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Table 6 Inter-factor correlations among symptom subscales of the PGSAS-43

Subscale I 1 I v v Vi viI
I. Esophageal reflux 1.000
I1. Abdominal pain 0.590 1.000
111 Meal-related distress 0.598 0.608 1.000
IV. Indigestion 0.545 0.549 0.584 1.000
V. Diarrhea 0.276 0.374 0.364 0.450 1.000
V1. Constipation 0.391 0.445 0.447 0.454 0.274 1.000
VII. Dumping 0.514 0.607 0.640 0.575 0.467 0.391 1.000
Interpretation of effect size r
Small >0.100
Medium >0.300
Large 20.500

The fonts of values of r were varied according to their effect size; *‘Small” as normal fonts, “Medium’ as italic fonts and ‘Large’ as bold fonts

PGS [1-6]. Although the primary objective of gastrectomy
is to cure cancer, the second most important goal is to
minimize PGS-related adverse events and to preserve the
patients’ QOL. This goal is particularly important in the
Far East where gastric cancer is often found at early clin-
ical stages so that more patients manage to survive their
cancer and consequently need to face the PGS in the long
term [9]. It is known that the type of gastrectomy affects
the incidence and severity of PGS [10-21], and various
procedures to preserve or reconstruct gastric function have
been proposed to confront these problems [7, 8]. To gain
deeper understanding of the PGS, a group of iatrogenic
disorders, and treat them appropriately, it is important to
grasp the impact of various symptoms, along with feeding
problems and body weight loss, to the living status and
QOL of the patients. In addition, identifying the problems
and their correlations with various types of surgical pro-
cedures may lead to evolution of a novel surgical technique
as well as more adequate selection of conventional tech-
nique to circumvent the problems. However, instruments
designed to focus on the evaluation of PGS have not been
established to date.

Patient-reported outcome directly reflects the symptoms
and complaints of patients. This type of report is particu-
larly valuable as an endpoint when evaluating QOL after
surgery because PGS often is detected only through com-
plaints from the patients [22]. Several studies made com-
parisons between different surgical procedures to find
which procedure is beneficial for the patients from the
point of view of PGS, but these comparisons often looked
only at specific outcomes that particularly aroused the
interest of the investigators {17, 19] and were not neces-
sarily comprehensive and convincing. Moreover, using
arbitrary endpoints renders comparisons between different
stadies impossible. More recently, investigators turned to
the established and authorized questionnaires for

@ Springer

comparisons between gastric surgery procedures [10-15,
18, 20], because there are several combinations of core
questionnaires and disease-specific modules that are con-
sidered appropriate and have been approved for evaluation
of QOL [23, 24]. A combination of SF-36, a core ques-

tionnaire, and GSRS, a symptom-specific QOL, has been .

one of the examples [11, 14], but the GSRS may have a

tendency to overlook some of the symptoms that are

peculiar to the patients who have undergone gastrectomy
and are unusual for other disorders of the gastrointestinal
tract. EORTC QLQ-C30 [25], a cancer-specific core
questionnaire, and STO-22 [26] is another combination that
has been used to evaluate postgastrectomy patients {12,
13]. However, these questionnaires have been developed to
evaluate QOL of the patients who are burdened with cancer
and are receiving treatments rather than those who became
cancer free through surgery but are suffering from PGS.

The investigators who wish to evaluate PGS had thus
been obliged to turn to modules designed for other purposes
because of the lack of an optimally constructed question-
naire. Therefore, there are possibilities that a large pro-
portion of these studies have overlooked several important
postgastrectomy symptoms that actually affect the living
status of the patients but cannot be evaluated by conven-
tional scales. More recently, Nakamura et al. reported on
DAUGS, a questionnaire designed to measure symptoms
after upper gastrointestinal surgery, and the actual attempt
to use this in the clinical setting [16, 21]. However, items
concerning living status or QOL of the patients rather than
the symptoms were lacking in the DAUGS.

PGSAS-45 was constructed through contribution of
several expert surgeons with abundant experience coping
with postgastrectomy patients as the only comprehensive
questionnaire that is suitable for evaluating patients who
have undergone various types of gastrectomy and recon-
struction. PGSAS-45 is a package with complex structures
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and includes items from multiple dimensions. Its core
stems from internationally acclaimed questionnaires in that
it contains items from SF-8 [27] and GSRS under the
permission of each copyright owner for this stady. GSRS
has five subscales that are in common with the PGSAS-45
and has been extensively used to evaluate patients with
various disorders of the gastrointestinal tract [28, 29].
However, it does not cover some symptoms that are
peculiar to postgastrectomy patients such as postprandial
satiation and symptoms related to the dumping syndrome.
PGSAS-45 was constructed through contributions of sev-
eral expert surgeons during the comprehensive item gen-
eration phase. Inclusion of the 8 additional symptom-
related items that were proposed and selected by the sur-
geons to evaluate postgastrectomy patients is expected to
increase sensitivity to more meticulously detect and eval-
uate the PGS. Multivariate regression analysis has shown
through larger B coefficients that the 8 items actually cor-
related more significantly with most of the subscales
looking at the living status and QOL of the patients when
compared with the 15 items derived from GSRS. More-
over, the R? values of the JPGSWP items as calculated by
the bivariate regression analysis were almost equivalent to
R? values of all symptom items calculated by the multi-
variate analysis, indicating that the 8 items had a decisive
role in evaluating the effect of surgery on the living status
and QOL of the patients. The relatively large effect size of
the total symptoms in the R? value, which was calculated
- by multivariate analysis, indicates that the symptom has a
certain impact on living status and QOL in the postgastr-
ectomy patients (Table 4)..

Factor analysis resulted in construction of five subscales
that are in common with the GSRS. Two of these subscales
actually contained items that are different from the GSRS.
In addition, two novel subscales, meal-related distress and
dumping, were generated that would apparently result in
extra sensitivity to detect symptoms. Two further subscales
showing dissatisfaction for daily life and quality of inges-
tion were added to-augment QOL and living status
domains. Cronbach’s o is a coefficient of internal consis-
tency and is commonly used as an estimate of the reli-
ability. The interpretation of Cronbach’s o is shown in
Table 5. Acceptable internal consistency was observed in
all nine subscales, including the four new subscales.

