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Purpose: This study examined whether different neuromuscular-blocking agents (NMBAs)
work differently on the short-term outcomes of gastric cancer patients in terms of laboratory
test results and severity of postoperative illness, and whether the effect is dose-related.
Patients and Methods: Data of 1643 adult patients receiving gastric cancer surgery were
analyzed by employing generalized linear models (GLMs), to explore the effects of different
NMBAs on neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), lympho-
cyte-monocyte ratio (LMR) at postoperative day 1 (POD1), POD3, POD7, and return to
intended oncologic therapy (RIOT), among others. We adjusted multiple covariants, includ-
ing patient-, anesthesia-, and surgical complexity-related risk factors.

Results: Without adjusting dosage of NMBAs, PODINLR, PODIPLR (P < 0.05),
POD3NLR, POD7NLR, POD3 lymphocytes, POD7LMR (P < 0.01) in gastric cancer
patients administered with benzylisoquinoline NMBAs worsened, and the administration of
aminosteroidal NMBAs was associated with less risk of transfer to ICU (P < 0.01); without
adjusting the types of NMBAs, the highest dose of NMBAs postponed the RIOT (P < 0.05)
and was negatively associated with POD3NLR, POD7NLR and POD7LMR (P < 0.01), and
increased risk of postoperative transfer to ICU (P < 0.01). When patients given benzyliso-
quinolines were re-divided in terms of five equal quintiles, from low to high dose, RIOT was
delayed and POD7LMR decreased significantly in the fourth and fifth quintile groups as
compared to the first quintile group. A higher risk for postoperative transfer to ICU was
found in the fifth quintile group as compared to the first quintile group.

Conclusion: Patients with gastric cancer given benzylisoquinoline NMBAs had more
unfavorable short-term outcomes, such as more severe inflammation and increased risk of
transfer to ICU than their counterparts administered aminosteroidal NMBAs, and the effect
of benzylisoquinolines was dose-related. The effect of aminosteroids on short-term outcomes
was not dose-related in the dosage range we used.

Keywords: neuromuscular-blocking agents, benzylisoquinoline, aminosteroid, short-term
postoperative outcomes, gastric cancer surgery

Introduction

Currently, cancer remains one of leading causes of death worldwide, and gastric cancer
represents the second most common cause of cancer-related deaths around the globe,
and, clinically, surgical resection is one of the principal treatment alternatives." It has
long been generally believed that the surgery can lead to cell-mediated
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immunosuppression,” and inhibit anti-tumor immunity.*
Moreover, multiple perioperative factors, especially anesthe-
sia management, affect the survival of patients.”® Until now,
researchers have failed to achieve consensus about the
impact of anesthesia on postoperative recurrence and metas-
tasis of gastric cancer.

Some factors, including anesthesia techniques and
anesthetic agents, may alter the behaviors of residual
tumor cells after surgery, thereby promoting cancer recur-
rence and/or metastasis.” It was reported that several peri-
operative factors could directly stimulate cancer cells and
elicit cell-mediated immunity, thereby causing the spread
of tumors.*>* A number of studies indicated that the use
of neuromuscular-blocking agents (NMBAs) was asso-
ciated, dose-dependently, with elevated risk of postopera-
tive respiratory complications,” and with increased risk of
30-day readmission after abdominal surgery.'® Reports
were scanty concerning whether NMBAs exert any effect
on the outcomes of cancer patients, and whether this effect
is dose-related. At present, most research was conducted in
cells and animals and the results varied. Some studies
exhibited that benzylisoquinolines might be able to ame-
liorate inflammation and immunosuppression, possess
tumor-suppressing effect, inhibit proliferation and migra-
tion of cancer cells, and induce apoptosis.''*'> However,
other studies showed that aminosteroids promoted tumor
metastasis and recurrence.'*'*

It was reported that a higher level of postoperative
inflammatory cells might be associated with more unfavor-
able outcomes.”® Increased neutrophil-lymphocyte ratio
(NLR) is indicative of severity of inflammation and is
linked with the more adverse events of cancer. Gastric
cancer patients with high postoperative NLR after surgery
had significantly worse prognosis,'® and low postoperative
NLR was significantly correlated with longer survival.'”
When the NLR at postoperative day 3 (POD3) was greater
than 7.7, the post-gastrectomy risk for 5-year cancer recur-
rence was 4.2 times higher.'"® Thrombocytopenia was
found to be positively associated with decreased post-
operative complications in patients receiving colorectal
surgery.'® Platelet-lymphocyte ratio (PLR) is considered
to be an independent prognostic factor for a variety of
solid tumors, including colorectal cancer, non-small cell
lung cancer, pancreatic cancer and gastric cancer.?’
Meanwhile, decreased lymphocyte count could lead to

21

lowered resistance to tumor.” These parameters can

serve as prognostic indicators for post-gastrectomy

patients.

The main objective of this retrospective study was to
explore whether the types or dosage of NMBAs are asso-
ciated with the short-term outcomes of patients with gas-
tric cancer, including laboratory tests and severity of
postoperative illness.

