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Rezumat

Introducere: Chirurgia reprezintă componenta de bază în trata-
mentul cu viză curativă al adenocarcinomului gastric. Studiul îşi
propune să evalueze comparativ rezultatele postoperatorii imediate
şi pe termen lung după limfadenectomia D1 şi D2. În plus, este
evaluat impactul numărului de gastrectomii radicale cu lim-
fadenectomie D2 per chirurg asupra supravieţirii pe termen lung în
adenocarcinomul gastric. 
Material şi metodă: În perioada 1997 – 2010 au fost efectuate un
număr de 773 gastrectomii radicale pentru adenocarcinom gastric
(325 pacienţi cu limfodisecţie D1 şi 448 pacienţi cu limfodisecţie D2).
Rezultate:  Nu au fost constatate diferenţe semnificative statistic
între limfadenectomia D1 şi D2 în ceea ce priveşte rata globală de
complicaţii postoperatorii (16,3% pentru grupul D1 vs. 18,8% pentru
grupul D2, p = 0.39). Totuşi, în grupul pacienţilor cu limfadenectomie
D2 rata fistulei pancreatice a fost semnificativ statistic mai mare
decât în grupul pacienţilor cu limfadenectomie D1 (3,2% pentru
grupul D1 vs. 7,9% pentru grupul D2, p < 0.001). Mortalitatea post-
operatorie a fost semnificativ statistic mai mare în grupul cu 
limfadenectomie D1 faţă de grupul cu limfadenectomie D2 (8,9% 
pentru grupul D1 vs. 2,9% pentru grupul D2, p < 0.001). Rata de
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Introduction

Despite a decreasing incidence and the
improvement of diagnostic techniques, gastric
cancer (GC) remains the fifth most common
malignancies and the third cause of cancer-
related death worldwide for both sexes (1).
However, GC recognizes geographical and 
gender disparities. Thus, CG is more frequently

encountered in men, and the highest incidence
of GC was observed in Eastern Asia and
Eastern Europe (1). In Eastern Europe, the
age-standardized rate per 100,000 of GC 
incidence is 17.1 among males, and 7.5 among
females (1).

In Romania, the estimated age-standardized
rate per 100,000 of GC incidence for the year
2018 is 18.8 among males and 7.3 among

supravieţuire la 5 ani a fost semnificativ statistic mai bună în grupul cu limfadenectomie D2 faţă de
grupul cu limfadenectomie D1 (supravieţuire mediană de 18 luni în grupul D1 vs. 60 luni în grupul
D2, p < 0.001). O corelaţie semnificativă statistic (p=0.005, r = 0.571) a fost observată între
supravieţuirea globală şi numărul de limfodisecţii D2 efectuate de fiecare chirurg.
Concluzii:  Limfadenectomia D2 în adenocarcinomul gastric este asociată cu o rată de supravieţuire
pe termen lung semnificativ mai bună comparativ cu limfadenectomia D1, dar cu preţul unei rate
mai mari a fistulei pancreatice postoperatorii. Totuşi, nu s-a semnalat o creştere a mortalităţii post-
operatorii în grupul cu limfadenectomie D2. Gastrectomia radicală cu limfadenectomie D2 trebuie
efectuată în centre chirurgicale cu volum mare, de către chirurgi cu experienţă.

Cuvinte cheie: cancer gastric, gastrectomie radicală, limfadenectomie D2, complicaţii postoperatorii,
supravieţuire pe termen lung

