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ABSTRACT

Purpose. No consensus exists on the resection extent
needed to ensure oncological safety in gastrectomy for
gastric adenocarcinoma (GAC). This study aims to assess
the impact of margin adequacy according to Japanese
Gastric Cancer Association (JGCA) guidelines on overall
survival (OS).

Patients and Methods. Patients who underwent surgery
for stage I-III GAC at our institution between 2010 and
2017 were included. Margin adequacy according to JGCA,
National Comprehensive Cancer Network (NCCN), and
European Society for Medical Oncology (ESMO) guideli-
nes was assessed, and their predictive value on OS was
evaluated with Harrell’s C-index. Patients were analyzed
according to their margins’ adherence to JGCA guidelines,
and a propensity score matching (PSM) was run. Indication
to either total gastrectomy (TG) or distal gastrectomy (DG)
according to each guideline was also assessed.

Results. A total of 279 patients were included, of whom
220 (79%) underwent DG. Adequate margins according to
JGCA were obtained in 209 patients (75%). On multi-
variate  analysis, JGCA margin adequacy was
independently associated with OS, together with American
Society of  Anesthesiologist  class, neoadjuvant
chemotherapy, lymphadenectomy extent, RO resection, and
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postoperative N stage. After PSM, patients with JGCA
adequate margins showed better OS, recurrence-free sur-
vival (RFS), and local RFS than patients with JGCA
inadequate margins. For 220 DG, JGCA guidelines would
have recommended TG in 25 patients (11%), NCCN in 30
(14%), and ESMO in 90 (41%) (p < 0.001).

Conclusion. Adequacy of surgical resection margins to
JGCA guidelines leads to improved survival outcomes and
allows for a more organ-preserving approach than Western
guidelines.

Gastric adenocarcinoma (GAC) is the fifth most fre-
quently diagnosed cancer and the third leading cause of
cancer-related death worldwide.! Although chemotherapy
and chemoradiation can improve outcomes in selected
patients, surgical resection remains the only potentially
curative treatment” for GAC.

Several areas of controversy still exist on the proper
extent of surgical resection during gastrectomy for GAC.
There is currently no consensus on the adequate distance
between the tumor and the resection margins to ensure a
complete tumor excision and minimize the risk of local
recurrence. Recently there has been an increase in the
awareness that the extent of gastrectomy influences the
quality of life** and the nutritional status’ after surgery and
that organ-preserving surgery should be performed when-
ever possible.

Recommendations on the extent of resection in the
Guidelines of the major Eastern and Western cancer
Societies are heterogeneous.
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The National Comprehensive Cancer Network (NCCN)
guidelines® recommend resection margins > 4 cm from the
gross tumor for resectable T1b-T3 tumors. T4 tumors
require en bloc resection of the involved structures, while
Tis or Tla tumors may be candidates for endoscopic
resection.

In the European Society of Medical Oncology (ESMO)
guidelines,” the extent of resection is determined by the
preoperative stage; endoscopic resection may be carried
out for very early gastric cancers (T1a) if they are clearly
confined to the mucosa, well differentiated, < 2 cm, and
non-ulcerated. For stage Ib-III GAC, distal gastrectomy
(DG) may be carried out if a macroscopic proximal margin
of 5 cm can be achieved between the tumor and the gas-
troesophageal junction for intestinal type cancers; for
diffuse cancers, a margin of 8 cm is recommended. If those
margins cannot be guaranteed, total gastrectomy (TG)
should be performed

The Japanese Gastric Cancer Association (JGCA)
guidelines® recommend a margin > 2 cm for T1 tumors.
For tumors > T2, a proximal resection margin of at least 3
cm is recommended in case of expansive growth pattern,
while an infiltrative growth pattern requires at least 5 cm. If
this cannot be achieved, the proximal resection margin
should be analyzed by frozen section.

Differently from the Western guidelines, the JGCA
guidelines take into account the growth pattern of the
tumor, thus allowing for a more patient-tailored and organ-
sparing surgery while pursuing similar oncologic out-
comes. With this in mind, starting from 2010, we adopted a
surgical approach to gastrectomy for GAC aimed at
adhering to JGCA guidelines whenever allowed by the
intraoperative patient and tumor conditions.

This study analyzes the collected experience of patients
undergoing gastrectomy for GAC, and assesses the impact
of the adequacy to the resection margins recommended by
JGCA guidelines on long-term outcomes. Secondarily, we
aim to evaluate whether pursuing JGCA guidelines might
result in more conservative gastric surgery with respect to
Western guidelines.

