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Abstract
Background  It remains inconclusive whether laparoscopic gastrectomy (LG) has better long-term outcomes when compared 
with open gastrectomy (OG) for elderly gastric cancer (EGC). We attempted to explore the influence of the immune prognos-
tic index (IPI) on the prognosis of EGCs treated by LG or OG to identify a population among EGC who may benefit from LG.
Methods  We included 1539 EGCs treated with radical gastrectomy from January 2007 to December 2016. Propensity score 
matching was applied at a ratio of 1:1 to compare the LG and OG groups. The IPI based on dNLR ≥ cut-off value (dNLR) 
and sLDH ≥ cut-off value (sLDH) was developed, characterizing two groups (IPI = 0, good, 0 factors; IPI = 1, poor, 1 or 
2 factors).
Results  Of the 528 EGCs (LG: 264 and OG: 264), 271 were in the IPI = 0 group, and 257 were in the IPI = 1 group. In the 
entire cohort, the IPI = 0 group was associated with good 5-year overall survival (OS) (p = 0.001) and progression-free 
survival (PFS) (p = 0.003) compared to the IPI = 1 group; no significant differences in 5-year OS and PFS between the 
LG and OG groups were observed. In the IPI = 1 cohort, there was no significant difference in OS or PFS between the LG 
and OG groups across all tumor stages. However, in the IPI = 0 cohort, LG was associated with longer OS (p = 0.015) and 
PFS (p = 0.018) than OG in stage II EGC, but not in stage I or III EGC. Multivariate analysis showed that IPI = 0 was an 
independent protective factor for stage II EGC receiving LG, but not for those receiving OG.
Conclusion  The IPI is related to the long-term prognosis of EGC. Compared with OG, LG may improve the 5-year survival 
rate of stage II EGC with a good IPI score. This hypothesis needs to be further confirmed by prospective studies.

Keywords  Immune prognostic index · Elderly gastric cancer · Laparoscopy gastrectomy · Open gastrectomy · Long-term 
prognosis

Gastric cancer (GC) is the fifth most frequently diagnosed 
cancer and the third leading cause of cancer deaths in 
both sexes worldwide [1]. Approximately 60% of cancer 

incidence and 70% of cancer-related deaths occur in patients 
over 65 years old [2]. Surgery is still the preferred treatment 
for cancer, but elderly patients often have higher morbid-
ity and mortality from postoperative complications than 
younger patients, due to multiple organ dysfunction and 
poor immune status. Several studies have indicated that LG 
has short-term advantages, such as less intraoperative blood 
loss, shorter operation time, and fewer postoperative compli-
cations, compared to traditional OG [3]. Some researchers 
have attributed these advantages to the lower impact on the 
inflammatory immune response induced by LG [4, 5]. Thus 
far, the long-term influence of LG on EGC is uncertain, ren-
dering it necessary to explore the factors influencing the 
long-term efficacy of LG in EGC.
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The inflammatory immune response is an important 
mechanism for tumor immune escape, which may lead to 
tumor progression [6]. Increased levels of pretreatment 
inflammatory markers, such as neutrophils, platelets and 
sLDH, are associated with a poor cancer prognosis [7, 8]. 
Moreover, elevated circulating immunoinflammatory factors 
(IL-6, CRP), which are induced by the systemic inflamma-
tory response under surgical stress, have been confirmed to 
be risk factors for tumor recurrence [6]. Okholm et al. [9] 
found that LG seemed to attenuate the inflammatory immune 
response compared to OG, indicating the degree of systemic 
inflammatory response mediated by surgical stress varies 
depending on the surgical approach.

Recently, Mezquita et al. [10] showed that a composite 
index (LIPI), based on pretreatment circulating-derived neu-
trophil-to-lymphocyte ratio (dNLR) and serum lactate dehy-
drogenase (sLDH), could be useful for identifying patients 
who might benefit from immunotherapy in nonsmall cell 
lung cancer. In this study, we attempted to combine pretreat-
ment circulating dNLR and sLDH to generate a new gastric 
immune prognosis index (IPI) to investigate whether the IPI 
is associated with the long-term prognosis of EGC. Further-
more, we explored if the IPI is able to identify a population 
among EGC patients who might benefit from LG.

