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Abstract
Background: Several studies have demonstrated that diverse systemic in�ammatory-based prognostic
parameters predict poor prognosis in patients with gastric cancer. However, few studies focused on the
relationships between postoperative complications and systemic in�ammatory-based prognostic parameters
after curative gastrectomy. We investigated the relationships between postoperative complications and these
parameters to identify parameter-speci�c postoperative complications, and assessed the clinical utility of the
parameters as predictors of postoperative complications in stage I–III gastric cancer patients.

Methods: We retrospectively reviewed 300 patients who underwent curative gastrectomy for stage I–III
gastric cancer. A postoperative complication sensitive to the systemic in�ammatory-based prognostic
parameters was identi�ed using a receiver operating characteristic curve, and we evaluated the relationships
between the identi�ed postoperative complication and other clinical factors.

Results: In total, 101 patients (33.7%) had postoperative Clavien–Dindo grade II–IV complications, namely
anastomotic complications, such as leak, stenosis, or hemorrhage (35 patients, 11.7%); pancreatic �stula (16
patients, 5.3%); and pneumonia (14 patients, 4.7%). Postoperative pneumonia had the most sensitive
relationship to �ve systemic in�ammatory-based prognostic parameters, and was associated with poor
prognosis in stage I–III gastric cancer patients after curative gastrectomy. Multivariate analysis revealed that
preoperative neutrophil-to-lymphocyte ratio (odds ratio: 5.228, 95% con�dence interval: 1.269–21.541;
P=0.022) was an independent predictor of postoperative pneumonia.

Conclusions: Preoperative neutrophil-to-lymphocyte ratio may be a useful predictor of postoperative
pneumonia in stage I–III gastric cancer patients after curative gastrectomy.

Background
Although the incidence of gastric cancer (GC) has been decreasing, GC remains an intractable disease
worldwide because it is the �fth most frequently diagnosed cancer and the third leading cause of cancer
death [1]. Generally, gastrectomy with prophylactic lymph node dissection plays a pivotal role in the
treatment of stage I–III GC patients [2]. Although marked advancements in GC surgery have occurred, further
decrease in the incidence of postoperative complications after curative gastrectomy is still required because
the onset or progression of postoperative complications may prolong hospitalization, impair quality of life,
and worsen prognosis in GC patients [3–8]. Therefore, the relationships between postoperative
complications and various patient, operation, or cancer-related factors have been evaluated to identify useful
predictors of postoperative complications after gastrectomy [7–10].

Systemic in�ammatory-based prognostic parameters, such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), prognostic nutrition index (PNI), and C-reactive protein-to-albumin ratio
(CAR) are well-known predictors of poor prognosis in GC patients [11–16]. Recently, some studies proposed
that these parameters were associated with not only poor prognosis but also with postoperative
complications in GC patients [15–19]. Furthermore, Okugawa et al [18] identi�ed lymphocyte-to-C-reactive
protein ratio (LCR) before surgery as a promising new marker for surgical and oncological outcomes in stage
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I–IV GC patients. However, previous studies assessed the relationship between one systemic in�ammatory-
based prognostic parameter and all postoperative complications or surgical site infections [15–19], and few
studies thoroughly assessed the relationships between multiple systemic in�ammatory-based prognostic
parameters and postoperative complications in stage I–III GC patients after curative gastrectomy [19].
Therefore, we investigated the relationships between postoperative complications and the representative
systemic in�ammatory-based prognostic parameters to identify a speci�c postoperative complication
sensitive to the systemic in�ammatory-based prognostic parameter, and assessed the clinical utility of the
parameter as a predictor of postoperative complications in stage I–III GC patients after curative gastrectomy.

Methods
Patients

We retrospectively reviewed the electronic medical records of 300 patients who underwent curative
gastrectomy with D1+ or D2 lymph node dissection between January 2006 and December 2019 at the
International University of Health and Welfare Ichikawa Hospital and Teikyo University Chiba Medical Center,
Japan. The patient inclusion criteria were as follows: age ≥ 20 years, elective operation for GC, and
histologically-con�rmed diagnosis of stage I, II, or III GC. We excluded patients who received neoadjuvant
chemotherapy or radiotherapy, had acute infectious or in�ammatory diseases, GC combined with other
malignancies, or ventilator-associated pneumonia. Pathological staging was performed according to the
cancer staging system for GC recommended in the 8th edition of the American Joint Committee on Cancer
Staging Manual [20]. All patients provided informed written consent, and the study protocol was approved by
the Institutional Review Boards in all participating institutions.

