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Background: Radical gastrectomy is associated with trauma and severe pain. We examined whether oxycodone could improve
postoperative analgesia and early recovery compared with sufentanil in patients undergoing radical gastrectomy.

Methods: Patients who underwent radical gastrectomy with patient-controlled intravenous analgesia (PCIA) based on sufentanil or
oxycodone for postoperative pain management from January 2022 to December 2023 were included in this study. We used a 1:1 ratio
propensity score matching (PSM) in our study to adjust for confounding factors and differences between groups. Patient demographics,
surgical and anesthesia details, analgesic effects, and recovery profiles were recorded and analyzed.

Results: After PSM, 224 patients were included in each group. Oxycodone treatment was associated with improved pain scores at rest
and during movement at 2 h postoperatively (P<0.001), fewer rescue analgesics (P=0.005), shorter time to first flatus and defecation
(P=0.030; P=0.016), reduced indwelling nasogastric tube time (P=0.043), shorter length of hospital stay (P=0.031), and lower
incidence of nausea in the matched cohort (P=0.049). There were significantly higher lymphocytes (POD1 and POD3: all
P<0.001), CD4" T cells (POD1: P=0.003; POD3: P<0.001) and CD4"/CD8" T cell ratio (POD1 and POD3: all P<0.001), and
lower CD8" T cells (POD1: P=0.001; POD3: P<0.001). Subgroup analysis stratified by age, surgical technique, and resection extent
demonstrated no significant interaction effects across all variables (P-interaction > 0.05).

Conclusion: Compared with sufentanil, oxycodone-based PCIA was associated with lower early postoperative pain scores, reduced
immune suppression and fewer adverse reactions, and faster gastrointestinal function recovery.
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Introduction
Gastric cancer (GC) is the fifth most common cancer and the fifth most common cause of cancer death globally.! Surgery
significantly improves prognosis in GC patients,” but radical gastrectomy involves a variety of complex procedures—including
extensive exploration, lymph node dissection, and digestive tract reconstruction, which is a severe trauma to the body. Patients
undergoing radical gastrectomy often experience moderate to severe postoperative pain, particularly visceral pain, which can
significantly impact their recovery and quality of life.**

Patient-controlled intravenous analgesia (PCIA) is widely utilized for its efficacy in tailoring pain relief to individual
needs. Oxycodone and sufentanil are commonly used opioids in PCIA for postoperative analgesia. Although these two
drugs have been compared in various postsurgical settings, with variable efficacy and adverse effects being reported, the

clinical relevance of these differences remains debated.”’ Previous studies have largely focused on the simple
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comparison of the analgesic efficacy.”® However, there is a lack of comprehensive research on their effects on various
perioperative indicators, which are of great significance for patients’ overall recovery and prognosis.

Patients with GC are an immunologically heterogeneous group with varying degrees of immunosuppression.’ The use
of opioids may further exacerbate the suppression of immune function in these patients.'® Clinical evidence supports this
concern: in 60 patients undergoing surgery for GC, morphine-treated patients showed decreased T and NK cell numbers
at 2 h after incision, and NK cell numbers had not returned to baseline at 5 days after surgery. In contrast, patients in the
flurbiprofen group exhibited higher NK cell numbers at 2 h and higher T and NK cell numbers at 1 day, despite similar
levels of analgesia.'' Similarly, in a randomized controlled trial of 25 patients undergoing neck surgery, fentanyl
suppressed NK cell cytotoxicity more than flurbiprofen on day 1.'? An impaired immune function following surgery
can adversely affect patients by increasing the survival rate of tumor cells, elevating the rates of recurrence and
metastasis, raising the incidence of systemic and wound infections, and sepsis, as well as delaying wound healing."®
Postoperative gastrointestinal dysfunction (POGD) is also a frequent occurrence after abdominal surgery, which
contributes to patient discomfort and increased healthcare costs.'* Opioid use may exacerbate POGD by activation of
gastrointestinal opioid receptors.'> Additionally, given that opioids undergo hepatic metabolism and renal excretion,
understanding their effects on liver and renal function is essential.

All commonly used traditional opioid analgesic drugs have effects on these functions to a different extent.' In this
retrospective study, we compared the analgesic efficacy of oxycodone versus sufentanil for postoperative analgesia and
evaluated their impacts on cellular immune function, gastrointestinal function, and liver and renal function in patients
undergoing radical gastrectomy, aiming to provide evidence for optimizing postoperative analgesia and enhancing early
recovery.

Materials and Methods
Study Design and Setting

This was a single-center, retrospective cohort study. The study was approved by the Ethics Committee of Jiangsu Cancer
Hospital (KY-2024-007) and registered in the Chinese Clinical Trial Registry (www.Chictr.org.cn; ChiCTR2400080651).
The ethics committee granted a waiver of written consent because of the retrospective nature of the study. All patient data

were de-identified and handled in strict compliance with confidentiality requirements. This study was conducted in
accordance with the principles of the Declaration of Helsinki.