PATIENTS AND METHODS
Patient Selection and Study Endpoints

From a prospectively collected database, we identified a
cohort of consecutive patients who underwent gastric
resection for GAC at our institution between 1 January
2010 and 31 December 2017. Inclusion criteria were: age >
18 years, confirmed histology of GAC, and gastrectomy
performed with curative intent. Exclusion criteria were:
palliative surgery, R2 resection, esophagogastric resection,

histological diagnosis different from adenocarcinoma, and
stage IV disease.

Out of the 430 consecutive patients who underwent
gastrectomy for gastric cancer during the study period, 151
patients were excluded: 13 for palliative surgery, 39 for
esophagogastric resection, 62 for histology different from
adenocarcinoma, 36 for stage IV disease, and 1 with
macroscopic residual disease at transection margins (R2).
Overall, the study cohort included 279 patients.

The study protocol followed the Declaration of Helsinki
and its updates.’ Data analysis was approved by the insti-
tutional review board as a retrospective, observational
study to be reported according to the STROBE'® guidelines
(Strengthening the Reporting of Observational Studies in
Epidemiology).

The primary endpoint of this study was to assess the
impact of adequate resection margins according to JGCA
guidelines on overall survival (OS) of patients undergoing
gastrectomy for cancer. Secondary endpoints were: the
impact of resection margins on recurrence-free survival
(RFS) and local recurrence-free survival (LRFS), the pre-
dictive power of JGCA margins on OS with respect to
NCCN and ESMO guidelines, and whether or not JCGA
allowed a more conservative surgery with respect to other
Western-based guidelines.

Therapeutic Protocol

All patients underwent preoperative staging including
performance status evaluation, physical examination,
chest-abdominal contrast-enhanced computed tomography
(ceCT), lab tests, and upper endoscopy with biopsy of the
lesion to assess the histology according to the Lauren
classification.'’ In the case of suspected lymph node
invasion or T stage > T2, the patients were investigated
with upper endoscopic ultrasound and positron emission
tomography. At the end of their preoperative work-up, all
patients were staged according to the AJCC eight edition
guidelines for gastric cancer.'?

Patients received either distal gastrectomy (DG) or total
gastrectomy (TG). Removal of a second tier of lymph
nodes in the extraperigastric areas (D2 lymphadenectomy)
was added whenever possible, with a minority of patients
(Table 1) receiving only a D1 lymphadenectomy as a
consequence of an estimated high risk of postoperative
complications and low benefit, due to age and comorbidi-
ties, in the case of more extended lymphadenectomy. The
extent of gastric resection was decided according to tumor
size, tumor location, and intraoperative evaluation in order
to guarantee adequate resection margins according to the
JGCA classification. Intraoperative frozen section analysis
of the proximal and distal margins was routinely per-
formed: in the case of tumor involvement or high risk of
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TABLE 1 Characteristics of study population

Table 1 (continued)

n (%) or median (range)
n=279

Baseline demographic and clinical characteristics

Sex
Female 126 (45.2)
Age (years) 67 (20-89)
BMI (kg/m?) 24 (16.5-41)
ASA
1 30 (10.8)
2 215 (77.1)
3 33 (11.8)
Clinical TNM stage
1 111 (39.8)
A 40 (14.3)
1B 48 (17.2)
1 80 (28.7)
Preoperative histology
Intestinal 171 (61.3)
Diffuse 108 (38.7)
Neoadjuvant chemotherapy
No 216 (77.4)
Yes 63 (22.6)
Postoperative pathological characteristics
Tumor location
Greater curvature 86 (30.8)
Lesser curvature 193 (69.2)
Tumor location
Upper 1/3 20 (7.2)
Mid 1/3 121 (43.4)
Lower 1/3 138 (49.5)
Tumor size (cm) 4 (0.4-19)
PRM (cm) 5 (0.5-16)
DRM (cm) 4 (0.2-25)
Margins adequacy (JGCA)

Adequate 209 (74.9)
Margins adequacy (NCCN)

Adequate 189 (67.7)
Margins adequacy (ESMO)

Adequate 108 (38.7)
Histology
Intestinal 153 (54.8)
Diffuse 68 (24.4)
Indeterminate 55 (19.7)
Growth pattern
Expansive 42 (15.1)
Infiltrative 206 (73.8)
Total examined lymph nodes 33 (5-71)
Total positive lymph nodes 1 (0-45)

Lymph node sampling

n (%) or median (range)

n =279
Adequate (> 16) 256 (91.8)
RO resections 273 (97.8)
Postoperative T stage
TO 3(LD
T1 101 (36.2)
T2 32 (11.5)
T3 96 (34.4)
T4 47 (16.8)
Postoperative N stage
NO 114 (43.3)
N1 60 (19.9)
N2 48 (17.4)
N3 57 (20.5)
Postoperative TNM stage
0 3 (1.1)
1 100 (35.8)
11 79 (28.3)
1 97 (34.8)
Adjuvant chemotherapy
No 130 (46.6)
Yes 145 (52)

BMI body mass index, ASA American Society of Anesthesiologists,
PRM proximal resection margin, DRM distal resection margin, JGCA
Japanese Gastric Cancer Association, NCCN National Comprehensive
Cancer Network, ESMO European Society of Medical Oncology

R1, the resection was extended, when feasible, with the
aim of complying with JGCA guidelines.

