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ARTICLE INFO ABSTRACT

Keywords: Objective: Interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) are inflammatory cytokines produced in
Gastric cancer response to biological invasion or infection. Their levels are elevated in the blood and locally. We examined
Gastrectomy whether measuring IL-6 and TNF-a levels in serum or drainage fluid on postoperative day (POD) 1 could detect
}1}1\-12-@ infectious complications after minimally invasive surgery for gastric cancer.

Drain Methods: This cohort study included 205 consecutive patients who underwent laparoscopic or robot-assisted

gastrectomy for gastric cancer between November 2020 and July 2023. We measured serum and drainage
fluid IL-6 and TNF-a levels on POD 1 after gastrectomy. Receiver operating characteristic (ROC) curves were
created to compare the diagnostic values of each cytokine and serum C-reactive protein levels for detecting
postoperative infectious complications.

Results: IL-6 and TNF-a levels in the serum or drainage fluid were significantly higher in patients with an in-
fectious complication. In addition, drainage fluid IL-6 levels were significantly different in patients with versus
without intra-abdominal abscess. In the ROC curve analysis, serum and drainage fluid IL-6 had the highest AUC
values for any infectious complication and intra-abdominal abscess, respectively. POD 1 serum IL-6 level above
47 pg/mL could detect any infectious complication with sensitivity of 74.1 % and specificity of 71.8 %. POD 1
drainage fluid IL-6 level above 14,750 pg/mL had 100 % sensitivity for detecting intra-abdominal abscess with
specificity of 56.0 %.

Conclusions: Measurement of IL-6 levels in blood and drainage fluid on POD 1 is valuable for early detection of
postoperative infectious complications or intra-abdominal abscess after gastric cancer surgery.

Postoperative complication

1. Introduction long-term survival outcomes [8-10]. Therefore, it is very important to

detect the occurrence of postoperative complications, especially

Gastric cancer remains one of the most common gastrointestinal
malignancies; it is the fourth leading cause of cancer death worldwide
[1]. For gastric cancer, surgical resection remains the only curative
option, but chemotherapy and immunotherapy have been dramatically
improved recently [2-4]. However, postoperative complications asso-
ciated with surgery occur at a constant rate and have been shown to
worsen the prognosis of patients with malignant tumors, prolong hos-
pital stay, and decrease quality of life [5-7]. In particular, the occur-
rence of intra-abdominal infections has been reported to adversely affect

intra-abdominal infections, as early as possible and to treat them
appropriately.

Interleukin-6 (IL-6) and tumor necrosis factor-oa (TNF-a) are in-
flammatory cytokines produced in response to biological invasion or
infection. Their levels are known to be elevated in the blood and in the
local area [11-13]. Recently, serum cytokine levels have attracted
attention as new markers that can detect postoperative infectious com-
plications. It has been reported that serum IL-6 levels on postoperative
day (POD) 1 in patients who have undergone major cancer surgery can
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detect postoperative sepsis at an early stage [14]. A retrospective study
that evaluated serum IL-6 levels in 137 patients who underwent major
abdominal surgery suggested that high serum IL-6 levels on POD 1 are
independently associated with the occurrence of postoperative compli-
cations [15]. However, there have been few cohort studies investigating
associations between serum cytokine levels and complications after
gastric cancer surgery, and the significance of cytokine levels in
drainage fluid remains unclear [16,17]. In addition, previous studies
have mainly focused on open surgery; thus, the details of the post-
operative changes in cytokine levels after minimally invasive surgery
are unknown. We have routinely measured IL-6 and TNF-« levels on
POD 1 both in the blood and drainage fluid from the drain placed in the
abdominal cavity in patients who have undergone gastrectomy for
gastric cancer since November 2020. The purpose of this study was to
examine whether measuring IL-6 and TNF-a levels on POD 1 in serum or
drainage fluid is sensitive for detecting infectious complications after
minimally invasive surgery for gastric cancer.

