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Abstract: Background: Although the current literature has shown an increasing interest in surgical
treatment of gastric cancer (GC) in older adults in recent years, there is still no consensus on proper
management in this subgroup of patients. This study was designed with the objective of evaluating
the current evidence that compares limited lymph node dissection with extended lymph node dissec-
tion in older adult patients (=65 years) coursing with resectable GC. Methods: A systematic review
of PubMed, Cochrane library, and ScienceDirect was performed according to PRISMA guidelines. All
studies before 2018 were selected using a systematic review by Mogal et al. Studies were eligible for
this meta-analysis if they were randomized controlled trials or non-randomized comparative studies
comparing limited lymph node dissection versus extended lymph node dissection in patients with
resectable GC taken to gastrectomy. Results: Seventeen studies and a total of 5056 patients were
included. There were not any statistically significant differences in OS (HR = 1.04, CI95% = 0.72-1.51),
RFS (HR = 0.92, CI95% = 0.62-1.38), or CSS (HR = 1.24, CI95% = 0.74-2.10) between older adult
patients taken to limited and extended lymphadenectomy in addition to gastrectomy as the current
surgical treatment for GC. Although a higher rate of major complications was observed in the ex-
tended lymphadenectomy group, this difference was not statistically significant in incidence between
both groups of patients (OR = 1.92, CI95% = 0.75-4.91). Conclusions: Limited lymphadenectomy
must be considered as the better recommendation for surgical treatment for GC in older adult patients,
considering the oncological outcomes and lower rates of complications compared with more radical
lymph node dissections.

Keywords: gastric cancer; lymphadenectomy; lymph node dissection; older adults; prognosis

1. Introduction

Gastric cancer (GC) is the fifth most common malignant disease, amounting to either
the second or third highest rates of mortality worldwide depending on the source [1,2].
Its incidence increases proportionally with age; according to Globocan’s predictions, GC’s
crude rate for all age groups is estimated to be 12.3/100,000 people, while it goes up to
89.1/100,000 people in the population older than 70 years [3,4]. These data become even
more relevant considering the fast-growing rates of people over 60 years old, prompting
the United Nations to declare the decade between 2021 and 2030 as the “Decade of Healthy
Aging” while urging the development of programs focused on the well-being of older
individuals considering the current demographic curve change [5]. However, clinical
research tends to exclude the older adult population from data analysis in GC [6]. Although
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GC is a public health matter, there are still multiple knowledge gaps in areas including
inclusive screening strategies and timely diagnosis, the behavior of different biological
variants, and customized or classified-by-age group approaches to management in older
adults that could guarantee better outcomes.

The current treatment of choice for locally advanced GC is complete surgical resection
(R0), with the evidence reporting better results when paired with chemotherapy [7,8].
Surgical resection on an intention-to-treat basis requires an extensive lymph node dissection,
as the number of metastatic lymph nodes resected is one of the most important prognostic
aspects [9-11]. Current international treatment guidelines recommend that the dissection
of 15 or more lymph nodes be sent for histopathological studies as ideal for both proper
diagnostic stratification and overall patient survival rates. Although there is still some
controversy between different specialized GC centers in the East and West, nowadays, a D2
lymphadenectomy is considered the standard surgical procedure for localized resectable
gastric cancer [12-14].

However, the appropriate therapeutic approach for GC in older adult patients is still a
controversial subject for which there is no consensus on the extension of lymphadenectomy
or chemotherapy schemes to follow. It is thus pertinent to consider this population’s
remaining life span in relation to the extension of lymphadenectomy, considering the
current markers for successful treatment are determined in terms of time into 3- or 5-year
overall survival (0S), relapse-free survival (RFS), and cancer-specific survival (CSS). Most
current studies support the D2 lymphadenectomy as the standard surgical procedure after
evaluating its benefits for up to 15 years of patient follow-up [15,16], which is a significant
extension of time considering older adults’ lifespan. Other important factors to take into
account in this population are comorbidity and fragility as they determine a higher risk
of complications, postoperative mortality, and mortality due to a different etiology than
the primary tumor [4,17]. These considerations often also suggest against performing or
completing chemotherapy schemes in this population, further highlighting the importance
of a complete surgical approach for achieving optimistic results [18].

Although the current literature has shown an increasing interest in the surgical treat-
ment of gastric cancer in older adults in recent years, there is still no consensus on proper
management in this subgroup of patients [19,20]. Considering the aforementioned, this
study was designed with the objective of evaluating the current evidence that compares
limited lymph node dissection (DO, D1, or D1 plus) with extended lymph node dissection
(D2, D2 plus, and D3) in older adult patients (=65 years) coursing with resectable GC.

2. Materials and Methods

A systematic review and meta-analysis was performed following the “Preferred Re-
porting Items for Systematic Reviews and Meta-Analysis (PRISMA)” guidelines [21,22]
and “A MeaSurement Tool to Assess systematic Reviews (AMSTAR 2)” [23]. This protocol
was registered on PROSPERO under number CRD42023487791.