Calculating the systemic in�ammatory-based prognostic parameters

A routine blood examination was performed within 1 week before surgery. We selected preoperative NLR,
PLR, PNI, CAR, and LCR as the representative systemic in�ammatory-based prognostic parameters, in this
study. As previously reported, NLR or PLR was calculated by dividing the neutrophil or platelet count,
respectively, by the lymphocyte count, and PNI was calculated as the sum of the lymphocyte count multiplied
by 0.005 and serum albumin multiplied by 10. In addition, CAR was calculated by dividing serum C-reactive
protein (CRP) concentration by the albumin concentration, and LCR was calculated by dividing CRP by the
lymphocyte count [11–19].

De�nition of postoperative complications

All postoperative complications were graded using the Clavien–Dindo classi�cation system [21]. When an
anastomotic leak, stenosis, or hemorrhage was suspected, upper gastrointestinal endoscopy and computed
tomography (CT) were performed to con�rm these complications. Anastomotic leak, stenosis, or hemorrhage
was de�ned as anastomotic complication in this study. Postoperative pancreatic �stula was diagnosed
when the amylase concentration in the abdominal drainage �uid was three times higher than the upper limit
of the normal serum value on the third day after gastrectomy [22]. Postoperative pneumonia was diagnosed
according to postoperative radiological and clinical �ndings, with chest X-ray or CT examinations showing
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new or progressive and consistent in�ltration, opacity or consolidation, and cavitation. Clinical con�rmation
required one of the following conditions: body temperature ≥ 38℃, new or progressive and continuous
coughing and expectoration with abnormal white blood cell counts (< 4.0 or ≥ 12.0 x 109/L), or positive
respiratory cultures from sputum or blood [23, 24]. A diagnosis of postoperative ileus was based on the
patient’s symptoms, and abdominal X-ray and CT �ndings. Chyle leak or chylous ascites was de�ned as >
200 mL per day of milky white �uid discharge with a triglyceride content of at least 110 mg/dL [25]. Remnant
gastric stasis was de�ned as remnant stomach stasis when a patient with postprandial nausea, vomiting,
and other symptoms of gastric stasis had no anastomotic stenosis, intestinal obstruction, and abdominal
infection. Supra- or ventricular arrhythmia was de�ned as cardiac complication.

Statistical Analysis

The relationships between the postoperative complications and the systemic in�ammatory-based prognostic
parameters were evaluated by the area under the curves (AUCs) of the receiver operating characteristic (ROC)
curves. Overall survival (OS) or relapse-free survival (RFS) curves were generated using the Kaplan–Meier
method, and univariate analysis of OS or RFS was performed using Cox regression analysis and the log-rank
test. Univariate analyses of postoperative complications were performed using logistic regression to
determine the statistical signi�cance between the clinical factors and the postoperative complications
identi�ed by the ROC curve analyses. P values in multiple comparisons were corrected using a false
discovery rate. Multivariate analysis was performed using logistic regression to determine the statistical
signi�cance of the clinical factors identi�ed by univariate analysis. P values < 0.05 indicated statistical
signi�cance. All statistical analyses were performed using SPSS for Windows (version 26.0; IBM Corp.,
Armonk, NY, USA).

Results
Patients’ characteristics

The clinical characteristics of the 300 patients (77 women, 223 men) with stage I–III GC who underwent
curative gastrectomy are summarized in Table 1. The median age was 70 years (range: 36–95 years), and
the median body mass index was 21.9 kg/m2 (range: 14.8–37.2 kg/m2). Fifty-�ve patients had diabetes
mellitus, 44 patients had cardiac comorbidities, and 16 patients had pulmonary comorbidities. The surgical
approaches were as follows: 187 patients underwent distal gastrectomy, 97 underwent total gastrectomy,
and 16 underwent proximal gastrectomy. The median operative time was 277 min (range: 85–822 min), and
the median estimated blood loss was 178 mL (range: 5–4031 mL). One hundred thirty-�ve patients, 74
patients, or 91 patients were diagnosed with pathological stage I, II, or III GC, respectively. The median
preoperative NLR, PLR, PNI, CAR, and LCR were 2.3 (range: 0.4–18.7), 140.0 (range: 31.3–555.3), 50.1 (range:
30.2–68.7), 0.05 (range: 0.02–3.68), and 8501 (range: 134–51392), respectively.

