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A B S T R A C T

Purpose: The role of tumor deposits (TDs) in the staging of gastric cancer is currently debatable. TDs are defined as
tumoral nodules in perigastric adipose tissue with no evidence of lymphatic, vascular, or neural structures.
Clinicopathological factors related to the presence of TDs are not well defined. This study aimed to identify the
clinicopathological factors associated with the presence of TDs in resected gastric cancer patients.
Materials and methods: This prospective study included patients diagnosed with gastric cancer and treated with D2
radical gastrectomy from January 2019 to January 2020. Univariate and multivariate analyses were performed to
determine the factors related to the presence of TDs.
Results: A total of 111 patients were eligible and TDs were present in 31 of them (28%). In the univariate analysis,
male gender (p ¼ 0.027), tumor size � 5cm (p ¼ �0.001), serosa and adjacent organs invasion (pT4a and pT4b)
(p ¼ �0.001), �16 metastatic lymph nodes (pN3b) (p ¼ �0.001), and TNM stage III tumors (p ¼ �0.001) were
significantly associated with the presence of TDs. The multivariate analysis showed that a tumors size �5 cm (OR
¼ 3.69, 95% CI: 1.17–11.6), serosa and adjacent organs invasion (pT4a and pT4b) (OR ¼ 3.78, 95% CI:
1.31–10.86) and �16 metastatic lymph nodes (pN3b) (OR ¼ 3.21, 95%CI:1.06–9.7) were independent risk factors
for the presence of TDs.
Conclusions: Larger tumors (tumor size � 5cm), serosa and adjacent organs invasion (pT4 and pT4b), and �16
metastatic lymph nodes (pN3b) were independent risk factors for the presence of TDs.
1. Introduction

Gastric cancer is an aggressive disease with a high recurrence rate
even with appropriate management. It is the sixth most common
cancer worldwide, with a considerable incidence in Latin America
and eastern countries [1]. In Peru, gastric cancer is the first cause of
cancer mortality and, in most patients, is diagnosed in an advanced
stages [2]. An accurate disease staging is essential to ensure a proper
diagnosis and treatment. Currently, gastric cancer stage is determined
by the TNM (Tumor, Lymph nodes, and Metastasis) staging system
which considers the length of invasion of the primary tumor (pT), the
number of metastatic lymph nodes (pN), and the presence of distant
metastasis (pM) [3]. Several prognosis factors, including histological
type, HER 2 status, lymphovascular and perineural invasion, have
been identified as independent survival predictors in previous studies
[4, 5, 6].
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Tumor deposits (TDs) were not included as a prognostic factor in the
classification of carcinomas for a relevant period. In 1935, Gabriel first
described TDs in a study of patients with rectal cancer and reported an
association between TDs and lower survival [7]. Evidence from several
reports in the last decades has further consolidated the association of
poor prognosis with TDs in patients with rectal cancer [8, 9, 10, 11]. In
2009, in the 7th edition of the TNM classification for colorectal cancer,
the presence of TDs without lymph node metastasis was classified as
pathological node stage 1c (pN1c) [12].

Gastric cancer is the pathology with the second largest number of TDs
studies only after colorectal cancer [13, 14, 15, 16]. By consensus, TDs
are defined as tumoral nodules in perigastric adipose tissue within the
primary tumor's drainage area without evidence of lymphatic, vascular,
or neural tissue [3]. In 1991, Di Giorgio reported for the first time,
extracapsular nodal metastasis in gastric cancer patients [17]. Since then,
a higher incidence of TDs has been reported in patients with poor
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histopathological factors as advanced stages, larger tumors, lymphovas-
cular invasion, perineural invasion, and poorly differentiated tumors.
However, results for the most part have been inconclusive. Furthermore,
studies have been mostly focused on the role of TDs as an independent
prognostic factor in gastric cancer but not on the pathological factors
related to their presence. Thus, the objective of this study is to identify
the clinicopathological factors associated with the presence of TDs in
resected gastric cancer patients.