Conclusions

In conclusion, we have developed a useful multidimen-
sional integrated quality of life measure, PGSAS-45. This
questionnaire benefited from addition of the eight symp-
tom-related items derived from comprehensive item gen-
eration process contributed by expert surgeons, and led to

generation of two additional subscales: meal-related dis-
tress subscale and damping subscale. It is expected to serve
as a gold standard in the evaluation of PGS and provide a
meticulous profile of symptoms in postgastrectomy
patients. Furthermore, the PGSAS study generated a pro-
spective multi-institutional database of HRQOL assessed
by PGSAS-45 among patients who were treated by the six
most frequent types of gastrectomy. Several comparative
analyses using these data and main outcome measures as
defined in the current study are ongoing, and results are
awaited.
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ABSTRACT :

Background. A pathologic complete response (pCR) can
sometimes be induced by intensive or long-term neoadjuvant
chemotherapy (NAC). This prognostic research study based on
a systematic review of the literature evaluated the impact of a
pCR on the long-term survival of gastric cancer (GC) patients.
Methods. Articles were extracted from PubMed and the
Japanese medical search engine “Ichu-shi,” using the
terms “GC,” “NAC,” and “pCR.” Articles were selected
based on the following criteria: (1) full-text case report, (2)
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RO resection following NAC for locally advanced GC, and
(3) pathological complete response in both the primary
stomach and in the lymph nodes. A questionnaire regarding
the patients’ prognoses was sent to the corresponding
authors of the articles selected in July 2013.

Results. Twenty-four articles met the criteria. Twenty
authors responded to the questionnaire. Finally, 22 patients
from 20 articles were entered into the present study. The
median follow-up time (range) of the survivors was 76
(range 13-161) months. Tumors that were stage IUIV
(86 %: 19/22) and of an undifferentiated histology
(61.9 %: 13/21) were dominant. An Si-based regimen was
frequently selected for the NAC. All patients underwent RO
resection and D2/D3 lymphadenectomy. The overall sur-
vival and recurrence-free survival rates at 3 and 5 years
were 96 % and 85 % and 91 % and 75 %, respectively.
Conclusions. Although a pCR was a relatively rare event,
a high pCR rate would be helpful to select the regimen and
courses of NAC, especially when the pathological response
rates are similar.
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Gastric cancer (GC) is the second leading cause of can-
cer-related death worldwide.! Although surgical resection
remains a mainstay of treatment for localized/regional GC,
the RO resection rate with surgery alone is unsatisfactory
when the tumor is already in an advanced stage. Adjuvant
chemotherapy with S-17 or capecitabine/oxaliplatin® after
D2 gastrectomy improved the survival of patients with stage
II/II GC. However, the survival remains unsatisfactory in
stage U1 patients, at approximately 50 % at 5 years. Theo-
retically, neoadjuvant chemotherapy (NAC) represents a
promising strategy, because it is associated with a high RO
resection rate, downstaging, high compliance for an inten-
sive regimen, low toxicities, a high rate to initiate
chemotherapy, and avoidance of unnecessary surgery
compared with adjuvant chemotherapy.”

To develop NAC in the phase III setting, the identifi-
cation of optimal surrogate endpoints representing the
survival is essential in phase II studies. Previous phase II
studies had selected the RO resection rate, clinical response
rate by The Response Evaluation Criteria in Solid Tumors
(RECIST) or the pathological response rate as a primary
endpoint. However, the pathological response was shown
to have higher response assessment validity than the RE-
CIST, thus suggesting that a pathological response would
be a better surrogate endpoint than the RECIST.

Recently, more intensive regimens have been developed
to improve the survival in metastatic GC.5* Intensive
chemotherapy induced a high response rate, but also some
sporadic pathological complete responses (pCR) in locally
advanced GC.>'" More recently, we clarified that long-
term chemotherapy induced a high pathological complete
response rate but did not affect the overall pathological
response rate itself in a randomized phase II study.'* To
select the most promising regimen and courses, it should be
clarified whether a pathological complete response induces
long-term survival. So far, only a few sporadic case reports
showed a certain survival benefit of a pCR, but the follow-
up period in those reports was short,'*?

Because NAC is an investigational treatment in Japan
and the pCR rate is still low, we conducted a prognostic
research study based on a systematic review of the litera-
ture to evaluate the impact of a pCR on the long-term
survival in GC patients.

PATIENTS AND METHODS
Literature Search Strategy

A comprehensive literature search was performed to
evaluate the prognosis of the patients who achieved a pCR

following NAC for GC. The MEDLINE database was
searched using the terms “gastric cancer,” “neoadjuvant
chemotherapy,” and “pathological complete response (or
histological complete response)” using PubMed for reports
published from 2002 to 2011. An extended search with the
Japanese medical search engine “Ichu-shi” also was per-
formed to include corresponding cases which were reported
in Japanese journals.

Inclusion Criteria

Articles were selected for inclusion if they met the
following criteria: (1) full-text case report, (2) RO resec-
tion following NAC for locally advanced GC, and (3)
pathological complete response not only in the primary
stomach, but also in the lymph nodes. Surgical interven-
tions for GC with distant metastasis were distinguished
from neoadjuvant treatment and excluded from eligibility,
even when the metastatic site was completely resected
and was proven to be a pCR. Clinically detected para-
aortic nodal metastases close to the celiac artery were
eligible in cases where these nodes were proven to have
disappeared following NAC, cither by imaging studies
after NAC or based on the resected specimen. Cases with
positive peritoneal cytology were also eligible in cases
where the intraoperative lavage cytology was confirmed
to be negative. Patients who received other treatment
modalities than chemotherapy, such as chemoradiotherapy
or radiotherapy, were excluded.