Relationships between postoperative complications and the systemic in�ammatory-based prognostic
parameters in stage I–III GC patients
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One hundred and one patients (33.7%) developed a postoperative complication of Clavien–Dindo grade II–IV.
Thirty-�ve patients (11.7%) developed anastomotic complications, namely leak (14 patients, 4.7%), stenosis
(15 patients, 5.0%), or hemorrhage (6 patients, 2.0%). Sixteen patients (5.3%) had pancreatic �stula, 14
patients (4.7%) had pneumonia, and 10 patients (3.0%) had ileus (Table 2).

To evaluate the relationships between each postoperative complication and preoperative NLR, PLR, PNI, CAR,
or LCR, all systemic in�ammatory-based prognostic parameters were assessed using ROC curves. For all
postoperative complications, the AUCs for preoperative NLR, PLR, PNI, CAR, or LCR were 0.599, 0.527, 0.477,
0.545, or 0.471, respectively. For the anastomotic complications, the AUCs for preoperative NLR, PLR, PNI,
CAR, or LCR were 0.446, 0.412, 0.534, 0.514, or 0.520, respectively. For pancreatic �stula, the AUCs for
preoperative NLR, PLR, PNI, CAR, or LCR were 0.744, 0.696, 0.414, 0.485, or 0.504, respectively. Interestingly,
the AUCs for preoperative NLR, PLR, PNI, CAR, or LCR for postoperative pneumonia were 0.817, 0.704, 0.252,
0.729, or 0.276, respectively, and postoperative pneumonia was the most sensitive parameter related to
preoperative NLR, PLR, PNI, CAR, or LCR (Table 2). Therefore, postoperative pneumonia was identi�ed as the
postoperative complication closely related to the systemic in�ammatory-based prognostic parameters. Using
the ROC curves, the cutoff value for preoperative NLR, PLR, PNI, CAR, or LCR was set at 2.9 (sensitivity, 78.6%;
speci�city, 70.6%), 154.8 (sensitivity, 71.4%; speci�city, 60.8%), 47.7 (sensitivity, 64.3%; speci�city, 68.5%),
0.07 (sensitivity, 71.4%; speci�city, 66.4%), or 5273 (sensitivity, 71.4%; speci�city, 69.9%), respectively (Fig. 1).

Relationships between postoperative pneumonia and prognosis in stage I–III GC patients

The relationships between all postoperative complications and the prognosis of stage I–III GC patients were
assessed, and we identi�ed a signi�cant difference between patients with and without any postoperative
complication regarding OS (P=0.002) and RFS (P=0.013) (Fig. 2a and b). We also assessed the relationship
between each postoperative complication and the prognosis of stage I–III GC patients. Regarding OS,
postoperative pneumonia was the only complication with a signi�cant difference; no signi�cant difference
was found for the other complications. Regarding RFS, postoperative pneumonia and pancreatic �stula
showed a signi�cant difference (Table 3). Considering each of these �ndings, postoperative pneumonia was
the only complication showing a signi�cant difference for OS (P<0.001) and RFS (P=0.009), and also
affected the prognosis of stage I–III GC patients (Fig. 3a and b).

Identifying a useful predictor of postoperative pneumonia in stage I–III GC patients

