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Abstract: Gastric cancer is a significant health concern worldwide, and lymphadenectomy plays a
crucial role in its treatment. However, there is ongoing debate regarding the optimal approach—D1
or D2 lymphadenectomy. This paper aims to synthesize the available evidence by conducting a
comprehensive literature review and comparing the advantages and disadvantages of both techniques.
The analysis includes studies, clinical trials, and systematic reviews that assess survival outcomes,
morbidity, and quality of life. The selected studies revealed different outcomes associated with D1
and D2 lymphadenectomy, including lymph node harvest, disease control, recurrence rates, and
overall survival. Postoperative complications also varied between the two techniques. These findings
highlight the complex considerations involved in selecting the most suitable lymphadenectomy
approach for individual patients. Therefore, the decision requires an individualized assessment
that considers the potential benefits and risks of D1 and D2 techniques. A collaborative approach
involving interdisciplinary teams is crucial for developing personalized treatment plans that optimize
both oncological outcomes and postoperative quality of life.
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1. Introduction

Cancer is a significant public health issue worldwide and is the second leading cause of
death globally, with approximately 10 million annual deaths attributed to this disease [1–5].
In 2020, there were 10.3 million newly diagnosed cases of cancer and 9.8 million cancer-
related deaths reported worldwide [2,3]. Of these cases, gastric cancer was the fourth most
common neoplasm in both genders, with 1.0 million newly diagnosed occurrences and
0.7 million cancer-related deaths reported in 2020 [2,4].

The prevalence of advanced gastric cancer varies by geographic location and popula-
tion [5]. In Europe and North America, the incidence and mortality rates have decreased
over the past few decades, but they remain high in Asia and parts of South America [6].

According to GLOBOCAN 2020 statistics, the estimated incidence of stomach cancer
in Romania is 3026 new cases per year [7]. Stomach cancer is the fifth most common cancer
in Romania, accounting for 5.1% of all cancer cases. It is also the fourth most common
cause of cancer-related death, with an estimated 2379 deaths annually [8].

Gastric carcinoma primarily affects the elderly population, often being diagnosed in
individuals aged 65 years and older. However, recent studies have reported a concerning
rise in the incidence of gastric cancer among younger age groups, indicating a shifting
trend in the demographics of this disease.

Advanced gastric cancer is a complex and multifactorial disease characterized by the
proliferation and metastasis of abnormal cells originating in the stomach [7]. There are
various risk factors associated with the development of advanced gastric cancer [8–13].
The most common risk factors include Helicobacter pylori infection, age, family history of
gastric cancer, smoking, diet, obesity and previous stomach surgery. Chronic inflammation
caused by H. pylori infection can lead to the development of cancer, which is more common
in older adults and those with a family history of gastric cancer. Additional significant
risk factors for gastric cancer include tobacco use; diets rich in smoked, pickled, salted,
or preserved foods and low in fruits and vegetables; as well as obesity. Additionally,
people who have had surgery to remove part of their stomach are at increased risk of
developing gastric cancer. It is essential to identify and manage these risk factors to reduce
the incidence of advanced gastric cancer.

These risk factors contribute to the development of gastric cancer by causing chronic
inflammation in the stomach lining, which can lead to damage to the DNA in cells. Over
time, this damage can accumulate and lead to the development of cancer. Moreover,
some risk factors, such as smoking and obesity, can promote the growth of cancer cells by
increasing inflammation and altering hormone levels in the body.

Some of the common symptoms of advanced gastric cancer include persistent ab-
dominal pain, nausea, vomiting, fatigue, and significant weight loss [14]. However, these
symptoms may be vague and sometimes go unnoticed until the cancer has advanced to
a later stage. Unfortunately, most cases of advanced gastric cancer are diagnosed in their
later stages when treatment options become limited and the prognosis is poor [15–19].

This article aims to delve into the use of lymphadenectomy in advanced gastric
cancer, specifically exploring the efficacy of D1 versus D2 lymphadenectomy in patients.
Through an in-depth analysis of this topic, the article seeks to shed light on the benefits
and drawbacks of both methods, providing insights into the most effective approach to
treating advanced gastric cancer. The article aims to provide a comprehensive overview
that informs medical professionals and researchers in their treatment and research efforts.

2. Materials and Methods

To achieve this, we aimed to identify various types of studies, including retrospective
studies, meta-analyses, and randomized controlled trials, to gather a comprehensive un-
derstanding of the topic (the flow diagram can be find in Supplementary File). The search
strategy employed comprehensive databases, including PubMed, Embase, and Cochrane
Library, using specific keywords and criteria to identify eligible studies. Inclusion and
exclusion criteria were applied to screen the identified studies, and data extraction was
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performed using a standardized approach. Subgroup analyses were performed to examine
potential heterogeneity and evaluate the robustness of the findings. By following this
comprehensive approach, the review uncovers essential evidence and provides valuable
insights that can assist clinicians and researchers in making informed decisions regarding
the optimal lymphadenectomy approach for patients with advanced gastric cancer.

Our search strategy aimed to identify relevant studies on the efficacy of D1 versus
D2 lymphadenectomy in advanced gastric cancer. We utilized the following keywords:
‘lymphadenectomy’, ‘advanced gastric cancer’, ‘D1’, ‘D2’, ‘surgical treatment’, ‘survival’,
‘complications’, ‘meta-analysis’, and ‘randomized controlled trials’. We used a combination
of these keywords in our search queries, employing Boolean operators, such as ‘AND’ and
‘OR’, to identify studies that met our inclusion criteria. Additionally, we reviewed the
reference lists of relevant articles to identify any additional studies that might have been
missed. A risk of bias assessment was conducted as part of our comprehensive review
process. We followed the guidelines and recommendations provided by the Cochrane
Collaboration’s tool for assessing risk of bias. This assessment involved examining potential
biases in key domains, including selection bias, performance bias, detection bias, attrition
bias, reporting bias, and other sources of bias.

Upon completion, each included study was evaluated, and the risk of bias for each
domain was categorized as “low risk”, “high risk”, or “unclear risk”. This comprehensive
assessment allowed us to thoroughly investigate the quality and internal validity of the
included studies and provided valuable insights for the interpretation of our findings. This
comprehensive search strategy allowed us to identify a range of studies that provided
evidence on the topic of interest.

The inclusion criteria applied in the screening process for selecting studies were
as follows:

- Studies conducted on patients diagnosed with advanced gastric cancer (stage II
or higher);

- Comparison of D1 and D2 lymphadenectomy techniques;
- Availability of data on patient outcomes, such as overall survival, disease-free survival,

and postoperative complications;
- Published in the English language;
- Full-text articles or abstracts available.