Prognostic Data

A questionnaire (Supplemental Fig. 1) regarding the
patients’ prognoses was sent to the authors of the articles
selected by the above criteria in July 2013.

Statistical Analysis

The overall survival (OS) was defined as the period
from the initiation of NAC to any cause of death, and the
recurrence-free survival (RFS) as the period from the
initiation of NAC to the occurrence of an event, recur-
rence or death, whichever came first. The data for patients
who had not experienced an event were censored as of the
date of the final observation. The Kaplan—-Meier method
and the log-rank test were used to estimate the RFS and
OS. The software program used for this analysis was IBM
SPSS Statistics, version 21 (IBM corporation, North
Castle Drive, Amnonk, NY). The tumor stage was
exprissed by 7™ edition of the TNM classification (TNM
7th)‘3
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110 records identified through 37 records identified through

PubMed Japanese medical search engine
i “Ichu-Shi™
1 : -
| 142 records after dup!ichtes were removed I 12 full-text articles were

Excluded due to;

- :
f 36 full-text case-reports were screened i

Surgical intervention (6)
No surgery (1)

Remnant cancer in LN (3)
Chemoradiation (1)

Lost contact (1)

27cases from 24 full-text
articles were eligible

{No reply (5 cases from 3 articles) S

Included in the analysis;
22 cases of 21 articles

FIG. 1 CONSORT diagram of the literature search
RESULTS
Patient Selection and Compliance
Twenty-four articles met the criteria for this study

(Fig. 1). These 24 articles were all reported from Japan. A
questionnaire was retrieved from the authors of 21 articles.

Thus, the response rate for the questionnaire was 87.5 %. -

Finally, 22 patients from the 21 articles were entered into
the present study.

Patient Characteristics

The baseline characteristics of these 22 patients are
shown in Table 1. The clinical stages had been determined
by the Japanese classification of gastric carcinoma 13%
‘edition (JCGC 13™) in all articles.” Because the clinical N
status was defined not by the number of lymph nodes, but
by the lymphatic location in the JCGC 13™, we could not
translate the clinical N from the JCGC 13" into the TNM
7" in 11 patients. Among them, five patients had metastasis
to the para-aortic lymph nodes (expressed as N3 in JCGC
13'") which corresponded to stage IV in the TNM 7. The

other six patients could not be precisely classified into a

TNM clinical stage due to unknown nodal status; however,
all six patients had clinical T4 N+ disease and could be
classified to stage IIT-unspecified (Table 1). Three patients
underwent staging laparoscopy (SL). Among them, two
were diagnosed to be positive for peritoneal cytology. A
total of 86 % (19 of 22) of the patients had either stage IIT
or IV disease based on the TNM 7.

The pathological details of the changes in the primary
tumor after NAC had been described for 11 patients. The
relationship between the clinical stage and fibrotic scar also

~are demonstrated in Table 1. A fibrotic scar was observed
at the same or deeper depth as determined before NAC in
10 patients. Pathological examination was done by serial
section of the whole portion where the primary tumor was

TABLE 1 The characteristics of the patients and the tumors

Age, median (range)
Male/Female
Primary tumor
Macroscopic type
Type /1T
Type I/IV/V
Histology
Differentiated/undifferentiated
Clinical stage (TNM 7%
T
T1(M/SM)
T2 (MP)
T3 (SS)
T4a/T4b (SE/SI)
N
NO/N1
N2/N3
N+ (mumber unassessed)
M
MO
M1 (PAN/CY)
Stage
1B
1B
TIIA/MB/I-unspecified
v
Pathological findings
Extent of fibrotic scar
MP
SS
SE
ST
NA

67.5 years (54-78)
13/9

177
9/3/2

9/13
0/0

13/4

1/6

3 (cT2:2, cT3:1)

5 (cT2:1, cT4a:4)

2 (cT4a:l, cT4b:1)
1 (cT4b:1)

11 (cT4a:9, cT4b:2)

PAN para-arortic node, CY peritoneal cytology, NA not available

‘considered to be located in five cases but was not done or

not described in detail in 17 cases.

Most regimens (21/22, 95 %) of NAC included a flu-
oropyrimidine; with 86 % (19/22) of the NAC regimens
containing S-1 (Table 2). The surgical procedures and
postoperative treatments also are summarized in Table 2.
All patients underwent D2 or D3 lymphadenectomy. Sev-
enteen patients (77 %) required combined resection of
adjacent organs. After surgery, ten patients (45 %)
received S-1-based adjuvant chemotherapy.

OS and RFS
The median follow-up period (range) of the survivors
was 76 (range 13-161) months. Two patients died of
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TABLE 2 Pre-surgical/surgical/post-surgical treatments

Regimen of NAC
Non FU-based
PTX/CDDP
FU-based
S1/CDDP
S1/PTX
S1/CPT11
S1
FLP
FpP
Median total course of NAC (range)
Surgical procedure
Gastrectomy
" Total
Distal
Lymphadenectomy
D2
D3 ‘
Combined resection
None
Left upper abdominal exenteration
Spleen
Spleen, gall bladder
Lower esophagus, spleen
Transverse colon
Left adrenal gland, pancreas tail, spleen
Left adrenal gland, spleen
Postoperative adjuvant chemotherapy
None
S1
S1/PTX

Lh [C T o)
<

e T - e N,

12

:

0.6 4

04 -

proportion overall survival

0.2
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Months

FIG. 2 Kaplan-Meier overall survival
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proportion recurrence-free survival
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FIG. 3 Kaplan-Meier recurrence-free survival

gastric cancer while three died of other discases. Only three
patients developed recurrence: to the brain in one patient,
liver in one, and para-aortic lymph nodes in one. As a
whole, the OS rates at 3 and 5 years were 96 % (95 %
confidence interval [CI] 100-87) and 85 % (95 % CI
100-70; Fig. 2), and the RFS rates at 3 and 5 years were
91 % (95 % CI 100-79) and 75 % (95 % CI 94-56; Fig. 3).
‘When limited to the 19 patients with clinical stage HI/TV
disease, the OS rates at 3 and 5 years were 94 % (95 % CI
100-85) and 83 % (95 % CI 100-66), and the RFS rates at
3 and 5 years were 89 % (95-% CI 100-76) and 72 %
(95 % CI 93-51).