2.1. Literature Search and Inclusion Criteria

A search of the literature on Pubmed and Embase from January 2018 to December
2023 was performed using the following search terms: [“lymphadenectomy” OR “lymph
node dissection” OR “D1” OR “D2”] AND [“gastric cancer” OR “gastrectomy”]. All studies
before 2018 were selected using a systematic review by Mogal et al. [24]. Studies were
eligible for this meta-analysis if they were randomized controlled trials or non-randomized
comparative studies comparing limited lymph node dissection (DO, D1, or D1 plus) versus
extended lymph node dissection (D2, D2 plus, or D3) in patients with resectable GC taken to
gastrectomy and were published in English. Studies were excluded if they did not provide
enough information to calculate the hazard ratio (HR) and its 95% confidence interval
(CI95%) for OS or if it was not possible to obtain other results of interest for this study.
If a study included overlapping cohorts, we chose to analyze the study with the largest
cohort. In cases where propensity score matching was performed, data were extracted
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from the sample after matching. Studies were initially selected by reviewing the title and
abstract, and eligible articles were then reviewed using the complete manuscript. Two
authors (C.R.-G. and LV.-L.) evaluated article eligibility independently while discrepancies
were resolved using a third investigator (A.L.-R.). All references detected were saved
electronically in Rayyan software (specific for systematic reviews) [25].

2.2. Data Extraction

Two authors (C.R.-G. and L.V.-L.) independently extracted all data from eligible stud-
ies using standardized forms. Extracted data included the first author, publication year,
country, follow-up time duration, study design, sample size group in limited and ex-
tended lymph node dissection groups, demographical and clinical characteristics of study
participants, and results of interest to this study.

2.3. Risk of Bias and Quality Control

Randomized clinical trials were evaluated using the Cochrane Risk of Bias Assessment
Tool v.2. (RoB2) [26]. This instrument evaluates the risk of bias in five different domains as
follows: arising from the randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and selection of the reported result.
According to the abovementioned evaluation, each study was classified as having either a
low risk of bias, some concerns of bias, or a high risk of bias. Nonrandomized studies’ risks
of bias were assessed using the Risk of Bias in Nonrandomized Studies of Interventions
(ROBINS-I) instrument [27], which takes into account the following seven domains: bias
due to confounding, in the selection of participants for a study, in the classification of
interventions, due to deviations from intended interventions, due to missing data, due to
the measurement of the outcome measurement, and due to the selection of the reported
result. According to these domains, studies were classified as having either a low, moderate,
high, or critical risk of bias. Studies were deemed high quality if they were classified as
having either a moderate or low risk of bias and low quality if they were at a high or critical
risk of bias. Two authors (C.R.-G. and L.V.-L.) independently evaluated study quality, while
any discrepancies were solved by means of a third reviewer (Al).

2.4. Statistical Analysis

The primary outcomes were 0S, RFS, CSS, and postoperative complication rates. HR for
0S, RFS, and CSS and odds ratio (OR) for postoperative complications were used as a measure
of effect to evaluate prognosis in the meta-analysis. Additionally, the HR for the age variable
was used as a measure of effect in the studies that did not specifically evaluate older adult
patients, with the objective of reviewing whether age is an independent risk factor for OS.

The HR and their respective CI95% values were extracted from the text directly. A
random effects model based on Der Simonian and Laird’s method was employed [28]. To
further illustrate the results of this meta-analysis, different forest plots were generated.
Publication bias was assessed using the Eggers’ test and was graphed as funnel plots.
Heterogeneity between studies was evaluated using Cochran’s Q test and/or the Higgins
test (with the I? statistic to measure the grade of variation non-attributable to chance alone).
Heterogeneity was then classified as low (I? < 25%), moderate (I2 = 25% to 75%), or high
(I > 75%). All models were performed using random effects because of the clinical and
methodological heterogeneity presented in the included studies. Sensitivity analyses were
performed to determine the robustness of the results.

To review differences between subgroups and potential causes of the observed het-
erogeneity, an analysis by subgroups was performed according to the type of study (ran-
domized controlled trials versus non-randomized comparative studies) and the publication
date (on or before 2010 versus after 2010).

The statistical analysis was performed using R version 4.3.0 in the RStudio 2023.03.1
environment, with the package meta (General Package for Meta-Analysis) version 6.2-1 [29].
A p value of <0.05 was considered as statistically significant.
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3. Results
3.1. Literature Search Results

We identified 11,663 records after removing duplicates, reviews, letters, guidelines,
and meta-analyses, followed by a screening of titles and abstract reviews, and subsequently,
29 full-text articles were reviewed. Studies were excluded if they did not compare limited
versus extended lymphadenectomy according to our definition, if they were not com-
parative studies, and if they lacked enough data to extract for analysis [8,30-43]. Out
of the studies included from the systematic revision by Mogal et al. [24], studies were
excluded if they were non-randomized non-comparative, if they did not compare extended
versus limited lymphadenectomy according to our definition, and if they did not have
enough information to extract [6,44-68]. Finally, 17 studies were considered eligible for this
systematic review and meta-analysis (Figure 1).
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= Studies included in the Records identified from: screening.
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Figure 1. Flowchart representing information flow in each different stage of this systematic revision
using PRISMA.