To identify useful predictors for postoperative pneumonia related to poor prognosis in stage I–III GC patients,
27 clinical factors, including preoperative NLR, PLR, PNI, CAR, and LCR, were assessed using univariate
analysis. Statistical signi�cance in multiple comparisons in the univariate analysis was adjusted using a
false discovery rate. Univariate analysis after false discovery rate correction showed that preoperative NLR
(odds ratio (OR), 8.817; 95% con�dence interval (CI), 2.399–32.409; P=0.001), preoperative LCR (OR, 0.172;
95% CI, 0.052–0.564; P=0.004), and total gastrectomy (OR, 3.284; 95% CI, 1.513–7.130; P=0.003) showed a
signi�cant difference. Moreover, multivariate analysis of the three signi�cant factors identi�ed using
univariate analysis revealed that preoperative NLR (OR, 5.228; 95% CI, 1.269–21.541; P=0.022) and total
gastrectomy (OR, 2.824; 95% CI, 1.217–6.556; P=0.016) were independent risk factors for postoperative
pneumonia (Table 4).
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Discussion
We comprehensively assessed the relationships between postoperative complications and systemic
in�ammatory-based prognostic parameters. We found that postoperative pneumonia was the most sensitive
to preoperative NLR, PLR, PNI, CAR, or LCR, and identi�ed preoperative NLR as an independent risk factor for
postoperative pneumonia after curative gastrectomy.

Although the mechanism of systemic in�ammation in cancer development or progression remains
complicated and unclari�ed, it is certain that systemic in�ammation plays a pivotal role. In particular,
increased leukocyte or platelet counts, elevated CRP, and hypoalbuminemia are usually observed in the
systemic in�ammatory response. Systemic in�ammation involves circulating cytokines, small in�ammatory
proteins, circulating immune cells, and acute-phase proteins [26]. Neutrophils, which account for most
circulating leukocytes, act as the body's �rst line of defense against infection or cancer, and platelets release
vascular endothelial growth factor and platelet-derived growth factor to mediate the migration and
extravasation of leukocytes or to recruit neutrophils and monocytes [27]. In contrast, lymphocytes are
involved in suppressing cancer development or progression [28]. CRP and albumin are classi�ed as major
plasma proteins and are synthesized in the liver and secreted into the circulation. CRP is a well-known
important acute-phase response protein and is one of the most sensitive indicators of in�ammation caused
by cancer or surgical procedures. Albumin is a main component of human serum total protein, maintaining
blood colloid osmotic pressure, transporting metabolites, and re�ecting nutritional status [26]. Using
combinations of circulating immune cells or acute-phase proteins identi�ed by routine blood examinations,
several studies revealed the relationships between poor prognosis of GC patients and in�ammation-based
markers, such as NLR, PLR, PNI, CAR, or LCR.

Postoperative complications, especially infectious complications, may lead to prolonged in�ammation and
may eventually affect long-term survival by providing an advantageous microenvironment for cancer
progression. Some studies have suggested that the poor prognosis of GC patients was associated with the
incidence of postoperative infectious complications [4, 5, 15]. Postoperative pneumonia is considered one of
the most common infectious complications after GC surgery. The reported incidence of any postoperative
complication after GC surgery ranges from 10.3% to 44.8% [3, 6–10], and the reported incidence of
pneumonia ranges from 1.1% to 12.3 % [29, 30]. Our results were comparable to the results of previous
studies regarding the incidence of any postoperative complication and the incidence of pneumonia, at 33.7%
and 4.7%, respectively. Some studies indicated a relationship between postoperative pneumonia and poor
prognosis of GC patients, and suggested several patient or operation-related risk factors for postoperative
pneumonia, such as age, smoking history, pulmonary comorbidities, operative time, and operative procedures
in GC surgery [29–32]. Even though there was no signi�cant difference between postoperative pneumonia
and age, smoking history, pulmonary comorbidities, or operative time in this study, our results con�rmed that
total gastrectomy was an independent predictor of postoperative pneumonia in stage I–III GC patients after
curative gastrectomy, as previous studies demonstrated.

Recently, several studies have assessed the relationships between postoperative complications and systemic
in�ammatory-based prognostic parameters in GC patients. Mohri et al [15] revealed that preoperative NLR
independently predicted the development of postoperative infectious complications after curative
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gastrectomy, and Kanda et al [16] also showed that preoperative PNI was a signi�cant predictor of
postoperative morbidity after curative gastrectomy. Moreover, Toiyama et al [17] suggested that high CAR
before GC surgery predicted the incidence of surgical site infections. However, although Inaoka et al [19]
demonstrated that preoperative PLR predicted postoperative morbidity compared with other parameters,
namely NLR and PNI, few studies have assessed the relationships between postoperative complications and
multiple systemic in�ammatory-based prognostic parameters, namely NLR, PLR, PNI, CAR, or LCR.
Furthermore, only a few studies of non-small cell lung cancer or meningioma surgery identi�ed preoperative
NLR as a predictor of postoperative pneumonia [33, 34], and no studies identi�ed preoperative NLR as a
predictor of postoperative pneumonia in GC surgery. Therefore, to our knowledge, ours is the �rst study
revealing that preoperative NLR was one of the most useful predictors of postoperative pneumonia in stage
I–III GC patients after curative gastrectomy.