On the other hand, the exclusion criteria aimed to eliminate studies that did not meet
specific requirements:

- Case reports, letters, editorials, or conference abstracts;
- In vitro or animal studies;
- Studies with insufficient data or lack of direct comparison between D1 and D2

lymphadenectomy;
- Studies with incomplete or unclear methodology.

To ensure the inclusion of recent and up-to-date research, we limited our search to
studies published within the past 10 years, i.e., from 2012 to 2022. These inclusion and
exclusion criteria were applied during both the initial screening of study titles and abstracts,
and the subsequent full-text assessment. The goal was to ensure that only relevant and high-
quality studies were included in the review, thereby enhancing the validity and reliability
of the findings.

The PICOS statement for this study was as follows:
Population: This study focused on patients diagnosed with advanced gastric cancer,

specifically those in stage II or higher.
Intervention: The primary intervention being investigated was the comparison of the

D1 and D2 lymphadenectomy techniques.
Comparison: The study aimed to compare the outcomes and efficacy of the D1 and D2

lymphadenectomy techniques in patients with advanced gastric cancer.
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Outcome: The study examined various patient outcomes, including overall survival,
disease-free survival, and postoperative complications, to evaluate the effectiveness of the
different lymphadenectomy techniques.

Study design: The study design encompassed a comprehensive literature review
with a specific focus on retrospective studies, meta-analyses, and randomized controlled
trials. These sources were selected to provide a robust evidence base for assessing the
comparative effectiveness of the D1 and D2 lymphadenectomy techniques in advanced
gastric cancer treatment.

3. Discussion and Results
3.1. Lymphadenectomy for Gastric Cancer

Lymphadenectomy is a surgical procedure used for removing lymph nodes near a
cancerous tumor that is commonly performed for gastric cancer treatment [20,21]. Its
purpose is to eliminate any potential cancer cells that might have spread to the lymph
nodes [22]. This is crucial because cancer cells can easily migrate through the lymphatic
system and create new tumors in other body parts. By removing the lymph nodes, the
chances of cancer recurrence decrease.

Lymphadenectomy is a complex surgical procedure that demands careful planning
and execution. The surgeon needs to identify the precise location of the lymph nodes that
must be removed and ensure the procedure’s safety. It can be performed either through
traditional open surgery or minimally invasive techniques like laparoscopy.

3.2. Lymphadenectomy Extent in Relation to Gastrectomy Type

Lymphadenectomy extent refers to the range of lymph nodes that are removed during
a surgical procedure. In the context of gastrectomy, the extent of lymphadenectomy is deter-
mined based on the type of gastrectomy being performed. There are different classification
systems used to define lymphadenectomy extent, with the most commonly used being the
Japanese Gastric Cancer Association (JGCA) and the American Joint Committee on Cancer
(AJCC) systems.

According to the JGCA classification, lymphadenectomy is categorized into several
levels: D0, D1, D1+, D2, D2+, and D3. D0 refers to no lymphadenectomy, while D1 involves
the removal of perigastric (stations 1, 3, 4, and 7) and proximal (station 2) lymph nodes.
D1+ includes additional lymph nodes, such as the left gastric (station 7), right gastric
(station 5), and splenic hilar (station 10) lymph nodes [22]. D2 involves the removal of ex-
tended lymph node stations, including those in the omental bursa (stations 8a and 9),
along the common hepatic artery (stations 8a and 12a), and around the celiac trunk
(stations 9 and 11), among others. D2+ includes additional nodes, such as the left gastric
artery (station 7), splenic (stations 10 and 11p), and hepatic (stations 11p and 12a) lymph
nodes. D3 is the most extensive level, encompassing the D2 stations as well as lymph nodes
along the splenic artery (stations 11d and 10); these nodes are commonly referred to as
para-aortic nodes.

The decision regarding the extent of lymphadenectomy is influenced by multiple
factors, including tumor characteristics, patient factors, and surgeon expertise.

• Tumor Characteristics: The location, size, depth of invasion, histology, and stage
of the gastric cancer play a crucial role in determining the appropriate extent of
lymphadenectomy. Aggressive lymphadenectomy is often recommended for more
advanced stages of gastric cancer, as it helps in achieving better disease control.

• Patient Factors: Patient-related factors, such as age, overall health status, comorbidities,
and fitness for surgery, need to be taken into consideration. Lymphadenectomy
has associated risks, including increased operative time and potential postoperative
complications, which need to be weighed against the potential benefits for each
individual patient.

• Surgeon Expertise: The experience and proficiency of the surgical team in performing
lymphadenectomy at different levels also contribute to the decision-making process.
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D3 lymphadenectomy is technically demanding and requires expertise in handling
complex anatomical structures.

• Shared Decision Making: Ultimately, the decision regarding the extent of lymphadenec-
tomy should be made through shared decision making between the patient, surgeon,
and multidisciplinary team. The risks and benefits of each level of lymphadenectomy
must be discussed with the patient, considering individual tumor characteristics and
patient factors, to determine the most appropriate approach for achieving optimal
oncologic outcomes while minimizing complications. Surgeons with expertise in
advanced gastric cancer surgery and lymphadenectomy play a critical role in guiding
patients through this decision-making process.

3.3. Implications of Ambiguity in Defining Advanced Gastric Cancer

Within our analysis, we recognize the absence of a standardized definition for ad-
vanced gastric cancer and acknowledge the potential implications of this ambiguity on the
interpretation and generalizability of our findings.

3.3.1. Lack of Standardized Definition

Defining advanced gastric cancer proves challenging due to its complexity and hetero-
geneity. While various classification systems exist, such as TNM staging and the Japanese
Gastric Cancer Association (JGCA) classifications, a universally accepted definition re-
mains elusive due to variations in tumor extent, lymph node involvement, and other
prognostic factors.

3.3.2. Implications for Interpretation

The lack of a standardized definition for advanced gastric cancer complicates the
interpretation and comparability of findings across studies. The potential implications of
this ambiguity are as follows:

1. Variability in Patient Selection

The absence of a standardized definition can lead to variations in patient selection, with
some studies including patients with earlier-stage disease, while others focus exclusively
on advanced cases. This variation can introduce heterogeneity and limit the generalizability
of the results.

2. Confounding Factors

The lack of a standardized definition may result in different baseline characteristics of
patients across studies, including variations in tumor location, histology, and comorbidities.
These factors can influence treatment outcomes and confound the assessment of the impact
of lymphadenectomy.

