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Abstract

Purpose: To analyze our experience with D3 lymphadenectomy in the
treatment of advanced GC with specific reference to post-operative morbidity
and mortality, incidence of para-aortic node (PAN) metastases, and long-term
prognosis.

Methods: Short- and long-term results of D3 lymphadenectomy were analyzed
in 286 patients with advanced GC.

Results: PAN metastases were demonstrated in 37 patients. PAN involvement
was significantly higher in upper third tumours (29%) compared to middle and
lower third (7%; P < 0.001). Eighty patients developed postoperative
complications, being pulmonary disorders (6%), abdominal abscesses (4.5%)
and pancreatic fistulas (3%) the most frequently observed. In-hospital mortality
was 2%. Overall 5-year survival rate for RO pT2-4 patients was 52%. When
considering survival in relation to nodal involvement, both pN3 and non-regional
lymph node metastases (Ml1a) patients showed a chance of long-term survival:
5-year survival was 31% for pN3 and 17% for Mla cases. Furthermore, the 5-
year survival rate was remarkably high (about 60%) even in pN2 and pN3
subsets when no serosal invasion (pT2) was demonstrated.

Conclusions: D3 lymphadenectomy should be considered in specialized
centers for curative surgery of advanced GC, especially for upper third tumours,
providing that an acceptable morbidity and no increase in mortality can be
offered.
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Introduction

The reduction in GC mortality reported during recent years by Japanese authors
has been attributed to the increased detection of early cancers as well as to the
widespread use of extended lymphadenectomy.! To date, little evidence exists
from prospective randomized trials to confirm the advantage of extended lymph
node dissection compared to limited lymphadenectomy.?* Despite that, long-
term results after D2-D3 lymphadenectomy reported by Japanese as well as by
dedicated Western centers are definitely better compared to European and US
results.>” In previous publications, we identified lymphadenectomy together with
depth of tumour invasion and nodal involvement as independent predictors of
survival, demonstrating a more favourable prognosis with extensive nodal
dissection.®®

The purpose of the present study was to analyze our experience with super-
extended (D3) lymphadenectomy in the treatment of gastric cancer with specific
reference to postoperative morbidity and mortality, incidence of PAN

metastases, and long-term prognosis.

Patients and Methods

Population under Study

This study analyzed 286 patients who underwent a macroscopic potentially
curative gastrectomy with D3 lymph node dissection for advanced primary
gastric adenocarcinomas from January 1993 to June 2007 at two Italian surgical
departments (Department of General Surgery and Surgical Oncology, University
of Siena; First Department of General Surgery, University of Verona) both part

of the Italian Research Group for Gastric Cancer (IRGGC)



Eligibility Criteria

The inclusion criteria were as follows: 1) histologically confirmed gastric
adenocarcinoma; 2) macroscopic curative (R0O-1) resection; 3) advanced (pT2-
4) tumours; 4) systematic and standardized D3 lymphadenectomy (JGCA
guidelines). Gastric stump and linitis plastica type tumours were excluded from
the analysis. The main demographic and clinical characteristics of the cohort in
relation to tumour location are reported in Table 1.

The study was approved by the local ethic committees.

Extent of Gastric Resection

Gastric resection was performed according to the extent of the tumour in the
stomach. Distal subtotal gastrectomy was preferred for tumours located in the
lower and middle third of the stomach provided that the proximal resection
margin stayed at least 5 cm from the tumour edge, otherwise total gastrectomy
was carried out.’

Extent of Lymphadenectomy

Lymphadenectomy was classified and standardized in accordance with the
Japanese  Gastric Cancer  Association (JGCA) guidelines. D3
lymphadenectomy consisted of the removal of regiona | nodes in the first,
second and third level stations as defined by the J GCA.™ This procedure
has been described in detail elsewhere, and progres  sively introduced in
our practice since 1993. ' PAN dissection implied the resection of nodes
between the level of the celiac axis and the left renal vein (Station 16-a2) and
nodes between the left renal vein and the inferior mesenteric artery (Station 16-

bl). Dissection of the left upper lateral nodes (Station 16-a2-lat) was generally



not performed and reserved to patients with enlarged nodes in this area; in
particular, in all upper third tumors total gastrec tomy with macroscopic
evaluation of 16-a2-lat nodes was performed. Lymphadenectomy at the
splenic hilum was limited to patients with upper third tumours and enlarged
nodes or tumours reaching the greater curvature or the gastric fundus. This was
achieved by performing a pancreas preserving splenectomy.