Abstract:
Background:  Surgery is the main component of the multimodality treatment of gastric cancer (GC).
The present study aims to comparatively assess the early and long-term outcomes after D1 and D2
lymph node dissection. Furthermore, the impact of surgeon case-load on the long-term survival after
D2 gastrectomies is also explored.  
Methods: A number of 773 patients with curative-intent surgery for GC adenocarcinoma (1997 – 2010:
325 patients with D1 lymphadenectomy, 448 patients with D2 lymphadenectomy) were included.
Results:  No statistically significant differences of overall morbidity rates were observed between the
D1 and D2 groups of patients (16.3%for D1 group vs. 18.8% for D2 group, p = 0.39). However, statisti-
cally significant higher rates of post operative pancreatic fistulae rates were observed in the D2 group
of patients (3.2% for D1 group vs. 7.9% for D2 group, p < 0.001). Interestingly, statistically significant
higher rates of mortality were observed for the D1 group of patients (8.9% for D1 group vs. 2.9% for D2
group, p < 0.001).  The 5-year survival rate was statistically significant higher in the D2 group 
of patients (median overall survival time of 18 months for D1 group vs. 60 months for D2 group, 
p < 0.001). A statistically significant correlation (p=0.005, r=0.571) was observed between the overall 
survival time and the number of D2 lymphadenectomies performed by each surgeon.   
Conclusions: D2 lymph node dissection is associated with statistically significant improved long-
term survivals at the expense of higher postoperative pancreatic fistulae rates, compared to D1 
surgery. However, no increased mortality rates were observed in the D2 group of patients. D2 
radical gastrectomies should be performed in high-volume centers by high case-load surgeons.

Key words: gastric cancer, radical gastrectomy, D2 lymph node dissection, postoperative complica-
tions, survival



S. Tudor et al

774 www.revistachirurgia.ro Chirurgia, 113 (6), 2018 

females (2). Thus, the estimated new GC cases
in 2018 for Romania are 35,200, while the 
estimated number of GC deaths is 30,200 (2).
The close gap between the new GC cases and
the annual GC deaths shows that most GC
patients in Romania are diagnosed in advanced
stages when a curative approach is not possible. 

Surgery is the main component of the multi-
modality treatment of GC adenocarcinoma for
both curative-intent and palliative settings (3).
Gastrectomy with adequate lymph node 
dissection represents the single hope for a cure
in patients diagnosed with gastric adeno-
carcinoma (4). 

The question of how extensive should a 
gastrectomy  be for treatment of GC received
conflicting answers in time (4). However, 
proper lymph node dissection is widely 
considered a critical component of curative-
intent surgery for GC (5). It is the merit of 
the Japanese School of Gastric Surgery to
show the long-term oncological benefits of an
extended lymph node dissection (i.e., more
than D1) in GC surgery (6). The Japanese
Gastric Cancer Association also defined the 
D1 and D2 gastrectomies (3). Thus, D2 
gastrectomy is considered the standard 
surgical approach of curative-intent surgery
for locally advanced GC in Eastern Asia for a
long time (3). 

The adoption of D2 lymph node dissection in
GC surgery in Western countries did not 
follow the enthusiasm of the Eastern Asia 
surgical teams. Initial experiences provided by
randomized trials with Western patients did
not show any survival benefits of D2 lymph
node dissection over D1 surgery in GC (7,8).
Moreover, statistically significant increased
morbidity and mortality rates were associated
with D2 surgery in those trials (7,8). More
recent data with Western patients have shown
the potential survival benefit of D2 lymph node
dissection for only a subgroup of patients with
GC and lymph nodes metastases (9,10).
Nevertheless, a reevaluation of the Dutch 
trial published in 2010 showed significant 
higher long-term survivals after extended 
lymphadenectomy compared to D1 surgery,
with higher loco-regional recurrences in the D1

group of patients (11). Thus, nowadays D2 
gastrectomy is considered the standard of cura-
tive-intent surgery of GC in most experienced
Western surgical centers.

In our hospital, an extended lymph node
dissection in curative-intent surgery of GC
was adopted in an early setting (12-15), com-
pared to other European surgical centers, and
the oncological benefits of D2 gastrectomy
were previously demonstrated in our initial
experience (15). 

The present study is an updated relatively
extensive experience with GC surgery of
Western patients and aims to comparatively
assess the early and long-term outcomes after
D1 and D2 lymph node dissection. Furthermore,
the impact of surgeon case-load on the long-
term survival after D2 gastrectomies is also
explored. 

Patients and Methods

A total number of 2000 patients diagnosed with
malignant gastric tumors underwent surgery
in the Department of General Surgery of
Fundeni Clinical Institute, between 1997 and
2010. Data were obtained from medical and
surgical records, surgical protocols, pathology
reports, and the survival data were provided by
the Population Evidence Department.

