-year old man was found to have a tumor shadow in the right lower field of a chest radiograph as part of a
medical examination. Chest computed tomography showed a 45 X 30-mm cavity-forming mass in the right lower lobe,
and transbronchial biopsy revealed adenocarcinoma. A right lower lobectomy was performed via video-assisted thora-
coscopy. The post-operative pathological diagnosis was well-differentiated fetal adenocarcinoma, Stage IB (pT2aNOMO).
The patient was treated with postoperative adjuvant chemotherapy, and there had been no evidence of recurrence as
of 30 months postoperatively.

© The Japanese Association for Chest Surgery (JACS)
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Immunohistochemical studies of pulmonary large cell
neuroendocrine carcinoma: A possible association between staining
patterns with neuroendocrine markers and tumor response to

chemotherapy

Yugo Tanaka, MD,?* Hiroyuki Ogawa, MD,* Kazuya Uchino, MD,* Chiho Ohbayashi, MD,°
Yoshimasa Maniwa, MD,® Wataru Nishio, MD,® Atsunori Nakao, MD,? and Masahiro Yoshimura, MD?

Objective: Pulmonary large cell neuroendocrine carcinoma is a rare high-grade malignant tumor. Because large
cell neuroendocrine carcinoma is rare, the optimal treatment, including perioperative chemotherapy, has not
been defined. We retrospectively analyzed the correlation among the effectiveness of perioperative chemother-
apy in treating large cell neuroendocrine carcinoma, pathologic stage, and immunoreactivity to neuroendocrine
markers.

Methods: A total of 63 patients with pulmonary large cell neuroendocrine carcinoma undergoing surgical re-
section from 2001 to 2009 were included. The resected tumors were immunohistochemically stained with the
3 neuroendocrine markers synaptophysin, chromogranin A, and neural cell adhesion molecule. We categorized
patients who were positive for all 3 markers as the triple-positive group and those who were negative for 1 or 2
markers as the non-triple-positive group.

Results: Perioperative chemotherapy resulted in better overall survival than surgery alone (P = .042). Multivar-
iate analysis of survival revealed that perioperative chemotherapy was a significant independent prognostic fac-
tor (hazard ratio, 0.323; 95% confidence interval, 0.112-0.934; P = .0371). Among the patients who received
perioperative chemotherapy, the non-triple-positive group had a significantly greater 5-year survival rate than
the triple-positive group (P = .0216). Moreover, among the non—triple-positive group, a significantly greater
5-year survival rate was observed for the patients who underwent surgery with chemotherapy than for those
who underwent surgery without chemotherapy (P = .0081). In contrast, no difference was found in 5-year
survival between patients with chemotherapy and those without chemotherapy when the tumors were triple
positive.

Conclusions: Our results suggest that perioperative chemotherapy might benefit the survival of patients with
pulmonary large cell neuroendocrine carcinoma, in particular when the tumors are not immunoreactive to all

3 neuroendocrine markers. (J Thorac Cardiovasc Surg 2012; il :1-8)

Pulmonary large cell neuroendocrine carcinoma (LCNEC),
proposed as a separate tumor category by Travis and col-
leagues' in 1991, is distinguished from typical carcinoid,
atypical carcinoid, and small-cell lung carcinoma (SCLC)
by its morphologic and biologic features. In 1999, the
World Health Organization classified LCNEC as a variant
of large cell carcinoma.” Pulmonary LCNEC represents
about 2% to 3% of all lung malignancies and is associated
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with a worse prognosis than other non—-SCLC (NSCLC),
even in the early stage.”® However, in a recent Japanese
study with a large sample size, Asamura and colleagues’
reported that no prognostic difference was found between
pulmonary LCNEC and SCLC.

Several small-scale retrospective studies have demon-
strated that perioperative chemotherapy could improve the
survival of patients with pulmonary LCNEC. Perioperative
chemotherapy is recommended even for patients with re-
sectable stage I LCNEC because of its aggressive course,
remarkably dismal prognosis, and high potential for metas-
tasis.*!! However, owing to the rarity of this tumor, the
incidence, prognosis, and optimal treatment remain to be
determined.

In the present study, we retrospectively analyzed the effi-
cacy of perioperative chemotherapy in treating pulmonary
LCNEC. Furthermore, we examined the correlation be-
tween the sensitivity of LCNEC and perioperative chemo-
therapy and the immunohistochemical staining patterns of

The Journal of Thoracic and Cardiovascular Surgery ¢ Volume B, Number B 1
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Abbreviations and Acronyms
CPT-11 = irinotecan
LCNEC = large cell neuroendocrine carcinoma
NCAM = neural cell adhesion molecule
NSCLC = non-small-cell lung carcinoma
SCLC = small-cell lung carcinoma
VP-16 = etoposide

the tumors with 3 immunohistochemical neuroendocrine
markers, synaptophysin, chromogranin A, and neural cell
adhesion molecule (NCAM). Although our experiences in
2 institutions do not allow us to reach a definite conclusion
owing to the small number of subjects, the present prelim-
inary study may be useful in generating a hypothesis to de-
termine the immunohistochemical biomarkers to predict
LCNEC’s response to perioperative chemotherapy in future
prospective multi-institutional trials.

METHODS

We retrospectively examined the clinical data of 63 patients with pul-
monary LCNEC who underwent complete surgical resection from 2001
to 2009. All follow-up data were current as of December 31, 2011. All pa-
tients who underwent surgery in 2009 were included in the present study,
because more than 2 years have passed since their surgery. The median
follow-up period was 32.3 months (range, 2.8-95.3 months). The Hyogo
Cancer Center and Kobe University Hospital institutional review boards
approved the study, and each participant provided informed consent.
LCNEC was diagnosed using the following histopathologic criteria: (1)
neuroendocrine morphology such as an organoid, palisading, rosette-like,
or trabecular growth pattern; (2) high mitotic count (>11/10 high-power
fields [HPF]); (3) tumor necrosis (often large zone); (4) large cell size
with Jow nuclear/cytoplasmic ratio, vesicular or fine chromatin, and/or
frequent nucleoli; and (5) positive immunostaining for 1 or more of the
neuroendocrine markers, synaptophysin, chromogranin A, and NCAM.?

Immunohistochemical stains were performed on 4-mm-thick, formalin-
fixed, paraffin-embedded sections. The deparaffinized sections underwent
CC1 buffer pretreatment (pH 8.5, ethylenediaminetetraacetic acid; Roche,
Mannheim, Germany) and were immunostained for the markers with the
streptavidin-biotin technique with an automated immunostainer (Benchi-
mark; Ventana, Tucson, Ariz) according to the manufacturer’s instructions.
Antibodies against chromogranin A (polyclonal, 1:500 dilution; Dako,
Glostrup, Denmark), synaptophysin (monoclonal, clone 27G12, 1:2 dilu-
tion; Nichirei, Tokyo, Japan), CD56 (NCAM; monoclonal, 1:100 dilution;
Novocastra, Newcastle, UK), and Ki-67 (monoclonal 1:100 dilution; Dako)
were used.

