
Abstract. A potentially curative treatment scheme for
gastric cancer is considered futile without a proper surgical
resection. An oncological, surgical resection for gastric
cancer prerequisites a proper resection of the stomach, and
a D2 lymph node dissection followed by reconstruction of the
gastrointestinal tract continuity. Recently, as the favorable
impact of organ preserving surgery on functional outcomes
has been increasingly appreciated; distal gastrectomy
represents a valid alternative to total gastrectomy provided
that the proper oncological principles are not violated.
However, the appropriateness of distal gastrectomy as a
valid type of resection becomes synonymous with achieving
a negative proximal resection margin. The purpose of the
present study was to assess the optimal distance between the
tumor and the resection margin in a gastrectomy with
curative intent, performed for gastric cancer, by reviewing
the relevant literature. Having in mind, the well documented
discrepancy between the gross and the pathologic
boundaries of the tumor, pitfalls might be encountered.
Current published guidelines have used a “safety distance”
i.e., >4 or 5 cm between the proximal macroscopic tumor

border and the proximal resection margin in order to
guarantee a negative resection margin on pathology. An
increased distance of safety is currently proposed in high-
risk tumors such as tumors of the diffuse histological type.

According to the GLOBOCAN 2018 data, gastric cancer is the
fifth most frequent cancer, and the third cause of cancer-related
deaths globally (1). In general, gastric cancer prognosis
remains poor (2). Depending on stage, the 5-year survival rates
for patients treated with curative intent falls from 70% for stage
I patients to less than 30% for gastric cancer patients of more
advanced disease stages (3). It is an indisputable fact though,
that significant progress in the treatment of gastric cancer has
been made during recent decades. Multimodal therapeutic
approaches combining radiotherapy, chemotherapy either in the
neo-adjuvant or adjuvant setting, and, ultimately, surgery have
offered improved outcomes (4).

However, a potentially curative treatment scheme for
gastric cancer is considered futile without a proper surgical
resection (5). In regard to the surgical treatment of gastric
cancer, several areas have become the field of constant
debate, within the surgical community, with the proper extent
of lymphadenectomy being the most notable. More
specifically, in Eastern countries D2 lymphadenectomy has
been traditionally considered the standard procedure for
gastric cancer on the basis of its associated superior survival
and recurrence results (6). On the contrary, a more limited
lymph node dissection approach had been initially adopted
in respective Western Institutions as initial reports attributed
to the extended lymphadenectomies increased the rate of
surgical complications and higher peri-operative mortality,
without a real survival benefit. The incorporation, however,
of more recent evidence directly challenged this approach
and established D2 lymph node dissection as the standard of
care in Western Institutions, as well (7).
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Apart from lymphadenectomy, the resection of the
stomach along with the primary tumor, either in the form of
a total or a distal gastrectomy, is an integral part of the
surgical treatment. However, patients submitted to gastric
resection for cancer are deprived, either in total or in part,
depending on the type of gastrectomy of an organ i.e.,
stomach with significant physiological function as a part of
the alimentary tract. Recent literature reports underline that
the extent of gastrectomy influences negatively the quality
of life and the nutritional status of patients after gastric
cancer surgery (8, 9). Furthermore, the incidence of well-
defined postgastrectomy complications and symptoms such
as reflux and dumping syndrome seems to be limited, should
an approach of organ sparing resection is followed (10).
Within this framework, organ-preserving surgery appears as
the ideal scenario provided that the proper oncological
principles are not violated.

In general, the appropriateness of distal gastrectomy, as an
oncologically correct resection type, becomes synonymous
with achieving a negative proximal resection margin on
pathology. The purpose of the present study was to assess the
optimal distance of safety between the gross gastric tumor
border and the proximal resection margin, during a distal
gastrectomy with curative intent, in order to achieve
oncological adequacy by reviewing the relevant literature. 

Gross and Histologic Classification 
of Gastric Cancer

The gross appearance of gastric cancer, on endoscopy, can
be exophytic, ulcerated, infiltrative or combined. Based on
the classic, Borrmann’s classification, the gross appearance
of gastric cancers can be divided into four distinct types:
Type I refers to gastric cancer with polypoid growth, type II
to fungating growth, type III to ulcerating growth, and type
IV to gastric cancers with diffusely infiltrating growth
pattern. The latter type is also referred to as linitis plastica,
a condition where the gastric wall is, almost in total,
involved by infiltrating tumor cells (11).

