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Abstract

Background Several studies have demonstrated the benefit
of hepatectomy for treating gastric cancer (GC) with liver-
limited metastases (LLM). The survival benefit of hepate-
ctomy compared with that of systemic chemotherapy is
unknown, particularly in patients with multiple LLM. This
study investigated the survival benefit of hepatectomy
compared with that of systemic chemotherapy adminis-
tered to patients with GC with multiple LLM.

Methods We retrospectively reviewed the data of consec-
utive patients with GC with two or three LLM who
underwent hepatectomy or received systemic chemother-
apy as initial treatment at the Shizuoka Cancer Center
between December 2004 and December 2015.

Results Nine of 24 patients who met the inclusion criteria
underwent hepatectomy, and 15 received chemotherapy. In
the hepatectomy group, all patients achieved RO resection
and none died during hospitalization. Three patients
received adjuvant chemotherapy. Disease recurred in eight
patients (88.9%). In the chemotherapy group, three patients
underwent hepatectomy following initial chemotherapy
and did not experience recurrence or death during follow-
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up. Median follow-up was 47.9 months and median overall
survival (OS) was 38.1 and 24.8 months in the
chemotherapy and hepatectomy groups, respectively.
Multivariate analysis of OS, including initial treatment,
revealed that unilobar liver metastasis was the only inde-
pendent favorable prognostic factor.

Conclusions Although hepatectomy for patients with GC
with multiple LLM is not recommended as the initial
therapy, it prolonged the survival of patients with tumors
controlled using systemic chemotherapy.

Keywords Gastric cancer - Liver metastases -
Hepatectomy - Chemotherapy

Introduction

Gastric cancer (GC) is the third leading cause of cancer-
related deaths worldwide [1]. The survival outcome in
locally advanced GC is markedly improved through treat-
ment using radical surgery, D2 lymph node dissection, and
perioperative systemic chemotherapy [2-8]. In contrast,
GC with distant metastasis represented by peritoneal
seeding, liver metastasis, and para-aortic lymph node
involvement has poor survival outcomes, with a median
survival time of 10-14 months [9-11].

Although systemic chemotherapy is the standard treat-
ment for recurrent or metastatic advanced GC [12], several
studies suggest a benefit of hepatectomy for GC with liver-
limited metastases (LLM), i.e., when there are no other
distant metastases [13-23]. According to these results,
hepatectomy should be empirically considered for patients
with a few LLM. However, those studies found that worse
survival outcomes are associated with patients with mul-
tiple LLM compared with those with solitary LLM. The
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efficacy of hepatectomy in GC with multiple LLM is
unknown. At our institution, hepatectomy was performed
only for patients with solitary liver metastases before 2011,
consistent with previous studies reporting favorable sur-
vival outcomes. Accordingly, since 2011, we have exten-
ded the application of hepatectomy to cases with up to
three liver metastases. We conducted this study to inves-
tigate the survival benefit of hepatectomy compared with
that of systemic chemotherapy administered to patients
with GC with two or three LLM.

Methods

We retrospectively reviewed the data of consecutive GC
patients with LLM who underwent hepatectomy or
received systemic chemotherapy as the initial treatment at
the Shizuoka Cancer Center between December 2004 and
December 2015. The inclusion criteria were as follows:
histologically confirmed adenocarcinoma, ECOG perfor-
mance status (PS) 0-1, two or three liver metastases
(synchronous or metachronous), no distant metastasis other
than the liver, technically resectable disease (primary GC
and regional lymph nodes were considered resectable in
patients with synchronous liver metastasis), adequate organ
function (white blood cell count, >3.0 x 10° and
<12.0 x 109, platelet count, >100 x 109/L; aspartate
aminotransferase, <100 U/L; alanine aminotransferase,
<100 U/L; serum bilirubin, <2.0 mg/dL; serum creatinine,
<1.2 mg/dL), no history of chemotherapy or radiotherapy,
and no other malignancies within the past 5 years. We
excluded patients who were refractory to adjuvant
chemotherapy, which was defined as recurrence within
6 months from the last administration of adjuvant
chemotherapy. Histopathological descriptions were in
accordance with the 14th edition of the Japanese Classifi-
cation of Gastric Carcinoma. The decision to perform
hepatectomy was made according to the consensus opinion
of a dedicated multidisciplinary team that assessed tumor
and patient characteristics such as extent of the disease,
organ function, and comorbidity. Contrast-enhanced com-
puted tomography (CT) and contrast-enhanced magnetic
resonance imaging (MRI) were performed in all cases as
preoperative assessments. The Shizuoka Cancer Center
Institutional Review Board approved this study, and
informed consent was obtained from the patients.