Staging and Lymph Node Classification

Perigastric nodes were dissected from the excised specimen immediately after
resection, assigned to the appropriate station according to the JGCA
classification,’® and sent for histological examination. In order to avoid error in
correct lymph node classification after en bloc resection, the second and third
tier nodes were subdivided by the surgeon during lymphadenectomy, as
previously described in details.*?

Tumours were staged according to the last version of the pathologic
classification (pTNM) of the International Union Against Cancer (UICC). The
histological classification followed the Lauren criteria.

Follow-up

All patients were followed-up with a standardized protocol®. The median follow-
up period for surviving patients was 57.2 months (range 6-200) and no patients
were lost to follow-up procedure.

Statistical Analysis

In 254 cases, there was pathological confirmation that a potentially curative
resection (classified as R0O) was achieved. Conversely, microscopic residual
tumour (R1) or positive peritoneal washing were diagnosed in 32 patients

(11.2%). To evaluate the impact of D3 dissection on long-term survival, we



avoided to analyze patients with microscopic non-curative (R1) resection, for
which the prognosis is well established to be poor and independent from the
extent of lymphadenectomy. Postoperative mortality was assessed while deaths
unrelated to tumour recurrence were considered censored observations at the
time of death. Survival curves were estimated using the Kaplan-Meier method
and compared by the Log-rank test. Chi-square test was used for categorical

data and ANOVA test for continuous variables.

Results

Number of Lymph Nodes

The number of excised and positive nodes according to the main
characteristics of the tumour for the cohort under study is reported in
Table 2. Of the 286 patients, a total of 13,459 lymph nodes were dissected,
with a median number of 45 (range, 15-110) dissected nodes per case. The
median number of metastatic nodes was 5 (range, 0-75) in the overall series
and 8 (range, 1-75) in pN+ patients.

No difference in the average number of dissected nodes was observed in
relation to the depth of tumour invasion (pT) (P = 0.234). Conversely, the mean
number of metastatic nodes increased from pT2 to pT3 and pT4 tumours (P <
0.001) (Table 2).

Number of Para-Aortic Lymph Nodes

A total of 1,508 nodes were retrieved from the PAN stations, with a median of 5
(range, 0-22). Thirty-seven patients (12.9%) showed PANSs involvement for a
total number of 175 nodes. The median number of metastatic nodes in para-

aortic area was 3 (range 1-22).



Frequency of Para-aortic Lymph Node Involvement and pT Category

When considering PAN stations, no increase in the average number of
dissected (P = 0.972) as well as positive nodes (P = 0.074) was observed in
relation to the depth of tumour invasion (pT) (Table 2). Likewise, the increase in
the frequency of involvement of PANs according to pT classes was not
statistically significant (8.6% for pT2, 16.3% for pT3 and 17.4% for pT4; P =
0.142).

Frequency of Para-aortic Lymph Node Involvement and Tumour Location
Considering PAN metastases according to the location of the tumour, the
frequency of nodal involvement was significantly higher in upper third tumours
(26.8%) compared to middle (7.5%) and lower third (7.2%) tumours (P < 0.001).
Short-term Results

Eighty of the 286 patients developed postoperative general and surgical
complications (morbidity: 28%); of these, 6 patients died (post-operative
mortality: 2.1%). Table 3 lists the type of complications and their frequency. As
shown, pulmonary complications (5.6%), abdominal abscesses (4.5%),
pancreatic fistulas (3.1%) and anastomotic leaks (2.8%) were the most
frequently observed complications.

Long-term Results

At the follow-up end date, 150 out of the 286 patients were still alive, and 144
were disease-free. Conversely, 122 patients died because of cancer
recurrence, 6 from postoperative complications and 8 from causes other than
tumour relapse.

