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Figure § Top-ranked signaling networks related to Na'/K'/2CI cotransporter 1 downregulation accerding to Ingenulty pathway analysis. A: This network is
called “Celfular Assembly and Organization; DNA Replication, Recombination, and Repair; Gell Cycle”; B: This netwark is called “Cellular Assembly and Organiza-
tion, Call Gycle, DNA Replication, Recombination, and Repair, C: This network is called “Cell Cycle; DNA Replication, Recombination, and Repair; Cancer”, Red ang
green indicate genes with expression !evels that were higher or tower, respectively, than reference RNA levels, Genes analyzed for verification In Figure 6 were high-
lighted by red circles.
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Figure 6 Verification of gene expression by realtime quantitative reverse transcription-polymerase chain reaction. The expression levels of six selscted
genes {MAD2L1, DTL, BLM, CDC20, BRCA1, and E2F5) in NKCC1 depleted KYSE170 cells were compared to those in control siRNA transfected cells using real-
fime quantitative reverse transcriplion-polymerase chain reaction, Gene expression levels were normalized fo the lave! of ACTB. The mean £ SEM. n=3."P< 0.05vs
control siRNA.
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Figure 7 Expression levels of six selected genes {(MAD2L1, DTL, BLM, GDC20, BRCA1, and E2F5) in Na"K'/2CT cofransparter 1 depleted TE9, TE13 and
KYSET0 cells. The expression levels of six selected genes (MAD2L1, DTL, BLM, CDG20, BRCA1, and E2F5) in Na'fK'f2CT cotransporter 1 (NKCC1} depleted TES (A),
TE13 (B) and KYSETO calls (C) were compared to those in control siRNA transfected calls using real-time quantitative RT-PCR. Gene expression levels were normal-
ized to the level of ACTB, The mean & SEM. n= 3. *P < 0.05 vs control siRNA.
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Top Biological Functions

Diseases and disorders

Name Pvalue Number of molecules
Cancer 2.08E-12 - 1.59B-02 277
Gastrointestinal disease 8.03E-12 - 1.60E-02 148
Reproductive system disease 2.25E-09 - 1.57E-02 138
Hematological disease 1.72E-06 - 1.22E-02 70
Hereditary disorder 2.10E-06 - 1.57E-02 120

Molecular and cellular functions .

Name P value Number of molecules
Cell cycle 1.06E-20 - 1.60E-02 158
Cellular assembly and organization 1.06E-20 - 1.36E-02 111
DNA replication, recombination, and repair 1.06E-20 - 1.16E-02 133
Cellular movement 836E-11 - 1L.51E-02 82
Cell death 2.98E-06 - 1.56E-02 216

Top canonical pathways

Name Pvalue Ratio
Role of BRCA1 in the DNA damage response 9.79E-6 12/65 (0.185)
Mitotic rales of Polo-Like kinase 7.37E-5 11/63 (0.159)
Bstrogen-mediated S-phase entry 4.91E4 6/28 (0.214)
Cell Cycle: G2/M DNA damage checkpoint regulation B.07E-4 8/49 (0.163)
Role of CHK proteins in cell cycle checkpoint control 5.37E4 9/56 (0.161)

Top networks
Assaciated network functions Score
Cellular assembly and organization; DNA replication, recombination, and repaix; Cell cycle 47
Cellular assembly and organization, Cell cycle, DNA replication, recombination, and repair 43
Cell cycle; DN, A teplication, recombination, and repair; Cancer 37
Digestive system development and function, organismal injury and abnermalities, cellular function 37
and maintenance
Cellular assembly and organization; DNA replication, recombination, and repair; Cardiovascular 35
disease

was downregulated in NKCC1 depleted KYSE170 cells
{fold change: -28.92; Table 2). Ingenuity Pathway Analysis
showed that “Cancer” was the top-ranked disease and
that “Cell Cycle” was the top-ranked biclogical function
selated to NKCC1 depletion. Furthermore, “Cell Cycle:
G2/M DNA Damage Checkpoint Regulation” was one
of the top-ranked canonical pathways related to NKCC1
depletion (Table 3), and this result was in agreement with
the results obtained sz cell cycle analysis. Among the
2527 genes with expression levels that wete altered by
NKCC1 depletion, 267 genes exhibited cell proliferation-
related funcions (Table 4). Among these genes, 82 genes
were upregulated, and the other 185 genes were down-
regulated. We then examined the signal transduction net-
works induced by NKCC1 depletion (Table 3). All of the
top 3 ranked signal networks were related to the cell cycle
(Figure 5). These results indicate that the expression level
of NKCCI1 influences genes related to cellular growth
and cell cycle progression.

Verification of gene expression by real-fime quantitative
RT-PCR

Six genes (MAD2L1, DTL, BLM, CDC20, BRCAI, and
E2F5) wete further examined by quantitative Real time
reverse transcription-polymerase chain reaction (RTI-
PCR). BLM was chosen from Network A, MAD2L.1 and
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CDC20 from Network B, and DTL and E2F from Net-
work C (Fignre 5). BRCA1 was chosen because “Role of
BRCA1 in DNA Damage Response” was the top-ranked
canonical pathway related to NKCC1 (Table 3), All of
these genes were related to the G2/M checlpoint accord-
ing to IPA and are included in Table 4. The expression
levels of MAD2L1, DTL, BLM, CDC20, and BRCA1
mRNA were significantly lower in NKCC1 depleted
KYSE170 cells compazed to control siRNA transfected
cells (Figure 6). The expression levels of E2F5 mRNA
were significantly higher in NKCC1 depleted KYSE170
cells compared to control siRNA transfected cells (Figure
6). Sirnilar trends were found in several cell lines, includ-
ing TE9, TE13 and KYSE 70 which expressed NKCC1
(Figure 7). These changes were in agreement with the
microarray results and suggest that NKCC1 controls
cell cycle progression vig Gz/M checkpoint regulation in
ESCC cells.