Materials and methods

Patients

A retrospective analysis was performed on all patients who 
underwent radical gastrectomy in Fujian Medical University 
Union Hospital (FMUH) from January 2007 to December 
2016. The inclusion criteria were (1) age ≥ 65 years, (2) 
gastric adenocarcinoma was histologically confirmed, (3) 
no distant metastasis, (4) D2 or modified D2 lymph node 
dissection was performed, and (5) postoperative pathol-
ogy confirmed R0 resection. The exclusion criteria were: 
(1) preoperative neoadjuvant chemotherapy, (2) nonradi-
cal (R1/2) resection, (3) concurrent with other malignant 
tumors, (4) autoimmune diseases and recent steroid therapy, 
(5) pathological T stage was T4b, or (6) incomplete case 
records. Initially, LG was performed in patients diagnosed 
with cT1N0M0 to cT2N0M0 gastric cancer. The indications 
for LG were then gradually extended to all stages of disease 
up to and including cT4N2M0 [11]. The surgical approaches 
were independently chosen by the patients after being fully 
informed of the advantages and disadvantages of LG and 
OG [12, 13]. All surgical procedures, including the scope 
of lymph node dissection, were performed according to the 
guidelines of the Japanese Gastric Cancer Association [14]. 
Staging was performed according to the corresponding 8th 
edition of the AJCC Staging Manual [15]. In this study, 

patients with stage II/III disease were treated according to 
the East Asia standard (D2 gastrectomy followed by postop-
erative adjuvant chemotherapy) [16–18], even though perio-
perative chemotherapy is the preferred treatment option for 
these patients in Western countries [19]. Adjuvant postop-
erative chemotherapy based on 5-fluorouracil (mostly oxali-
platin with either Xeloda or S-1) was recommended for all 
patients with stage II or more advanced GC [20]. This study 
was approved by the Ethics Committee of Union Hospital 
of Fujian Medical University.

Definitions

Elderly gastric cancer (EGC) was defined as cases involv-
ing patients ≥ 65 years of age [21]. Postoperative complica-
tions were classified according to the Clavien–Dindo clas-
sification system [22]. Serum samples were collected and 
assayed (including WBC, neutrophils, sLDH, and albumin 
level) within 7 days before surgery. dNLR was calculated 
as follows: absolute neutrophil count/(white blood cell con-
centration—absolute neutrophil count) [23]. ROC curve 
analysis was used to determine the cut-off values of dNLR 
and sLDH. The IPI scores were calculated based on the 
dNLR ≥ cut-off value(dNLR) and sLDH ≥ cut-off value(sLDH), 
characterizing two groups (IPI = 0, good, 0 factors; IPI = 1, 
poor, 1 or 2 factors).

Follow‑up

A postoperative follow-up assessment was performed every 
3 months for 2 years and then every 6 months during years 
2–5. Most routine follow-up appointments included a physi-
cal examination, laboratory testing [including cancer antigen 
(CA) 19–9, CA72-4, and carcinoembryonic antigen (CEA) 
level measurements], chest radiography, and abdominopelvic 
ultrasonography or computed tomography, along with an 
annual endoscopic examination. The final follow-up evalu-
ation was conducted in June 2019, and the median follow-up 
time was 65.8 months (3.7–150.9 months). Overall survival 
(OS) was defined as the time from surgery to death from 
any cause or to the time of censoring on the date of the last 
follow-up, and progression-free survival (PFS) was defined 
as the time from surgery to the time of disease progression 
or death from any cause.

Propensity score matching

To reduce bias in comparisons between groups, an one-
to-one propensity score matching analysis was performed 
between the LG and OG groups based on the estimated pro-
pensity scores of each patient [24]. The propensity scores 
were estimated using a logistic regression model and the 



1816	 Surgical Endoscopy (2022) 36:1814–1826

1 3

following covariates: age, sex, BMI, blood vessel invasion, 
and tumor TNM stage.

Statistical analysis

Descriptive statistics were used to summarize cohort char-
acteristics and distributions of dNLR and sLDH. The opti-
mal cut-off of the dNLR and sLDH values was assessed by 
receiver operating characteristic (ROC) analysis. The data 
are presented as the mean ± standard deviation for continu-
ous variables and as a number for categorical variables. Cor-
relations between categorical variables were analyzed using 
Chi-squared tests, and continuous variables were analyzed 
using Student’s t tests. Survival curves were estimated using 
the Kaplan–Meier method, and the log-rank test was used 
to determine significance. Variables associated with OS and 
PFS were identified using multivariate Cox regression mod-
els. All statistical analyses were performed using SPSS for 
Windows version 26.0 (SPSS Inc. Chicago, IL, USA) and R 
ver. 3.5.1 (R Foundation for Statistical Computing, Vienna, 
Austria). All tests were two-sided, with a significance level 
set at p < 0.05.

