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Abstract. Background/Aim: Concerning gastric cancer
(GC), nasogastric tube (NGT) is routinely employed for peri-
operative decompression and palliative enteral nutrition.
Additionally, we believe to have found a further application.
Patients and Methods: Between April 2012 and April 2017,
96 GC patients received preoperative nasogastric lavage
(GL). All samples were cytologically examined to detect the
presence (GL1) or absence (GLO) of malignant cells. Data
were analyzed with classificatory, staging and prognostic
purpose. Results: GL1 was detected in 46 GC patients:
association with tumor depth, lymph node and distant
metastasis, lymphovascular and peri-neural invasion, diffuse
type and signet-ring cells was significant (respectively
p=0.0274, 0.0324, 0.0446, 0.0287, <0.0001, 0.0413,
<0.0001). GLI entailed significantly poorer overall (OS),
progression-free, disease-free survival and tumor progression
(18 vs. 32 months). At multivariate analysis, GLI was an
independent prognostic factor for worse OS (p=0.0287).
Conclusion: NGT seems an economic oncologic measure
useful for obtaining information on GC staging and prognosis.

Presently, nasogastric tube (NGT) insertion is one of the
simplest clinical procedures most frequently performed
throughout the world: common indications include
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gastrointestinal disorders, surgery and trauma events (1).
Historically, the first descriptions date back to 1598 and
1617 when two Italian anatomists, Gerolamo Capivaccio ab
Padova and Gerolamo Fabrizio ab Aquapendente,
respectively resorted to a rudimental nasogastric pipe with
feeding and cleansing purpose (2). In 1812, Physick
performed the first gastric lavage (GL) through NGT with
decontamination intent; today, although often controversial,
antitoxic GL still remains the measure of choice when no
antidote exists or usual therapies are ineffective (3). In 1867,
Adolf Kussmaul pioneered GL with decompression intent
while in 1921 Abraham Louis Levin introduced the Levin
NGT after gastrointestinal surgery and for management of
trauma patients. In 1959, Wangensteen and colleagues
successfully resorted to iced GL through NGT to stop
hemorrhage from the upper gastrointestinal tract; today,
though matter of controversies, this is still one of the most
fascinating and useful applications of NGT (4). More
recently, nasogastric washing has been associated with
prompt diagnosis of pulmonary tuberculosis in children who
cannot produce sputum and prevention of feeding problems
in neonates with meconium-stained amniotic fluid (5, 6).

In the setting of gastric cancer (GC), as of 2017, NGT
placement has been traditionally adopted to provide peri-
operative decompression of the stomach, permit enteral
nutrition as palliative care and reduce postoperative bleeding
after endoscopic submucosal dissection (ESD) of early GC
(EGC) (7-9). Collection of GL from GC patients represents
another historical application of this device (10-12). In the
pre-endoscopy era, in fact, cytologic examination of GL was
commonly used to obtain preoperative diagnosis of GC (10-
12). Since 1970s, however, following the overwhelming
results achieved by gastroscopic biopsy in terms of
diagnostic sensitivity and specificity, GC cytology has been
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Figure 1. lllustration of the gastric lavage (GL) procedure from a top left side view. A total amount of 500 milliliters of sterile saline solution is
injected and aspirated through nasogastric tube (NGT) using a 60 ml plastic syringe with conical tip. Washing the entire gastric lumen back and
forth several times (upward and downward arrows) is supposed to bath the gastric cancer (GC) and collect the exfoliated malignant cells. OTT:

Orotracheal tube.

progressively abandoned (13, 14). In this study, our aim was
to shed novel light to GC cytopathology investigating the
presence or the absence of malignant cells exfoliated in GL
of GC patients not only with a descriptive-diagnostic intent,
but mostly for staging and prognostic purpose. As discussed
in more detail below, we think this kind of cytologic analysis
an innovative perspective to improve the current knowledge
on GC and reckon NGT as the indispensable device for
reaching that.

