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Background: Patients with stage I gastric cancer are considered to have an exquisite prognosis.
Nonetheless, the fact that some patients experience disease relapse highlights that a subgroup might benefit
from multimodality treatment. We aimed to evaluate the survival of patients with stage I gastric cancer and
look for harbingers of gastric cancer recurrence.

Methods: We looked for patients with stage I gastric cancer treated exclusively with surgery from 1996 to
2015. The competing risks survival method was used to allow for concurrent causes of mortality. Also, we
calculated subdistribution hazards (SH) to reveal factors associated with cancer recurrence and death from
unrelated causes.

Results: A total of 185 patients constitute the study population. Thirty-seven patients had pT2NO tumors.
Most patients (80.5%) were treated with D2 lymphadenectomy. The probability of relapse at 5 years was 3.0%
and 8.6% in the study population and the pT2NO subgroup, respectively. Among all 26 deaths, only six were
related to gastric cancer. In multivariate analysis, perineural invasion (PNI) was associated with increased risk
of gastric cancer recurrence.

Conclusions: The prognosis of stage I gastric cancer treated with D2 lymphadenectomy is excellent. PNI
may indicate higher likelihood of recurrence. Further work in this field should account for the higher risk of

death from unrelated causes.
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Introduction cornerstone of treatment in this setting (2).

Gastric cancer plays an important part in cancer burden
in Brazil. It represented the fifth most incident malignant
neoplasm and the second most common cause of cancer-
related death in 2015 (1). Most cases of gastric cancer are
diagnosed while the disease is still confined to the stomach
and to the regional lymph nodes, and surgery remains the
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However, patients are still at risk of disease relapse even
after adequate surgery. In this regard, many landmark trials
have established the role of perioperative (3,4) or adjuvant
treatments (5-7) in gastric cancer patients. As these studies
included almost exclusively patients with stage II or III

disease according to the AJCC 8" Edition, very little is
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known about the role of chemotherapy in patients with less
advanced (stage I) gastric cancer.

Before settling the role of chemotherapy in stage I gastric
cancer, one needs to estimate survival outcomes of patients
treated exclusively with surgery and determine factors
associated with increased risk of disease relapse. Current
data indicate 5-year overall survival (OS) rates exceeding
90% (8) and a multitude of different prognostic factors have
been associated with a worse prognosis in this group of
patients, such as presence of perineural or angiolymphatic
invasion, larger tumor size, and proximal tumor location
(8-10). These factors may potentially patients with stage
I gastric cancer for whom perioperative or adjuvant
chemotherapy might be beneficial.

At the same time, this analysis is complicated by the
fact that studies performed so far in this population have
relied solely on naive estimates of survival, not taking into
account the risk of death from causes other than gastric
cancer. Indeed, retrospective data support that patients with
early gastric cancer are more likely to die of concurrent
comorbidities or second primary tumors than of gastric
cancer (11). Thus, survival analyses that accommodate
competing causes of mortality are preferred to establish the
risk of gastric cancer recurrence (and death) and to indicate
potential predictors of disease recurrence.

Therefore, we designed a retrospective study to describe
the outcomes of patients with pathological stage I gastric
cancer treated exclusively with surgery in our institution
using the competing risks survival method. We also aimed
to evaluate the role of putative harbingers of gastric cancer
recurrence, death from gastric cancer and death from
causes other than gastric cancer. Also, due to the results of
the FLOT4 study (which included patients with clinical
T2NO tumors), we also performed a predefined analysis
of outcomes in the subgroup of patients with pathological
"T2NO tumors.

Methods

This is a retrospective, analytical, unicentric study
performed in a cancer-dedicated hospital. It was approved
by the institutional Internal Ethics Review Board.

Patients

We included patients aged 18 years old and above,
with pathologically confirmed diagnosis of gastric
adenocarcinoma, classified as pathological stage I (IA
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and IB) according to AJCC 8" Edition, and submitted to
upfront surgery between January 1996 and December 2015.
Patients diagnosed with other invasive neoplasm within five
years of the diagnosis of gastric cancer, those experiencing
post-operative death, and those undergoing adjuvant
treatment were excluded.