3.2. Description of Included Studies

The 17 included studies totaled 5056 patients distributed in the following manner: six
studies that reported a total of 839 subjects included older adult patients only, out of which
444 subjects (53%) were taken to extended lymphadenectomy and 395 subjects (47%) were
taken to limited lymphadenectomy (Table 1). Furthermore, 11 studies totaled 4217 patients
that were not reported or defined by a specific age group, out of which 2628 subjects (62%)
were taken to extended lymphadenectomy and 1589 subjects (38%) were taken to limited
lymphadenectomy (Table 2). For the study by Zhang et al, only data from the D1 vs. D2
portion was included, considering that D2 is the current standard of treatment [69].
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Table 1. Studies that compared limited and extended lymphadenectomy in older adults.
Author/Study Stud Median/Mean * Aged I\I/{Iedlan/l(\i/lzan ) ques Overall Survival M Otl: _eratlvel_
Group/Number Ptu' }‘; Comparing Limited eI{l.OVfE omparing Comparing Limited orbrm ort‘::t 1t.y Comments
of Patients ero Versus Extended imited Versus Versus Extended Comparing Limited
Extended Versus Extended
Patients =75 years.
Laparoscopic gastrectomy.
Sakaguchi et al. [4] L: 80 L: 38 3-year OS Clavien-Dindo =3 There were no statistically significant
. . differences in the retrieved lymph nodes
N =52 2011-2017 E: 81 E: 44 L: 68.8% L: 0% between extended versus limited
E: 68.8% E: 3.9%
lymphadenectomy.
There were no statistically significant
differences in the OS.
Patients =75 years.
Adjuvant chemotherapy was 36.1% in the
limited group and 27.8% in
the extended group.
3 year 0S There were no significant differences in
Ko et al. [18] 20072015 L: 78.61* L: 25.04 * HR: 1.72 Clav1eLr'1—2D§21do =3 Clavien-Dindo 23=5802r8e; between
N = 144 E:78.82 * E:34.19 * 5-year 0S :2.8% groups (p =0.289).
HR: 1.54 E: 83% There were statistically significant
differences in the 5-year RFS (HR 2.11
(95%CI 1.01-4.40)).
There were no statistically significant
differences in the 5-year OS (HR 1.54
(95%CI 0.92-2.59)).
Patients =75 years.
Patients in the D1 group were older, had
higher ASA class, and had more
frequently cerebrovascular disease and
0S Clavien-Dindo >3 anticoagulat.ion medication than patients
Back et al. [70] 2000-2015 NR L: 120 L: 32.7 months L: 17.6% in the D2 group.
N =99 E: 20.0 E: 31.7 months E: 20.8% The median follow-up time

was 32.5 months.
Morbidity and mortality were similar
in both groups.
The D1 and D2 groups were similar in OS,
CSS, and RFS.
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Table 1. Cont.

Author/Study

Median/Mean * Nodes

Study

Group/Number Period

of Patients

Median/Mean * Aged
Comparing Limited
Versus Extended

Removed Comparing
Limited Versus
Extended

Overall Survival
Comparing Limited
Versus Extended

Operative
Morbimortality

Comparing Limited

Versus Extended

Comments

Shinozuka etal. [17]

N = 174 2010-2014

L: 83.0
E: 82.0

L: 24.0
E: 32.0

3-year OS
L: 77.6%
E: 72.8%

Clavien-Dindo =3
L: 8.0%
E: 11.5%

Patients =280 years.
The patients in the D2 group had a
significantly longer median operation
time and more blood loss compared with
those in the non-D2 group.
There was no significant difference
between the two groups in grade III or
greater postoperative complications.
No significant differences in CSS and RFS
were found between the groups (HR 1.70;
p=0.180 and HR 1.14;
p = 0.687, respectively).
There were no significant differences in
OS between the groups
(HR 1.49, p = 0.104).

Seo et al. [71]

N < 103 2006-2016

L:82.8*

E:82.8*

L:35.1*

E:43.8*

NR

Clavien-Dindo =3

L: 4.8
E: 171

Patients 280 years.
The mean follow-up period for the
103 enrolled patients was
33.1 + 23.4 months.

No differences in Clavien-Dindo
classification or duration until discharge
were observed between groups.

No differences in OS rates according to
the extent of lymphadenectomy were
detected between groups (p = 0.223).
Cox regression analysis: History of
coronary artery disease, Clavien-Dindo
2 3,and TNM stage were independent
risk factors for OS.

Logistic regression analysis: D2 increased

the risk for Clavin-Dindo = 3.
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Table 1. Cont.

. . .
Author/Study Stud Median/Mean * Aged I\I/{[edlan/lc\l/lgan No'des Overall Survival M Og'eratll‘:n}
Group/Number oy Comparing Limited emoved L-omparing Comparing Limited orbimorta 1fy Comments
of Patients Period Versus Extended Limited Versus Versus Extended Comparing Limited
Extended Versus Extended
Patients 270 years.
Type of lymphadenectomy was
determined preoperatively by the
surgeon considering cardiopulmonary
function, other comorbidities, and other
patient conditions or based on
intraoperative findings.
Morbidity was similar between
groups (p = 0.489).
The 5-year OS rate was significantly
Mikami et al. [72] L: 78.3* L: 273 5-year OS Clavien-Dindo =3 lower in the limited group than the
_ 2001-2011 . " . L: 52.6% L: 18.6 extended group (52.6% vs. 82.4%,
N = 267 E: 75.2 E: 36.1 E: 82.4% E: 153

p < 0.001).

Among patients with Stage Il and Stage
1l disease, 5- year OS rates of the limited
group were significantly lower than in
the extended group (41.3% vs. 72.3%,
p =0.001).

Multivariate analysis showed that age,
gender, body mass index, prognostic
nutrition index, and tumor stage were
independent prognostic factors for poor
overall survival.

L: limited; E: extended; IQR: interquartile range; Cl: confidence interval; OS: overall survival; NR: reported; HR: hazard ratio; RFS: relapse-Free Survival; CSS: cancer-Specific Survival
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Table 2. Studies that compared limited and extended lymphadenectomy (age group non-defined).