Results

Patient characteristics

The study flow diagram is shown in Fig. 1. Overall, 1539 
EGCs treated with LG or OG in our department between 
January 2007 and December 2016 were enrolled, 1256 
patients underwent LG and 283 OG. Using one-to-one pro-
pensity score matching, 264 pairs of LG and OG patients 
were included in the final analysis (Table 1): 417 were male 
(78.98%), and 111 were female (21.02%). The median age 
was 71 years (interquartile range: 68–75 years). The distri-
bution of TNM stage was 119 patients (22.54%) in stage I, 
120 patients (22.73%) in stage II, and 289 patients (54.73%) 
in stage III. The preoperative mean values of dNLR and 
sLDH were 1.81 ± 0.89 and 170.68 ± 42.26 IU/L, respec-
tively. The dNLR and sLDH cut-off values chosen according 
to the ROC curve analysis were 1.88 and 190.5 IU/L, respec-
tively (Figure S1). The values allowed two populations to be 
identified: IPI = 0 (good immune status, 0 factors), which 
included 271 patients (51.33%) and IPI = 1 (poor immune 
status, 1 or 2 factors), which included 257 patients (48.67%).

Fig. 1   Study flow diagram
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Table 1   Baseline characteristics before and after the propensity score-matched groups

Characteristics All patients (n = 1539) p Propensity-matched patients (n = 528) p

Laparoscopic 
gastrectomy 
(n = 1256)

Open gastrectomy (n = 283) Laparoscopic gas-
trectomy (n = 264)

Open gastrectomy (n = 264)

No. of patients (%) No. of patients (%) No. of patients (%) No. of patients (%)

Sex 0.151 0.158
 Female 289 (23.01) 54 (19.08) 62 (23.48) 49 (18.56)
 Man 967 (76.99) 229 (80.92) 202 (76.52) 215 (81.44)

Age 0.362 0.360
 65–69 525 (41.80) 123 (43.46) 106 (40.15) 114 (43.18)
 70–74 379 (30.18) 95 (33.57) 84 (31.82) 91 (34.47)
 75–79 248 (19.75) 46 (16.25) 47 (17.80) 42 (15.91)
 ≥ 80 104 (8.28) 19 (6.71) 27 (10.23) 17 (6.44)

ECOG PS 0.324 0.673
 0 227 (18.07) 53 (18.73) 59 (22.35) 51 (19.32)
 1 967 (76.99) 210 (74.20) 187 (70.83) 195 (73.86)

 ≥ 2 62 (4.94) 20 (7.07) 18 (6.82) 18 (6.82)
Body mass index, kg/m2 0.057 0.217
 < 18.5 115 (9.16) 39 (13.78) 23 (8.71) 34 (12.88)
 18.5–25 914 (72.77) 199 (70.32) 202 (76.52) 189 (71.59)
 ≥ 25 227 (18.07) 45 (15.90) 39 (14.77) 41 (15.53)

Type of gastrectomy 0.355 0.361
 Total 677 (53.90) 139 (49.12) 137 (51.89) 128 (48.48)
 Distal 485 (38.61) 116 (40.99) 92 (34.85) 109 (41.29)
 Proximal 23 (1.83) 8 (2.83) 12 (4.55) 7 (2.65)
 Combined resection 71 (5.65) 20 (7.07) 23 (8.71) 20 (7.58)

Reconstruction method 0.000 0.003
 B-I 321 (25.56) 77 (27.21) 84 (31.82) 73 (27.65)
 B-II 183 (14.57) 35 (12.37) 21 (7.95) 33 (12.50)
 Roux-en-Y 738 (58.76) 142 (50.18) 151 (57.20) 132 (50.00)
 Others 14 (1.11) 29 (10.25) 8 (3.03) 26 (9.85)

Tumor location 0.635 0.654
 Upper 395 (31.45) 93 (32.86) 76 (28.10) 83 (30.10)
 Middle 212 (16.88) 40 (14.13) 50 (18.50) 39 (16.90)
 Lower 499 (39.73) 119 (42.05) 109 (40.40) 103 (40.20)
 Multiple 150 (11.94) 31 (10.95) 35 (13.00) 33 (12.90)

Tumor size (cm) 0.384 0.102
 < 5.0 833 (66.32) 180 (63.60) 149 (56.44) 168 (63.64)
 ≥ 5.0 423 (33.68) 103 (36.40) 115 (43.56) 96 (36.36)

Differentiation 0.064 0.124
 Well or moderate 785 (62.50) 172 (60.78) 161 (60.98) 160 (60.61)
 Poor 471 (37.50) 111 (39.22) 103 (39.02) 104 (39.39)