Postoperative follow-up consisted of complete lab tests
and ceCT every 4 months for the first 2 years, and every 6
months thereafter. All patients received an upper endo-
scopy 1 year after surgery, then every 2 years. Neoadjuvant
and/or adjuvant chemotherapy was administered according
to tumor stage and current standards of care (see Results
and Table 1).

Data Collection and Terminology

The variables related to the type of surgery and the
extent of the lymphadenectomy were defined according to
the JGCA definitions.® Clinical and pathological staging
refer to the TNM-AJCC eighth edition Cancer Staging
Manual.'? Adequacy of resection margins was assessed at
pathology on a case-by-case basis, and defined according to
the JGCA, NCCN, and ESMO recommendations.®™ Tumor
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size was defined as the maximum diameter of the lesion. A
lymph node sampling of at least 16 lymph nodes was
considered adequate.'? Ninety-day postoperative compli-
cations were graded according to the Dindo—Clavien
classification,'* and considered as “major” when graded >
IITa. Local recurrence was defined as an endoscopically
detected and biopsy-proven tumor recurrence at the prox-
imal margin.

Organ-Sparing Assessment

The indication to either TG or DG according to each
guideline was calculated in each individual patient,
assuming a minimum distance of 4 cm from the cardias to
perform DG for lesions located on the lesser curvature
(LC) and of 8 cm for lesions located on the greater cur-
vature (GC). If, after resection with adequate margins (i.e.,
tumor size 4+ margins according to each guideline), this
distance was not met, the portion of the stomach that would
remain would not be sufficient to perform a DG. The length
of the LC and GC were retrospectively approximated
according to the formulas described by Lee et al.:'?

e Greater curve = 17.47 + 0.02 x age + 0.06 x body
weight;

e Lesser curve =3.32 + 0.05 x age 4+ 0.98 x sex + 0.05
x height 4+ 0.03 x body weight

To calculate whether the minimum distance between the
tumor and the surgical margins was met, we used the fol-
lowing formulas:

e For lesions in the lesser curve (LC) area: if [LC length
— (tumor length 4+ margins)] > 4 cm, then DG would
have been indicated, otherwise TG

e For lesions in the greater curve (GC) area if [GC length
— (tumor length + margins)] > 8 cm, then DG would
have been indicated, otherwise TG

Statistical Analysis

All categorical variables were reported as number of
cases and percentages. Continuous variables were reported
as mean = standard deviation (SD) or as median and range,
depending on the data distribution. Distribution of contin-
uous variables was assessed with the Shapiro—-Wilk’s test.
Categorical variables were analyzed using the chi-squared
test; continuous variables were analyzed with the Student’s
t-test or Mann—Whitney test, as appropriate.

Overall survival (OS) was computed as the interval
between the date of surgery and the date of death for any
reason, with censoring at the date of last follow-up in alive
patients. RFS was computed as the interval between sur-
gery and the date on which tumor recurrence was recorded

at any site, with censoring at the date of death or last
follow-up in recurrence-free patients. LRFS was computed
as the interval between surgery and the date on which local
recurrence was recorded, with censoring at the date of
death or last follow-up in recurrence-free patients. Pro-
portional hazard assumption was verified by Schonfeld
residual analysis, and survival curves were obtained with
the Kaplan—Meier method and compared by means of log-
rank test. Median follow-up time was calculated with the
reverse Kaplan—-Meier method. Cox regression analysis
was performed to assess the variables independently
associated with OS. Variables with p < 0.05 on univariate
analysis were included in the multivariable analysis. Since
JGCA, NCCN, and ESMO guidelines share the covariate
“proximal resection margin,” Harrell’s C-index was cal-
culated to evaluate the discriminatory power on survival of
each guideline. To avoid collinearity, only the one with the
highest “C” was included in multivariable analysis. A Cox
regression analysis assessing the association between time
to recurrence (TTR) and margin adequacy according to the
different guidelines was also carried out.

