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Abstract

Background The incidence of gastric cancer is decreasing

in Australia, yet it remains a common cause of cancer-

related mortality. Surgical resection remains the corner-

stone of curative treatment. High-volume specialized units

have reported superior perioperative and oncological out-

comes. The role of D2 lymphadenectomy has been con-

troversial as a result of concerns over increased morbidity.

Our aim is to report the perioperative and oncological

outcomes of curative gastric resection from a specialist

Australian upper GI unit.

Methods Data from a prospectively maintained database

were reviewed for all patients undergoing curative resec-

tion for gastric adenocarcinoma from a single unit during a

12-year period. Perioperative and long-term outcomes were

compiled.

Results There were 255 curative gastric resections during

12 years. An R0 resection was performed in 96 % with a

perioperative mortality rate of 1.6 %. A D2 dissection was

performed in 85 % of cases in the past 6 years, with no

increase in perioperative morbidity or mortality detected.

The 5-year overall survival was 53 %.

Conclusion Our results demonstrate that both short- and

long-term outcomes of surgical resection in gastric cancer

patients, comparable to international high-volume centers,

can be achieved in an Australian upper GI unit. A D2

lymph node dissection can be performed safely without any

increase in perioperative risk in a specialist unit that has the

necessary training but also the perioperative support

structures to manage these complex patients.
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Introduction

Despite a reduction in incidence, gastric cancer remains a

significant worldwide problem, being the second leading

cause of cancer-related mortality worldwide [1, 2]. Within

Australia the incidence of gastric cancer has decreased; it is

now the 12th most common malignancy. A recent review

of cancer in Australia demonstrated that gastric cancer has

the fifth lowest survival rate of cancers in Australia.

Therefore despite a reduced incidence it remains an

important cause of cancer-related mortality [3].

The role of surgery for gastric cancer remains an inte-

gral aspect of any curative approach, but the extent of

lymph node dissection in gastric cancer is still being

debated in Western countries. Nodal status is a key prog-

nostic factor [4]. A more aggressive lymphadenectomy

allows for more accurate staging [5], as recognized in the

AJCC staging manual (seventh edition), which states at

least 16 nodes need to be examined for adequate nodal

staging [6]. Extended lymphadenectomy (D2/D3) for
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gastric cancer is routinely performed in Japanese surgical

units [7, 8], with large reported series demonstrating that it

can be performed safely [9, 10]. Two European random-

ized studies assessing the role of extended lymph node

dissection (D2) failed to show any improvement in survival

[11, 12], but with associated higher mortality and mor-

bidity rates in the extended lymphadenectomy group, as a

result of splenic and pancreatic resection. This result has

led to a shift from routine resection of the distal pancreas

and spleen to a much more selective approach [13–16]. A

more recent randomized study from a Western surgical

center was able to demonstrate no increase in morbidity or

mortality rates with D2 lymphadenectomy [17]; this has

also been reported in numerous nonrandomized studies

from specialized units with an interest in gastric cancer,

demonstrating that a D2 lymph node dissection can be

performed safely with good outcomes [10, 15, 18–21].

The management of gastric cancer has progressed dur-

ing the past decade with the addition of multimodal therapy

and a multidisciplinary approach. The use of neo-adjuvant

chemotherapy based on the results of the MAGIC trial in

those patients with locally advanced gastric cancer [22] has

been a major positive development during the past decade.

This approach is widely utilized in Australia, UK, and

Europe. The use of adjuvant chemoradiation based on the

INT-0116 trial [23] is still widely employed in the United

States. In Japan and parts of Asia, adjuvant chemotherapy

in the form of S1 is used [24]. More recently adjuvant

chemotherapy has been shown to be beneficial in a large

study from Korea [25]. All these methods increase the

complexity of managing patients with gastric cancer and

require a multidisciplinary team (MDT) input to achieve

the best possible outcome for the patient.

There is evidence linking improved outcomes for

patients with increasing surgical volume, with the largest

difference seen in esophageal or pancreatic resections [26].

