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Abstract

Background: The number of lymph nodes (LN) retrieved could be an important
prognostic factor in gastric cancer. Currently, the established cut-off for
adequate staging is 15 LN, however this seems not always appropriate to
improve survival. The aim of our study is to evaluate the effect of the number of

LN harvested on gastric cancer prognosis.

Patients and methods: A retrospective analysis of a prospective database with
476 gastric cancer cases submitted to curative intent surgery, between January
2010 and December 2015, in an Upper Gl Surgery Unit. We analyzed 288
patients that met the inclusion criteria for this study. Overall survival (OS),
disease specific survival (DSS) and disease free survival (DFS) curves
according to the number of LN retrieved were calculated and adjusted to

pathological stage, type of tumor (EGC vs advanced) and pN.

Results: Most patients (86,1%) had more than 15 lymph nodes retrieved.
Harvesting more than 15 LN had positive effects on the OS of patients with
pStage | tumors, early gastric cancer and pN negative tumors. Retrieving more
than 15 LN contributed to improvements in DSS and DFS of patients with
pStage Il. When more than 30 LN were retrieved the OS of gastric cancer
patients was significantly better not only in pStage | tumors, early gastric cancer
and pN-, but also in pStage Ill. Harvesting more than 30 LN was also
associated with better DSS and DFS in pStage Il gastric cancer patients. The
number of LN retrieved was not associated with more morbidity, but slightly
increased the surgery duration. The independent predictors for the number of
LN retrieved were type of resection, type of lymphadenectomy, tumor location

and number of LN invaded.

Conclusions: The number of LN harvested appears to have prognostic impact
on gastric cancer survival and lymphadenectomy extension should be

individually designed for each patient according to tumor stage.
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Introduction

Gastric cancer is the fourth most frequent cancer in the world, with
approximately one million people newly diagnosed per year, and the second
leading cause of cancer-related death both in men and women [1]. It is
particularly common in Asian countries where almost 75% of the cases occur.
Despite a substantially decline of gastric cancer incidence and mortality
worldwide, Portugal is still one of the European countries with highest mortality

rates, perhaps as a result of the high prevalence of Helicobacter pylori infection
[2].

Surgical resection combined with appropriate lymphadenectomy is the main
treatment for patients with gastric cancer [3, 4]. Many features influence the
prognosis after surgery. Besides depth of invasion, the number of lymph nodes
(LN) metastasis is the most important prognostic factor for gastric cancer and
has been considered a staging parameter in the Union for International Cancer
Control/ American Joint Committee on Cancer (UICC/AJCC) [5, 6]. The
examination of at least 15 lymph nodes has been traditionally recommended by
AJCC to optimize staging, however the ideal number of LN that need to be
examined in order to achieve a reliable staging for the strongest prognostic

value is not certain [4-7].

The proper extent of lymphadenectomy during gastric cancer surgery has been
the subject of a long discussion. In Asia, D2 lymphadenectomy has been
considered the gold standard with improvements in the long-term survival rates
[7]. Recently the Dutch trial also demonstrate that D2 dissection (without routine
pancreatectomy and splenectomy) is associated with lower locoregional
recurrence and disease-related death when compared to D1 lymphadenectomy
[8]. It seems logical that a more extensive node dissection will harvest more LN
to be examined pathologically, consequently increasing the staging accuracy
[7]. However, the contribution of a higher number of LN harvested in the
improvement of local regional disease control and survival has not been

consistently established [7].

Recently the notion that negative lymph nodes (NLN) counts as a possible

prognostic factor in gastric cancer is emerging. Although patients with NLN



gastric cancer have a superior overall survival rate when compared to patients
with positive LN, some will have recurrence and 15% will die of the disease [9,
10]. However, little is known about the optimal number of examined LN in

patients with NLN gastric cancer.

The aim of this study is to evaluate if the number of LN harvested during
surgery of gastric cancer patients is related with better long-term survival rates
in patients with positive LN and NLN, if the threshold of 15 LN required by the
AJCC remains appropriate and if patients with different TNM stage would

benefit from a different number of retrieved LN.



Patients and methods

Patient sample

This study retrospectively analyzed a prospective database of gastric cancer
patients (n=476), who underwent surgical treatment in Upper GI Surgery Unit of
Centro Hospitalar de Sao Joao — Faculty of Medicine, University of Porto (Porto,
Portugal), between January 2010 and December 2015. The Institutional Review
Board approved this study (CES 60-16).

Patients were selected from the database according to the following criteria:
gastric adenocarcinoma and curative intent surgery. The exclusion criteria were:
non-resectional surgery, palliative, pathological stage IV carcinomas,
prophylactic and completion gastrectomies, atypical resections, other histologic
types than adenocarcinoma and R2 resections. Patients lost for follow-up were
not included in this analysis. After screening patients with the above criteria, a

total of 288 cases were obtained (Figure 1).