Vascular invasion 0.000 0.716
 LV − 749 (59.63) 205 (72.44) 193 (73.11) 190 (71.97)
 LV +  507 (40.37) 78 (27.56) 71 (26.89) 74 (28.03)

Retrieved LNs number 
(nodes)

0.000 0.705

 < 15 39 (3.11) 22 (7.77) 13 (4.92) 15 (5.68)
 ≥ 15 1217 (96.89) 261 (92.23) 251 (95.08) 249 (94.32)

T stage 0.000 0.950
 T1 307 (24.44) 49 (17.31) 50 (18.94) 46 (17.42)
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The relationship between the IPI score and clinico-
pathological factors is shown in Table S1. There were no 
significant differences in age, sex, surgical approach, type 
of gastrectomy, digestive tract reconstruction, tumor site, 
tumor size or histology between the IPI = 0 and IPI = 1 
groups, but there were statistically significant differences in 
the pathological stage (p = 0.026), especially in lymph node 
stage (p = 0.004).

Short‑term outcomes

Table S2 summarizes the intraoperative details and post-
operative rehabilitation for the two groups. Compared with 
the OG group, the LG group had a significantly shorter 
operating time (entire cohort: 167.10 vs. 252.79  min, 
p < 0.001; IPI = 0 cohort: 168.26 vs. 246.89 min, p < 0.001; 
IPI = 1 cohort: 165.10 vs. 259.30 min, p < 0.001) and less 
estimated blood loss (entire cohort: 77.90 vs. 212.57 mL, 

p < 0.001; IPI = 0 cohort: 75.17 vs. 199.64 mL, p = 0.001; 
IPI = 1 cohort: 82.60 vs. 238.67 mL, p < 0.001). There was 
no significant difference between the OG and LG groups in 
number of LNs retrieved. In terms of postoperative reha-
bilitation, compared with the OG group, the LG group had 
shorter time to start bedside activity, shorter time to remove 
abdominal drainage, and shorter postoperative hospital stay 
(all p < 0.05). There were no significant differences between 
the LG and OG groups in time to first flatus, time to remove 
gastric tube or time to fluid diet (all p > 0.05).

The details of postoperative complications for the two 
groups are shown in Table S3. There were no significant 
differences in local complications between the LG and 
OG groups, but the incidence of systemic complications 
tended to be more common in the OG group (37.88% vs. 
41.67%, p = 0.335). The most common local complica-
tion was surgical site infection (LG: 3.79% vs. OG: 5.68%, 
p = 0.310), while the most common systemic complication 

dNLR derived neutrophil-to-lymphocyte ratio (leukocytes minus neutrophils), sLDH serum lactate dehydrogenase, ECOG PS Eastern Coopera-
tive Oncology Group Performance Score, IPI immune prognostic index

Table 1   (continued)

Characteristics All patients (n = 1539) p Propensity-matched patients (n = 528) p

Laparoscopic 
gastrectomy 
(n = 1256)

Open gastrectomy (n = 283) Laparoscopic gas-
trectomy (n = 264)

Open gastrectomy (n = 264)

No. of patients (%) No. of patients (%) No. of patients (%) No. of patients (%)

 T2 152 (12.10) 31 (10.95) 27 (10.23) 30 (11.36)
 T3 442 (35.19) 80 (28.27) 73 (27.65) 74 (28.03)
 T4 355 (28.26) 123 (43.46) 114 (43.18) 114 (43.18)

N stage 0.199 0.965
 N0 468 (37.26) 98 (34.63) 88 (33.33) 89 (33.71)
 N1 222 (17.68) 44 (15.55) 36 (13.64) 40 (15.15)
 N2 220 (17.52) 45 (15.90) 45 (17.05) 44 (16.67)
 N3 346 (27.55) 96 (33.92) 95 (35.98) 91 (34.47)

Pathological stage 0.039 0.895
 Stage I 350 (27.87) 65 (22.97) 58 (21.97) 61 (23.11)
 Stage II 336 (26.75) 66 (23.32) 62 (23.48) 58 (21.97)
 Stage III 570 (45.38) 152 (53.71) 144 (54.55) 145 (54.92)

dNLR 0.591 0.088
 < 1.88 331 (26.35) 79 (27.92) 182 (68.94) 163 (61.74)
 ≥ 1.88 925 (73.65) 204 (72.08) 82 (31.06) 101 (38.26)

sLDH (IU/L) 0.013 0.899
 < 190.5 874 (69.59) 218 (77.03) 202 (76.52) 203 (76.89)
 ≥ 190.5 382 (30.41) 65 (22.97) 62 (23.48) 61 (23.11)

