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Background: Gastric cancer (GC) patients with advanced age and/or multiple morbidities have limited
expected survival and may not benefit from extended lymph node resection. The aim of this study was to
evaluate the surgical outcomes of these GC patients who underwent gastrectomy with D1 dissection.
Methods: We retrospectively reviewed all GC patients who underwent gastrectomy with curative intent
from 2009 to 2017. The decision to perform D1 was based on preoperative multidisciplinary meeting,
and/or intraoperative clinical judgment.
Results: Among 460 enrolled patients, 73 (15.9%) underwent D1 lymphadenectomy and 387 (84.1%) D2
lymphadenectomy. Male gender, older age, American Society of Anesthesiologists score (ASA) III/IV,
higher neutrophil-to-lymphocyte ratio (NLR) and higher Charlson Comorbidity Index (CCI) were more
common in the D1 group. Postoperative major complications were significantly higher in D1 group
(24.7% vs 12.4%, p< 0.001) and mostly related to clinical complications. Locoregional recurrence was
higher in the D1 group (53.8% vs 39.5%, p¼ 0.330) however, without statistical significance. No difference
was found in disease-free survival (DFS) between D1 and D2 patients with positive lymph nodes
(p¼ 0.192), whereas overall survival was longer in the D2 group (p< 0.001). Multivariate analysis showed
a statistically significant impact on survival of age �70 years, CCI �5, total gastrectomy, D1 lymphade-
nectomy and advanced stages (III/IV).
Conclusions: Frail patients had high surgical mortality even when submitted to D1 dissection. DFS was
comparable to D2. Extent of lymphadenectomy in high-risk patients should take in account the expec-
tation of a decrease in surgical risk with the possibility of impairment of long-term survival.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Gastric cancer (GC) persists as the 5th most common type of
cancer worldwide and the 3rd most common cause of cancer
related death [1]. As life expectancy increases, the incidence of
gastric cancer in elderly frail patients with multiple age-related
comorbidities also expands [2].

The basis of GC treatment is surgical resection with D2 lym-
phadenectomy characterized the resection of lymph nodes along
the main gastric arteries [3,4]. However, this type of lymph node
dissection extends surgical time and may increase surgery related
ira Cesar, S~ao Paulo SP, Brazil.
F.K.P. Ramos).

on for Cancer Surgery, and the Eur
morbidity and mortality when compared to a more limited
dissection such as D1 lymphadenectomy [5,6]. Elder patients and
those with poor clinical conditions have a shorter life expectancy
and may not have the benefit from a broader lymph node dissec-
tion. Additionally, these frail patients, which are less tolerant to
aggressions, would be exposed to a greater surgical risk.

Currently, we lack information concerning the results of per-
forming D1 gastrectomy in patients with unfavorable clinical con-
ditions. So, the aim of this study was to evaluate the short and long-
term surgical results of this group of patients.

Methods

We performed a retrospective review of our institutional
prospective collected database from 2009 to 2017. All patients
opean Society of Surgical Oncology. All rights reserved.
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submitted to gastrectomy with curative intent and D1 or D2 lym-
phadenectomy due to gastric adenocarcinoma were included. Pa-
tients with gastric stump neoplasia, other histological types or who
underwent palliative resection were excluded.

All patients were staged with abdominal and pelvic computed
tomography, upper endoscopy and laboratory tests. TNM staging
was performed according to the TNM 7th edition [7].

D1 lymphadenectomy for unfavorable clinical conditions was
defined as patients whose lesions would require D2 lymph node
dissection for curative intent but were otherwise indicated for D1.
Decisionwas based on preoperative multidisciplinary meeting and/
or intraoperative clinical judgment of the main surgeon. Decision
took in account the American Society of Anesthesiologists (ASA)
classification [8], Charlson Comorbidity Index (CCI) [9], intra-
operative instability, laboratory tests and nutritional status. CCI was
considered without including the GC as a comorbidity [9]. From the
age of 40, 1 point was added for each decade of life. CCI �5, ASA III/
IV and age �70 were considered as risk factors. This cutoff age was
established according to age quartile from all patients, where the
last quartile was used as a cutoff point.