Thus, a total number of 1807 patients 
diagnosed with gastric adenocarcinoma were
included in this study; patients with the final
pathology of gastric lymphoma (157 cases) and
gastric stromal tumor (36 cases), were excluded.
The cases of gastric stump carcinoma were also
excluded. 

A number of 1034 patients underwent 
palliative procedures: palliative gastrectomy –
389 patients and non-resectional procedures
(i.e., internal by-pass, jejunostomy, gastrostomy
or explorative laparotomy) – 645 patients. 

A number of 773 patients underwent 
curative-intent surgery for GC adenocarcinoma:
325 patients have had a D1 lymphadenectomy,
while 448 patients have had a D2 lympha-
denectomy. The median age of patients was 64
years (range, 12 – 98 years), with males:
females’ ratio of 2:1.
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It is worth mentioning that during the 
analyzed period, a number of 28 robotic or
laparoscopic-assisted gastrectomies were per-
formed. These minimally-invasive procedures
were carried out by a single main operator (CV).
A retrospective analysis performed on patients
undergoing minimally-invasive curative-intent
gastrectomies regarding operative and post-
operative outcomes, as well as long-term 
survival data were previously reported (16-19). 

The surgical technique of D2 lympha-
denectomy was previously described else-
where (15,20).

The data are expressed as the number 
(percentage) for categorical variables and were
analyzed using the Graph Pad Prism 8
(GraphPad Software Inc. CA, USA). Fisher's
exact test was used to compare the categorical
variables between the groups. Spearman’s rho
correlation coefficient was used for the categori-
cal variables. The median overall survival was
estimated using the Kaplan-Meier curves. The
comparisons between the groups were made
using the log-rank test. The overall survival
time was considered the time from surgery to
death occurrence or last follow-up (December 1,

2015). In all the tests that were used, the 
confidence interval was 95% (p-value <0.05). 

Results

No statistically significant differences of overall
morbidity rates were observed between the D1
and D2 groups of patients (16.3% for D1 group
vs. 18.8% for D2 group, p = 0.39), as shown 
in Table 1. However, statistically significant
higher rates of postoperative pancreatic fistulae
rates were observed in the D2 group of patients,
compared to the D1 surgery (7.9% for D2 
group vs. 3.2% for D1 group, p < 0.001). No 
statistically significant differences between the
groups were observed for the anastomotic leak,
hemo-peritoneum or pulmonary complications
rates, as shown in Table 1. 

Interestingly, statistically significant higher
30-day mortality rates were observed in the
group of patients with D1 gastrectomies, 
compared to the D2 group (8.9% for D1 group
vs. 2.9% for D2 group, p < 0.001), as shown in
Table 2.

The 5-year survival rate was statistically 

Complications D1 lymphadenectomy D2 lymphadenectomy P value
n=325 n=448

Overall complications 53 patients (16.3%) 84 patients (18.8%) 0.39†, ns
Anastomotic fistula 11 patients (3.5%) 17 patients (3.9%) 0.84†, ns
Pancreatic fistula 10 patients (3.2%) 35 patients (7.9%) < 0.001†

Hemoperitoneum 11 patients (3.5%) 14 patients (3.2%) 0.83†, ns
Pulmonary complications 21 patients (6.5%) 18 patients (4%) 0.13†, ns
†Fisher’s exact test, two-tailed

Table 1. The 30-day postoperative morbidity in 773 patients with curative-intent gastrectomies for gastric
adenocarcinoma

Type of surgery† Deaths recorded Deaths recorded
(No.) (% of total number)

D1 lymphadenectomy 29 patients 8.9%
D2 lymphadenectomy 13 patients 2.9%
†P < 0.001 with Fisher’s exact test, two-tailed

Table 2. The 30-day postoperative mortality in 773 patients with curative-intent gastrectomies for gastric
adenocarcinoma
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significant higher in the D2 group of patients,
compared to D1 surgery (median overall 
survival time of 18 months for D1 group vs. 60
months for D2 group, p < 0.001) (Fig. 1), as
shown in Table 3. Thus, 38.82% of patients
with D2 lymphadenectomy were alive after 5
years from surgery, while only 21.06% of
patients with D1 lymphadenectomy were alive
after 5 years from surgery (p < 0.01). 