Patients and Methods

Patient Population

The study was approved by the Ethical Committee of
Tongji Medical College of Huazhong University of
Science and Technology, Wuhan, China (2019-S891),
and was conducted in strict accordance with the
Declaration of Helsinki. As the study was of retrospective
nature and only aggregated non-identifiable data were
used, consent from individuals was not required. We
state that patient data were confidential. The research has
been registered at the China Clinical Trial Registration
Center (ChiCTR1900023305).

We performed an observational analysis by using data
on adult patients undergoing gastric cancer surgery at
Wuhan
December 2018. Data came from the electronic medical

Union Hospital from January 2014 to
record system and anesthesia information management
system, which included baseline information, concomitant
diseases, oncological features, anesthesia and operative

procedures, and laboratory test results.

Inclusion and Exclusion Criteria

We included patients aged from 18 to 75 years who under-
went gastric cancer surgical procedures, and received
intermediate-acting NMBAs. Exclusion criteria included:
(1) American Society of Anesthesiologists (ASA) > 3; (2)
having other cancers; (3) having received re-operation for
the gastric cancer; (4) preoperative hemoglobin (Hb)
< 90 g/L; (5) having distant metastasis; (6) having
received intraoperative hyperthermic intraperitoneal che-
motherapy or preoperative chemotherapy, palliative opera-
tion; (7) in-hospital death.?***

Clinical Parameters

The intraoperative dosage of NMBAs (adjusted to body
weight®*) was defined by the multiples of ED95%>2¢ (the
median effective dose at which a 95% reduction can be
achieved in the maximal twitch response from baseline)
for intraoperatively given NMBAs.’ Based on multiples of
NMBA EDO9S5, from low to high dose, the data were
subdivided into five equal quintile groups.’ It is worth
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noting that in this observational study, these quintuples did
not match 1-, 2-, 3-, 4-, and 5-fold of ED95. The first
quintile group consisted of patients receiving the lowest
NMBA equivalent dose, whereas the fifth quintile group
comprised patients administered the highest equivalent
dose.

The outcome measures included lymphocyte count,
NLR, PLR, lymphocyte—-monocyte ratio (LMR) at POD1,
POD3, POD7, and postoperative transfer to ICU, compli-
cations occurring within one month after surgery, the
length of hospital stay, postoperative hospital stay, and
the return to intended oncologic therapy (RIOT). The
decision to transfer to ICU after surgery was made by
two anesthetists with more than 5 years” work experience.
Complications included fever, pulmonary infection,
pleural effusion, anastomotic leakage, pancreatic fistula,
surgical incision infection, new-onset obstruction, hemor-
rhage, venous thrombosis or pulmonary embolism, wound
rupture, and acute renal failure. RIOT was defined as the
time between surgery and inception or resumption of non-
surgical oncological therapies (eg chemotherapy, radio-

therapy or endocrine treatments).”’

Statistical Analysis

Data analyses were performed using SPSS, version 28.0
(IBM SPSS, Chicago, IL). Continuous variables were
expressed as mean + standard deviation (SD), and catego-
rical variables as frequency (percentage).

We established generalized linear models (GLM) to
examine the association between the type and dose of
NMBAs (independent variables) and laboratory test results
and prognostic outcomes. Each GLM was adjusted to
patients’ features (age, sex, body weight, ASA physical
status, comorbidity), oncological data (tumor stage, differ-
entiation status, vascular or nerve invasion, positive mar-
gin), surgery-related variables (open or laparoscopic
surgery, surgical techniques, duration of surgery), anesthe-
sia methods, intraoperative blood transfusion. The variable
categorization is shown in Table 1.

When the result of postoperative blood test, as
a dependent variable, was included in the GLM, the cor-
responding preoperative examination data were also
adjusted. Because our study was of retrospective nature
and some patients did not receive the corresponding exam-
inations when we postoperatively collected the blood test
results, some data were absent. In spite of this, the corre-
sponding GLM covered more than 70% of the data, and
with some cases, the coverage was over 90%. Data on

RIOT were difficult to obtain because the patients were
geographically diverse and did not receive follow-up
oncological therapy in a single center. The corresponding
GLM included 42% of the data.

Results of GLM were presented as equation coefficient
(B) or odds ratio (OR) with 95% confidence intervals (CI)
and P-values. A two-tailed P-value less than 0.05 was
considered statistically significant.

Results

During the study period, 2249 patients underwent gastric
cancer surgery. Upon the evaluation against the aforemen-
tioned inclusion and exclusion criteria, 1643 patients were
eventually included (Figure 1). In those patients, the
NMBAs used in the benzylisoquinoline group included
cisatracurium and atracurium, while in the aminosteroid
group only rocuronium was given. The gastric cancer
patients in our series did not use NMT monitors, and
there was no difference in reversal agents of NMBAs
because neostigmine was administered in all cases.
Intraoperative muscle relaxants were given in a single
intravenous injection by anesthesiologists with more than
5 years of work experience. In our preliminary analysis,
normality test and distribution curve showed that the
obtained data essentially follow the pattern of normal
distribution.