2. Materials and methods

2.1. Study design and patient's selection

This prospective single-center study conducted at the Department of
Abdominal Surgery, included patients diagnosed with gastric cancer and
treated with D2 radical gastrectomy with curative intent between January
2019 and January 2020. Patient inclusion criteria were an age of�18 years,
histological diagnosis of primary gastric carcinoma, no other malignancies,
undergoing D2 radical gastrectomy, elective surgery and R0 resection.
Exclusion criteria included patients with R1 o R2 resection, emergency
surgery, palliative surgery, stage IV according to the AJCC Cancer Staging
System (8th edition), and incomplete data required for analysis [3]. Patients
were divided into two groups depending on the presence or absence of TDs.

2.2. Surgical procedure

Distal or total gastrectomy was selected based on tumor location, and
resection margins were established according to the Japanese Gastric
Cancer Guidelines [18]. D2 lymphadenectomy and omentectomy were
conducted in all cases. Lymph nodes 1, 3, 4sb, 4d, 5, 6, 7, 8a, 9, 11p, and
12a were resected for distal gastrectomy, and lymph nodes 1, 2, 3,4sa,
4sb, 4d, 5, 6, 7, 8a, 9, 11p, 11d and 12a were resected for total gas-
trectomy. Bursectomy was performed in cases where tumors compro-
mised the serosa of the posterior gastric wall.

2.3. Pathological examination and definition of TD

All surgical specimens were embedded in paraffin, stained in hema-
toxylin and eosin, and analyzed by six independent blind scorers. In this
study, the stomach and all adipose connective tissue were retrieved for
pathological analysis. An average of 50 slides (range, 20–65) per patient
were examined. The mean distance from the TDs to the primary tumor was
3mm. TDs are defined as tumor noduleswithin the primary cancer drainage
area without evidence of lymphatic tissue, vascular or neural structure
(Figure 1). Gastric tumors were classified histologically according to the
World Health Organization (WHO) classification system [19], and the
pathological stage was determined according to AJCC Cancer Staging
System (8th edition) [3]. Lymphovascular and perineural invasion were
Figure 1. Hematoxylin-eosin staining (H&E) shows tumor deposits in gastric carcinom
100, B Magnification � 400.
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scored by a pathologist under direct visualization of the slides. Six (5.5%)
patients were treated with neoadjuvant chemotherapy consisting of fluo-
rouracil, leucovorin, oxaliplatin, and docetaxel (FLOT protocol) [20].

2.4. Variables studied

Demographic characteristics (age and gender), pathological charac-
teristics (tumor location, histological subtype, tumor grade, depth of
invasion (T), lymph node metastasis (N), lymphovascular and perineural
invasion, tumor size, clinical stage, HER2 status, neoadjuvant chemo-
therapy), and surgical characteristic (surgical procedure) were evaluated.

2.5. Statistical analysis

The statistical analysis was performed with IBM SPSS version 22.0. A
descriptive analysis of variables was performed through frequencies,
percentages, and summary measures (mean and standard deviation). The
association of qualitative variables with the presence of TDs was evalu-
ated with the Chi-square test, applying the Yates correction when
appropriate. Differences between the groups of patients with and without
TDs, regarding quantitative variables, were evaluated with the t-test for
independent samples or its corresponding non-parametric test, after
evaluation of normality. An analysis of the receiver operating charac-
teristic curve (ROC curve) was used to obtain the optimal cut-off values
for tumor size and lymph node metastasis needed to identify the presence
of TDs. Optimal cut-off values were used for the dichotomization of the
variables in the univariate analysis. The optimal cut-off point for tumor
size was�5 cm and for lymph nodemetastasis was�16metastatic lymph
nodes or pN3b (AJCC classification). Each pT category and its relation-
ship with the presence of TDs were evaluated separately; pT4 tumors
showed a statistically significant relationship with the presence of TDs
and were used for the variable dichotomization. A chi-square test was
performed to evaluate the correlation between the variable lymphovas-
cular invasion and the presence of TDs; however, the risk (OR) could not
be calculated because all patients in the TD (þ) group presented LVI (þ).
The variables gender (female vs male), depth of invasion (pT4 vs pT1-
pT2- pT3), tumor size (�5cm vs < 5cm), lymph node metastasis (pN3b
vs pN1- pN2- pN3a), and p TNM Stage (Stage III vs Stage I-II) were used
in the univariate and multivariate analysis (binary logistic regression
model). In the multivariate analysis, variables with significant influence
were chosen with the forward selection method. Odds ratios (OR) and
95% confidence intervals (CI) were calculated. A p-value <0.05 was
considered signific0ant for an association, difference, or influence.