2. Methods
2.1. Patients

This cohort study included consecutive patients who underwent
laparoscopic or robot-assisted gastrectomy for gastric cancer at Osaka
University Hospital from November 2020 to July 2023. All patients were
diagnosed with adenocarcinoma of the stomach histologically. Patients
with failed R2 resection were excluded from this cohort. In principle,
gastrectomy type and extent of lymph node dissection were based on the
Japanese Gastric Cancer Treatment Guidelines [18]. Tumor staging was
performed according to the 15th edition of the Japanese Classification of
Gastric Carcinoma. In all patients, a drainage tube was routinely placed
in the superior border of the pancreas intraoperatively. We did not use
routine prophylactic antibiotics in all cases. This study was approved by
the institutional review board of Osaka University Hospital (nos. 17368
and 23232). All patients provided written informed consent for their
blood and drainage fluid samples to be used in research.

2.2. Evaluation of postoperative complications

Postoperative complications were evaluated according to the Clav-
ien-Dindo (C-D) classification [19,20]. In this study, we considered
complications of C-D grade II or higher to be postoperative complica-
tions. Infectious complications included intra-abdominal abscess,
pneumonia, anastomotic leak, pancreatic fistula, urinary tract infection,
wound infection, cholecystitis, and catheter-related bloodstream
infection.

2.3. Measurement of IL-6 and TNF-a levels

All blood samples were drawn on POD 1 in all patients during routine
morning blood sampling rounds, typically at 7 a.m. Similarly, drainage
fluid samples were routinely collected in the morning on POD 1 at the
same time. Each sample was collected in collection tubes commonly
used for routine biochemical tests, yielding approximately 6 ml. Blood
samples were centrifuged within 6 h after collection. All samples were
stored in frozen aliquots at —80 °C, and shipped to the laboratory (SRL,
Tokyo, Japan) within 4 weeks. IL-6 levels were evaluated with an
electrochemiluminescent immunoassay (ECLIA). TNF-a levels were
evaluated using an enzyme-linked immunosorbent assay (ELISA). C-
reactive protein (CRP) levels were measured in routine perioperative
laboratory tests at Osaka University Hospital. Samples that were difficult
to centrifuge due to hemolysis and samples with insufficient volume
were excluded.
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2.4. Statistical analysis

Any cytokine level measurements beyond three times the standard
deviation (SD) from the mean were considered outliers and excluded
from the analysis. The relationship between infectious complications
and each cytokine was assessed using the Mann-Whitney U test. For all
tests, two-sided P < 0.05 was considered statistically significant. A
receiver operating characteristic (ROC) curve was created to compare
the diagnostic values of cytokine and CRP levels for detecting post-
operative infectious complications. The cutoff value was estimated on
the basis of the ROC curve and Youden’s index (sensitivity + specificity
— 1). Cumulative hospitalization rates were estimated using the
Kaplan-Meier method and compared with the log-rank test. All analyses
were performed with SPSS software, version 24.0 (IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Patient characteristics and postoperative complications

Of the 226 patients who met the eligibility criteria, 20 patients did
not have drainage fluid cytokine measurements because of hemolysis,
and 1 was excluded because no drain was placed; as a result, 205 pa-
tients were included in the analysis. Patients’ background characteris-
tics and short-term surgical outcomes are shown in Table 1.

Table 1
Background characteristics of the study patients.
Characteristics (n = 205)
Age (years)
Median 75
Range 37-95
Sex
Male 127 (62.0 %)
Female 78 (38.0 %)
Body mass index at surgery (kg/m?)
Median 21.8
Range 14.7-33.0
Neoadjuvant chemotherapy
Yes 28 (13.7 %)
No 177 (86.3 %)
Clinical stage
I 111 (54.1 %)
I 41 (20.1 %)
III 47 (22.9 %)
v 6 (2.9 %)
Surgical procedure
Laparoscopic 124 (60.5 %)

Robot-assisted
Type of gastrectomy

81 (39.5 %)

Total 27 (13.2 %)
Proximal 30 (14.6 %)
Distal 148 (72.2 %)

Operation time (minutes)

Median 280

Range 150-610
Intraoperative blood loss (ml)

Median 10

Range 0-560

Any infectious complication (>C-D Grade II) 277 (13.2 %)