Variables

We collected data about the following patients’
characteristics: age, gender, age-adjusted Charlson
comorbidity score (AACCS), ASA (American Society
of Anesthesiology) scale, and body mass index. We also
gathered the following information about the disease:
primary tumor site, histopathological type (according
to Lauren’s classification), histopathological grade,
pathological T staging, pathological N staging, blood
vascular invasion (BVI), lymphovascular invasion (LVI),
and perineural invasion (PNI). The following surgical data
were retrieved: type of surgery, type of lymphadenectomy,
number of resected lymph nodes, surgical complications
according to the Clavien-Dindo classification, and surgical
margins.

Outcomes

The co-primary outcomes of the study were the cumulative
probabilities of death from gastric cancer and from causes
other than gastric cancer according to the competing risks
survival method (CRSM). As secondary outcomes, we
evaluated the cumulative risk of gastric cancer relapse using
CRSM, and Disease-free survival (DFS) and OS according
to naive Kaplan-Meier curves. DFS was defined as the time
from surgery to gastric cancer recurrence or death from any
cause. OS was defined as the time from surgery to death
from any cause. We also aimed to name the specific causes
of death not resulting from gastric cancer. We performed
such analyses on the whole population, as well as on the
subgroup of patients with pT2NO tumors. As an exploratory
analysis, we calculated subdistribution hazards (SH) for
gastric cancer recurrence, death from gastric cancer, and
death from causes other than gastric cancer to evaluate the
role of putative harbingers of gastric cancer recurrence,
gastric cancer-related death, and death from other causes.

Statistical analysis

Qualitative variables were expressed as absolute frequencies
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and simple ratios, and quantitative variables were
summarized using median values and interquartile ranges
(IQR). We estimated naive DFS and OS curves according
to the Kaplan-Meier estimator. Cumulative incidence
probabilities curves that comply with competing risks were
estimated in a pair-wise fashion for gastric cancer recurrence
and death from causes other than gastric cancer, and for
death from gastric cancer and death from causes other
than gastric cancer. We fitted univariate sub-distribution
hazards of an event for different variables according to the
Fine-Gray model and generated models using biologically
plausible variables in which the P value was <0.25 in the
univariate analysis. For this reason, variables regarding
pathological characteristics of gastric cancer were excluded
from the multivariate model of death from causes other
than gastric cancer (12). The significance level of the tests
was fixed at 0.05. All statistical analysis was performed using
R software version 3.5 (R Core Team, 2018).

Results

We identified 216 patients who met the inclusion criteria.
Thirty-one patients were excluded for the following reasons:
post-operative death (nine patients), diagnosis of other
invasive neoplasm within five years of the diagnosis of gastric
cancer (13 patients), and adjuvant treatment (nine patients).

Table 1 describes the clinicopathological characteristics of
the study population (n=185) and of the pathological T2NO
subgroup (n=37). In the study population, median age was
61.0 years IQR, 52.0-71.0 years) and most patients were
male (54.6%; n=101). Median AACCS was 4 (IQR, 3.0-5.0)
and most patients were classified as ASA 2 (66.8%; n=123).
Most tumors were located in the gastric antrum (50.3 %;
n=93) and the most frequent histopathological type was
intestinal-type adenocarcinoma (54.9%; n=100).

Within the study population, most patients (61.6%;
n=114) were treated with a subtotal gastrectomy and 80.5%
(n=149) underwent a D2 lymphadenectomy. The median
number of resected lymph nodes was 26 (IQR, 18-38). All
patients underwent an RO resection. pT'la was the most
common tumor pathological staging (43.8%; n=81). LVI
invasion was found in 10.3% of tumors (n=19) and PNI in
4.8% of tumors (n=9).

Survival outcomes (Figures 1,2)