Surgical complications were graded according to the Clavien-
Dindo's classification [10]. The length of hospital stay and the
number of retrieved lymph nodes were evaluated. Major compli-
cations were considered Clavien III-V. Surgical mortality was
considered when it occurred in the first 30 days after surgery or
during the hospital stay after the procedure.

The postoperative follow-up was performed on a quarterly basis
in the first year and every 6 months in the following years. Follow-
up tests for relapse detection were performed based on the pres-
ence of symptoms. Absence in medical appointments for more than
12 months was considered as loss of follow-up.

All cases were operated by surgeons with extensive experience
in the surgical treatment of GC. The surgical technique, gastric
resection (subtotal vs total) and lymphadenectomy extension (D1
or D2) were performed according to the recommendations of the
Japanese Gastric Cancer Association [3].

The study was approved by the hospital ethics committee
(NP993/16) and registered in the "Plataforma Brasil"(CAAE:
2915516.2.0000.0065) that collects all research projects involving
human beings in the country.
Statistical analysis

The Fisher's exact test or Chi-square tests were used for cate-
gorical variables and t-test for continuous variables. Factors asso-
ciated with surgical mortality were determined by binary logistic
regression analysis and Odds Ratios (OR) was obtained frommodel
estimates. Overall survival (OS) and disease-free survival (DFS)
were evaluated using the KaplaneMeier analysis and differences in
survival were examined using the Log Rank Test. To determine
factors associated with DFS and OS, Hazard Ratios (HR) with 95%
Confidence Intervals (CI) were calculated by univariate and multi-
variate Cox proportional hazard regression models. Variables that
were significant on univariate analysis were included as covariates
in multivariate Cox regression to determine which ones indepen-
dently affected prognosis. Survival (in months) was calculated from
the date of surgery until the date of recurrence or death of any
cause. Patients alive were censored at the date of last follow-up.
Postoperative mortality was excluded from the DFS analysis. All
tests were two-sided and p< 0.05 was considered statistically sig-
nificant. Analysis was performed using SPSS software, version 18.0
(SPSS Inc, Chicago, IL).
Results

Five hundred forty-four cases were initially evaluated. Of these,
84 did not meet the inclusion criteria. The remaining 460 patients
were enrolled in the study. Of these, 73 patients (15.9%) underwent
D1 lymphadenectomy and 387 (84.1%) D2. Mean age was 63 years
(range 26e94), with male preponderance (60.4% vs 39.6%). Most
tumors were located in the distal part of the stomach and therefore
subtotal gastrectomy was the most frequent type of gastric resec-
tion (64.8%). Among the 73 patients in the D1 group, 14 patients
were older than 70 years; 10 had CCI �5 and 10 were ASAIII/IV.
Twenty-six patients had 2 of these risk variables and 13 patients
had all 3 variables.

Clinical characteristics of D1 and D2 groups are summarized in
Table 1. Univariate analysis revealed that male gender, older age,
ASA III/IV, higher Neutrophil-to-lymphocyte ratio (NLR) and higher
CCI were related to D1 group.

Subtotal gastrectomy was performed more frequently in the D1
group (p¼ 0.011). The mean number of harvested lymph node was
significantly higher in the D2 group (41.3 vs 27.0, p< 0.001).

Well/moderately differentiated lesions (p¼ 0.022) and Lauren
intestinal type tumors (p¼ 0.003) were more frequently observed
in patients who received D1 lymphadenectomy.

Groups were similar concerning lymphatic (p¼ 0.524), venous
(p¼ 0.999) and perineural invasion (p¼ 0.073). TNM staging was
equivalent between the two groups (p¼ 0.430).

Major postoperative complications (Clavien� III) were signifi-
cantly higher in the D1 group (24.7% vs 12.4%, p< 0.001). Hospital
mortality (Clavien V) occurred in 13 patients from each group,
being significantly higher in the D1 group (17.8% vs 3.4%, p< 0.001).
Nine of the 13 surgical deaths in the D1 group were due to clinical
complications, with pneumonia being responsible for 4 deaths. In
the D2 group 11 of the 13 surgical deaths occurred due to surgical
complications and duodenal stump fistula was the most common
cause, counting 4 deaths.