Materials and Methods

Nasogastric intubation. Between April 2012 and April 2017, 96
patients affected with GC (gastric adenocarcinoma) and amenable
to surgical treatment have been prospectively enrolled in this
observational study in accordance with the ethical standards laid
down in the Declaration of Helsinki (as revised in Brazil 2013).
Informed consent was obtained before participation; initial results
have already been disclosed in former researches on GC (15-17).
All subjects required NGT (Levin type, Ch 14 to 18, Bigcakcilar
Tibbi Cihazlar San. ve Tic. A.S., Istanbul, Turkey) during hospital
stay at the Division of General and Emergency Surgery of St.
Andrea Hospital, Faculty of Medicine and Psychology, University
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of Sapienza, Rome, Italy. In the operating room, after orotracheal
intubation but prior to surgical incision, each hollow viscus was
irrigated through NGT with 500 milliliters of saline solution under
sterile conditions (12); a minimum quantity of 250 ml was estimated
sufficient in the case of obstructing cardial carcinomas and gastric
stump cancers (Figure 1). The retrieved gastric lavage (GL) was
immediately transferred to the Cytology Department of our hospital
to detect the presence or absence of cancer cells. The following
morphological criteria were considered congruent with the
preoperative histological diagnosis of GC: pleomorphism,
hypertrophy, nuclear changes, increased and/or abnormal mitotic
figures, high nucleus-to-cytoplasm ratio, nucleolar hypertrophy,
highly condensed nuclear chromatin and the presence of signet-ring
cells, aggregates or pseudopapillary clusters. Last, cytological
findings were compared to the traditional clinicopathologic
parameters of GC and further analyzed to test their prognostic value.
Histology of surgical specimens was described following the 7th
AJCC TNM Staging System (18).

Statistical analysis. Statistical analysis was performed using
MedCalc Statistical Software for Windows, version 17.5.5 (MedCalc
Software bvba, Ostend, Belgium). Discrete variables were compared
using the Pearson’s Chi-square test, whereas continuous data were
presented as mean and analyzed through the Student’s #-test. Four
types of survival were investigated: median overall survival rate
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(OS), defined as the time from GL collection to death from any
cause, progression-free survival (PFS) defined as the time elapsed
between GL retrieval and tumor progression or death from any
cause, disease-free survival (DFS), described as the span of life
between GL and any local recurrence, distant metastasis or death
from any cause and time to tumor progression (TTP) representing
the length of time from GL to tumor progression or cancer-related
death. All the survival curves were plotted using the Kaplan-Meier
method and compared with the log rank test. Univariate analysis was
performed using two-way ANOVA test while Cox proportional
hazards model was used in multivariate analysis to assess
independent prognostic factors. p-Values <0.05 were considered
statistically significant.

Results

Clinicopathologic features. The main clinicopathologic
features of the examined population have been summarily
discussed previously (16) and are summarized in Table I.
Altogether, 93 patients (97%) were submitted to surgery;
after initial evaluation, 2 patients with advanced GC were
scheduled to palliative enteral feeding while one EGC
woman to ESD. Among the surgical candidates, open surgery
with curative intent was accomplished in 79 patients (35 total
gastrectomies, 40 distal gastrectomies with Roux-en-Y
reconstruction and 4 Billroth 2 partial gastrectomies); at
laparotomy, 14 more patients were found with inoperable GC
and were managed by palliative gastroenterostomy (2 cases),
nutritional Witzel jejunostomy (8 cases) or sent to palliative
chemotherapy (4 cases). At conclusive histology of resected
specimens, surgical margins resulted infiltrated in 9 cases
(11.4%). Twenty-one patients received neoadjuvant
treatment: of these, chemotherapy alone was administered in
17 (EOX, ECF and DCF were the regimens more frequently
adopted) and combined radio-chemotherapy in 4 cases. A
total of 45 patients were given adjuvant treatment: radio-
chemotherapy was employed in 26, chemotherapy alone in
17 and irradiation alone in 3 cases.

GL cytologic evaluation. Cytologic examination of GL
demonstrated the presence (GL1) and absence (GLO) of
cancer cells respectively in 46(47.9%) and 50 (52.1%) GC
patients: of note, GL1 correlated with statistical
significanceto the parameters of tumor depth (T3-T4 vs. T1-
T2), lymph node metastasis (N+ vs. NO), distant metastasis
(M1 vs. M0), lymphovascular invasion (LVI1 vs. LVIO), peri-
neural invasion (Pnl1 vs. Pnl0), Lauren classification (diffuse
vs. intestinal histology), presence of signet-ring cells and
administration of palliative treatment (respectively
p=0.0274, p=0.0324, p=0.0446, p=0.0287, p<0.0001,
p=0.0413, p<0.0001, p=0.0184) (Table II).