DISCUSSION

The roles of ion transporters have recently been stud-
fed in cancer cells™', Some gypes of K* channels have
been reported to be expressed at high levels in colonic
carcinomal®”, The voltage-gated HERG channel has
also exhibited cancer-specific expression in gastric can-
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cer and its blocker diminished the Gi1 to S phase transi-
tion®™. Increased mRNA levels of Ca™ channels have
also been reported in colorectal adenocarcinomal*?,
Purthermore, some reports have indicated that CI' chan-
nels/transporters, such as Cl” channels, K*/Cl cotrans-
porters, and NKCC play important roles in the prolif-
eration of colorectal, breast, lung, and prostate cancer
cells"™. To the best of our knowledge, the present
study is the first report examining NKCC1 expression in
ESCC tissue and the gene expression profile of NKCC1
depleted cancer cells.

We investigated the role of transepithelial Cl* trans-
port in cancer cells®”. In the present study, we found that
the depletion of NKCC1 induced Gz2/M phase atrest
in KYSE170 cells. We have previously shown that the
blockage of NKCC inhibited G1/8S cell cycle progression
in gastric and prostate cancer cells®”, which suggests that
the mechanism by which NKCC1 regulates cell cycle pro-
gression varies among cell types and their different ge-
netic backgrounds. Microarray analysis showed that many
of the genes that displayed changes in exptession levels
after NKCC1 depletion were well connected in the top-
ranked signaling network zelated to the cell cycle, indicat-
ing that they are not only functionally related but ate also
regulated together at the level of expression by NKCC1-
related signal transduction pathways.

With regard to signaling networks, we noted that the
expression levels of several Gz2/M checkpoint-related
genes wete altered by the depletion of NKCCI. In the
spindle checkpoint, the anaphase-promoting complex
(APC) was activated by CDC20, which subsequently
triggered anaphase. MADZ2L1, a mitotic spindle assem-
bly checkpoint protein, inhibited the activity of the APC
by a direct physical interaction with a ternary complex
containing CDC20%%3, DTL, BLM, BRCA1, and E2F5
are also kaown regulators of the Ga/M checkpoint™?,
One possible mechanism by which NKCC1 changes
the expression of these major Gz/M checkpoint-telated
genes may be through the regulation of intracellular CI
concentrations ([CI'}). Recent reports have indicated that
[Cl} is a fundamental signal mediator for the regulation
of various cellular functions® ™, For example, our study
showed that [CI; could act as 2 signal to regulate mRNA
expression of the epithelial Na* channel v a protein
tyrosine kinase-dependent pathway in renal epithelial
cells™. We have also previously shown that [CI]; regulat-
ed cell proliferation in gastric and prostate cancer cells® .
We consider NKCC to be one of the impottant trans-
porters that regulates [Cl)i in the steady state and have
previously shown that the blockage of NKCC decreased
[C13¥. Although the detailed mechanism should be veri-
fied by further studies, these observations suggest that
the change in [Cl7i induced by NKCC1 may be a crtieally
important messenger that regulates the expression of
these Gz/M checkpoint-related genes in ESCC cells.

Our results demonstrate that no cotrelation was found
between NKCC1 expression and the Ki-67 labeling
index in immunohistochemical studies of ESCC expres-
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sion, Ki-67 is commonly used to assess cell prolifera-
tion, and this factor reacts with a nuclear antigen present
throughout the cell cycle (late Gy, S, Gz, and M phase)
of proliferating cells but is absent from quiescent (Go)
cells®, In the present study, we found that NKCC1
plays an important role in the G2/M phase of the cell
cycle. The different rates of progression through each
phase of the cell cycle may explain why no cortelation
was found between NKCC1 and Ki-67 exptession,
although further studies will be needed with a larger
sample size to confirm these observations. Furthermore,
in the present study NIKCC1 expression was correlated
with the degree of histological differentiation in SCC.
Similarly, we previously found that mRNA levels and the
functional expression levels of NKCC1 were higher in
poorly differentiated type gastric adenocatcinoma cells
compated to differentiated cells®, Furosemide (a NKCC
blocker and a loop diuretic) is often used as a diuretic
to maintain utine output and improve edema, ascites, ot
pleural effusion for the treatment of patients with termi-
nal stage cancers. From this viewpoint, our observation
that the blockage of NKCC1 diminished the prolifera-
tion of ESCC cells provides strong clinical evidence that
furosemide can be used for BESCC patients with high
NEKCC1 expression, such as those with pootly differenti-
ated SCC, and suggests the possibility of a novel tailot-
made treatment.

In summary, we found that NKCC1 plays a role in
the proliferation of ESCC cells. An immunohistochemi-
cal analysis revealed that the expression of NKCC1 in
human BESCC samples was related to the histological
type of ESCC. Our microarray results also suggest that
NEKCC1 exhibits marked effects on the expression of
genes related to ‘G2/M cell cycle progression. A deeper
understanding of the role of NKCC1 may lead to its use
as an important biomatker of tumor development and/
or a novel therapeutic tatget for BSCC.,

Background
The roles of fon transporters have recently been studied in cancer cells, and
several reports have demonstrated the important roles of CI channelsftrans-
porters in gastrointestina! cancer cells.

Research frontiers

Although previous reports showed that the Na'/iC/2CI catransporter 1 (NKCC1)
plays an important role in the profiferation of several types of cancer cells, its
1ole in esophageal squamous cell carcinoma (ESCC) cells has not been fully in-
vestigated. Furthermore, the clinicopathological meaning of NKCC1 expression
in ESCCs remains uncertain,

Innovations and breakthroughs

The authors analyzed the expression of NKCC1 in human ESCC samples
and determined its relationship with the degree of histological differentiation of
8CC samples. Depletion of NKCC1 in KYSE170 cells inhiblted call proliferation
via Ga/M phase arest. The resulls of microarray showed that the top-ranked
canonical pathway was the Ga/M DNA damage checkpoint regulation pathway,
which involves MAD2L1, DTL, BLM, CDC20, BRCA1, and E2F5.
Applications

The study results suggest that a deeper understanding of the role of NKCC1
may lead fo its use as an important biomarker of tumor development and/or
a novel therapeutic target for ESCC. The observation that the blockage of
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NKCC1 diminished the proliferation of ESCC cells provides clinical evidence
that furosemide can be used for ESCC patients with high NKCC1 expression,
and suggests the passibility of a novel tailor-made treatment.