Data collection

With the purpose of characterizing the population the following parameters were
collected from each patient: age at time of surgery, gender, presence of
comorbidities, American Society of Anesthesiologists (ASA) physical status
classification and body mass index (BMI) score. In order to describe the
clinicopathological profile: tumor location and size (cm), macroscopic
appearance, histologic type (Laurén classification), growth pattern (Ming
classification), TNM staging (7th edition, 2010), LN ratio and venous, perineural
and lymphatic invasions were evaluated. The surgery approach, type of
resection and lymphadenectomy and the presence of neoadjuvant therapy were

used to characterize the therapeutic approach.

For short-term complications analysis, the following parameters were evaluated:
post-operative morbidity (less than 30 days after surgery), including
anastomotic leakage rate and Clavien-Dindo classification (specifically the need
for intervention, Clavien = llla), post-operative mortality, re-intervention,

transfusion and readmission rates. Long-term complications (more than 30
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days after surgery) presence and need for re-intervention were assessed. Some
perioperative outcomes were categorized: surgery duration (minutes) and post-

operative length-of-stay (LOS) in days.

The oncological-related outcomes were: type of resection (R), distance (cm) to
proximal and distal margin on tumor specimen, number of lymph nodes invaded
and recurrence rate and type. Resection was defined as curative (R0) when the
tumor was completely removed with all the margins negative; incomplete
resection was defined as residual gross disease (R2) or positive surgical

margins [(R1), tumor less than 1 mm from any margin].

Clinical, radiologic, or endoscopic signs of disease were used in order to

diagnose recurrence.

In survival analysis, overall survival (OS), disease-specific survival (DSS) and
disease-free survival (DFS) were assessed. OS was defined as the period
between the day of surgery and death of patient. Patients who had survived
until the end of the observation period were censored at their last follow-up visit.
Death from a cause other than gastric cancer was a censoring event in DSS.
DFS was considered the period between the end of primary therapy and the
first evidence of disease recurrence. Patient follow-up was completed in March
2017 for 100% of the population. Median follow-up was 28 (0-83) months.

All the data was reviewed by two of the authors (HSS, MF) for identification of

data entry errors.

Perioperative management and surgical procedure

All the patients were submitted to upper endoscopy with biopsy and
computerized tomography (CT) as diagnostic procedures for gastric cancer.
The tumors were staged according to clinical, radiological (CT) or endoscopic
(endoscopic ultrasonography) features. Staging laparoscopy was applied when
considered necessary (mostly in local advanced tumors, when resectability was

uncertain).

The preoperative clinical stage was used to select the surgical approach and

the type of lymphadenectomy. In diffuse and proximally located tumors the



surgery performed was total gastrectomy with Roux-en-Y reconstruction. In
distally located tumors the surgery selected was subtotal distal gastrectomy,
using Billroth Il and sporadically Roux-en-Y reconstructions, due to age and
comorbidities. The extent of lymphadenectomy was classified based on the third

version of Japanese Gastric Treatment Guidelines, 2010 (Figure 2).

In the postoperative period, all patients went to the post-surgical intensive care
unit for post-operatively early extubation, pain control, vigorous respiratory
therapy, early mobilization and ambulation. According to clinical evolution, food
intake was permitted. During the first year after surgery the patients were
followed up at 3-month intervals, during the second year at 6-month intervals

and annually afterwards.

Statistical analysis

Statistical analysis was performed using SPSS® 21.0 for Mac (IBM Co.,
Armonk, NY, USA).

Normal distribution of continuous variables was assessed by visual analysis of
histograms, normal Q-Q plots and both Kolmogorov-Smirnov and Shapiro-Wilk
tests of normality. Student's t-test, non-parametric test Mann-Whitney U and
Welch's t-test were used to compare means, and chi-square or Fisher's exact
test were used to compare proportions, as appropriate. Odds ratio (OR) and
95% confidence intervals (Cl) were calculated by logistic regression for the
complications analysis. Linear regression was used for the analysis of the
impact of the LN retrieved in surgery duration and for the predictors of the

number of LN harvested.

Significance was assumed for p values inferior to 0.05. All p values given are

results of 2-sided tests.

Cumulative survival curves for OS, DSS and DFS were calculated by Kaplan-
Meier (KM) method and adjusted to pathological stage, type of gastric cancer
(early gastric cancer versus advanced gastric cancer) and N stage. Log rank
test was used to assess differences between groups. Hazard ratio (HR) and
95% confidence intervals (Cl) were calculated by Cox regression and adjusted

for possible confounders for the survival analysis. In order to define a better cut-
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off for the number of LN retrieved, a new category was created based on the
median (Figure 3) of the LN harvested in patients with a minimum number for

an adequate staging (=15 LN).



Results

Population baseline characteristics

Population baseline characteristics are described in Table 1. The average age
at surgery was 66,94 + 12,234 years and there was a predominance of male
patients (58%). The mean body mass index was 25,852 + 3,8102.
Comorbidities were present in 82,3% of the patients and 84,7% were classified

as ASA score Il or lll.