IPI Score 0.079 0.333
 IPI = 0 229 (18.23) 61 (21.55) 144 (54.55) 127 (48.11)
 IPI = 1 1027 (81.77) 222 (78.45) 120 (45.45) 137 (51.89)

Albumin (g/L) 0.000 0.518
 < 35.0 333 (26.51) 123 (43.46) 30 (11.36) 35 (13.26)
 ≥ 35.0 923 (73.49) 160 (56.54) 234 (88.64) 229 (86.74)
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was pulmonary inflammation or infection (LG: 26.51% vs. 
OG: 26.14%, p = 0.942).

Long‑term outcomes

Prognostic value of IPI score in the entire cohort

For the entire cohort, the 5-year overall survival rate and 
progression-free survival rate was 54.3% and 55.8%, respec-
tively. There were no significant differences in OS (56.6% 
vs. 52.0%, p = 0.166) or PFS (57.4% vs. 50.6%, p = 0.072) 
between the LG and OG groups (Figures S2 and S3). The 
IPI = 0 group had significantly better OS (61.2% vs. 46.9%, 
p = 0.001) and PFS (60.1% vs. 47.5%, p = 0.003) compared 
to those in the IPI = 1 group (Figures S4 and S5).

The univariate and multivariate analyses affecting OS and 
PFS in the entire cohort are shown in Table S4. In the uni-
variate analysis, the variables of age, type of gastrectomy, 
reconstruction method, tumor location, tumor size, differ-
entiation, vascular invasion, T stage, N stage, pathological 
stage, dNLR, sLDH, and IPI score had significant effects 
on OS (all p < 0.05). Multivariate analysis revealed that 
IPI = 1 was an independent risk factor for OS (HR 1.351; 
95% CI 1.05–1.73; p = 0.018). Other independent risk fac-
tors included age ≥ 75 years, stage II tumor, and stage III 
tumor (all p < 0.05). In terms of PFS, IPI = 1 was also 
an independent risk factor for PFS (HR, 1.339; 95% CI 
1.03–1.74; p = 0.029). In addition, OG, tumor ≥ 5.0 cm, 
vascular invasion, stage II tumor, and stage III tumor were 
also independent risk factors affecting PFS (all p < 0.05).

Survival difference between LG and OG groups stratified 
by IPI score and TNM stage

To evaluate the effect of IPI on the prognosis of EGC with 
different surgical approaches, we compared the OS and 
PFS between the LG and OG groups in different IPI sub-
populations. With regard to IPI = 1, there was no signifi-
cant difference in 5-year OS (p = 0.733) or PFS (p = 0.784) 
between the LG and OG groups at all stages (Figures S6 
and S7). However, with regard to the IPI = 0, the 5-year 
OS (p = 0.040) and PFS (p = 0.048) were significantly bet-
ter in the LG group than those in the OG group, especially 
for those with stage II disease (OS: p = 0.015 and PFS: 
p = 0.018, respectively) (Figs. 2 and 3).

Moreover, the prognostic value of the IPI score at differ-
ent tumor stages was explored. In univariate analysis, IPI = 0 
was significantly associated with good OS and PFS in stage 
II patients but not in stage I or III patients. The multivari-
ate analysis showed that only IPI = 0 was an independent 
protective factor for both OS (HR 1.995; 95% CI 1.12–3.57; 
p = 0.020) and PFS (HR 2.025; 95% CI 1.25–3.59; p = 0.045) 
in stage II EGC (Table S5). Further multivariate analyses for 

stage II patients in the LG group revealed that, in the stage 
II disease, IPI = 0 was an independent protective factor for 
OS (HR 4.171; 95% CI 1.66–10.49; p = 0.002) and PFS (HR 
5.27; 95% CI 1.38–20.06; p = 0.015) in the LG group but not 
for those in the OG group. (Table 2).

Discussion

Our study showed that the IPI score based on preopera-
tive dNLR and sLDH was closely related to the long-term 
prognosis of EGC. A good IPI score was associated with 
an advantageous clinical outcome for EGC. Comparison of 
survival differences between the LG and OG groups revealed 
that the LG group had a significantly better prognosis than 
the OG group in IPI = 0 patients but not IPI = 1 patients 
or the entire patient cohort. Stratified analysis according to 
TNM stage further indicated that only stage II EGC with 
IPI = 0 could benefit from LG. Therefore, we speculate that 
LG might improve the long-term outcome of stage II EGC 
with a good IPI score. To our knowledge, this is the first 
study to correlate the influence of preoperative IPI score 
on long-tern prognosis with the surgical approach in EGC.