DISCUSSION

The present study first clarified that the GC patients who
showed a pCR to NAC had an excellent RFS and OS.

. According to the Japanese nationwide survey, the 5-year

survival rates for GC were reported to be approximately
90 % in stage I, 70 % in stage II, 50 % in stage III, and
15 % in stage IV.** Although the number of patients was
very small and the clinical staging was not fully validated
in our study, the 5-year survival rate of the patients
showing a pCR, even when the patients were limited to
those with clinically confirmed stage III/IV disease, was
similar to that of the stage I/II patients who did not receive
NAC.

In the patients with a pCR, NAC eradicated the primary
tumor. If NAC also eradicates micrometastasis, NAC can
cure cancer. In our study, 12 of 22 patients (54 %) lived
longer than 5 years without recurrence. In two patients
with positive peritoneal cytology, the disseminated cancer
cells disappeared after NAC. These data suggest that NAC
is effective for micrometastasis, as well as the primary
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tumor. The survival benefit of NAC has also been proven in
randomized, controlled trials. As shown in two phase TII
studies, the MAGIC trial and the FNCLCC/FFCD trial,
perioperative chemotherapy significantly improved the
progression-free and OS rates compared with surgery
alone.””* Furthermore, two Japanese phase II studies
evaluating NAC, the JCOG 0001 and JCOG 0405, also
demonstrated excellent three-year survival rates (27 and
59 %, respectively), despite the fact that those studies
targeted the patients with bulky nodal metastasis of the
celiac axis or major branched arteries or para-aortic nodal
metastasis, which were considered to be non-curable
disease.>*"

There is a possibility that the longer survival can be
explained by several factors other than the effects of NAC.
First, there is a possibility that there was contamination by
patient in an earlier stage due to an overdiagnosis of the
clinical staging. We previously examined the accuracy of
clinical staging and showed that the staging accuracy was
approximately 75 % when the decision was made by CT
alone according to the evidence-based criteria.*! In all 21
articles cited in this study, the tumor progression was
evaluated by CT, endoscopy, and/or barium gastrography,
but none of the articles commented on the decision criteria
used for the clinical staging. Although the accuracy of the
staging could not be evaluated in this study, the present
results demonstrated that a fibrotic scar was seen at the
same or deeper depth, as determined clinically, in 10 of 11
patients. Considering that chemotherapy induced fibrotic
changes through necrosis of the primary tumor, the clinical
stage was not overdiagnosed, at least in these 10 patients.
The remaining one patient with a clinical T3 had fibrotic
changes to the depth of proper muscle layer. Although this
case showed an overdiagnosis, the differential diagnosis of
T2 and T3 is very difficult, in contrast to that of T1 and T2.
Thus, the contamination of earlier stage cases was limited.

Next, there was a possibility of selection bias. The
biological characteristics of NAC super-responders were
not sufficiently examined. These patients may have had a
good prognosis irrespective of tumor progression or treat-
ment selection. Another possible bias is publication bias. It
has been found that statistically significant results are three
times more likely to be published than papers affirming a
- negative result.** It therefore cannot be denied that doctors
may have submitted the reports of pCR patients just
because the survival outcomes of these patients were
excellent. Furthermore, a responding bias may exist. Of the
24 doctors to whom we sent the questionnaire, 3 did not
respond. They might have hesitated to respond, because the
postpublication outcomes of the patients were poor.

In conclusion, the present study demonstrated that a
pCR induced by NAC was associated with the long-term
survival of patients with locally advanced gastric cancer.

Although a pCR was a relatively rare event, a high pCR
rate would be helpful to select the regimen and courses of
NAC, especially when the pathological response rates are
similar. :
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In the past, post-gastrectomy patients had to undergo
fasting with a nasogastric tube for as long as 5-7 days.
Then, patients would be started on a liquid diet and grad-
ually transitioned to a soft diet, upon confirming that the
esophagogastrogram detected no sign of leakage. Early oral
feeding was avoided because it was believed to increase the
risk of postoperative complications.

In the late 1990s, however, a combination of early oral
feeding, early mobilization, and sufficient pain control
using epidural analgesia reportedly improved the recovery
of patients with colorectal cancer [1]. This protocol was
further refined and integrated into a fast-track methodology
or enhanced recovery after surgery (ERAS) [2], which
rapidly spread throughout the world with the widespread
acceptance of laparoscopic minimal invasive surgery.
Several randomized controlled trials (RCTs) [3, 4] and
meta-analyses [3, 6] revealed that ERAS reduced the length
of hospital stay and morbidity after colorectal surgery
without compromising patient safety. European guidelines
strongly recommend postoperative early feeding and peri-
operative oral nutritional support, such as carbohydrate
administration, along with preoperative education, adequate
postoperative analgesia, and early mobilization {7, 8].

In gastric cancer, introduction of early oral feeding has
been very limited, possibly because of the fear of
increasing postoperative complications related to upper
gastrointestinal anastomosis. Hirao et al. [9] evaluated the
feasibility of early oral feeding in patients with gastric
cancer. In that study, patients in the early oral feeding
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group were started on a liquid diet on the 2nd postoperative
day (POD 2) and transitioned to a solid diet on POD 6, and
their outcomes were compared with those of control
patients undergoing the conventional regimen, i.e., initia-
tion of a solid diet on the POD 10. A significant decrease in
the length of postoperative hospital stay and higher daily
oral intake of calories on POD 10 were observed in the
early oral feeding group. Although this study was the first
to demonstrate the feasibility of early oral feeding in
patients with gastric cancer, the regimen was far from
being “fast track,” as the length of postoperative hospital
stay was 18.5 days even in the early oral feeding group.
Implementation of various ERAS programs for gastric
cancer has been reported since 2010. Grantcharov and
Kehlet [10] evaluated the efficacy of an ERAS program in
32 patients with gastric cancer, gastrointestinal stromal
tumor (GIST), and benign diseases, who, after undergoing
laparoscopic gastrectomy, were started on oral feeding on
POD 2 with planned discharge on POD 3. Two major
complications were reported, but morbidity was suffi-
ciently low, with no deaths within 30 days. Median length
of hospital stay was only 4 days. Yamada et al. {11] also
evaluated the feasibility and efficacy of an ERAS program,

“in which 91 post-gastrectomy patients were placed on oral

nutritional supplementation on POD 2 and then transi-
tioned to a soft diet on POD 3. Compared with 100 control
patients, those in the ERAS group had a significantly ear-
lier oral intake start day, oral intake recovery, flatus, and
defecation, and also had significantly less postoperative
pain.