Terminology

NKCC is a member of ths cation-chloride cotransporter family. NKCC transports
ons sodium ion, one potassium ton, and two chloride fons acrass the plasma
membrane and is sensitive to foop diurstics, There are two isoforms of NKCC,
and NKCC1 is ubiquitously expressed in various types of calls including epithe-
lial cells.

Peer review

This is a good descriptive study in which the authors analyzed the role of
NKCC1 in the proliferation of ESCC. The authors showed NKGC1 was found in
the eytoplasm and related to tumer differentiation in patients with ESCC. Deple-
tion of NKCC1 fead fo Inhibition of call proliferation, and microarray analysis
showed that NKCC1 axhibits marked effects on the expression of genes related
to GM celi cycle progression. The results are intsrasting and meaningful for
further undasstand the role of NKCC1 on cancer development.
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Perioperative outcomes of esophagectomy preceded by the laparoscopic
transhiatal approach for esophageal cancer

A. Shiozaki, H. Fujiwara, Y. Murayama, S. Komatsu, Y. Kuriu, H. Ikoma, M, Nakanishi, D. Ichikawa,
K. Okamoto, T. Ochiai, Y. Kokuba, E. Otsuji

Division of Digestive Surgery, Department of Surgery, Kyoto Prefectural University of Medicine, Kyoto, Japan

SUMMARY. This study was designed to determine the efficacy of esophagectomy preceded by the laparoscopic
transhiatal appreach (LTHA) with regard to the perioperative outcomes of esophageal cancer. The esophageal
hiatus was opened by hand-assisted laparoscopic surgery, and carbon dioxide was introduced into the mediastinum,
Dissection of the distal esophagus was performed up to the level of the tracheal bifarcation. En bloc dissection of
the posterior mediastinal lymph nodes was performed using LTEHA. Next, cervical lymphadenectomy, reconstruc-
tion via a retrosternal route with a gastric tube and anastomosis from a cexvical approach were performed. Finally,
a small thoracotomy (around 10 cm in size) was made to extract the thoracic esophagus and allow upper medias-
tinal Iymphadenectomy fo be performed. The treatment outcomes of 27 esophageal cancer patients who underwent
LTHA-preceding esophagectomy were compared with those of 33 patients who underwent the transthoracic
approach preceding esophagectomy without LTHA (thoracotomy; around 20 cm in size). The intrathoracic opera-
tive time and operative bleeding were significantly decreased by X.THA. The total operative time did not differ
between the two groups, suggesting that the abdominal precedure was longer in the LTHA group. The number of
resected Iymph nodes did not differ between the two groups. Postoperative respiratory complications occurred in
18.5% of patients treated with LTHA and 30.3% of those treated without it. The increase in the number of
peripheral white blood cells and the duration of thoracic drainage were significantly decreased by this method. Onr
surgical procedure provides a good surgical view of the posterior mediastinwm, markedly shortens the intrathoracie
operative time, and decreases the operative bleeding without increasing major postoperative complications.

KEY WORDS: esophageal cancer, laparoscopic transhiatal approach, perioperative outcome.

INTRODUCTION combined with gastric tube reconstruction. On the

other hand, intrathoracic operations are performed

The surgical trauma caused by thoracoabdominal
esophagectomy is perhaps greater than that caused
by all other general surgical operations."* Recent
reports have shown that using thoracoscopic esoph-
agectomy minimizes the injury to the chest wall and
reduces surgical invasiveness.*® Although the efficacy
of these procedures has been actively discussed,
several problems remain, for instance, difficulties in
maintaining the surgical field, the necessity of master-
ing the required skills, and the long intrathoracic
operative time.

From 2007, we started performing hand-assisted
laparoscopic surgery (HALS) for esophagectomy

Address cosrespondence to: Dr Hitoshi Fujiwara, MD, PhD,
Division of Digestive Surgery, Department of Surgery, Kyoto
Prefectural University of Medicine, 465 Kajii-cho, Kamigyo-ku,
Kyoto 602-8566, Japan., Email: hfuji@kote.kpu-m.acjp

via a small right thoracotomy under the assistance of
thoracoscopy in the left lateral-decubitus position.
However, it is difficult to maintain the surgical field
in the lower mediastinum using this transthoracic
approach. In this context, by applying the HALS
technique to mediastinal- operations, we recently
started to perform esophagectomy preceded by the
laparoscopic transhiatal approach (LTHA) for
patients with esophageal cancer.>® In this method,
carbon dioxide is introduced into the mediastinum
from the abdominal side; and middle and lower medi-
astinal operations can be performed via a transhiatal
approach, The main advantages of this method are
that a good surgical view of the posterior and left
mediastinum is obtained and that the quality of medi-
astinal lymph node dissection can be improved. In
addition, by performing the reconstruction prior to

© 2012 Copyright the Authors
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esophagectomy, the thoracic procedures performed
via the right thoracotomy can be simplified, and the
intrathoracic operative time can be shortened.

Here, we describe the surgical technique of our
method in detail and analyze the perioperative treat-
ment outcomes of patients treated with LTHA to
determine the efficacy of this method. Qur results
revealed that our method markedly shortened the
intrathoracic operative time; decreased intraopera-
tive bleeding, and postoperative thoracic discharge
without increasing major complications.