Most gastric cancers (67,7%) were located in the antrum and presented with a
mean size of 4,444 + 2,9584 cm. Based on Laurén classification the most
frequent histologic type was intestinal (45%), and according to Ming
classification the most common growth pattern was infiltrative (73,1%). Around
60% of the cases were advanced gastric cancers. The lymph node ratio was
superior to 0,2 in 24%. Most patients had stage | cancer (45,1%), followed by
stage Il (31,6%) and stage Il (23,3%). The most common surgery approach
(54,5%) was open gastrectomy and the most frequent type of resection was
Billroth Il distal gastrectomy (54,9%), followed by total gastrectomy (38,2%) and
Roux-en-Y distal gastrectomy (6,9%). D1+ and D2 lymphadenectomy were
performed in 75% of the patients. Neoadjuvant therapy was applied in 9% of the

cases.

Regarding the survival, mean OS was 52,043 + 2,122 months. The 1-year, 2-
year and 5-year OS were 81%, 71% and 51%, respectively. The mean DFS
was 62,702 + 2,079 months and the 1-year, 2-year and 5-year DFS were 86%,
77% and 70%, respectively. There were significant differences in OS according
to pStage (p<0,001), EGC (p<0,001) and pN (p<0,001) (Figure 4). In DFS there
were also significant differences according to pStage (p<0,001), EGC (p<0,001)
and pN (p<0,001).

Comparative analysis <15 LN versus 215 LN retrieved

Most patients (86,1%) had =15 LN retrieved and only a minority (13,9%) had

<15 LN retrieved. The patients were grouped by the number of examined LN



(<15 and = 15) and clinical and pathologic characteristics were compared
(Table 1).

In the group with <15 LN retrieved the patients had more comorbidities (95
versus 80,2%, p=0,024) and, although not statistically significant (p=0,077), it
was observed that patients with highest ASA scores (lll and 1V) had an inferior
number of LN retrieved. The group with = 15 LN retrieved was significantly (p=
0,004) associated with more proximal and extensive tumor location (body — 31
versus 5%, fundus — 1,6 versus 0% and extensive — 3,6 versus 2,5%), while the
<15 LN retrieved group was related to inferior tumor size (3,338 * 3,2825
versus 4,611 £ 2,8768, p=0,001). The group with = 15 LN retrieved correlates
with more advanced gastric cancers (64,1 versus 42,5%, p=0,014), whereas the
<15 LN retrieved group was associated with lower N stages (NO — 72,5 versus
49,6% and N1 — 17,5 versus 15,7%, p=0,031), pathological stage | (70 versus
41,1%, p=0,003) and less cases of lymphatic permeation and perineural
invasion (34,2 versus 59,5%, p=0,005 and 21,1 versus 39,9%, p=0,03
respectively). In what concerns therapeutic approach, in the group with = 15 LN
retrieved more total gastrectomies (42,3 versus 12,5%, p<0,001) and more D2
lymphadenectomies (38,3 versus 22,5%, p=0,016) were performed. In fact, in

91,3% of D2 lymphadenectomies more than or equal to 15 LN were harvested.

Patients with 215 LN harvested did not present significant differences in short
and long-term complications when compared to patients with <15 LN retrieved
(Table 2).

Related to perioperative outcomes (Table 2), though not statistically significant,
the surgery duration was superior in the group with = 15 LN retrieved (229,52 +
51,991 versus 208,8 £ 72,006, p= 0,087).

Both groups presented similar oncological outcomes (Table 2)., except for the
number of LN invaded which was significantly higher in the group with =2 15 LN
retrieved (4,04 £ 6,996 versus 0,75 £ 1,765, p=0,001).

Survival analysis

Overall survival (OS)
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Analysis of the effect of the number of LN retrieved

There was not an association (crude HR 0,986, 95% CI 0,971 — 1,001, p=0,072)
between the number of LN retrieved and the OS. But when OS was adjusted to
pathological stage, type of cancer (EGC versus AGC) and N stage, there was
statistically significant association with the number of LN harvested (HR 0,97.
95% CI 0,954 — 0,986, p<0,001; HR 0,976, 95% CI 0,961 — 0,992, p=0,003; and
HR 0,981, 95% CI 0,966 — 0,996, p=0,015, respectively) (Table 3).

Comparative analysis <15 LN versus 215 LN retrieved

The OS of patients with 215 LN retrieved was better than those with < 15 LN,
but this difference was not statistically significant (p=0,124). When OS curves
were adjusted to pathological stage (Table 3), the differences were statistically
significant (HR 0,436, 95% CI 0,262 — 0,727, p=0,001). According to the KM
curves, these differences were observed in pathological stage | (p<0,001), but
not in stages Il and Ill (Figure 5). When adjusted to the type of cancer (Table
3), the OS curves were statistically significant (HR 0,532, 95% Cl 0,324 — 0,875,
p=0,013). According to the KM curves (Figure 6), these differences were
observed in early gastric cancer (p<0,001). The OS curves were statistically
significant (HR 0,535, 95% CI 0,324 — 0,883, p=0,014) when adjusted to the N
stage (Table 3). According to the KM curves (Figure 6), these differences were

observed in pN- tumors (p=0,002).