After grouping the patients according to their JGCA
margin adequacy, the baseline characteristics of the two
groups were compared. To overcome potential selection
biases in patients with adequate and inadequate margins, a
propensity score matching (PSM) analysis'® was conducted
with a 1:2 nearest-neighbor matching and a caliper of 0.2.
The PSM was run including variables with a well-known
impact on survival and margin adequacy: tumor location
(upper, middle, or lower third), type of gastrectomy (TG
versus DG), nodal status, and TNM stage on pathology.
After PSM, survival curves for OS, RFS, and LRFS were
conducted by Kaplan—-Meier methodology and analyzed
using the Wilcoxon test. To overcome the potential con-
founding effect of pathological nodal status, we performed
a subgroup analysis of the JGCA-IN and JGCA-OUT after-
PSM cohorts, dividing them into pNO and pN+ groups, and
compared long-term outcomes between the pNO JGCA-IN
and JGCA-OUT cohorts, and between the pN+ JGCA-IN
and JGCA-OUT cohorts.

In the organ-sparing surgery analysis, the differences in
recommendations according to JGCA, NCCN, and ESMO
were compared using one-way analysis of variance
(ANOVA); p <0.05 on ANOVA was further analyzed with
Tukey’s test to assess significance between each guideline.

All analyses were two-sided, and statistical significance
was defined as p < 0.05. Statistical analyses were per-
formed with the IBM SPSS Advanced Statistics 24.0
package.
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RESULTS
Characteristics of the Population

The study includes 279 consecutive patients who
underwent gastrectomy for GAC with curative intent. The
main characteristics of the series are summarized in
Table 1. DG was performed in 220 patients (78.9%), while
59 patients (21.1%) underwent TG. Intraoperative frozen
sections were positive for distal margins tumor infiltration
for six DG and no TG; of these, RO was obtained in three
by widening the duodenal resection. Frozen section was
positive for proximal margins tumor infiltration in two DG
and seven TG; of these, RO was obtained in two by per-
forming a TG and in four by widening the esophageal
resection. Of the nine cases that resulted in RO re-resec-
tions, five were adequate according to JGCA, four to
NCCN, and zero to ESMO.

A D2 lymphadenectomy was associated in 240 patients
(86%). The median length of hospital stay was 13 days
(range 7-93 days), and the 90-day major morbidity and
mortality rates were 12% (34 patients) and 2% (6 patients),
respectively.

On pathology, RO resections were confirmed in 273
(97.8%) cases. The median tumor size was 4 cm (range
0.4-19 cm). The median proximal resection margin (PRM)
was 5 cm (range 0.5-16 cm), while the median distal
resection margin was 4 cm (range 0.2-25 cm). Resection
margins were adequate in 189 (67.7%) cases according to
NCCN, in 108 (38.7%) cases according to ESMO, and in
209 (74.9%) cases according to JGCA guidelines. The
lymph node sampling was adequate in 256 (91.8%) cases,
with a median of 33 excised lymph nodes per patient (range
5-71). Clinical and pathological staging accounted for 111
(39.8%) and 100 (35.8%) stage I patients, 88 (31.5%) and
79 (28.3%) stage II patients, and 80 (28.7%) and 97
(34.8%) stage III patients, respectively. Overall concor-
dance between clinical and pathological stage was 57%
(1607279 patients). Of the 119 discordant cases, 70 (59%)
were upstaged on pathology while 49 (41%) were
downstaged.

Survival Analysis

The median follow-up was 59.8 months [95% confi-
dence interval (CI) 54.2—67.3 months]; during this period,
89 deaths and 64 recurrences (of which 8 were local
recurrences) were registered. Of the eight local recur-
rences, one patient had received a R1 resection.

Out of 64 patients with a recurrence, 27 developed
peritoneal carcinosis and 14 developed metastases in the
liver, 14 in locoregional lymph nodes, 1 in retroperitoneal
lymph nodes, 8 in the bone, 3 in the lung, and 3 in the

ovary. Of the eight local recurrences, five occurred in the
gastric remnant and three in the anastomosis; four had a
concomitant recurrence in the locoregional lymph nodes,
one in the lung, and one in the bone. Four had diffuse-type
histology, while four had intestinal histology. Four had
adequate margins according to JGCA, two according to
NCCN, and none according to ESMO guidelines.

The 1-, 3-, and 5-year OS of the entire series were
90.6%, 75.8%, and 65.5%, respectively (Fig. 1a), while the
1-, 3-, and 5-year RFS were 88.8%, 77.5%, and 74.1%,
respectively (Fig. 1b). According to their pathology stag-
ing, the 5-year OS was 83.8%, 70.8%, and 42.9% for stage
I, stage II, and stage III, respectively (Fig. 1c and Fig. 1d).

Univariate and multivariable analyses of OS are pre-
sented in Table 2. The ranking of the concordance Harrell’s
C-index was 0.629 [standard error (SE) 0.023], 0.596 (SE
0.026), and 0.536 (SE 0.027) for JGCA, NCCN, and
ESMO guidelines, respectively; therefore, only resection
margins according to JGCA were analyzed in multivariable
analysis. On multivariable analysis, American Society of
Anesthesiologists (ASA) class (p < 0.0001), neoadjuvant
chemotherapy (p = 0.002), lymphadenectomy extent (D2
versus D1: p = 0.01), RO resection (p = 0.028), postoper-
ative N stage (p < 0.0001), and margin adequacy according
to JGCA (p = 0.0003) were independently associated with
patients’ survival.