Intra-abdominal abscess 8 (3.9 %)
Pneumonia 8 (3.9 %)
Anastomotic leak 7 (3.4 %)
Pancreatic fistula 4(1.9%)
Urinary tract infection 2 (1.0 %)
Wound infection 2 (1.0 %)
Cholecystitis 1 (0.5 %)
Catheter-related bloodstream infection 1 (0.5 %)

C-D, Clavien-Dindo classification.
# Six patients experienced multiple complications.
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Approximately half of the patients had cStage I disease and 13.7 % of
patients underwent neoadjuvant chemotherapy. Approximately 60 % of
patients underwent laparoscopic gastrectomy, while 40 % underwent
robot-assisted gastrectomy. The most common type of gastrectomy was
distal gastrectomy (72.2 %), followed by proximal gastrectomy (14.6
%). Complications of C-D grade II or higher occurred in 36 patients
(17.6 %), of whom 27 patients (13.2 %) had infectious complications.
The most common infectious complications were intra-abdominal ab-
scess and pneumonia in 8 patients (3.9 %), followed by anastomotic
leakage in 7 patients (3.4 %). The median Comprehensive Complications
Index (CCI) in 27 patients with any infectious complication was 22.6,
and in eight patients with intra-abdominal abscess, it was 37.6. None of
the patients died during postoperative hospitalization.

3.2. POD 1 cytokine and CRP levels

One serum IL-6 measurement, six drainage fluid IL-6 measurements,
two serum TNF-a measurements, and two drainage fluid TNF-a mea-
surements were excluded from the analysis as outliers. On POD 1, the
median serum CRP level was 3.7 mg/dL (range: 1.3-13.4). Serum IL-6
levels on the same day had a median of 28.5 pg/mL (range:
4.3-4060), while drainage fluid IL-6 levels were notably higher at
13200 pg/mL (range: 0.7-87400). Conversely, serum TNF-« levels had a
median of 0.6 pg/mL (range: 0.2-17.1), with drainage fluid TNF-« levels
slightly elevated at 0.9 pg/mL (range: 0.2-84.6). We compared serum
CRP or cytokines levels on POD 1 with the occurrence of any infectious
complication or intra-abdominal abscess. Serum CRP levels (P = 0.003),
serum and drainage fluid IL-6 levels (P < 0.001 and P = 0.003,

(a) (b)
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respectively), and serum and drainage fluid TNF-o levels (P = 0.003 and
P = 0.004, respectively) were significantly higher in patients with any
infectious complication (Fig. 1). In addition, only drainage fluid IL-6
levels were significantly different between patients with and without
intra-abdominal abscess (P = 0.011) (Fig. 2).

3.3. ROC curve analysis

We analyzed ROC curves of cytokine and serum CRP levels on POD 1
to identify the best diagnostic markers for any infectious complication or
intra-abdominal abscess (Fig. 3). The highest area under the curve
(AUC) value of the ROC curve for any infectious complication was for
serum IL-6 (0.732), followed by serum CRP (0.688). On the other hand,
the highest AUC value of the ROC curve for intra-abdominal abscess was
drainage fluid IL-6 (0.768), followed by serum TNF-a (0.716). When the
POD 1 serum IL-6 cutoff value for detecting any infectious complication
was determined as 47 pg/mL based on the Youden index, sensitivity and
specificity were 74.1 % and 71.8 %, respectively (Table 2). Likewise,
when the POD 1 drainage fluid IL-6 cutoff value for detecting intra-
abdominal abscess was determined as 14,750 pg/mL, sensitivity and
specificity were 100 % and 56.0 %, respectively. The high serum IL-6
group had significantly longer postoperative hospital stays than the
low serum IL-6 group (log-rank P < 0.001). Similarly, the high drainage
fluid IL-6 group had significantly prolonged postoperative hospital stays
than the low drainage fluid IL-6 group (log-rank P < 0.001) (Fig. 4).
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Fig. 1. C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-«) levels on postoperative day 1 in patients with versus without any infectious

complication

Boxplots show (a) CRP, (b) serum IL-6, (c) drainage fluid IL-6, (d) serum TNF-a, and (e) drainage fluid TNF-a levels in patients with versus without any infectious
complication. Boxplots indicate the first, second (median), and third quartiles. Bars show the lowest data points within 1.5 times the interquartile range (IQR) value
from the lower quartile boundary or the highest data points within 1.5 times the IQR value from the upper quartile boundary. Circles indicate values that were more
than 1.5 times the interquartile range (IQR) value, beyond the boundary between the lower or upper quartile points.
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Fig. 2. C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a) levels on postoperative day 1 in patients with versus without intra-
abdominal abscess