Two RCTs on ERAS have been reported in Korea. The
first trial was conducted at Catholic University [12], where
54 patients scheduled to undergo gastrectomy were ran-
domly allocated into control and early feeding groups; the
control group was started on a soft diet on POD 4, whereas
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the early feeding group was started on a liquid diet on POD
2 and transitioned to a soft diet on POD 3. The primary
“endpoint was the duration of hospital stay. The early oral
feeding group had a significantly shorter duration of hos-
pital stay and time of gas passage. The second RCT,
reported by Yonsei University [13], included 47 patients
who had undergone laparoscopic distal gastrectomy. The
patients were randomly assigned to the fast-track or con-
ventional pathway group. The fast-track protocol consisted
of intensive preoperative education, short duration of
fasting, preoperative carbohydrate load, early postoperative
ambulation, early feeding, and sufficient pain control. In
the fast-track and conventional groups, a liquid diet was
started on POD 2 and POD 4, respectively, and a soft diet
was started on POD 4 and POD 5, respectively. The pos-
sible and actual durations of postoperative hospital stay
(primary endpoint) were significantly shorter in the fast-
track group than in the conventional group. Moreover, the
need for additional pain control was significantly less, and
several QOL factors significantly improved, in the fast-
track group.

In addition to these studies, the safety and efficacy of
ERAS programs have been demonstrated even in gastric
cancer surgery, albeit with delayed initiation of oral feed-
ing. In ERAS programs for colorectal cancer, a normal diet
is recommended as soon as patients become lucid after
surgery. On the contrary, in most gastric cancer studies, a
soft diet is started on POD 3 or POD 4 after safety is
confirmed with a liquid diet on POD 2. It is speculated that
surgeons might have concerns about anastomotic compli-
cations resulting from early oral feeding.

Jeong et al. [14] conducted a single-arm prospective trial
to evaluate the feasibility of early oral feeding in patients
with gastric cancer. In this trial, patients were started on a
soft diet with lunch on POD 1, and their outcomes were
compared with those of historical controls. In the early oral
feeding group, the average diet start day was 1.8 days, and
39 % of patients were able to eat more than two-thirds of
provided food on the st POD. There was no increase in
postoperative complications. These observations led to the
conclusion that postoperative oral nutrition is safe and
feasible on POD 1 after gastrectomy. This report is
meaningful in that the feasibility of early feeding in
patients with gastric cancer was demonstrated. Yet, there
were several limitations worth noting. First, the median age
of this cohort was 59.9 years, which is about 10 years
younger than those previously reported in studies targeting
Japanese or Western patients. Furthermore, the authors
indicated that compliance with early oral feeding was poor
in patients aged 70 years or older. Thus, further confir-
matory studies in other countries are required. Another
major issue is the usefulness of the entire ERAS pathway.
Despite the large difference in oral feeding start day, the
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difference in duration of hospital stay was only 1.5 days,
suggesting that early oral feeding may not be the only
factor affecting the duration of postoperative hospital stay.

Is it better to start a soft diet on POD 1 in patients with
gastric cancer? The answer is both Yes and No. Caution is
required when evaluating carly oral feeding and ERAS
programs. Previous ERAS studies are mostly single-insti-
tution studies with a small sample size. A comprehensive
evaluation of ERAS programs, including early oral feed-
ing, would require RCTs in a multi-institutional setting
with a large sample size. Moreover, appropriate inclusion
and exclusion criteria for each program, especially
regarding age and comorbidities, are needed in future
studies.
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Abstract Liver metastases from gastric cancer are rarely
indicated for surgery because they are often diagnosed as
multiple nodules occupying both lobes and coexist with
extrahepatic disecase. A literature search identified no
clinical trials on hepatectomy for this disease; only retro-
spective studies of a relatively small number of cases
collected over more than a decade, mostly from a single
institution, were found. Five-year survival rates from these
reports ranged from 0 % to 37 %, and long-term survivors
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were observed among carefully selected case series. The
most commonly reported prognostic factor was the number
of metastatic nodules, and patients with a solitary metas-
tasis tended to have superior outcome. Patients diagnosed
to have a small number of metastatic nodules by modern
imaging tools could be indicated for surgery. Because both
intrahepatic and extrahepatic recurrences are common,
patients are likely to benefit from perioperative adjuvant
chemotherapy, although it is not possible at this time to
specify which regimen is the most appropriate.