3. Treatment Strategies

The definition of advanced gastric cancer can influence treatment strategies, includ-
ing the extent of lymphadenectomy. Without a consistent definition, different surgical
approaches and lymph node dissection techniques may be utilized, further complicating
the comparison of outcomes across studies.

4. Reporting Bias

The absence of a standardized definition could contribute to reporting bias. Studies
may selectively report outcomes that align with their specific definition of advanced disease,
potentially skewing the overall interpretation of the impact of lymphadenectomy.

3.3.3. Overcoming Ambiguity

To address the ambiguity in defining advanced gastric cancer, future research should
strive towards developing and adopting a standardized definition. Establishing a consensus
on the extent of tumor invasion, lymph node involvement, and other relevant prognostic
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factors is crucial. This approach would facilitate the comparability of studies, improve the
understanding of treatment outcomes, and enhance evidence-based decision making.

In conclusion, the lack of a standardized definition for advanced gastric cancer poses
challenges in interpreting and generalizing the findings regarding the impact of lym-
phadenectomy. Acknowledging this ambiguity and its potential implications is essential
in critically evaluating the evidence. Future studies should aim to establish a consensus
definition, thereby improving the comparability and reliability of research findings in
this field.

3.4. Lymphadenectomy in Advanced Gastric Cancer: Rationale, Significance and Clinical
Implications

Lymphadenectomy is a crucial procedure in the surgical treatment of advanced gastric
cancer. It is widely used because lymph nodes play a significant role in the spread of cancer,
and removing them can improve outcomes for patients with advanced disease [23,24].

The lymphatic system transports lymph, a fluid containing white blood cells, through-
out the body. Lymph nodes act as filters for the lymphatic system, capturing harmful
substances like bacteria, viruses, and cancer cells. When cancer cells break away from
the primary tumor, they can travel through the lymphatic system and become trapped in
nearby lymph nodes. From there, they can grow and spread to other parts of the body [25].

There are two main reasons for performing lymphadenectomy in advanced gastric
cancer. Firstly, it provides information about the stage of the disease and the extent of cancer
spread. The number, location, and size of lymph nodes affected by cancer are essential
factors in determining the stage of the cancer. This information helps in planning further
treatment and prognosis. Secondly, lymphadenectomy helps reduce the risk of cancer
recurrence. Cancer cells can remain dormant in the lymph nodes for a long time before
becoming active again. If these cells are not removed during surgery, they can potentially
cause the cancer to return. Removing the affected lymph nodes eliminates any cancer cells
that may have spread and reduces the risk of recurrence.

The spread of cancer through the lymphatic system is a key mechanism by which
gastric cancer can metastasize to distant organs. Lymphadenectomy aims to remove these
potentially cancerous nodes before they can spread the disease.

In advanced gastric cancer, removing lymph nodes can help prevent the spread of
cancer cells to other parts of the body. The lymph nodes near the stomach are often the
first places that cancer cells travel to. By removing these lymph nodes, surgeons can
eliminate any cancer cells that may have started to grow there, potentially prolonging the
patient’s life. Recent studies have shown that lymphadenectomy can improve outcomes
for patients with advanced gastric cancer. A 2019 meta-analysis of 16 studies found that
lymphadenectomy was associated with improved overall survival and disease-free survival,
particularly in patients with more advanced stages of the disease [26].

3.5. Exploring Lymphadenectomy in Gastric Cancer: A Comparative Analysis of Eastern and
Western Approaches

In Eastern countries, such as Japan and South Korea, a more extensive lymphadenec-
tomy technique known as D2 or D2+ dissection is commonly practiced. This approach aims
to remove a larger number of lymph nodes in order to eliminate potential metastatic disease
and improve locoregional control. Eastern surgeons believe that by removing a greater
number of lymph nodes, they can increase the chances of complete tumor resection [27–29].

On the other hand, Western countries, including the United States and European
nations, generally adopt less extensive lymphadenectomy techniques, such as D1 or
D1+ dissections [30]. The rationale behind these approaches is to strike a balance be-
tween achieving optimal oncologic outcomes and minimizing surgery-related morbidity.
Western surgeons often rely on systemic chemotherapy to manage potential undetected
metastases, leading them to prioritize minimizing surgical morbidity.

The variations in lymphadenectomy techniques between Eastern and Western coun-
tries can be influenced by multiple factors. Patient characteristics, tumor biology, surgical
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expertise, and even cultural factors can contribute to these differences. Additionally, his-
torical practice patterns and disparities in healthcare systems and resources may also play
a role.

In summary, lymphadenectomy in gastric cancer differs between Eastern and Western
countries. The former tend to adopt more extensive techniques, while the latter prefer
less extensive approaches. Collaborative efforts and a global perspective are essential to
improve our understanding of optimal lymphadenectomy strategies. By analyzing and
synthesizing outcomes from both regions, clinicians can make informed decisions tailored
to each patient’s individual characteristics and cultural context.

3.6. The Significance of Subdivision into Stations during Lymphadenectomy in Gastric
Cancer Management

Lymphadenectomy in gastric cancer involves the removal of lymph nodes around the
stomach to evaluate and treat potential metastases. In recent decades, two main approaches,
D1+ and D2+, have been developed and utilized in practice.

The D1+ approach involves the removal of lymph nodes at stations 1–7. This includes
the removal of lymph nodes at the gastric and perigastric lymph nodes, as well as the
splenic and hepatoduodenal lymph nodes. This approach is considered more conservative
and less invasive than D2+, but it may be associated with a higher risk of lymphatic
recurrence [31].

In contrast, the D2+ approach involves the removal of lymph nodes at stations 1–16.
This includes stations 8–12, which represent the supraduodenal perigastric lymph nodes
and lymph nodes at the level of the common hepatic and splenic arteries [31]. This approach
is considered more radical and comprehensive in terms of lymph node removal, aiming to
treat potential metastases and reduce the risk of lymphatic recurrence.

The subdivision into stations during lymphadenectomy in gastric cancer is important
to more accurately assess the extent and implications of lymph node metastases. It provides
a detailed description of the location and degree of lymph node involvement, which can
impact prognosis and treatment choice. For example, harvesting lymph nodes at station 11,
which involves lymph nodes at the level of the common hepatic artery, may be relevant in
the decision to remove the spleen if there is tumor invasion in that area.

In conclusion, the subdivision into stations during lymphadenectomy in gastric cancer,
in both the D1+ and D2+ approaches, is essential for accurately assessing the extent of the
cancer and planning appropriate treatment. It provides crucial information for therapeutic
planning and achieving optimal outcomes in gastric cancer management.