Table 1 shows the features of the study population.
Intraoperatively, 58 patients underwent laparotomy instead
of endoscopic operation, and they were counted as sub-
jects receiving laparotomy. In patients receiving other non-
specified surgical techniques, there were no significant
differences in the proportion of patients receiving gastrect-
omy plus splenectomy among five dosage groups and
among three groups treated with different NMBAs. The
ED95 dose equivalents of administered NMBAs, from the
first to the fifth quintiles, were 2.01-5.95 (the 1st quintile),
5.96-8.10 (the 2nd quintile), 8.12—11.21 (the 3rd quintile),
11.22-15.54 (the 4th quintile) and >15.54 (the Sth quin-
tile), respectively.

Table 2 shows that PODINLR, PODIPLR,
POD3NLR, POD7NLR were lower in gastric cancer
patients given aminosteroidal NMBAs than in those admi-
nistered benzylisoquinolines while POD3 lymphocytes,
POD7LMR were higher in the aminosteroid group than
the benzylisoquinoline group. Moreover, the use of ami-
nosteroids was associated with reduced risk of postopera-
tive transfer to ICU (OR, 0.38; 95% CI, 0.21 to 0.68; P =
0.001). In patients given mixed NMBAs, POD3NLR,
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Table | Characteristics of Study Population

Type of NMBAs Quintiles of NMBA ED95 Dose

Benzylisoquinolines | Aminosteroids | Mixed Ist 2nd 3rd 4th 5th

N = 849 N =520 N =274 N =331 N =326 N =329 N =329 N =328
Characteristics

Age (years) (mean, 57 (1) 57 (I1) 57 (10) 57.(I1) 57 (1) 57(I1) 57 (1) 57 (1)
SD)

Male (number, percent) | 562 (66.2) 365 (70.2) 193 (70.4) 225 (68.0) 229 (70.2) 244 (74.2) 220 (66.9) 202 (61.6)

Weight (mean, SD) 62.5 (11.0) 61.1 (10.4) 61.6 (10.1) 62.9 (10.0) 62.0 (11.0) 62.9 (10.3) 62.3 (11.5) 60.3 (10.5)
ASA

| 41 (4.8) 41 (7.9) 14 (5.1) 23 (6.9) 23 (7.1) 21 (6.4) 18 (5.5) 11 (34)

Il 66 1(77.9) 404 (77.7) 219 (79.9) 258 (77.9) 250 (76.7) 240 (72.9) 256 (77.8) 280 (85.4)

1] 147 (17.3) 75 (14.4) 41 (15.0) 50 (I5.1) 53 (16.3) 68 (20.7) 55 (16.7) 37 (11.3)
Hypertension 217 (25.6) 128 (24.6) 54 (19.7) 77 (23.3) 84 (25.8) 89 (27.1) 87 (26.4) 62 (18.9)
Coronary heart disease 44 (5.2) 26 (5.0) 11 (4.0) 17 (5.1) 16 (4.9) 17 (5.2) 20 (6.1) 11(3.4)
Diabetes 78(9.2) 37 (7.1) 17 (6.2) 26 (7.9) 20 (6.1) 28 (8.5) 28 (8.5) 3009.1)
Lung disease 179(21.1) 95 (18.3) 43 (15.7) 54 (16.3) 64 (19.6) 62 (18.8) 61 (18.5) 76(23.2)
Abnormal liver function 25(2.9) 19 3.7) 10 (3.6) 10 (3.0) 14 (4.3) 13 (4.0) 11 33) 6(1.8)
Abnormal renal function 5(0.6) 3 (0.6) 3 (L) 1(0.3) 4(12) 4(1.2) 1(0.3) 1(0.3)
Tumor stage®

| 242 (28.5) 152 (29.5) 64 (23.4) 96 (29.0) 93 (28.5) 84 (25.5) 97 (29.5) 88(26.8)

Il 237 (27.9) 121 (23.3) 70 (25.5) 78 (23.6) 85 (26.1) 82 (24.9) 89 (27.1) 94(28.7)

1] 370 (43.6) 247 (47.5) 140 (51.1) 157 (47.4) 148 (45.4) 163 (49.5) 143 (43.5) 146(44.5)
Differentiation

| High 50 (5.9) 34 (6.5) 13 (47) 20 (6.0) 19 (5.8) 17 (5.2) 27 (8.2) 14(4.3)

2 High-medium 19 (22) 15 (2.9) 10 (3.6) 14 (42) 7 (2.1) 7 (2.1) 8 (2.4) 8(2.4)

3 Medium 156 (18.4) 96 (18.5) 54 (19.7) 64 (19.3) 60 (18.4) 55 (16.7) 56 (17.0) 71(21.6)

4 Medium-low 75 (8.8) 51(9.8) 23 (8.4) 26 (7.9) 39 (12.0) 34 (10.3) 26 (7.9) 24(7.3)

5 Low 457 (53.8) 285(54.8) 148 (54.0) 191 (57.7) 165 (50.6) 185 (56.2) 182 (55.3) 167(50.9)

6 Unknown 92(10.8) 39(7.5) 26 (9.5) 16 (4.8) 36 (11.0) 31 (94) 30 (9.1) 44(13.4)
Vascular invasion 260 (30.6) 133(25.6) 69 (25.2) 72 (21.8) 81 (24.8) 92 (28.0) 99 (30.1) 118(36.0)
Nerve invasion 341 (40.2) 140(26.9) 96 (35.0) 81 (24.5) 103 (31.6) 111 (33.7) 123 (37.4) 159(48.5)
Positive margin 33 (3.9 12(2.3) 4 (1.5) 11 (33) 6 (1.8) 15 (4.6) 11 33) 6(1.8)
Open surgery 511 (60.2) 346(66.5) 173 (63.1) 246 (74.3) 200 (61.3) 218 (66.3) 193 (58.7) 173(52.7)
Surgical technique®