Median follow-up for the entire population was 75.6 months
(95% CI, 66.8-85.2 months) and 27 patients (14.6%)
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were lost to follow-up. In the study population, 7 patients
(3.8%) experienced disease recurrence (1able 2). There were
three locoregional and four systemic recurrences. Among
patients with pT2NO (n=37), three patients experienced
distant relapse. In the study population, DES rates at 24 and
60 months were 96.1% and 90.2%, respectively (Figure 1A).
In the pT2NO subgroup, DES rates at 24 and 60 months
were 88.9% and 79.3%, respectively. According to the
competing risks analysis, the probabilities of recurrence
were 1.6% at 24 months and 3.0% at 60 months in the study
population, and 5.5% at 24 months and 8.6% at 60 months
in the pT2NO subgroup (Figure 24). None of the six patients
with pathological T1N1 disease experienced disease relapse.
In the study population, 26 patients were dead at last
follow-up. Gastric cancer was the single most important
cause of mortality (23.1%; n=6). Nonetheless, other causes
of death comprised 76.9% (n=20) of all deaths (7zble 3). In
the study population, OS rates at 24 and 60 months were
96.6% and 90.7%, respectively (Figure 1B). In the pT2NO
subgroup, OS rates at 24 and 60 months were 88.9% and
79.3%, respectively. According to the competing risks
analysis, the probabilities of death from gastric cancer were
1.1% at 24 months and 2.5% at 60 months in the study
population. In this group, the probabilities of death from
causes other than gastric cancer were 2.2% at 24 months
and 6.7% at 60 months. Also, the changes of dying from
gastric cancer were 5.5% at 24 months and 8.6% at
60 months in the pT2NO subgroup. In the same group, the
probabilities of death from causes other than gastric cancer
were 5.5% at 24 months and 12.0% at 60 months (Figure 2B).
Additionally, eleven patients (5.9% of the study population)
had the diagnosis of a second primary neoplasm, the most
important one being hepatocellular carcinoma (n=3).

Prognostic factors

Tables S1-S3 describe predictors of gastric cancer
recurrence, death from gastric cancer, and death from
causes other than gastric cancer in the study population
according to the competing risks survival method. PNI was
the only variable independently associated with the risk of
gastric cancer relapse (95% CI, 8.16; 95% CI, 1.85-36.0;
P=0.006) and of death from gastric cancer (95% CI, 9.67;
95% CI, 2.11-44.3; P=0.004). Regarding the risk of death
from causes other than gastric cancer, ASA 3-4 (95% CI,
4.56;95% CI, 1.33-15.5; P=0.015) and higher AACCS (95%
CI, 1.53; 95% CI, 0.98-2.36; P=0.057) were associated with
WOTIse prognosis.
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Table 1 Characteristics of the study population and of the pathological T2NO (pT2NO0) subgroup

Variable Characteristic (total), N=185 (%) Characteristics (pT2N0), N=37 (%)
Sex

Male 101 (54.6) 24 (64.9)

Female 84 (45.4) 13 (85.1)
Age, median (IQR) 61.0 (52.0-71.0) 60.0 (48.0-66.0)
Age-adjusted Charlson comorbidity score, median (IQR) 4.0 (3.0-5.0) 4.0 (3.0-5.0)
ASA

1 22 (12.0) 8(21.6)

2 123 (66.8) 19 (51.4)

3 36 (19.6) 8(21.6)

4 3(1.6) 2(5.4)

BMI, median (IQR)

Primary tumor site
Esophagogastric junction
Gastric body
Gastric antrum
Linitis plastica

Type of surgery
Total gastrectomy
Subtotal gastrectomy

Type of lymphadenectomy
D1
D2

Number of resected lymph nodes, median (IQR)

Clavien-Dindo llI/IV
Yes
No

Margin: RO

Histopathological type
Diffuse
Intestinal
Mixed
Not determined

Histopathological grade
G1 (well-differentiated)
G2 (moderately differentiated)
G3 (poorly differentiated)

25.1 (22.7-28.4)

19 (10.3)

72 (38.9)

93 (50.3)
1 (0.5)

71 (38.4)
114 (61.6)

36 (19.5)
149 (80.5)
26 [18-38]

27 (14.6)
158 (85.4)
185 (100.0)

69 (37.9)
100 (54.9)
12 (6.6)
1(0.5)

36 (21.6)
58 (35.2)
71 (43.0)

24.7 (22.2-27.2)

6(16.2)

14 (37.8)

16 (43.2)
1@.7)

14 (37.8)
23 (62.2)

6(16.2)
31(83.8)
25 [20-37]

3(8.1)
34 (91.9)
37 (100.0)

13 (35.1)

17 (45.9)
7 (18.9)
0(0.0)

3(8.8)
18 (52.9)
13 (38.2)

Table 1 (continued)
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Table 1 (continued)