Keywords Liver metastasis - Hepatectomy - Stage
IV gastric cancer - Treatment guidelines

Introduction

Hepatectomy for liver metastases should only be attempted
when cure is the goal because hepatectomy usually does
not relieve symptoms. Colorectal liver metastases are
widely considered as targets of surgery with intent to cure,
because they often present as a liver-only disease [1],
which is not always the case with other types of cancer. A
prognostic model based on several prognostic factors
effectively stratified cancers of various origins into three
groups in a comprehensive analysis of various noncolo-
rectal nonendocrine liver metastases treated by hepatec-
tomy in 41 French centers [2]. Gastric cancer metastasis in
that report was classified into the intermediate-risk group in
which 5-year survival rate was in the range of 15-30 %,
with hepatic metastasis from pancreatic cancer, melanoma,
and duodenal cancer. The low-risk group with a 5-year
survival rate >30 % consisted of metastases from adrenal
cancer, ovarian cancer, breast cancer, and renal cancer
among others, and a high-risk group with 5-year survival
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<15 % consisted of metastases from cancer of the lung,
esophagus, head and neck, and gastroesophageal junction.
Gastric cancer is known to be heterogeneous in nature,
consisting of cancer cells with varying biological charac-
teristics. Gastric cancer can metastasize through the lym-
phatic pathway, the hematogenous pathway, and by direct
dissemination into the peritoneal cavity from the serosal
surface. Moreover, the fate of cancer cells that enter the
portal circulation could vary. Hematogenous metastases
can occur according to both the seed-and-soil hypothesis
and the anatomical/mechanical hypothesis, neither of
which needs to be mutually exclusive, and the extent to
which either mechanism is operational depends on the
tumor under investigation [3]. When gastric cancer cells
spread through the hematogenous pathway, its first site of
metastasis according to the anatomical/mechanical
hypothesis would be the liver, followed by the lung. In
addition, several gastric cancers spread along the seed-and-
soil route, resulting in various distant metastases in the
absence of hepatic metastases [4]. This result is in contrast
with colorectal cancer in which the anatomical/mechanical
hypothesis would seem more often applicable. The
aggressive characteristics and unpredictable nature of
gastric cancer cells are the reason that surgical resection of
hepatic metastases has not been seriously considered.
However, some might not agree that gastric cancer even

with solitary liver metastasis should always be considered -

as a contraindication for surgical treatment. The Japanese
Gastric Cancer Treatment Guidelines recommend only
chemotherapy, radiation, palliative surgery, and best sup-
portive care for treatment of Stage IV or metastatic gastric
cancer [5]. Recently, the guidelines committee of the Japan
Gastric Cancer Association decided to revisit the treatment
of potentially resectable M1 disease. A working group was
organized to discuss whether any tentative comments could
be added to the next version of the guidelines regarding
surgical treatment with curative intent of (1) patients with
resectable hepatic metastasis, (2) patients who are positive
for cytological examination of peritoneal washes, and (3)
patients with swollen nodes in the paraaortic region. This
article is a summary of the literature search and discussion
on gastric cancer hepatic metastasis by the members of the
working group for this task.

Literature search

A search for relevant literature was conducted in March
2013 using PubMed and Scopus. Key search terms used
included “gastric cancer,” “liver metastasis,” “hepatec-
tomy,” and “surgery” to find articles on hepatectomy for
gastric cancer metastasis to the liver that were published in
English after 2000. Sixty-eight articles were identified, of

which the following were excluded: 15 articles that inclu-
ded either other types of distant metastases or hepatic
metastasis from other cancer types with no independent
outcome data for gastric cancer metastases, 15 articles with
emphasis on treatment modalities other than hepatectomy,
6 articles with fewer than 15 cases, 5 articles on prediction
and diagnosis of hepatic metastasis, 4 review articles, 3
articles on irrelevant subjects, and 1 article describing only
hepatic metastasis from pT1 stage cancer. Three articles
analyzed patients from the same institution, and the most
recent report by Takemura et al. [6] was selected and added
to a total of 17 articles to be analyzed in the current review
[2, 6-21]. Most of the papers were retrospective single-
institution analyses of consecutive patients who underwent
hepatectomy during a given period, with two exceptions in
which patients were recruited from multiple institutions [5,
7]. Wang et al. [8] analyzed only patients with synchronous
liver metastases, but all other papers discussed both syn-
chronous and metachronous metastases. Two papers ana-
lyzed all patients with hepatic metastasis who underwent
gastrectomy, regardless of whether the patients underwent
hepatectomy [9, 10]. Data of the patients who went on to
receive hepatectomy could be retrieved from these reports
for subsequent analyses. A paper by Adam et al. was a
comprehensive analysis of noncolorectal nonendocrine
liver metastases [2], from which patients with gastric
cancer metastases could be retrieved for some of the
analyses in this review.

Results and discussion

The median number of patients analyzed among the 17
series was 25 (range, 15-73), spanning a median period of
15 years (range, 5-36). Details such as the indication for
surgery, diagnostic modalities used, type of surgery per-
formed, and adjuvant treatments given were diverse and, in
addition, could have changed substantially in each insti-
tution during the periods studied. Synopses of findings in
the 17 papers are summarized in Table 1.

The type of hepatectomy performed was diverse. A
greater proportion of patients underwent wedge or nonan-
atomic resection of the metastatic nodules, and major
hepatectomy such as hemihepatectomy was reserved for
23.4 % of the patients (79 of 337). The selection was
presumably based on the number, size, and location of the
tumors rather than the surgeons’ intent to perform anatomic
resection for additional resection margin. In cases of
colorectal liver metastasis, the preservation of hepatic
parenchyma is considered to be of increasing importance in
the setting of chemotherapy-associated steatohepatitis and
the growing number of patients undergoing repeated me-
tastectomy [22]. Even in gastric cancer metastasis, the most
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Table 1 Outcome of the patients with gastric cancer liver metastasis

References  No.  Enrolled Age Synchronous No. with  Operative  Mortality Morbidity  1-year 3-year S-year No. of 5-year MST
of (years) metachronous solitary death (%) (%) survival rate survival rate survival rate survivors (months)
cases metastasis (%) (%) (%)
Takemura 64 1993-2011 65 34 30 - 37 0 0 23 84 50 37 27 34
et al. [0]

Wang et al. 30 2003-2008 60 30 0 22 0 0 433 16.7 16.7 5 11
[8]

Schildberg 31 1972-2008 65 17 14 2 6 29 75 25 13 4 14
et al, [20]

Garancini 21 1998-2007 64 12 9 12 0 0 19 68 31 19 3 11
et al. [19]

Miki et al. 25 19952009 72 16 9 73.9 42.8 36.7 9 334
[18]

Makino 16 1992-2007 65.8 9 7 9 0 0 82.3 46.4 37.1 4 38.3
et al. [10]