Comparative analysis <15 LN versus 15 - 29 LN versus 230 LN retrieved

The OS of patients with 15 to 29 LN retrieved and with =30 LN retrieved was not
statistically better than that of patients with <15 LN retrieved (p=0,65 and
p=0,21). Although, when adjusted to pathological stage (Table 3) the
differences were statistically significant in both groups (HR 0,56, 95% CI 0,33 —
0,95, p0,032 and HR 0,306, 95% CI 0,172 — 0,544, p<0,001, respectively).
According to the KM curves, these differences were observed in pathological
stage | (p=0,001) and Ill (p=0,032), but not in pathological stage Il (Figure 7).
When adjusted to the type of cancer (Table 3), the OS curves were statistically
significant in the group with 230 LN retrieved (HR 0,401, 95% CI 0,229 - 0,699,
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p=0,001), when compared to the <15 LN group. According to the KM curves
(Figure 8), these differences were observed in early tumors (p=0,001). The OS
curves adjusted to the N stage (Table 3) were statistically significant (HR 0,42,
95% CI 0,24 — 0,736, p=0,002) in the group of patients with =30 LN retrieved
when compared to the <15 LN group. According to the KM curves (Figure 8),

these differences were observed in pN- tumors (p=0,003).

Disease specific survival (DSS)
Analysis of the effect of the number of LN retrieved

There was not an association (crude HR 1,005, 95% CI 0,986 — 1,025, p=0,585)
between the number of LN retrieved and the DSS. When DSS was adjusted to
pathological stage the difference was statistically significant (adjusted HR
0,977, 95% CI 0,956 — 0,999, p=0,039). However, when DSS was adjusted to
the type of cancer and N stage there was no significant differences (p=0,479
and p=0,712) (Table 3).

Comparative analysis <15 LN versus 215 LN retrieved

The DSS of patients with =215 LN retrieved was not significantly different
(p=0,824) than that of patients with <15 LN retrieved (Table 3). When DSS
curves were adjusted to pathological stage the differences were statistically
significant in pathological stage Il (p=0,012) (Figure 9). When adjusted to the
type of cancer and N stage (Table 3), the DSS curves were not statistically
significant (p=0,462 and p=0,341) (Figure 10).

Comparative analysis <15 LN versus 15 - 29 LN versus 230 LN retrieved

The DSS of patients with 15 to 29 LN retrieved and with 230 LN retrieved was
not statistically better than that of patients with < 15 LN retrieved (p=0,416 and
p=0,227) (Table 3). Although, when adjusted to pathological stage the
difference was significant (p=0,027) in the group with =230 LN retrieved, when
compared to the <15 LN group. According to the KM curves (Figure 11), these

differences were observed in pathological stage Il (p=0,027). When adjusted to
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the type of cancer and N stage (Table 3), the DSS curves were not statistically

significant in both groups (Figure 12).

Disease free survival (DFS)
Analysis of the effect of the number of LN retrieved

There was not an association (crude HR 1,005, 95% CI 0,988 — 1,023, p=0,566)
between the number of LN retrieved and the DFS. When DFS was adjusted to
pathological stage the difference was statistically significant (p=0,043).
Nevertheless, when DFS was adjusted to the type of cancer and N stage there

was no significant differences (p=0,451 and p=0,61) (Table 3).

Comparative analysis <15 LN versus 215 LN retrieved

The DFS of patients with 215 LN retrieved was not significantly different
(p=0,683) than that of patients with <15 LN retrieved (Table 3). When DFS
curves were adjusted to pathological stage the differences were statistically
significant in pathological stage Il (p=0,002) (Figure 13). When adjusted to the
type of cancer and N stage (Table 3), the DFS curves (Figure 14) were not

statistically significant (p=0,488 and p=0,344).

Comparative analysis <15 LN versus 15 - 29 LN versus 230 LN retrieved

The DFS of patients with 15 to 29 LN retrieved and with 230 LN retrieved was
not statistically better than that of patients with less than 15 LN retrieved
(p=0,649 and p=0,657) (Table 3). Although, when adjusted to pathological
stage the difference was significant in the group with 230 LN retrieved in
pathological stage Il (p=0,002) (Figure 15). When adjusted to the type of
cancer and N stage (Table 3), the DFS curves were not statistically significant

in both groups (Figure 16).

Impact of the number of LN retrieved in surgery duration and morbidity

There was a significant association between the number of LN retrieved and the
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surgery duration (standardized beta coefficient 0,148, 95% CI 0,141 — 1,134,
p=0,012), but the number of LN retrieved only explains 2,2% of the surgery
duration (R?=0,022). In fact, each LN retrieved increased the surgery duration in
0,148 minutes (Figure 17).

In terms of morbidity, the number of LN harvested was not significantly

(p=0,053) associated with the presence of complications (Table 4).

Predictors of the number of LN retrieved

In univariate analysis (Table 5), the following variables were predictors of the
number of LN harvested: age (p<0,001), type of resection (p<0,001), type of
lymphadenectomy (p<0,001), tumor location (p<0,001), tumor size (p=0,003),
type of tumor [EGC vs advanced] (p=0,015), pN (p=0,037), number of LN
invaded (p<0,001) and pStage (p<0,001). According to the multivariate analysis
(R? 0,261 for this model), the independent predictors were: type of resection
(p<0,001), type of lymphadenectomy (p<0,001), tumor location (p=0,013) and
number of LN invaded (p<0,001) (Table 5).
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Discussion

Gastric cancer is still a global and important concern nowadays, being the
second leading cause of cancer-related death in the world. The notion that the
number of lymph nodes harvested acts as an important prognostic factor in
gastric cancer is not recent and has been previously described in multiple
studies [7, 11-14]. It is also known that various factors can influence the number
of lymph nodes retrieved in gastric cancer patients, such as surgical technique,
extent of surgery, extent of pathologic examination of the specimen and
individual characteristics like fat volume and innate number of lymph nodes
[5, 15].