Median/Mean * Aged Median/Mean * Nodes . Operative
Author/Study . .. . Overall Survival . .
Study Comparing Limited Removed Comparing . .. Morbimortality
Group/Number iod ded imited Comparing Limited . imited Comments
of Patients Perio Versus Extende Limited Versus Versus Extended Comparing Limite
(Years) Extended Versus Extended
Patients were excluded if they had
serious co-morbid cardiorespiratory
disease that would preclude
5-year OS Minor/serious/fatal a safe D2 resection.
) . . Non-pancreas/spleen-
MRC STO01 [73,74] 1987-1994 L: 67.0 L: 13.0 L: 35% complications preserving D2 dissection.
N =400 E: 67.0 E: 17.0 L: 28% )
E: 33% Older patients, males, and stage II or 111
E: 46% . .
patients all experienced
poor survival rates.
D2 resection offered no significant
survival benefit over D surgery.
Inclusion criteria were age younger than
85 years and an adequate
physical condition.
Mortality Non-pancreas/spleen-preserving
5-vear OS L: 4% D2 dissection.
y E: 10% Significant risk factors for postoperative
. L: 45% s - L .
Dutch gastric cancer L: 67.0 L: 18.4 E: 479 Morbidity mortality in the logistic regression
trial [16,75,76] 1989-1993 E.- 65.0 E.- 31'5 15_’ ear(Z)S L: 25% analysis were age >70 versus <70 years
N =711 T U y E: 43% (OR 3.55,95% CI 1.91-6.61, p < 0.0001),
L: 21% .
E: 29% Reoperation D2 versus D1 lymphadenectomy (OR
' L: 8% 2.64,1.38-5.04,p = 0.003).
E: 18% Improved OS for D2 versus D1 in

TNM stage II
patients (33% vs. 15%),
N2 disease (19% vs. 0%).
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Table 2. Cont.

A Median/Mean * Aged Median/Mean * Nodes . Operative
uthor/Study Stud C ine Limited . Overall Survival . .
Group/Number udy omparing Limite Removed Comparing C ine Limited Morbimortality C "
PN Period Versus Extended Limited Versus omparmg Limite Comparing Limited omments
of Patients Versus Extended paring
(Years) Extended Versus Extended
Patients less than 80 years that were in an
adequate physical condition with no
serious co-morbid cardiorespiratory or
renal disease precluding
safe D2 dissection.
Spleen- and pancreas-preserving
D2 dissections.
There was no significant difference
between groups regarding morbidity.
A significantly worse survival was
5-year OS Mortality observed in patients aged 70 years or
L: 66.5% L: 3.0% more (p = 0.033).
Italian gastric cancer s 64.0 L: 25.0 E: 64.2% E: 2.2% Univariable analysis of the 5-year CSS
study group, [15,77,78]  1998-2006 E: 62.0 E: 33.0 15-year 0S Morbidity rate showed a survival benefit for
L: 51.3% L: 12% patients aged 70 years or more who had a
E: 46.8% E: 17.9% D1 gastrectomy (75% versus 51% for D2

resection; p = 0.018).

For pT > 1 and N+ tumors, improved
5-year OS (51% and 35%) and CSS (59%
and 38%) for D2 versus D1.
Fifteen-year OS and CSS were better after
D1 in patients older than 70 years
(p=10.003 and p = 0.006).
Fifteen-year CSS was significantly higher
after D2 in pT > 1 and N+ tumors (29.4%
vs. 51.4%, p = 0.035).
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Table 2. Cont.

Author/Stud Median/Mean * Aged Median/Mean * Nodes Overall Survival Operative
Grou /Numbir Study Comparing Limited Removed Comparing Comparing Limited Morbimortality Comments
of I}:atients Period Versus Extended Limited Versus Verls)us Eiten ded Comparing Limited
(Years) Extended Versus Extended
Inclusion criteria were age less than
75 years and a physical condition suitable
Mortali for either operation.
L Oo/ty Multivariable analysis: Age >65 versus
Wu et al. [79,80] L: 63.0 L: 19.4 5-year OS E: 0% <65 years (HR 1.25,95% CI 0.80-1.97,
1993-1999 L: 53.6% - p =0.326)
N =221 : 65. : 37.
E:65.2 E:37.2 E: 59.5% Msrl;léitl)/ty Multivariate analyses showed that nodal
E-I17. 1(;) disease, a tumor in the whole stomach,
o Bormann type Il and IV appearances,
and allocation to D1 surgery were
associated with poor survival.
Univariate analysis of prognostic factors:
Mortality Age risk ratio 1.02 (95% CI = 1.0003-1.04)
5-year 0S L: 6.8% (p = 0.046).
~ ~ Multivariate analysis using the Cox
_ . * . * . 0,
Ofiate-Ocafa etal. [81] g8, 1999 L: 552 " L:16.8 " L: 35% E: 8'.64) model showed that the most important
N =219 E:57.5 E:23.6 Morbidity . .
E: 64% L: 16.9% prognostic determinants were T stage, N
Do stage, the serum albumin level, total
E: 19.5%
gastrectomy, and
extended lymphadenectomy.
Inclusion criteria were age younger than
76 years and an adequate
. physical condition.
Mortality No significant difference in OS between
5-year OS L: 1.6% the D1 and D2 groups
. . * . 0, "
Zhang etal. [69] 1980-2005 L: 550 L:21.0 L: 37.4% E: O'.S(O The multivariate analyses showed
N =376 E: 55.0 E:23.0* Morbidity . . .
E: NR L: 14% that >7 cm in tumor size, the upper third
E.' 13(; tumor and the whole stomach tumor,
. 0

Bormann III type, N3 disease, and D1 and
D2 dissection were significantly
associated with poor survival.
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Table 2. Cont.