There are also data demonstrating improved outcomes with

increasing surgical volume for gastric resection. Data from

the United States have demonstrated that hospitals that

perform fewer than five gastric resections annually had a

mortality of 13 % compared with 8.7 % in high-volume

hospitals [27]. A cohort study investigating esophago-

gastric cancer management in England demonstrated that

surgical volume of both the surgeon and the hospital was

inversely related to mortality [28]. A systematic review of

studies investigating volume and mortality in gastrointes-

tinal cancer found that volume is inversely related to

mortality across all subtypes, including gastric cancer [29].

For these and other reasons, gastric cancer services have

been centralized in some countries.

There is a paucity of data relating to surgical outcomes

in gastric cancer from surgical units in Australia, which all

tend to manage low volumes of the disease given the low

incidence in this country. We have evaluated the surgical

outcomes from patients undergoing resection for gastric

cancer, in an upper gastrointestinal unit, in Australia,

during a 12-year period. The aim was to examine the short-

term perioperative morbidity and mortality in those

undergoing curative surgery, including those undergoing a

D2 lymphadenectomy. Secondary aims were to examine

any changes in management over this period and compare

these results of our perioperative outcomes and cancer

outcomes to those published in the literature.

Materials and methods

Patients

A prospective database of all patients with gastric cancer

presenting to the Princess Alexandra Hospital Upper Gas-

trointestinal Unit has been maintained from 2005, with

retrospective accrual of patients managed back to 1993.

The hospital ethics committee approved this clinical data-

base. For this study we have examined a consecutive cohort

of patients treated in our unit from January 2000 to

December 2011. Patients were staged preoperatively with

an endoscopy and computed tomography (CT) of the chest,

abdomen, and pelvis. Diagnostic laparoscopy and perito-

neal washings have been used selectively for patients

requiring a total gastrectomy and those with apparent T3

tumors. Endoscopic ultrasound has also been employed

selectively during this period as it became available in our

institution. Demographic, pathological, and treatment-

related variables were recorded prospectively into the

database. Of the 518 patients in the cohort, 167 (32 %)

were treated with palliative intent. The remaining 351 were

treated with curative intent. We have excluded nonadeno-

carcinoma pathology, in situ disease, those undergoing

endoscopic or nonstandard resection, patients who refused

treatment, and those who progressed on treatment or who

were unresectable. This selection resulted in 255 study

patients with gastric adenocarcinoma who were treated

with curative intent undergoing either a total or subtotal

gastrectomy (see Appendix 1 in ESM for exclusion

details).

Surgery

One of four consultant surgeons in the Princess Alexandra

Upper Gastrointestinal Surgery Unit was responsible for

each of the resections. The type of resection was based on

tumor location with the aim for a R0 resection. Subtotal

gastrectomy was performed for distal or antral cancers

where a 5-cm proximal margin could be easily attained.

Total gastrectomy was performed for proximal cancers and
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cancers involving the body of the stomach where a 5-cm

proximal margin was not possible with a subtotal resection.

The extent of lymphadenectomy was tailored to the indi-

vidual patient and was defined using the Japanese gastric

cancer treatment guidelines classification [30]. A D1 gas-

trectomy was defined as the appropriate removal of the

primary plus the first level of draining nodes. A D1?

resection implies the same with removal of some but not all

the appropriate second-level nodes, and a D2 resection

implies the removal of all the first and second level of

draining lymph nodes appropriate for a tumor at a partic-

ular primary site in the stomach.

Patients without comorbidities, and those less than

80 years of age with a tumor considered to be T2 or more,

were considered for a D2 resection. A lesser lymphadenec-

tomy, either a D1? or D1 resection, was usually performed

in patients with substantial medical comorbidities, those

aged over 80 or with early T stage lesions (\T2). As our

experience with D2 resection has increased, we have become

more aggressive in its utilization. When the evidence sug-

gested it was appropriate, all patients considered fit for pre-

operative chemotherapy with tumors[T2 had a D2 lymph

node dissection. Distal pancreatectomy and splenectomy

were only performed in cases where there was suspicion of

direct invasion or obvious likely involvement of the station

10 nodes, for example, a fundal primary tumor.

More recently, laparoscopic approaches have been utilized

initially for patients with early-stage disease or the elderly

with localized primary lesions considered not suitable for

aggressive lymphadenectomy. A D2 resection has been per-

formed laparoscopically in highly selected patients, notably

those who are thin and have small primary cancers.