A binary logistic regression was performed to identify risk fac-
tors associated to surgical death (Table 2). After the multivariate
analysis, age �70 years, ASA III/IV and D1 lymphadenectomy were
independent risk factors for surgical death.

Median hospital stay was 9 days for both groups (D1: range
4e73 days, mean of 14.2 days; D2: range 4e59 days, mean of 11.5
days).

Survival analysis

The median follow-up was 24.4 months (mean of 28.9 months,
SD± 21.8) for surviving patients. At the time of this review, 121
patients died and 94 had disease recurrence. A total of 9.3% patients
were lost during follow-up. OS and DFS rates were 73.7% and 78.3%,
respectively. Adjuvant therapywas administered in 31.5% and 56.3%
patients in the D1 and D2 groups, respectively (p< 0.001).

After excluding the postoperative deaths, recurrence in the
remaining 434 patients was 21.7% (13/60 cases) for D1 and 21.7%
(81/374 cases) for D2. DFS was equivalent for D1 and D2 groups
(p¼ 0.652). Locoregional recurrence was higher in the D1 group,
but this was not statistically significant (53.8% vs. 39.5%, p¼ 0.330).
When adjusted for the presence of lymph node metastasis, there
was also no significant difference in DFS between D1 pNþ and D2
pN þ cases (62.1% vs 66.5%, respectively, p¼ 0.192; Fig. 1).

As observed in Fig. 1, the D2 group had longer OS rates (76% vs
61.6%, p< 0.001). The mean OS for D2 patients were 64.7 months
(SD± 2.18, median time not reached) and 38.5 months (SD± 4.50,
median of 38.5 months) for D1 patients. During follow-up, after
excluding the postoperative mortality, death with recurrence
occurred in 13.3% (8/60 cases) of D1 group and in 15% (56/374



Table 1
Clinicopathological variables and surgical results for D1 and D2 groups.

Variables Lymphadenectomy Group

D1 n¼ 73 (%) D2 n¼ 387 (%) p-value

Age (years) < 0.001
Mean (range) 72.4 (41e94) 61.2 (26e86)

Gender 0.023
Male 53 (72.6) 226 (58.4)
Female 20 (27.4) 161 (41.6)

BMI (Kg/cm2) 0.105
Mean (range) 23.7 (44) 24.7 (5.0)

Hemoglobin (g/dL) 0.650
Mean (SD) 13.2 (14.7) 12.4 (2.2)

Albumin (mg/dL) 0.113
Mean (SD) 3.8 (0.7) 4.1 (1.7)

Neutrophil lymphocyte ratio (NLR)
Mean (SD) 3.14 (2.4) 2.61 (2.5) 0.026
<3 47 (64.4) 297 (75.7)
>3 26 (35.6) 90 (23.3)

Charlson Comorbidity Index (CCI)a < 0.001
<5 44 (60.3) 362 (93.5)
>5 29 (39.7) 25 (6.5)

ASA (American Society of Anesthesiologists) < 0.001
I/II 32 (43.8) 331 (85.5)
III/IV 41 (56.2) 56 (14.5)

Tumor site 0.155
Upper 4 (5.5) 42 (10.9)
Middle 13 (17.8) 84 (21.7)
Lower 56 (76.7) 250 (64.6)
Entire 0 (0) 11 (2.8)

Type of resection 0.009
Subtotal 57 (78.1) 241 (62.3)
Total 16 (21.9) 146 (37.7)

Tumor size (cm) 0.273
Mean (SD) 4.4 (2.7) 4.9 (3.4)

Grade histological type 0.022
Well/moderately differentiated 45 (61.6) 181 (46.8)
Poorly differentiated 28 (38.4) 206 (53.2)

Lauren type 0.003
Intestinal 50 (69.4) 189 (48.8)
Diffuse/mixed 22 (30.6) 183 (47.3)
Undetermined 0 (0) 15 (3.9)

pT status 0.957
pT1 23 (31.5) 110 (28.4)
pT2 8 (11.0) 47 (12.1)
pT3 23 (31.5) 125 (32.3)
pT4 19 (26.0) 105 (27.1)