On univariate Cox regression analysis, the association of
margin adequacy according to the various guidelines with
TTR was as follows: for JGCA, hazard ratio (HR) 0.336
(95% CI 0.205-0.551, p < 0.0001); for NCCN, HR 0.47
(95% CI 0.288-0.769, p = 0.003); for ESMO, HR 0.43
(0.239-0.782, p = 0.006).

Propensity Score Matching for JGCA Margin
Adequacy

Considering the independent prognostic value of margin
adequacy according to JGCA, patients were divided into
two groups: JGCA-IN (with adequate margins, n = 209)
and JGCA-OUT (with inadequate margins, n = 70). For the
PSM, 105 JGCA-IN patients were matched with the 70
JGCA-OUT patients. Pre- and post-matching preoperative
and intraoperative characteristics of the two groups are
presented in Table 3: after PSM, pre- and intraoperative
characteristics of the two cohorts were comparable.

The Kaplan—Meier survival curves for JGCA-IN and
JGCA-OUT patients after PSM are shown in Fig. 2, where
significant advantage in patient outcomes was detected for
those operations meeting JGCA criteria. The 5-year OS,
RFS, and LRFS for JGCA-IN versus JGCA-OUT were
64% versus 42% (p = 0.0007), 71% versus 53% (p =
0.022), and 98% versus 93% (p = 0.114), respectively.
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FIG. 1 Survival curves in the
overall study population
according to pathological TNM
stage. (a) Overall survival;

(b) recurrence-free survival;

(c) overall survival according to
stage; (d) recurrence-free
survival according to stage
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The two post-matching cohorts were further divided into ~ gastrectomies performed would be considered as

pNO and pN+ patients. For pNO patients, the 5-year OS,
RFS, and LRFS for JGCA-IN versus JGCA-OUT were
90% versus 42% (p = 0.002), 96% versus 58% (p = 0.03),
and 100% versus 93% (p = 0.199), respectively. For pN+
patients, the 5-year OS, RFS, and LRFS for JGCA-IN
versus JGCA-OUT were 55% versus 39% (p = 0.02), 63%
versus 51% (p = 0.119), and 97% versus 92% (p = 0.333),
respectively.

Organ-Sparing Surgery

Figure 3a presents the distribution of the surgical strat-
egy adopted in the present series compared with the
recommendations of the reference guidelines. In 196/220
(70%) patients undergoing DG, such indication would have
been confirmed by the JGCA guidelines. That percentage
decreases to 69% (192 patients) for NCCN guidelines and
to 47% (131 patients) for ESMO guidelines (p < 0.001).

Figure 3b shows how the DG and the TG that were
actually performed would be reclassified according to each
guideline. Of the 59 total gastrectomies performed, only
one case according to JGCA, two according to NCCN, and
one according to ESMO (p = 0.774) would be considered
as overtreatments because a DG would have been indi-
cated. Conversely, the number of cases in which the total

undertreatment because of inadequate margins was 26
(44%) according to JGCA, 27 (44%) according to NCCN,
and 44 (74%) according to ESMO (p = 0.009). Finally, of
the 220 DG performed, the number of patients that should
have undergone a TG to comply with the margins length
indicated by each guideline would have been 25 (11%)
according to JGCA, 30 (14%) according to NCCN, and 90
(41%) according to ESMO (p < 0.001).

DISCUSSION

In our series of Western patients undergoing gastrec-
tomy for adenocarcinoma, resection margin adequacy
according to JGCA guidelines was associated with
improved overall survival on multivariate analysis. Even
after minimization of possible selection bias through PSM,
patients meeting the JGCA guidelines achieved a better
outcome (i.e., OS, RFS, and LRFS) compared with those
patients receiving a gastrectomy beyond JGCA
recommendations.