Variable Characteristic (total), N=185 (%) Characteristics (pT2N0), N=37 (%)
Tumor size (cm), median (IQR) 2.0 (1.0-3.3) 3.3 (2.0-4.5)
pT
pTia 81 (43.8) 0(0.0)
pT1b 67 (36.2) 0 (0.0
pT2 37 (20.0) 37 (100.0)
pN
pNO 179 (96.8) 37 (100.0)
pN1 6 (3.2 0 (0.0
Blood vascular invasion
Yes 2(1.1) 1@2.7)
No 179 (96.8) 36 (97.3)
Unknown 4 (2.1) 0(0.0)
Lymphovascular invasion
Yes 19 (10.3) 9 (24.3)
No 162 (87.6) 28 (75.7)
Unknown 4(2.2) 0(0.0)
Perineural invasion
Yes 9 (4.8) 8(21.6)
No 172 (93.1) 29 (78.4)
Unknown 4(2.1) 0(0.0)
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Figure 1 Disease-free survival (A) and overall survival (B) of patients in the study population (solid black line) and in the subgroup of
patients with pT2NO tumors (dashed black line).

Discussion underrepresented in randomized trials of adjuvant or
Stage I gastric cancer represents roughly 20% of all gastric perioperative treatment. The only study evaluating the role
malignant neoplasms in the West (13). Nonetheless, of chemotherapy in gastric cancer which included patients
this subgroup of patients has been systematically with pathological stage I disease was the Intergroup 0116
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Figure 2 Cumulative probability of gastric cancer recurrence (A: solid black line), death from gastric cancer (B: solid black line) or death

from other causes (A and B: dashed black line) in the study population.

Table 2 Outcomes of study population and of the pathological
T2NO (pT2NO0) subgroup

Outcome (total), Outcome (pT2NO0),

Variable N=185 (%) N=37 (%)
Lost to follow-up
Yes 27 (14.6) 4(10.8)
No 158 (85.4) 33(89.2)
Recurrence/new primary
tumor
Yes 7 (3.8) 3(8.1)
No 178 (96.2) 34 (91.9)
Pattern of recurrence
Loco-regional 3(1.6) 0 (0.0
Systemic 4(2.2) 3(8.1)
No recurrence/new primary 178 (96.2) 34 (91.9)
tumor
Death
Yes 26 (14.1) 10 (27.0)
No 159 (85.9) 27 (73.0)
Death by cause
Yes—gastric cancer 6(3.2) 3(8.1)
Yes —co-morbidities 20 (10.9) 7 (18.9)
No 159 (85.9) 27 (73.0)
Additional primary tumor
Yes 11 (5.9) 3(8.1)
No 174 (94.1) 34 (91.9)

trial (5). In this study, the use of adjuvant chemotherapy
plus chemoradiation was associated with improvements in
relapse-free and overall survival in patients with stage IB

© Journal of Gastrointestinal Oncology. All rights reserved.

to IV (MO0) gastric cancer according to AJCC 3™ Edition.
However, patients with stage IB comprised only a small
proportion of the study population and there are significant
concerns about the quality of the lymphadenectomy in
this trial. Also, the AJCC 3™ edition considered as stage
IB tumors those that are currently staged as pT3NO (stage
IIA) (14). As a result, the role of multimodality treatment in
stage I gastric cancer is largely unknown.

The prognosis of patients with pathological stage I
gastric cancer is somewhat worse than that of patients with
stage IA disease. Among patients with pathological stage
I, those with pT2 gastric cancers fare worse than those
with pT1 tumors (15). Also, among patients with disease
restricted to the mucosa or the submucosa, the presence of
positive lymph nodes is associated with inferior survival (16).
Our study corroborates these findings as, despite the lack of
statistical significance, there was an increased risk of disease
relapse and death from gastric cancer with increasing T
stage in the univariate analysis. Thus, the aforementioned
arguments make patients with stage IB gastric cancer a
more suitable group to study the role of multidisciplinary
treatment in early gastric cancer.

Despite the worse prognosis of patients with stage IB
gastric cancer (pT2NO or pT1N1) when compared to stage
IA, survival is still fairly good. OS rates at five years ranging
from 85% to 90% have been described in retrospective
series from Asia (10,17). Nonetheless, more modest figures
have been reported in the West (18), especially in studies
evaluating nation-wide databases (19). That difference
might be explained by the quality of lymphadenectomy,
as studies from Asia tend to report higher number of
harvested lymph nodes when compared with studies from
the West. This subject is so important that according to a
retrospective analysis, patients with pT2NO tumors with
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Table 3 Causes of death in the study population and in the
pathological T2NO (pT2NO0) subgroup