Tsujimoto 17 1980-2007 66.3 8 8 13 0 0 75 37.5 31.5 5 34

et al. [L7]

Cheon et al. 41 19952005 61 30 11 28 1 3 75.3 317 20.8 3 17

or
Thelen et al. 24 1988-2002 64 15 9 13 1 42 21 53 22 15 2 10
[16]

Morise et al. 18 19892004 64 11 7 14 0 0 56.3 273 27.3 3 13
[15]

Sakamoto 37 1990-2005 16 21 21 0 0 24 11 2 31
et al. [14]

Adam et al. 64 1983-2004 27 17 15
21

Shirabe 36 19792001 66 16 20. 0 0 64 26 26 4
et al. [7]

Zacherl 15 1980-1999 10 5 8 1 67 47 35.7 14.3 0 0 8.8
et al. [13]

Okano et al. 19 1986-1999 69 13 6 10 0 0 77 34 34 3
[12]

Ambiru 40 1975-1999 0 0 18 6 12
et al. {11]

Imamura 17 1990-1997 7 10 8 0 0 47 22 0 0
et al. [21]

Total 515 195 5 1.1 18.8 97

61.1 %)

MST median survival time

# Data include nine patients who were treated by radiofrequency ablation (RFA)
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frequent pattern of recurrence was intrahepatic recurrence,
observed in 79 % (166 of 209) of all the recurrences
reported.

Mortality was 1.1 % (5/426) among the 15 studies in
which the data were available, and morbidity ranged from
19 % to 47 % among 6 studies.

The 5-year survival reported from each series ranged
from 0 % to 37 % and exceeded 30 % in five series [6, 10,
12, 15, 16]. Median survival time ranged from 9 to
38.8 months. The diversity in outcome may have reflected
the diversity in patient selection and strategy taken,
including the use of adjuvant therapies. The 5-year survival
of all patients analyzed in the current study, calculated by
dividing the number of 5-year survivors reported in each
article by the total number of patients, was 18.8 % (97 of /
515). Although these series should be considered to rep-
resent a well-selected and more favorable population
compared with patients with liver metastases who were
treated with systemic chemotherapy and had poorer out-
come, the 5-year survival rate at 18.8 % obtained cannot be
ignored as futile. Gastric cancer with liver metastases has
long been considered as a systemic disease with no indi-
cation for surgery with curative intent. This point has been
made clear, both in the National Comprehensive Cancer
Network (NCCN) Guidelines Version 1.2013 [23] and in
the Japanese Guidelines [5]. However, there are occasions
when such metastases are found as clinically resectable
disease, and whether these exceptions should still be trea-
ted either by palliative chemotherapy or supportive care
could be an issue for debate.

Indication for surgery has not been established but could
be considered based on analysis of prognostic factors.
Independent prognostic factors identified through multi-
variate analyses were varied, and included the number of
metastatic nodules, unilobular distribution, solitary tumor,
tumor diameter, and capsular formation regarding hepatic
tumors (Table 2). Among these, the “number of metastatic
nodules” was considered to be an important factor across
several series if “solitary metastasis” was to be included.
Among 319 patients with relevant information in the cur-
rent series, 195 (61.1 %) actually had solitary metastases.
One should note, however, that the number of nodules can
differ, depending on the type of imaging studies used [24,
25]. Because most institutions needed more than a decade
to accumulate 15 patients or more, there should have been
much difference in the potential of imaging modalities at
the beginning and the end of the study period. In the largest
single-institution series, Takemura et al.[6] reported a
5-year survival of 37 %. It may be of note that they cur-
rently consider surgery when the number of metastatic
nodules was diagnosed as three or fewer, using state-of-
the-art imaging tools. As for other prognostic factors, some
have found metachronous hepatic metastases to be a sign of

favorable prognosis [11, 12, 20] whereas others consider
this as irrelevant. In addition, status of the primary tumor
such as serosal invasion, lymphatic invasion, and clinical
stage were listed as relevant prognostic factors.

It may be worthwhile to mention that the incidence of
clinically resectable hepatic metastasis may be lower than
what a surgeon expects. Sakamoto et al. [14] reported that
they found synchronous liver metastases in 2.2 % of the
5,209 patients who underwent gastrectomy at National
Cancer Center, Japan, whereas 1.3 % developed metach-
ronous metastases. About 20 % of these patients underwent
hepatectomy for cure. In contrast, 1,013 of 10,259 patients
(9.9 %) diagnosed as gastric cancer in the Yonsei Uni-
versity Health System, Korea, had synchronous or
metachronous liver metastases [9]. Of these, 58 had
metastases confined to the liver and 41 (only 4 % of all
patients with liver metastases) underwent surgery with
curative intent, which denotes management of both the
primary tumor and the liver. The five-year survival rate of
these 41 patients was 20.8 %, and the median survival time
fell just short of 20 months. In short, 20 % of the patients
with liver metastases can be treated surgically in a situation
where only patients with potentially resectable disease are
referred, a situation possibly encountered at the surgical
department in a high-volume cancer center. In contrast,
resectable liver metastasis undoubtedly is a rare disease
when one attempts to carefully select patients from all
gastric cancer patients who visit a hospital.