2.6. Ethical considerations

This article was evaluated and accepted by the Ethics Committee of
the National Institute of Neoplastic Diseases INEN, Lima, Peru. It
a. Tumor cells are scattered through the perinodal fat tissue. A Magnification �
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complies with current regulations on bioethical research and was per-
formed following the Ethical Principles for Medical Research Involving
Human Subjects, as outlined in The Declarations of Helsinki. The authors
declare that this article does not contain personal information that allows
identifying patients enrolled.

3. Results

3.1. Study population

Between January 2019 and January 2020, 145 patients were treated
with D2 radical gastrectomy, of whom 111 patients were eligible to
participate in this study. The mean age was 60.9 years. Sixty-five patients
(58.6%) were female and 46 (41.4%) were male. Distal gastrectomy was
performed in 59 patients (53.2%) and total gastrectomy in 52 patients
(46.8%). Tubular adenocarcinoma was the most frequent histological
subtype (n ¼ 51; 46%), followed by signet cell carcinoma (n ¼ 50; 45%)
and mixed carcinoma (n ¼ 10; 9%). Sixty-six and 32 patients presented
poorly differentiated tumors (60%) and moderately differentiated tu-
mors (28%), respectively. Thirty-six patients presented tumors that
infiltrated the serosa (T4a) (32.4%) and 35 patients presented infiltration
of the subserosa (T3) (31.5%). The mean of harvested lymph nodes was
69.5. Twenty-two patients presented �7 metastatic lymph nodes N3a
(19.8%) and 26 patients presented �16 metastatic lymph nodes N3b
(23.4%). The mean tumor size was 5.7 cm. Sixty-four (57.6%) patients
presented negative HER2 status, 30 an equivocal score (27%), and 8 a
positive HER2 status (7.2%). Six patients (5.4%) were treated with
neoadjuvant chemotherapy. Clinicopathological characteristics of pa-
tients who underwent D2 radical gastrectomy are summarized in Table 1.
3.2. Clinicopathological characteristics of patients with TDs

TDs were observed in 31 patients (28%), of whom 18 (58%) were
male and 13 (42%)were female (p¼ 0.02). The mean age was 58.4 years.
Most of the patients presented distal tumors (n ¼ 16; 51.6%), and the
most frequent histological subtype was signet cell carcinoma (n ¼ 17;
54.8%). Poorly differentiated tumors were the most frequent (n ¼ 21;
68%) followed by moderately differentiated (n¼ 10; 32%). The presence
of TDs was significantly associated with larger tumors (p¼<0.001), with
most patients in the TDs (þ) group presenting a tumor size of�5 cm (n¼
26; 83.9%). All the patients in the TDs (þ) group presented lympho-
vascular invasion compared to 55 patients (68.8%) in the TD (-) group (p
¼ 0.001). TDs were observed in advanced T-stage tumors, with most
infiltrating the serosa or adjacent organs (T4) (n ¼ 22; 71%). Likewise,
the presence of TDs was significantly associated with advanced N stage
tumors (p¼<0.001), with most of the patients presenting�16metastatic
lymph nodes (n ¼ 16; 51.6%). It is important to note that TDs were also
observed in patients without metastatic lymph nodes (N0) (n ¼ 2; 6.4%).
According to the TNM 8th edition classification [3], clinical-stage III was
the most frequent in the TDs (þ) group (n ¼ 25; 80.7%). Clinicopatho-
logical characteristics of patients who underwent D2 radical gastrectomy
with TDs are summarized in Table 1.
3.3. Localization of TD

Of the 31 patients with TDs (þ), 16 patients presented distal tumors.
In these patients, TDs were observed in the adipose tissue of the right
cardiac area (n ¼ 1), lesser curvature (n ¼ 6), greater curvature (n ¼ 3),
suprapyloric vessels (n¼ 4), infrapyloric vessels (n¼ 2), common hepatic
artery (n ¼ 1), and distal splenic artery (n ¼ 1). In middle tumors, TDs
were detected in the right cardiac area (n ¼ 2), lesser curvature (n ¼ 6),
greater curvature (n ¼ 4), suprapyloric vessels (n ¼ 4), and coeliac
axis (n ¼ 1). In upper tumors, TDs were observed in the lesser curvature
(n ¼ 2) and proximal splenic artery (n ¼ 1). Location of TDs is repre-
sented in Figure 2.
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3.4. Univariate and multivariate analysis