| 332(39.1) 210(40.4) 98 (35.8) 154 (46.5) 116 (35.6) 123 (37.4) 129 (39.2) 118(36.0)

2 289(34.0) 201(38.7) 100 (36.5) 114 (34.4) 128 (39.3) 129 (39.2) 99 (30.1) 120(36.6)

3 228(26.9) 109(21.0) 76 (27.7) 63 (19.0) 82 (25.2) 77 (23.4) 101 (30.7) 90(27.4)
Anesthesia method®

| 681(80.2) 369(71.0) 195 (71.2) 239 (72.2) 224 (68.7) 246 (74.8) 252 (76.6) 284(86.6)

2 160(18.8) 147(28.3) 7 5(27.4) 90 (27.2) 100 (30.7) 78 (23.7) 71 (21.6) 43(13.1)

3 6(0.9) 4(0.8) 4 (1.5) 2(0.6) 2 (0.6) 5 (1.5) 6(1.8) 1(0.3)
Duration of surgery (min) | 250.2(63.9) 244.7 (63.0) 256.7 (65.3) 227.1 (59.6) 249.5 (58.6) | 247.3 (70.4) 249.7 (57.3) 274.4(64.3)
Intraoperative blood 99 (11.7) 100 (19.2) 51 (18.6) 56 (16.9) 65 (19.9) 44 (13.4) 42 (12.8) 43(13.1)
transfusion
(number, percent)

Preoperative lymphocyte | 1.62 (0.47) 1.66 (0.53) 1.67 (0.51) 1.70 (0.50) 1.62 (0.53) 1.66 (0.50) 1.62 (0.49) 1.60(0.47)
Preoperative NLR 227 (1.22) 2.29 (1.30) 2.38 (1.57) 2.20 (1.27) 2.39 (1.48) 2.32 (1.21) 229 (1.24) 2.29(1.33)
Preoperative PLR 139.28 (55.19) 137.69 (56.54) 139.70 (60.20) | 131.64 (51.40) | 143.42(60.68) | 140.90 (58.32) | 142.26 (56.06) | 136.06(54.89)
Preoperative LMR 449 (1.72) 4.64 (1.87) 4.55 (1.86) 4.69 (1.72) 456 (2.11) 4.55 (1.68) 4.61 (1.75) 4.32(1.65)
(Continued)
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Table | (Continued).
Type of NMBAs Quintiles of NMBA ED95 Dose
Benzylisoquinolines | Aminosteroids | Mixed Ist 2nd 3rd 4th 5th
N = 849 N =520 N =274 N =331 N =326 N =329 N =329 N =328
Prognostic outcome
Postoperative transfer 73 (8.6) 18 (3.5) 13 (4.7) 10 (3.0) 15 (4.6) 22 (6.7) 22 (6.7) 35(10.7)
to ICU
Complication within | 50 (5.9) 32 (6.2) 18 (6.6) 21 (6.3) 20 (6.1) 16 (4.9) 24 (7.3) 19(5.8)
month after surgery
Length of hospitalization | 21 (7) 21 (6) 20 (7) 20 (6) 21 (7) 21 (6) 21 (7) 21(6)
(day)
Postoperative hospital 15 (5) 14 (4) 14 (5) 14 (4) 14 (5) 14 (5) 15 (6) 14(5)
stay (day)
RIOT (day) 40 (16) 38 (17) 37 (13) 37 (15) 38 (16) 38 (16) 37 (12) 43(19)
PODI lymphocyte 0.67 (0.29) 0.70 (0.30) 0.67 (0.31) 0.70 (0.29) 0.68 (0.32) 0.69 (0.30) 0.67 (0.28) 0.65(0.29)
PODINLR 51.58 (11.81) 19.84 (11.86) 22.10 (13.57) 19.6 9(12.16) 21.42(12.51) | 20.97 (12.30) 21.80 (12.94) 21.62(10.75)
PODIPLR 310.12 (155.00) 290.56 (147.54) | 321.07 292.80 306.24 307.25 312.34 309.41
(167.00) (161.03) (148.07) (153.26) (157.47) (155.62)
PODILMR 1.30 (1.05) 1.31 (0.84) 1.35 (1.08) 1.32 (0.86) 1.32 (0.92) 1.47 (1.27) 1.27 (0.89) 1.18 (0.94)
POD3 lymphocyte 0.85 (0.34) 0.91 (0.35) 0.92 (0.36) 0.94 (0.34) 0.89 (0.36) 0.89 (0.35) 0.85 (0.30) 0.84 (0.36)
POD3NLR 11.08 (6.43) 9.81 (5.41) 10.28 (6.16) 9.41 (5.40) 10.35 (5.77) 10.39 (6.21) 10.84 (6.25) 11.66 (6.62)
POD3PLR 225.69 (95.99) 218.63 (93.71) 221.69 (94.64) | 211.01 (84.99) | 222.93 225.86 231.98 (97.09) | 222.46
(97.13) (100.56) (94.28)
POD3LMR 1.89 (1.45) 1.81 (1.12) 1.85 (1.22) 191 (1.22) 1.73 (1.06) 1.93 (1.41) 1.86 (1.34) 1.88 (1.50)
POD?7 lymphocyte 1.17 (0.40) 1.20 (0.44) 1.21 (0.43) 1.22 (0.42) 1.20 (0.45) 1.17 (0.44) 1.19 (0.40) 1.16 (0.41)
POD7NLR 6.12 (3.12) 5.68 (3.11) 5.65 (2.85) 5.35 (2.63) 5.90(3.27) 5.81 (2.84) 5.91 (3.33) 6.43 (3.13)
POD7PLR 219.44 (87.15) 208.80 (82.08) | 210.01 (81.55) | 201.83 (74.14) | 214.66(86.11) | 218.63 (90.90) | 219.73 (88.23) | 216.93
(82.85)
POD7LMR 1.81 (0.97) 2.00 (1.09) 2.06 (1.04) 2.11 (l.16) 1.94 (1.00) 2.04 (1.07) 1.88 (1.01) 1.66 (0.84)