All samples were evaluated by an expert pathologist (C.O.) without
knowledge of the patient’s outcome. Plural sections, more than 10 sections
in most cases, were prepared in each case, and 1 representative specimen
involving tumor was selected for immunohistochemistry. The final results
were reported as negative (no positive cells) or positive (immunoreactive).
Proliferative activity was expressed as the MIB-1 index, which was calcu-
lated as the proportion of Ki-67—-positive cells by counting 500 to 1000 can-
cer cells. The mitotic counts were performed using an Olympus BX53
microscope at a magnification of X400, counting 3 sets of 10 HPF for
each tumor. The area with the greatest numbers of mitoses was counted.
In the present study, we included pure LCNEC and combined LCNEC,
in which at least 1 portion of neuroendocrine differentiation or morphology
in NSCLC was LCNEC. The medical records provided information on the

patient age, gender, smoking status, pathologic stage, perioperative chemo-
therapy, and operative procedure. The determination of disease stage was
based on the TNM classification using the International Union Against
Cancer staging system.'?

We classified patients into 2 groups to investigate the correlation
between the sensitivity of LCNEC to perioperative chemotherapy and
the results of immunohistochemical staining of neuroendocrine markers.
We categorized the patients who were positive for all 3 neuroendocrine
markers (ie, synaptophysin, chromogranin A, and NCAM) as the triple-
positive group and those who were negative for 1 or 2 of the markers
as the non-triple-positive group. Statistical analyses were performed us-
ing JMP, version 8, software (SAS Institute, Cary, NC). Student’s r-test
and the chi-square test were performed to assess the significance of the
differences in age, gender, smoking status, surgical procedure, and path-
ologic stage between the triple-positive and non-triple-positive groups.
Survival was calculated using the Kaplan-Meier method, and differences
in the distributions were evaluated using the log-rank test. The Cox pro-
portional hazards mode] was used to evaluate the association between the
prognostic factors and survival rate after pulmonary resection, with the
hazards ratio and 95% confidence intervals. Significance was set at
P <.05.

RESULTS

The clinicopathologic characteristics of the 63 patients
with pulmonary LCNEC who underwent surgical resection
are listed in Table 1. The patient age ranged from 30 to 84
years (mean age, 67.0 years). Of the 63 patients, 54 (87%)
were men, and 58 (92%) were former or current smokers.
The surgical procedures included 55 lobectomies, 2 seg-
mentectomies, and 6 wedge resections with complete
resection (RO). Of the 55 lobectomies, 8 bronchoplastic pro-
cedures were performed and 6 extended resections were re-
quired because of tumor invasion into the adjacent tissue,
including muscle and rib (n = 3), parietal pleura (n = 1),
and vagal nerve (n = 2). Of the 6 patients who underwent
extended resection, 5 were treated with chemotherapy. Be-
cause these patients had advanced-stage disease and the
number of the subjects was small, no correlation was found
between the extent of resection and the outcome.

The distribution of pathologic stage was stage IA in 19
patients (30%), stage IB in 16 (25%), stage IA in 5
(8%), stage IIB in 11 (18%), stage IIIA in 9 (14%), and
stage HIB in 3 patients (5%). The mean MIB-1 index for
all patients was 62.7% (range, 5.2%-90.5%), and the
mean mitotic count was 71.2/10 HPF (range, 14-153/10
HPF). All 63 patients had tumor necrosis.

Perioperative platinum-based chemotherapy was admin-
istered to 23 (37%) of the 63 patients. We have used the cri-
terion of tumor size more than 3 cm in offering
chemotherapy for patients with stage I disease since 2004.
Thus, 8 of 35 patients with stage I received chemotherapy.
Also, 9 of 16 with stage IT and 6 of 12 with stage IIl received
chemotherapy. Induction chemotherapy was administered
to 3 patients at clinical stage IIT and adjuvant chemotherapy
was administered to 20 patients at clinical stage I/II. Three
patients received preoperative mediastinal radiotherapy (40
Gy) combined with induction chemotherapy. No patient
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TABLE 1. Patient characteristics (n = 63)

Triple  Non-triple
Factor Total positive positive P value
Patients (n) 63 31 32
Age (y) .0473
Mean 67.0 64.4 69.5
Range 30--84 30-78 41-84
Gender 2578
Male 54 (87) 25 81 29 91)
Female 9(13) 6(19) 39
Smoking status 1512
Former or current 58 (92) 27 (87) 31097
Never smoked 5(8) 4(13) 13
Surgical procedure 3416
Lobectomy 55 (87) 26 (84) 29 (90)
Segmentectomy 203 3(10) 0(0)
Wedge resection 6 (10) 2(6) 3(10)
Pathologic stage .6044
1A 19 (30) 11 (35) 8 (25)
1B 16 (25) 7(23) 9 (28)
ITA 5(8) 3(10) 2(6)
IIB 11 (18) 3(10) 8 (25)
A 9 (14) 5(16) 4 (13)
B 3 (5) 2 (6) 1(3)
MIB-1 index (%) .5029
Mean 62.7 61.2 64.4
Range 5.2-90.5 5.2-90.0 5.8-90.5
Mitotic counts (/10 HPF) 3538
Mean 71.2 64.7 719
Range 14-153 14-122 20-153

Data in parentheses are percentages. Triple positive, Positive for synaptophysin, chro-
mogranin A, and neural cell adhesion molecule; Non-~triple positive, negative for 1 or
2 neuroendocrine markers (synaptophysin, chromogranin A, and neural cell adhesion
molecule); HPF, High-powered fields.

underwent postoperative radiotherapy. The chemotherapy
regimens are listed in Table 2.

The results of immunohistochemical staining for the 3
neuroendocrine markers are summarized in Table 3. Al-
though the percentage of reactive cells ranged very much,
the intensity of immunostaining was not so variegated for
all 3 neuroendocrine markers. Of the 63 tumors, 40
(63%) were positive for synaptophysin, 36 (57%) for chro-
mogranin A, and 59 (94%) for NCAM. Finally, 31 tumors
(49%) were positive for all 3 neuroendocrine markers and
32 (51%) were negative for 1 or 2 markers. The clinicopath-
ologic characteristics and chemotherapy regimens of pa-
tients in the triple-positive group and non-triple-positive
group are listed in Tables land 2, respectively. Although
the triple-positive group was significantly younger than
the non-triple-positive group, no significant differences
were seen in the distribution of other characteristics be-
tween the 2 groups. Also, no morphologic differences
were found between the 2 groups in the neuroendocrine
structures such as rosettes and ribbon-like arrangements,
necrosis, mitotic counts, and MIB-1 index.