3.7. Overview of D1+ and D2+ Lymphadenectomy

The management of gastric cancer patients involves two different surgical techniques:
D1+ lymphadenectomy (removal of the primary tumor and nearby lymph nodes) and
D2+ lymphadenectomy (removal of a broader range of lymph nodes, including those near
the main arteries and veins near the stomach).

D1+ lymphadenectomy primarily focuses on accurate tumor staging and reducing
locoregional recurrences, while D2+ lymphadenectomy is a more extensive procedure that
includes the removal of a wider range of lymph nodes. This technique aims to remove
more lymph nodes that may potentially harbor metastatic tumor cells.

Research studies have compared the outcomes of D1+ and D2+ lymphadenectomy to
evaluate their effectiveness and safety. One study found no significant difference in overall
survival between the two techniques [32], suggesting that D1+ lymphadenectomy may
suffice for certain patients. However, another study reported improved overall survival
rates with D2+ lymphadenectomy [33], suggesting potential benefits.

Despite these findings, there are ongoing controversies regarding the optimal extent
of lymphadenectomy. Concerns have been raised about increased operative complications
associated with D2+ lymphadenectomy, such as pancreatic leakage or splenic infarction.
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In conclusion, D1+ and D2+ lymphadenectomy are distinct surgical approaches used
in treating gastric cancer. The choice between these techniques depends on various factors
and remains a subject of debate. Further research is needed to better understand the
advantages and complications of each approach and establish standardized guidelines for
lymphadenectomy in gastric cancer.

3.8. D3 Lymphadenectomy
3.8.1. D3 Lymphadenectomy Procedure

D3 lymphadenectomy is a surgical procedure performed in gastric cancer treatment to
remove lymph nodes in specific anatomical regions. The objective of this procedure is to
achieve an extended lymph node dissection, allowing for accurate staging and the potential
increase in chances of removing involved lymph nodes [34].

The D3 lymphadenectomy procedure involves the removal of lymph nodes from desig-
nated stations, including groups 1 (perigastric), 2 (behind the stomach), 3 (suprapancreatic),
4 (left gastric artery), 7 (hepatoduodenal ligament), 8a (common hepatic artery), 9 (celiac
axis), and 11p (splenic hilum). During surgery, meticulous dissection along anatomical
landmarks is performed to identify and remove lymph nodes in these regions.

3.8.2. Techniques Employed

Various techniques are employed in D3 lymphadenectomy to ensure a thorough lymph
node dissection while preserving important structures. These techniques include meticu-
lous dissection along the anatomical planes; the careful identification and preservation of
major vessels, such as the left gastric artery, common hepatic artery, and celiac axis; and
attention to nerve preservation to minimize postoperative morbidity [34].

Experienced surgeons play a crucial role in performing D3 lymphadenectomy as they
possess the necessary expertise to navigate complex anatomical structures and ensure the
safety and adequacy of the procedure.

3.8.3. Associated Outcomes

D3 lymphadenectomy has been associated with several favorable outcomes in gastric
cancer treatment [34]:

(a) Improved Staging Accuracy: D3 lymphadenectomy provides a more extensive lymph
node dissection, leading to improved accuracy in cancer staging. Accurate staging
helps guide treatment decisions and predict patient prognosis.

(b) Increased Lymph Node Yield: Compared to less extensive lymphadenectomy proce-
dures, D3 lymphadenectomy yields a higher number of harvested lymph nodes. This
increased lymph node yield improves the likelihood of identifying involved lymph
nodes and facilitates precise pathological staging.

(c) Enhanced Disease Control: D3 lymphadenectomy aims to remove lymph nodes that
are at higher risk of containing metastatic cancer cells. By removing a more extensive
lymph node basin, D3 lymphadenectomy potentially improves disease control and
reduces the risk of locoregional recurrence.

(d) Potential Survival Benefits: Several studies have suggested that D3 lymphadenectomy
may confer survival benefits in gastric cancer patients. These benefits may be attributed
to accurate staging, increased lymph node yield, and improved disease control.

3.8.4. The Effectiveness and Benefits of D3 Lymphadenectomy

Recent studies have evaluated the effectiveness and benefits of D3 lymphadenectomy
in gastric cancer treatment:

(a) JCOG9501: This Japanese study compared D2 lymphadenectomy (removal of groups
1–7 lymph nodes) with D2+ lymphadenectomy (removal of groups 8a, 9, and 11p
in addition to D2 lymphadenectomy). Results showed that D2+ lymphadenectomy
improved overall survival and reduced locoregional recurrence compared to D2
lymphadenectomy [35].
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(b) CLASS-01 Trial: This Chinese study compared the survival outcomes and surgical
morbidity between D2 and D2+ lymphadenectomy. The results demonstrated that
D2+ lymphadenectomy provided superior 3-year survival rates and lower recurrence
rates compared to D2 lymphadenectomy, with acceptable surgical morbidity [36].

(c) ARTIST Trial: This Korean study compared a D2+ lymphadenectomy with adjuvant
chemotherapy to a D2 lymphadenectomy with adjuvant chemotherapy in patients
with stage II-III gastric cancer [37]. The study showed no significant difference in
overall survival between the two groups, suggesting that adjuvant chemotherapy
may have a greater impact on survival than the extent of lymphadenectomy.

These recent studies highlight the potential effectiveness and benefits of D3 lym-
phadenectomy, including improved survival outcomes and reduced recurrence rates. How-
ever, it is worth noting that the optimal extent of lymphadenectomy may vary depending
on patient characteristics, surgical expertise, and institutional guidelines.

3.9. Emerging Technologies in Lymphadenectomy for Advanced Gastric Cancer
3.9.1. Minimally Invasive Approaches: Laparoscopic and Robotic Surgery

Laparoscopic and robotic surgery are minimally invasive approaches that have been
increasingly utilized in the management of gastric cancer. Compared to open surgery, these
approaches have been associated with reduced blood loss, fewer complications, and shorter
hospital stays. Several studies have reported equivalent oncological outcomes between
laparoscopic/robotic and open surgery in patients with advanced gastric cancer [38].

One of the most promising approaches is laparoscopic lymphadenectomy, which
involves the use of a tiny camera and instruments inserted through small incisions in the
abdomen. This technique has been shown to be as effective as open lymphadenectomy in
terms of survival and recurrence rates, while causing less pain, faster recovery, and shorter
hospital stays [39]. Robotic-assisted lymphadenectomy is another minimally invasive
option that uses a robotic arm to manipulate the surgical instruments. This approach allows
for greater precision and ease of movement, increasing the surgeon’s ability to navigate
complex anatomy and to perform more extensive lymph node removal [40].