PATIENTS AND METHODS
Surgical procedure

A mediastinal operation, which was performed from
the abdominal side, and a cervical operation were
performed before thoracotomy; thus, the patients
were placed in a supine position on the operating
table with both arms tucked by their sides. At first, an
abdominal operation was performed using HALS,
and subsequently, middle and lower mediastinal
operations were performed nsing LTHA. An upper
abdominal incision (70 mm) was made, and a Lap
Disc (regular) (Ethicon, Cincinnati, OH) was put in
place (Fig. 1). Three 12 mm ports were produced, one
in each flank and one in the left hypochondrium, and
one 5mm port for the flexible laparoscope was
inserted into the lower abdomen (Fig. 1). The opera-
tor stood on the right side of the patient and inserted
the Lap Disc with their left hand, and the 12 mm port
in the right flank was mainly used for surgery. The
assistant stood on the left side of patient, and the
ports in the left abdomen were used to provide assis-
tance. The scopist stood near the patient’s crotch.
Carbon dioxide was introduced into the intra-

Fig. 1 Intraoperative view of the trocars and incision locations
on the abdomen, A Lap Disc (vegular} was placed in the upper
abdomen. Three 12 mm ports were inserted, one in each flank
and one in the left hypochondrium, and one 5 mm port for the
videoscope was inserted in the lower abdomen,

© 2012 Copyright the Authors

abdominal space, and the pneumoperitoneum pres-
sure was controlled at 10 mmHg. !

At first, the operator lifted up the stomach with
their left hand, and then the greater omentum, the left
gastroepiploic vessels, and the gastrosplenic ligament
were divided using the EnSeal device (Ethicon, Som-
erville, NJ, USA) (Fig. 2A). After that, the esophageal
hiatus was opened, and carbon dioxide was intro-
duced into the mediastinum (Fig. 2B). The abovemen-
tioned 5 mm flexible laparoscope was also used for
the mediastinal dissection. The assistant inserted an
ENDO RETRACT (Autosuture Norwalk, CT)and a
blunt tip dissector through the ports on the left side;
and the working space in the mediastinum was secured
with these two devices and 10 mmHg of pneumome-
diastinum pressure. As we did not make an incision in
the left mediastinal pleura, the left and posterior medi-
astinal spaces were inflated, and sufficient working
space was obtained (Fig. 2C). Dissection of the ante-
rior and left side of the distal esophagus up to the level
of the tracheal bifurcation was performed with the
EnSeal device and the blunt tip dissector. Using this
approach, dissection of the anterior sides of the pos-
terior mediastinal lymph nodes was easy to perform
(Fig. 2D).*

Next, the adventitia of the thoracic aorta was
exposed at the level of the crural of the diaphragm,
and gentle dissection of the anterior side of the
thoracic aorta to the cranial side was performed
(Fig. 3A). In general, one or two roots of the proper
esophageal arteries were confirmed, and we were able
to divide them safely using the EnSeal device under a
magnified videoscopic view (Fig. 3B). After these
procedures, both the anterior and posterior sides of
the posterior mediastinal lymph nodes including the
thoracic paraaortic and left pulmonary ligament
lymph nodes were dissected. While lifting these
lymph nodes like a membrane, we cut them along the
borderline of the left mediastinal pleura (Fig. 3C). In
this manner, the posterior mediastinal and left main
bronchus lymph nodes were dissected en bloc.™

The dissection of posterior mediastinal lymph
nodes was extended toward the caudal side from the
crural of the diaphragm to the celiac artery. Thus, the
lymph nodes in the esophageal hiatus of the dia-
phragm, the infradiaphragmatic lymph nodes, and
the lymph nodes along the celiac artery were dissected
en bloc from the left side. After that, the left gastric
vessels were clipped and divided, and the lymph
nodes along the left gastric artery were dissected.
Finally, dissection of the posterior and right sides of
the distal esophagus was performed, and an incision
was made in the right mediastinal pleura to allow
dissection to be performed. The right mediastinal
pleural incision was then extended to the lower
margin of the arch of the azygos vein (Fig. 3D), Thus,
the middle and lower thoracic esophagus was com-
pletely detached from the surrounding tissue.

Journal compilation © 2012, Wiley Periodicals, Inc. and the International Society for Diseases of the Esophagus
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Fig. 2 (A) The operator lifted up the stomach using their left hand, and the gastrosplenic ligament was divided using the EnSeal
device. (B) The esophageal hiatus was divided, and carbon dioxide was introduced into the mediastinum. (C) The working space in
the mediastinum was secured an ENDO RETRACT, a blunt tip dissector, and pneumomediastinum pressure, (D) Dissection of the
anterior and left side of the distal esophagus was performed with the EnSeal device np to the level of the tracheal bifurcation.

After the division of the abdominal esophagus, a
collar incision was made in the neck, and cervical and
upper mediastinal lymph node dissection (including
the cranial half of the left recurrent nerve lymph
nodes) was performed. After the cervical esophagus
was divided, an abdominal spatula was inserted via
an upper abdominal incision which was used for
HALS to dissect retrosternal space. Then, recon-
struction was performed via a retrosternal route with
a gastric tube, as this method prevents recurrent
intrathoracic locoregional tumor cells from invading
the neo-esophagus.t"** The esophagogastric anasto-
mosis was performed by hand from the cervical
approach.

Finally, in the left lateral-decubitus position, a
small right thoracotomy was made (around 10 cm in
size), and rib spreader was used to maintain the small
surgical field. The extraction of the thoracic esopha-
gus and upper mediastinal lymph node dissection
were performed under the assistance of thoracos-
copy. Using this approach, the dissection of the
caudal half of the left recurrent nerve lymph nodes

and the left tracheobronchial lymph nodes, which we
could not reach from above or below, was performed.
A 10 cm thoracotomy and one endoscopic port were
sufficent for the thoracic procedure because we had
performed the middle and lower mediastinal lym-
phadenectomy via the LTHA.