TABLE 2. Regimens of perioperative platinum-based chemotherapy
(n =23)

Triple Non-triple
Regimen positive (n = 12) positive (n = 11)

Induction chemotherapy

CDDP+ VP-16 1 0

CDDP+VNR 1

CBDCA+DOC 1 0
Adjuvant chemotherapy

CDDP+CPT-11 5 2

CBDCA-+PTX 2 4

CDDP+VNR 2 3

CBDCA -+ VP-16 1 1

Triple positive, Positive for synaptophysin, chromogranin A, and neural cell adhesion
molecule; Non—triple positive, negative for 1 or 2 neuroendocrine markers (synapto-
physin, chromogranin A, and neural cell adhesion molecule); CDDPF, cisplatin;
VP-16, etoposide; VNR, vinorelbine; CBDCA, carboplatin; DOC, docetaxel;
CPT-11, irinotecan; PTX, paclitaxel.

The overall 5-year survival rate among the 63 patients
was 44.9%. Significantly longer survival was observed
for the patients who underwent surgery with chemotherapy
than for those who underwent surgery without chemother-
apy (74.4% and 32.3%, respectively; P = .042; Figure 1,
A).

Next, we evaluated whether the effects of perioperative
chemotherapy were seen in patients with different stages.
Although there was a tendency for longer survival for the
patients with stage I disease who underwent surgery and
chemotherapy compared with those who underwent surgery
without chemotherapy, the small number of subjects did not
allow us to obtain a statistically significant difference
(85.7% and 35.2%, respectively; P = .1129; Figure 1, B).
Similarly, no statistically significant difference in survival
between the patients with and without chemotherapy at
stage II/III (68.8% and 25.6%, respectively; P = .1243;
Figure 1, B). Multivariate analysis of survival was

TABLE 3. Immunochistochemical staining of 3 neuroendocrine
markers (n = 63)

Neuroendocrine marker Patients (n)
Synaptophysin

Positive 40 (63)

Negative 23(37)
Chromogranin A

Positive 36 (57)

Negative 27 (43)
NCAM

Positive 59 (94)

Negative 4(6)
Triple positive 31 (49)
Non-triple positive 32 (51)

Data in parentheses are percentages. NCAM, Neural cell adhesion molecule; Triple
positive, Positive for synaptophysin, chromogranin A, and neural cell adhesion mol-
ecule; Non—triple positive, negative for 1 or 2 neuroendocrine markers (synaptophy-
sin, chromogranin A, and neural cell adhesion molecule).
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FIGURE 1. A, Comparison of survival of patients with large cell neuroendocrine carcinoma who underwent surgery with perioperative chemotherapy and
those who underwent surgery alone. B, Comparison of stage-specific survival of patients with large cell neuroendocrine carcinoma who underwent surgery
with perioperative chemotherapy and those who underwent surgery alone (stage I vs stage II/III). C, Comparison of survival of the non-triple-positive group
and triple-positive group. D, Comparison of survival of the non—triple-positive group and triple-positive group among patients who received perioperative
chemotherapy. E, Comparison of survival of non—triple-positive patients who underwent surgery with perioperative chemotherapy and those who underwent
surgery without perioperative chemotherapy. F, Comparison of survival of triple-positive patients who underwent surgery with perioperative chemotherapy
and those who underwent surgery without perioperative chemotherapy. Non—triple positive, Negative for 1 or 2 neuroendocrine markers (synaptophysin,
chromogranin A, and neural cell adhesion molecule); Triple positive, positive for synaptophysin, chromogranin A, and neural cell adhesion molecule.
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TABLE 4. Multivariate analysis of prognostic factors and survival
(Cox proportional hazards model)

Variable HR 95% CI1 P value
Age (<75 vs 275y) 1.030  0.466-2.279 9409
Gender (male vs female) 1.091 0.400-2.967 8659
Pathologic stage (I vs 1I/HI) 0.645  0.286-1.455 2904
Surgical procedure (lobectomy vs 1.048  0.287-3.824 9431
sublobar resection)
Treatment (surgery with 0323  0.112-0.934 0371

chemotherapy vs surgery alone)

HR, Hazard ratio; CI, confidence interval.

performed using 5 clinical prognostic factors (age, gender,
pathologic stage, surgical procedure, and surgery with or
without chemotherapy; Table 4). Patients who underwent
surgery with chemotherapy had a significantly better prog-
nosis than those who underwent surgery without chemo-
therapy (hazards ratio, 0.323; 95% confidence interval,
0.112-0.934; P = .0371).

Next, we examined whether the clinical outcome of pa-
tients with LCNEC correlated with the immunohistochem-
ical characteristics determined by immunoreactivity for 3
neuroendocrine markers. No significant difference was
found in 5-year survival between the triple-positive and
non-triple-positive patients (34.0% and 55.3%, respec-
tively; P = .1312; Figure 1, C). No statistically significant
difference was found in survival among the single-
positive, double-positive, and triple-positive patients (data
not shown). Among the patients who received perioperative
chemotherapy, a significantly greater 5-year survival rate
was observed in the non-triple-positive group than in the
triple-positive group (100% and 51.9%, respectively;
P = .0216; Figure 1, D). Moreover, in the non—triple-posi-
tive group, a significantly greater survival rate at 5 years was
observed in patients who underwent surgery with adjuvant
chemotherapy than in those who underwent surgery without
chemotherapy (100% and 34.5%, respectively; P = .0081;
Figure 1, E). In contrast, in the triple-positive group, no dif-
ference was found in 5-year survival between the patients
who underwent surgery with adjuvant chemotherapy and
those who underwent surgery without chemotherapy
(51.8% and 28.1%, respectively; P = .7682; Figure 1, F).

We further analyzed the correlation of chemotherapy
benefits and immunoreactivity patterns of neuroendocrine
markers in patients with different stages. The patients
with stage I and stage II/III did not differ in overall survival
in the non-triple-positive group (53.2% and 56.3%, respec-
tively; P = .8910; Figure 2, A). Survival differences were
also not found in the triple-positive group between stage 1
and stage W (36.8% and 28.2%, respectively;
P = .6460; Figure 2, B).