Notes: “Tumor stage, stage | — T1, NO, M0/T2, NO, MO; stage Il - T1 NI M0/T2 NI M0/T3, NO, MO/T1, N3, MO/T3 NI MO/T2 N2 M0/T4a NO MO; stage Ill — T2—4a, N3, M0/
T3—4b, N2, MO/T4 NO-I MO. ®Surgical technique: |, distal gastrectomy with Billroth | or Billroth Il reconstruction; 2, total gastrectomy with Roux-en-Y Gastric Bypass
surgery. 3, other surgical techniques not specified. “Anesthesia method: |, total intravenous anaesthesia (TIVA); 2, sevoflurane-intravenous anaesthesia; 3, desflurane-

intravenous anaesthesia.

Abbreviations: NMBA, neuromuscular-blocking agent; ASA, American Society of Anesthesiologists; NLR, neutrophil-lymphocyte ratio; PLR, platelet—lymphocyte ratio;
LMR, lymphocyte-monocyte ratio; POD, postoperative day; RIOT, the time between surgery and inception or resumption of non-surgical oncological therapies.

POD7NLR were lower but POD3 lymphocytes and
POD7LMR were higher than in those administered benzy-
lisoquinolines, and the application of mixed NMBAs was
associated with lowered risk of postoperative transfer to
ICU (OR, 0.50; 95% CI, 0.26 to 0.98; P = 0.044). The
types of NMBAs had no significant effect on remaining
prognostic indicators.

GLM analysis showed that, in patients given the high-
est dose (the 5th quintile group) of NMBAs, RIOT (B,
6.20; 95% CI, 2.32 to 10.07; P = 0.002), POD3NLR (B,
2.00; 95% CI, 0.92 to 3.07; P <0.01), POD7NLR (B, 1.22;
95% CI, 0.68 to 1.77; P < 0.01), and their risk for post-
operative transfer to ICU (OR, 5.38; 95% CI, 2.29 to
12.62; P < 0.01) were higher than their counterparts
receiving the lowest dose (the 1st quintile group). On the
other hand, POD7LMR was lower in patients given

the highest dose of NMBAs than in those administered
the lowest dose (B, —0.35; 95% CI, —0.53 to —0.17; P <
0.01) (Table 3). The dosage of NMBAs exerted no sig-
nificant effect on remaining prognostic indicators.

In the aforementioned experiments, because the
doses were not evenly distributed among the types of
NMBAs (Table 4), we did not adjust the dosage when
analyzing the relationship between the types of NMBAs
and the prognostic outcomes. Similarly, in the analyses
of the relationship between the dosage of NMBAs and
prognostic outcomes, the types of NMBAs were not
adjusted. The above results might be ascribed to the
differences in types or doses. The effects of the types
on the prognosis were compared within appropriate
dosage range of NMBAs and we selected doses of
the second and The

third quintiles  groups.
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Gastric cancer patients under
general anesthesia
n=2,249

ASA > 3,n=39

Complicated with other cancers, n=39
Gastric reoperation, n=30
Preoperative HB<90, n=180

Distant metastasis, n=56

Intraoperative  heat perfusion or preoperative
chemotherapy, n=196

Palliative operation, n=63

Death in the hospital, n=3

Final study size, n=1643

Figure | Flow diagram of subject selection.

benzylisoquinoline group and the aminosteroid group
were re-grouped into five equally sized groups, respec-
tively, in terms of the multiples of NMBA ED95 from
low to high dose, and the effects of the doses on the
short-term outcomes were compared within the same
NMBA. Due to the small number of patients in the
mixed NMBAs group, we did not conduct a separate
analysis.