Pathological analysis

On most occasions the resected specimens were prepared

in the operating theater by a member of the surgical team

dissecting the nodal tissue into separately labeled con-

tainers. Care was taken not to disturb the tissue margins at

the site of the primary lesion. The specimens were evalu-

ated by routine hematoxylin and eosin staining. Tumor

stage was assessed by experienced gastrointestinal pathol-

ogists and classified according to the seventh edition of the

TNM staging system of the American Joint Committee on

Cancer for gastric cancer [6]. Positive proximal or distal

margins were defined as microscopic tumor seen at the

duodenal or gastroesophageal transection margin.

Perioperative systemic therapy

Before the report of the MAGIC trial, patients with

extensive nodal metastasis were considered for postopera-

tive chemoradiation as per the Intergroup trial protocol

[23]. With reports suggesting a resection with extensive

lymphadenectomy (D2) negating the effect of postopera-

tive chemoradiation [23], we moved toward a more

aggressive surgical approach (D2) and away from postop-

erative therapy. Following the published outcomes

from the MAGIC trial [22], we have routinely offered

perioperative chemotherapy as per the trial protocol, to

patients with tumours that are T2 or greater and who are

considered fit to receive chemotherapy.

Complications and follow-up

Procedure-related mortality was defined as any death dur-

ing the hospital stay or within 30 days of surgery. All

unexpected postoperative events were recorded as mor-

bidity. Respiratory complications were defined as suspicion

of chest infection associated with inflammatory response

with or without radiologic or microbiological confirmation

for which active treatment was offered. Cardiac morbidity

was defined as any event requiring input from the cardi-

ology service, such as myocardial infarction, arrhythmia, or

acute congestive cardiac failure. Anastomotic leak was

considered as any evidence of a defect in the anastomosis:

this was defined as clinically significant on the basis of any

intervention that was required because of the patient’s

condition, and radiologic if a defect was reported on a

contrast swallow study and if there was no evidence of

clinical sequelae. Following discharge, patients were

assessed every 3 months for the first 2 years, then every 6

months for the next 3 years, and then annually or as

required. When assessed at these time points, a history and

physical examination was performed with investigations

directed toward any new symptoms or signs.

Statistical analysis

Statistical analysis was carried out with SPSS for Windows

version 20. To examine for any change in management

during the 12-year period, the cohort was divided into

6-year groups. Overall survival rates were calculated using

the Kaplan–Meier method. The chi-square or Fisher exact

test was used for comparison of categorical variables; the

Mann–Whitney U test was used to compare median values

for continuous variables. Comparison of survival was

performed with the log-rank test (Mantel–Cox) test.

Results

Patients

There were 255 patients identified who underwent a cura-

tive total or subtotal gastrectomy at the PAH during the
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12-year period. The median age was 69, with a 3:2 male

dominance. The tumor involved the proximal stomach in

37 %, mid-stomach in 36 %, and distal stomach in 24 % of

the cases.

Staging and treatment overview

All 255 patients (100 %) had a CT scan of the abdomen/

pelvis as part of their staging investigations. Diagnostic

laparoscopy was employed in only 102 (40 %) of patients,

and endoscopic ultrasound (EUS) was utilized in 26 (10 %)

of patients. Following staging investigations, 202 patients

(79 %) proceeded directly to surgery; 45 (17 %) patients

underwent neoadjuvant chemotherapy. The use of postop-

erative adjuvant chemoradiotherapy was utilized in only 8

patients (3 %).

Pathological features

The postoperative stage of patients in this series is shown

in Fig. 1, with 83 (33 %) patients being stage III or above.

The cohort has 127 (49 %) cases of T3 or T4 lesions and

140 (55 %) cases with positive lymph nodes. There were

no significant differences in the T, N, M, or overall stage

groupings across the two time periods.