Because a limited number of patients with stage I disease
received perioperative chemotherapy, we failed to show
a statistically significant survival difference between the

patients with and without chemotherapy in the non—triple-
positive patients (100% and 40.6%, respectively;
P = .2002; Figure 2, C) and the triple-positive patients
(80% and 25.2%, respectively; P = .2606; Figure 2, D).
However, perioperative chemotherapy resulted in a signifi-
cantly greater 5-year survival rate in the non-triple-positive
group patients with stage II/III than in the triple-positive
group (100% and 17.9%, respectively; P = .0074;
Figure 2, E). No correlation was found between the use of
perioperative chemotherapy and the survival of patients
with stage II/III disease in the triple-positive group. In the
group of patients with triple-positive tumors, the 5-year sur-
vival rate of the patients with chemotherapy and without
chemotherapy was 34.3% and 33.3%, respectively
(P = .6108; Figure 2, F).

DISCUSSION

Neuroendocrine lung tumors comprise a spectrum of ep-
ithelial neoplasms ranging from low-grade carcinoid tumor
to SCLC. Although most SCLCs show neuroendocrine dif-
ferentiation on immunohistochemistry or electron micros-
copy,'® a significant minority of NSCLCs (approximately
10%-30%) show neuroendocrine differentiation. NSCLCs
with neuroendocrine differentiation are considered to result
in an especially poor prognosis. Several reports have indi-
cated that NSCLCs with neuroendocrine differentiation
were clinically aggressive with greater chemosensitivity;
however, other studies have not shown any correlation.®1*
A 5-year survival rate of 15% to 57% has been reported
for all stages of LCNEC."®"" Sarkaria and colleagues'" re-
ported a 5-year survival rate of 37% for patients with stage
IB-IITA LCNEC who did not receive perioperative
platinum-based chemotherapy compared with 51% in those
patients who received it. Saji and colleagues'® reported that
the 5-year survival rate for patients undergoing periopera-
tive chemotherapy was 87.5% and that of patients without
perioperative chemotherapy was 58.5%.'% Our results were
similar.

Thus, we assumed that pulmonary LCNEC might have
several features that make it sensitive to chemotherapy
and tried to evaluate the association between the 3 neuroen-
docrine markers that are essential for the diagnosis of
LCNEC and the responsiveness to chemotherapy. Positive
immunostaining for 1 or more neuroendocrine markers
among synaptophysin, chromogranin A, and NCAM is nec-
essary to diagnose pulmonary LCNEC. Synaptophysin is
a synaptic vesicle glycoprotein with 4 transmembrane do-
mains; however, its exact function is unknown. !’ Chromog-
ranin A is the major member of the granin family of acidic
secretory glycoproteins and plays multiple roles in the se-
cretory process.'® NCAM, a glycoprotein, is a member of
the immunoglobulin superfamily and contributes to the
function of cell-cell adhesion.'” Although all 3 markers
are present in neuroendocrine cells, it remains possible
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FIGURE 2. A, Comparison of stage-specific survival of patients with non-triple-positive large cell neuroendocrine carcinoma. B, Comparison of stage-specific
survival of patients with triple-positive large cell neuroendocrine carcinoma. C, Comparison of survival of patients with stage I nontriple-positive disease who
underwent surgery with perioperative chemotherapy and those who underwent surgery without perioperative chemotherapy. D, Comparison of survival of patients
with stage I triple-positive who underwent surgery with perioperative chemotherapy and those who underwent surgery without perioperative chemotherapy. E,
Comparison of survival of patients with stage II/IIl non-triple-positive disease who underwent surgery with perioperative chemotherapy and those who underwent
surgery without perioperative chemotherapy. F, Comparison of survival of patients with stage II/III triple-positive disease who underwent surgery with perioper-
ative chemotherapy and those who underwent surgery without perioperative chemotherapy. Non—triple positive, Negative for 1 or 2 neuroendocrine markers (syn-
aptophysin, chromogranin A, and neural cell adhesion molecule); Triple positive, positive for synaptophysin, chromogranin A, and neural cell adhesion molecule.
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that LCNEC does not have all 3 proteins. It was reported
that neuroendocrine markers are often negative in poorly
differentiated neuroendocrine cancers,'® and it is estimated
that LCNEC in the non-triple-positive group tended to be
poorly differentiated and associated with a poor prognosis.
Our results have demonstrated that the 5-year survival rate
of patients who did not undergo perioperative chemother-
apy in the non-triple-positive group was 34.5%. The addi-
tion of perioperative chemotherapy improved the prognosis
of LCNEC in the non—triple-positive group but did not im-
prove the prognosis of LCNEC in the triple-positive group.
We considered that LCNEC might become resistant to che-
motherapy through coexistence and mutual interaction of
synaptophysin, chromogranin A, and NCAM and might
lose the ability to resist because of the deficiency of the mu-
tual interaction, owing to a lack of any of the 3 proteins.

Various studies have analyzed LCNEC’s prognostic fac-
tors using other immunohistochemical staining and gene ex-
pression profiles.'**! However, no report has more clearly
demonstrated the sensitivity of pulmonary LCNEC to
perioperative chemotherapy than has our study. Moreover,
it is also considered valuable that we can describe this
result with 3 well-known biomarkers that are necessary for
the diagnosis of pulmonary LCNEC. Furthermore, it was re-
ported that carcinoids that exhibit good prognosis have a low
response rate to chemotherapy and SCLCs that show a poor
prognosis have a high initial response rate to chemother-
apy.'®?? Considered with our results, it is likely that triple-
positive LCNEC was rich in neuroendocrine character,
similar to carcinoids, and the non-triple-positive LCNECs
were poor in neuroendocrine character, similar to SCLCs.

In the present study, antibody staining was designated as
negative when none of the tumor cells were stained and as
positive when any degree of immunoreactivity was found.
‘We determined the cutoff value using the following scoring
system: 0, no positive cells; 1+ less than 10% of cells pos-
itive; 24, 10% to 50% of cells positive; and 3+ more than
50% of cells positive. From this analysis, the optimal
cutoff, defined as the value that best separated a poor prog-
nostic group from a better prognostic group, was nonimmu-
noreactive (negative) vs immunoreactive (positive) for the
neuroendocrine markers. The evaluation separating ‘‘posi-
tive” from ‘‘negative,” without any counting of cells, was
easily and quickly performed with high reproducibility,
which could be an advantage in possible future use in the
clinical setting.

At present, most LCNECs are diagnosed using surgically
resected specimens and rarely using biopsy or cytology
specimens. Almost all publications concerning resected
LCNEC have been based on the retrospective analyses of
surgical specimens.”® We used postoperative specimens to
diagnose pulmonary LCNEC and to categorize them as ei-
ther triple positive or non—triple positive. However, it would
be difficult to categorize LCNEC according to our criteria

using small biopsy specimens or cytologic specimens be-
cause heterogeneity and focal and scattered positivity of im-
munostaining against the neuroendocrine markers are not
unusual. Therefore, this method might not be applicable
for neoadjuvant chemotherapy.