In regard to histology, gastric cancer demonstrates notable
heterogeneity at both architectural and cytologic level. The
Lauren’s classification made up the basis for the histologic
classification of gastric cancer. According to this classification,
the two major subtypes of gastric cancer are the intestinal and
the diffuse type adenocarcinoma, accounting for more than
85% of all gastric cancers. An indeterminate type was
additionally proposed to include gastric cancers without
distinct histological characteristics (12). 

Technical Considerations

An oncological, surgical resection for gastric cancer
prerequisites a proper resection of the stomach, and a D2

lymph node dissection followed by reconstruction of the
gastrointestinal tract continuity. In regard to the gastrectomy
itself, with the exception of locally advanced gastric cancer,
where multivisceral resections might be required, the distal
resection margin is by definition pre-specified. The first part
of the duodenum, usually a level 1 to 2 cm from the pylorus,
has been routinely used as the distal resection margin
irrespective of the location of the primary tumor within the
stomach. The same principles apply for the proximal
resection margin, when a total gastrectomy is the procedure
of choice, usually for tumors of the upper and middle third
of the stomach. In this case, the gastroesophageal junction is
the pre-specified proximal resection margin.

In the past, total gastrectomy was considered as a standard
type of gastrectomy in all gastric cancer patients because it
could safely guarantee, in the most efficient way,
pathologically clear proximal resection margins (13).
However, there were no significant differences in the survival
rates and complications between distal and total gastrectomy
in patients with gastric cancer in the distal third of the stomach
(14). Within this context, taking advantage of the favorable
functional outcomes of organ preserving surgery, in the form
of distal gastrectomy, appears as a totally justified approach
as long as the basic oncological principles are not violated. In
regard to the latter, a clear proximal resection margin on
pathology is the condition that could objectively permit the
preservation of the upper part of the stomach. 

Proximal Resection Margin

A pathologically clear proximal resection margin is one of
the most important elements of a gastric cancer resection
with curative intent. With the exception of total gastrectomy,
with the predefined proximal resection margin i.e., at the
level of gastroesophageal junction, distal gastrectomy
prerequisites elaborative surgical decision making in regard
to defining the level of proximal transection of stomach.
The problem is that there is often a discrepancy between the
gross/macroscopic assessment of the tumor borders as
assessed by the involved surgeon and the actual proximal
margin status as assessed during the pathological
examination of the surgical specimen.

Aiming to overcome this obstacle in the quest for R0
proximal resection margins, a “safety” distance from what
the involved surgeon assesses as the most proximal tumor
border to the proximal resection margin has been suggested.
Several studies have tried to define this distance of safety. A
retrospective study by Bozzetti et al., assessing 343 gastric
cancer patients, showed that none of the patients with a
proximal safety margin of more than 6 cm had infiltrated
resection margins. In addition, the authors highlighted
serosal involvement as a risk factor for positive proximal
resection margins and suggested that for primary tumors, not
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extending to the gastric wall serosa, a decreased distance of
safety i.e., 3 cm appears justified (15). 

The importance of the T stage of the tumor on the
resection margin status has been further highlighted by Kim
et al. in their report, evaluating 2,081 patients with early
gastric cancer who underwent gastrectomy. In this study, a
margin of more than 1 mm proved safe in this early gastric
cancer patient group (16). In 2015, a multicenter study out
of seven Institutions of the U.S. Gastric Cancer
Collaborative aimed to assess the prognostic value of
proximal margin distance on survival outcomes after distal
gastrectomy. The authors concluded that the prognostic
value of proximal margin distance after distal gastrectomies
for gastric cancer appears to be stage specific. More
specifically, in stage I, a 3 to 5 cm proximal margin is
associated with the same improved overall survival as a
margin of more than 5 cm. On the other hand, in patients of
more advanced disease stage (II-III), other adverse
pathological factors more strongly impact survival than
proximal margin distance (17).