Patients

We started to routinely perform LTHA-preceding
esophagectomy for patients with esophageal cancer
in April 2010, From January 2009 to December 2010,
a total of 60 patients with esophageal squamous cell
carcinoma (SCC) underwent subtotal esophagectomy
combined with extensive lymph node dissection and
gastric tube reconstruction via a retrosternal route at
the Division of Digestive Surgery, Department of
Surgery, Kyoto Prefectural University of Medicine.
These patients were retrospectively divided into two
groups according to the operative method, with (27
patients; April 2010-December 2010) or without (33
patients; January 2009-March 2010) LTHA, and

© 2012 Copyright the Authors
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Fig.3 (A) The adventitia of the thoracic aorta was exposed near to the crural of the diaphragm, and dissection of the anterior side of
the thoracic aorta was performed. (B) The roots of the proper esophageal arteries were confirmed under a magnified videoscopic view.
(C) En bloc dissection of the posterior mediastinal tymph nodes (thoracic paraaortic and left pulmonary ligament lymph nodes). Both
the anterior and posterior sides of the posterior mediastinal lymph nodes were resected. While lifting up these Iymph nodes like a
membrane, they were cut along the borderline of the left mediastinal pleura. (D) An incision was made in the right mediastinal pleura
and was extended to the inferior margin of the arch of the azygos vein.

these two groups were compared with respect to the
perioperative treatment outcome. For both groups,
the operative indication was completely same, namely
operations were performed in patients with clinical
T1-3, NO-3, MO esophageal cancer based on 7th
TNM staging systems (UICC International Union
Against Cancer TNM Classification of Malignant
Tumours; 7th Edition).* All patients were treated by
two highly skilled surgeons; and informed consent
was obtained from each participant.

For 33 patients who underwent subtotal esoph-
agectomy without LTHA, thoracic surgery was per-
formed first (thoracotomy; around 20 cm in size)
under the assistance of thoracoscopy, and then
abdominal surgery was performed using HALS.
Finally, cervical lymph node dissection, reconstruc-
tion via a retrosternal route with a gastric tube, and
apastomosis from a cervical approach were per-
formed. The sizes of the cervical and abdominal inci-
sions and the locations of the trocars used in these 33

© 2012 Copyright the Authors

patients were almost the same as those employed for
the LTHA-treated patients.

A total of 22 patients (with LTHA: 12 patients/
without LTHA: 10 patients) underwent three-field
lymphadenectomy, and a total of 38 patients (with
LTHA: 15 patients/without LTHA: 23 patients)
underwent two-field lymphadenectomy. A total of 42
patients (with LTHA: 22 patients/without LTHA: 20
patients) received preoperative chemotherapy involv-
ing two courses of cisplatin (80 mg/m?%day, dayl) plus
5-fluorouracil (800 mg/m*day, day1-5).

To compare the backgrounds of these two groups,
we analyzed their clinicopathological features, such
as age, gender, primary tumor location, histological
type of SCC, TNM category, and pathological stage.
Histopathological examinations were performed on
the primary lesions and all dissected lymph nodes
using serial sections. All histopathological diagnoses
were performed by experienced pathologists. The
TNM category and pathological stage were classified
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according to the pTNM Pathological Classification,”?
The effects of preoperative comorbidities were ana-
Iyzed using the Charlson comorbidity index.

To determine the efficacy of LTHA, the two
groups were compared with respect to several perio-
perative factors, such as the total operative time,
intrathoracic operative time, operative bleeding,
number of resected lymph nodes, extubation time,
frequency of postoperative respiratory complica-
tions, number of white blood cells, serum C-reactive
protein (CRP), and the duration of thoracic drainage,
frequency of recurrent nerve palsy and anastomotic
leakage. The number of peripheral white blood cells
and the serum CRP level were measured at 2 and 7
days after the operation. According to our criteria,
the thoracic drainage tube was removed when the
amount of thoracic discharge fell below 150 mL/day.
Postoperative respiratory complications were defined
as those involving major respiratory insufficiency; i.e.
a need for reintubation or severe ppeumonia. Recur-
rent nerve palsy was diagnosed by otolaryngologists
using a laryngoscope when the extubation was
performed.

Statistical analysis was carried out using the Stu-
dent’s r-test and Fisher’s exact test. Differences were
considered significant when the P-value was less than
0.05. All analyses were performed using statistical
software (JMP, version 5; SAS Institute Inc., Cary,
NO).

RESULTS

Sixty patients with esophageal cancer who underwent
subtotal esophagectomy combined with gastric tube
reconstruction via a retrosternal route were divided
into two groups according to the operative procedure
they underwent; ie. with (27 patients) and without
LTHA (33 patients) groups. There were no significant
differences between the background clinicopathologi-
cal parameters of the two groups (such as age, gender,
primary tumor location, histological type of SCC,
TNM category, pathological stage, Charlson comor-
bidity index, or the number of lymphadenectomy
fields) (Table 1). One patient treated without LTHA
was pathologically diagnosed as pT4 (aorta). A total
five patients (with LTHA.: three patients/without
LTHA: two patients) were pathologically diagnosed
as pM1 because of supraclavicular lymph nodes
metastases.

We performed the comparison of intraoperative
factors between two groups. The total operative time
did not differ between the two groups (with LTHA:
408.7 = 11.2 min/without LTHA: 414.3 = 10.1 min)
(mean = SEM) (Fig. 4A). The intrathoracic operative
time was significantly shorter in the patienis treated
with LTHA (60.8 * 3.5 min) than in the patients
treated without LTHA (138.3 % 3.2 min) (Fig. 4B).

Table1 Comparison of the background clinicopathological
parameters of the patients treated with and without laparoscopic
transhiatal approach (LTHA) prior to thoracotomy

LTHA
Variables (+) - Povalue
Age
65 years or more 13 21 0.298
Less than 65 years 14 12
Gender
Male 21 30 0.276
Female 6 3
Location of Primary Tumor
Ce-Ut 6 7 1.000
Mi-Lt 21 26
Histological type of SCC
Well-moderately differentiated 20 22 0.582
Poorly differentiated 1 11
pT Category
pT1-2 17 19 0.793
pT3-4 10 14
pN Category
pNO 10 17 0.305
pN1-3 17 16
pM Category
pMO 24 31 0.649
pM1 3 2
Pathological Stage
pStage 0-11 15 18 1.000
pStage IIT-IV 12 15
Charlson Comorbidity Index
2= 24 29 1.000
2< 3 4
No. of Lymphadenectomy Fields
Two 15 23 0.292
Three 12 10

Ce, cervical esophagus; Lt, lower thoracic esophagus; Mt, middle
thoracic esophagus; Ut, upper thoracic esophagus.