In the univariate analysis, male gender (p¼ 0.027), tumor size�5 cm
(p¼� 0.001), serosa and adjacent organs invasion (pT4a and pT4b) (p¼
� 0.001), �16 metastatic lymph nodes (pN3b) (p ¼ � 0.001), and TNM
stage III (p ¼ � 0.001) were significantly associated with the presence of
TDs (Table 2).

In the multivariate analysis, a greater incidence of TDs was found in
patients with tumors�5 cm (OR¼ 3.69, 95% CI: 1.17–11.6) compared to
those with tumors < 5cm.

Also, tumors with serosa and adjacent organs invasion (pT4a and p
T4b) (OR ¼ 3.78, 95% CI: 1.31–10.86) and �16 metastatic lymph nodes
(pN3b) (OR ¼ 3.21, 95%CI:1.06–9.7) were significantly associated with
the presence of TDs (Table 3).

4. Discussion

The role of TDs in gastric cancer staging is currently debatable [21].
In recent decades, of the findings of several reports have supported the
concept of TDs being an independent prognostic factor in gastric cancer
[22, 23, 24]. However, the clinicopathological factors associated with the
presence of TDs are unclear [4, 25, 26, 27].

Our study, the first one about this topic in America, included 111
patients, and showed that a tumor size�5 cm, serosa and adjacent organs
invasion (pT4a and pT4b), and�16 metastatic lymph nodes (pN3b) were
significantly associated with the presence of TDs. These results support
the relationship between the presence of TDs and poor prognostic factors,
and clarify the relevance of TDs in gastric cancer staging. In the present
study, thirty-one (28%) patients presented TDs, which is consistent with
previous studies that reported a percentage between 9% to 27% [24, 26,
28, 29]. We observed a high incidence of locally advanced tumors TNM
Stage II-III (75%) possibly explaining our higher incidence of TDs.

Tumor size has been reported as a clinicopathological factor related to
the presence of TDs in previous studies; however, the cut-off point re-
mains unclear [23, 24, 26, 30, 31]. Etoh et al., found that a tumor size of
�10cm was significantly associated with the presence of TDs in a uni-
variate analysis [23]. Nonetheless, several other studies using univariate
analysis have also have reported that a tumor size of �5 cm is signifi-
cantly related to the presence of TDs [24, 26, 30, 31, 32]. In our study, in
a multivariate analysis, a tumor size of �5 cm was significantly associ-
ated with the presence of TDs supporting a cut-off point of 5 cm as a risk
factor.

Several studies reported that the presence of TDs is related to a deeper
length of invasion (pT) but only a few report the relationship of TDs with
a specific pT category [23, 26, 29, 30, 31].

Graham-Martinez et al., in a systematic review, reported that TDs
occurred more frequently in tumors with a higher T-category (T4 vs T1-
T2-T3) (RR ¼ 2.24, 95% CI ¼ 1.62–3.09) [4]. Anup et al. [27] reported
that patients with TDs had a similar survival rate compared to pT4 stage
patients without TDs. Similarly, Sun et al. reported that pT1-pT4a pa-
tients with TDs had a similar prognosis with pT4a patients without TDs,
and proposed that the presence of TDs might be reclassified and treated
as tumors with serosa invasion (pT4a) [28]. Our finding that the presence
of TDs significantly associates to tumors with serosa and adjacent organs
invasion (pT4a and pT4b), further supports the classification proposed by
Sun et al. It is also important to note that in our study there were no
patients with early gastric cancer (pT1a and pT1b) and TDs. Xie et al.
[33] reported one patient with early gastric cancer (T1b) with positive
TD but with lymph node metastasis. Likewise, in a study including 1250
patients, it was reported that pT1 patients with TDs had worse survival
compared to pT1 patients without TDs [27].