Survival. After a median follow-up of 33.8 months (range=2-
62 months) 55 patients had deceased: cancer-related deaths
were 49 whereas fatal perioperative complications occurred

Table 1. Main clinicopathologic features of the 96 GC patients.

Gender M: 54 (56.2%)

F: 42 (43.7%)
Age (mean) 66 years (range: 39 to 90)
Tumor site Distal*: 48 (50%)

Proximal*: 48 (50%)
T Tla: 7 cases (7.3%)
T1b: 9 cases (9.3%)
T2: 13 cases (13.5%)
T3: 24 cases (25%)
T4a: 20 cases (21%)
T4b: 23 cases (24%)
N NO: 26 cases (27%)
N1: 16 cases (16.5%)
N2: 15 cases (15.5%)
N3a: 15 cases (15.5%)
N3b: 26 cases (27%)
M MO: 73 cases (76%)
M1: 23 cases (24%)
1A: 16 cases (16.5%)
1B: 6 cases (6.25%)
2A: 3 cases (3%)
2B: 9 cases (9%)
3A: 10 cases (10.5%)
3B: 20 cases (21%)
3C: 8 cases (8%)
4: 24 cases (25%)
G G1: 12 cases (12.5%)
G2: 13 cases (13.5%)
G3: 57 cases (59%)
G4: 14 cases (14.5%)
Intestinal type: 54 cases (56.25%)
Diffuse type: 28 cases (29%)
Mixed-type: 3 cases (3%)
n.a.: 11 cases (11.4%)
Tubular: 11 cases (11.4%)
Mucinous: 8 cases (8.3%)
Poorly cohesive/signet-ring cells:
31 cases (32.3%)
Papillary: 3 cases (3%)
Solid sheets: 3 cases (3%)
n.a.: 30 cases (31.25%)

Stage

Lauren classification

2010 WHO classification

LVI LVIO: 39 cases (40.6%)
LVII1: 57 cases (59.4%)
Pnl Pnl0: 64 cases (66.6%)

Pnll: 32 cases (33.4%)
0: 26 cases (27%)
1 (>0-0.3): 28 cases (29%)
2 (>0.3-0.6): 13 cases (13.5%)
3 (>0.6): 29 cases (30%)

LNR

*Distal site includes antro-pyloric cancers; proximal site includes
cardial, corpo-fundic and gastric stump carcinomas. n.a.: Not assigned;
LVI: lymphovascular invasion; Pnl: peri-neural invasion; LNR:
metastatic lymph node ratio.

to 6 patients. Of 31 male deaths, 17 were GL1 (54.85%); of
the 24 women that had deceased, 12 had GL1 (50%).
Altogether, 53% of deaths (29 subjects) had cancer cells in
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their GL (GL1). Concerning neoadjuvant subgroup, no
statistical difference has come up between GL1 and GLO
patients in terms of survival. Of the 41patients alive in June
2017, one GL1 man developed recurrence at the anastomotic
site and one more GL1 patient a metastatic liver disease. At
Kaplan-Meier analysis, the median OS and PFS were of 18
and 32 months for GC patients respectively with positive and
negative GL cytology (p=0.017) (Figure 2a and b). Of
interest, GL1 GC patients, compared to GLO ones, had also
shorter DFS (17.6 vs. 31.5 months, p=0.0134) and TTP (19
vs. 35 months, p=0.0056) (Figure 2¢ and d). The univariate
model revealed a strong correlation between GL and OS and
PES (p=0.021), DFS (p=0.020) and TTP (p=0.024) (Table
IIT). At multivariate analysis, GL1, Stage 3-4, M1, LVII,
Pnll, G3-G4 and necessity of adjuvant treatment resulted to
be independent prognostic factors for poor OS (respectively
p=0.0287, p=0.0277, p=0.0161, p=0.0471, p=0.0299,
p=0.0226 and p=0.0048) (Table IV). LVI1 was also the only
multivariate independent factor for DFS (p=0.0144) whereas
no variable reached significance for PFS and TTP.