In a similar fashion, Berlth et al. highlighted the diffuse
histology as a risk factor for underestimation of proximal
margin length and suggested that a margin of more than 3 cm
combined with frozen margin confirmation can be considered
safe (18). This latter study aimed to answer, as well, whether
a decreased proximal margin length can have a detrimental
effect on survival or locoregional recurrence after distal
gastrectomy. The results showed that proximal margin length
does not affect outcomes after distal gastrectomy for gastric
cancer. Aiming to provide answers to the same question Lee
et al. and Jang et al. showed that provided that the condition
of pathologically clear resection margins is fulfilled, the length
of the negative resection margin did not affect long term
outcomes i.e., survival and recurrences after distal gastrectomy
for gastric cancer (19, 20).

It becomes obvious that the important determinant in gastric
cancer prognosis is the microscopic status of the resection
margin and not the length of the negative margin. The length
itself has been utilized as a “safety valve” guaranteeing an R0
resection. Intraoperative frozen section analysis, despite its
limitations, might be an invaluable adjunct in this direction
especially in cases of high risk for atypical growth tumors.
The diffuse type and tumors of advanced T stage fall into this
high risk for misidentification of the tumor borders category.
A recent study by Hayami et al. aimed to evaluate the degree
of discrepancy between the macroscopic and pathologic
borders of gastric cancer in 1,494 gastric cancer patients.
According to this study, in T1 tumors the maximum
discrepancy was 20 mm for well or moderately differentiated
adenocarcinomas and 40 mm for poorly differentiated
adenocarcinomas and signet ring carcinomas. In patients of
more advancer T stage i.e., T2–4, the maximum discrepancy
was 30 mm in tumors with expansive growth pattern.

Interestingly, the maximum discrepancy for tumors of the
infiltrative growth type was 60 mm (21).

Current Guidelines

Different scientific communities have published guidelines on
the optimal proximal to tumor macroscopic-free margin in
order to assure pathological clear proximal resection margins,
incorporating all the existing knowledge on the field. However,
there is indeed a notable heterogeneity in the recommendations.
The National Comprehensive Cancer Network (NCCN), in its
2019 guidelines, recommends a minimum resection margin of
4 cm from the primary tumor for all resectable T1b–T3 gastric
tumors while multivisceral, en bloc, resections are required for
patients with T4 tumors. The indications of endoscopic
resection techniques are limited to patients with early gastric
cancer i.e., Tis or T1a tumors (22).

In the European Society of Medical Oncology (ESMO)
guidelines, the role of endoscopic resection as a standalone
treatment of gastric cancer is clearly defined. Thus, patient
with well differentiated, non-ulcerated, very early gastric
cancers (T1a), clearly confined to the mucosa, ≤2 cm in
diameter are candidates for endoscopic resection. Patients
with gastric cancer of more advanced stage i.e., stage Ib–III,
should be submitted to distal gastrectomy if a clear
macroscopic proximal margin of a least 5 cm can be
achieved between the tumor and the gastroesophageal
junction. This concept applies for intestinal-type gastric
cancers. For gastric cancers of the diffuse type, a clear
margin of 8 cm is recommended. If those margins cannot be
objectively achieved and guaranteed, a total gastrectomy
should be performed (23).

Finally, the Japanese Gastric Cancer Association (JGCA)
guidelines take into account the growth pattern of gastric
cancer and recommend for T1 tumors a clear margin of >2
cm and for ≥T2 tumors, a clear margin of at least 3 cm in
case of expansive growth pattern, or a clear margin of at
least 5 cm in case of tumors of the infiltrative growth
pattern. Whenever these conditions are not fulfilled, the
proximal resection margin should be analyzed by frozen
sections (24).

Conclusion

In conclusion, the benefits of organ sparing resections
become more and more obvious in everyday clinical
practice. The preservation of the gastric volume and function
appears significantly important in amplifying postoperative
nutritional status and in decreasing the incidence of common
postgastrectomy complications such as reflux and dumping
syndrome. When a tumor in the upper third of the stomach
is the case, then things are relatively straightforward and a
total gastrectomy is usually the sole valid option. For the rest
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tumor sites within the stomach, however, a decision with
regards to the oncological appropriateness of a distal
gastrectomy should be made. Having in mind, the well
documented discrepancy between the gross and pathologic
boundaries of the tumor, pitfalls might be encountered.
Current published guidelines have used a “safety distance”
i.e., >4 or 5 cm between the proximal macroscopic tumor
border and the proximal resection margin in order to
guarantee a negative resection margin on pathology. An
increased distance of safety is currently proposed in high-
risk tumors such as tumor of the diffuse histology type.
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