Incidentally, the short- and long-term outcomes
observed in this study are comparable to the current liter-
ature;'”'® this speaks in favor of preservation of the
expected outcome despite the adoption of an organ-sparing
approach.
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TABLE 2 Univariate and
multivariate Cox regression
analysis of factors

independently associated with

overall survival

Univariate analysis Multivariate analysis
3-Year OS (%) 5-Year OS (%) p HR (95% CI) p

ASA classification

1 75.9 64.3 < 0.0001 Ref. 0.00003
2 80.6 70.8 4.5 (1.96-10.1)

3 40.8 30.6
Neoadjuvant chemotherapy

No 81.4 70.4 0.001 Ref. 0.002
Yes 54.9 47.8 2.2 (1.36-3.58)
Gastrectomy extent

Distal 80.5 70.7 < 0.0001 ns
Total 57.7 45.8
Lymphadenectomy extent

D1 60 46.5 0.006 Ref. 0.010
D2 78.4 68.9 0.35 (0.2-0.6)
Radicality on pathology

RO 0.003 Ref. 0.028
R1 3.4 (1.2-10)
Margins adequacy (JGCA)

Adequate 82.7 73.2 < 0.0001 Ref. 0.0003
Inadequate 55.5 433 2.35 (1.5-3.7)
Margins adequacy (NCCN)

Adequate 81 72.8 < 0.0001 -
Inadequate 65 51
Margins adequacy (ESMO)

Adequate 78.9 71.3 0.110

Inadequate 73.9 62.1
Tumor location

Upper 1/3 62.2 42.7 0.006 ns
Mid 1/3 76.9 66.1

Lower 1/3 76.9 68.4
pT stage

T1 92.8 81.1 < 0.0001 ns
T2 80.8 80.8

T3 66.4 53.7

T4 55.8 47.4
pN stage

NO 87.7 77.3 < 0.0001 Ref. 0.00003
N1 85.7 83.1 0.93 (0.44-1.9)

N2 58.7 452 2.2 (1.2-3.1)

N3a 58.6 49,9 3.4 (1.7-6.6)

N3b 48.9 19.6 4.8 (2.3-10.3)
pTNM stage

1 92.6 83.8 < 0.0001 -

1I 79.2 70.8

1 56 429

p values < 0.05 are indicated in bold

OS overall survival, 95% CI 95% confidence interval, HR hazard ratio, ASA American Society of Anes-
thesiology, JGCA Japanese Gastric Cancer Association, NCCN National Comprehensive Cancer Network,
ESMO European Society of Medical Oncology
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matching. (a) Cumulative overall survival; (b) cumulative recurrence-
free survival; (c) cumulative local recurrence-free survival

A definite conclusion on the prognostic impact of mar-
gins of resection in gastrectomies for cancer, especially
when found microscopically positive or suboptimal in
width, is far from being reached, as results of several
studies on the topic have produced conflicting results.

The historical recommendation is to perform extended
gastric resections with margins of at least 6 cm."” In recent
years, this dogma has been challenged, with some authors
going as far as saying that efforts to achieve a certain
resection distance should be abandoned, as they found no
correlation between positive resection margins and prog-
nosis.”%?! In contrast, other authors reported an association
between positive margins and decreased OS in all stages of
GAC.? ™ Others have found this association only in
patients with lower T stages and node-negative dis-
eases,”®! possibly because in more advanced gastric
cancers the prognosis is driven by the T and N involvement
rather than by the resection margin.

In the presented study, R1 resections were indepen-
dently associated with worsened survival, and one of the
observed eight local recurrences occurred after R1 resec-
tion, thus suggesting that radical tumor-free margins (R0)
should remain a goal of surgery for GAC.

Consensus on the adequate length of proximal resection
margin (PRM) in the case of gastrectomy for GAC is
equally lacking, as the evidence upon which major guide-
lines are based (i.e., JGCA, NCCN, and ESMO guidelines)
is poorly discussed. Several reports”>**~> conclude that
PRM length has no impact on OS, while other large ser-
ies’® recommend a PRM of 2.1-4.0 cm in solitary-type and
4.1-6.0 cm in infiltrative GAC.

The JGCA guidelines indicate an individualized
approach to PRM according to tumor stage and morphol-
ogy, which may result in a more organ-sparing resection
for patients with early non-infiltrative tumors. In our cen-
ter, we sought to follow such a tailored approach guided by
preoperative staging and intraoperative evaluation of the
specimen and of frozen sections of the PRM, aiming at
more conservative, organ-sparing oriented gastrectomies
for GAC. On final pathology, we found about 75% of the
consecutively collected 279 patients in whom JCGA
guidelines had been effectively adhered to. On multivari-
able analysis, adequate margins according to JGCA
guidelines were independently associated with improved
0OS. JGCA margin adequacy showed better discriminatory
power for survival with respect to margin compliance
following Western-based guidelines, as demonstrated by
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a) Total and distal gastrectomies according to each guideline
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FIG. 3 Observed indication to either total gastrectomy (TG) or distal
gastrectomy (DG) and reclassification according to different
guidelines. (a) The number of TG and DG that were actually
performed (present series), and the number of TG and DG that would
have been performed according to each guideline. (b) The indication

the higher C-index of the former with respect to NCCN and
ESMO indications. Indeed, while margin adequacy