The inflammatory immune response has been associated 
with prognosis in a variety of malignant tumors. dNLR, 
which covers monocytes and other granulocyte subsets, has 
been considered an indicator of the inflammatory immune 
response [23]. In recent years, many researchers have 
reported that the preoperative dNLR provides comparable 
or better values than NLR in predicting prognosis in many 
kinds of cancer, such as melanoma, bladder, kidney, and 
breast cancers [25].

In addition to dNLR, another classic indicator of the 
inflammatory immune response is sLDH. Elevated sLDH 
is associated with a poor prognosis in several cancer types 
[26, 27]. Previous studies in lung cancer report that sLDH is 
associated with shorter survival when increasing from 1 to 
2.5 times baseline [28]. In melanoma, sLDH is thought to be 
a potential efficacy predictor for patients treated with PD-1 
and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) 
inhibitors [29, 30]. In gastric cancer, Sun et al. reported that 
a high level of sLDH is an independent risk factor for long-
term prognosis in patients with diffuse and undifferentiated 
disease [31].

Mezquita et al. create a new prognostic index based on 
the preoperative levels of dNLR (> 3.0) and sLDH (> upper 
limit of normal, ULN) and correlate it with resistance to 
immune checkpoint inhibitor therapy in patients with 
advanced nonsmall cell lung cancer [10]. The thresholds 
of dNLR and sLDH were different among studies. Diem 
[29] and Weide [32] set the threshold of sLDH at ULN and 
2ULN, respectively, to predict the prognosis of melanoma. 
In Ferrucci PF’s [33] study on predicting the prognosis of 
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melanoma, the threshold of dNLR was 3.0, while in other 
tumor types, M. J. Proctor et al. [23] set the threshold of 
dNLR at 2.0. Although the thresholds were different, these 
studies all suggested that dNLR and sLDH were important 
markers of cancer prognosis. ROC analysis, which combines 
the sensitivity and specificity of the indicators to predict 
event occurrence, is one of the most widely used methods 
in the literature [34]. In this study, the IPI score was gener-
ated based on the cut-off values of dNLR (1.88) and sLDH 
(190.5 IU/L) determined by ROC curve analysis. We used 
this IPI score to stratify our EGC population into 2 cohorts: 
good and poor. Our results showed that a good IPI score 
was significantly associated with better OS and PFS than a 
poor IPI score but only among patients receiving LG and not 
those receiving OG. Stratified analysis according to TNM 
stage further revealed that the survival benefit of a good IPI 
score was only observed in stage II patients who received 

LG (Figures S8–S11). These results provided support that a 
good IPI score might predict benefit from LG.

Since the first reported LG for gastric cancer in 1994 
[35], many studies have demonstrated the short-term advan-
tages of laparoscopic surgery over open surgery [3]. Our 
data showed a significantly shorter operating time, less 
estimated blood loss, shorter time to start bedside activ-
ity, shorter time to remove abdominal drainage, and shorter 
postoperative hospital stay for the LG group compared with 
the OG group (all p < 0.05). In terms of postoperative com-
plications, there were no differences in local complications 
between the LG and OG groups, but the incidence of sys-
temic complications tended to be more common in the OG 
group (37.88% vs. 41.67%, p = 0.335). All these short-term 
outcomes were consistent with the results of previous stud-
ies [36, 37]. Therefore, considering the trauma caused by 
surgery, laparoscopic surgery may be optimal for minimizing 

Fig. 2   Comparison of overall survival between the LG and OG groups according to pathological stage in IPI = 0 subpopulation. A Patients with 
IPI = 0. B Stage I patients with IPI = 0. C Stage II patients with IPI = 0. D Stage III patients with IPI = 0
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surgical trauma in EGC. In recent years, several studies of 
LG in elderly patients have been published, but most of these 
studies were focused on the short-term advantages of the 
laparoscopic approach [38, 39]. Our previous studies [11, 
37] showed no difference in long-term survive between the 
LG and OG group, which was consistent with the results 
reported in most literature [40]. In this study, we also found 
that there was no significant difference in 5-year OS or PFS 
between the LG and OG groups among the entire cohort.