All patients were enrolled from the database of Jiangsu Cancer Hospital. From January 2022 to December 2023,
patients who underwent radical gastrectomy with PCIA based on sufentanil or oxycodone for postoperative pain
management were included using the same inclusion and exclusion criteria. All gastrectomies were performed by the
same surgical team according to the standard of radical gastrectomy of the latest edition of Japanese gastric cancer
treatment guidelines.'” Exclusion criteria were defined as follows: (1) a history of severe heart, liver, or kidney
insufficiency; (2) chronic pain syndromes or a history of analgesic use within the past 6 months; (3) immunosuppressive
therapy or immunosuppressive disorders; (4) patients with benign gastric tumors, gastrointestinal stromal tumors, or
combined with other organ malignancies, and residual GC; (5) intraoperative bleeding>1000 mL or duration of
surgery>6 h; (6) analgesic pumps with different parameters; (7) receipt of regional blocks or adjunct anesthetic
techniques. According to the formula of the pump, patients were allocated to two groups: the oxycodone group
(oxycodone 1 mg/kg + tropisetron 8 mg + saline to 100 mL), sufentanil group (sufentanil 1 pg/kg + tropisetron 8 mg
+ saline to 100 mL). The dose ratio (1 mg: 1 ug) of oxycodone to sufentanil was selected based on previously reported

equianalgesic ratios.®'®

Anesthesia Method

All patients received standardized general anesthesia induced with 0.04~0.06 mg/kg midazolam, 1.0~2.0 mg/kg propofol,
2~3 ng/kg fentanyl, and 0.6 mg/kg rocuronium. Subsequently, their trachea was intubated, and the patient was positioned
in the supine position. Anesthesia was maintained with continuous propofol, remifentanil, rocuronium, and dexmedeto-
midine. Vasoactive medication (phenylephrine, ephedrine, or norepinephrine) and fluid administration were given at the
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discretion of the attending anesthesiologist. Once the abdomen was closed, the oxycodone group was given 8 mg
tropisetron and 0.1 mg/kg oxycodone. The sufentanil group was administered 8 mg tropisetron and 0.1 pg/kg sufentanil.

All patients were managed by the acute pain service (APS). After the end of surgery, patients were transferred to the
post-anesthesia care unit where PCIA was initiated. Postoperative pain was evaluated on the numerical rating scale
(NRS) by the APS staff of the hospital in the range of 0—10, 0 was no pain and 10 was the maximum possible pain at rest
and during movement at 2 h, 24 h, and 48 h after surgery. When patients had an NRS score of more than 4, 50 mg of
tramadol was injected by the APS staff. The degree of sedation was evaluated with the Ramsay sedation scale (RSS) by
the APS staff of the hospital at 2 h, 24 h, and 48 h after surgery.'® The activities of daily living (ADL) were evaluated
with the Barthel Index (BI, the higher the score, the greater the activities of daily living) by the nursing staff before
surgery, and 0 to 5 days after surgery.’® Venous blood was drawn from all patients before surgery and on
postoperative day 1 (POD1) and postoperative day 3 (POD3) for the assessment of lymphocyte counts, liver and kidney
function. All data were recorded on the hospital’s electronic patient record (EPR) system and electronic anesthesia
record-keeping system, which are both standard documentation tools in our institute.

Data Collection

Data related to postoperative analgesia were extracted from the AI-PCA system (Jiangsu Rehn Medical Instruments
Technology Co., Ltd.) database of Jiangsu Cancer Hospital. Other data were retrospectively extracted from the hospital’s
EPR system and electronic anesthesia record-keeping system and consisted of baseline characteristics (sex, age, weight,
height, medical history and ASA physical status), surgical characteristics (surgical technique, resection extent, extent of
lymph node dissection, pathological stage, duration of surgery), anesthesia characteristics (type and specifics of analgesic
method, intraoperative medication administration, blood loss, blood transfusion, urine output, fluid input), postoperative
characteristics (occurrence of postoperative adverse reactions, RSS scores, first day of defecation, first day of flatus, time
of indwelling nasogastric tube, time of indwelling nasojejunal tube, length of hospital stay after surgery, immune function
(counts of lymphocyte subsets), liver and renal function (serum creatinine [SCR], blood urea nitrogen [BUN], albumin
[ALB], alanine aminotransferase [ALT], aspartate aminotransferase [AST], lactate dehydrogenase [LDH]) and ADL.
Postoperative pain characteristics consisted of the use of rescue analgesics, the number of PCIA presses, and NRS pain
scores. For exploratory post-hoc analysis, 2-year survival data were collected via telephone follow-up. All patients or
their family members were contacted to ascertain survival status, date of death (if applicable), and cause of death. The
primary outcome was the NRS pain scores during movement at 2 h postoperatively.