Harvested lymph nodes < 0.001
Mean (SD) 27 (12.7) 41.3 (17.4)

pN status 0.500
pN negative 35 (47.9) 169 (43.7)
pN positive 38 (52.1) 218 (56.3)

Stage 0.817
I/II 42 (57.5) 217 (56.1)
III/IV 31 (42.5) 170 (43.9)

Postoperative complication (Clavien-Dindo Classification) < 0.001
No complication 41 (56.2) 264 (68.2)
Grade I-II 14 (19.2) 75 (19.4)
Grade III-IV 5 (6.8) 35 (9.0)
Grade V 13 (17.8) 13 (3.4)

a Value without neoplasia and with age.
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cases) of D2 group.
Univariate andmultivariate analysis were performed to evaluate

the prognostic factors affecting OS (Table 3) and DFS (Table 4).
Univariate analysis identified 7 variables that influenced the OS.
After multivariate analysis, older age (�70 years), CCI� 5, total
gastrectomy, D1 lymphadenectomy and more advanced stages (III/
IV) were independent factors associated with significantly lower
OS. Regarding DFS, total gastrectomy and stage III/IV were factors
associated with worse DFS after multivariate analysis.
Discussion

Gastrectomy with D2 lymphadenectomy is the standard oper-
ation for patients with advanced GC. When compared to D1, it in-
creases OS at the expense of an increased risk of early complications
[5,6]. While this should be taken into account for all patients, it is
particularly important to weight this decision in elderly and/or frail
patients, since they have a shorter life expectancy [2,11]. This topic
is subject of intense debate [12,13]. Patients who underwent D2
dissection showed an improvement in the OS and cancer-specific
survival (CSS). However, age may not be so important to CSS.
Some reports even show less recurrence in the elderly patients
[14,15]. This may be partially explained by the higher frequency of
Lauren's intestinal type tumors (consequence of the long term
chronic inflammation of the gastric mucosa) which is associated
with better prognosis (compared to diffuse type) [16,17]. Indeed, in
our analysis the D1 group had more cases of intestinal type tumor.
Furthermore, the frequency of GC with microsatellite instability,
which correlates with less advanced stages and better survival
outcomes, is also higher in older patients [18,19]. On the other
hand, elderly patients are less prone to tolerate adjuvant therapy,
whichmayworsen the survival of thosewithmore advanced stages
[20e22]. In our study, only 31.5% of the D1 patients received
adjuvant therapy.

The present study was developed to further address this com-
plexmatter. Even though a D1 lymphadenectomywas performed in
the group with clinical unfavorable medical conditions, in an
attempt to reduce surgical morbidity and mortality, it remained
notably high. As expected, when patients in the D1 group hadmajor
surgical complications, they died in a higher proportion than in the
D2 group. This confirms their lower capacity to endure complica-
tions [23]. Interestingly, the risk factors for surgical death after
multivariate analysis were age �70, ASA III/IV and D1 dissection.
However, it does not mean that D1 dissection is more aggressive
and prone to surgical mortality than D2. As previously described,
the decision to perform D1 was based on the clinical judgment of
the surgeon or at preoperative multidisciplinary meeting. So, this
clinical evaluation effectively identified this high-risk group
(composed of elderly and highly comorbid patients) and selected
them to a less extended D1 dissection. This result highlights the
importance of meticulous preoperative evaluation and the value of
the surgeon's clinical perception in categorizing these high-risk
patients.

Compared to the D2 group, the D1 had a male preponderance,
more subtotal resections, and, as expected, patients were older and
with more comorbidities. Possible explanations for having more
subtotal resections are the previous discussed higher number of
intestinal type lesions, were margins can be more easily obtained;
and the different disease pathogenesis in the elder, withmore distal
lesions related to chronic gastritis [14,15,18].

NLR was also higher in the D1 group. NLR reflects inflammatory
status and an elevated NLR has being associated with increased
postoperative infectious complications andworse OS in GC patients
[24,25]. In the D1 group, 69% of the deaths were due to pneumonia,
while the majority of deaths in the D2 group were associated with
surgical complications. This was expected, since less aggressive
surgery was performed for the frail patients and their complica-
tions were mainly related with their clinical status. Instead, D2
patients mostly died from surgical complications with feature for
duodenal stump fistula, which has been reported as the most lethal
complication following D2 gastrectomy [26].

