Identification of novel XAF1 variant

Fig. 6 Key roles of XAF1 in
cancer cells. The transcription
of the XAF! gene is under the
control of negative and positive
regulatory elements. NMD
inhibition promotes
accumulation of XAFIF. Gray
arrows indicate the upregulation
or downregulation of the XAF]
transcripts. HSF and XIAP
represent heat shock factor 1
and XIAP, respectively
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Fisher’s exact test). In stage I and II, 67 % (2/3) and 90 %
(9/10) of patients with lymph node metastasis were cate-
gorized as XAFIF positive, respectively. These results
suggest that XAFIF expression in CTCs strongly reflects
lymph node metastasis in stage I and II, leading to a weak
association between XAFIF expression and tumor stage.
Additionally, XAFIF expression in CTCs was not associ-
ated with recurrence, although CTCs are useful as a
prognostic factor [36, 44—47]. In further studies, this dis-
crepancy should be also examined using long-term follow-
up data of CTCs isolated from patients to clarify the origin
of the XAF1 variant.

In conclusion, the present study identified a novel splice
variant of XAF! in gastric, pancreatic, colorectal, and
breast cancer cells. This variant was regulated through the
NMD pathway and accumulated in NMD-suppressed
metastatic cancer cells. To our knowledge, this is the first
study to clearly detect XAFI variants in peripheral blood
containing CTCs derived from gastric cancer. The
expression of these variants was significantly higher than
that in healthy volunteers. Furthermore, in part of the CTC-
positive population, the NMD pathway was suppressed.
These findings suggest that XAF variants accumulate by
NMD inhibition in the peripheral blood of gastric cancer
patients and may indicate heterogeneity of CTCs.
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Abstract

Background Little is known about the vascular and
lymphatic distribution of the pyloric antrum in the stom-
ach. We focused on the infrapyloric region containing the
infrapyloric artery (IPA) and lymph nodes.

Methods The anatomy of the IPA and its associated
lymph nodes was clinically elucidated during 156 laparo-
scopic gastrectomies.

Results Most of the arteries originated from the anterior
superior pancreatoduodenal artery (ASPDA, 64.2 %) or the
root of the right gastroepiploic artery (RGEA, 23.1 %), but
a small portion originated from the gastroduodenal artery
(GDA, 12.7 %). The average lengths from the pyloric ring
to the IPA proximal branch were 21.8 mm from the AS-
PDA, 20.6 mm from the RGEA and 9.0 mm from the
GDA, a significantly shorter length than the other 2 vari-
ations. On average, 2.5 out of 10.0 nodes existed along the
IPA. One patient, whose tumor was located close to the
pylorus, had a metastatic node in this section.

Conclusion The IPA most commonly originates from the
ASPDA and is associated with a certain number of lymph
nodes. Vascular distribution from the IPA depends on the
anatomic variation.
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Introduction

The lymph nodes (LNs) lying in the infrapyloric area,
categorized as the no. 6 by the Japanese Gastric Cancer
Association (JGCA) [1], is considered an important con-
fluence of lymphatic channels that drain the distal two-
thirds of the stomach [2—4]. Several studies have demon-
strated that metastasis to the no. 6 nodes is very common;
thereby making the dissection of this station an important
surgical step [5, 6]. JGCA has defined the no. 6 station as
the area along the proximal part of the right gastroepiploic
artery (RGEA) and vein [1]. That may make sense because
most of lymphatic channels are accompanied by feeding
vasculatures. However, blood flow to the pyloric antrum is
predominantly supplied by the infrapyloric artery (IPA) [7,
8]. If the IPA is independent of the RGEA and is associated
with regional LNs, anatomical knowledge of this artery
will be required not only for the pylorus preserving pro-
cedures but also for the reasonable dissection of the in-
frapyloric region.

Despite previous angiography and cadaver autopsy
studies, the anatomy of the IPA is poorly understood
because it is too small for precise examination [9-~13].
Recent advances in laparoscopic techniques, however,
have provided surgeons with magnified and highly defined
images [14-17]. In the present study, we elucidated the
anatomy of the IPA by precisely identifying and dividing
this artery during no. 6 lymphadenectomy. Also, the dis-
tribution of IPA tributaries to the pylorus and the number
and metastatic status of LNs situated along the artery were
investigated using surgical specimens.
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Methods
Patients

This study included 156 patients who underwent laparo-
scopic gastrectomy for carly gastric cancer, clinically
estimated to be T1 in depth. The study was conducted
between December 2011 and April 2014 at Toranomon
Hospital in Tokyo, Japan. Total gastrectomies were per-
formed in 29 patients and distal gastrectomies were per-
formed in 127 patients. None of the patients underwent a
pylorus-preserving gastrectomy (PPG); therefore, standard
no. 6 lymphadenectomies were performed in all cases.

Identification and division of IPA during no. 6
lymphadenectomies

The surgical setting of our laparoscopic gastrectomies and our
procedure for the no. 6 LN dissection has been described
previously [2]. After division of the greater omentum, the
transverse smesocolon was taken down to identify the conflu-
ence of the right gastroepiploic vein (RGEV) and the anterior
superior pancreatoduodenal vein (ASPDV). Subsequently, the
RGEV and the infrapyloric vein (IPV) were ligated with clips
and the adipose tissue, with its included LNs, was carefully
dissected from the anterior surface of the head of the pancreas.
Next, we detached the pancreatic parenchyma from the
posterior wall of the duodenal bulb to expose the gastro-
duodenal artery (GDA). The RGEA root was isolated by
dissecting away the surrounding adipose tissue and nerve
fibers. At this point, we were usually able to decipher
whether the IPA was branched from the distal side (AS-
PDA) or proximal side (GDA) of the RGEA, except in cases
when the TPA branched from the caudal part of the RGEA.
The RGEA was ligated with double clips at its root and then
the IPA was subsequently ligated. Finally, the inferior wall
of the duodenal bulb was skeletonized, and the no. 6 nodal
region was removed en bloc with the gastric specimen.