Systemic immune inflammation status is associated 
with the density of immune cells in the tumor microen-
vironment, which leads to prognostic values of systemic 
inflammation in gastric cancer [41]. It remains unclear 
whether the prognostic value of preoperative circulatory 
inflammatory factors in elderly cancer patients can be 
influenced by surgical approaches. Zhao et al. [5] reported 
that LG had less of a change in the inflammatory immune 

response, which was indicated by lower concentrations 
of increasing circulatory inflammatory factors after sur-
gery when compared with OG. Okholm et al. [9] reviewed 
seven studies that addressed the postoperative immunolog-
ical status in patients with GC, they found that all studies 
showed a lower postoperative immune response in patients 
with LG, indicating that laparoscopic-assisted surgery has 
immunological advantages when compared with open sur-
gery. In this study, we observed better OS and PFS for 
the LG group compared to the OG group in patients with 
a good IPI but not those with a poor IPI. Therefore, we 
hypothesized that in EGC with a good IPI, receiving LG 
might give rise to a lower inflammatory immune response 
and better prognosis than in those receiving OG. Stratified 
analysis according to TNM stage further indicated that the 
survival advantage of LG only in stage II patients with a 
good IPI score.

Fig. 3   Comparison of progression-free survival between the LG and OG groups according to pathological stage in IPI = 0 subpopulation. A 
Patients with IPI = 0. B Stage I patients with IPI = 0. C Stage II patients with IPI = 0. D Stage III patients with IPI = 0
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Table 2   Univariate and multivariate analysis for overall survival and progression-free survival in stage II EGCs receiving LG

Variable OS PFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p

Sex
 Female 1.000 [Reference] 1.000 [Reference]
 Man 1.215 (0.411–3.595) 0.725 0.823 (0.223–

3.043)
0.770

Age
 65–69 1.000 [Reference] 0.070 1.000 [Reference] 0.075 1.000 [Reference] 0.226
 70–74 1.798 (0.52–6.22) 0.354 1.609 (0.449–5.77) 0.465 1.701 (0.343–

8.433)
0.515

 75–79 2.83 (0.863–9.282) 0.086 2.62 (0.743–9.236) 0.134 1.5 (0.25–8.985) 0.657
 ≥ 80 4.702 (1.428–

15.479)
0.011 5.272 (1.415–

19.643)
0.013 4.547 (1.013–

20.415)
0.048

ECOG PS
 0 1.000 [Reference] 0.522 1.000 [Reference] 0.281
 1 0.626(0.209–1.877) 0.403 0.716 (0.152–

3.375)
0.673

 ≥ 2 1.223(0.223–6.696) 0.817 2.521 (0.355–
17.925)

0.355

Body mass index, 
kg/m2

 < 18.5 1.000 [Reference] 0.263 1.000 [Reference] 0.087 1.000 [Reference] 0.208
 18.5–25 0.336 (0.078–1.454) 0.145 0.192 (0.041–

0.896)
0.036 0.22 (0.037–1.296) 0.094

 ≥ 25 0.217 (0.03–1.546) 0.127 0.124 (0.011–
1.382)

0.090 0.112 (0.007–1.92) 0.131

Type of gastrectomy
 Total 1.000 [Reference] 0.23 1.000 [Reference] 0.432
 Distal 0.722 (0.257–2.025) 0.535 0.535 (0.111–

2.576)
0.435

 Proximal 2.965 (0.836–
10.512)

0.092 2.715 (0.563–
13.083)

0.213

 Combined resec-
tion

0.556 (0.072–4.271) 0.573 0.9 (0.111–7.322) 0.922

Reconstruction 
method

 B-I 1.000 [Reference] 0.893 1.000 [Reference] 0.709
 B-II 0(0-.) 0.978 – –
 Roux-en-Y 0.787 (0.317–1.952) 0.605 1.106 (0.293–4.17) 0.882
 Others 1.561 (0.191–

12.736)
0.678 3.655 (0.378–

35.36)
0.263

Tumor location
 Upper 1.000 [Reference] 0.421 1.000 [Reference] 0.561
 Middle 0.538 (0.176–1.646) 0.277 0.913(0.264–3.157) 0.886
 Lower 0.463 (0.151–1.415) 0.177 0.316 (0.061–

1.631)
0.169

 Multiple 1.048 (0.315–3.485) 0.940 – –
Tumor size (cm)
 < 5.0 1.000 [Reference] 1.000 [Reference]
 ≥ 5.0 1.336 (0.577–3.097) 0.499 0.777 (0.234–