The 5-year survival rate for the 254 patients who underwent RO resection was

52.2% with a median survival time beyond the observation period. The 5-year



survival rate according to the depth of tumour invasion (pT) was 67% for pT2
tumours (median beyond the observation period), 39.2% for pT3 (median, 31.1
months) and 29.1% for pT4 (median, 10.3 months) (P < 0.001). Survival curves
in relation to nodal involvement (pN) are illustrated in Figure 1. It is noteworthy
that pN3 cases as well as patients with non-regional lymph node metastases
(M1a) had a chance of long-term survival.

Figure 2 shows the 5-year survival rate for each pN subset according to pT
stage (pT2 vs. pT3-4). In node negative patients, the probability of survival was
very high independently from pT class (P = 0.615). In node positive patients, the
5-year survival rate for pN1, pN2 and pN3 patients was about 60% in pT2 cases
while it decreased progressively in patients with serosal invasion (52.3% in pN1,

22.2% in pN2 and 23.6% in pN3). No difference was observed in M1a patients.

Discussion

Extent of Lymphadenectomy and Long-term Results

The extent of lymphadenectomy remains a matter of debate in gastric cancer
surgery. The well-known randomized Dutch? and British® trials that compared
limited (D1) versus extended (D2) lymphadenectomy showed no significant
differences in 5-year survival rates between the two groups. This topic was re-
considered by a Cochrane Review™ which concluded that “randomized studies
show no evidence of overall survival benefit (after D2 dissection), but possible
benefit in T3N+ tumours. These results may be confounded by surgical learning
curves and poor surgeon compliance. Non-randomized comparisons suggest a

possible survival benefit for D2 in intermediate UICC stages.”



Recently, Wu et al.*** published the short- and long-term results from a
prospective randomized trial comparing limited and extended lymph node
dissection carried out at a single specialized institution in Taiwan. Two-arm
randomization considered 221 patients and allowed to demonstrate a survival
benefit in overall and disease free survival rates after extended lymph node
dissection.

Extent of Lymphadenectomy and Tumour Recurrence

It is well-demonstrated that the great majority of tumour relapses occurs within 3
years ensuing potentially curative (RO) surgery.>!® In the randomized Taiwan
trial, the number of patients who relapsed beyond 3 years after extended
dissection was limited, but several relapses occurred over time in the D1 group
making overall and disease-free survival curves of the two groups to diverge
more clearly after 36 months.* This figure was also evident in the final results of
the randomized Dutch trial in pN1 and pN2 subgroups®® and, similarly, in our
experience. These data seem to suggest that microscopic residual tumour in
surgically un-excised nodes should proliferate and grow in several years leading
to overt cancer recurrence. Besides, adjuvant chemo-radiotherapy seems not to
influence this aspect as shown in the Intergroup 0116 trial (SWOG 9008).*" In
addition, there are some evidences that lymph node excision, although negative
at microscopic examination, can improve survival*® and that lymphadenectomy
is beneficial only when the disease is widely encompassed, probably because
cancer cells are present in the regional nodes even in cases classified as pNO0.*
Pros of Extended Lymphadenectomy

Nodal metastases are an early event in gastric cancer and one of the key

factors affecting prognosis. Extended (D2) and super-extended (D3) lymph
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node dissection have been suggested to lead to improved staging and better
long-term results in several prospective observational series.”®%°?* Specifically,
in a previous study we showed that D2 and D3 lymphadenectomy enables
positive nodes clearance that would not have been achieved with limited
dissection (D1) in 39 % of cases.? Similar findings were reported by a Dutch
study wherein 32% of the patients had positive nodes removed in the second
and third tiers.” In our study, the percentage of patients requiring extended or
super-extended lymphadenectomy to remove positive nodes in the second and
third levels was 9% in pT1 tumours, 42% in pT2, 56% in pT3, and 67% in pT4.?
Para-aortic Lymph Node Involvement

PAN involvement is regarded as distant metastasis in the TNM classification.
However, the results recently reported by Japanese surgeons after super-
extended lymphadenectomy (i.e. with complete dissection of the para-aortic
stations) have cast doubts on this statement. These studies revealed that the
incidence of PAN involvement is higher than expected, ranging from 8 to 20% in
patients with advanced gastric cancer and that the 5-year survival rate for this
subgroup of patients after super-extended lymph node dissection is 13 to
20%.23-25

In our study, PAN deposits were identified in 13% of the cases with a long-term
outcome consistent with that reported in the Japanese literature (Figure 2). In

keeping with previous papers,*

metastatic spread to PANs was significantly
more frequent in upper third compared to middle and lower third tumours (27%
vs. 7%; P < 0.001).