. Investigation of IPA distribution to the pyloric antrum

Following resection, the surgical specimen was submitted
for investigation to determine the morphometric anatomy of
blood vessels. The distance from the pyloric ring to the first
branch off of the RGEA that supplies the greater curvature
was measured. Additionally, vascular distribution from the
IPA was examined by measuring the length from the pyloric
ring to the first proximal branch point along the IPA.

Examination of no. 6 lymph nodes

The soft tissue, including the no. 6 nodes, was then divided
into three sections, according to previously described

@ Springer

Fig. 1 The representative vascular anatomy of the infrapyloric lymph
node station no. 6 that has been divided into three sections. These
sections were divided along the proximal part of the right gastroep-
iploic vein (RGEV, 6v), the right gastroepiploic artery (RGEA, 6a),
and the infrapyloric artery (IPA, 6i). GDA gastroduodenal artery,
ASPDYV anterior superior pancreatoduodenal vein, TPV infrapyloric
vein, SMV superior mesenteric vein, ARCV accessory right colic vein,
GCT gastrocolic trunk. This figure was quoted from Ref. [2] with
some modifications under the permission of the authors

criteria [2]. In short; section 6a is adjacent to the RGEA
from its first gastric branch to its root, section 6v is adja-
cent to the RGEV, between the root of the RGEA and the
confluence of the ASPDV, and section 6i is located adja-
cent to the IPA (Fig. 1). The section 61 was discriminated
from the section 6a along the avascular area between the
proximal branch of the IPA and the RGEA. LNs from each
section were then harvested and prepared for histological
examination.

Statistics

Statistical analysis was performed using the unpaired Stu-
dent’s ¢ test or the Chi square test. A P-value of less than
0.05 was regarded as statistically significant. All values
henceforth are expressed in the following manner: mean
(standard deviation).

Results

Origin of the IPA

The IPA was located and ligated intraoperatively in 115
cases and detected postoperatively in soft tissue specimens
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Fig. 2 The origin of the infrapyloric artery (IPA) has been classified
into three types: distal type, in which the TPA originates from the
anterior superior pancreatoduodenal artery (ASPDA), caudal type, in
which the IPA originates from the right gastroepiploic artery (RGEA),
and proximal type, in which the TPA originates from the gastrodu-
odenal artery (GDA). The arrows in the pictures indicate the origin of

in the remaining 41 cases. In the latter set of cases, the
origin of the IPA was identified in 19 out of 41 specimens.
Therefore, a total of 134 samples were eligible for this
study. The arteries from which the IPA originated were
classified into three types: distal type (with the IPA origi-
nating from the ASPDA), proximal type (from the GDA),
and caudal type (from the RGEA) (Fig. 2). Eighty-six cases
(64.2 %) were categorized as distal type, 17 cases (12.7 %)
were categorized as proximal type, and 31 cases (23.1 %)
including all of the 19 cases in which the origin IPA was
detected in the specimens after surgery were categorized as
caudal type (Fig. 2). The branching points in 28 out of 86
distal type cases and 7 out of 17 proximal type cases were,
however, very close to the root of the RGEA.

Vascular distribution from the IPA

We examined the distribution of the IPA tributaries in the
surgical specimens. Results and representative pictures of
distal and caudal types are summarized in Fig. 2 and shown
in Fig. 3, respectively. The lengths from the pyloric ring to
the proximal branch of the IPA were 21.8 mm (8.4) and
20.6 mm (7.6) in distal and caudal types, respectively.
These were significantly longer than the average value of
the proximal type, which was 9.0 mm (3.2) in length. The
distances from the pyloric ring to the first gastric branch of
the RGEA, which corresponds to the width of no. 6 area,
were 47.8 mm (8.5) for the distal type and 43.3 mm (8.6)
for caudal type. Similarly, these were significantly longer

31(23.1%) 17 (12.7%)
20.6 (7.6)* 9.0(3.2)
43.3(8.6)" 36.2(12.2)

the IPA. IPA length represents the length from the pyloric ring to the
proximal branch of the IPA (mm); RGEA distance represents the
distance from the pyloric ring to the first gastric branch of the RGEA
(mm). Values in parentheses represent the relative standard devia-
tions. *P < 0.01, TP < 0.05 compared with Proximal type

than the value of the proximal type, which was 36.2 mm
(12.2) in width,

Lymph nodes in the infrapyloric area

Finally, we examined how many LNs existed along the
IPA. On average, 5.0 (3.2), 2.5 (2.0) and 2.5 (2.1) LNs
were harvested from the sections 6a, 6v and 6i, respec-
tively. Metastases to no. 6 were found in 5 out of 156
patients. Four patients had a metastatic LN in section 6a
and 1 patient had three metastatic nodes in section 6v. One
patient, who had a T1 tumor of the antrum, 2 cm proximal
to the pylorus, had a metastatic node in section 6i.

Discussion

Among the regional LNs of the stomach, the no. 6 infra-
pyloric nodes lie in an anatomically important area. The
JGCA has defined the “afferent section™ as the area along
the first branch and the proximal section of the RGEA; the
“efferent section” is defined as the area from the border of
the afferent section to the confluence of the RGEV and the
ASPDV [1]. Blood flow from the pyloric antrum, however,
is predominantly supplied by its own artery, the IPA [9].
Thus, we focused on the anatomy of this artery and its
associated LNG.