Our study has limitations. Because this was a retrospective study involving a relatively small sample size
and patient selection bias, there were differences in patients’ characteristics, and the difference could have
led to biased estimates of prognoses and postoperative complications. Moreover, it is di�cult to precisely
diagnose when patients with postoperative pneumonia have other complications of different severity and
with different impact on prognosis. Although our �ndings should be interpreted with caution, we believe that
their potential clinical signi�cance justi�es further investigation.

Conclusion
Our study demonstrated that preoperative NLR was one of the most useful predictors of postoperative
pneumonia in stage I–III GC patients after curative gastrectomy. Although further investigation is required to
verify the utility of preoperative NLR as a predictor of postoperative pneumonia in GC patients after curative
gastrectomy, high NLR in GC patients before curative gastrectomy may contribute to the prediction or
prevention of postoperative pneumonia postoperatively.
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Table 1. Characteristics of GC patients undergoing curative gastrectomy

Parameter N=300

Sex (M/F) 223/77

Age (years) 70 (36–95)

BMI (kg/m2) 21.9 (14.8–37.2)

ASA-PS classi�cation (I/II/III) 42/208/50

Smoking history (+/−) 182/118

Diabetes mellitus (+/−) 55/245

Cardiac comorbidities (+/−) 44/256

Pulmonary comorbidities (+/−) 16/284

preoperative WBC (109/L) 6.2 (2.7–17.3)

preoperative PLT (109/L) 239 (80–685)

preoperative ALB (g/dL) 4.2 (2.6–5.2)

preoperative CRP (mg/dL) 0.2 (0.1–13.8)

preoperative NLR 2.3 (0.4–18.7)

preoperative PLR 140.0 (31.3–555.3)

preoperative PNI 50.1 (30.2–68.7)

preoperative CAR 0.05 (0.02–3.68)

preoperative LCR 8501 (134–51392)

Tumor size (mm) 43 (2–170)

Tumor location (U/M/L/W) 66/106/114/14

Histologic type (Diff/Undiff) 144/156

pT (1/2/3/4) 127/33/74/66

pN (0/1/2/3) 161/49/42/48

pStage (I/II/III) 135/74/91

Approach (OP/LP) 155/145

Gastrectomy (D/T/P) 187/97/16

Adjacent organ resection (+/−) 32/268

OPT (min) 277 (85–822)

EBL (mL) 178 (5–4031)
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Postoperative complications ≥C–D II (+/−) 101/199

Reoperation (+/−) 10/290

Adjuvant chemotherapy (+/−) 126/174

Recurrence (+/−) 60/240

Outcomes (D/A) 68/232

Data are presented as n (number) or median (range)

GC, gastric cancer; M, male; F, female; BMI, body mass index; ASA-PS, American Society of
Anesthesiologists physical status; WBC, white blood cell count; PLT, platelet count; ALB, albumin; CRP, C-
reactive protein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic
nutrition index; CAR, C-reactive protein-to-albumin ratio; LCR, lymphocyte-to-C-reactive protein ratio; U,
upper stomach; M, mid-stomach; L, lower stomach; W, whole stomach; Diff, differentiated; Undiff,
undifferentiated; pT, pN, pStage = pathological T stage, N stage, cancer stage according to the 8th edition
of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual; OP, open gastrectomy; LP,
laparoscopic gastrectomy; D, distal; T, total; P, proximal; OPT, operative time; EBL, estimated blood loss;
C–D, Clavien–Dindo classi�cation; D/A, dead or alive
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Table 2. Relationships between postoperative complications and the representative parameters in GC
patients

  N=300 AUC

preoperative
NLR

preoperative
PLR

preoperative
PNI

preoperative
CAR

preoperative
LCR

All
postoperative
complications
≥C–D II (+/−)