In the second quintile group, only POD3 lympho-
cytes in the mixed NMBAs group were higher than in
the benzylisoquinolines group, and there were no sig-
nificant differences in other indicators between the ami-
nosteroid group and the benzylisoquinolines group, and,
similarly between the mixed NMBAs group and the
benzylisoquinolines group. In the third quintile group,
the PODINLR and PODIPLR were lower in the ami-
nosteroid group than in the benzylisoquinolines group
(Table 5).

For benzylisoquinolines, RIOT in the fourth and fifth
quintile groups were significantly higher than in the first
quintile group, and POD7LMR was significantly lower.
The risk for postoperative transfer to ICU was higher in
the fifth quintile group than in the first quintile group (OR,
2.50; 95% CI, 1.02 to 6.17; P = 0.046). Although there
existed no significant differences in POD3NLR and
POD7NLR between the high-quintile group and the low-
quintile group, the P-value for the trend was <0.05, indi-
cating that the effect of benzylisoquinoline NMBAs on
these two indicators was dose-related (Table 6). For

aminosteroids, there were no statistically significant asso-
ciation between dose and all short-term prognostic indica-
tors (Table 7).

Discussion

In this retrospective study, we found that patients with
gastric cancer operation intraoperatively administered ben-
zylisoquinoline NMBAs had worse short-term outcomes
than their counterparts given aminosteroids, and some
postoperative inflammatory indicators and the risk for
postoperative transfer to ICU were related to the dosage
of benzylisoquinolines. The effect of aminosteroids on the
short-term outcomes was not dose-related in the dose
range we used.

In recent years, research effort has been increasingly
directed on anesthesia techniques and the effects of anes-
thetics on tumors. They may, in certain ways, impact the
serum environment, which, in turn, works on the biologi-
cal behaviors of cancer cells, thereby affecting tumor
metastasis.”®?’ Previous studies have shown that the intra-
venous anesthetics, volatile drugs, local anesthetics, and
nerve-blocking agents could influence the recurrence and
survival after surgery.®’® NMBAs are widely used as
adjuvants in the induction and maintenance of anesthesia
for gastric cancer surgery, but their effects on cancer have
not been well studied.

Currently, the commonly used intermediate-effect
NMBAs are benzylisoquinolines and aminosteroids. An
in-vitro cell assay showed that rocuronium could promote
the growth, adhesion and invasion of breast cancer cells.'?
Amann et al have shown that cisatracurium and atracurium
inhibited the proliferation of human hepatoma cells
(HepG2) in a
Similarly, cisatracurium could upregulate p53 and its

concentration-dependent  manner.”'
downstream genes and proteins, thereby effectively inhi-
biting proliferation and induce apoptosis of HCT116 cells

by altering p53-dependent 11,12

apoptotic  pathways.
Atracurium also promoted astrocyte differentiation and
depleted glioblastoma stem cells, and pretreatment of
GSCs expressing CHRNA1 and CHRNA9 with atracurium
could significantly improve survival rate in xeno-grafted
mice.”” Jiang et al pointed out that rocuronium promoted
the growth, invasion and migration of gastric cancer cells
SGC7901 and BGC823 in a dose-dependent fashion in an
in-vitro model, while cisatracurium exerted no significant
effect on gastric cancer cells at normal plasma concentra-
tions, but enhanced the migration of SGC7901 and

BGC823 cells in overdose."* The foregoing studies
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Table 2 Association Between the Type of NMBAs and Short-Term Postoperative Outcomes
Type of NMBAs Benzylisoquinolines Aminosteroids Mixed
N = 849 N =520 N =274
PODINLR (mean, SD) 21.58 (11.81) 19.84 (11.86) 22.10 (13.57)
B [95% Cls], P value 0 —-1.82 0.21
[-3.20-0.43] [-1.50-1.91]
P=o0.0l P=0810
PODIPLR (mean, SD) 310.12 (154.00) 290.56 (147.54) 321.07 (167.00)
B [95% Cls], P value 0 -17.5 12.98
[-33.86-1.13] [-7.18-33.15]
P =0.036 P =10.207
POD3 lymphocyte (mean, SD) 0.85 (0.34) 0.91 (0.35) 0.92 (0.36)
B [95% Cls], P value 0 0.05 0.07
[0.01-0.09] [0.02-0.12]
P =0.008 P =0.007
POD3NLR (mean, SD) 11.08 (6.43) 9.81 (5.41) 10.28 (6.16)
B [95% Cls], P value 0 —-1.52 -1.25
[-2.28-0.76] [-2.20-0.30]
P =0.00 P=o0.0l
POD7NLR (mean, SD) 6.12 (3.12) 5.68 (3.11) 5.65 (2.85)
B [95% Cls], P value 0 —0.65 -0.67
[-1.04-0.26] [-1.14-0.20]
P =0.001 P = 0.006
POD7LMR (mean, SD) 1.81 (0.97) 2.00 (1.09) 2.06 (1.04)
B [95% Cls], P value 0 0.17 0.26
[0.04-0.30] [0.11-0.42]
P =0.009 P =0.001
Postoperative transfer to ICU (frequency, percent) 73 (8.6) 18 (3.5) 13 (4.7)
OR [95% Cls], P value | 0.38 0.5
[0.21-0.68] [0.26-0.98]
P =0.001 P =0.044