Morbidity and Mortality after Extended Lymphadenectomy
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Extended and super-extended lymphadenectomy can be associated with large
increases in postoperative morbidity and mortality, as reported by trials from the
UK?® and The Netherlands,? where the volumes of interventions for centre and
surgeon were extremely low and pancreatosplenectomy was routinarely
combined with extended lymph node dissection. The Taiwan trial* as well as the
interim analysis of a randomized trial from Italy?® showed comparable short-term
results after pancreas preserving D2 gastrectomy carried out in high volume
centres.

The Japanese prospective randomized trial compared D2 and D2 plus para-
aortic lymphadenectomy (JCOGS 9501) in 523 gastrectomies performed by
experienced surgeons. While morbidity for the super-extended surgery group
(28%) was slightly higher than the extended group (21%), there was no
difference in the incidence of four major complications (anastomotic leak,
pancreatic fistula, abdominal abscess, pneumonia) and the reported hospital
mortality was 0.8% for the two group.?’ Furthermore, no association between
postoperative mortality and the extension of lymphadenectomy was reported in

28 and several observational

a multicenter randomized trial from Poland
studies published by high volume European centres.®®°?° |n particular, we have
recently demonstrated that it is possible to resemble Japanese results (mortality
rate of 0.5%) in 203 patients aged 75 years or younger who underwent D2-D3
curative gastrectomy.' In the current experience, 28% of patients developed
postoperative general or surgical complications with pulmonary complaints
(6%), abdominal abscesses (4.5%) and pancreatic fistulas (3%) as the most

frequently observed complaints, while the mortality rate at 2% is consistent with

best data reported in the literature.
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The Japanese JCOGS 9501 Randomized Trial

The final long-term results of the JCOGS 9501 randomized trial comparing D2
with respect to D2 plus para-aortic lymphadenectomy have been recently
published and failed to show an overall survival benefit for the super-extended
group.®® Despite this, several considerations should be taken into account: i) the
overall survival rates (5-year survival: 70%) are at least better by one third than
those reported by specialized Western centres in advanced forms ; ii) the
adopted lymphadenectomy in D2 group included third level nodes (posterior
hepatic artery nodes, posterior hepatoduodenal ligament nodes, etc.) in tumour
with antral location that lead to a ‘D3 lymphadenectomy minus PAN dissection’.
The extent of lymphadenectomy is indeed demonstrated by the extremely high
number of removed nodes, (mean: 53 for D2 and 73 for D2 plus para-aortic); iii)
cases in which macroscopic involvement of PANs was evident at surgery were
excluded from the study. As stated by the authors themselves, the percentage
of involvement was lower than expected (8%) and the potential survival benefit
possibly weakened.

Certainly this study demonstrated the exceptional high standards of gastric
cancer surgery in Japan giving the motivation to Western surgeons to
accomplish such a high level of excellence. On the other hand it could lead us
to argue that this study does not fit completely to the Western experience where
the standards of surgery are not so high and gastric cancer is still diagnosed in
a very advanced stage in a high percentage of cases.

Furthermore, the post hoc subgroup analysis based on pathologic N and T
stages showed a better survival rate in the D2 plus para-aortic group for

patients without nodal involvement and for patients with tumour invasion limited
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to the subserosal layer (less than pT3). In this regard, our experience seems to
resemble these results. An extremely high chance of cure was observed in
our patients with tumors not involving the serosa ( pT2) or absence of
nodal metastases (pNO), even if survival probabilit y did not reach the
results of the Japanese trial. Particularly, long-t erm results were
remarkable in pT2 N2 and N3 patients. One could spe culate that in these
particular subsets of patients, where the local con trol of the disease is
essential, D3 lymphadenectomy may be of value in im  proving long-term
results. On the contrary, in serosally exposed neop lasms, which are
particularly prone to peritoneal dissemination, the extent of
lymphadenectomy might not provide a survival advant age with respect to
more limited dissection. *°> However, we emphasize that this is not a
randomized trial, and as a consequence we cannot ad  vice this procedure
in clinical practice. However, in our opinion the p otential benefit of D3
lymphadenectomy cannot be excluded and should be in vestigated in
subgroups of patients.