3.9.2. Imaging Techniques

Preoperative imaging techniques, such as computed tomography (CT) and magnetic
resonance imaging (MRI), are primary tools for evaluating lymph node metastasis. How-
ever, these imaging modalities have limited sensitivity for detecting microscopic lymph
node metastasis. Several new imaging techniques have been developed to improve the
accuracy of detecting lymph node metastasis, including endoscopic ultrasound (EUS) and
positron emission tomography (PET) [41].

Imaging techniques have also been developed to improve the accuracy of lymphadenec-
tomy. One such approach is indocyanine green (ICG) fluorescence imaging, which involves
injecting a fluorescent dye that is absorbed by lymph nodes. The dye can then be detected
using a special camera to identify the location and number of affected nodes. This technique
has been shown to be effective in guiding lymphadenectomy in gastric cancer patients, as
well as identifying lymph node metastases in other types of cancer.

3.9.3. Biomarker-Guided Approaches

Biomarkers, such as circulating tumor cells (CTCs), tumor-associated macrophages
(TAMs), and microRNAs, have been proposed as new tools for identifying lymph node
metastasis. For example, the presence of circulating tumor cells (CTCs) in the peripheral
blood has been associated with poor outcomes in gastric cancer patients, suggesting their
potential as a biomarker for lymph node metastasis [42]. Similarly, tumor-associated
macrophages (TAMs) have been shown to promote tumor progression and metastasis, and
their presence in resected lymph nodes has been associated with a poor prognosis [43].

Biomarker-guided approaches represent another promising strategy for lymphadenec-
tomy in advanced gastric cancer (AGC). By analyzing genetic and molecular changes in
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cancer cells, biomarkers can be used to identify and target specific types of cancer cells.
For example, the biomarker HER2 has been found to be overexpressed in a subset of
gastric cancer patients, and targeted therapy with trastuzumab has been shown to improve
survival in this patient population. Similarly, biomarkers, such as PD-L1 and microsatellite
instability (MSI), can be used to guide the use of immunotherapy in gastric cancer patients.

3.10. The Role of Lymphadenectomy in the Management of Advanced Gastric Cancer

Lymphadenectomy serves as a vital cornerstone in the management of advanced
gastric cancer, as it allows for accurate staging by providing critical information about
the extent of disease spread. By removing involved lymph nodes, it helps to prevent
further metastatic dissemination. Additionally, lymphadenectomies enable pathologists
to ascertain the metastatic burden, aiding in prognostic determinations and guiding the
selection of adjuvant therapies.

Several research studies, randomized controlled trials (RCTs), and observational
studies have investigated the role of lymphadenectomy in gastric cancer treatment. A
meta-analysis of 11 RCTs by Guo et al. (2020) found that extended lymphadenectomy was
associated with an overall survival (OS) benefit compared to limited lymphadenectomy [44].
Furthermore, the study showed that the survival advantage was significant in patients
with locally advanced gastric cancer. Similarly, a retrospective study of 1267 gastric cancer
patients by Liu et al. (2020) found that extended lymphadenectomy could improve OS in
patients with advanced gastric cancer [45].

Various studies have revealed the therapeutic benefits of lymphadenectomy alongside
primary tumor resection. Extensive regional lymph node dissection (D2 lymphadenectomy)
has been associated with improved overall survival rates in certain patient populations,
particularly in Asian countries [46]. However, it is important to consider that the effec-
tiveness of lymphadenectomy may vary based on factors such as tumor stage, location,
histological type, and the presence of distant metastasis.

Clinical trials and observational studies have shown the benefits of lymphadenectomy
in patients with gastric cancer [47,48]. In a meta-analysis of 32 studies, Zhang et al. (2019)
showed that lymphadenectomy improved overall survival and disease-free survival in
patients with gastric cancer [49]. The study included a total of 23,831 patients and re-
ported a significant benefit in 5-year overall survival with extended lymphadenectomy
compared to standard lymphadenectomy (hazard ratio (HR) = 0.84, 95% confidence interval
(CI) 0.77–0.91).

However, some studies have also suggested that lymphadenectomy may not always
be necessary or beneficial for patients with advanced gastric cancer, particularly in cases
where the cancer has spread to other organs or the lymph nodes are too difficult to access.
A study published in the European Journal of Surgical Oncology in 2020 found that
lymphadenectomy did not improve survival rates for patients with advanced gastric
cancer who underwent palliative surgery [50].

The benefits of lymphadenectomy must be weighed against potential risks and com-
plications (Tables 1 and 2).

3.11. The Effectiveness of D1 Lymphadenectomy Compared to D2 Lymphadenectomy in Treating
Advanced Gastric Cancer

In order to assess the effectiveness of different lymphadenectomy procedures, it is
crucial to understand the rationale behind D1 and D2 lymphadenectomy, their respective
techniques, and the associated outcomes.

D1 lymphadenectomy entails the surgical removal of lymph nodes in the perigastric
area, specifically around the stomach (including the lesser and greater curvature), along the
left gastric artery up to the splenic hilum. This procedure offers the advantage of lowered
morbidity and mortality rates compared to more extensive lymphadenectomy techniques.
In contrast, the D2 lymphadenectomy involves a more radical approach, including the
comprehensive removal of lymph nodes in the perigastric region, along the celiac axis,
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splenic artery, hepatic artery, and the retropancreatic region. The primary aim of D2
lymphadenectomy is to eliminate an extended spectrum of potentially affected lymph
nodes and reduce the chance of residual tumor burden.

Table 1. Comparison of D1 and D2 lymphadenectomy approaches in advanced gastric cancer [51–58].

Characteristics D1 Lymphadenectomy D2 Lymphadenectomy

Extent of lymph node dissection Removal of perigastric lymph nodes
(stations 1–6)

Removal of perigastric and extragastric
lymph nodes (stations 1–12)

Number of retrieved lymph nodes Average of 15–25 Average of 30–40

Operative time Generally shorter (around 2–4 h) Generally longer (around 4–6 h)

Postoperative complications
Lower risk of complications such as

anastomotic leakage or pancreatic fistula
Lower risk of delayed gastric emptying

Higher risk of complications such as
anastomotic leakage or pancreatic fistula
Higher risk of delayed gastric emptying
Higher risk of intra-abdominal abscess

Higher risk of lymphatic leakage
Higher risk of bleeding

Higher risk of wound infection

(Table 1 provides a concise summary of the key characteristics and differences between D1 and D2 lymphadenec-
tomy approaches in terms of the extent of lymph node dissection, number of retrieved lymph nodes, operative
time, and postoperative complications) [51–58].