Surgery and perioperative outcomes

Of the 255 patients who underwent resection, 21 (8 %) had

a laparoscopic approach: 132 total gastrectomies (52 %)

and 123 subtotal gastrectomies (48 %) were performed. An

R0 resection was performed in 245 cases (96 %), and 10

cases (4 %) had microscopic positive margins. The median

nodal count was 21 for the entire cohort. The percentage of

patients with greater than 15 lymph nodes examined was

67 %. A D2 lymph node dissection was performed in 146

cases (57 %). Other organs were resected on 13 occasions

(spleen 11, distal pancreas 1, colon 1). Operative mortality

occurred in 4 (1.6 %) patients: the cause was pulmonary

embolism in 2 patients on postoperative day 3 and 5,

myocardial infarction on postoperative day 5 in 1 patient,

and aspiration and respiratory arrest on postoperative day

13 in 1 patient. Complications occurred in 99 patients

(39 %) (Table 2). The majority of morbid events were

related to respiratory or cardiac morbidity. An anastomotic

leak was identified in 23 patients (9 %). Following a total

gastrectomy, 19 patients (14 %) demonstrated a leak at the

esophagojejunal anastomosis, and following a subtotal

gastrectomy, 4 patients (3 %) demonstrated a leak. In this

group, the leak occurred at the anastomosis in 2 cases and

at the duodenal stump in 2 cases.

Follow-up and survival

The median follow-up for surviving patients was

46 months (range 0–137 months). There have been 107

deaths during the follow-up period with 148 patients

remaining alive at the last follow-up. There have been 100

patients with recurrent disease, 4 of whom are still alive

with recurrent disease. The 5-year overall survival for all

patients was 53.1 %; the 5-year disease-free survival for all

patients was 54.3 %.

Management differences during 6-year periods

The two most significant differences in the management of

patients during the two time periods was a significant

increase in the use of perioperative neoadjuvant chemo-

therapy, which has increased from 9 cases (8 %) to 36

cases (26 %) in the period from 2006 until the present

(p B 0.001; Table 1) and the increased use of D2 resection,

rising from 30 cases (26 %) to 116 (84 %) cases

(p B 0.001; Table 2) As a result of this increased nodal

dissection, the median nodal count has increased from 16

to 24 (p = 0.001) across the two time periods. This span

has also seen the percentage of patients with more than 15

lymph nodes examined rise from 52 % in the period from

2000–2005 to 86 % in the period 2006–2011. Despite the

increased use of chemotherapy and more extensive lymph

node dissection there has been no significant increase in

overall morbidity, with an increase in cardiac complica-

tions since 2006 being the only significant difference

between the two time periods (Table 2).

D1 compared to D2 resection

We have analyzed the cases for any differences with regard

to treatment plan, surgical approach, and short- and long-
Fig. 1 Pathological and postoperative stage grouping. Overall stage

(AJCC 7th edition)
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term surgical outcomes when stratified by extent of lymph

node dissection (Table 3). Those undergoing a D2 resec-

tion were more likely to receive neoadjuvant chemother-

apy, with 39 (27 %) patients compared to 6 (6 %) of the

D1/D1? group. The nodal count was significantly higher in

the D2 resection group, with a median lymph node harvest

of 24; the median lymph node harvest in the D1/D1?

resection group was 15 nodes. There were no significant

differences with regard to operation type, blood loss, or

overall morbidity rate between the two lymph node dis-

section groups. The median operating time in the D2

group was longer, at 210 versus 195 min in the D1/D1?

group (p = 0.006). The morbidity rate in the D2 resection

group was 42 % compared to 35 % in the D1/D1? group;

this was not significant (p = 0.30). Anastomotic leakage

was not significantly elevated in the D2 group (p = 0.27).

There were four procedure-related deaths in the D2 group

compared to none in the D1/D1? group, also not statis-

tically significant (p = 0.14). There was no statistically

significant difference with regard to T stage or N stage

between the two groups. There was a trend toward a

higher stage within the D2 group, with 36 % of cases

being stage III or greater compared to 28 % in the

D1/D1? group. There was no observed difference in

overall survival between the lymph node dissection groups

(Table 4).

Discussion

During the 12-year period studied, our unit managed an

average of 43 gastric cancer patients per year with

approximately 21 per year being suitable for curative

resection shared among four surgeons. Compared with

countries with larger populations and a higher incidence of

gastric cancer, our results appear satisfactory although our

center is defined essentially as a low-volume center. The

overall operative mortality rate of 1.6 % compares favor-

ably with data from large contemporary audits, with the

2010 esophagogastric cancer audit of England and Welsh

hospitals reporting an in-hospital mortality rate of 6 % for

patients undergoing curative gastric resection [31]. The

operative mortality rate of 2.5 % for our patients selected

to have a D2 resection is comparable to the results pub-

lished from internationally renowned centers [9, 17, 18, 20]

and is significantly less than the mortality rates reported

from two of the published randomized trials of D1 versus

D2 resection [11, 32, 33]. It is worth noting that we have

performed far fewer resections involving the pancreas and

the spleen, which was a major source of morbidity in the

Dutch study [11]. The pattern of morbidity we have

reported is similar to other series involving ‘‘Western’’

patients [20], with a high incidence of cardiac and respi-

ratory complications.