Statistical analysis

OS was defined as the time from diagnosis until death from
any cause. Progression-free survival (PFS) was defined as
the time from diagnosis to tumor relapse, progression, or
death. Comparisons between categorical variables were

performed using Fisher’s exact test. The median values of
the variables were compared using the Mann—Whitney
U test. Survival curves were generated using the Kaplan—
Meier method. The log-rank test was used to evaluate
differences among survival curves. Multivariate analysis
using the Cox proportional hazards model (backward
stepwise selection) was employed to evaluate the associa-
tions between clinical variables and survival. A p value of
<0.05 was considered statistically significant. Statistical
analysis was conducted using EZR version 1.32 (Saitama
Medical Center, Jichi Medical University, Saitama, Japan)
[24].

Results
Patient selection and characteristics

Of the 284 GC patients with LLM, 226 were excluded
because they had more than three liver metastases. Other
reasons for exclusion were solitary metastasis (n = 27),
history of therapy (n = 5), poor PS (n = 1), and con-
comitant malignancy (n = 1). The data for 24 patients
were analyzed. Nine patients underwent hepatectomy and
15 received chemotherapy as the initial treatment. The
clinicopathological characteristics of the patients are pre-
sented in Table 1. Patients who received chemotherapy
were younger than those who underwent hepatectomy, and
all the other characteristics were almost the same in both
groups.

Treatment outcomes of the hepatectomy group
n=29

All patients who underwent hepatectomy achieved RO
resection as follows: partial hepatectomy, n = 8 and seg-
mentectomy, n = 1. Gastrectomy with D2 lymph node
resection was performed for all patients with synchronous
LLM. Postoperative complications are listed in Table 2.
No deaths occurred during hospitalization. One patient died
from an unknown cause one month after hepatectomy.
Three patients received S-1 adjuvant chemotherapy after
hepatectomy. The other patients (n = 6) did not receive
adjuvant chemotherapy for the following reasons: deterio-
ration of the patient’s performance status after hepatectomy
(n = 3), refusal (n = 2), and intolerance to previous
adjuvant therapy (n = 1).

Eight patients (88.9%) experienced recurrent disease.
Recurrence patterns were multiple LLM (n = 4), solitary
LLM (n = 2), liver with lymph node metastases (n = 1),
and liver with peritoneal metastases (n = 1). One patient
with a solitary liver-limited recurrence underwent a second
hepatectomy and survived without recurrence. Three
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Table 1 Patients’ characteristics

Characteristics Hepatectomy (n = 9) Chemotherapy (n = 15) p value
Gender 1
Male 8 14
Female 1 1
Age, median (range) 74 (64-81) 59 (42-76) 0.0021
Performance status (ECOG) 0.042
0 15
1 3 0
Histology 0.118
Differentiated 9 10
Undifferentiated 5
HER?2 status
Positive 0
Negative 0
Unknown 9
Liver metastases
Number of metastases 0.052
2 9 9
3 0 6
Tumor location 0.403
Unilobar 5 5
Bilobar 10
Timing of metastases 1
Synchronous 6 10
Metachronous 3 5
Median sum of diameters of metastases (mm) 25 (10-70) 31 (10-130) 0.742
Median CEA level (ng/mL) 4.1 (1.7-579.7) 4.8 (0.8-424.9) 1
RMH 0.356
Good 5 12
Moderate 3
Poor 0

ECOG Eastern Cooperative Oncology Group, HER2 human epidermal growth factor receptor type 2, CEA carcinoembryonic antigen, RMH

Royal Marsden Hospital prognostic score

patients received chemotherapy as follows: irinotecan plus
cisplatin (n = 2) and S-1 monotherapy (n = 1). Four
patients only received palliative supportive care because of
poor PS and older age.

Treatment outcomes of the chemotherapy group
(n = 15)

Eleven patients in the chemotherapy group received fluo-
ropyrimidine plus cisplatin. Trastuzumab was included in
the regimen of two patients with HER2-positive tumors.
Three patients received S-1 monotherapy, and one patient
received irinotecan plus cisplatin. Three patients underwent
conversion hepatectomy (hepatectomy following initial
chemotherapy).