The relationship in terms of survival between the presence of TDs and
N stage has been evaluated in multiple studies worldwide [21, 23, 24, 25,
27, 30, 32]. In a Chinese study consisting of 1518 patients [30], a worse
prognosis was found in pN0, pN1, pN2, and pN3a patients with TDs
compared to the same subgroups without TDs; however, there was no



Table 1. Clinicopathological characteristics of patients who underwent D2 radical gastrectomy with and without Tumor Deposits.

All Gastrectomies TD* (-) TD (þ) p-Value

ny ¼ 111 (100%) n ¼ 80 (72%) n ¼ 31 (28%)

Agez, mean � SDx years 60.9 � 14.1 61.8 � 14.2 58.4 � 13.7 0.25

Gender

Male n (%) 46 (41.4) 28 (35) 18 (58) 0.02

Female n (%) 65 (58.6) 52 (65) 13 (42)

Tumor Location n (%) 0.92

Distal 57 (51.4) 41 (51) 16 (51.6)

Middle 45 (40.5) 32 (40.3) 13 (41.9)

Upper 9 (8.1) 7 (8.7) 2 (6.5)

Histological Subtype n (%) 0.26

Tubular Adenocarcinoma 51 (46) 38 (47.5) 13 (41.9)

Signet Cell Carcinoma 50 (45) 33 (41.3) 17 (54.8)

Mixed Carcinoma 10 (9) 9 (11.3) 1 (3.2)

Tumor Grade n (%) 0.06

Well Differentiated 13 (12) 13 (16) 0

Moderately Differentiated 32 (28) 22 (28) 10 (32)

Poorly Differentiated 66 (60) 45 (56) 21 (68)

Neoadjuvant Chemotherapy n (%) 0.53

No 105 (94.5) 76 (95) 29 (93.5)

Yes 6 (5.5) 4 (5) 2 (6.5)

Depth of Invasion (pT) n (%) <0.001

T1a 10 (9) 10 (12.5) 0

T1b 10 (9) 10 (12.5) 0

T2 15 (13.5) 13 (16.3) 2 (6.5)

T3 35 (31.5) 28 (35) 7 (22.5)

T4a 36 (32.4) 18 (22.5) 18 (58)

T4b 5 (4.5) 1 (1.25) 4 (13)

Lymph Nodes Resected, mean � SD 69.5 � 25.7 70.8 � 26.8 66.4 � 22.9 0.70

Lymph Nodes Metastasis (pN) n (%) <0.001

N0 29 (26.1) 27 (33.8) 2 (6.4)

N1 20 (18) 16 (20) 4 (12.9)

N2 14 (12.6) 10 (12.5) 4 (12.9)

N3a 22 (19.8) 17 (21.2) 5 (16.2)

N3b 26 (23.4) 10 (12.5) 16 (51.6)

pTNM Stage n (%) 0.001

Stage I 25 (22.5) 24 (30) 1 (3.2)

Stage II 25 (22.5) 20 (25) 5 (16.1)

Stage III 61 (55) 36 (45) 25 (80.7)

Lymphovascular Invasion n (%) 0.001

Present 86 (77.5) 55 (68.8) 31 (100%)

Absent 25 (22.5) 25 (31.2) 0

Perineural Invasion n (%) 0.18

Present 66 (59.5) 45 (56.2) 21 (67.7)

Absent 45 (40.5) 35 (43.8) 10 (32.3)

HER2 IHC Score System n (%) 0.929

Negative Score 0 26 (23.4) 18 (22.5) 8 (25.8)

Negative Score 1þ 38 (34.2) 28 (35) 10 (32.2)

Equivocal Score 2þ 30 (27) 21 (26.2) 9 (29)

Positive Score 3þ 8 (7.2) 5 (6.25) 3 (9.6)

Type Of Gastrectomy 0.33

Distal Gastrectomy n (%) 59 (53.2) 44 (55) 15 (48)

Total Gastrectomy n (%) 52 (46.8) 36 (45) 16 (52)

Tumor Size, mean � SDk 5.7 � 2.9 5.2 � 2.8 6.96 � 2.7 <0.001

<5cm 43 (53.8) 5 (16.1)

�5cm 37 (46.2) 26 (83.9) <0.001

The values that are in bold are those that are statistically significant in the statistical analysis (p ¼ <0.05).
* TD: Tumor deposits.
y n: Number of patients.
z At the date of surgery.
x SD: standard deviation.
k mean and standard deviation in centimeters.
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Figure 2. Schema of the relationship between the location of tumor deposits and the primary tumor in 31 patients. A distal tumors, B middle tumors, C prox-
imal tumors.