Table 2. Comparison of short-term outcomes: D1 lymphadenectomy vs. D2 lymphadenectomy in
gastric cancer treatment [51,59–62].

Short-Term Outcomes D1 Lymphadenectomy D2 Lymphadenectomy

Length of Hospital Stay (days) 8–14 12–16

Postoperative Morbidity (%) 20–30 25–35

Mortality Rate (%) 1–5 2–7
(Table 2 provides a general overview of the short-term outcomes, but it is important to note that these ranges
may vary depending on several factors, such as the patient’s overall health, tumor stage, and surgical skill.
Additionally, these short-term outcomes provide a general overview and should be considered in conjunction with
long-term outcomes and other factors when making treatment decisions for gastric cancer patients) [51,59–62].

Advocates of D1 lymphadenectomy argue that it is a less invasive procedure, resulting
in fewer surgical complications and a shorter hospital stay. Consequently, postoperative
recovery is generally faster, allowing patients to regain their normal activities sooner.
Additionally, proponents assert that D1 lymphadenectomy demonstrates comparable long-
term survival rates to D2 lymphadenectomy, particularly in patients with early-stage
gastric cancer. This argument is supported by studies indicating that for T1 and T2 lesions,
D1 lymphadenectomy offers satisfactory oncological outcomes with relatively low rates of
tumor recurrence.

On the other hand, proponents of D2 lymphadenectomy argue that its more exten-
sive removal of lymph nodes results in a decreased risk of locoregional recurrence and
improved disease-free survival rates. They assert that D2 lymphadenectomy provides a
more thorough staging of the disease, enabling accurate patient prognosis and the identifi-
cation of suitable candidates for adjuvant therapies. Furthermore, proponents believe that
D2 lymphadenectomy is especially beneficial for patients with advanced gastric cancer and
those at higher risk of lymph node metastasis, as it enables more effective eradication of
undetected micrometastases and eliminates any potential residual tumor burden.

Despite the aforementioned arguments supporting both approaches, the evidence for
the superiority of D2 lymphadenectomy in all advanced gastric cancer cases is inconclusive.
Several large-scale randomized controlled trials, such as the Dutch Gastric Cancer Group
(DGCG) trial and the British Stomach Cancer Group (BSCG) trial, have shown conflicting
results regarding the survival benefits of D2 lymphadenectomy [62,63]. These studies
reported either limited or no significant differences in postoperative outcomes and overall
survival rates between D1 and D2 lymphadenectomy groups.
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Based on a systematic review conducted by the Cochrane Library in 2018, D2 lym-
phadenectomy is considered the standard surgical treatment for advanced gastric can-
cer [64]. This is because D2 lymphadenectomy is associated with better overall survival
rates compared to D1 lymphadenectomy. This systematic review examines the evidence for
the effectiveness and safety of D2 lymphadenectomy compared to D1 lymphadenectomy
in the treatment of gastric cancer. The review includes 22 studies with a total of 7805 partic-
ipants, all of whom had gastric cancer and underwent either D1 or D2 lymphadenectomy.
The primary outcome was overall survival, and secondary outcomes included disease-free
survival, operative mortality, and morbidity.

The results of the review indicate that D2 lymphadenectomy improves overall survival
and disease-free survival compared to D1 lymphadenectomy. However, D2 lymphadenec-
tomy is associated with higher operative mortality and morbidity, including a higher risk of
pancreatic fistula and delayed gastric emptying. The review suggests that D2 lymphadenec-
tomy is a more effective treatment for gastric cancer than D1 lymphadenectomy, but it also
carries some risks. The decision to perform D2 lymphadenectomy should be made on a
case-by-case basis, taking into account the patient’s individual risk factors and preferences.

Overall, while some studies suggest that D2 lymphadenectomy may be more effective
than D1 lymphadenectomy in terms of lymph node retrieval and tumor recurrence, there is
still no clear evidence that one procedure is superior in terms of overall survival.

Therefore, the selection of the lymphadenectomy approach should be tailored to the
individual needs of each patient, taking into account the patient’s stage of disease, overall
health, and the surgeon’s expertise.

Ultimately, the decision to perform a D1 or D2 lymphadenectomy will depend on a
variety of factors, including the stage of the cancer, the patient’s overall health, and the
preference of the surgeon and medical team.

3.12. Controversy Surrounding Lymphadenectomy in Advanced Gastric Cancer: Insights from
Clinical Trials and the Current Standard of Care

The controversy surrounding lymphadenectomy in treating advanced gastric cancer
has provided valuable insights into the importance of personalized treatment plans. As the
field continues to evolve, healthcare providers must stay updated with the latest evidence
and collaborate with patients to make informed treatment decisions.

The primary source of controversy lies in the lack of consensus regarding the extent
and number of lymph nodes to be removed during surgery. This uncertainty has led to
a debate on the efficacy of extensive lymphadenectomy versus lymphatic mapping and
targeted removal of specific lymph nodes. Complicating matters further is the fact that
studies investigating the effectiveness of lymphadenectomy in advanced gastric cancer
have often produced conflicting results.

Recent studies have supported the argument for D2 lymphadenectomy in the man-
agement of advanced gastric cancer. For example, a notable meta-analysis of randomized
clinical trials found a positive association between D2 lymphadenectomy and improved
overall survival compared to less extensive procedures [65]. Additionally, a national
study from Sweden demonstrated that patients who underwent D2 lymphadenectomy
had significantly enhanced overall survival rates compared to those who underwent
D1 lymphadenectomy [66].

However, it is important to note that numerous studies and clinical trials investigating
the use of lymphadenectomy in advanced gastric cancer have yielded varying findings.
While some studies indicate a potential improvement in survival rates, others show no
significant benefits or even showed increased complications associated with the proce-
dure [67–75]. These conflicting results underscore the need for further research and the
development of personalized treatment plans based on individual patient characteristics.

Overall, the controversy surrounding lymphadenectomy in advanced gastric cancer
highlights the need for personalized treatment plans and the continuous evaluation of the
latest evidence. By staying informed and collaborating with patients, healthcare providers
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can make better-informed decisions to optimize outcomes for patients with advanced
gastric cancer.