The TPA, a small artery whose diameter is approxi-
mately 1.2 mm [9], was initially described in 1904 as

@ Springer
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Fig. 3 Representative distal-type a and caudal-type b surgical spec-
imens, demonstrating the infrapyloric lymph station no. 6 vasculature
divided into three sections. Dotted lines indicate the pyloric ring,
dashed arrows indicate the length from the pyloric ring to the

“Ciuffo pilorico inferior” by Rossi et al. [10], and identi-
fied as the “pyloric branch” in 1982 by Kuroda et al. [11].
The term “infrapyloric artery” was first cited in 1988,
referring to the IPA originating from the RGEA [I12].
Studies evaluating the origin of the IPA, however, vary
throughout the literature. Sawai et al. [13] reported that the
IPA originates from the GDA in 64 %, from the ASPDA in
21 %, and from the RGEA in only 12 % of gastric cancer
patients, determined via angiography. In contrast, a recent
study by Takamuro et al. [9] using 214 cadavers confirmed
that nearly 50 % of IPAs originate from the ASPDA or
from the wedged position, between the ASPDA and
RGEA. In the present study, which included 134 early
gastric cancer surgeries, we have carefully explored the
origins of the IPA around the root of the RGEA with
precise laparoscopic images. Our results demonstrate that
most of the IPAs originated from the previously defined
distal or caudal site; however only 12.7 % originated
proximal to the root of the RGEA. These data support the
findings obtained from the cadaver study by Takamuro
et al. [9]. Discrepancies from previous reports may be due
to the difficulty in identifying these arteries because of their
small diameters.

The average number of LNs harvested from section 6i
(along the IPA) was 2.5. Although we did not detect
lymphatic vessels, our data suggest the existence of
afferent lymphatic fluid that flows alongside the IPA
from the pyloric antrum to the root of the RGEA. In the
present study, one patient whose tumor was located in
the antrum fed by the IPA had metastases to this section.
Conversely, it may be possible to exclude the section 6i
dissection in patients undergoing a PPG with an indica-
tion directly based on tumor location and depth of
invasion.

@ Springer

proximal branch of the infrapyloric artery (IPA, asterisk), and solid
arrows indicate the distance from the pyloric ring to the first gastric
branch of the right gastroepiploic artery (RGEA, double asterisk).
RGEV right gastroepiploic vein i

In conclusion, the IPA predominantly feeds the pyloric
antrum, usually originates from the ASPDA and is
accompanied by a certain number of LNs. Consideration of
the findings of this study will provide for safer, more on-
cologically feasible lymph node dissection of the infrapy-
loric region in gastric cancer surgery.
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ABSTRACT
Background. The feasibility and safety of D2 surgery
following neoadjuvant chemotherapy (NAC) has not been
fully evaluated in patients with gastric cancer. Moreover,
risk factor for surgical complications after D2 gastrectomy
following NAC is also unknown. The purpose of the
present study was to identify risk factors of postoperative
complications after D2 surgery following NAC.
Methods. This study was conducted as an exploratory
analysis of a prospective, randomized Phase II trial of
NAC. The surgical complications were assessed and clas-
sified according to the Clavien-Dindo classification. A uni-
" and multivariate logistic regression analyses were per-
formed to identify risk factors for morbidity.
Results. Among 83 patients who were registered to the
Phase 11 trial, 69 patients received the NAC and D2 gas-
trectomy. Postoperative complications were identified in 18
patients and the overall morbidity rate was 26.1 %. The
results of univariate and multivariate analyses of various
factors for overall operative morbidity, creatinine clearance
(CCr) < 60 ml/min (P = 0.016) was identified as sole
significant independent risk factor for overall morbidity.
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Occurrence of pancreatic fistula was significantly higher in
the patients with a low CCr than in those with a high CCr.
Conclusions. Low CCr was a significant risk factor for
surgical complications in D2 gastrectomy after NAC,
Careful attention is required for these patients.

Gastric cancer is the second most frequent cancer-rela-
ted cause of death after lung cancer.' Complete resection is
essential for the cure of gastric cancer. After the long
debate, D2 gastrectomy has been established as a standard
surgical procedure not only in Japan and Korea, but also in
Europe and United States.”™

Recently, several large phase III studies demonstrated
that multimodality treatment, including surgery, signifi-
cantly improved the survival of locally advanced disease
compared with surgery alone; postoperative adjuvant che-
motherapy with S-1 in Japan, postoperative adjuvant
chemotherapy with capecitabine plus oxaliplatin in Korea,
and pre- and postoperative chemotherapy in United King-
dom.®® Neoadjuvant chemotherapy is a promising
treatment for gastric cancer when consxdenng intensive
chemotherapy with relatively toxic regimen. Neoadjuvant
chemotherapy is tested in several phase III trials in the
eastern Asia where D2 and adjuvant chemotherapy is a
standard treatment.'®!! Although D2 gastrectomy is a
feasible and safe procedure as a primary treatment when
performed by experienced surgeons, the feasibility and
safety of D2 surgery following neoadjuvant chemotherapy
has not been fully evaluated. Two positive phase III trials
performed in United Kingdom and France demonstrated
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that the surgical morbidity and mortality were almost
similar between surgery alone and surgery following the
neoadjuvant chemotherapy; however, the surgical proce-
dures were less than D2 in most cases in the UK study and
were not accurately described in the French study.®'? Only
one European phase III study has compared D2 alone and
D2 following the neoadjuvant chemotherapy. In that study,
the overall morbidity was higher and injury of major blood
vessels was more frequent in the neoadjuvant group than in
the surgery alone group.'? ‘

Generally, chemotherapy acts for tumor tissue and induces
variety changes of both tumor and stroma including necrosis,
inflammation, and fibrosis, which makes D2 surgery diffi-
cult.'* Although experienced surgeons may complete D2
after neoadjuvant chemotherapy safely as reported in several
Japanese phase I studies of single arm, surgical complication
is unavoidable.'>~'® Accidental in jury of major blood vessels
during surgery may cause lethal complication. If risk factor
for complications is clarified, it becomes possible to deter-
mine appropriate indication and surgical procedure
considering the balance between the risk and the benefit.

Previously, only Fujitani et al. reported that age greater
than 60 years and high body mass index were significant
risk factors for overall complications in 71 patients who
received gastrectomy following induction chemotherapy
and preoperative chemoradiotherapy in the retrospective
analysis of M.D. Anderson Cancer Center.”® However,
their report was based on a retrospectively collected data in
which most patients received induction chemoradiother-
apy. Complication was not determined following Clavien-
Dindo classification. Moreover, surgical procedure had not
been strictly limited to D2.