Cause of death  Cause of death

Variable (total), N=26 (%) (pT2NO0), N=10 (%)

Vascular causes

Myocardial infarction 2(7.7) 2 (20.0)

Stroke 1(3.8) 1(10.0

Other visceral thrombosis 1(3.8) 0

Cardiogenic shock 1(3.9) 0

Hemorrhagic shock 1(3.8) 0

Aortic aneurysm rupture 1(3.8) 0
Cancer

Gastric cancer 6 (23.1) 3 (30.0)

Hepatocellular carcinoma 2(7.7) 0

Neuroendocrine tumor 1(3.8) 1(10.0)

Lung cancer 1(3.8) 1(10.0)
Infection

Pneumonia 3(11.5) 2 (20.0)
Miscellanea

Acute intestinal 2(7.7) 0

obstruction

Acute intestinal perforation 1(3.8) 0
Unknown 3(11.5) 0

inadequate lymphadenectomy (<15 lymph nodes) present
poorer survival outcomes and they represent the sole
group of patients with pT2NO gastric cancers in which
there seems to be a benefit of adjuvant treatment (19).
In our study, most patients (80.5%) underwent a D2
lymphadenectomy and this figure is probably related to the
lack of accurate staging methods in the early years of the
cohort and to changes in the definition of the extent of the
lymphadenectomy with time. That said, we believe surgical
quality might explain the relatively good survival outcomes
in this group of patients in our institution.

The higher gastric cancer relapse rate found in
stage IB disease suggests that patient in this subgroup
harbor a rather heterogenous group of tumors. So, to
properly select patients with stage IB gastric cancer for
multimodality treatment, one might have to identify
risk factors for disease recurrence. Many studies have
established risk factors for recurrence in patients with
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stage IB gastric cancer (Tuble 4). The following features
have been associated with increased risk of recurrence or
death in patients with stage I gastric cancer: PNI, BVI,
LVI, proximal tumor site, undifferentiated histology and
tumor size >3 cm (8-10,20). In our study, we identified PNI
as the only factor independently associated with increased
risk of gastric cancer recurrence and death from gastric
cancer. We acknowledge that this might reflect the small
number of events in this population. Nonetheless, our
data corroborate previous findings supporting PNI as the
single most important predictor of recurrence in patients
with stage IB gastric cancer after surgery (9). Additionally,
LVI was also associated with worse oncological outcomes
in the univariate analysis. Again, due to the relatively small
number of events in our study, one cannot rule out the
possibility that LVI and other prognostic factors play a
significant part in determining the outcome of patients with
stage I gastric cancer.

The survival outcomes of patients with pathological stage
IB gastric cancer treated with adequate lymphadenectomy
raises the question if we should offer neoadjuvant
chemotherapy for patients with clinical T2NO gastric
cancers. Recently, the FLOT4 trial demonstrated benefits
both in terms of overall and DFS for patients undergoing
FLOT regimen as compared to ECF or ECX in the
perioperative setting (21). Patients with clinical T2NO were
allowed to be enrolled in this trial and subgroup analysis
showed that treatment intensification also benefited patients
with clinical T2 tumors. Nonetheless, patients with clinical
T2 tumors comprise a small proportion of patients in this
trial and it remains to be shown how many of such patients
actually had positive lymph nodes at staging.