It is worth mentioning that there were no
statistically significant differences between the
groups regarding clinical and pathological 
factors or disease stages (data not shown).
Noteworthy, statistically significant differences
of survival times between D1 and D2 groups
were observed for stages IIA and IIB (27 vs. 138
months and 16.5 vs. 74 months, respectively, 
p values < 0.05). 

The impact of surgeon case-load on the long-
term survival after radical surgery for GC
was also analyzed. The surgeons were classi-
fied according to the numbers of D2 lympha-
denectomies performed and were divided
into two groups: the first group consisted 
of surgeons with more than 100 D2 lympha-
denectomies performed (n=2); the second
group included the remaining surgeons
(n=20). A total number of 220 D2 lympha-
denectomies were performed by surgeons
from the first group, while the second group
of surgeons performed the remaining 228
procedures. The 5-year overall survival rates
were significantly higher in the first group,
compared to the second group of surgeons
(median overall survival time of 78 months
vs. 43 months, p < 0.05), as shown in Fig. 2. 

A statistically significant correlation 
(p =0.005, r = 0.571) was observed between
the overall survival time and the number of
D2 lymphadenectomies performed by each
surgeon.

Discussions

There was a constant inconsistency between
the high morbidity rates associated with
extended lymph node dissection and no evi-
dence of a long-term survival benefit reported
by two main European randomized trials (7,8)
and good long-term survival rates reported by
the observational studies in European high-
volume centers after extended lymph node 
dissection (21-24). The explanation for these

Figure 1. The comparative Kaplan-Meier overall survival
curves in the D1 and D2 group of patients

Figure 2. The comparative Kaplan-Meier overall survival
curves in the group of surgeons with more than 100
D2 radical gastrectomies and the group of surgeons
with less than 100 D2 radical gastrectomies

Follow-up D1 lymphadenectomy D2 lyphadenectomy
(patients alive at) n=325 n=448
3-year 32.07% 55.05%

5-year 21.06% 38,82%

Median overall survival time† 18 months 60 months

Table 3. The survival data in 773 patients with curative-intent
gastrectomies for gastric adenocarcinoma
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differences could be that in both trials there
was a high number of participating centers
with few experiences in performing an extended
lymph node dissection. Furthermore, in the
extended lymph node dissection group of
patients there were many associated distal
pancreatectomies or splenectomies which
could be the cause for the high complication
rates (25). 

Initially, a D2 gastrectomy associated
mandatory splenectomy and distal pancreatec-
tomy (26). Nowadays, it was demonstrated
that a safe D2 lymph node dissection could be
performed without splenectomy and distal
pancreatectomy, with the same oncological
benefits but without associated morbidities of
the two surgical procedures (27,28).

Furthermore, a recent meta-analysis has
shown no differences of long-term oncological
outcomes in patients with radical gastrectomies
for GC with and without splenectomy, but
splenectomy was associated with statistically
significant increased early morbidity rates (29). 

Assessment of quality of D2 lymph node 
dissection in GC is an important issue. Thus, it
was suggested that a proper D2 lymph node
dissection should be assessed not only by the
surgeon but also by the pathologist (30).
However, it is worth mentioning that many 
factors influence the number of retrieved lymph
nodes. A recent meta-analysis has shown that
ex vivo lymph node dissection performed by the
surgeon is associated with increased number of
harvested lymph nodes and thus there is a
potential for a better staging of the disease and
a more precise therapy (31). 

The high rate of postoperative complications
was considered an argument against an
extended lymph node dissection in GC surgery
in many Western surgical centers for a long
time. However, the high morbidity and 
mortality rates associated with D2 lymph node
dissection in the Dutch trial (7) appear to be
related to low expertise in radical gastrectomy
in many surgical centers included in the study.
Thus, postoperative morbidity and mortality
rates after GC surgery are influenced by the
technical skills of the surgeon (32,33). Recent
data with Western patients have shown no 

significant differences of morbidity and mortality
rates between D1 and D2 gastrectomies (9,10).
Nevertheless, radical gastrectomies with
extended lymph node dissection should be per-
formed in high-volume centers by experienced
surgeons. 