Regarding the perioperative chemotherapy regimens for
pulmonary LCNEC, platinum-based regimens that include
etoposide (VP-16) or irinotecan (CPT-11), which are stan-
dard for SCLC, are more effective than other platinum-
based regimens for NSCLCs, because pulmonary LCNEC
is genetically and immunohistochemically more similar to
SCLC than to NSCLC.'%?** In our study, 10 (43%) of
the 23 patients underwent a platinum-based regimen that
included VP-16 or CPT-11. In addition, 3 (27%) of 11 pa-
tients in the non—triple-positive group received a platinum-
based regimen that included VP-16 or CPT-11, in contrast
to 7 (58%) of 12 patients in the triple-positive group. We
considered that our result (ie, the sensitivity of LCNEC to
perioperative chemotherapy in the non—triple-positive
group), was not affected by the regimen of chemotherapy
that included VP-16 or CPT-11.

Evidence is increasing that surgical resection alone is insuf-
ficient as treatment of LCNEC, even for stage I disease, and
perioperative platinum-based chemotherapy might provide
a survival advantage for patients with stage I LCNEC.>°
Our results have demonstrated that patients with stage I
LCNEC tended to benefit from perioperative chemotherapy,
although we failed to demonstrate a significant difference
because only a small number of patients with stage I
received perioperative chemotherapy. In the patients with
stage I, perioperative chemotherapy tended to be associated
with longer survival in the non-triple-positive group, as
well as in the triple-positive group.

Although we acknowledge our study’s limitations (a
small number of subjects and short-term follow-up), our re-
sults have demonstrated that perioperative chemotherapy
can enhance survival for the patients in the non—triple-pos-
itive group, although no correlation was seen between che-
motherapy and survival in the triple-positive group. We
believe these preliminary results are a reasonable rationale
for a larger study to determine the correlation between che-
motherapy response and neuroendocrine immunoreactivity
in patients with LCNEC.

CONCLUSIONS

Our results have suggested that perioperative chemo-
therapy can be an important therapeutic option in the
treatment of pulmonary LLCNEC, particularly in the
non-triple-positive patients. In the future, prospective
multi-institutional studies with larger sample sizes should
be conducted to verify the validity of our findings. Contin-
ued studies, including molecular studies, are also impor-
tant to further improve the treatment stratification of
patients with LCNEC.

The Journal of Thoracic and Cardiovascular Surgery * Volume B, Number B 7




SLY

General Thoracic Surgery

Tanaka et al

References

w

~

oo

8

. Travis WD, Linnoila RI, Tsokos MG, Hitchcock CL, Cutler GB Jr, Nieman L,

ct al. Neuroendocrine tumors of the lung with proposed criteria for large-cell
neuroendocrine carcinoma: an ultrastructural, immunohistochemical, and flow
cytometric study of 35 cases. Am J Surg Pathol. 1991;15:529-53,

- Travis WD, Corrin B, Shimosato Y. Histological typing of lung and pleural

tumors. In: World Health Organization International Histological Classification
of Tumors. 3rd ed. Berlin: Springer-Verlag; 1999,

. Cooper WA, Thourani VH, Gal AA, Lee RB, Mansour KA, Miller JI. The surgi-

cal spectrum of pulmonary neuroendocrine neoplasms. Chest. 2001;119:14-8.

. Iyoda A, Hiroshima K, Toyozaki T, Haga Y, Fujisawa T, Ohwada H. Clin-

ical characterization of pulmonary large cell neuroendocrine carcinoma and
large cell carcinoma with neuroendocrine morphology. Cancer. 2001:91:
1992-2000.

- Takei H, Asamura H, Maeshima A, Suzuki K, Kondo H, Niki T, et al. Large ccll

neuroendocrine carcinoma of the lung: a clinicopathologic study of eighty-seven
cases. J Thorac Cardiovasc Surg. 2002;124:285-92,

. Battafarano RJ, Fernandez FG, Ritter J, Meyers BF, Guthrie TJ, Cooper JD, et al.

Large cell neuroendocrine carcinoma: an aggressive form of non-small cell lung
cancer. J Thorac Cardiovasc Surg. 2005;130:166-72.

. Asamura H, Kameya T, Matsuno Y, Noguchi M, Tada H, Ishikawa Y, ct al. Neu-

roendocrine neoplasms of the lung: a prognostic spectrum. J Clin Oncol. 2006;
24:70-6.

- Iyoda A, Hiroshima K, Toyozaki T, Haga Y, Baba M, Fujisawa T, et al. Adjuvant

chemotherapy for large cell carcinoma with neuroendocrine features. Cancer.
2001;92:1108-12.

. Iyoda A, Hiroshima K, Moriya Y, Takiguchi Y, Sckine Y, Shibuya K, et al.

Prospective study of adjuvant chemotherapy for pulmonary large cell neuroendo-
crine carcinoma. Ann Thorac Surg. 2006;82:1802-7.

. Saji H, Tsuboi M, Matsubayashi J, Miyajima K, Shimada Y, Imai K, et al, Clin-

ical response of large cell neuroendocrine carcinoma of the lung to perioperative
adjuvant chemotherapy. Anticancer Drugs. 2010;21:89-93.

. Sarkaria IS, Iyoda A, Roh MS, Sica G, Kuk D, Sima CS, et al. Neoadjuvant and

adjuvant chemotherapy in resected pulmonary large cell neuroendocrine carcino-
mas: a single institution experience. Ann Thorac Surg. 2011;92:1180-6.

. Sobin L, Wittekind CH, eds. TNM classification of malignant tumours. 6th ed.

New York: Wiley-Liss; 2002. p. 99-103.

. Guinee DG Ir, Fishback NF, Koss MN, Abbondanzo SL, Travis WD. The

spectrum of immunohistochemical staining of small-cell lung carcinoma in

15.

16.

17.

20.

21.

22.

23.

24,

25.

specimens from transbronchial and open-lung biopsies. Am J Clin Pathol.
1994:102:406-14.

. Gonzélez-Aragoneses F, Moreno-Mata N, Ccbollero-Presmanes M, Garcia-

Yuste M, Cafizares-Carretero MA, Molins-Lopez-Rodé L, et al. Prognostic
significance of synaptophysin in stage I of squamous carcinoma and adenocarci-
noma of the lung. Cancer. 2007;110:1776-81.

Leung ASY, Cooper K, Leung FIWM. Manual of Diagnostic Antibodies for
Immunohistology. London; Greenwich Medical Media: 1999:307.