Discussion

Our study aimed at renewing interest in the use of cytology
for GC patients. Prior to the advent of flexible gastroscopy
at around 1970s, several cytologic works have formerly
examined GL of GC patients but only from a diagnostic
point of view (10-12). As a consequence, when the
gastroscopic biopsy demonstrated superior sensitivity and
specificity for GC diagnosis, cytopathology was abandoned
(13, 14). This time, diverging from previously published
literature, we resorted to this type of analysis not only with
descriptive intent, but mainly for classificatory, staging and
prognostic purpose. In fact, after retrieval of the biological
material, we did not confine the research only to detecting
the presence (GL1) or the absence (GLO) of malignant cells
exfoliated in it, but we also investigated the correlation
between the cytologic data and the other clinicopathologic
features already recognized for GC. Similarly to our
previous results from 38 GLs, the correlation herein
presented has identified GL1 as a parameter of aggressive
tumor phenotype (15). In fact, GL1 has shown a statistically
significant association with other well-known indicators of
aggressive tumor behavior such as advanced tumor depth
(T3-T4), N+, M1, LVI1, Pnll, Lauren’s diffuse type,
presence of signet-ring cells and administration of palliative
treatment (respectively, p=0.0274, 0.0324, 0.0446, 0.0287,
<0.0001, 0.0413, <0.0001 and 0.0184) (Table II). We
observed an interesting and relevant clinical correspondence
between these statistics and survival data: compared to GLO
group with the Kaplan-Meier method, in fact, GL1 patients
met with significantly poorer OS and PFS (18 vs. 32
months, p=0.017), DES (17.6 vs. 31.5 months, p=0.0134)
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Table II. Correlation of GLI1 with the traditional clinicopathologic
parameters of GC.

Gender p=0.5904
Age p=0.5132
T3-T4 vs. T1-T2 p=0.0274
N+ vs. NO p=0.0324
G3-G4 vs. G1-G2 p=0.3594
LVII vs. LVIO p=0.0287
Pnll vs. Pnl0 p<0.0001
MI vs. MO p=0.0446
Stage 3-4 vs. 1-2 p=0.1926
(trend: p=0.0361)
Lauren’s classification (diffuse vs. intestinal) p=0.0413
Signet ring cells p<0.0001
R1 vs. RO p=0.2749
Palliative treatment p=0.0184
Neoadjuvant treatment p=0.8273
Adjuvant treatment p=0.6547
LNR p=01178
(trend: p=0.0392)
Tumor site (proximal vs. distal) p=0.1544
WHO classification p=0.4610
Mortality p=0.1489

Categories and p-values written in bold are statistically significant
(<0.05).

Table I11. Univariate analysis of GL as prognostic factors for OS, PFS,
DFS and TTP.

Endpoints Median survival ANOVA
(GLI vs. GLO)

(N} 18mo vs. 32mo p=0.021

PFS 18mo vs. 32mo p=0.021

DFS 17.6mo vs. 31.5mo p=0.020

TTP 19mo vs. 35mo p=0.024

mo: Months. Endpoints and p-values written in bold are statistically
significant (<0.05).

and earlier TTP (19 vs. 35 months, p=0.056) (Figure 2a and
d). Last, we wanted to assess the prognostic value of GL1
by univariate and multivariate analysis. The univariate
model, in fact, revealed a strong correlation between GL and
OS-PFS (p=0.021), DFS (p=0.020) and TTP (p=0.024)
(Table III); furthermore, the multivariate analysis identified
GL1 as an independent prognostic factor for poor OS
(p=0.0287) (Table IV). All the reported data about GL1
(correlation with the other clinicopathologic parameters of
aggressive tumor phenotype as well as its uni- and multi-
variate prognostic value in terms of worse survival), tend to
confirm that intragastric exfoliation of GC is a metastatic
route rather than a casual and meaningless event in the
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Figure 2. Kaplan-Meier curves of OS (2a), PFS (2b), DFS (2c¢) and TTP (2d) of GLI and GLO groups.