Currently the cut-off established by AJCC for adequate staging is 15 lymph
nodes, however this seems not always appropriate to increase survival, reduce
recurrence and prevent stage migration. Numerous studies have suggested

different cut-off values, but the ideal one remains unclear.

Data et al [16] observed that harvesting less than 15 LN was independently
related to worst OS. Ling et al [17] demonstrated that patients with more than or
equal to 20 LN retrieved had an improvement on the survival rate when
compared with patients with less than 20 lymph nodes. Shen et al [13] showed
that patients with more than 30 lymph nodes resected had significantly better
OS and progression free survival (PFS) than those with less than or equal to 14
lymph nodes retrieved. However, there was no significant difference in OS and
PFS between patients with less than 14 and 15 to 29 lymph nodes retrieved.
This study also revealed that harvesting more than 30 lymph nodes was
associated with better OS than harvesting 15 to 29 lymph nodes, suggesting
that dissecting a superior number of lymph nodes probably contributes to
improve survival in gastric cancer patients. Our data showed that, when the
number of lymph nodes retrieved was analyzed as a continuous variable and
adjusted to pathological stage, patients with a superior number of lymph nodes
harvested presented with a better survival and reduce disease recurrence.
Harvesting more than or equal to 15 lymph nodes had positive effects on the
OS of gastric cancer patients with pathological stage |, early gastric cancer and

negative N stage (pN-), but not in more advanced stage patients. Moreover,
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retrieving more than or equal to 15 lymph nodes contributed to improvements in
DSS and DFS of patients in pathological stage Il. This information is congruent
with other studies. Son et al [17] concluded that the outcomes of T1NO stage
patients in whom the number of examined lymph nodes was less than 15 were
worse than patients in whom more than 15 lymph nodes were examined. Zhao
et al [6] revealed that a lymphadenectomy with dissection of more than 15
lymph nodes might improve the long-term survival of patients with pT1NO
gastric cancer. All together this data suggests that patients with less advanced
stages of gastric cancer may benefit from a more extensive lymphadenectomy
in terms of survival. The cause for this association is not clear but it can be due
to superior loco-regional disease control. As the number of lymph nodes
harvested increases, the probability of retrieving positive lymph nodes or lymph
nodes with micrometastases rises, resulting in a more accurate N stage
classification and higher survival rates [18, 19]. However, these findings were
not showed in other studies. Shen et al [13] concluded that the number of lymph
nodes harvested had no effect on both OS and PFS of gastric cancer patients
with pathological stage | and Il, NO, T1 and T2. Instead they find that the higher
the number of lymph nodes retrieved, the better was the OS and PFS in T3 to
T4 gastric cancer, N+ and Il to IV stages and, specifically when more than or
equal to 15 lymph nodes were harvested, the OS and PFS were significantly
better in N+ patients. Deng et al [12] also demonstrated that harvesting more
than or equal to 15 lymph nodes was associated with better prognosis of N+
gastric cancer. Gholami et al [7] showed that survival after gastrectomy was
improved when 16 lymph nodes or more were removed in all pathological

stages, except advanced stage (llI-B e IlI-C or N3).

In this study, we also showed that when more than 30 lymph nodes were
retrieved the OS of gastric cancer patients was significantly better not only in
stage |, early gastric cancer and N-, but also in stage Ill. Furthermore,
harvesting more than 30 lymph nodes was associated with better DSS and DFS
in pathological stage Il gastric cancer patients. The findings are similar to those
of other studies. Siewert et al [20] determined that harvesting more than 25
lymph nodes had a significant and independent effect on survival in patients

with stage Il tumors. Shen et al [13] demonstrated that retrieving more than 30
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lymph nodes was associated with better OS than harvesting 15 to 29 lymph
nodes and is highly recommended for patients with advanced stages (T3 to T4,
N+ and Ill to IV stages). Based on our results it seems that in pathological stage
[l tumors the established cut-off of 15 lymph nodes may not be appropriate.
Our data suggests that lymphadenectomy should be individually designed for

each patient according to tumor stage.

In the past, many western studies reported that D2 lymphadenectomy was
associated with higher rates of perioperative mortality and surgical complication
[21-23]. However, more recent western studies demonstrated that D1 and D2
lymphadenectomy have similar perioperative mortality [20, 24, 25]. Furthermore
Gholami et al [7] revealed that perioperative mortality between patients with 7 to
15 lymph nodes and more than 16 lymph nodes retrieved was similar (4,7%
versus 3,1% respectively). These results support our findings, since we showed
that harvesting more lymph nodes was not associated with higher rates of post-

surgical complications.