The purpose of the present study is to identify risk
factors of postoperative complications after D2 surgery
following neoadjuvant chemotherapy. This study was
conducted as an exploratory analysis of a prospective,
randomized, Phase II trial of neoadjuvant chemotherapy.

PATIENTS AND METHODS

The patients who received neoadjuvant chemotherapy and
D2 gastrectomy as a protocol treatment in the phase II trial
were examined in this study. The details of this trial were
described in the previous report.’**! Briefly, key eligibility
included clinical T2-3/N+ or clinical T4aNO in case of scir-
rhous or junction tumors, clinical T2-3 with nodal metastasis
to the major branched artery, clinical T4aN+, clinical T4b,
para-aortic nodal metastases, or resectable minimal perito-
neal metastases confirmed by laparoscopy. Staging
laparoscopy was mandatory to diagnose peritoneal metasta-
sis. Eligible patients were randomized to two courses of S-1
plus cisplatin, four courses of S-1 plus cisplatin, two courses

of Paclitaxel plus cisplatin, or four courses of Paclitaxel plus
cisplatin. The sample size was calculated to be 60-80 in a total
considering a statistical power of approximately 0.8.

Neoadjuvant Chemotherapy

In S-1 plus cisplatin regimen, S-1 80 mg/m? was given
orally twice daily for the first 3 weeks of a 4-week cycle
and cisplatin was given as an intravenous infusion of
60 mg/m* on day 8 of each cycle as described previ-
ously.®?! In Paclitaxel plus cisplatin regimen, Paclitaxel

" 60 mg/m* and cisplatin 25 mg/m?* were administered on

days 1, 8, and 15 as 1 course, repeated every 4 weeks.?%?!

Neoadjuvant chemotherapy was discontinued if there was
documented disease progression, unacceptable toxicity, or
withdrawal of consent.

Surgery

During 2-6 weeks after completion of neoadjuvant
chemotherapy or when the tumors progressed during the
treatment, patients proceeded to surgery. RO resection was
aimed by gastrectomy with standard D2 lymphadenec-
tomy.” Para-aortic nodal dissection or combined resection
of small part of the peritoneum or adjacent organs are
permitted for the curative intent but more invasive surgery,
such as pancreaticoduodenectomy or Appleby’s surgery are
not. When macroscopically curative surgery was achieved, -
protocol treatment was terminated.

Evaluation

Clinical diagnosis of T and N was determined by thin-
slice CT with 5- to 7-mm thickness or multidetector low CT
following Habermann’s method.”* T1 tumors were defined
as those that could not be found on the images or those with
focal thickening of the inner layer with a visible outer layer of
the gastric wall and a clear fat plane around the tumor. T2-3
tumors were defined as those with focal or diffuse thickening
of the gastric wall with transmural involvement and a smooth
outer border of the wall or only a few small linear strands of
soft tissue extending into the fat plane involving less than
one-third of the tumor extent. T4a tumors were defined as
transmural tumors with obvious blurring of at least one-third
of the tumor extent or wide reticular strands surrounding the
outer border of the tumor. T4b tumors were defined as those
with obliteration of the fat plane between the gastric tumor
and the adjacent organ or invasion of an adjacent organ.
Regional lymph nodes were considered to be involved by
metastases if they were larger than 8 mm in the short-axis
diameter. Progression of tumors was evaluated by the 14th
edition of the Japanese Gastric Cancer Classification.’
Clinical response of the lymph node was evaluated by
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version 1.0 of the Response Evaluation Criteria for Solid
Tumors.”? The surgical complications were assessed and
classified according to the Clavien-Dindo classification.**
The incidence of reoperation and the length of hospital stay
also were recorded, Operative mortality was defined as
postoperative death from any cause within 30 days after
surgery or during the same hospital stay.

Statistical Analysis

A uni- and multivariate logistic regression analyses was
performed to identify risk factors for morbidity. Compar-
isons between the two groups were analyzed by chi-square
test. In the multivariate analysis, we fitted linear regression
models. To select a model, we used backward elimination.
All statistical tests were two-sided, and significance was set
at P < 0.05.The SPSS software package (v11.0J Win,
SPSS, Chicago, IL) was used for all statistical analyses.

Ethical Review

The COMPASS phase II trial had been approved in all
institutions and confirmed to all patients who registered to
this trial. This exploratory analysis was attached to the
COMPASS phase II trial.

RESULTS
Patient’s Characteristics

Between October 2009 and July 2011, a total of 83
patients were registered to the COMPASS trial. Among
them, 69 patients received the neoadjuvant chemotherapy
and D2 gastrectomy. On the other hands, 14 patients did
not receive gastrectomy because curative D2 surgery was
not possible. Six patients did not receive surgery based on
the CT findings, two received bypass surgery because of
the stenosis of the primary lesion, and six underwent
palliative D1 surgery due to bleeding or stenosis. Charac-
teristics of 69 patients before neoadjuvant chemotherapy
are shown in Table 1. The operative details are shown in
Table 2. The background factors and operative procedures
were well balanced between the two regimens.

Operative Morbidity and Mortality

Postoperative complications were found in 18 among 69
patients (26.1 %). No surgical mortality was observed.
Details of complications are shown in Table 3. Pancreatic
fistula was found in 13 % in all grades and in 1.4 % in
grade 3 or more, anastomotic leakage was 4.3 % in all
grades and in 2.9 % in grade 3 or more, and abdominal

abscess was 4.3 % in all grades and in 1.4 % in grade 3 or
more. No patient required reoperation. No mortality was
observed.