OS was significantly worse in the D1 group. While this result
might be greatly influenced by the occurrence of non-cancer
related deaths, it is noticeable that D1 lymphadenectomy was an
independent risk factor for reduced survival after multivariate



Table 2
Univariate and multivariate analysis for the risk of surgical death (Clavien V).

Variablesa Univariate p Multivariate p

Odds Ratio 95% CI Odds Ratio 95% CI

Age 0e69 vs. �70 years 4.24 1.84e9.76 0.001 2.92 1.21e7.04 0.017
Female vs. Male 2.24 0.88e5.70 0.089 e e e

ASA I/II vs ASA III/IV 4.95 2.21e11.09 <0.001 2.93 1.20e7.17 0.018
NLR <3 vs >3 1.93 0.85e4.39 0.115 e e e

Charlson <5 vs. Charlson >5 2.42 0.93e6.32 0.071 e e e

Subtotal vs. Total gastrectomy 1.16 0.52e2.63 0.715 e e e

D2 vs. D1 gastrectomy 6.25 2.76e14.13 <0.001 2.96 1.18e7.43 0.021
Intestinal vs. Diffuse type 0.44 0.18e1.01 0.069 e e e

Stage I/II vs. stage III/IV 0.95 0.42e2.11 0.891 e e e

a Reference category listed first.

Fig. 1. Kaplan-Meier survival analysis. DFS for D1 and D2 groups with positive lymph node (pNþ) and OS for all patients.
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Table 3
Univariate and multivariate analysis for the risk of death (OS).

Variablesa Univariate p Multivariate p

Hazard ratio 95% CI Hazard ratio 95% CI

Age 0e69 vs. �70 years 1.61 1.12e2.31 0.010 1.61 1.09e2.37 0.017
Female vs. Male 1.22 0.85e1.77 0.284 e e e

NLR <3 vs >3 1.21 0.81e1.82 0.357 e e e

Charlson <5 vs. Charlson >5 1.91 1.15e3.15 0.012 1.92 1.70e3.44 0.029
Subtotal vs. Total gastrectomy 1.81 1.27e2.59 0.001 1.93 1.34e2.77 < 0.001
D2 vs. D1 gastrectomy 2.17 1.42e3.32 < 0.001 2.24 1.38e3.61 0.001
Intestinal vs. Diffuse type 1.48 1.03e2.11 0.033 1.44 0.99e2.10 0.059
Stage I/II vs. stage III/IV 3.26 2.22e4.78 < 0.001 3.20 2.14e4.78 < 0.001
Clavien-Dindo 0-II vs. > III 3.93 2.65e5.83 < 0.001 4.14 2.76e6.22 < 0.001

a Reference category listed first.

Table 4
Univariate and multivariate analysis for the risk of recurrence (DFS).

Variablesa Univariate p Multivariate p

Hazard ratio 95% CI Hazard ratio 95% CI

Age 0e69 vs. �70 years 0.79 0.50e1.24 0.304 e e e

Female vs. Male 1.22 0.80e1.85 0.368 e e e

NLR <3 vs >3 0.97 0.60e1.58 0.904 e e e

Charlson <5 vs. Charlson >5 0.96 0.47e1.98 0.914 e e e

Subtotal vs. Total gastrectomy 2.37 1.58e3.57 < 0.001 3.13 1.42e3.20 < 0.001
D2 vs. D1 gastrectomy 1.14 0.64e2.06 0.652 e e e