Boxplots show (a) CRP, (b) serum IL-6, (c) drainage fluid IL-6, (d) serum TNF-a, and (e) drainage fluid TNF-«a levels in patients with versus without intra-abdominal
abscess. Boxplots indicate the first, second (median), and third quartiles. Bars show the lowest values within 1.5 times the interquartile range (IQR) value from the
lower quartile boundary or the highest data points within 1.5 times the IQR value from the upper quartile boundary. Circles indicate values that were more than 1.5
times the IQR value, beyond the lower or upper quartile points.
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day 1 for (a) any infectious complication or (b) intra-abdominal abscess
Area under the curve (AUC) values for each factor in the ROC curve are also presented.
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Table 2
Diagnostic values of serum and drainage fluid interleukin-6 (IL-6) levels for any
infectious complication or intra-abdominal abscess.

Serum IL-6 Any infectious complication Sensitivity 74.1 %
+) -) Specificity 71.8 %
>47 pg/mL 20 50 PPV 28.6 %
<47 pg/mL 7 127 NPV 94.8 %
Drain IL-6 Intra-abdominal abscess Sensitivity 100 %
+) ) Specificity 56.0 %
>14,750 pg/mL 8 84 PPV 8.7 %
<14,750 pg/mL 0 107 NPV 100 %

PPV, positive predictive value; NPV, negative predictive value.
4. Discussion

This cohort study examined whether cytokine levels in serum or
drainage fluid after gastric cancer resection could detect postoperative
infectious complications as early as possible. POD I serum IL-6 level
above 47 pg/mL could detect any infectious complication after gastric
cancer surgery with sensitivity of 74.1 % and specificity of 71.8 %. In
addition, POD 1 drainage fluid IL-6 level above 14,750 pg/mL had 100
% sensitivity for detecting intra-abdominal abscess with specificity of
56.0 %. The high IL-6 group required significantly longer hospitalization
after surgery than the low IL-6 group. Serum CRP level, which is more
widely used in clinical practice, did not surpass these results.

IL-6 is a cytokine with multiple types of activity. It is synthesized
locally during the early stages of inflammation and then translocated via
the bloodstream to the liver, where it induces the synthesis of acute
phase proteins such as serum amyloid A, fibrinogen, and hepcidin [12,
13]. It has been known that serum IL-6 levels increase prior to a rise in
body temperature and serum acute-phase protein levels in aseptic sur-
gical procedures [21]. Furthermore, polymorphisms in the genes
encoding IL-6 and TNF-a are associated with the development of post-
operative complications after lung resection [22].

Therefore, several studies have investigated the usefulness of serum
IL-6 as a diagnostic marker of postoperative complications [23-25].
Rettig et al. evaluated serum IL-6 levels in 137 patients undergoing
major abdominal surgery. They reported that a POD 1 serum IL-6 cutoff
value of 432 pg/mL has specificity of 70 % and sensitivity of 64 % for
detecting all complications [15]. Szczepanik et al. also evaluated serum
IL-6 levels in 99 patients undergoing gastrectomy for gastric cancer.
They reported that a POD 1 serum IL-6 level above 288.7 pg/mL is an
independent diagnostic marker of infectious complications [16]. In our
study, we found that POD 1 serum IL-6 level yielded the most accurate
detection of infectious complications, consistent with previous reports.
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Our cutoff value (47 pg/mL) for serum IL-6, which was determined
based on the Youden index with ROC curve analysis, was considerably
lower than in previous reports, probably due to the use of laparoscopic
or robot-assisted surgery in our cohort. IL-6 can also be released from
damaged cells due to non-infectious trauma, directly or indirectly pro-
moting inflammation [21]. With the increasing adoption of minimally
invasive surgery, it is possible that the serum IL-6 levels in our study
might be lower than those reported in previous studies. Since minimally
invasive surgery is becoming increasingly mainstream worldwide, we
believe that our cutoff values would be more useful in clinical practice.