Gosney IR, Gosney MA, Lye M, Butt SA. Reliability of commercially available
immsunocytochemical markers for identification of neuroendocrine differentia-
tion in bronchoscopic biopsies of bronchial carcinoma. Thorax. 1995;50:116-20.
Tonescu DN, Treaba D, Gilks CB, Leung S, Renouf D, Laskin J, et al. Nonsmall
cell lung carcinoma with neuroendocrine differentiation—an entity of no clinical
or prognostic significance. Am J Surg Pathol. 2007;31:26-32,

. Gustafsson BI, Kidd M, Chan A, Malfertheiner MV, Modlin IM., Bronchopulmo-

nary neuroendocrine tumors. Cancer. 2008;113:5-21.

. Faggiano A, Sabourin JC, Ducreux M, Lumbroso J, Duvillard P, Leboulleux S,

et al. Pulmonary and extrapulmonary poorly differentiated large cell neuroendo-
crine carcinomas: diagnostic and prognostic features. Cancer. 2007;110:265-74.
Harada M, Yokose T, Yoshida J, Nishiwaki Y, Nagai K. Immunohistochemical
neuroendocrine differentiation is an independent prognostic factor in surgically
resected large cell carcinoma of the lung. Lung Cancer. 2002;38:177-84.
Beasley MB, Lantuejoul S, Abbondanzo S, Chu WS, Hasleton PS, Travis WD,
ct al. The P16/cyclin DI/Rb pathway in neuroendocrine tumors of the lung.
Hum Pathol. 2003;34:136-42.

Turrisi AT III, Kim K, Blum R, Sause WT, Livingston RB, Komaki R, et al.
Twice-daily compared with once-daily thoracic radiotherapy in limited small-
cell lung cancer treated concurrently with cisplatin and etoposide. N Engl J
Med. 1999;340:265-71.

Travis WD, Rush W, Flieder DB, Falk R, Fleming MV, Gal AA, et al. Survival
analysis of 200 pulmonary neuroendocrine tumors with clarification of criteria
for atypical carcinoid and its separation from typical carcinoid. Am J Surg Pathol.
1998;22:934-44,

Rossi G, Cavazza A, Marchioni A, Longo L, Migaldi M, Sartori G, et al. Role of
chemotherapy and the receptor tyrosine kinases KIT, PDGFRalpha, PDGFRbeta,
and Met in large-cell neuroendocrine carcinoma of the lung. J Clin Oncol. 2005;
23:8774-85.

Rusch VW, Klimstra DS, Venkatraman ES. Molecular markers help characterize
neuroendocrine lung tumors. Ann Thorac Surg. 1996;62:798-809. 710,

The Journal of Thoracic and Cardiovascular Surgery « B 2012



Tanaka et al

General Thoracic Surgery

000

Immunohistochemical studies of pulmonary large cell neuroendocrine
carcinoma: A possible association between staining patterns with
neuroendocrine markers and tumor response to chemotherapy

Yugo Tanaka, MD, Hiroyuki Ogawa, MD, Kazuya Uchino, MD, Chiho Ohbayashi, MD, Yoshimasa
Maniwa, MD, Wataru Nishio, MD, Atsunori Nakao, MD, and Masahiro Yoshimura, MD, Akashi
City, Hyogo, and Kobe, Japan; and Pittsburgh, Pa

Perioperative chemotherapy might play an important role in pulmonary LCNEC treatment.
Immunohistochemical analyses revealed that patients with tumors that were negative for at least 1
of the markers, synaptophysin, chromogranin A, and neural cell adhesion molecule, might benefit
more from chemotherapy than those with immunoreactivity for all 3 neuroendocrine markers.
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ABSTRACT

Psf3 is a member of the evolutionarily conserved heterotetrameric complex GINS (Go-Ichi-Ni-San), which
consists of Sld5, Psf1, Psf2, and Psf3. Previous studies have suggested that some GINS complex mem-
bers are upregulated in cancer, but the status of Psf3 expression in lung adenocarcinoma has not been
investigated. The objective of the current study was to determine whether Psf3 plays a role in lung adeno-
carcinoma by investigating clinical samples. We investigated the status of Psf3 expression in cancer cells
of 125 consecutive resected lung adenocarcinomas by immunohistochemistry. Increased Psf3 expression
was observed in 27 (21.6%) of the 125 cases. Further, univariate analysis and log-rank test indicated a
significant association between Psf3 expression and lower overall survival rate (P=0.0001 and P<0.0001,
respectively). Multivariate analysis also indicated a statistically significant association between increased
Psf3 expression and lower overall survival rate (hazard ratio, 5.2; P=0.0027). In a subgroup analysis of
only stage | patients, increased Psf3 expression was also significantly associated with a lower overall
survival rate (P=0.0008, log-rank test). Moreover, the Ki67 index level was higher in the Psf3-positive
group than in the Psf3-low positive group (P<0.0001, Mann~-Whitney U-test). Our results indicated that

Psf3 can serve as a prognostic biomarker in lung adenocarcinoma.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Psf3 is a member of the evolutionarily conserved heterote-
trameric complex GINS comprising Sld5, Psf1, Psf2, and Psf3. GINS
was originally identified in Saccharomyces cerevisiae, and its Xeno-
pus laevis homolog has been characterized in egg extracts [1-3]. In
Eukarya, the GINS complex associates with the mini-chromosome
maintenance (MCM) proteins Mcm2-7 and with Cdc45 to form the
Cdc45, Mcm2-7, GINS(CMG) complex, which in turn regulates both
the initiation and the progression of DNA replication [4-7]. The
CMG complex constitutes the eukaryotic replicative DNA helicase
and contributes to the recruitment of the replicative polymerases
essential for the synthesis of leading and lagging strands [7-10].
While the GINS components that play a part in the initiation of
DNA replication seem to have an important role in the accelerated
DNA replication of cancer cells, the oncological significance of them
is not yet clear.

* Corresponding author. Tel.: +81 78 382 5942; fax: +81 78 382 5959.
E-mail address: maniwa@med.kobe-u.ac.jp (Y. Maniwa),

0169-5002/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
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Several recent reports have suggested that Psf1 is required for
the acute proliferation of cells, particularly immature cells such as
stem cells and progenitor cells and that this protein is useful in the
successful detection of cancer stem cells [ 11-14]. Moreover, previ-
ous studies have suggested that some GINS complex members are
upregulated in cancer, and some GINS components may be useful
in the detection of cancer stem cells.

Although several studies have suggested that GINS compo-
nents play a role in cancer [15-18], the expression status of these
components in lung adenocarcinoma has not yet been examined.
Therefore, we sought to evaluate the expression status of Psf3 by
immunohistochemical examination of surgically resected samples
of human primary lung adenocarcinoma tissue. We also inves-
tigated whether Psf3 expression in tumor tissues influenced the
outcome of these patients.