Intestinal vs. Diffuse type 1.75 1.16e2.63 0.008 1.19 0.79e1.81 0.406
Stage I/II vs. stage III/IV 7.58 4.48e12.83 < 0.001 7.04 4.13e12.02 < 0.001
Clavien-Dindo 0-II vs. III-IV 0.92 0.44e1.89 0.812 e e e

a Reference category listed first.
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analysis with other covariates such as age, CCI and clinical stage.
DFS was similar between groups. Afterwards, we verify DFS

specifically in patients with positive lymph nodes in the surgical
specimen. In theory, patients with positive lymph nodes corre-
sponded to the group that would most benefit from a more
extensive lymphadenectomy, since it already had the demonstra-
tion of lymph node dissemination [27]. However, no significant
differences were found in recurrence rates regardless of the extent
of lymphadenectomy. Nevertheless, there was a tendency for a
better result in the D2 group. Also, D1 patients are expected to have
more regional recurrences, compared to peritoneal/hematogenic,
than those of D2 group. Again, data suggest that a tendency
occurred, however, without reaching statistical significance. The
inclusion of more cases and a longer period of follow-up may turn
this tendency to a significant result.

As a benchmark for our study, it is worthy to mention Rausei
et al. [12] who analyzed elderly Italian patients and found no in-
crease in OS for patients over 70 years with comorbidities sub-
mitted to D2 lymphadenectomy compared to D1. OS was improved
only in those without comorbidities. Regarding CSS in patients
submitted to D2 in the whole population, there was a tendency for
better survival even though without a statistical significance. At the
same time, the analysis including only patients with positive lymph
nodes demonstrated a better CSS for the D2 group.

Some limitations in the present study should be considered. This
was a single-center study and some patients have a relatively short
follow-up. Also, differences in adjuvant chemotherapy regimens
exist among groups. A major limitation of our study is the difficulty
to define “unfavorable clinical condition”. Although this decision
employs laboratory parameters and validated risk scores, it remains
subjective and, therefore, exposed to great variation among sur-
geons. Recent improvements in quality of life and health promotion
measures make inappropriate using only “age” as a measure. The
application of the CCI assists in this categorization, since it creates a
score based on the number of relevant clinical comorbidities.
However, CCI does not discriminate the severity of each disease. On
the other hand, ASA classification is based on the patient physical
status, and reflects the grade of severity of the comorbidity.
Accordingly, defining an effective and practical daily risk score is
still required [2,28].

A point worth mentioning is the high number of lymph nodes
present in the D1 lymphadenectomy group. While this may be
influenced by the use of Carnoy's solution as tissue fixative [29,30],
we believe that a certain degree of "contamination", which means
resection of lymph nodes outside the territory of D1 lymphade-
nectomy, may have occurred. Possibly, this fact may have added
morbidity to the D1 group and impaired the comparison of survival
between groups [27].

Among the strengths of the study, it was conducted in a high-
volume center and patients and procedures were performed by
specialized surgeons. Additionally, they were all previously dis-
cussed in meetings, so most were judged as unfavorable in the
preoperative by a multidisciplinary team. Also, to avoid bias, only
D1 and D2 gastrectomy with potentially curative intent was
considered.

Currently, with the diffusion of employment of D2 lymphade-
nectomy worldwide, there are few opportunities to compare
oncological surgical results between the two types of lymphade-
nectomy [5,6,31e33]. Although there was no statistical difference,
the curve in the survival chart shows a tendency for better survival
for D2 group. Probably, with a large sample of patients and a longer
follow-up time this may reach statistical significance.

Progressively, it has been observed an increasing number of
patients presenting multiple comorbidities that are candidates for
surgical procedure [34]. Despite the proven superior oncologic
outcome of patients submitted to D2 lymphadenectomy, patients
with a bad performance status may not tolerate the more extensive
lymphadenectomy. It may be associated with increased surgical
morbidity and mortality, and therefore may render the former
benefit irrelevant [35]. Patients with low expected survival due to
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the presence of severe comorbidities may not have time to benefit
from this improvement in survival attributed to D2 dissection.
Judgment and careful preoperative evaluation should be performed
in these cases. It must be remembered that the Dutch D1D2 trial
took 15 years of follow-up to identify a lower locoregional and
gastric-cancer-related death rate of the D2 arm [36].

Conclusion

Frail patients with unfavorable clinical conditions have high
surgical morbidity and mortality even when a more limited D1
lymphadenectomy is performed. There was no difference in DFS
between D1 and D2 groups. Extent of lymphadenectomy in high-
risk patients should take in account the expectation of a decrease
in surgical risk with the possibility of impairment of long-term
survival.
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