that was actually given would have changed according to each
guideline: the same indication with similar margins (i.e., same
indication, adequate margins); the same indication, but with wider
margins (i.e., same indication, inadequate margins); or a different
indication (i.e., TG downstaged to DG, or DG upstaged to TG)

according to JGCA and NCCN guidelines was significantly
associated with improved overall survival on univariate
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TABLE 3 Characteristics of the JGCA-IN and JGCA-OUT cohorts before and after propensity score matching (PSM)
Before PSM After PSM
JGCA-IN JGCA-OUT P JGCA-IN JGCA-OUT p
(n =209) (n=170) (n =105) (n=170)
Age (years) 65 (11.9) 65 (12.6) 0.960 64 (12.3) 65 (12.6) 0.637
Sex
Female 100 (47.9%) 26 (37.1%) 0.129 46 (43.8%) 26 (37.1%) 0.380
Male 109 (52.1%) 44 (62.9%) 59 (56.2%) 44 (62.9%)
BMI 24.7 (4.5) 24.9 (3.8) 0.610 245 (4.3) 24.9 (3.8) 0.497
ASA classification
1 21 (10%) 9 (13%) 0.717 13 (12.4%) 9 (13%) 0.503
2 162 (77.5%) 53 (76.8%) 78 (74.3%) 53 (76.8%)
3 26 (12.5%) 6 (8.7%) 14 (13.3%) 6 (8.7%)
cT stage
T1 30 (14.3%) 2 (2.9%) 0.006 7 (6.7%) 2 (2.9%) 0.701
T2 94 (45%) 25 (35.7%) 33 (31.4%) 25 (35.7%)
T3 72 (34.5%) 35 (50%) 53 (50.5%) 35 (50%)
T4 13 (6.2%) 8 (11.4%) 12 (11.4%) 8 (11.4%)
cN stage
NO 129 (61.7%) 30 (42.9%) 0.006 53 (50.5%) 30 (42.9%) 0.323
N+ 80 (38.3%) 40 (57.1%) 52 (49.5%) 40 (57.1%)
Preoperative stage
I 95 (45.4%) 16 (22.9%) 0.006 29 (27.6%) 16 (22.9%) 0.681
A 29 (13.9%) 11 (15.7%) 11 (10.5%) 11 (15.7%)
1B 34 (16.3%) 14 (20%) 24 (22.9%) 14 (20%)
I 51 (24.4%) 29 (41.4%) 41 (39.5%) 29 (41.4%)
CEA
< 5 ng/ml 163 (78%) 45 (80.4%) 0.089 80 (87%) 45 (80.4%) 0.282
> 5 ng/ml 20 (22%) 11 (19.6%) 12 (13%) 11 (19.6%)
Preoperative histology
Intestinal 130 (62.2%) 41 (58.6%) 0.589 53 (50.5%) 41 (58.6%) 0.293
Diffuse 79 (37.8%) 29 (41.4%) 52 (49.5%) 29 (41.4%)
Neoadjuvant chemotherapy 171 (81.8%) 45 (64.3%) 0.005 77 (73.3%) 45 (64.3%) 0.202
38 (18.2%) 25 (35.7%) 28 (26.7%) 25 (35.7%)
Gastrectomy extent
Distal 176 (84.2%) 44 (62.9%) < 0.0001 77 (713.3%) 44 (62.9%) 0.142
Total 33 (15.8%) 26 (37.1%) 28 (26.7%) 26 (37.1%)
Lymphadenectomy extent
D1 29 (13.9%) 10 (14.3%) 0.932 11 (10.5%) 10 (14.3%) 0.247
D2 180 (85.1%) 60 (85.7%) 94 (90.5%) 60 (85.7%)
PRM (cm) 6 (2-16) 2.5 (0.5-4) < 0.0001 5.5 (2-16) 2.5 (0.5-4) < 0.001
DRM (cm) 4 (0.2-21) 4 (0.5-25) 0.276 4 (0.2-19) 4 (0.5-25) 0.100
Lymph node sampling adequacy
Adequate 191 (91.4%) 65 (92.9%) 0.699 97 (92.4%) 65 (92.9%) 0.906
Inadequate 18 (8.6%) 5(7.1%) 8 (7.6%) 5 (7.1%)
pN stage
pNO 98 (47%) 16 (23%) 0.0004 23 (22%) 16 (23%) 0.999
PN+ 111 (53%) 54 (77%) 82 (78%) 54 (77%)

p values < 0.05 are indicated in bold

Data are presented as number (percentage), mean (standard deviation), or median (range), as appropriate. BMI body mass index, ASA American
Society of Anesthesiologists, ¢cT,N,M clinical T, N, M stage, CEA carcinoembryonic antigen, PRM proximal resection margin, DRM distal

resection margin
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analysis, this was not the case for adequacy to ESMO
guidelines. This shows that an aggressive, demolitive sur-
gical approach, such as that recommended by ESMO
guidelines, may not lead to improved oncological outcomes
while potentially compromising morbidity and quality of
life. Although margin adequacy to any of the guidelines
showed an association with improved TTR on univariate
Cox regression analysis, JGCA had the lowest HR and the
narrower CI (HR 0.336, 95% CI 0.205-0.551, p < 0.0001).