Table 2. Univariate analysis of factors associated with the presence of tumor
deposits.

Univariate Analysis

OR* CIy 95% p- Value

Gender

Female 1

Male 2.57 (1.10–6.01) 0.027

Tumor Size

<5cm 1

�5cm 5.9 (2.05–16.93) ≤0.001

Depth of Invasion (pT)

T1-T2-T3 1

T4 7.84 (3.09–19.9) ≤0.001

Lymph Nodes Metastasis (pN)

N0–N1–N2–N3a 1

N3b 7.46 (2.83–19.63) ≤0.001

pTNM Stage n (%)

Stage I-II 1

Stage III 5.35 (1.98–14.48) ≤0.001

The values that are in bold are those that are statistically significant in the sta-
tistical analysis (p ¼ <0.05).

Table 3. Logistic regression analysis of factors associated with the presence of
tumor deposits.

Multivariate Analysis

OR* CIy 95% p- Value

Tumor Size

<5cm 1

�5cm 3.7 (1.17–11.6) 0.026

Depth of Invasion (pT)

T1-T2-T3 1

T4 3.8 (1.31–10.86) 0.014

Lymph Nodes Metastasis (pN)

N0–N1–N2–N3a 1

N3b 3.2 (1.06–9.7) 0.039

The values that are in bold are those that are statistically significant in the sta-
tistical analysis (p ¼ <0.05).
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significant difference between patients with and without TDs in the pN3b
subgroup. Similarly, Etoh et al. reported that the presence of extranodal
metastasis had no significant impact on survival in pN3 patients [23]. In a
propensity score matching study from China, it was evidenced that the
survival curves were similar between patients with TDs and patients with
N3a and N3b disease [32]. Based on our results and those of previous
studies we suggest that there is a close relationship between an N3b stage
5

and the presence of TDs. Likewise, our results support the new classifi-
cation proposed by Chen [30], in which for patients with TDs, the initial
N stage is increased by one stage except for patients with N3b disease.

In our study TDs were observed in 2 (6.4%) patients without lymph
node metastasis (pN0). In these two cases, tumors penetrated the mus-
cularis propria (pT2) and the serosa (pT4a), respectively. Similar results
have also been found in multiple studies worldwide, with a percentage as
high as 12.9% [25]. Likewise, it has been reported that the overall sur-
vival of N0 patients with TDs is significantly worse compared to N0 pa-
tients without TDs (p < 0.001) [29].

Male gender (p ¼ 0.027) and TNM Stage III (p ¼ � 0.001), in the
univariate analysis, were significantly associated with the presence of
TDs; nonetheless, no association was found in the logistic regression
analysis. In a retrospective study consisting of 3098 patients, after pro-
pensity score matching, no significant difference was evidenced in sur-
vival curves between Stage IIIC patients with and without TDs [31].

In our study, all the patients in the TD (þ) group presented lym-
phovascular invasion (p ¼ � 0.001) and 21 of them (67.7%) presented
perineural invasion (p ¼ 0.18). Chen et al. [30], reported, in a univariate
analysis, that lymphovascular and perineural invasion were significantly
associated with the presence of TDs. Other clinicopathological factors
have been reported to be related to the presence of TDs, such as Bormann
type, histology, and histological grade; however, they have not been
evaluated in a multivariate analysis [22, 26, 28, 34].

There were some limitations in this study. First, given the short
follow-up at the time of the analysis, overall survival and disease-free
survival were not evaluated. This survival analysis should be per-
formed in a future study. Also, the lymphovascular invasion could not be
evaluated in the univariate and multivariate analyses because we did not
have negative patients compared in the TD (þ) group and therefore the
OR could not be calculated.

In conclusion, the presenceof TDswas independently associated to larger
tumors (tumor size � 5cm), tumors with infiltration of serosa and adjacent
organs (pT4a and pT4b), and the presence of �16 metastatic lymph nodes.
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