Serum CRP levels might not be suitable for early detection of infec-
tious complications because CRP is usually produced in the liver with IL-
6 stimulation and rises later than IL-6, which indicates that the most
sensitive period for serum CRP levels to detect infectious complications
is POD 3-5 [26-28]. Therefore, measuring serum IL-6 levels on POD 1
can enable earlier detection of infectious complications compared to
routine blood tests. This can assist in devising strategies such as addi-
tional imaging studies and early initiation of antibiotic treatment.

There were few studies on cytokines in drainage fluid from abdom-
inal surgery. Similar to our results, a previous study reported that IL-6
levels are higher in drainage fluid than in blood after hepatic resection
[29]. In thoracic surgery, cytokine levels in postoperative pleural effu-
sions have been reported to be higher than in blood [30,31], suggesting
that local cytokine production as a result of thoracic surgery is much
higher than after abdominal surgery. In our study, drainage fluid IL-6 on
POD 1 could detect intra-abdominal abscess with higher sensitivity than
serum IL-6 because lipopolysaccharide from gram-negative rods reacts
with Toll-like receptors in intra-abdominal tissues, resulting in local IL-6
production and higher IL-6 levels in ascites fluid. Procalcitonin is also
widely recognized as an early predictive marker for infection. However,
in a previous report of colorectal surgery, procalcitonin was measured
daily until POD 4, and the highest area under the ROC curve for
intra-abdominal infection was found on POD 4 [26]. Postoperative
intra-abdominal abscess is usually treated with antibiotics and drainage
[32,33]. Recent studies have suggested that earlier treatment of
intra-abdominal infections leads to better outcomes [34]. We believe
that the findings of our study will be useful in clinical practice to enable
early detection and treatment of intra-abdominal abscess. In addition,
the placement of drainage tubes after gastric cancer surgery remains
controversial. There has been a report of complications due to drain
placement [35]. These results will also encourage the removal of drain
tubes early during the postoperative course, leading to enhanced re-
covery after surgery (ERAS).

In our study, serum and drain drainage fluid TNF-a were not as
sensitive for postoperative infectious complications. Several studies
have reported measuring TNF-a levels in the drainage fluid of patients
after colorectal cancer surgery is helpful for detecting anastomotic
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Fig. 4. Kaplan-Meier curves for postoperative hospital stay by interleukin-6 (IL-6) level in (a) serum or (b) drainage fluid on postoperative day 1.
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leakage [36,37]. The other study has reported no statistically significant
differences between patients with and without complications [38],
which indicates a consensus has not been reached. Moreover, TNF-a has
been reported to increase from POD 4 onward in the presence of com-
plications [15]. Thus, it might be inappropriate as a marker for early
detection of postoperative infectious complications.

This study has several limitations. First, despite collecting patient
samples prospectively, it remains a retrospective investigation con-
ducted at a single facility. Furthermore, the incidence of complications
was lower than that in Western institutions [39,40]. Therefore, further
research is necessary to assess whether our findings can be extrapolated
to Western institutions. Second, each cytokine was measured only on
POD 1. Therefore, longitudinal changes could not be tracked. However,
previous studies have demonstrated that preoperative IL-6 levels were
too low to predict surgical site infection, and that POD 1 exhibited the
highest sensitivity in tracking the changes of IL-6 levels over time after
surgery [15,24,25]. Third, intake-output balance due to intraoperative
anesthesia management might vary depending on the duration of sur-
gery and surgical technique, which might increase or decrease the vol-
ume of intraperitoneal drainage fluid after surgery and dilute cytokine
levels.

In conclusion, this study demonstrated that measuring cytokine
levels in blood and drainage fluid is valuable for early detection of
postoperative infectious complications and intra-abdominal abscess. We
plan to conduct long-term follow-up investigations in the future that
examine the relationship between cytokines and long-term prognosis.
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