One argument in favor of including patients with clinical
T2NO tumors in trials of perioperative chemotherapy
relies on the relatively limited staging accuracy of either
CT scan or endoscopic ultrasound (22). However, these
results might reflect the use of outdated technologies and
recent data demonstrate that, by combining both CT scan
and endoscopic ultrasound, gastric cancer staging accuracy
can be significantly improved (23). Furthermore, a recent
study evaluating patients with clinical T2NO gastric cancer
on a nation-wide database could not identify any benefit of
perioperative chemotherapy (24). In this sense, given the
good prognosis of most patients with pT2NO gastric cancer,
we would favor an approach in which patients properly
staged with CT scan and endoscopic ultrasound as clinical
T2NO would proceed immediately to surgery. Based on the
results of our study and on the available information, we
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Table 4 Selected studies evaluating the role of prognostic factors in patients with pathological stage IB gastric cancer
Study Population Outcome Prognostic factor HR 95% ClI p
Du et al. 2011 pT2NO Overall survival Tumor size =3 cm 4.05 0.48-8.36 0.004
LBVI 3.09 0.50-5.01 0.02
PNI 4.82 0.60-6.87 0.009
Yokoyama et al. 2011 T1-3NO or T1N1 Recurrence-free survival ~ Undifferentiated histology - - 0.006
Aoyama et al. 2014 pT1N1 or pT2NO Overall survival Proximal tumor 5.27 1.32-20.9 0.018
Toyokawa et al. 2015  pT2-3NO or pT1N1 Overall survival Age =65 3.25 1.36-7.73 0.008
Adjuvant chemo 0.3 0.11-0.82 0.02
Saito et al. 2016 pT2-3NO Overall survival LvI 5.41 1.77-16.4 0.003
BVI 3.92 1.28-12.1 0.017
Inetal. 2016 pT2NO Overall survival Age =55 1.95 - 0.001
Charlson comorbidity score ~ 1.61 - <0.001
=2
<15 lymph nodes harvested 1.63 - <0.001
Tumor >8 cm 1.54 - <0.001
Proximal tumor 1.50 - <0.001
Asian 0.53 - 0.001
Chemoradiation 0.73 - 0.03

LBVI, lymphatic and/or blood vessel invasion; PNI, perineural invasion; LVI, lymphovascular invasion; BVI, blood vascular invasion.

believe for those eventually proved to harbor pathologic
T2NO gastric cancer, a discussion regarding the use of
adjuvant chemotherapy would rely on quality of the
lymphadenectomy and on the presence of risk factors for
disease recurrence.

It is also clear from our analysis that most patients with
stage I gastric cancer perish from causes other than gastric
cancer. We showed that only six deaths among 26 were
secondary to gastric cancer. Additionally, nearly 6% of all
patients developed second primary tumors. Indeed, second
primary tumors and cardiovascular diseases were among
the most significant causes of death in this population. This
finding is not new (11) and it reinforces the need to focus
on the control of comorbidities and on screening strategies
in this group of patients.

This find also draws attention to the potential bias
of evaluating survival outcomes and the role of putative
prognostic factors in patients with stage I gastric cancer
using usual survival analysis methods. Both OS and DFS
analyses deal with death from any cause as an event.
However, to understand the natural history of a neoplasm

© Journal of Gastrointestinal Oncology. All rights reserved.

and to establish the role of prognostic factors in such a
disease, one must rule out the events that are biologically
non-related to the cancer, such as death from other causes.
One way it can be accomplished is through cancer-specific
survival. Nevertheless, significant bias still may arise, as in
this type of analysis, patients dying from causes other than
cancer are censored at the last follow-up. This creates a
violation of an important assumption of the Kaplan-Meier
method-the assumption of random censoring (25). Thus,
in situations in which the risk of an event from competing
causes is significant, we believe survival outcomes should be
ideally addressed by the use of the competing risks survival
model.

Our study is not without limitations. We retrospectively
assessed the prognosis of pathological stage I gastric cancer
patients in a single cancer-dedicated hospital using routinely
collected data. Moreover, in this study we included patients
treated for gastric cancer at a time when adequate imaging
staging was not available. Therefore, adequate clinical
staging is lacking. Also, most of our patients had stage IA
gastric cancers and we cannot exclude the possibility that
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some of the local recurrences were indeed second primary
gastric tumors. Additionally, some 15% of all patients were
lost to follow-up, and the number of events in our study
is modest. We acknowledge that this might hamper the
evaluation of putative prognostic factors in early gastric
cancer. Nevertheless, out study also has some virtues. The
small number of events demonstrate the excellent survival
outcomes of patients with stage I gastric cancer submitted to
gastrectomy and adequate lymphadenectomy, emphasizing
the results of previous Asian studies. Furthermore, our
data corroborate the findings of a previous investigation
regarding the prognostic role of PNI in stage I gastric
cancer. Finally, we believe we have analyzed survival
outcomes using a more appropriate statistical model,
allowing for competing causes of mortality.