A Median/Mean * Aged Median/Mean * Nodes . Operative
uthor/Study Stud C ine Limited . Overall Survival . .
Group/Number udy omparing Limite Removed Comparing C ine Limited Morbimortality C "
PN Period Versus Extended Limited Versus omparmg Limite Comparing Limited omments
of Patients Versus Extended parig
(Years) Extended Versus Extended
The prognostic factor for patients
undergoing gastrectomy with D1/D1+ or
D2 lymphadenectomy was age =70
versus <70 years (HR 1.66,95% CI
0.714-3.881,p = 0.237).
Advanced age (=70 years) was associated
5-year 0OS Mortality with postoperative complications
L: 52.1% L: 2% (p = 0.006); however, these were mostly
Susanna Lam et al. [82] ,qaqz on1s L:67.4* L:15.0* E: 76.2% E: 0% Clavien-Dindo grade I and II
N =178 E:64.9* E:20.3* 10-year OS Clavien-Dindo =3 complications. Older age was not
L: 52.1% L: 12.82% associated with 30-day mortality.
E: 76.2% E: 5.12% OS was significantly longer in patients in
the D2 group (p = 0.008).
Multiple Cox analysis showed that
advanced tumor stage (stages Il and IV),
lymphadenectomy type (D1), and the
presence of postoperative complications
were independent predictors of poor OS.
According to multivariate analysis, the
risk of death increased with older age
5-year OS Mortality (=70-years), high-grade tumors, lesions
L: 43.2% L: 5.9% 2 5 cm, positive nodes = 3, and
Wohnrath et al. [83] 10042015 L: 65.0 L: 20.0 E: 26.0% E: 4% extra-gastric resections.
N = 656 E: 63.0 E: 28.0 10-year OS Clavien-Dindo =3 D2 lymphadenectomy improved the
L: 9.4% L: 11.9% median OS (37 versus 16 months) and
E: 30.6% E: 8.8% 3-years (51.1 versus 32.2%), 5-years

(43.2 versus 26), and 10 years 0OS
(30.6 versus 9.4%).
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Table 2. Cont.

Author/Study
Group/Number
of Patients

Median/Mean * Aged
Comparing Limited
Versus Extended

Median/Mean * Nodes
Removed Comparing
Limited Versus

Overall Survival
Comparing Limited
Versus Extended

Operative
Morbimortality

Comparing Limited

Comments

(Years) Extended Versus Extended
Pathologic stage of = pT2 or pN +.
D1+ versus D2 lymphadenectomy.
Mortality The D2 and D1 groups showed no
Ji Hoon Kang et al. [84] L: 62.5 * L: 40.0 * 5-year 0S L: 0% significant difference in OS (p = 0.488) or
L: 82.3% . E: 0.?% . RFS (p = 0.705).
N =370 E: 629 * E:45.0* E: 82.4% Clavien-Dindo =3 Extension of lymphadenectomy was not
T L: 3.8% an independent predictive factor for
E: 43% postoperative morbidity.
Age, sex, BM], pT stage, and pN stage
were independent prognostic factors.
D1 lymphadenectomy was chosen in
unfavorable clinical conditions.
The median follow-up time was
24.4 months.
In the D1 group, 14 patients were older
Mortality than 70 years; 10 had CCI =5 and 10 were
0S L:17.8% ASAIII/IV.
Pertille Ramos et al. [85] L:72.4* L:27.0* L: 61.6% E: 34% Major postoperative complications
N = 460 E:61.2% E:41.3*% E: 76.0% Clavien-Dindo =3 (Clavien-Dindo = III) were significantly
T L: 24.7% higher in the D1 group (24.7% vs. 12.4%,
E: 12.4% p <0.001)

Multivariate analysis showed a
statistically significant impact on survival
of age =70 years, CCI =5, total
gastrectomy, D1 lymphadenectomy and
advanced stages (I111/1V).
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Table 2. Cont.

Median/Mean * Aged Median/Mean * Nodes . Operative
Author/Study . .. . Overall Survival . .
Study Comparing Limited Removed Comparing . .. Morbimortality
Group/Number . .. Comparing Limited . .. Comments
. Period Versus Extended Limited Versus Comparing Limited
of Patients Versus Extended
(Years) Extended Versus Extended

Kota et al. [86]

N = 466

Patients with cT1N1, cT2NO-1, or cT3NO.
D1+ versus D2 lymphadenectomy.
The number of patients with higher age
and a higher comorbidity index was
greater in the D1+ group than in
the D2 group.
Postoperative complications were

Mortality significantly lower in the D1+ group than
L: 69.5 L: 32.0 5-year 0S L: 0% in the D2 group (10.0% vs. 26.8%,
E: 0.2% p = 0.004).
- . 0,
2002-2014 E: 65.5 E: 40.0 ]IE' ggif’/A) Clavien-Dindo =2 No statistically significant difference in
. . 0

L:10% 5-year OS (p = 0.146) or CSS (p = 0.807)
E: 26.8% between groups was noted.
Multivariable analysis for overall
survival identified age, clinical
node-positive status, high CCI (=3),
advanced pathological stage (=III), and
the presence of postoperative
complications (grade =II) as independent

prognostic factors.
L: limited; E: extended; NR: reported; CI: confidence interval; HR: hazard ratio; OR: odds ratio; CCI: Charlson comorbidity index; RFS: relapse-Free Survival; CSS: cancer-Specific
Survival; OS: overall survival.
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3.3. Quality Assessment

The overall quality of the non-randomized comparative studies comparing extended
versus limited lymphadenectomy was low, mainly because of the presence of baseline
confounding and selection bias according to the ROBINS-I tool. Based on the Rob2 tool,
two randomized controlled trials showed a low risk of bias, and two showed some concerns
for risk of bias (Supplementary File S1).