Conclusions

Our data are indicative of a potential benefit of s  uper-extended
lymphadenectomy in patients with advanced gastric ¢ ancer without
serosal involvement; furthermore, a chance of cure may also be offered to
patients with para-aortic lymph node involvement. F urther specifically
designed prospective studies should confirm our res ults and clearly
assess which patients may benefit from such an exte nded procedure. In
the meantime, it should only be applied in high-vol ume specialized

centers in the context of a clinical study.
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Table 1. Main demographic and clinical characteristics according to the tumour

18

location in the 286 patients under study.

Upper third | Middle third | Lower third Total
(n=82) (n=93) (n=111)
Age (years) P=0.722
Mean (range) 63.2 (30-83) | 63.3(32-87) | 62.2 (30-87) | 62.8 (30-87)
Gender P=0.023
Male 60 60 60 180
Female 22 33 51 106
Lauren classification P=0.510
Intestinal 52 55 57 164
Diffuse 23 31 44 08
Mixed 7 7 10 24
Depth of invasion (pT) P=0.004
pT2 38 41 49 128
pT3 36 38 61 135
pT4 8 14 1 23
Nodal involvement (pN) P=0.012
PNO 19 22 28 69
PN1 17 35 35 87
PN2 18 20 22 60
PN3 5 9 13 27
Mla 23 7 13 43
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Table 2. Overall and para-aortic number of excised and positive lymph nodes

according to the main characteristics of the tumour in the 286 patients under

study. ~
Total Para-aortic stations
Excised Positive Excised Positive
Overall 47.1 (¥16.6) | 8.7 (#11.5) | 5.5(+4.1) | 0.6 (¥2.5)
Tumour location
Upper third 49.4 (+17.6) | 10 (x12) 6.1 (+4.2) 1(£2.7)
Middle third 47.6 (+17) | 8(x11.6) | 5.3(4.1) | 0.4 (£2.1)
Lower third 44.8 (+15.4) | 85(x11.2) | 5.3(¢3.9) | 0.5 (x2.6)
Depth of invasion (pT)
pT2 46.1 (+16.8) | 5.1 (x7.9) 5.5 (+4.2) 0.3 (+1.5)
pT3 48.6 (+16.1) | 12 (¢13.3) 5.6 (+4.1) 1 (£3.3)
pT4 43 (+18) 9.9 (#11.5) | 5.4 (¢3.5) 0.3 (x0.8)

"Numbers represent the mean value with £SD in parenthesis.
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Table 3. Major post-operative complications observed in the 286 patients under

study .
No. of cases
(286 patients)
Type of complication
Pulmonary 16
Abdominal abscess 13
Pancreatic fistula 9
Anastomotic leak 8
Delayed gastric empting 7
Lymphorrea 5
Paralytic ileus 3
Duodenal stump leak 3
Abdominal hemorrhage 3
Severe pancreatitis 2
Anastomotic haemorrhage 1
Biliary fistula 1
Cardiovascular 4
Others 4
Total 80
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Legend of figures

Figure 1. Kaplan-Meier estimates of survival probability according to nodal
involvement (pN) in the 254 patients who underwent potentially curative
gastrectomy with D3 lymphadenectomy. Median survival time was beyond the
observation period for pNO and pN1; 27.1 (95% CI 5.6 — 48.5) months for pN2;
19.5 (95% CI 0 — 44.4) months for pN3 and 19.4 (95% CI 15.6 — 23.2) months
for M1a; (P < 0.001).

Figure 2. Kaplan-Meier estimates of survival probability according to the depth
of tumour invasion for each pN subset in the 254 patients who underwent
potentially curative gastrectomy with D3 lymphadenectomy. Figure 3a, 3b, 3c,
3d and 3e refers to pNO, pN1, pN2, pN3, Mla subsets, respectively. Median

survival times and P values are reported in the Table (Figure 3f).
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