In conclusion, our results suggest that the number of lymph nodes harvested
has prognostic implication on gastric cancer patients survival and that retrieving
a higher number of lymph nodes is not associated with more complications.
Therefore, lymphadenectomy extension should be individually designed for

each patient according to tumor stage.
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Comparative analysis <15 LN versus 215 LN retrieved: Baseline characteristics

Demographics

Clinico-pathological profile




Therapeutic approach

Surgery approach ns (0,651)
Open 23 (57,5) 134 (54) 157 (54,5)
Laparoscopic 15(37,5) 107 (43,1) 122 (42,4)

2(5 7(28 9(3,1

Converted

Type of lymphadenectomy, n (%) 0,016
D1 17 (42,5) 55 (22,2) 72 (25)
D1+ 14 (35) 98 (39,5) 112 (38,9)

9(225 95 (38,3 104 (36,1

Table 1: Comparative analysis <15 LN versus 215 LN retrieved: Baseline
characteristics (n=288).

SD, standard deviation; ns, non-significant, BMI, body mass index; ASA,
American Society of Anesthesiologists.

*Student’s t-test; ** Non-parametric test Mann Whitney U.

Significant p values (<0,05) and strong trend p values (<0,1) are highlighted in
bold.
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Outcomes

Short-term complications
Morbidity, n(%) 11(27,5) 50 (20,2) 61(21,2) ns (0,3)
Anastomotic leakage 3(7,5) 5(2) 8(28) ns (0,085)

Post-operative mortality, n(%) 12 (4,2) ns (0,069)

Readmission, n(%) 19 (6,6) ns (1)

Long-term complications

Reintervention, n(%) 0(0) 5(2) 5(1,7) ns (1)
Perioperative outcomes
Surgery duration (minutes), mean + SD 208,8 + 72,006 229,52 51,991 226,64 £55,520 ns (0,087)**

Oncological related outcomes
R classification, n (%) ns (1)
RO 39(97,5) 239 (96,4) 278 (96,5)

R1 1(25) 9(36) 10(3,5)

Lymph nodes invaded, mean + SD 0,75+ 1,765 4,04 + 6,996 3,59 + 6,622 0,001*
Recurrence type, n (%) ns (0,38)
Local 0(0) 9(16,1) 9(14,5)
Ganglionar 0(0) 5(8,9) 5(8,1)
Distant metastases 6(100) 42 (75) 48 (774)

Table 2: Comparative analysis <15 LN versus =215 LN retrieved: Outcomes
(n=288).

SD, standard deviation; ns, non-significant, LOS, length of stay; LN, lymph
node.

*Non-parametric test Mann Whitney U; **Welch's t-test.

Significant p values (<0,05) and strong trend p values (<0,1) are highlighted in
bold.
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I. Survival analysis: Cox regression, crude and adjusted HR for pathological stage

Overall survival (OS)

Number of LN retrieved -0,014 0,986 0,971 - 1,001 ns (0,072) -0,031 0,97 0,954 - 0,986 <0,001
Minimum number of LN for adequate staging (cut off 15 LN) -0,386 0,68 0,415-1,112 ns (0,124) -0,83 0,436 0,262 - 0.727 0,001
LN retrieved <15 Ref Ref

LN retrieved 15-29 -0,115 0.891 0,543 - 1,464 ns (0,65) -0,579 0,56 0,33-0,95 0,032
LN retrieved = 30 -0,33 0,719 0,430 - 1,204 ns (0,21) -1,185 0,306 0,172 - 0,544 <0,001
Disease spe survival (DSS)

Number of LN retrieved 0,005 1,005 0,986 - 1,025 ns (0,585) -0,023 0,977 0,956 - 0,999 0,039
Minimum number of LN for adequate staging (cut off 15 LN) 0,096 1,101 0,472 - 2,567 ns(0,824) -0,835 0,44 0,183-1,028 ns (0,058)
LN retrieved <15 Ref

LN retrieved 15-29 0,36 1,433 0,602 - 3,408 ns (0,416) -0,628 0,533 0,217-1,311  ns (0,171)
LN retrieved = 30 0,531 1,7 0,718 - 4,022 ns (0,227) -1,027 0,358 0,144 - 0,889 0,027
Disease free survival (DFS)

Number of LN retrieved 0,005 1,005 0,988 - 1,023 ns (0,566) -0,021 0,98 0,96 - 0,999 0,043
Minimum number of LN for adequate staging (cut off 15 LN) 0,188 1,207 0,552 - 2,637 ns (0,638) -0,602 0,548 0,248 - 1,209 ns (0,136)
LN retrieved <15 Ref Ref

LN retrieved 15-29 0,189 1,208 0,534 - 2,732 ns (0,649) -0,409 0,664 0,292 -1,513 ns (0,330)
LN retrieved = 30 0,186 1,205 0,529 - 2,743 ns (0,657) -0,793 0,452 0,196 - 1,044 ns (0,063)

Il. Survival analysis: Cox regression, crude and adjusted HR for EGC and pN

Overall survival (OS)