3.4. Overall Survival

HRs for OS could be assessed in six studies. There was not a statistically significant
difference (HR = 1.04, CI95% = 0.72-1.51) using a random effects model and moderate
heterogeneity (1> = 49%, Cochran’s Q test, p = 0.08) (Figure 2), while the result of the
sensitivity analysis proved to be stable (Supplementary File S2). No evidence of publication
bias was found when generating graphic funnel plots (Supplementary File S3). There also
was no evidence of publication bias using the Eggers test (p = 0.6290).

Hazard Ratio Hazard Ratio
Study logHR SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Masazumi Sakaguchi 0.2901 04438 120% 1.34[0.56; 3.19] —
Chang Seok Ko -0.4341 02640 211% 0.65[0.39; 1.09] —l—
Johan Back 02115 02826 199% 1.24[0.71;2.15] —il—
Takahiro Shinozuka  0.4023 02478 222% 1.50[0.92; 2.43] i
Ho Seok Seo 06946 06236 7.3% 2.00[0.59;6.80] —&
Koji Mikami 04772 03204 176% 0.62[0.33;1.16] —l—
Total (95% Cl) 100.0% 1.04[0.72; 1.51] o
Heterogeneity: Tau” = 0.0987; Chi’ = 9.74, df = 5 (P = 0.08); I = 49% ' . !

02 05 1 2 5

Figure 2. Forest plot for OS comparing limited versus extended lymphadenectomy [4,17,18,70-72].

3.5. Relapse-Free Survival

HRs for RFS could be assessed in four studies. There was not a statistically significant
difference (HR = 0.92, CI95% = 0.62-1.38) using a random effects model and moderate
heterogeneity (17 = 29%, Cochran’s Q test, p = 0.24) (Figure 3), and the result of the sensitivity
analysis proved to be stable (Supplementary File S2). No evidence of publication bias was
found when generating visual funnel plots (Supplementary File S3). There was also no
evidence of publication bias using the Eggers test (p = 0.5014).

Hazard Ratio Hazard Ratio
Study logHR SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Masazumi Sakaguchi -0.0006 0.4186 18.8%  1.00 [0.44; 2.27] ﬁ
Chang Seok Ko -0.7458 0.3754 221% 0.47[0.23;0.99] = :
Johan Back 0.1438 0.2777 333%  1.15[0.67; 1.99] —il—
Takahiro Shinozuka  0.1349 03381 258%  1.14[0.59;2.22] —
Total (95% Cl) 100.0% 0.92[0.62; 1.38] ,:’_‘
Heterogeneity: Tau® = 0.0490; Chi’ = 4.23, df = 3 (P = 0.24); I = 29%

05 1 2

Figure 3. Forest plot for RFS comparing limited versus extended lymphadenectomy [4,17,18,70].
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3.6. Cancer-Specific Survival

HRs for CSS could be assessed in five studies. There was not a statistically significant
difference (HR = 1.24, CI95% = 0.74-2.10) using a random effects model and moderate
heterogeneity (I? = 23%, Cochran’s Q test, p = 0.27) (Figure 4), and the result of the sensitivity
analysis proved to be stable (Supplementary File S2). No evidence of publication bias was
found when generating graphic funnel plots (Supplementary File S3). There was also no
evidence of publication bias using the Eggers test (p = 0.7893).

Hazard Ratio Hazard Ratio

Study logHR SE Weight IV, Random, 95% CI IV, Random, 95% CI
Masazumi Sakaguchi 0.9919 08913 8.1% 2.70[0.47;15.47] —
Johan Back 0.1976 0.3788 31.4% 1.22[0.58; 2.56] —l—
Takahiro Shinozuka  0.5562 0.4040 289% 1.74[0.79; 3.85] i
Ho Seok Seo 05706 0.7217 11.8% 1.77[0.43; 7.28] — -
Koji Mikami 0.7726 05276 19.7% 0.46[0.16; 1.30] ——

Total (95% Cl) 100.0% 1.24[0.74; 2.10] -

Heterogeneity: Tau® = 0.0836; Chi® = 5.22, df = 4 (P = 0.27); I = 23% ! o !

Study

0.1 05 1 2 10

Figure 4. Forest plot for CSS comparing limited versus extended lymphadenectomy [4,17,70-72].

3.7. Postoperative Complications (Clavien—Dindo = 3)

ORs for postoperative complications (Clavien-Dindo = 3) could be assessed in six
studies. There was not a statistically significant difference (OR =1.92, CI95% = 0.75-4.91)
using a random effects model and moderate heterogeneity (I = 78%, Cochran’s Q test,
p < 0.01) (Figure 5), while the result of the sensitivity analysis identified a statistically
significant difference in ORs for complications between groups when excluding the study
by Mikami et al. [72] (OR = 2.67, CI95% = 1.21-5.87) using a random effects model and
moderate heterogeneity (I2 = 51.1%, Cochran’s Q test, p = 0.08) (Supplementary File S2).
No evidence of publication bias was found when generating graphic funnel plots (Sup-
plementary File S3). There was also no evidence of publication bias using the Eggers test
(p =0.1705).