Table 1 Patient demographics, staging investigation, and treatment overview of 255 curative gastric resections

All 2000–2005 2006–2011 p value

Number of patients 255 116 139

Age (years) 69 (16–89) 69 (26–89) 68 (16–89) n.s

Sex (M:F) 3:2 3:2 3:2 n.s

Body mass index (BMI) 26 (15–47) 25 (16–43) 27 (15–47) n.s

Tumor site 0.012

Upper 94 (37 %) 42 (36 %) 52 (37 %)

Mid 92 (36 %) 52 (45 %) 40 (28 %)

Lower 60 (24 %) 21 (18 %) 39 (28 %)

Whole 9 (4 %) 1 (1 %) 8 (6 %)

ASA n.s

1 6 (2 %) 4 (3 %) 2 (1 %)

2 173 (68 %) 76 (66 %) 97 (70 %)

3 74 (29 %) 35 (30 %) 39 (28 %)

4 2 (1 %) 1 (1 %) 1 (1 %)

Computed tomography (CT) abdomen/pelvis 255 (100 %) 116 (100 %) 139 (100 %) n.s

Diagnostic laparoscopy 102 (40 %) 43 (37 %) 59 (42 %) n.s

Positron emission tomography (PET) scan 49 (19 %) 14 (12 %) 35 (25 %) 0.048

Endoscopic ultrasound (EUS) 26 (10 %) 5 (4 %) 21 (15 %) B0.001

Overview

Direct to surgery 202 (79 %) 101 (87 %) 101 (73 %) B0.001

Pre/post chemotherapy 45 (17 %) 9 (8 %) 36 (26 %)

Post chemoradiation therapy (CXRT) 8 (3 %) 6 (5 %) 2 (1 %)
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The reasons for our results are likely related to the

surgery occurring in a unit that includes surgeons who have

undergone training and education in gastric surgery and

who also perform a large number of esophageal resections.

Combined with this is the support received from experi-

enced nursing staff, ready access to intensive care, and

interventional radiology and also with a collaborative

multidisciplinary oncology assessment of each patient. One

group has examined the ability to handle adverse postop-

erative events and outcomes from gastric surgery, focusing

on surgical volume [34]. The results demonstrated that the

rate of complications was similar across all hospitals

studied but the mortality rate was lower in the two higher-

volume centers (defined as[15 resections per year) and the

failure to rescue rate was significantly higher in lower-

volume units compared to the two high-volume hospitals

[34]. The ability to recognize adverse events early and to

have access to the necessary nursing and medical support

appears to be a key feature in improved outcomes for

gastric cancer patients.

There are data demonstrating improved outcomes with

increasing surgical volume for gastric resection. Birkmeyer

et al. [27] observed the relationship between hospital vol-

ume and mortality across 14 operations; specifically, with

gastric resection the hospitals that performed fewer than 5

resections annually had a mortality rate of 13 % compared

Table 2 Surgical characteristics and perioperative outcomes of 255 curative gastric resections

All (255) 2000–2005 (n = 116) 2006–2011 (n = 139) p value

Approach n.s

Open 234 (92 %) 111 (96 %) 123 (89 %)

Laparoscopic 19 (8 %) 5 (4 %) 14 (9 %)

Laparoscopic converted 2 (1 %) 0 2 (1 %)

Operation n.s

Total gastrectomy 132 (52 %) 65 (56 %) 67 (48 %)

Subtotal gastrectomy 123 (48 %) 51 (44 %) 72 (52 %)

Resection status n.s

R0 245 (96 %) 113 (97 %) 132 (95 %)

R1 10 (4 %) 3 (3 %) 7 (5 %)

Nodal resection

D1 109 (43 %) 86 (74 %) 23 (17 %) B0.001

D2 146 (57 %) 30 (26 %) 116 (84 %)