2.584)
0.681

Differentiation
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It is well accepted that the prognosis of stage I GC is rela-
tively good, with a 5-year overall survival of over 90% [42]. 
Many studies [43–45] have shown that except for pathologi-
cal indicators such as TNM staging and lymphatic vessel 
invasion, other factors, including chemotherapy have lim-
ited influence on the prognosis of stage I GC, even though 
the benefit of adjuvant chemotherapy has been confirmed in 
stage II and stage III GC [46, 20]. In addition, the inflam-
matory immune response induced by the tumor was lower in 
stage I GC than that in advanced cancer [47], which might be 
associated with improved prognosis. Thus, IPI may not have 
a predictive role in stage I patients. In stage III patients, due 
to the relatively advanced T/N staging, the effect of immune 
status on prognosis might have been attenuated by T/N stag-
ing and failed to reach the statistical difference. Our data 
indicate that the prognosis of stage III GC with good IPI 
tended to be better than that with poor IPI , but the difference 
was not statistically significant (Figure S4, 5-year OS: 39.6% 
vs 29.5%, Figure S5, 5y PFS: 36% vs 27.4%; p > 0.05).

For the first time, we applied IPI to predict the long-term 
prognosis in EGC. Our data showed that IPI was a good 
prognostic indicator for stage II patients and suggested that 
stage II EGC with good IPI might benefit from receiving 

LG. Therefore, stage II EGC with a good IPI could be rec-
ommended as the candidate population for LG. This find-
ing might provide reference for accurate and individualized 
selection of surgical approaches according to the immune 
status of patients in future clinical work. However, the inter-
nal mechanism needs further study.

This study has several limitations. First, this was a single-
center retrospective study and thus may have been subject to 
selection bias. Second, despite the large size of the cohort 
in this study, the number of events was insufficient to divide 
the patients into training and validation sets for internal 
validation, and the results of this study need to be further 
verified by external data. Third, patients with neoadjuvant 
chemotherapy were excluded since the number of patients 
was quite low in our center, especially for those with age 
greater than 65 years. This could be attributed to the safety 
and feasibility of LG were not confirmed by randomized 
controlled trials in patients with neoadjuvant chemotherapy 
until 2019 [48]. Fourth, the effects of postoperative adjuvant 
chemotherapy on the immune status and prognosis were not 
investigated in this study. Finally, since sLDH was not rou-
tinely detected after surgery in our center, it was impossible 
to compare the concentration change in dNLR and sLDH 

dNLR derived neutrophil-to-lymphocyte ratio (leukocytes minus neutrophils), sLDH serum lactate dehydrogenase, ECOG PS Eastern Coopera-
tive Oncology Group Performance Score, IPI immune prognostic index

Table 2   (continued)

Variable OS PFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p

 Well or moderate 1.000 [Reference] 1.000 [Reference] 1.000 [Reference] 1.000 [Reference]
 Poor 3.033 (1.179–7.803) 0.021 4.813 (1.496–15.49) 0.008 6.956 (2.234–

21.663)
0.001 8.399 (2.448–

28.822)
0.001

Vascular invasion
 LV − 1.000 [Reference] 1.000 [Reference] 1.000 [Reference] 1.000 [Reference]
 LV +  0.381 (0.112–1.289) 0.121 1.17 (1.042–1.691) 0.013 0.512 (0.112–2.34) 0.388 0.418 (0.079–2.2) 0.303

dNLR
 < 1.88 1.000 [Reference] 1.000 [Reference]
 ≥ 1.88 2.933 (1.264–6.808) 0.012 1.619 (0.487–

5.383)
0.432

sLDH (IU/L)
 < 190.5 1.000 [Reference] 1.000 [Reference]
 ≥ 190.5 3.655 (1.561–8.56) 0.003 1.598 (0.432–

5.909)
0.482

IPI score
 IPI = 0 1.000 [Reference] 1.000 [Reference] 1.000 [Reference] 1.000 [Reference]
 IPI = 1 4.604 (1.926–

11.009)
0.001 4.171 (1.659–

10.492)
0.002 3.246 (1.027–

10.259)
0.045 5.27 (1.384–

20.062)
0.015

Albumin (g/L)
 < 35.0 1.000 [Reference] 1.000 [Reference]
 ≥ 35.0 1.798 (0.242–13.38) 0.567 22.492 (0.001–

3,68,130.131)
0.529
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after surgery. Future studies may objectively compare the 
changes in concentrations of various inflammatory immune 
markers including sLDH and dNLR, after surgery.

In conclusion, a good preoperative IPI score correlated 
with better long-term outcomes for EGC. In patients with 
a good IPI score, LG had significant survival advantages 
compared to those in OG, especially for those with stage II 
disease, suggesting that stage II EGC with a good IPI score 
might be recommended as a candidate population for LG. 
This hypothesis needs to be further confirmed by prospective 
studies with large sample sizes.
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