Statistical Analysis

SPSS 26 (IBM Corp., Armonk, NY, USA) was used to perform statistical analysis of the demographic and clinical data.
All figures were prepared using GraphPad Prism version 10.3 (GraphPad Inc., Salt Lake City, UT, USA). Missing data
were largely assumed to be missing at random. There were no missing data for the primary outcome, and missing data for
all secondary outcomes were less than 5%, so we did not perform an imputation of missing data.

To reduce bias related to the non-randomized and observational study design, we applied propensity score matching
(PSM) analysis to the oxycodone and sufentanil groups. Propensity scores were estimated using a logistic regression
model based on the following preoperative characteristics: age, sex, body mass index (BMI), ASA physical status,
surgical technique, resection extent, extent of lymph node dissection, pathological stage, duration of surgery, medical
history, fluid input, patients requiring transfusion, blood loss, and urine output. A 1:1 nearest neighbor matching without
replacement was applied with a caliper width of 0.02 standard deviations of the logit propensity score.

The Shapiro—Wilk test was performed to analyze the normality of the measurement data. Normally distributed
measurement data are presented as meantstandard deviation (SD). The differences between the two groups were
compared using the ¢-test, and repeated-measures data were analyzed using generalized estimating equations. The
treatment X time interaction was tested first. If significant, between-group differences at each time point were tested
at 0=0.05. If not significant, the treatment main effect was tested next. If significant, then between-group
differences at each time point were tested at a=0.05. Otherwise, the Bonferroni correction was applied at each
time point.”' Counting data are expressed as frequencies and rates, and categorical variables were tested using the
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chi-square test or Fisher’s test. Measurement data that show a nonnormal distribution are presented as the median
(quartile) [M (Q25, Q75)], and the Mann—Whitney U-test was applied. To elucidate the underlying heterogeneity in
the influence of oxycodone and sufentanil on postoperative analgesia, we conducted prespecified subgroup analysis
stratified by age (< 65 vs > 65), surgical technique (laparoscopy vs open), and resection extent (distal vs total).
Interaction effects were formally tested by calculating interaction P-values (P-interaction) through regression
models incorporating multiplicative interaction terms. Forest plots were used to visualize the predictive effects
within these subgroups and the consistency of treatment effects across variables. In the exploratory analysis, overall
survival (OS) and 1-year mortality were assessed. All patients had a minimum potential follow-up of 2 years,
ensuring complete observation of the 1-year and 2-year time windows without informative censoring. OS was
defined as the time from surgery to death from any cause, with surviving patients censored at the date of last
follow-up. OS curves were estimated using the Kaplan-Meier method and compared between groups with the
log-rank test. One-year mortality was calculated as the proportion of patients who died within 1 year after surgery
and compared using the chi-square test or Fisher’s test. All statistical tests were two-sided and statistical
significance was set at P<0.05.

Results

Patient Characteristics of the Pooled and Matched Cohorts
A total of 709 patients were assessed for eligibility from January 2022 to December 2023. But following the exclusion
criteria, only 600 cases were included in our original cohort, and after PSM, the matched cohort was divided into two
groups: oxycodone group (224 cases) and sufentanil group (224 cases). The study design and process are described in the
diagram below (Figure 1).

The demographic and intraoperative characteristics of the original cohort and matched cohort are shown in Table 1.
In the original cohort, the mean BMI of the patients in the sufentanil group was higher than that in the oxycodone
group (mean in kg/m* 24.4 vs 23.2, P=0.002). The frequency of hypertension was significantly higher in the
oxycodone group than the sufentanil group (41.6% vs 29.1%, P=0.026). After PSM, there were no significant
differences in the mean age, sex, ASA physical status, surgical technique, resection extent, extent of lymph node
dissection, pathological stage, duration of surgery, frequency of hypertension, diabetes mellitus, neurological disease,
anemia, cardiovascular diseases, and fluid input, patients requiring transfusion, blood loss and urine output between the

two groups.

Analgesic Effects and Adverse Reactions

Repeated measurements results showed that the main effects of group and time between the two groups were significant
regarding pain scores at rest and during movement. Trends in pain scores at rest and during movement decreased over
time in both groups. Compared with sufentanil, oxycodone reduced pain scores at rest and during movement. Patients in
the oxycodone group showed lower mean NRS scores at rest at 2 h postoperatively than sufentanil patients (1.94+0.82 vs
2.9540.97, P<0.001). Similar differences were observed in pain scores during movement at the same time point (3.13
+0.94 vs 4.04+0.84, P<0.001). In contrast, the two groups had similar NRS pain scores at 24 and 48 h postoperatively
(Figure 2 and Table 2).