demonstrated that two different NMBAs worked differ-
ently on tumor cells: cisatracurium inhibited tumor cell
growth and invasion, while rocuronium promoted prolif-
eration and migration. In contrast, our study showed that
the benzylisoquinoline had an unfavorable effect on the
short-term outcomes of gastric cancer patients compared
with the aminosteroid.

Inflammation and immunization are believed to be
implicated in the tumor development and progression.
Therefore, the inflammation, assessed in terms of circu-
lating inflammatory cells, can indirectly reflect the
severity and prognosis of tumors.*> Sun et al pointed
out that clinical dose of cisatracurium could ameliorate
postoperative immunosuppression in patients with non-
small cell lung cancer.** A study examined the effect of
cisatracurium in combination with ventilation on

inflammatory factors and immune changes in septic
rats and found that cisatracurium significantly reduced
the levels of inflammatory factors and the ratio of per-
ipheral blood neutrophils, thereby inhibiting the inflam-
matory response and regulating immune function, and
eventually alleviating inflammatory damage in various
organs of septic rats.”> However, our study demon-
strated that the aminosteroid induced lower inflamma-
tory responses and stronger immunity as compared with
benzylisoquinoline.

Different from the aforementioned in-vitro findings,
our retrospective study showed that, in patients with
gastric cancer, the higher dose of the benzylisoquinoline
NMBAs negatively changed postoperative POD7LMR,
POD3NLR and POD7NLR, and increased the
risk of postoperative admission to ICU, while the
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Table 3 Association Between the Dose of NMBAs and Short-Term Postoperative Outcomes
Quintiles of NMBA ED95 Ist 2nd 3rd 4th 5th p Highest vs Lowest P for
Dose Equivalent Quintiles Trend

N =331 N =326 N =329 N =329 N =328 (95% Cls)

RIOT 37 (15) 38 (16) 38 (16) 37 (12) 43 (19) 6.20 (2.32-10.07) 0.013

POD3NLR 9.41 (5.40) | 10.35 (5.77) | 10.39 (6.21) | 10.84 (6.25) | 11.66 (6.62) | 2.00 (0.92-3.07) <0.001

POD7NLR 535 (2.63) | 590 (3.27) | 5.81 (2.84) | 591 3.33) | 643 (3.13) | 1.22 (0.68-1.77) 0.001

POD7LMR 211 (1.16) | 1.94 (1.00) | 2.04 (1.07) | 1.88 (1.01) | 1.66 (0.84) | —0.35 (-0.53-0.17) <0.001
OR Highest vs lowest
quintiles 95% Cls

Postoperative transfer to ICU | 10 (3.0) I5 (4.6) 22 (6.7) 22 (6.7) 35(107) | 5.38 (229-12.62) <0.001

(frequency, percent)

Table 4 The Distribution of Administered Doses proportion of different muscle relaxants, among others.
NMBA Dose st and | 3rd | 4th | Sth These differences might lead to the interaction among
Quintile the different muscle relaxants, which further affects

331 1326 |329 |329 |328 the patlénts short-term results. Suc}.l intercellular
effect will be further demonstrated in our future
Benzylisoquinolines 12 45 188 284 320 di
(number, percent) (3.6) (13.8) | (57.1) | (86.3) | (97.6) studies.
Aminosteroids 278 77 | 57 8 0 . Although all our patients were administered neostig-
(number, percent) @4 | 543) | 17.3) | @4 | 00) mine to reverse muscle relaxants, sugammadex, as a novel
Mixed 41 104 | 84 37 8 specific rocuronium antagonist, should be considered in
(number, percent) (124) | GL9) | 25.5) | (11.2) | 24) future studies to achieve better results on the effect of

aminosteroidal NMBAs did not unfavorably change the
above indicators within the dose range we used in clin-
ical practice.

Then, we examined the possible causes of the phe-
nomenon. On the one hand, the doses we used in clin-
ical practice were different from the doses employed in
animal cell tests. In order to satisfy the surgical require-
ments, we used a high NMBA dose of the benzyliso-
quinolines, which might lead to cancer cell migration
and inflammatory changes, while the dose of aminoster-
oids used was low and did not reach the concentration
that could effect changes in tumor cells.'* On the other
hand, we only included gastric cancer patients, and
mainly targeted the effects of the agents on inflamma-
tion and immunity, and did not examine the changes at
cellular and molecular levels.

In this study, we found that the mixed group had
different outcomes rather than an average one between
benzylisoquinolines and aminosteroids in our study.
Because two different muscle relaxants were used in
the mixed group, this phenomenon might result from
differences in drug delivery time or in the dosage

muscle relaxants on cancer patients.