Masazumi Sakaguchi
Chang Seok Ko
Johan Back
Takahiro Shinozuka
Ho Seok Seo

Koji Mikami

Total (common effect, 95% Cl)
Total (random effect, 95% Cl)

Experimental Control Weight Weight Odds Ratio Odds Ratio
Events Total Events Total (common) (random) MH, Fixed + Random, 95% CI MH, Fixed + Random, 95% CI
4 26 0 26 1.0% 7.0% 10.32[0.52; 202.83] i
8 134 3 103 68% 156% 2.36[0.59; 9.39] X
21 48 18 51 220% 20.1% 1.46[0.65; 3.30] =
12 87 8 87 159%  19.0% 1.50[0.58; 3.91] —i—
17 41 5 62 51% 17.7% 853[2.78; 26.11] i —a—
15 170 19 97 493% 20.7% 0.42[0.20; 0.86) E B ;
506 426  100.0% - 1.46 [0.99; 2.14] >
100.0% 1.92[0.75; 4.91] -
Heterogeneity: Tau® = 0.9762; Chi® = 22.91, df =5 (P < 0.01); I° = 78% J ! J !
001 01 1 10 100

Figure 5. Forest plot for complications with Clavien-Dindo = 3 comparing limited versus extended
lymphadenectomy [4,17,18,70-72].

3.8. Age as an Independent Risk Factor for OS

HRs for age as an independent risk factor for OS could be assessed in eleven studies.
There was a statistically significant difference (HR = 1.03, CI95% = 1.02-1.05) using a random
effects model and moderate heterogeneity (12 = 55%, Cochran’s Q test, p = 0.01) (Figure 6),
while the result of the sensitivity analysis proved to be stable (Supplementary File S2). No
evidence of publication bias was found when generating graphic funnel plots
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(Supplementary File S3), while there was no evidence of publication bias using the Eg-
gers test (p = 0.5686). In the analysis by subgroups according to study design and year of
publication, a statistically significant difference between both subgroups was maintained
(Supplementary File S4).

Hazard Ratio Hazard Ratio
Study logHR SE Weight IV, Random, 95% CI IV, Random, 95% CI
Cuschieri 0.0246 0.0075 224% 1.02[1.01;1.04]
Bonenkamp/Songun -0.1260 0.1400 0.3% 0.88[0.67; 1.16]
Degiuli 0.0244 0.0124 157% 1.02[1.00; 1.05]
Wu 02274 02299 01% 1.26[0.80;1.97]
Onate-Ocaia 0.0196 0.0100 188% 1.02[1.00; 1.04]
Zhang 0.0105 01590 02% 1.01[0.74; 1.38]
Susanna Lam -0.4245 04752 00% 0.65[0.26; 1.66]
Wohnrath 0.3468 0.1424 03% 1.41[1.07;1.87]
Kang 0.0344 0.0025 284% 1.03[1.03;1.04]
Pertille Ramos 04745 01981 01% 1.61[1.09;2.37]
Kota 0.0673 0.0143 137% 1.07[1.04;1.10]
Total (95% Cl) 100.0% 1.03[1.02; 1.05] j
Heterogeneity: Tau® = 0.0002; Chi’ = 22.34, df = 10 (P = 0.01); I = 55% ‘ '
05 1 2

Figure 6. Forest plot for age as a risk factor for OS [69,73,76,77,81-86].

4. Discussion

In this current study, 11 manuscripts were deemed eligible for analysis, with an
additional 6 manuscripts that were previously identified and reviewed by Mogal et al. [24],
for a total of 5056 patients. Moreover, it is important to consider that many of the available
clinical studies in the current literature include an age limit and/or adequate physical
condition with no serious comorbidities cutoff that precludes safe D2 dissection, which
greatly limits the inclusion of older adult patients for analysis [15,16,74,79].

Considering available evidence in the scientific literature, there were not any sta-
tistically significant differences in OS, RFS, or CSS between older adult patients taken
to limited versus extended lymphadenectomy in addition to gastrectomy as the current
surgical treatment for GC. Although a higher rate of major complications (defined as a
Clavien-Dindo score =3) was observed in the extended lymphadenectomy group, this
difference was not statistically significant in incidence between both groups of patients.
When excluding the study by Mikami et al. [72] from the sensitivity analysis, the extended
lymphadenectomy group of patients presented a statistically significant higher risk of
complications (OR = 2.67, C195% = 1.21-5.87).

Performing limited lymphadenectomy can be considered the optimal choice when
faced with older adult patients, considering that no significant differences between results
(OS, RFS, and CSS) were identified in the treatment for GC in older adult patients regarding
lymphadenectomy extension while summing all special considerations to be thought of in
this group. As mentioned in the Introduction, the current evidence that supports extended
lymphadenectomy as the procedure that yields better results for OS in patients with GC
comes from Dutch and Italian studies that proved their benefits after a 15-year follow-
up period. However, these long periods are irrelevant when faced with advanced ages
considering the average lifespan [15,16]. Many studies on GC exclude this group of patients
(older adults) because survival cannot be adequately studied in this age group [6].

As lymphadenectomy extension in this age group does not depend on oncological
results (and are nonetheless similar), associated morbimortality to the procedure acquires a
higher relevance considering that older adults suffer from more comorbidities, immuno-
logical decline, lengthier healing periods, clotting disorders, fragility, and lower tolerance
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to surgical stress [17]. Although this meta-analysis did not find a statistically significant
difference in this variable, a significatively higher risk of complications were identified
in patients taken to extended lymphadenectomy when the study by Mikami et al. was
excluded from the sensitivity analysis [72]. Their study was also the only one out of the
five studies included that evidenced a trend towards more complications in the limited
lymphadenectomy group. The study analyzed a retrospective series of patients on which
the decision to perform limited lymphadenectomy was made according to surgeon criteria,
with the intention to lower complication rates in patients with major comorbidities or a
deficient nutritional or cardiopulmonary state, or based on intraoperative findings.