Risk Factors for Operative Morbidity

Risk factors for surgical morbidity were analyzed by uni-
and multivariate analyses using clinical factors determined
before the enrollment of the study. The results are summa-
rized in Table 4. Among these, creatinine clearance
(CCr) = 60 mi/min (P = 0.016) was identified as sole sig-
nificant independent risk factor for overall morbidity.
Median value of CCr (range) was 54 ml/min (42-60 ml/
min) in patients with creatine clearance <60 ml/min and
78 ml/min (61-143 ml/min) in patients with creatine clear-
ance >60 ml/min. Table 5 shows the details of the
complications after D2 gastrectomy between the two groups.
Occurrence of pancreatic fistula was significantly different
between the two groups. Pleural effusion was tended to be
higher in patients with creatine clearance <60 ml/min
compared with patients with creatine clearance >60 ml/min.

DISCUSSION

This is the first report to evaluate the risk factors for
morbidity of D2 gastrectomy after neoadjuvant chemo-
therapy (NAC) in patients with gastric cancer. The present
study demonstrated that creatinine clearance (CCr) was the
only independent risk factor for surgical complications.
Therefore, careful attention is required in patients with low
CCr when ‘surgeons consider D2 gastrectomy after NAC.

In this study, creatinine clearance (CCr) was the only
independent risk factor for surgical complications in the
patients who received D2 gastrectomy after NAC. Gener-
ally, impaired renal function had the decreased immunity,
decreased ability of wound healing, prolonged fluid
retention, and anemia.?’ Prolonged fluid retention may
cause peripheral edema, ascites, and pleural effusion, In the
present study, pleural effusion was tended to be high in
patients with low CCr. Moreover, the patients with low
CCr had more pancreatic fistula than those with high CCr.
However, previous reports demonstrated that renal function
was not selected as risk factor for primary surgery.®?’
Renal function is related with clearance of anticancer drug,
such as Cisplatin (CDDP).28 High concentration of CDDP
in the patients with low CCr may cause more tissue damage
than those with high CCr, which may be related to com-
plications.'* Moreover, median value of CCr in patients
with low CCr was 54 ml/min, which suggested that their
renal function was not severely disturbed. Exact mecha-
nisms for CCr as a risk factor should be clarified in the

future.
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TABLE 1 Patient’s
characteristics

S-1 + Cisplatin ~ Paclitaxel + Cisplatin Total

Patients number 34 . 35 69
Male/female 23/11 26/9 49/20
Age (yr), median (range) 66 (32-79) 66 (44-77) 66 (32-77)
. Performance status 0/1 34/0 34/1 . 681

BMI (kg/m?), median (range) 21.1 (16.9-25.2) 21 (15.9-27) 21 (15.9-27)
Creatinine clearance (ml/min), median (range) 74.8 (42-120.4) 75.3 (47-143) 75 (42-143)
Clinical T factor 3/4a/4b 2/29/3 4/30/1 6/59/4
Clinical N factor 0/1/2 5/24/5 712612 12/5017
Metastasis status

Negative 32 31 63

Cytology positive 2 4 6
 Peritoneal metastasis 0 0 0
Esophagus invasion

Negative 24 23 47

Positive 10 12 ) 22
Macroscopic tumor type

0 0 1 1

1 4 5

2 9 10 19

3 16 15 ’ 31

4 3 3 6

5 2
Pathologic tumor type

Differentiated 14 15 29

Undifferentiated 20 20 : 40
Actual course of neoadjuvant chemotherapy

1 2 1 3

2 21 16 37

3 1 2 3

4 10 16 26
Clinical response

Complete response 1 0 1

Partial response 14 10 24

Stable disease 18 24 42

Progression disease 1 1 2

In the present study, age was a marginally significant
risk factor in the univariate analysis but not in the multi-
variate analysis. Elderly patients often have comorbidities
and age-related physiological problems, such as organ
dysfunction. Fujitani et al. also demonstrated that age was
one of risk factor for complications in patients who
received gastrectomy following induction chemoradio-
therapy.'9 Several reports showed that age was a risk factor
for surgical complication for primary gastric cancer sur-
gery.?%?” Dutch phase I trial comparing D1 and D2
showed that age older than 65 years was a significant risk

factor for hospital death and overall complications.”® Kohn
reported that many organ function decreases linearly after
30 years old.*® Actually, the elderly patients had higher
risk with 32 % than that of the nonelderly with 10.5 %. On
the other hand, among the elderly, patients with high CCr
had 25 % of morbidity, whereas those with low CCr had
very high risk with 83.3 %. Thus, surgical risk could be
well separated by combining CCr. CCr was significantly
correlated with age (r = —0.468 and P = 0.000 by Pear-
son’s correlation coefficient) in this cohort. CCr was
significantly related with age in this cohort (r = —0.468,
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TABLE 2 Operative details

S-1 + Cisplatin Paclitaxel - Cisplatin Total

Gastrectomy

Total 25 27 52

Distal 9 8 17
Esophagogastrectomy, yes/no 10724 12/23 22/47
Splenectomy, yes/no 16/18 22/13 38/31
Pancreatectomy, yes/no 0/34 2/33 2/67
Bulsectomy, yes/no 3/31 7128 10/59
Mediastinal lymphadenectomy

None 34 34 68

Transhiatal 0 1 1

Blood loss (ml), median (range)
Operation time (min), median (range)

430 (60-1300)
242 (155-422)

440 (70-1990)
262 (172-381)

440 (60-1990)
254 (155-422)

TABLE 3 Details of complications
Grade 1 Grade? Grade Grade Grade 5

3a/3b  4a/db
Pancreatic fistula 4 4 1/0 0 0
Abdominal abscess 0 2 1/0 0 0
Anastomotic leakage 0 1 2/0 0 0
Pneumonia 1 0 0 0 0
Postoperative bleeding 1 2 1/0 0 0
Wound abscess 0 1 0 0 0
Anastomotic stenosis 0 1 0 0 0
Pleural effusion 2 0 0 0 0

-P = (0.000 by Pearson’s correlation coefficient). Morbidity
rate was related with CCr in the elderly patients (11/44 in
the patients with high CCr and 5/6 in those with low CCr),
but the relationship was uncertain in the nonelderly patients
(2/17 in the patients with high CCr and 0/2 in those with
low CCr) because of small numbers. Generally, CCr
decreases in the elderly patients. A value of CCr as a risk
factor may be in the elderly patients.