Total operative bleeding was significantly reduced in
the patients treated with LTHA (302.6 = 44.4 mL) in
comparison with the patients treated without LTHA
(426.3 % 40.7 mL) (Fig. 4C). Furthermore, the total
number of resected lymph nodes did not differ
between the two groups (with LTHA: 47.2 = 50
fwithout LTHA: 43.7 + 4.5) (Fig. 4D). The total
number of resected thoracic Iymph nodes did not
differ between the two groups (with LTHA: 17.7 =
8.3, without LTHA: 21.3 £ 1.5; P = 0.122). These
results suggest that LTHA-preceding esophagectomy
can be used to reduce the intrathoracic operative time
and the total operative bleeding without diminishing
the quality of lymph node dissection.

Next, we performed the comparison of postopera-
tive factors between the two groups (Table 2). The
extubation time after surgery did not differ between
the two groups. Postoperative respiratory compli-
cations occurred in 18.5% of the patients treated
with LTHA (pneumonia: five patients), whereas
they occurred in 30.3% of the patients treated
without LTHA (pneumonia: eigth patients, ARDS: 2
patients) without significant difference. We analyzed
the number of peripheral white blood cells and the
serum CRP level at 2 and 7 days after the operation.

© 2012 Copyright the Authors

Journal compilation © 2012, Wiley Periodicals, Inc. and the International Society for Diseases of the Esophagus

- 268 —



Laparoscopic transhiatal approach 475

(A
{min}

500 1

w £
o o
o o
' A

Total operative time
N
8

100 1

{mil}
500 1

400 A

300 1

200 A

100 1

Total operative bleeding

(+) (-)
LTHA

—
L)
'

%

{min)

ey
U
o

100

Intrathoracic operative time
Ul
(o]

o

—_
A=

60 -

50 4

40

30 4

20

10 -

Total number of resected lymph nodes

(+) (-)
LTHA

Fig. 4 Comparisons of intraoperative factors between the patients treated with and without laparoscopic transhiatal approach
(LTHA) prior to thoracotomy, (A) Total operative time. (B) Intrathoracic operative time. (C) Total operative bleeding. (D} Total
number of resected lymph nodes. Mean * SEM. *P <0.05 was constdered significant.

The elevation in the number of peripheral white
blood cells at 2 days after the operation was signifi-
cantly inhibifed in the patients treated with LTHA
(8459 =+ 721/ul) in comparison with those treated
without LTHA (10 439 = 652/ul). The duration of
thoracic drainage was significantly shortened in the
© 2012 Copyright the Authors

patients treated with LTHA (5.7 % 0.6 days) in com-
parison with the patients treated without LTHA. (9.0
+ 0.5 days), suggesting that this method decreased
the amount of postoperative thoracic discharge by
preventing damage to thoracic and mediastinal
tissues, The frequency of recurrent nerve palsy and
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Table2 Comparison of postoperative factors between the patients treated with and without laparoscopic transhiatal approach (LTHA)

prior to thoracotomy

LTHA
Variables (+) -) P-value
Extubation time after surgery (days) 1.7+05 1.5+ 04 0.766
Postoperative respiratory complications 5127 (18.5%) 10/33 (30.3%) 0.375
White blood cells at 2 days after surgery (/i) 8459 721 10 439 =+ 652 0.046*
at 7 days after surgery (/ul) 8138 * 530 8703 *+ 471 0.429
Serum CRP at 2 days after surgery (mg/dl) 209 % 1.1 192+ 1.0 0.254
at 7 days after surgery (mg/dl) 7511 7.6% 10 0.954
Duration of thoracic drainage (days) 5.7+0.6 9.0£0.5 <0.001*
Recurrent nerve palsy 11/27 (40.7%) 13/33 (39.4%) 1.000
Anastomotic leakage 1727 (3.7%) 4/33 (12.1%) 0.367
Postoperative hospital stay (days) 440252 442 = 4.7 0.976

Mean * SEM. *P <0.05 was considered significant. CRP, C-reactive protein.

anastomotic leakage did not differ between the two
groups. These results suggest that LTHA-preceding
esophagectomy could be used to improve post-
operative care without increasing the risk of major
complications.

DISCUSSION

Thoracoscopic esophagectomy was reported to mini-
mize injuries to the chest wall and reduce surgical
invasiveness.** Although thoracoscopic esophagec-
tomy in the left lateral-decubitus position** and tho-
racoscopic esophagectomy in the prone position™ are
widely applied methods, both require the mastery of
certain skills. In thoracoscopic esophagectomy in the
left lateral-decubitus position, it is difficult to main-
tain the surgical field in the lower mediastinum.
Although we have some experience with this thoraco-
scopic approach, we are keenly aware of the impor-
tance of having a highly skilled assistant and scopist.
In thoracoscopic esophagectomy performed with the
patient in the prone position, although it is easier

to maintain the surgical field in the middle and

lower mediastinum in comparison with operations
performed in the left lateral-decubitus position, it
takes time to perform intrathoracic surgery. To
perform middle and lower mediastinal operations
safely and achieve satisfactory operability, we devel-
oped the LTHA-preceding esophagectomy method
for patients with esophageal cancer. Since DePaula
et al. described their transhiatal laparoscopic esoph-
agectomy method, there have been several reports
about this technique.'®" Upper mediastinal lym-
phadenectomy is extremely important for patients
with thoracic esophageal cancer. We performed
middle and lower mediastinal lymphadenectomy via
the LTHA and upper mediastinal lymphadenectomy
via the thoracic approach. This combined approach
enabled us to increase the guality of lymphadenec-
tomy and decrease the intrathoracic operative time.