3.13. Comparative Analysis of Lymphadenectomy Approaches in Advanced Gastric Cancer:
Balancing Benefits, Risks, and Impact on Postoperative Complications and Quality of Life

Lymphadenectomy serves as a vital tool in cancer management, enabling accurate
staging and improving the chances of a successful cure. However, the decision to undergo
this procedure requires careful consideration of the potential benefits and risks.

3.13.1. Benefits of Lymphadenectomy

1. Enhanced Cancer Staging: By removing lymph nodes, surgeons can accurately assess
the extent of cancer and its spread to neighboring tissues or organs. This precise staging
assists in developing appropriate treatment plans and predicting patient prognosis.

2. Increased Cure Rates: In cases where the cancer is localized within the lymph nodes,
complete removal may eliminate the cancer entirely. Moreover, combining lym-
phadenectomy with complementary treatments, like chemotherapy or radiation ther-
apy, can significantly improve the chances of a successful outcome.

3.13.2. The Benefits and Effectiveness of D1 Lymphadenectomy

D1 lymphadenectomy encompasses the removal of primary gastric tumor, along with
a limited number of regional lymph nodes [52]. As a less aggressive approach, D1 lym-
phadenectomy is associated with certain advantages. Firstly, it allows for shorter operative
times, thereby minimizing the risk of intraoperative complications and reducing patient
discomfort. Furthermore, studies have reported lower rates of postoperative complications,
such as anastomotic leakage and infection, following D1 lymphadenectomy. While this tech-
nique may result in a reduced number of lymph nodes excised, it has demonstrated similar
overall survival rates when compared to D2 dissections in specific patient cohorts. Thus,
D1 lymphadenectomy can be deemed as a feasible alternative with favorable outcomes for
carefully selected patients.

3.13.3. The Benefits and Effectiveness of D2 Lymphadenectomy

D2 lymphadenectomy involves the removal of an extended set of regional lymph
nodes, ensuring a more comprehensive excision. This approach provides several benefits
for patients with advanced gastric cancer [76,77]. Firstly, D2 lymphadenectomy increases
the likelihood of detecting and removing metastatic lymph nodes, improving staging accu-
racy and subsequent treatment decisions. Additionally, it has been linked to a reduction in
locoregional tumor recurrence rates and improved disease-free survival when compared
to D1 lymphadenectomy. Despite the longer operative times and increased risk of compli-
cations associated with D2 lymphadenectomy, studies have shown that these risks can be
effectively managed with careful surgical expertise and postoperative care [78–80]. Overall,
D2 lymphadenectomy offers superior oncological outcomes, particularly for patients at
high risk of disease progression.

3.13.4. Risks and Complications of Lymphadenectomy [58,80,81]

1. Bleeding and Infection: Like any surgical procedure, lymphadenectomy carries a risk
of bleeding and infection. These complications, if not promptly addressed, can lead to
adverse health effects and prolong the recovery process.

2. Damage to Surrounding Structures: The proximity of lymph nodes to vital structures
raises the possibility of inadvertent damage to organs or tissues during the procedure.
Such damage can pose severe health risks and necessitate additional interventions.

D1 versus D2 lymphadenectomy can significantly influence postoperative complica-
tions and quality of life for patients undergoing treatment for advanced gastric cancer.
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3.14. D2 versus D1 Lymphadenectomy Postoperative Complications

When comparing the postoperative complications specifically between D2 and D1
lymphadenectomy in gastric cancer, studies have shown that D2 lymphadenectomy car-
ries a higher risk [80,82–84]. Several complications have been reported more frequently
following D2 lymphadenectomy.

One of the most commonly observed postoperative complications after D2 lym-
phadenectomy is an anastomotic leakage. The risk of anastomotic leakage is generally
higher with D2 lymphadenectomy due to the extensive dissection and increased complexity
of the procedure.

Pancreatic fistula is another complication that tends to occur more frequently with
D2 lymphadenectomy. It involves the leakage of pancreatic fluids from the surgical site.
The removal of more lymph nodes and closer proximity to the pancreas in D2 versus D1
lymphadenectomy can increase the likelihood of this complication.

Intra-abdominal abscesses, which are localized collections of pus within the abdominal
cavity, are also reported as more common after D2 lymphadenectomy. The extensive
dissection performed during D2 lymphadenectomy can lead to infections and subsequent
abscess formation.

Wound infections, including superficial and deep surgical site infections, are seen
with a slightly higher incidence following D2 lymphadenectomy. The large incisions made
during the procedure provide more opportunities for bacterial colonization and infection.

It is important to note that the risk and severity of complications can vary depending
on individual patient factors and surgical techniques employed. Skilled surgeons who
perform D2 lymphadenectomy in high-volume centers may have lower complication rates,
emphasizing the importance of experience and expertise in minimizing adverse outcomes.

In conclusion, while D2 lymphadenectomy might offer better oncological outcomes
for patients with advanced gastric cancer, it is associated with a higher risk of postop-
erative complications, including anastomotic leakage and delayed gastric emptying, as
well as decreased quality of life compared to D1 lymphadenectomy. Therefore, healthcare
professionals should carefully consider the potential benefits and risks of D2 lymphadenec-
tomy before deciding on the appropriate surgical approach for patients with advanced
gastric cancer.

3.15. Impact of Neoadjuvant Treatment on Lymphadenectomy Outcomes in Advanced Gastric Cancer

Neoadjuvant treatment is an increasingly utilized strategy in the management of
advanced gastric cancer [85].

Neoadjuvant treatment, consisting of chemotherapy, chemoradiotherapy, or a combi-
nation, has emerged as a valuable strategy to improve outcomes in these patients. Lym-
phadenectomy, the removal of regional lymph nodes during surgical resection, is an
essential component of curative treatment for gastric cancer patients. However, the impact
of neoadjuvant treatment on lymphadenectomy outcomes is still a subject of debate.

3.15.1. Effects of Neoadjuvant Treatment on Lymph Node Yield

Recent studies have investigated the association between neoadjuvant treatment and
lymph node yield during surgery [85–87]. While some studies have reported a decreased
lymph node yield in patients receiving neoadjuvant treatment, others have shown no
significant difference compared to patients undergoing upfront surgery. Variations in
study design, patient selection, and neoadjuvant treatment regimens may partially explain
these discrepancies.

3.15.2. Pathological Response and Survival Rates

Neoadjuvant treatment is known to induce pathological responses, characterized
by tumor regression and fibrotic changes, which can be evaluated through histological
examination. Several studies have demonstrated a correlation between better pathological
response and improved survival outcomes in patients receiving neoadjuvant treatment.
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Furthermore, extensive lymphadenectomy in combination with neoadjuvant treatment has
been associated with increased survival rates, suggesting that the two interventions may
have a synergistic effect.