@ Springer

The treatment course in each of three patients was as fol-
lows. Patient 1, a 42-year-old man, was diagnosed as having
HER2-positive advanced GC with three liver metastases.
After three cycles of S-1 and cisplatin combined with trastu-
zumab chemotherapy, partial response was achieved. Total
gastrectomy with segmentectomy was then performed.
Patient 2, a 53 year-old man, was diagnosed as having two
metachronous liver metastases after curative gastrectomy.
Four cycles of S-1 and cisplatin therapy were administered.
With significant regression of the known lesions and no evi-
dence of a new metastatic lesion, segmentectomy was per-
formed. Patient3,a51 year-old man, was diagnosed as having
HER2-positive advanced GC with three liver metastases.
Capecitabine and cisplatin combined with trastuzumab
chemotherapy were administered. The primary and metastatic
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Table 2 Operative details outcomes  of

hepatectomy

and postoperative

Variables

Type of hepatectomy
Partial hepatectomy 8
Segmentectomy 1

Radical surgery (RO resection) 9

Median (range) postoperative hospital stay (days)® 16 (9-34)

Postoperative complications®
Absent
Present
Intraabdominal abscess
Anastomotic leakage
Bile leakage
Wound infection

Peripheral catheter infection

O = e = = W R W

Postoperative mortality

? Grade II or higher according to the Clavien-Dindo classification
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Fig. 1 Overall survival curves of patients who received initial
hepatectomy (dashed line) and chemotherapy (solid line)

lesions exhibited a partial response after eight cycles; total
gastrectomy with partial hepatectomy was then performed.
Two of the three patients received adjuvant chemotherapy.

Twelve patients received second-line chemotherapy as
follows: paclitaxel (n = 5), docetaxel (n = 1), irinotecan
plus cisplatin (n = 4), irinotecan monotherapy (n = 1),
and fluoropyrimidine plus methotrexate (n = 1).

Survival and prognostic factors
During a follow-up period of 47.9 months, the median length

of OS was 38.1 and 24.8 months for the chemotherapy and
surgery groups, respectively (p = 0.146) (Fig. 1), and
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Fig. 2 Progression-free survival curves of patients who received
initial hepatectomy (dashed line) and chemotherapy (solid line)

2-year OS values were 85.7 and 44.4% in the chemotherapy
and surgery groups, respectively. The median PFS of the
chemotherapy group was 26.1 months, and that of the sur-
gery group was 7.9 months (p = 0.012) (Fig. 2). Notably,
none of the three patients who underwent hepatectomy fol-
lowing initial chemotherapy experienced recurrence or death
during follow-up (Fig. 3).

The only variable potentially associated with longer
survival, as revealed by univariate analysis, was unilobar
liver metastases, which was identified as the only inde-
pendent favorable prognostic factor by multivariate anal-
ysis (p = 0.044; hazard ratio, 0.37; 95% confidence
interval: 0.14-0.98) (Table 3).

Discussion

In the current study, we showed that initial hepatectomy for
patients with GC with two or three LLM does not yield a
survival benefit compared with initial chemotherapy.
However, radical hepatectomy following chemotherapy
may be associated with a favorable outcome. Further,
unilobar LLLM predicted a favorable outcome in this group.

Surgery with curative intent is generally not indicated
for liver metastases of GC; however, several reports
demonstrate a survival benefit of hepatectomy for GC with
liver metastases. The median OS ranges from 11 months to
49 months, and the 5-year survival rate is 13-37% [13-23].
Although each report reflects the experience of a single
institution with a small number of cases, an accumulation
of such positive data supports hepatectomy as the preferred
treatment option for selected patients. In the Japanese
gastric cancer treatment guidelines, a multidisciplinary
approach, including hepatectomy, is described as an
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Fig. 3 Overall survival curves of patients who underwent conversion
hepatectomy, i.e., radical hepatectomy after initial chemotherapy
(dashed line), who received only chemotherapy (solid line), and who
underwent initial hepatectomy (dotted line)

optional approach for patients with LLM when the number
of metastatic nodules is small and other noncurative factors
are absent [12].

The indication of hepatectomy for GC with liver
metastases is not firmly established because of a paucity of
evidence. Previous clinical studies demonstrate that the
expansion of the resection area does not improve the sur-
vival of patients with GC [25-27]. Patient selection is
crucial, considering the invasiveness of hepatectomy, and
the goal should be long-term survival. In many retrospec-
tive reports on hepatectomy for liver metastases from GC,
solitary LLM is the most common favorable prognostic
factor [13—-23]. In contrast, three or more liver metastases
and a liver tumor diameter >5 cm are independent

predictors of poor survival [15]. These results suggest that
GC with solitary LLM is a good candidate for hepatec-
tomy, but its indication as a treatment option for multiple
LLM remains unclear.