To further evaluate the impact of JGCA recommenda-
tions on patients’ outcome, potential confounders were
addressed. As JGCA-OUT patients were more likely to
have a more advanced preoperative tumor stage with
respect to JGCA-IN (T stage > T2 in 61.4% versus 40.7%;
N+ in 57.1% versus 38.3%; preoperative stage > I in
76.1% versus 54.6%, respectively), leading to more fre-
quent indication to TG (37.1% versus 15.8%), the
achievement of adequate margins in that group might have
been influenced by technical conditions related to the
higher incidence of advanced tumors in unfavorable loca-
tions. In the case of inadequate distance from the PRM but
with negative PRM on intraoperative frozen section anal-
ysis, the advanced preoperative stage and the intraoperative
detection of macroscopically evident nodal disease may
have prompted the decision not to perform a TG in the case
of lesions located in the middle or lower part of the
stomach and, similarly, not to extend the resection to the
intrathoracic esophagus in the case of lesions located in the
upper part of the stomach. To adjust the differences
between patients meeting JGCA recommendations and
those who did not, a PSM was applied; all JGCA-OUT
patients found at least one match in the JGCA-IN group,
and after PSM, the two groups became comparable. JGCA-
IN patients maintained significantly better 5-year OS with
respect to JGCA-OUT patients (64% versus 42%, p =
0.0007). Such improved survival could be partially
explained by the improvement in RFS and LRFS observed
when margins adhered to JGCA guidelines; indeed,
although LRFS never reached significance, this could be
due to the low number of patients who experienced a local
recurrence, since an improved trend could be appreciated
in JGCA-IN patients. These findings validate and further
support the use of JGCA recommendations also in Western
patients.

When the post-matching cohorts were divided according
to their pathological nodal status, both the pNO and pN+
JGCA-IN cohorts maintained significantly better OS than
the respective JGCA-OUT cohorts. However, the impact
was more pronounced in pNO patients (5-year OS of 90%
in the JGCA-IN patients versus 42% in the JGCA-OUT)
than in pN+ patients (5-year OS 55% in the JGCA-IN
patients versus 39% in the JGCA-OUT). These findings are
in line with those studies”®**>! suggesting that positive

nodal status is an important driver of the prognosis in GAC
and indicating that margin adequacy is especially relevant
in pNO patients.

Together with tumor-related outcomes, two other
important aspects should be considered when planning a
gastrectomy for GAC: postoperative morbidity and quality
of life. Morbidity has been shown to be related to the
resection extent, with TG yielding a higher rate of post-
operative complications than DG, especially when
associated with esophagectomy.'” Total gastrectomy has
also been associated with worsened quality of life®**'=*
and higher rate of dysphagia.** For these reasons, an organ-
sparing approach should be adopted whenever compatible
to tumor stage and when technically feasible.

In our study on a series of Western patients, JGCA
guidelines allowed more organ-sparing procedures than
NCCN and ESMO (Fig. 3a), with a lower number of TG
compared with Western guidelines (30% versus 31% in
NCCN and 47% in ESMO, p < 0.001) without compro-
mising patient outcomes. When reclassifying the indication
to gastrectomy, JGCA guidelines yielded the lowest num-
ber of TG with inadequate margins, i.e., those in which the
resection should have been extended to the intrathoracic
esophagus (44% versus 46% in NCCN and 75% in ESMO).
Accordingly, the implementation of JGCA guidelines in
Western patients could lead to better short- and long-term
outcomes, thanks to the higher number of organ-sparing
procedures.

Our study has several limitations. It is a retrospective,
single-center observational study that takes into account a
period of 8 years, during which changes in the clinical
management of GAC and in surgical technique may have
occurred, influencing our results. While PSM was used to
minimize confounders, the presence of residual con-
founders cannot be excluded. In addition, indications
according to each guideline were calculated with inferred
margins, obtained through calculations based on anthro-
pometric data, which may differ from in vivo/ex vivo
actual measurements. Finally, the analysis was limited to
the main guidelines, not considering the many nuances
proposed in other surgical/oncology societies.

CONCLUSIONS

The presented consecutive series of Western patients
with GAC suggests that the adequacy of surgical resection
margins according to JGCA guidelines leads to improved
patient outcomes (i.e., OS, RFS, and LRFS). JGCA
guidelines also allow for a more organ-sparing approach
than NCCN and ESMO guidelines.
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