2. Materials and methods
2.1. Patients

The study population comprised 125 consecutive patients (71
males, 54 females) who were examined and treated at Kobe




Table 1
Association between increased expression of Psf3 and clinicopathological characteristics in 125 patients with lung adenocarcinoma,

Variable Total Psf3 P-value
Low positive Positive

No. patients (%) 125 98 27 NA
Age in years, mean=SD (range) 67.4:48.8(42-84) 67.6+8.6 (42-84) 66.5+£9.6 (42-81) 0.573
Gender

Male/female 71/54 55/43 16/11 0.770
T factor

T1/T2/T3/T4 69/42/4/10 60/29/1/8 9/13/3/2 0.0077"
N factor

NO/N1/N2/N3 87/13/24/1 76/8/14/0 11/5/10/1 0.0013°
M factor

MO/M1 122/3 97/1 25/2 0.226
Stage

MY 82/12/28/3 7317/17/1 9/5/11/2 0.0004
P factor
0/1/2/3 86/19/12/8 72/17(7]2 14/2/5/6 0.0003"
PA invasion

Negative/positive 101/24 82/16 19/8 0.120
PV invasion

Negative/positive 74/51 64/34 10/17 0.008
LY invasion

Negative/positive 75/50 64/34 11/16 0.0217

LY, lymphatic duct; NA, not applicable; PA, pulmonary artery; PV, pulmonary vein.
" Significant P-value.

University Hospital between 2001 and 2004 for lung adenocar-
cinoma. All cases underwent complete resection in this study.
Of the 125 patients, 55, 27, eight, four, 23, five and three
had stage 1A, IB, lIA, 1IB, IlIA, IlIB and IV tumors, respectively
(Table 1). Of the N2/N3 patients, three, one and eight patients
received induction chemotherapy, radiation and chemoradiother-
apy, respectively. Four patients were administered postoperative
adjuvant chemotherapy. The study protocol was approved by the
Regional Ethics Committee for Clinical Research of Kobe University,
and the study was conducted according to the principles of the Dec-
laration of Helsinki. All patients provided written informed consent.
Details of the clinical and demographic information, prognostic fac-
tors, and disease progression were collected retrospectively.

2.2. Immunohistochemistry

Formalin-fixed, paraffin-embedded specimens were cut at the
maximal area of tumor mass into 5-pm-thick slices, and the sec-
tions were deparaffinized with xylene and rehydrated with ethanol.
For antigen retrieval, the specimens were placed in Dako REAL-
Target Retrieval Solution (Dako, Glostrup, Denmark) at 98 “C for
20 min. Mouse anti-human Psf3 monocional antibodies (1:500;
GeneStem Co., Ltd., Osaka, Japan) were used as the primary anti-
bodies for the detection of Psf3. The Dako LSAB2 Universal (DAB)
kit (Dako) was used for endogenous peroxidase blocking, treat-
ment with a secondary antibody against anti-mouse and anti-rat
immunoglobulin antibody, and the visualization of HRP. Hema-
toxylin staining was used as the counterstain. Photographs of the
stained sections were obtained using a camera mounted on a
Keyence BZ-8000 digital microscope (Keyence, Osaka, Japan).

2.3. Classification of immunohistochemical staining patterns

Immunochemically stained sections were classified by light
microscopy. Because Psf3 is a nuclear protein, only sharply defined
areas of HRP staining in the nuclei were judged as Psf3 staining.
If HRP staining was observed in other structures, such as the
cytoplasm, it was judged as background staining. Psf3 localized
and functioned only in the nuclei in the previous reports and any
specific staining of Psf3 in the cytoplasm was not detected in this
study. This assessment method ensured objective and reproducible

measurement, The ratio of the cells positive for nuclear staining in
a given microscopic field (x200) was determined for each tissue
sample, and the expression status was assessed on the basis of this
ratio. The status of Psf3 expression as follows: if more than 50%
of cancer cells in any microscopic field (x200) of tumor tissues
showed nuclear staining, the tissues were considered Psf3 positive;
if the ratio of positive nuclear staining was lower than 50% for all
the examined microscopic fields, the tissue was deemed Psf3 low
positive.

2.4. Statistical analysis

Associations between Psf3 expression on cancer cells and
clinicopathological features were determined using the x2-test.
Survival was examined using the Kaplan-Meier method, and the
significance of the difference was evaluated by a log-rank test.
Variable effects on survival time were investigated using Cox’s
regression model. Statistical analysis was performed using the soft-
ware JMP version 8 (SAS Institute, Cary, NC, USA). A threshold level
of 0.05 was set for statistical evaluation.

3. Results

3.1. Psf3 expression in cancer cells of human lung
adenocarcinoma

The expression status of Psf3 was determined in 125 lung
adenocarcinomas and the adjacent normal lung tissues by immuno-
histochemistry (IHC), with the use of anti-human Psf3 monoclonal
antibodies. In normal lung tissues, Psf3 expression was not detected
(Fig. 1A). In some tumor tissues, the nuclei of cancer cells were
stained in a scattered pattern, and the ratio of the Psf3-positive
cells was less than 10% (Fig. 1B). In contrast, some tissues showed
stained nuclei clustered in some areas of tumor tissues, and the
ratio of stained cells in such tissue samples was more than 80%
(Fig. 1C). These tissue samples showing clustered nuclear staining
were classified as Psf3 positive. Thus, we determined the status
of Psf3 expression as follows: if more than 50% of cancer cells
in any microscopic field (x200) of tumor tissues showed nuclear
staining, the tissues were considered Psf3 positive; if the ratio of
positive nuclear staining was lower than 50% for all the examined
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B. Psf3-low positive tumor tissues

Fig. 1. An immunohistochemical analysis of the Psf3 expression status in cancer cells of human primary lung adenocarcinoma is illustrated. (A) Psf3-negative normal lung
tissues. The staining of nuclei was not detected in epithelial or interstitial tissue. (B) Psf3-low positive tumor tissues. The nuclei of cancer cells were stained in a scattered
pattern. The ratio of the positive cells was less than 10% (C) Psf3-positive tumor tissues. The stained nuclei were clustered at some regions of the tumor tissues. The ratio of
the stained cells in these areas was more than 80%. (D) Immunohistochemical analysis of the expressions of Psf3 and Ki67 in serial sections. While almost all nuclei of the
cancer cells were stained with the Psf3 antibody, Ki67 staining was observed in a scattered pattern in the same areas. Ki67 index; 40%.

microscopic fields, the tissue was deemed Psf3 low positive. Of the
specimens examined, 98 (78.4%) were low positive for Psf3, while
27 (21.6%) were positive for Psf3 expression.