Nodal counts

Nodes removed (median) 21 (0–77) 16 (2–75) 24 (0–77) B0.001

Nodes involved (median) 1 (0–41) 1 (0–35) 1 (0–41) n.s

Differentiation B0.001

Well/moderate 113 (44 %) 68 (59 %) 45 (32 %)

Poor/mucinous 142 (55 %) 48 (41 %) 94 (68 %)

En bloc n.s

Spleen 11 (4 %) 4 (3 %) 7 (5 %)

Distal pancreas 1 (0.4 %) 1 (1 %) 0

Colon 1 (0.4 %) 0 1 (1 %)

Length of surgery (min) 200 (90–560) 195 (125–360) 210 (90–560) 0.02

Blood loss (ml) 200 (0–2,800) 200 (0–1,300) 200 (0–2,800) n.s

Transfusion 32 (13 %) 13 (11 %) 19 (14 %) n.s

Complications 99 (39 %) 40 (35 %) 59 (42 %) n.s

Chest problems 39 (15 %) 17 (16 %) 22 (16 %) n.s

Anastomotic leak 23 (9 %) 9 (8 %) 14 (10 %) n.s

Wound infection 12 (5 %) 4 (3 %) 8 (6 %) n.s

Cardiac problems 19 (7 %) 4 (3 %) 15 (11 %) 0.03

Length of stay (days) 11 (3–92) 10 (6–31) 11 (3–92) 0.03

Operative mortality 4 (1.6 %) 1 (1 %) 3 (2 %) n.s

Five-year overall survival 53 % 52 % 57 % n.s
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with hospitals performing [19 resections which had a

mortality rate of 8.7 %. A large cohort study from the UK

that analyzed 731 gastric cancer patients across 23 hospi-

tals demonstrated that increasing surgical volume was

associated with better staging and a reduction in mortality

rate [28]. The 30-day mortality rate for the entire gastric

cancer cohort was 14 %, and increasing surgical volume of

both surgeon and hospital was inversely related to mor-

tality. What constitutes a high-volume versus a low-volume

center varies widely in reported series. The UK guidelines

suggest a surgeon should be involved in 20 esophageal or

gastric resections per year [35]. In Denmark, 20 cases per

hospital is used as a marker of a high-volume center [36].

North American series have reported 14 or 15 gastric

cancer cases per year as a marker of a high-volume gastric

cancer center [27, 34]. In Asia, 200 cases per year are

considered a marker of a high-volume institution [37–39].

Gastric cancer surgery has been centralized in some

countries such as the UK, Denmark, The Netherlands,

Sweden, and Finland [40]. In Denmark the impact of

centralizing gastric cancer services from 37 hospitals to

four to five units has led to a reduction in operative mor-

tality rate from 8.2 to 2.4 % [36] The incidence of gastric

cancer is falling in Australia, so combined with our smaller

population density we will never achieve the numbers of

some of the large high-volume centers in other countries.

The concentration of gastric cancer services in European

countries has seen improvements in outcomes; whether this

approach is applicable to our local conditions and geog-

raphy is worthy of investigation.

Perhaps of equal significance is the evidence from these

reports of the importance of those involved in gastric

cancer utilizing MDT discussions of gastric cancer patients

and being involved in thorough audits and review of sur-

gical outcomes. During the 12 years studied we saw a

difference in the management of these patients between the

two 6-year time periods. There was an increase in the use

of perioperative chemotherapy, from 8 to 26 %. Publica-

tion of the results of the MAGIC trial [22] in 2006 is the

explanation for the rise in use of neoadjuvant chemother-

apy. The results and application of this trial were readily

implemented in our unit as an MDT with involvement of

the oncology unit was already established. Additionally,

we have increased the number of patients having a D2

lymph node dissection from 26 to 84 % of cases. We have

made these two changes without significantly increasing

the operative morbidity or mortality in our group of

patients. It is accepted that we currently apply a selective

approach to lymph node dissection, with those undergoing

a D2 resection being slightly younger and more likely to

have undergone neoadjuvant therapy. A D2 lymph node

dissection is more technically demanding and requires

training and experience in the technique to perform it

safely. However, with greater experience and with more

confidence in performing the procedure we have increased

our selection criteria in favor of a D2 resection. There

are other limitations to this study: the database has

Table 3 Comparisons of outcomes stratified by lymph node

dissection

D1/D1? D2 p value

Number of patients 109 146

Age (median) 70 69 n.s

Sex (M:F) 3:2 3:2 n.s

BMI (median) 25 26 n.s

Treatment overview B0.001

Direct to surgery 101 (93 %) 101 (69 %)