101/199 0.599 0.527 0.477 0.545 0.471

Anastomotic
complication
(+/−)

35/265 0.446 0.412 0.534 0.514 0.520

Pancreatic
�stula (+/−)

16/284 0.744 0.696 0.414 0.485 0.504

Pneumonia
(+/−)

14/286 0.817 0.704 0.252 0.729 0.276

Ileus (+/−) 10/290 0.451 0.418 0.561 0.483 0.549

Chyle leak or
chylous
ascites (+/−)

6/294 0.461 0.361 0.563 0.494 0.515

Intra-
abdominal
abscess (+/−)

5/295 0.454 0.409 0.727 0.519 0.499

Stasis (+/−) 5/295 0.534 0.659 0.399 0.410 0.549

Cardiac
complication
(+/−)

5/295 0.473 0.323 0.578 0.542 0.487

Cholecystitis
(+/−)

5/295 0.763 0.694 0.542 0.523 0.424

GC, gastric cancer; AUC, area under the curve; C–D, Clavien–Dindo classi�cation; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutrition index; CAR, C-reactive
protein-to-albumin ratio; LCR, lymphocyte-to-C-reactive protein ratio
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Table 3. Relationships between postoperative complications and survival of GC patients

  N=300 OS RFS

HR (95% CI)a p-
valueb

HR (95% CI)a p-
valueb

Postoperative complications
≥C–D II (+/−)

101/199 2.120 (1.313–
3.423)

0.002* 1.883 (1.133–
3.128)

0.013*

Anastomotic complication (+/−) 35/265 1.861 (0.974–
3.553)

0.056 1.386 (0.658–
2.920)

0.388

Pancreatic �stula (+/−) 16/284 1.224 (0.445–
3.372)

0.695 2.521 (1.145–
5.550)

0.017*

Pneumonia (+/−) 14/286 3.759 (1.860–
7.597)

<0.001* 2.946 (1.265–
6.862)

0.009*

Ileus (+/−) 10/290 1.268 (0.398–
4.036)

0.687 0.452 (0.063–
3.264)

0.419

Chyle leak or chylous ascites (+/
−)

6/294 0.630 (0.087–
4.543)

0.644 1.717 (0.419–
7.031)

0.447

Intra-abdominal abscess (+/−) 5/295 1.285 (0.314–
5.254)

0.726 0.794 (0.110–
5.732)

0.819

Stasis (+/−) 5/295 0.710 (0.098–
5.120)

0.733 0.835 (0.116–
6.031)

0.858

Cardiac complication (+/−) 5/295 1.719 (0.420–
7.034)

0.446 2.258 (0.551–
9.247)

0.244

Cholecystitis (+/−) 5/295 0.689 (0.095–
4.970)

0.710 0.048 (0.000–
168.371)

0.273

GC, gastric cancer; C–D, Clavien–Dindo classi�cation; OS, overall survival; RFS, relapse-free survival; HR,
hazard ratio; CI, con�dence interval; *p value indicates statistical signi�cance; aCox proportional hazards
model; bLog-rank test
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Table 4. Relationships between postoperative pneumonia and the clinical factors in GC patients

  Postoperative pneumonia Univariate analysis Multivariate
analysis

Parameter + − OR (95%
CI)a

p-
valuea

OR (95%
CI)a

p-
valuea

Sex (M/F) 10/4 213/73 1.167
(0.355–
3.835)

0.799    

Age (years) (<70 / ≥70) 4/10 135/151 2.235
(0.685–
7.292)

0.183    

BMI (kg/m2) (<25 / ≥25) 12/2 234/52 0.750
(0.163–
3.453)

0.712    

ASA-PS classi�cation
(I/II/III)

1/9/4 41/199/46 0.194
(0.720–
5.029)

0.194    

Smoking history (+/−) 8/6 174/112 0.858
(0.290–
2.539)

0.782    

Diabetes mellitus (+/−) 3/11 52/234 1.227
(0.331–
4.555)

0.760    

Cardiac comorbidities (+/
−)

4/10 40/246 2.460
(0.736–
8.223)

0.144    

Pulmonary comorbidities
(+/−)

3/11 13/273 5.727
(1.423–
23.054)