3.2. Relationship between Psf3 expression and clinicopathological
characteristics of patients

In order to evaluate the role of Psf3 in lung adenocarcinoma,
we investigated whether Psf3 expression was associated with any
of clinicopathological variables in the 125 enrolled cases of pri-
mary lung adenocarcinoma (Table 1). The results of the analysis
revealed that Psf3 expression was significantly associated with
T factor (P=0.0077), TNM stage (P=0.0004), P factor (P=0.0003),
lymph node metastasis (P=0.02), invasion of the pulmonary vein
(P=0.008),and cancer cell invasion of the lymphaticducts (P=0.02).
No significant relationship was noted between Psf3 expression
and age (P=0.57), gender (P=0.77), distant metastasis (P=0.22),
and cancer spread to the pulmonary artery (P=0.12). These results
suggest that increased Psf3 expression may enhance cancer cell
proliferation and tumor progression, thereby resulting in the
spread of cancer cells into the tumor vessels.

3.3. Increased expression of Psf3 was related to poor patient
prognosis

Using the data collected from 125 study patients, we evaluated
their prognosis and its relationship to the expression of Psf3.
Follow-up data of all the 125 cases were available, for at least
5 years after surgery. We examined the overall survival (OS) of
Psf3-low positive and Psf3-positive groups and found a statistically

significant difference between the 2 groups by using the log-rank
test (P<0.0001). The survival of Psf3-low positive patients was
greater than that of the Psf3-positive patients (Fig. 2A). A univari-
ate analysis indicated that among the clinicopathological factors,
gender (male), tumor classification, lymph node metastasis,
invasion of the pulmonary vein, and increased Psf3 expression
correlated with the outcome (Table 2). Further assessment using
the Cox multivariate analysis indicated that gender (male), lymph
node metastasis, and increased Psf3 expression were statistically
significant predictors for poor OS (Table 2).

3.4. Increased expression of Psf3 was also related to poor patient
prognosis in stage I lung adenocarcinoma

In the current study, we analyzed the association of clustered
Psf3 expression in stage | lung adenocarcinoma. Among the stage
I cases, 9 (11.0%) and 73 (89.0%) patients were classified as Psf3
positive and Psf3 low positive, respectively (Table 1). A survival
analysis that included only stage [ patients revealed that the OS
curve for the Psf3-positive group was lower than that for the Psf3-
low positive group. The log-rank test showed that the intergroup
difference was statistically significant (P=0.0008; Fig. 2B).

3.5. Relationship between Psf3 expression and Ki67 index

We examined the relationship between increased Psf3 expres-
sion and cancer cell proliferation. We used the Ki67 (MIB-1)
expression index as an indicator of cell proliferation. In this study,
the Ki67 index was calculated using the maximal section of the
tumor mass. Using the Mann-Whitney U-test, the Ki67 index level
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Fig. 2. (A)Kaplan-Meier plot of the overall survival rate in 125 patients with fung adenocarcinoma and its relationship to the Psf3 expression status. P-value was determined
using the log-rank test. (B) Kaplan-Meier plot of the overall survival rate in 82 patients with lung adenocarcinoma and its relationship to the Psf3 expression status in stage

[ patients. P-value was determined using the log-rank test.

Table 2

Univariate and multivariate analyses of the association between the overall survival of 125 patients with lung adenocarcinoma and prognostic factors by Cox proportional

hazard models.

Variable Hazard ratio 95% confidence interval P-value

Univariate
Age 1.01 0.96-1.06 0.621
Gender {male versus female) 3.21 1.26-8.20 0014
T factor (T1<) 3.27 1.38-7.78 0.0071"
LN (negative versus positive) 5.62 2.32-135 0.0001"
PV invasion (negative versus positive) 340 1.44-8.00 0.0051"
Psf3 (low positive versus positive) 6.91 2.70-17.6 0.0001

Multivariate
Age 1.03 0.97-1.09 0.260
Gender(male versus female) 4.27 1.36-134 0.012°
T factor (T1<) 2.30 0.78-6.75 0.129
LN (negative versus positive) 4.08 1.32-12.5 0014
PV invasion (negative versus positive) 0.92 0.29-2.88 0.886
Psf3 (low positive versus positive) 522 1.77-15.3 0.0027

LN, lymph node metastasis; PV, invasion of the pulmonary vein.
* Significant P-value.

was found to be higher in the Psf3-positive group than in the
Psf3-low positive group. The median Ki67 index was 5% and 17% in
the Psf3-low positive and Psf3-positive tumors, respectively (Fig. 3).

Additionally, immunochemical staining of Ki67 was also per-
formed on serial sections that were used for Psf3 staining. The ratio
of Ki67-positive cancer cells was found to be higher in areas where
excessive staining of the nuclei of cancer cells was observed when
tested with the Psf3 antibody (Fig. 1C and D). However, different
staining patterns were observed for Ki67 and Psf3. While almost
all nuclei of cancer cells were stained with the Psf3 antibody in the
clustered area (Fig. 1C), Ki67 staining was observed in a scattered

90
P < 0.0001
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Ki67 index (%)
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Fig. 3. Ki67 index (%) in lung adenocarcinoma samples and its relationship to the
Psf3 expression status. P-value was determined using the Mann-Whitney U-test.

pattern, and the ratio of Ki67-positive nuclei was less than 50%
(Fig. 1D).

3.6. Psf3: most powerful predictor of poor prognosis in lung
adenocarcinoma patients

We have previously performed IHC for 10 cancer-related pro-
teins (CDC45, HIF1, sirt1, E-cadhelin, Nectin3, and the proteins
listed in Table 3 other than Psf3) with the same paraffin-embedded
specimens of the 125 cases investigated in this study [19,20] and
examined the relationship between their expression in cancer cells
and the prognosis of the patients. Univariate analysis revealed the
significant association of 5 of the proteins with poor prognosis.
To clarify the prognostic value of Psf3 expression in cancer cells,
we statistically compared the expression levels of these 5 proteins
and Psf3. Multivariate analysis revealed that Psf3 was the strongest
predictor of poor prognosis (Table 3).

4. Discussion

Psf3 is a member of the GINS complex, along with Sld5, Psf1,
and Psf2. Psf1 is tightly regulated at the transcriptional level in
stem cells and enables the successful detection of cancer stem
cells [11-14]. Therefore, it seems reasonable that other GINS com-
ponents may also facilitate the detection of cancer stem cells in
tumors. Cancer stem cells, which are resistant to anti-cancer drugs
and irradiation, appear to be responsible for tumor growth in hema-
tological and solid cancers. The detection of these cells is critical for
identifying molecular targets to inhibit their growth. We conducted