Pre/post chemotherapy 6 (6 %) 39 (27 %)

Post CXRT 2 (2 %) 6 (4 %)

Nodal count (median) 15 (0–64) 24 (3–77) B0.001

Nodes involved (median) 0 (0–28) 1 (0–41) n.s

T stage n.s

T1/T2 60 (55 %) 68 (47 %)

T3/T4 49 (45 %) 78 (53 %)

Nodal status n.s

Node negative 55 (51 %) 60 (41 %)

Node positive 54 (50 %) 86 (59 %)

Postoperative stage n.s

IA 23 (21 %) 26 (18 %)

IB 20 (18 %) 27 (19 %)

IIA 21 (19 %) 18 (12 %)

IIB 16 (15 %) 21 (14 %)

IIIA 12 (11 %) 21 (14 %)

IIIB 14 (13 %) 27 (19 %)

IIIC 1 (1 %) 4 (3 %)

IV 2 (2 %) 2 (1 %)

Approach n.s

Open 101 (93 %) 133 (91 %)

Laparoscopy 7 (6 %) 12 (8 %)

Laparoscopy converted 1 (1 %) 1 (1 %)

Operation

Total gastrectomy 53 (49 %) 79 (54 %) n.s

Subtotal gastrectomy 56 (51 %) 67 (46 %)

Length of surgery (min) 195 (120–360) 210 (90–560) 0.006

Blood loss (ml) 200 (0–2,800) 200 (0–1,300) n.s

Transfusion 13 (12 %) 19 (13 %) n.s

Complications 38 (35 %) 61 (42 %) n.s

Chest problems 13 (12 %) 26 (18 %) n.s

Anastomotic leak 7 (6 %) 16 (11 %) n.s

Wound infection 4 (4 %) 8 (5 %) n.s

Cardiac problems 7 (6 %) 12 (8 %) n.s

Length of stay (days) 10 (4–92) 12 (3–58) n.s

Operative mortality 0 4 (3 %) n.s

Five-year overall survival 58 % 49 % n.s
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prospectively maintained since 2005 but the data preceding

this year have been retrospectively added, which introduces

possible bias in comparing the two time periods. Currently,

our morbidity data collect all events without using a stag-

ing system such as the Claviden–Dindo system, which may

overrepresent minor morbidity and limit comparison with

other studies. This system has been changed recently for all

our new prospective data collection.

Our 5-year overall survival rate of 53 % compares

favorably with other series from Western centers. Table 4

compares our results with those published in a review by

Schmidt and Yoon [41], who explored the role of lym-

phadenectomy in gastric cancer, illustrating that our overall

survival when stratified by stage is comparable to rates

from leading Western centers. The results from specialist

centers in Asia are still superior to our current results; these

differences are explored elsewhere [41]. Compared to

earlier studies comparing survival with regard to D1 or D2

lymph node dissection, our survival figures are acceptable.

Our D2 group had a 5-year overall survival rate of 49 %,

which was less than that seen in our D1 group of 58 %. The

bias in selection and the significant difference in the use of

neoadjuvant chemotherapy in the D2 group compared to

the D1/D1? group limits the value of any direct compar-

ison to our D1 group.

In conclusion, we have reported our outcomes in man-

aging gastric cancer patients from a single upper GI unit

during an 11-year period, with a R0 resection rate of 96 %,

postoperative mortality rate of 1.6 %, postoperative mor-

bidity rate of 39 %, and 5-year overall survival of 53 %.

These data are comparable with leading international

centers. During the 12-year period there has been an

increase in the use of neoadjuvant therapy and D2 lymph

node dissection. We have demonstrated that, despite being

a relatively low-volume center by some definitions, with an

average of 21 gastric resections annually, we can obtain

these results with a combination of excellent perioperative

support, experienced upper GI surgeons, MDT base patient

management, and regular review of surgical outcomes. We

assert that these features are necessary for those involved in

the care of patients with gastric cancer.
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