0.014    

preoperative WBC (109/L)
(<6.5 / ≥6.5)

5/9 169/117 2.600
(0.850–
7.955)

0.094    

preoperative PLT (109/L)
(<250 / ≥250)

6/8 175/111 2.102
(0.710–
6.220)

0.180    

preoperative ALB (g/dL)
(<4.0 / ≥4.0)

9/5 84/202 0.231
(0.075–
0.710)

0.011    

preoperative CRP (mg/dL)
(<0.3 / ≥0.3)

4/10 159/127 3.130
(0.959–
10.214)

0.059    

preoperative NLR (<2.9 /
≥2.9)

3/11 202/84 8.817
(2.399–
32.409)

 0.001* 5.228
(1.269–
21.541)

0.022
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preoperative PLR (<154.8
/ ≥154.8)

4/10 174/112 3.884
(1.189–
12.685)

0.025    

preoperative PNI (<47.7 /
≥47.7)

9/5 90/196 0.255
(0.083–
0.783)

0.017    

preoperative CAR (<0.07 /
≥0.07)

4/10 190/96 4.948
(1.512–
16.187)

0.008    

preoperative LCR (<5273 /
≥5273)

10/4 86/200 0.172
(0.052–
0.564)

0.004*     

Tumor size (mm) (<45 /
≥45)

4/10 150/136 2.757
(0.845–
8.996)

0.093    

Histologic type
(Diff/Undiff)

7/7 137/149 0.919
(0.314–
2.689)

0.878    

pT (1/2/3/4) 3/2/5/4 124/31/69/62 1.375
(0.879–
2.153)

0.163    

pN (0/1/2/3) 5/3/1/5 156/46/41/43 1.439
(0.934–
2.218)

0.099    

pStage (I/II/III) 5/3/6 130/71/85 1.360
(0.730–
2.534)

0.333    

Approach (OP/LP) 13/1 142/144 0.076
(0.010–
0.588)

0.014    

Gastrectomy (D/T/P) 2/11/1 185/86/15 3.284
(1.513–
7.130)

 0.003* 2.824
(1.217–
6.556)

0.016

Adjacent organ resection
(+/−)

4/10 28/258 3.686
(1.084–
12.526)

0.037    

OPT (min) (<240 / ≥240) 7/7 74/212 0.349
(0.118–
1.028)

0.056    

EBL (mL) (<300 / ≥300) 7/7 181/105 4.310
(1.319–
14.084)

0.016    

GC, gastric cancer; M, male; F, female; BMI, body mass index; ASA-PS, American Society of
Anesthesiologists physical status; WBC, white blood cell count; PLT, platelet count; ALB, albumin; CRP, C-
reactive protein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic
nutrition index; CAR, C-reactive protein-to-albumin ratio; LCR, lymphocyte-to-C-reactive protein ratio; U,
upper stomach; M, mid-stomach; L, lower stomach; W, whole stomach; Diff, differentiated; Undiff,
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undifferentiated; pT, pN, pStage = pathological T stage, N stage, cancer stage according to the 8th edition
of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual; OP, open gastrectomy; LP,
laparoscopic gastrectomy; D, distal; T, total; P, proximal; OPT, operative time; EBL, estimated blood loss;
OR, odds ratio; CI, con�dence interval; *p value indicates statistical signi�cance after false discovery rate
correction; aLogistic regression

 

Figures

Figure 1

Evaluation of the relationships between postoperative pneumonia and systemic in�ammatory-based
prognostic parameters using receiver operating characteristic curves a preoperative NLR, b preoperative PLR,
c preoperative PNI, d preoperative CAR, e preoperative LCR.GC, gastric cancer; NLR, preoperative neutrophil-to-
lymphocyte ratio; PLR, preoperative platelet-to-lymphocyte ratio; PNI, prognostic nutrition index; CAR, C-
reactive protein-to-albumin ratio; LCR, lymphocyte-to-C-reactive protein ratio
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Figure 2

Survival curves with and without any postoperative complication in GC patients, a: overall survival (P=0.002);
b: relapse-free survival (P=0.013), using the log-rank test
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Figure 3

Survival curves with and without postoperative pneumonia in GC patients, a: overall survival (P<0.001); b:
relapse-free survival (P=0.009), using the log-rank test