Liver metastases of GC are generally aggressive [28].
A French multicenter study found that hepatectomy for
GC achieves a 5-year survival rate of 15-30% [29]. In our
study, 8/9 patients who underwent hepatectomy as initial
therapy had intrahepatic recurrence and their 5-year OS
was 11.1%. These results indicate the presence of a high
incidence of occult micrometastases at the time of hepa-
tectomy. Systemic chemotherapy is a reasonable choice
for the initial treatment for GC with multiple LLM. First,
preoperative chemotherapy is theoretically useful for
identifying nonresponders to chemotherapy or the pres-
ence of a highly aggressive tumor and helps to avoid
futile attempts to perform surgery. Second, preoperative
chemotherapy may be effective for eradicating these
micrometastases. And third, the tolerability of preopera-
tive chemotherapy is generally better than that of post-
operative chemotherapy [8]. In our study, patients who
underwent initial hepatectomy may be at risk of physical
status deterioration, which leads to low acceptability of
adjuvant therapy: three patients were unable to receive
adjuvant chemotherapy because of a deterioration in their
performance status after hepatectomy. The three patients
in the chemotherapy group who underwent hepatectomy
subsequent to chemotherapy did not experience recur-
rence during the observation period. In addition, liver
metastases in these patients were unilobar. Some studies
suggest that the existence of unilobar liver metastases is a
favorable prognostic factor for hepatectomy administered
to patients with GC, which was observed in our study as
well [30, 31].

Table 3 Univariate and multivariate analytical results for overall survival

Variables Univariate analysis Multivariate analysis )4
Hazard ratio 95% CI p Hazard ratio 95% CI
Age <70 vs. =70 0.57 0.23-1.44 0.238
Performance status 0 vs.1 0.70 0.28-1.77 0.450
Histology differentiated vs. undifferentiated 2.15 0.62-7.47 0.227
Liver metastases
Number of metastases 2 vs. 3 0.88 0.28-2.70 0.817
Synchronous vs. metachronous 2.00 0.72-5.51 0.183
Unilobar vs. bilobar 0.34 0.13-0.91 0.030 0.37 0.14-0.98 0.044
Sum of diameter <30 vs. >30 mm 1.02 0.41-2.53 0.962
CEA level <10 vs. >10 ng/mL 0.83 0.30-2.30 0.715
RMH good vs. moderate 0.36 0.13-1.00 0.051
Hepatectomy vs chemotherapy 2.09 0.83-5.27 0.153

CEA carcinoembryonic antigen, RMH Royal Marsden Hospital prognostic score
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The present study has several limitations. First, this
study was a small sample-sized, retrospective study at a
single institution. Further, there must have been some
inherent selection bias in our analyses. In fact, there were
significant differences in PS and age between the two
groups. This may have affected outcomes, particularly the
poor survival outcomes in the hepatectomy group. Second,
there is no established surgical strategy for technically
resectable LLM from GC because of a paucity of data. We
discussed every case, and the final decision was made by a
multidisciplinary conference held every week.

Despite these limitations, we believe that the results of
this study are worthy of discussion, because this is the first
report to investigate the OS of patients with GC with
multiple LLM who underwent hepatectomy or
chemotherapy.

The results of the present study suggest that hepatec-
tomy could be a component of the multidisciplinary strat-
egy for this population, although the optimal duration of
preoperative chemotherapy is unclear. Previous studies for
locally advanced GC showed the efficacy of 8—12 weeks of
preoperative chemotherapy, whereas a longer duration of
preoperative treatment was not associated with longer
overall survival [8, 32-35]. Based on these results, preop-
erative chemotherapy within 12 weeks can be recom-
mended. Several trials of surgical intervention for GC with
single and multiple LLM are now ongoing
(UMINO000011445, NCT02578368, NCT02380131). Sub-
group analyses of these prospective studies will help reveal
the significance of hepatectomy with or without
chemotherapy for multiple LLM compared with single
LLM. In conclusion, hepatectomy for patients with GC
with two or three LLM may lead to long-term survival in
patients whose tumors respond to systemic chemotherapy,
although it is not recommended as initial therapy.
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