Number of LN retrieved -0,024 0,976 0,961 - 0,992 0,003 -0,019 0,981 0,966 - 0,996 0,015
Minimum number of LN for adequate staging (cut off 15 LN) -0,63 0,532 0,324 - 0,875 0,013 -0,625 0,535 0,324 - 0,883 0,014
LN retrieved <15 Ref Ref

LN retrieved 15-29 -0,41 0,664 0,395 - 1,116 ns (0,122) -0,442 0,643 0,381-1,085 ns (0,098)
LN retrieved = 30 -0,915 0,401 0,229 - 0,699 0,001 -0,867 0,42 0,24 - 0,736 0,002
Disease spe survival (DSS)

Number of LN retrieved -0,008 0,992 0,972 - 1,014 ns (0,479) -0,004 0,996 0,976 - 1,017 ns (0,712)
Minimum number of LN for adequate staging (cut off 15 LN) -0,318 0,728 0,312 - 1,698 ns (0,462) -0,415 0,66 0,281-1,553 ns (0,341)
LN retrieved <15 Ref Ref

LN retrieved 15-29 -0,232 0,793 0,326 - 1,928 ns (0,608) -0,384 0,681 0,278 - 1,670 ns (0,402)
LN retrieved = 30 -0,4 0,67 0,274 - 1,636 ns (0,380) -0,448 0,639 0,259 - 1,573 ns (0,330)
Disease free survival (DFS)

Number of LN retrieved -0,007 0,993 0,974 - 1,012 ns (0,451) -0,005 0,995 0,977 - 1,014  ns (0,61)
Minimum number of LN for adequate staging (cut off 15 LN) -0,278 0,758 0,346 - 1,661 ns (0,488) -0,382 0,683 0,310- 1,504 ns (0,344)
LN retrieved <15 Ref Ref

LN retrieved 15-29 -0,191 0,826 0,364 - 1,877 ns (0,649) -0,335 0,716 0,314-1,632 ns (0,426)

LN retrieved = 30 -0,365 0,694 0,304 - 1,588 ns (0,387) -0,431 0,65 0,283-1,494 ns (0,31)
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Table 3: Survival analysis: Cox regression

I. Crude and adjusted HR for pathological stage

[I. Adjusted HR for EGC and pN

HR, hazard ratio; Cl, confidence interval, EGC, early gastric cancer.
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Imiact of the number of LN retrieved in morbiditi: Loiistic reiression

Complications
Number of LN retrieved -0,024 0,976 0,953 - 1 ns (0,053)

Table 4: Impact of the number of LN retrieved in morbidity: Logistic regression
OR, odds ratio; Cl, confidence interval.
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Predictors of number of LN retrieved: Linear regression

Univariate analysis Multivariate analysis
e 0,053 <0,001

Type of lymphadenectom 0,097 <0,001 <0,001

Tumor size 0,032 0,003

N (7th ed, 2010 0,015 0,037

Number LN invaded 0,083 <0,001 <0,001

R square for the model of the multivariate analysis: 0,261

Table 5: Predictors of number of LN retrieved: Uni and multivariate analysis by
linear regression

N
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Initial population (n= 476)

January 2010 — December 2015

Patients treated in Upper Gl Surgery Unit, Centro Hospitalar
de Sao Jodo — Faculty of Medicine, University of Porto

Exclusion criteria (n=180)

55 - Non resectional surgery

44 - Palliative resection

37 - Pathological stage IV

20 - Completion gastrectomy

8 - Histologic type other than adenocarcinoma
8 - Atypical gastrectomy

6 - Prophylactic gastrectomy

2 - R2 resection

Lost follow-up (n=8)

Cases included (n=288)

Figure 1: Flow chart of the study design
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Total gastrectomy:

DO0: Lymphadenectomy less than D1;

D1: Nos. 1-7 (highlighted in blue);

D1+: D1 plus Nos. 8a, 9, 11p (highlighted in yellow);
D2: D1+ plus Nos. 10, 11d, 12a (highlighted in red).

Distal gastrectomy:

DO0: Lymphadenectomy less than D1;

D1: Nos. 1, 3, 4sb, 4d, 5, 6, 7 (highlighted in blue);
D1+: D1 plus Nos. 8a, 9 (highlighted in yellow);
D2: D1+ plus Nos. 11p, 12a (highlighted in red).
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Figure 11: Impact of the number of lymph nodes retrieved in DSS of gastric cancer patients (A)
and adjusted to tumor stage. (B) DSS of stage I, (C) DSS of stage Il and (D) DSS of stage III.

DSS, disease specific survival.
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Figure 12: Impact of the number of lymph nodes retrieved in DSS of gastric cancer patients
according to the type of tumor and N stage. (A) DSS of EGC, (B) DSS of AGC, (C) DSS of N-
and (D) DSS of N+.

DSS, disease specific survival, EGC, early gastric cancer, AGC, advanced gastric cancer.
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Figure 13: Impact of the number of lymph nodes retrieved in DFS of gastric cancer patients (A)
and adjusted to tumor stage. (B) DFS of stage |, (C) DFS of stage Il and (D) DFS of stage Ill.