Conclusions

The prognosis of patients with stage IA gastric cancer is
excellent, with very few recurrences. Patients with stage 1B
gastric cancer also fare well, but those harboring tumors
with PNI present a higher risk of disease relapse. We
believe that should adjuvant chemotherapy be considered
in the setting of stage IB gastric cancer, selection of patients
based on the risk of relapse is paramount, and in that sense,
PNI can be used as a harbinger of disease recurrence.
Most patients with early gastric cancer died from unrelated
causes. We believe more efforts should be concerted in
controlling comorbidities and screening for second primary
tumors in this population. Finally, studies to come in this
setting should be designed to consider competing causes of
mortality, as this approach more accurately represents the
oncological outcomes of patients with early stage gastric
cancer.
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Supplementary

Table S1 Subdistribution hazards (SH) of the risk of death from gastric cancer in the study population

Univariate analysis

Multivariate analysis

Variable
HR 95% Cl P HR 95% Cl P

Sex

Male 1 1

Female 0.22 0.02-1.93 0.17 0.22 0.02-2.05 0.19
Age 1 0.93-1.07 0.96
AACCS 1.05 0.65-1.68 0.84
ASA

1-2 1

3-4 0.77 0.09-6.54 0.81
T (TNM)

pTia 1

pT1b 2.4 0.22-26.3 0.47

pT2 5.96 0.59-60.2 0.13
Tumor grade

G1 1

G2 1.3 0.12-13.5 0.82

G3 0.95 0.09-10.6 0.99
Lymphovascular invasion

No 1 1

Yes 3.79 0.66-21.5 0.13 1.1 0.28-4.37 0.87
Perineural invasion

No 1 1

Yes 111 1.97-62.4 0.006 9.67 2.11-443 0.004
Tumor size (cm) 1.1 0.80-1.52 0.54

NB: tumor site, N (TNM), severe surgical complications (Clavien-Dindo), extent of lymphadenectomy (=15 lymph nodes vs. <15 lymph
nodes), and histopathological type not displayed due to lack of model convergence.



Table S2 Subdistribution hazards (SH) of the risk of gastric cancer relapse in the study population

Univariate analysis Multivariate analysis
Variable
HR 95% Cl P HR 95% Cl P

Sex

Male 1 1

Female 0.18 0.02-1.59 0.12 0.19 0.02-1.73 0.14
Age 0.99 0.94-1.06 0.97
AACCS 1.03 0.68-1.53 0.9
ASA

1-2 1

3-4 0.63 0.07-5.15 0.67
T (TNM)

pTia 1

pTi1b 1.19 0.16-8.43 0.86

pT2 3.03 0.48-18.8 0.23
Tumor grade

G1 1

G2 1.95 0.21-18.1 0.55

G3 0.98 0.09-10.8 0.99
Lymphovascular invasion

No 1 1

Yes 3.06 0.58-16.1 0.19 0.95 0.25-3.6 0.95
Perineural invasion

No 1 1

Yes 8.67 1.67-44.9 0.01 8.16 1.85-36.0 0.006
Tumor size (cm) 1.04 0.72-1.49 0.83

NB: tumor site, N (TNM), severe surgical complications (Clavien-Dindo), extent of lymphadenectomy (=15 lymph nodes vs. <15 lymph
nodes) and histopathological type not displayed due to lack of model convergence.



Table S3 Subdistribution hazards (SH) of the risk of death from causes other than gastric in the study population

Univariate analysis

Multivariate analysis

Variable
HR 95% ClI P HR 95% CI P

Sex

Male 1

Female 0.77 0.31-1.91 0.58
Age 1.07 1.03-1.11 0.001
AACCS 2.16 1.55-3.00 <0.001 1.53 0.98-2.36 0.057
ASA

1-2 1 1

3-4 9.95 4.12-24.0 <0.001 4.56 1.33-15.5 0.015
Clavien-Dindo

-1 1 1

-1V 2.4 0.75-7.58 0.14 1.49 0.50-4.43 0.47
T (TNM)

pTia 1

pT1b 1.03 0.35-3.00 0.96

pT2 1.82 0.63-5.28 0.27
N (TNM)

NO 1

N+ 2.69 0.57-12.6 0.21
Tumor grade

G1 1

G2 1.08 0.32-3.63 0.9

G3 0.31 0.07-13.5 0.12
Lymphovascular invasion

No 1

Yes 0.72 0.17-2.96 0.65
Perineural invasion

No 1

Yes 0.79 0.09-6.58 0.83
Tumor size (cm) 0.98 0.78-1.23 0.9
Extent of lymphadenectomy

<15 lymph nodes 1

>15 lymph nodes 2.2 0.83-5.91 0.11

NB: tumor site and histopathological type not displayed due to lack of model convergence.
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