Gaining expertise in D2 gastrectomies
remains an important issue, particularly in
Western surgical centers where the number of
patients with GC suitable for a curative-intent
surgery is relatively limited. It was suggested
that a surgeon should perform at least 15 to 25
D2 gastrectomies to minimize bias due to 
surgeon-related factors (34,35). 

In a single center randomized controlled
trial, Wu and co-workers demonstrated the 
survival benefits for gastric cancer offered by an
extended lymph node dissection by well
trained, experienced surgeons (36). 

Surgeon case-load may impact the post-
operative outcomes after radical gastrectomies
for GC. Thus, surgeon case-load was associated
with postoperative mortality after radical 
gastrectomies for GC in few studies, as two
reviews have shown (37,38). Two systematic
reviews published in 2012 and 2017 did not
identify any correlation between hospital 
volume of gastrectomies and postoperative 
complications in the most substantial part of
reported studies (37,38). However, a higher 
hospital volume was associated with lower 
mortality rates (37,38). The assessment of 
the impact of hospital volume on the long-term
survival of patients with radical gastrectomies
for GC reached conflicting results. Thus, few
studies associated a high-volume hospital 
with statistically significant better long-term
survivals, while others did not (37,38).

Nevertheless, a recent Dutch study has
shown that patients with GC who underwent
radical gastrectomies in high-volume centers
have a statistically significant increased chance
to have a D2 lymph node dissection, negative
resection margins, and better overall survivals,
compared to low-volume hospitals (39). 

As it was previously mentioned, the data of
the literature regarding the impact of D2 
lymph node dissection on outcomes after 
radical gastrectomy for GC reached conflicting
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conclusions. Thus, two meta-analyses pub-
lished in 2009 and 2011 have concluded that 
D1 lymph node dissection is associated with
significantly fewer anastomotic leaks, post-
operative complication, and 30-day mortality
rates, without any detrimental oncological out-
comes, compared with the D2 surgery (40,41).
However, meta-analyses published in 2013 and
2014 showed that D2 lymph node dissection
has oncological benefits over D1 surgery when
the spleen and pancreas are preserved, and the
surgery is done safety (42) and for T3 patients
and advanced nodal stage (43).

The present study has shown no statistical-
ly significant differences of overall postopera-
tive complications (including anastomotic
leaks) and mortality rates between D1 and D2
gastrectomies, as previous studies have shown
(9,10). However, statistically significant higher
rates of postoperative pancreatic fistulae rates
were observed in the D2 group of patients of
the present study, compared to the D1 surgery.
Although, it is a retrospective study, the 
present one has shown on a relatively large
number of Western patients the oncological
superiority of D2 lymph node dissection over
D1 surgery in GC. 

Noteworthy, the present study has shown
that the surgeon experience is not only 
associated with decreased rates of postopera-
tive complications but also with a statistically
significant better overall survivals. Several 
previous studies explored the impact of 
surgeon case-load on the long-term survival
after radical gastrectomies for GC, as a review
has shown (37). Only two studies have 
associated a high case-load surgeon with sta-
tistically significant better overall survivals
(33,44). Thus, surgeons with more than 72
procedures have had the highest survival
rates after radical gastrectomies for GC (44).
In the present study, it appears that surgeons
with more than 100 procedures have the high-
est survival rates after radical gastrectomies
for GC.

Conclusions

A D2 lymph node dissection should be the

standard approach of curative-intent surgery
for resectable locally advanced GC in Western
patients. In high-volume centers, D2 gastrec-
tomies can be safely performed, and are not
associated with increased overall morbidity
and mortality rates, compared to D1 surgery.
However, increased rates of postoperative 
pancreatic fistulae rates should be expected
when a D2 lymph node dissection is performed,
compared to D1 surgery. Furthermore, D2
lymph node dissection is associated with statis-
tically significant improved long-term survivals,
compared to D1 surgery. Noteworthy, high case-
load surgeons are associated with statistically
better oncological outcomes, compared to low
case-load surgeons. Thus, D2 radical gastrec-
tomies should be performed in high-volume 
centers by high case-load surgeons.

The authors declare no conflicts of interests.
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