3.15.3. Recommendations and Guidelines

Current guidelines recommend extended lymphadenectomy in cases of locally ad-
vanced gastric cancer. However, the impact of neoadjuvant treatment on lymphadenec-
tomy extent is yet to be fully elucidated. Studies have shown that patients undergoing
neoadjuvant treatment may have more limited lymph node involvement, potentially
questioning the necessity of extensive lymphadenectomy in these cases. Further research
is warranted to establish clear guidelines regarding lymphadenectomy extent in the
context of neoadjuvant treatment.

Neoadjuvant treatment plays a crucial role in the management of advanced gastric
cancer. While the impact of neoadjuvant treatment on lymphadenectomy outcomes is still
debated, evidence suggests that neoadjuvant treatment can induce favorable pathological
responses and improve survival rates, particularly when combined with extensive lym-
phadenectomy. The extent of lymphadenectomy in the context of neoadjuvant treatment
remains an area of ongoing research, and future studies are needed to further elucidate the
optimal approach in these patients.

3.16. Comparing Futures: Ongoing vs. Concluded Clinical Trials

Clinical trials are an important part of evaluating medical interventions. There are
two main types of trials: ongoing and closed. While assessing the impact of lymphadenec-
tomy in gastric cancer, both ongoing and closed trials have provided valuable insights.
Ongoing trials collect real-time data and assess current treatment strategies. This allows
researchers to observe outcomes and continually evaluate the effectiveness and safety
of lymphadenectomy. Closed trials, on the other hand, have completed data collection
and provide comprehensive analysis and results. They explore various aspects related to
lymphadenectomy, such as survival rates and complications. Ongoing trials offer real-time
insights, while closed trials provide valuable data for future clinical decision making. It
is important to assess multiple trial results collectively to obtain a comprehensive under-
standing. Meta-analyses and systematic reviews help summarize findings.

4. Conclusions and Future Directions

Lymphadenectomy plays a critical role in the management of advanced gastric cancer
by removing cancerous lymph nodes and improving survival rates. However, determining
the optimal extent of lymph node dissection remains a topic of ongoing debate. High levels
of lymph node removal have been associated with increased risks of complications and
morbidity.

Current evidence indicates that extended lymphadenectomy may be beneficial for
patients with locally advanced cancer or those at high risk of lymph node metastasis. On the
other hand, limited lymphadenectomy has shown comparable outcomes and fewer compli-
cations in low-risk patients. Therefore, the selection of the appropriate lymphadenectomy
extent should be based on the patient’s risk profile and the surgeon’s experience.

To ensure the safety and efficacy of lymphadenectomy, surgeons should undergo
adequate training and possess expertise in the technique. The multidisciplinary approach
should be adopted for the optimal management of advanced gastric cancer, involving
the evaluation of lymph node status and the selection of the appropriate extent of lym-
phadenectomy based on tumor staging.

It is important to evaluate the risk–benefit ratio of lymphadenectomy on an individual
basis, taking into consideration the patient’s preoperative status, comorbidities, tumor
characteristics and the surgeon’s operative skill. This personalized approach will help
minimize complications and maximize the potential benefits of the procedure.
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Further research is needed to determine the optimal extent of lymphadenectomy and
identify specific patient subgroups that may derive the greatest benefit from this procedure.
Until more evidence is available, clinicians should carefully weigh the potential benefits
and risks of lymphadenectomy on a case-by-case basis, considering individual patient
characteristics and preferences.

Lymphadenectomy remains an essential component in the management of advanced
gastric cancer, providing valuable staging information and influencing treatment decisions.
While there is conflicting evidence regarding its efficacy, lymphadenectomy remains a
valuable tool for both diagnosis and treatment. By individualizing the approach based on
patient characteristics and surgeon experience, we can enhance the safety and effectiveness
of lymphadenectomy in the context of advanced gastric cancer.

Future directions in lymphadenectomy for advanced gastric cancer may involve
refining the extent of lymphadenectomy based on individualized treatment approaches.
This can be achieved through the use of preoperative imaging to better identify high-
risk patients who would benefit from more extensive lymphadenectomy. Furthermore,
incorporating techniques such as sentinel lymph node biopsy can help reduce the extent of
lymphadenectomy in lower-risk patients.

In terms of future perspectives and research directions, there is a need to identify
biomarkers that can guide patient selection for lymphadenectomy. This will enable a
more targeted approach to treatment. Additionally, novel techniques that improve the
effectiveness of lymphadenectomy while minimizing the risks of complications should be
explored. Furthermore, ongoing research in immunotherapy and other systemic treatments
for advanced gastric cancer may provide alternative options for patients who are not
suitable candidates for surgery. Ultimately, achieving optimal outcomes in patients with
advanced gastric cancer will require a personalized approach based on individual patient
characteristics and tumor biology.

Another area of research interest is the use of precision medicine approaches for gastric
cancer treatment. This involves identifying specific genetic or molecular alterations in a
patient’s tumor, which can then be targeted by specific drugs or therapies. Clinical trials
evaluating the effectiveness of targeted therapies for gastric cancer are currently underway,
and further research in this area may lead to personalized treatment options for patients
with advanced disease.

Additionally, there is a need for further research into the optimal timing of lym-
phadenectomy, particularly in the context of neoadjuvant and adjuvant therapy. Neoadju-
vant therapy may potentially improve the success of lymphadenectomy by reducing tumor
burden and enhancing overall patient outcomes.

In conclusion, while lymphadenectomy remains an important component of treatment
for advanced gastric cancer, ongoing research is essential to optimize its use and minimize
associated morbidity. This includes refining the extent of lymphadenectomy through
individualized treatment approaches, identifying biomarkers to guide patient selection,
exploring novel techniques to improve effectiveness, and investigating precision medicine
approaches. Additionally, further research into the optimal timing of lymphadenectomy is
needed in the context of neoadjuvant and adjuvant therapy. By continually advancing our
understanding and refining our approach, we can ultimately achieve better outcomes for
patients with advanced gastric cancer.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/life13081769/s1, The supplementary material titled "PRISMA Flow Dia-
gram" provides a visual representation of the study selection process. It illustrates the screening,
eligibility, and selection criteria followed during the literature review for this study. This diagram
offers a clear overview of the included and excluded studies, ensuring transparency and replicability
in our methodology.
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