Compared with previous studies, our research did not
target cells or animals but patients with gastric cancer,
which rendered the results more clinically relevant. The
sample size was adequate and representative, and the
GLM was used to adjust gender and age and other
variables.

Our study have some limitations. This study was retro-
spective in nature, and although effort was made to adjust
intraoperative variables, some other confounders influen-
cing our results were not covered. For instance, blood
indicators may be affected postoperatively by such condi-
tions as infection, inflammation and drugs used. Some
patients did not have a routine blood test at PODI,
POD3, POD7,
Therefore, further prospective studies involving more fac-

and some data were not available.

tors are warranted.

Conclusions

Our study showed that patients with gastric cancer
intraoperatively treated with high doses of benzyliso-
quinoline NMBAs had poor postoperative outcomes.
was not when

Such dose-dependence apparent
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Table 6 Relationship Between Dosage and Prognosis in Benzylisoquinolines

Benzylisoquinolines Dose Quintile Ist 2nd 3rd 4th 5th P for
Trend
(3.91-10.27) | (10.29-12.69) | (12.71-15.18) | (15.20-19.35) | (>19.35)
N=172 N=170 N =167 N=170 N=170
RIOT (mean, SD) B [95% Cls], P value 36 (13) 39 (16) 37.(11) 42 (17) 44 (21) 0.001
0 1.9 0.82 5.7 7.28
[-3.53-7.33] [-4.88-6.51] [0.13-11.27] [1.29-13.27]
P=0.49 P=0.78 P =0.045 P=0.017
POD3NLR (mean, SD) B [95% Cls], P value 10.41 (6.12) 10.39 (6.37) 11.31 (6.45) 11.49 (7.23) 11.65 (5.88) | 0.041
0 —0.15 0.56 0.96 0.84
[-1.66—1.36] [-0.95-2.07] [-0.58-2.49] [-0.76-2.44]
P =084 P =047 P =022 P =030
POD7NLR (mean, SD) B [95% Cls], P value 5.96 (2.87) 5.40 (2.57) 6.32 (3.76) 6.23 (3.15) 6.51 (2.98) 0.026
0 —0.54 0.35 0.27 0.6l
[-1.30-0.22] [-0.40-1.10] [-0.49-1.03] [-0.17-1.39]
P=0.17 P =036 P =048 P=0.12
POD7LMR (mean, SD) B [95% Cls], P value 2.05 (1.14) 1.97 (0.84) 1.84 (1.14) 1.73 (0.91) 1.59 (0.74) 0.037
0 —0.04 -0.18 -0.25 -0.37
[-0.27-0.19] [-0.41-0.04] [-0.48-0.02] [-0.60-0.14]
P=07I P=0.11 P=0.03 P =0.002
Postoperative transfer to ICU (frequency, 15 (8.7) 10 (5.9) Il (6.6) 10 (5.9) 27 (15.9) 0.036
percentage) OR [95% Cls], P value | 0.65 0.85 1.01 2.5
[0.25-1.71] [0.34-2.14] [0.39-2.66] [1.02-6.17]
P=10.38 P=073 P=0.98 P =0.046
Table 7 Relationship Between Dose and Prognosis in Aminosteroids
Aminosteroids Dose Ist 2nd 3rd 4th 5th p Highest vs Lowest | P value
Quintile Quintiles
(2.01-4.76) | (4.80-5.45) | (5.46-6.28) | (6.29-7.41) | (>7.41)
N =108 N =100 N =105 N =105 N =102 95% Cls
RIOT 34 (1) 43 (20) 38 (16) 40 (21) 38 (17) 5.14 (-1.85-12.13) 0.15
POD3NLR 8.58 (4.74) 9.53 (4.91) 9.84 (5.39) 10.31 (5.47) | 10.73 (6.31) | 1.16 (-0.63-2.94) 0.21
POD7NLR 5.24 (2.51) 5.27 (2.39) 5.69 (3.56) 5.77 (3.36) 6.21 (3.37) | 0.79 (-0.26-1.83) 0.14
POD7LMR 2.19 (1.13) 2.19 (1.40) 1.88 (0.80) 1.93 (1.04) 1.89 (1.01) | —0.10 (-0.47-0.27) 0.6
OR Highest vs lowest
quintiles 95% Cls
Postoperative transfer to ICU | 2 (1.9) 2 (2.0) 5 (4.8) 5(4.8) 4 (3.9 21.85 (0.62-774.11) 0.09
(frequency, percentage)
aminosteroidal NMBA was given. Using high-doses of Abbreviations

benzylisoquinoline NMBAs to facilitate intraoperative
conditions during gastric cancer surgery should be

carefully weighed against possible unfavorable

NMBA, neuromuscular-blocking agent; GLM, generalized
linear model; NLR, neutrophil-lymphocyte ratio; PLR,
platelet-lymphocyte ratio; LMR, lymphocyte—monocyte

outcomes. ratio; POD, postoperative day; RIOT, return to intended
oncologic  therapy; ASA, American Society of
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Anesthesiologists; SD, standard deviation; OR, odds ratio;
CI, confidence interval.
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