Indication for the adjuvant therapy given perioperatively
was even more varied among the researchers, as no trial-
based evidence exists for the population who underwent
hepatectomy for gastric cancer metastasis. Takemura et al.
[6] took an aggressive approach in which 18 of 73 patients
received neoadjuvant chemotherapy and 31 received post-
operative chemotherapy, including 5 cases that received
arterial infusion (HAIC) postoperatively. In contrast,
Sakamoto et al. [14] reported that they delivered chemo-
therapy only for those who subsequently had recurrences.
There is no prospective trial showing the effect of peri-
operative adjuvant therapies for gastric cancer metastases
to the liver. The high incidence of recurrence implies that
micrometastases remain in situ after surgery, however.
That micrometastases could be managed by modern che-
motherapeutic agents has been proven by several adjuvant
chemotherapy trials [26-28]. Thus, there is a rationale for
perioperative chemotherapy, or even HAIC, given the high
incidence of recurrence within the liver. Chemotherapy
delivered preoperatively could be useful to identify cancers
that do not respond to chemotherapy and progress rapidly
and to avoid futile surgery. All five series with 5-year
survival >30 % reported details on adjuvant strategies,
including neoadjuvant chemotherapy and HAIC. In con-
trast, none of the patients received chemotherapy until
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Table 2 Independent prognostic determinants of the patients with gastric cancer liver metastasis

Indication for inclusion in the case series

Factors independently showing favorable prognosis

Takemura et al, {6]
Wang et al. [8]

All hepatectomy cases

Schildberg et al. [20]
Garancini et al. [19]

All hepatectomy cases
All hepatectomy cases

Miki et al. [8]
Makino et al. [10]

All cases with hepatic metastasis

gastrectomy
Tsujimoto et al. [17]
Cheon et al. [9]

All hepatectomy cases

laparotomy with curative intent
Thelen et al. [16]
Morise et al, [15]
Sakamoto et al. [14]
Adam et al. [2]

All hepatectomy cases
All hepatectomy cases
All hepatectomy cases

All hepatectomy cases of noncolorectal
nonneuroendocrine hepatic metastasis

Shirabe et al. [7]

Zacherl et al. [13]
Okano et al. [12]

All hepatectomy cases
All hepatectomy cases

Ambiru et al. [11]
Imamura et al. [21]

All hepatectomy cases

Hepatectomy cases of synchronous metastasis

All cases with hepatic metastasis who underwent

All cases with hepatic metastasis who underwent

All hepatectomy cases who underwent RO resection

All hepatectomy cases of gastric and colorectal liver metastasis

No serosal invasion, diameter <5 cm

Solitary liver tumor, absence of peritoneal
metastasis

Solitary liver tumor, synchronous metastasis

Solitary liver tumor, RO resection,
capsule formation

Stage of the primary cancer
Unilobular distribution

Diameter <6 cm, D2 dissection
Smaller number of metastases

Negative resection margin

Unilobular distribution, diameter <4 cm

Number of metastases <3, no lymphatic or
venous invasion of the primary tumor

Solitary liver tumor, synchronous metastasis,
well-differentiated phenotype, capsule formation

Synchronous metastasis
No extrahepatic metastasis

recurrence in another series by Sakamoto et al., who
reported their 5-year survival at 11 % as unsatisfactory.
These facts imply the relevance of perioperative chemo-
therapy, although outcomes obtained from retrospective
case series should be interpreted with caution. Evidence at
a higher level will not be available for the time being
because the chances of conducting a decently designed trial
to generate evidence for adjuvant therapies in a disease as
rare as resectable gastric liver metastases would be sparse.

Systemic chemotherapy, HAIC, and radiofrequency
ablation (RFA) are among other treatment modalities for
gastric cancer metastasis to the liver. No prospective trial
investigating systemic chemotherapy specified in hepatic
metastases has been reported, with the exception of one
small pilot study involving 8 patients [29]. In recent phase
I trials of first-line chemotherapy against advanced/met-
astatic gastric cancer, median survival time ranged from 11
to 15 months [30-34]; 5-year survivors were rarely
observed. In a report that integrated 643 patients enrolled
in five separate prospective trials performed by the Japan
Clinical Oncology Group, the S5-year survival rate of
patients with metastasis confined to the liver and treated
with systemic chemotherapy alone was 1.7 % [35].

@ Springer

Presumably, this series does not include patients with a
relatively small cancer burden for whom indication for
surgery was seriously considered, and comparison of sur-
vival data with those of highly selected patients who
underwent surgical resection of the metastases needs to be
interpreted with caution. Nevertheless, it remains imprac-
tical to hope to cure patients with gastric cancer metastases
to the liver by systemic chemotherapy.

The rationale for HAIC is in high intrahepatic drug
concentration in relationship to the systemic concentration
[36]. A response rate >50 % has been reported that led to
good local control [36, 37]. However, good local control
did not necessarily lead to prolonged survival in cases of
gastric cancer, in which extrahepatic metastases often
emerge even during the course of successful liver-oriented
treatment. In addition, an inadequately placed or mal-
functioning catheter prevents efficient drug delivery [38].
Thus, catheter-related events such as occlusion, disloca-
tion, and infection could result in interruption or termina-
tion of the treatment, even when the tumors are responding.

RFA has been attempted to treat selected patients with
hepatic metastasis. The indication for RFA would include
(1) Liver-only disease; (2) size of the largest tumor less than
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5 cm in diameter; and (3) location of tumor not adjacent to
major vessels. RFA can be conducted either percutaneously
under ultrasonic imaging guidance, laparoscopically, or by
the open surgery approach. Reports on RFA applied to treat
gastric cancer metastases to the liver remain scarce. Kim
et al. [39] treated 20 patients by RFA or RFA and gas-
trectomy in case of synchronous metastases, achieving a
median survival time of 30.7 months, whereas the experi-
ence by Kim et al. with 7 patients was more disappointing,
with a median survival time of 11 months [40]. There is
another report of 7 patients treated by HAIC followed by
RFA who achieved a median survival time of 16.5 months
[41]. This strategy was meant to select the patients so that
RFA would only be delivered after confirming that new
intrahepatic or systemic lesions do not develop during the
HAIC. The chances of conducting a hepatectomy-versus-
RFA trial for gastric cancer metastasis to the liver would
seem unlikely. So far, the only clue of whether to perform
hepatectomy or RFA comes from a meta-analysis of ret-
rospective comparisons for colorectal liver metastases in
which hepatectomy was significantly superior, even when
conditions were limited to tumors >3 cm and solitary
tumors [42]. Further prospective studies are needed to
establish the position of RFA as an option for treatment of
gastric liver metastases.

Conclusions

This working group reached the conclusion that hepatec-
tomy could be considered in carefully selected cases of
gastric cancer liver metastasis. The abstract of this article
will appear in the forthcoming version of the Japanese
gastric cancer treatment guidelines.
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