In the primary D2 surgery, splenectomy and body mass
index (BMI) were reportedly identified as the most
significant independent risk factors.”**° However, sple-
nectomy was not a risk factor both in uni- and multivariate
analyses in the present study. This may be due to the dif-
ference of tumor progression and the effect of neoadjuvant
chemotherapy. In the present study, most patients had
clinical nodal metastases. Nodal dissection itself may
become difficult due to fibrotic changes after neoadjuvant
chemotherapy, which may increase the minimal risk due to
spleen-preserving surgery up to the high risk observed in

splenectomy. More, BMI was not an independent risk
factor in this study, in contrast to JCOG9501 trial in which
BMI >25 kg/m® was a significant risk factor for major
surgical complications.”’ This discrepancy may be attrib-
uted to lower incidence of BMI > 25 kg/m® The
proportion of patients BMI > 25 kg/m* was 7.2 % (5/69)
in the present series as opposed to 14.7 % (77/523) in the
JCOG9501 trial.

The present study has some limitations. First, sample
size was relatively small, although this study is an
exploratory analysis of prospective, multicenter, random-
ized phase II study. Second, our results would not be
applicable for the different cohort, which has different
tumor stage. Different risk factor may be selected if other
cohort has relatively early disease for which prophylactic
nodal dissection is enough. Third, the present study used
the clinical -data before the study entry other than the
clinical response. We considered that surgical difficulties
depended on the tumor progression before the chemother-
apy. On the other hand, CCr or body mass index may
change after chemotherapy. Although the CCr just before
surgery was not collected in this study, CCr would be not
changed or worsened in most cases. Body weight may
decrease in some cases after chemotherapy. Thus, our
results would underestimate the impact of CCr as risk
factor but not overestimate. Forth, optimal cutoff values
were unknown. In this study, we used the 60 ml/min as the
cutoff value of CCr and 60 years as the cutoff value of age.
Distribution, median, and average of the CCr of all patients
were 41.0-143.0 ml/min, 73.15 ml/min, and 78.3 &
19.1 ml/min. CCr of 60 ml/min was lower limit to guar-
antee the “unimpaired renal function” and was selected as
one of the stratification factors in this trial. Therefore, we
used the 60 ml/min as the cutoff value of CCr. Median age
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TABLE 4 Univariate and multivariate analyses of risk factors for complications

Factors No No. of complications Univariate analysis Multivariate analysis
Relative risk P Relative risk P
Age (yr) . 0.086
<60 T 19 2 1.000
>60 50 16 4.000 (0.823-19.44) _
Gender 0.19
Female 20 3 1.000
Male 49 15 2.499 (0.635-9.828)
Body mass index . 0.496
<25 64 16 1.000 '
>25 5 2 2.000 (0.306-13.061)
Type of gastrectomy 0.782
Distal gastrectomy 17 4 1.000
Total.gastrectomy 52 14 1.197 (0.3344.295)
Splenectomy and/or pancreatomy 0.615
Yes 38 9 1.000
No 31 9 1.318 (0.449-3.871)
Bulsectomy k 0.761
No 59 15 1.000
Yes 10 3 1.257 (0.288-5.49)
Clinical response 0.785
SD-PD 44 11 1.000 ;
CR-PR 25 7 1.167 (0.385-3.5133)
Clinical tumor invasion ‘ 0.674
T4a 63 16 1.000
T3 ) 6 2 1.469 (0.245-8.794) )
Clinical lymph node metastasis 0.155
N() 12 1 1.000
NH) : 57 17 4.675 (0.559~39.113)
Clinical esophagus invasion 0.562
No 47 12 1.000
Yes 22 6 1.094 (0.348-3.436)
Clinical stage 0.587
v 6 1 1.000
II or III 63 17 1.848 (0.201-16.974)
Chemotherapy regimen 0.246
Paclitaxel 4 Cisplatin 35 7 1.000
TS-1 + Cisplatin 34 11 1.913 (0.639-5.727)
Chemotherapy course : 0.754
34 ' 29 7 1.000
1-2 40 11 1.192 (0.398-3.573)
Creatinine clearance (ml/min) 0.022 0.016
>60 61 13 1.000 1.000
<60 8 5 6.154 (1.297-29.197) 8.666 (1.487-50.509)

of all the patients was 66 (range 32-79) years in this trial.
Previously, Fujitani et al. demonstrated that age was one of
risk factor for complications in patients who received
gastrectomy following induction chemoradiotherapy.'® In

that report, they set the cutoff value as 60 years. Therefore,
we set the cutoff value as 60 years in this study. Appro-
priate cutoff value should be determined in the other
validation studies.
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TABLE 5 Operative morbidity between CCr < 60 ml/min and
CCr > 60 ml/min

CCr < 60 mi/min  CCr > 60 ml/min P

(n=28) (n = 61)
No. of (%) No. of (%)
patients patients
Pancreatic fistula 4 50 5 8.2 0.004
Abdominal abscess 1 125 2 33 0215
* Anastomotic leakage O 0 3 49 0.814
Pneumonia 0 0 1 1.6 0715
Postoperative 0 0 4 6.6 0.906
bleeding
Wound abscess 0 1 1.6 0.715
Anastomotic 0 0 1 1.6 0.715
stenosis
Pleural effusion 1 125 1 1.6 0.085

In summary, low CCr was a significant risk factor for
surgical complications in D2 gastrectomy after NAC.
Careful attention is required for these patients when sur-
geons consider D2 gastrectomy after NAC.
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Abstract

Background Skeletal muscle loss is associated with
physical disability, nosocomial infections, postoperative
complications, and decreased survival. Preventing the loss
of skeletal muscle mass after gastrectomy may lead to
improved outcomes. The aims of this study were to assess
changes in skeletal muscle mass after total gastrectomy
(TG) and to clarify the clinical factors affecting significant
loss of skeletal muscle after TG.