natural history of this tumor (Figure 2) (15, 19-21).
According to our previously published hypothesis, in fact,
the GC cells, after breaking away from the paternal gastric
tumor, could follow one of the five traditional metastatic
pathways (direct invasion of contiguous structures,
hematogenous route, lymphatic metastasis, transcelomatic
spread and mesogastrium dissemination) or dive into the
gastric lumen probably under the directions of specific
signals coming from the neoplastic microenvironment
(Figure 3) (15, 19-22). Differently from the classical
patterns, however, the cells exfoliated in gastric juice (or
GL) will be not allowed to set up any (enteric) metastasis

due to the natural peristaltic propulsion and will meet with
physiological degradation or natural expulsion with the
feces (15, 19). The endoluminal route, videlicet, should be
considered the mirror of the other five traditional spread
patterns: should malignant cells be present in the gastric
lumen (that is GL1), it is likely that other cancer cells have
concomitantly migrated to blood, lymph nodes and so on
(15, 19, 20). Reliability, repeatability and reproducibility of
our results as well as the small subset of the examined
subjects represent indeed potential points of weakness of
this study: future studies enrolling larger numbers of GC
patients with a multi-institutional approach are needed as
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Table IV. Multivariate analysis of prognostic factors for OS.

Independent variables b SE ‘Wald P Exp(b) 95%CI of EXp(b)
GL 8.6106 3.9353 47875 0.0287 5489.7582 2.4533 to 12284611.9497
T -5.0538 2.6179 3.7268 0.0535 0.0064 0.0000 to 1.0803

N -8.1638 4.3358 3.5452 0.0597 0.0003 0.0000 to 1.3971

M -17.5760 7.3000 5.7968 0.0161 0.0000 1.4221E-014 to 0.0381
G -8.9809 3.9390 5.1983 0.0226 0.0001 0.0000 to 0.2835
Lauren 2.7232 1.7497 2.4224 0.1196 15.2297 0.4935 to 469.9517
WHO -2.3550 1.0629 4.9089 0.0627 0.0949 0.0118 to 0.9621
Signet ring 0.8019 1.8078 0.1967 0.6574 2.2297 0.0645 to 77.1041
LNR 2.7418 2.1551 1.6186 0.2033 15.5152 0.2271 to 1059.8067
LVI 7.8292 3.9437 3.9412 0.0471 2512.8751 1.1047 to 5716121.5094
Pnl —-11.8381 5.2026 5.1776 0.0299 0.0000 2.6931E-010 to 0.1938
R -0.9415 2.7499 0.1172 0.7321 0.3901 0.0018 to 85.4826
Stage 17.5266 7.9626 4.8449 0.0277 40896439.1985 6.8204 to 245E+012
Gender -2.6537 20137 1.7366 0.1876 0.0704 0.0014 to 3.6443
Age 0.03686 0.03278 1.2644 0.2608 1.0376 0.9730 to 1.1064
Neoadjuvant treatment -3.1069 2.8222 1.2119 0.2709 0.0447 0.0002 to 11.2979
Adjuvant treatment -6.0504 2.1467 7.9436 0.0048 0.0024 0.0000 to 0.1584

Overall model fit: p=0.0173. b: The regression coefficient beta; SE: standard error; Wald: b/SE2; Exp(b): equals e to the power of each. beta value;
CI: confidence interval. Variables and p values written in bold are statistically significant (<0.05).

validation. Respecting an appropriate timing of GL
collection is fundamental to avoid false positives of GL1: in
fact, gastroscopic biopsy, transmural fine needle aspiration-
biopsy or intra-operative manipulation of the tumor can all
cause neoplastic crevices setting malignant cells free in
gastric juice or GL (23-25). Hence, we strongly advise
collecting GL before such procedures commence.

Conclusion

In the light of our results, we can conclude that the
expounded application of NGT could represent a valid
resource available for the oncologic research on GC. The
entire procedure — from NGT placement to cytopathologic
analysis — is economic, simple, feasible, and safe: NGT
insertion and GL were performed, in fact, only to patients
under general anesthesia, orotracheally intubated and
monitored, thereby minimizing risks of inadvertent
complications (26). The value of GL1 as a parameter of
aggressive tumor phenotype as well as its prognostic value
could ameliorate the current methods of classification,
staging and prognosis of GC patients and help identify
subjects deserving a closer follow-up or adjuvant treatment
even at early phases of disease (16). Should our data be
confirmed by future works, NGT could be assessed as an
indispensable oncologic measure for GC.
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Figure 3. Scheme of the six metastatic routes followed by GC. I: Direct
infiltration of contiguous structures; II: hematogenous invasion; III:
lymphatic metastasis; 1V: transcoelomic dissemination; V: mesogastrium
spread; VI: endoluminal exfoliation.
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