DFS, disease free survival.
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Figure 14: Impact of the number of lymph nodes retrieved in DFS of gastric cancer patients
according to the type of tumor and N stage. (A) DFS of EGC, (B) DFS of AGC, (C) DFS of N-
and (D) DFS of N+.

DFS, disease free survival, EGC, early gastric cancer, AGC, advanced gastric cancer.
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Figure 15: Impact of the number of lymph nodes retrieved in DFS of gastric cancer patients (A)
and adjusted to tumor stage. (B) DFS of stage |, (C) DFS of stage Il and (D) DFS of stage Ill.

DFS, disease free survival.
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Figure 16: Impact of the number of lymph nodes retrieved in DFS of gastric cancer patients
according to the type of tumor and N stage. (A) DFS of EGC, (B) DFS of AGC, (C) DFS of N-
and (D) DFS of N+.

DFS, disease free survival, EGC, early gastric cancer, AGC, advanced gastric cancer.
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Assunto: Pedido de autorizac@o para realizacdo de estudo/projecto de investigagdo

Nome do Investigador Principal: Hugo Miguel Teixeira Ferraz dos Santos Sousa

Titulo do projecto de investigacao: |5qct of the number of lymph nodes harvested in
gastric cancer prognosis.

Pretendendo realizar no(s) Servicol(s) de Cirurgia Geral

do Centro Hospitalar de S. Jodo - EPE o estudo/projecto de investigacdo em epigrafe,

solicito a V. Exa., na qualidade de Investigador/Promotor, autorizagdo para a sua

efectivacado.
Para o efeito, anexa toda a documentacdo referida no dossier da Comissdo de Etica do

Centro Hospitalar de S. Jodo respeitante a estudos/projectos de investigacdo, & aqual

enderecou pedido de apreciagdo e parecer.

Com os melhores cumprimentos.

Porto, 3/ Dezembro /2015

O INVESTIGADOR/PROMOTOR

Comissdio de Etica para a Satde do Centro Hospitalar de S. Jodo — EPE
Modelo CES 01
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Comissio de Etica para a Saude — Centro Hospitalar Sao Joio

Parecer

Titulo do Projecto: Impact of the nymber of lymph nodes harvested in gastric
cancer prognosis.

Nome do Investigador Principal: Hugo Miguel Teixeira Ferraz dos Santos
Sousa

Local onde sera realizado o estudo: Servico de Cirurgia Geral do Centro
Hospitalar de Sao Joao e esta incluido autorizagédo da respectiva Directora de

Servico.

Objectivo do estudo: Avaliagdo do impacto do nimero de ganglios linfaticos

colhidos, na cirurgia de ressecg¢do por cancro gastrico, no prognostico dos

doentes.

Periodo previsto de conclusao: 2017
Beneficio: N/A
Risco: N/A

Respeito pela liberdade e autonomia do sujeito do ensaio: N/A

Confidencialidade dos dados: esta garantida a confidencialidade dos dados
e esta informacéao sera restrita ao investigador principal e respectivo grupo de
investigacao.
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NIF/Registo Cornercial n®509 821 197 Capital Estatutario112.000.000,00 Euros

O Investigador Principal dispde de competéncia técnica e cientifica para a
realizagao do estudo.

N&o prevé a realizacao de questionarios.

Custos: O estudo ndo prevé custos acrescidos para os participantes nem
para a instituicéo.

Parecer: Em face da analise do protocolo de estudo, proponho a sua
aprovacéo pela CES do CHSJ.

Porto, CHSJ, 23 de fevereiro de 2016
O Relator

mho

Dr. John Preto

MELHOR ATRIBUICAO
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emitido na reunifo plenaria da CES

7. SEGURO

a. Este estudo/projecto de investigagdo prevé intervencdo clinica que implique a
existéncia de um seguro para 0s participantes?

SIM [:] (Se sim, junte, por favor, copia da Apdlice de Seguro respectiva)

NAO
NAO APLICAVEL [ ]

8. TERMO DE RESPONSABILIDADE

gu, Hugo Miguel Teixeira Ferraz dos Santos Sousa

3

abaixo-assinado, na qualidade de Investigador Principal, declaro por minha honra que as
informacbes prestadas neste questionario sdo verdadeiras. Mais declaro que, durante o estudo,
serdo respeitadas as recomendagdes constantes da Declaragdo de Helsinquia (com as emendas
de Téquio 1975, Veneza 1983, Hong-Kong 1989, Somerset West 1996 e Edimburgo 2000) e da
Organizagdo Mundial da Satde, no que se refere a experimentagéo que envolve seres humanos.
Aceito, também, a recomendagdo da CES de que o recrutamento para este estudo se fara junto
de doentes que ndo tenham participado em outro estudo no decurso do actual internamento ou

da mesma consulta.

Porto, 3 | Dezembro /12015

0] ln\;éstigador Principal

PARECER DA COMISSAO DE ETICA PARA A SAUDE DO CENTRO HOSPITALAR DE S. JOAQ

A Comissio de Ebuca para a Saude
APROVA por unanimidade o parecer d(?
Relator, pelo que nada tem a Opor 2
realizacic deste proficto de nvestigagao.
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