In other patient series, findings regarding morbidity for lymphadenectomy were con-
tradictory. Rausei et al. evidenced that patients over 70 years of age taken to extended
lymphadenectomy presented more complications than patients under 70 years of age,
with a significant difference in OS [87]. ]i Hoon Kang et al. reported that lymphadenec-
tomy extension was not a risk factor for major complications [84]. This is in line with a
population-based cohort study by Brenkman et al., where it was evidenced that in patients
over 75 years of age, overall survival increased proportionately with the amount of lymph
nodes dissected, without any significant increases in the appearance of complications [56].
On the other hand, Shinozuka et al. [17], Sakaguchi et al. [4], Seok Seo et al. [71], and Passot
et al. [59] concluded that D2 lymphadenectomy in older adult patients provides fewer ben-
efits to survival compared with the higher rates of complications. Taking our own clinical
and surgical experience into account alongside the quality of the studies evaluated and the
different selection biases identified in all series analyzed, we arrived at the conclusion that
extended lymphadenectomy is associated with a higher risk of presenting postoperative
complications. Therefore, limited lymphadenectomy could reduce postoperative compli-
cation rates; this is in line with the conclusions by Takama et al. [88] and Zhang et al. [6].
Some other studies also suggested that the appearance of postoperative complications in
older adult patients [84-87] can be associated to worse oncological outcomes [17]. However,
this relationship was not evident in a meta-analysis by Onagi et al. [89].

Moreover, therapeutical outcomes for older adult patients differ from those for other
age groups as quality of life, independence, and patient autonomy are preferred over
lengthening the patient’s lifespan [90-93]. This becomes even more relevant if we con-
sider the results of an older adult cohort of patients with early GC in Japan, where it was
evidenced that more than half of older adult patients could die from reasons other than
gastric cancer [18,94]. Another important fact to highlight is that most studies did not
evaluate older adult patients based on a comprehensive geriatric assessment [95,96], and
when analyzing observational studies included in this study (which were mostly retrospec-
tive cohorts), most surgeons were inclined towards limited lymphadenectomy in fragile,
comorbid, higher-risk patients [70,72,87]. Additionally, lymphadenectomy extension is
irrelevant when there are compromised lymph nodes or if it has evolved into a systemic
disease [32]. Nevertheless, it is also true that older adult patients were less likely to un-
dergo perioperative adjuvant chemoradiation therapy despite studies affirming its survival
benefit [97]. In order to create more specific recommendations for this age group, we must
have better-organized data, either by decades of life or following standardized geriatric
assessments, considering that this age group’s characteristics vary widely and change quite
rapidly, as current studies tend to group all patients as older adults regardless of if they are
between the ages of 65 and 90 or even higher.

The link between aging and cancer is complex. Although there is clear evidence
that cells entering a senescent state can act as a barrier to tumorigenesis, some studies
have demonstrated that in certain conditions, persistent senescent cells can acquire pro-
tumorigenic properties; thus, senescence has dual roles in tumorigenesis [98]. Therefore,
GC in older adult patients tends to follow a less aggressive biological and clinical course.
This could be explained by the higher rates of intestinal-type histological patterns, its better
differentiation and distal location in the stomach, which favors the decision to perform less
radical procedures [87].
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Age was identified as an independent risk factor for lower OS in patients taken to
gastrectomy under GC indication (HR = 1.03, CI95% 1.02-1.05). This implies that age is
a risk factor regardless of disease staging, histological pattern, type of procedure, and
tumor location, among others, and as such, older adult patients must be carefully selected
for surgery. Moreover, as the average lifespan has positively increased in the general
population, so has the age of presentation for patients with GC. This phenomenon was
evidenced in South Korea, where the incidence of GC in patients over 70 years old for GC
increased from 9.1% in 1995 to 25% in 2014. Thus, aging has come into prominence as a
critical issue to be considered in surgery for GC [18].

Some of the limitations of this study are related to the fact that results from different
studies are difficult to compare for various reasons. First, the cut-off for the definition
of a patient as an “older adult” is not homogenous, and comorbidities were calculated
using several different scoring systems. Furthermore, as mentioned above, a better analysis
is lacking as it is not possible to stratify different groups of patients from a geriatric
standpoint using a standardized geriatric assessment as a reference point or by decade
subgroups, considering the widely varying characteristics found depending on a specific
age [99]. Moreover, considering that surgery is only a portion of the overall current
treatment guidelines for GC, another limitation of this study constitutes the lack of an
analysis of the role of chemotherapy in GC survival. This is in line with other studies
in which the administration of different regimens with different schedules, the frequent
exclusion of older adult high-risk patients from oncological trials, the lack of offers, and the
contraindication for chemotherapy in this age group perpetuate the difficulty of analyzing
this variable in this population. Finally, the quality of the observational studies included
was low, mainly because of selection bias [19].

This study thus concludes that limited lymphadenectomy must be considered as the
better recommendation for surgical treatment for GC in older adult patients, considering
the oncological outcomes and lower rates of complications compared with more radical
lymph node dissections. Nevertheless, it is important to individualize these decisions
considering not only chronological but biological age [100] as well to establish the best
management conduct possible. More clinical studies of better quality focused on older
adult patients are needed, in which a comprehensive geriatric assessment is performed to
generate better recommendations based on higher-quality evidence.
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