As the duration of one-lung ventilation is known to
affect postoperative immune reactions and respira-
tory complications, it is important to decrease the
intrathoracic operative time.!®® We were able to
perform middle and lower thoracic mediastinal
surgery from the abdominal side using LTHA, and as
we performed the reconstruction via a retrosternal
route with a gastric tube prior to esophagectomy, the
subsequent thoracic operations, which were per-
formed via a right thoracotomy, concentrated on dis-
section of the upper mediastinum and were afforded a
good surgical view and operability. Therefore, we
were able to minimize the thoracic wound and
decrease the intrathoracic operative time. Further-
more, we observed that the elevation in the number of
peripheral white blood cells at 2 days after the opera-
tion was significantly inhibited in the patients treated
with the LTHA in comparison with those treated
without it, suggesting that our method inhibits exces-
sive postoperative acute immune responses.

The main advantage of our surgical procedure is
that it allows the posterior mediastinal lymph nodes
including the paraaortic and left pulimonary ligament
[ymph nodes to be approached via the appropriate
anatomical layer.!® The left side of the mediastinum is
a difficult space to approach via a right thoracotomy.,
In particular, complete resection of the left pulmo-
nary ligament lymph nodes via a right thoracic
approach carries a risk of serious complications;
however, metastases and recurrent tumors sometimes
develop in these lymph nodes in esophageal cancer
patients, Our data showed that metastases developed
in the left pulmonary ligament lymph nodes of 3.3%
of esophageal squamous cell carcinoma patients
(single metastasis: 1.7%; in combination with positive
nodes at other sites: 1.7%). In our method, we were
able to identify these lymph nodes using a magnified
videoscopic view. Furthermore, we were able to make
an incision from the EnSeal insertion port to these
lymph nodes along the borderline of the left medias-
tinal pleura; and en bloc resection was performed

© 2012 Copyright the Authors
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easily, Furthermore, our method enabled us to dissect
the left main bronchus lymph nodes via a transhiatal
approach.

Our results showed that the total operative bleed-
ing was significantly decreased by using LTHA. Fur-
thermore, the duration of thoracic drainage was
significantly shortened in the patients treated with
LTHA in comparison with the patients treated
without LTHA. We consider that one of the reasons
for this is that our method enables dissection of the
appropriate layer under a magnified videoscopic
view; and therefore, damage to the microvessels and
Iymphatic ducts is avoided. Except in cases involving
large T3 tumors in the upper thoracic region, the
LTHA provides a good surgical view, which is not
provided by laparotomy, and allows the surgeon to
take advantage of videoscope assistance, which is
useful because the working space in the mediastinum
is narrow and deep.

In laparoscopic surgery, the reconstructed organ is
sometimes injured. To avoid this, we perform abdomi-
nal operations using HALS and have no experience of
reconstructed organs suffering intraoperative injuries
so far. From the same point of view, many reports
have indicated the efficacy of HALS for esophageal
cancer.”* We were able to apply this technique to
mediastinal operations without any major problems,
Although some reports about mediastinoscope-
assisted esophagectomy have described the use of a
mediastinoscope from the cervical side,*** most
esophageal surgeons do not get used to this surgical
view, and therefore, they need to master certain skills.
On the other hand, our procedure, which is performed
via a transhiatal approach, can easily be performed in
institutes that use HALS for abdominal esophageal
surgery. In our experience, there were no intraopera-
tive respiratory care problems associated with apply-
ing 10 mmHg pneumomediastinum pressure. In this
procedure, although mechanical compression with the
ENDO RETRACT was used to obtain working space
in the mediastinum, it had little effect on cardiovascu-
lar function, such as on blood pressure, and there were
no problems with maintaining general anesthesia.
Under gentle mechanical compression, the same lap-
aroscopic view was maintained, even when a pleural
injury occurred in the mediastinum. Furthermore,
gven in cases involving sudden massive bleeding in the
mediastinal space, hand assistance makes it possible to
directly press and suture the bleeding point by hand.
From these points of view, we consider that our pro-
cedure, esophagectomy involing the LTHA, can be
performed safely in patients with esophageal cancer,

In conclusion, our surgical procedure, LTHA-
preceding esophagectomy, drastically shortened the
intrathoracic operative time, decreased intraopera-
tive bleeding, and reduced the amount of postopera-
tive thoracic discharge without increasing the risk
of major postoperative complications. In addition,

© 2012 Copyright the Authors

our procedure produced a good surgical view of the
posterior and left mediastinum, and en bloc lymph
node dissections around these areas were performed
safely.
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Abstract

Background This study was designed to evaluate the
clinical benefit of predicting the cyclin D1 (CCND1) status
using cell-free plasma DNA in superficial esophageal
squamous cell carcinoma (ESCC) patients.

Methods The ratio of the CCND1 (11g13) dosage to the
DRD2 (11g22-23) dosage (C/D-ratio} as the CCND1 copy
number was evaluated. This study was divided into three steps:
(1) demonstration of the feasibility, (2) evaluation of whether
the plasma C/D ratio assay could monitor tumor dynamics, and
(3)avalidation study in 63 consecutive superficial ESCC (pTis-
T1) patients and 40 healthy volunteers.

Results (1) The plasma C/D ratio was significantly higher
(p = 0.0369) in superficial ESCC patients than in the con~
trols in a preliminary test. (2) The high plasma C/D ratio
appeared to reflect the tumor levels of the CCND1 status and
was reduced in postoperative plasma samples (p = 0.1154)
and samples following endoscopic resection (p = 0.0845).
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(3) Validation analysis revealed that the plasma C/D ratio
was significantly higher in superficial ESCC patients than in
controls (7 < 0.0001). The frequency of recurrence was
significantly higher (p = 0.0198), and recuirence-free sur-
vival was significantly shorter (p = 0.0075) in patients with
a high plasma C/D ratio. Moreover, a high C/D ratio was
shown to be an independent risk factor for recurrence on
multivariate analysis [p = 0.0334; odds ratio 10.58 (range
1.203-93.23)].