Patients and methods One hundred and two patients
undergoing TG for primary gastric cancer underwent
abdominal computed tomography before and 1 year after
TG to precisely quantify postoperative changes in skeletal
muscle and adipose tissue. Univariate and multivariate
logistic regression analyses identified clinical factors
contributing to significant loss of skeletal muscle after
TG.

Results At 1 year after TG, the mass of both skeletal
muscle and adipose tissue was reduced by 6.20 £ 6.80 and
65.8 4= 36.1 % of the preoperative values, respectively,
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and 26 patients (25.5 %) showed a significant loss of
skeletal muscle of more than 10 %. Adjuvant chemother-
apy with S-1 for >6 months (hazard ratio 26.61, 95 %
confidence interval, 3.487-203.1) was identified as the
single independent risk factor for a significant loss of
skeletal muscle.

Conclusions Skeletal muscle loss was exacerbated by
extended adjuvant chemotherapy after TG. Further
research should identify appropriate nutritional interven-
tions for maintaining skeletal muscle mass and leading to
improved outcomes.

Keywords Total gastrectomy - Skeletal muscle loss -
Adjuvant chemotherapy - S-1 - Risk factor

Introduction

Skeletal muscle loss is associated with aging and physical
disability [1] and is also caused by chronic disease and
malignancy [2]. It leads to nosocomial infections [3],
postoperative complications [4-7], increased length of
hospital stay [7, 8], and decreased survival in nonmalignant
as well as malignant populations [9-12].

Body weight loss is common in patients with gastric
cancer undergoing total gastrectomy (TG). Although the
main postoperative change in body composition after TG is
a loss of fat mass, various degrees of skeletal muscle mass
reduction have been demonstrated [13—15]. Preventing the
loss of skeletal muscle mass after TG may lead to improved
outcomes.

This retrospective analysis was conducted to reveal
changes in body composition, including skeletal muscle
mass, that occur after TG, and to clarify clinical factors
affecting significant loss of skeletal muscle.
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Patients and methods
Study population

We retrospectively reviewed the records of 218 patients
who had undergone TG for primary gastric cancer between
January 1, 2006 and December 31, 2011 at Osaka National
Hospital. Patients with preoperative chemotherapy
(n = 47), any incurable factors (n = 37), relapse within
1 year after surgery (n = 24), or concurrent malignancy
(n = 8) were excluded from this analysis. The remaining
102 patients served as our study cohort. All the patients
underwent open TG with Roux-en-Y reconstruction, and
those with pathological stage II/IIT disease according to the
Japanese classification of gastric carcinoma [16] received
postoperative adjuvant chemotherapy with the oral 5-fluo-
rouracil (5-FU) agent S-1 for 1 year if tolerated.

Data were collected on the following variables: age, sex,
preoperative body mass index (BMI), the presence of dia-
betes mellitus (DM) requiring medications or insulin
therapy, surgical procedures (degree of lymph node dis-
section and presence of combined splenectomy and/or
distal pancreatectomy), postoperative complications
according to the Clavien—Dindo classification [17], patho-
logical stage, and compliance with adjuvant chemotherapy.

CT image analysis of body composition

Abdominal computed tomography (CT) images were
acquired both preoperatively and at 1 year (median,
1.0 year; range, 0.90-1.10 years) postoperatively in all
patients for the evaluation of tumor staging and diagnosis
of recurrent disease. CT imaging also provided a means of
precisely quantifying body composition [18]. CT images at
the third lumbar vertebra (L.3) were assessed for each
patient. Images were analyzed with Volume Analyzer
SYNAPSE VINCENT (Fujifilm, Tokyo, Japan), which
enabled the demarcation of specific tissues using Houns-
field units (HUs). Skeletal muscle was identified and
quantified by HU thresholds of —29 to 150 [19]. The
muscles in the L3 region are the psoas, erector spinae,
quadratus lumborum, transversus abdominis, external and
internal obliques, and rectus abdominis. The following HU
thresholds were used for adipose tissues: —190 to —30 for
subcutaneous and intramuscular adipose tissue [20], and
—150 to —50 for visceral adipose tissue [21]. Tissue
boundaries were manually corrected if needed. Tissue
cross-sectional area (cm?) was calculated automatically by
summing tissue pixels and multiplying by pixel surface
area, and was subsequently normalized for stature (m?) and
reported as lumbar skeletal muscle index (SMI) (cm?/m?)
and adipose tissue index (ATI) (cm®*m?) [18]. All CT
images were analyzed by a single trained specialist.
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Postoperative changes in skeletal muscle and adipose tissue
were evaluated.

Statistical analysis

SAS statistical software version 5.0 (SAS Institute, Cary,
NC, USA) was used for all statistical analyses, and a
P value <0.05 was considered significant. Data are pre-
sented as mean & SD. The two-sample independent ¢ test
and y* test were employed to evaluate differences in con-
tinuous and categorical variables, respectively. Univariate
and multivariate logistic regression analyses were used to
identify clinical risk factors for a significant loss of skeletal
muscle mass after TG.

Results

Patient characteristics

The clinical characteristics of the 102 patients are listed in
Table 1. No patients showed recurrence at the evaluation
of body composition. The study population consisted of 71

men and 31 women with a mean age of 63.9 4= 10.5 years.