Conclusion The prediction of CCND1 amplification by
plasma DNA may be a new complementary clinical bio-
marker for recurrence in patients with superficial ESCC.

Keywords Biomarker - Plasma - Copy number - Cyclin
D1 . Superficial esophageal cancer - Amplification - Liquid
biopsy

Introduction

Esophageal cancer is the eighth most common cancer in the
world and the sixth leading cause of cancer mortality {1].
Although esophageal cancer presents as two different kinds
of histological types and occurs worldwide with a variable
geographic distribution, esophageal squamous cell carci-
noma (ESCC) accounts for ~90 % of all esophageal
cancer diagnosed in Asian countries [2] and remains one of
the most aggressive carcinomas of the gastrointestinal tract
because of local invasiveness and metastases in eatly stage
of the clinical course.

Although recent improvements in perioperative man-
agement and surgical techniques have reduced surgery-
related deaths and improved postoperative outcomes by
multidisciplinary approaches {1, 3], the survival rates of
patients with advanced ESCC, which invades more than the
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muscularis propria, are still very poor. In contrast, patients
with superficial ESCC, which invades the mucosa or sub-
mucosa, have better prognoses, and most can be curatively
treated with radical surgery or at least be treated with
endoscopic resection [4, 51, Nevertheless, recurrence has
been reported in some patients even at an early stage.
Therefore, predicting recurrence at an early stage and
diagnosing residual tumors when they are still minimal or
clinically occult may improve the survival rates of patients
with ESCC,

Previous studies have attempted to determine which
biological factors, such as p53, cyclin D1, and FAS, are
involved in tamorigenesis and the development of ESCC [6~
9] because identifying molecular targets for the treatment of
ESCC may help to improve the survival of these patients.
However, few molecules have been used as therapeutic and/
or diagnostic biomarkers in a clinical setting. Although
conventional senum tumor markers, such as carcinoembry-
onic antigen (CEA) and squamous cell carcinoma antigen
(SCC), have been used in convenient diagnostic assays [10,
11] for the early detection of tumors and monitoring of tumor
dynamics in patients with ESCC, they lack sufficient sensi-
tivity and specificity to facilitate the detection of cancer.
Therefore, the significance of detecting a novel biomarker
using molecules should be emphasized.

Recent studies reported that tumor-released circulating
DNA and RNA in plasma/serum samples were usefnl for
detecting tumor-specific abnormalities and monitoring the
disease status of cancers [12-16]. Therefore, we hypothe-
sized that genomic amplification could be predicted in
primary ESCC using a blood-based test because gene
amplification is one of the most frequent genomic aberra-
tions involved in the pathogenesis of ESCC. We previously
demonstrated that the genome status of CCNDI1 in patients
with primary esophageal cancer could be predicted by a
less invasive, blood-based test, which enabled primary
tumor dynamics to be evaluated and the prognosis of
patients and its associated clinicopathological factors to be
predicted [17]. To avoid the influences of the quantity of
plasma DNA and numerical chromosomal aberrations, we
invented and specifically calculated the ratio of the dosage
of CCND1 to that of the reference single copy gene,
dopamine receptor D2 (DRD2) mapped to 11922-23, as an
indicator of the CCNDI1 copy number (CCND1/DRD2:
C/D ratio) [18].

We clearly demonstrated in the present study that
measuring the plasma C/D ratio may be clinically benefi-
cial for detecting cancer preoperatively and the resection
status by surgery and endoscopy even in patients with
superficial ESCC. We also validated its ability to predict
recurrence even in patients with superficial ESCC by
analyzing the relationship between plasma results and
clinicopathological factors. Our findings indicate that

evaluating CCND1 amplification by plasma DNA may
serve as a clinical biomarker for superficial ESCC.

Materials and Methods
Patients and Samples

This study was approved by the Institutional Review Board
of Kyoto Prefectural University of Medicine and each
subject provided signed informed consent. Sixty-three
consecutive patients with superficial BSCC underwent RO
(no residual tumor after surgery) esophagectomy at the
Kyoto Prefectural University of Medicine between 2005
and 2011, A total of 7 ml of peripheral blood was obtained
from ecach patient before surgery and from 40 healthy
volunteer controls. Resected cancer specimens from sur-
gery and endoscopic resection were fixed in buffered for-
malin and embedded in paraffin for a routine pathological
examination. The tumor was pathologically classified
according to the UICC classification [19].

Preparation and DNA Isolation of Plasma and Tissue
Samples

Following the collection of peripheral blood, cell-free
nucleic acids were immediately isolated from blood sam-
ples by the 3-spin protocol (1,500 rpm for 30 min,
3,000 rpm for 5 min, 4,500 rpm for 5 min) to prevent cross
contamination from cellular nucleic acids [20]. Following
centrifugation, plasma samples were stored at —80 °C until
further processing. Cell-free genomic DNA was isolated
from 400 pl of the serum sample using the QIAamp blood
mini kit (Qiagen, Hiden, Germany). The final elution was
performed in 100 pl of AE buffer from the QIlAamp blood
mini kit. Paraffin-embedded tissues were sectioned at a
thickness of 5 pm after a routine histological examination.
The genomic DNAs of cancerous and adjacent noncan-
cerous esophageal tissues were extracted from two S-pm
thick slices using DEXPAT (TaKaRa, Kyoto, Japan)
according to the manufacturer’s protocols.

Quantitative Analysis for Cyclin D1 Using Real-Time
Polymerase Chain Reaction (PCR)

We selected the dopamine-D2-receptor gene (DRD2) as a
reference gene because DRD?2 is located on. the same chro-
mosome as CCND1, and DRD2 amplification and overex-
pression in ESCC have never been reported in any gene
database, such as GenBank, DDBJ, and EMBL. Therefore,
the CCND1/DRD2 ratio may reflect the CCND1 copy number
at a single chromosome without the influence of absolute
DNA. concentration and aneuploidy on chromosome 11
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