Table 1 Patient characteristics (n = 102)

Characteristic n = 102
Age (years) 63.9 £+ 10.5
Sex
Male 7
Female 31
Preoperative body mass index (kg/m?) 22.6 & 3.25
Diabetes mellitus
Present 9
Absent 93
Surgical procedure
Lymphadenectomy D1+/D2 10/92
Splenectomy/distal pancreatectomy 16/2
Postoperative complication 22
Anastomotic leakage 3
Pancreatic fistula 5
Intraabdominal abscess 7
Tleus 1
Wound dehiscence 4
Pneumonia 2

Clavien-Dindo classification of postoperative complications

Grade I/II/IV 14/711
Pathological stage I/IVIII 50/28/24
Adjuvant chemotherapy

None or <6 months 64

>6 months 38




Skeletal muscle loss after gastrectomy

Fig. 1 Typical transverse computed tomography (CT) images at L3 show postoperative changes in skeletal muscle (green). The preoperative
total muscle area of 143 cm® (a) decreased to 122 cm® at 1 year after surgery (b)

Fig. 2 Typical transverse CT images at L3 show postoperative changes in subcutaneous and intramuscular adipose tissue (green). The
. . . . 2
preoperative subcutaneous and intramuscular adipose tissue area of 135 cm” (a) decreased to 89 cm?® at 1 year after surgery (b)

The preoperative mean BMI of all patients was
22.6 + 3.25 kg/m®. Nine patients had comorbid DM and
none received steroid therapy. Ninety-two patients under-
went D2 lymphadenectomy, with combined splenectomy
and distal pancreatectomy performed in 16 and 2 patients,
respectively. No patient underwent lower mediastinal
dissection for esophageal invasion. Postoperative compli-
cations were observed in 22 patients, involving anasto-
motic leakage in 3, pancreatic fistula in 5, intraabdominal
abscess in 7, ileus in 1, wound dehiscence in 4, and
pneumonia in 2. Based on the Clavien-Dindo classification
[17], these complications were categorized as grade II, 111,
and IV in 14, 7, and 1 patients, respectively. Fifty-two
patients had pathological stage II/III disease, and of these,
38 tolerated adjuvant S-1 therapy for 6 months or more
after surgery.

Postoperative changes in skeletal muscle and adipose
tissue

Figure | shows typical transverse CT images at L3 fea-
turing postoperative changes in skeletal muscle. The pre-
operative skeletal muscle area of 143 cm? (Fig. 1a)
decreased to 122 cm® at 1 year after surgery (Fig. 1b); the
preoperative SMI of 58.6 cm*m” (Fig. la) declined to
50.0 cm*m?* (Fig. 1b). Similarly, Figs. 2 and 3 demon-
strate typical transverse CT images at L3 showing post-
operative changes, in subcutaneous plus intramuscular
adipose tissue (Fig. 2) and in visceral adipose tissue
(Fig. 3). The preoperative total adipose tissue area, which
is the sum of subcutaneous, intramuscular, and visceral
adipose tissues, decreased from 296 to 105 cm? at 1 year
after surgery, and the preoperative ATI of 122 cm*m?
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Fig. 3 Typical transverse CT images at L3 show postoperative changes in visceral adipose tissue (green). The preoperative visceral adipose
tissue area of 161 cm” (a) decreased to 16 cm? at 1 year after surgery (b) '

Table 2 Changes in body composition of patients undergoing total

gastrectomy (TG) for gastric cancer (n = 102)

Preoperative 1 year after Percent
TG decrease
Body mass index (BMI) 22.6 £ 325 19.1 £2.43 14.7 £ 837
(kg/m?)
Lumbar skeletal muscle 46.6 & 7.84 43.6 £6.92 6.20 & 6.80
index (SMI) (cm*m?)
Lumbar adipose tissue 764 £ 364 2144189 658 % 36.1

index (ATI) (cm*m?)

decreased to 43.1 cm?/m?. Postoperative changes in body
composition are detailed in Table 2. At 1 year after sur-
gery, mean BMI (kg/m?) decreased from 22.6 to 19.1, SMI
(cm?*m?) from 46.6 to 43.6, and ATI (cm*m?) from 76.4 to
21.4, which corresponded to reductions of the preoperative
values of 14.7 + 8.37 %, 6.20 & 6.80 %, and 65.8 +
36.1 %, respectively.

Risk factors for significant postoperative loss of skeletal
. muscle

Twenty-six patients (25.5 %) showed a significant loss of
skeletal muscle of more than 10 % at 1 year after TG.
Table 3 summarizes the results of univariate and multi-
variate analyses of various clinicopathological risk factors
for a significant loss of skeletal muscle, including age, sex,
presence of DM, postoperative complications according to
the Clavien-Dindo classification, pathological stage, com-
pliance with adjuvant chemotherapy (none or <6 months
versus >6 months), and preoperative SMI and ATL
Among these, adjuvant chemotherapy lasting for
>6 months (hazard ratio, 26.61; 95 % confidence interval,
3.487-203.1) was identified as the single independent risk
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factor for a significant loss of skeletal muscle after TG. In
addition, we compared the change of body composition
after TG between patients who received adjuvant S-1
chemotherapy (>6 months) and those who did not
(Table 4). There was no significant difference in terms of
decreased body weight or ATI, whereas SMI decreased
significantly in patients receiving adjuvant chemotherapy
(P < 0.001).

Discussion

We conducted specific quantification of skeletal muscle
mass by CT image analysis in patients undergoing TG.
Using this approach, we demonstrated the postoperative
changes in skeletal muscle mass and adipose tissue and
identified the clinical factors contributing to a significant
loss of skeletal muscle mass after TG. CT scan is the gold
standard for quantifying skeletal muscle mass [22], and
Mourtzakis et al. [18] have shown that the CT cross
sectional area at L3 is strongly related to appendicular
skeletal mass, a common index of sarcopenia as mea-
sured by dual-energy X-ray densitometry. CT cross-sec-
tional area at L3 single slice was employed in many
studies as a reliable method to evaluate body composition
[7, 10, 23]. i

In our study, mean SMI (cm2/m2) decreased from 46.6
t0 43.6 by 1 year after surgery and ATI (cm?/m?) decreased
from 76.4 to 21.4; these declines corresponded to 6.2 %
and 65.8 % reductions of the preoperative values, respec-
tively (Table 2). The general extent to which skeletal
muscle mass decreases after gastrectomy remains unclear
because few body composition studies have been con-
ducted, and no research before our own has used CT image
analysis to evaluate changes in skeletal muscle mass