The number of effective PCIA presses and total PCIA presses were similar between the two groups (all P > 0.05).
However, the number of required rescue analgesics postoperatively was lower in patients in the oxycodone group (0.00
[0.00, 0.00] vs 0.00 [0.00, 1.00], P=0.005; Table 2).

Postoperative incidence of vomiting, dizziness, and other adverse reactions was similar between the oxycodone and
sufentanil groups. However, oxycodone treatment was associated with a lower incidence of nausea compared with
sufentanil (10 [4.5] vs 26 [11.6], P=0.049; Table 3).
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Figure | Flow chart of the study.

A 4

Sufentanil group (n=224)

Lymphocyte Subsets, Liver Function, and Renal Function
Before surgery, all measured variables were within their reference range and did not significantly differ between groups

(Table 4 and Supplementary Figure S1).

Compared with the preoperative levels in all groups, lymphocytes and CD4 'CD25" Tiegs significantly decreased on
PODI and POD3. The CD3" T cells and CD4" T cells showed a downward trend on POD1 and an upward trend on
POD3. The NK cells and B cells showed an upward trend on POD1 and a downward trend on POD3. The NKT cells and
the CD4"'CD25'CDI127~ Tregs significantly increased on POD1 and POD3 compared with the preoperative levels. The
levels of CD8" T cells in the oxycodone group decreased after POD1, while the sufentanil group increased significantly

at POD3 compared with the preoperative levels. The CD4"/CD8" T cell ratio in the oxycodone group increased on

POD3, while the sufentanil group decreased significantly at POD1 and POD3 compared with the preoperative levels

(Table 4 and Supplementary Figure S1).
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Table | Baseline Characteristics of the Patients Before and After PSM

Variable Before PSM After PSM
Oxycodone Sufentanil P-value Oxycodone Sufentanil P-value
Group (n=346) Group (n=254) Group (n=224) Group (n=224)
Age (years) 62.6+10.9 62.6+10.6 0.979 62.1£10.5 63.1£10.8 0.487
Sex, n (%) 0.149 0.752
Male 244 (70.5) 198 (78.0) 170 (75.9) 174 (77.7)
Female 102 (29.5) 56 (22.0) 54 (24.1) 50 (22.3)
BMI (kg/m?) 23.2+29 24.4+3.6 0.002 24.1%2.7 23.9+34 0.742
ASA physical status, n (%) 0.179 0.775
Il 100 (28.9) 92 (36.2) 70 31.2) 74 (33.0)
1] 246 (71.1) 162 (63.8) 154 (68.8) 150 (70.0)
Surgical technique, n (%) 0.118 0.863
Laparoscopy 86 (24.9) 44 (17.3) 40 (17.9) 42 (18.8)
Open 260 (75.1) 210 (82.7) 184 (82.1) 182 (81.2)
Medical history, n (%)
Hypertension 144 (41.6) 74 (29.1) 0.026 86 (38.4) 70 (31.2) 0.262
Diabetes mellitus 38 (11.0) 32 (12.6) 0.667 32 (14.3) 30 (13.4) 0.847
Neurological disease 34 (9.8) 26 (10.2) 0.907 28 (12.5) 26 (11.6) 0.837
Anemia 58 (16.8) 40 (15.7) 0.814 36 (l6.1) 40 (17.9) 0.722
Cardiovascular disease 18 (5.2) 22 (8.7) 0.235 16 (7.1) 16 (7.1) 1.000
Resection extent, n (%) 0.220 0.079
Distal 228 (65.9) 155 (61.0) 166 (74.1) 149 (66.5)
Total 118 (34.1) 99 (39) 58 (25.9) 75 (33.5)
Extent of lymph node dissection, n (%) 0.603 0.075
DI+ 6l (17.6) 49 (19.3) 6l (27.2) 45 (20.1)
D2 285 (82.4) 205 (80.7) 163 (72.8) 179 (79.9)
Pathological stage, n (%) 0.138 0.083
| 87 (25.1) 76 (29.9) 78 (34.8) 62 (27.7)
Il 137 (39.6) 8l (31.9) 83 (37.1) 78 (34.8)
1] 122 (35.3) 97 (38.2) 63 (28.1) 84 (37.5)
Duration of surgery (min) 168.1+£52.4 165.0+55.5 0.620 167.4+49.8 167.0+56.8 0.953
Fluid input (mL) 2000 (1500, 2000) | 2000 (1500, 2000) 0.642 2000 (2000, 2000) | 2000 (1500, 2000) 0.551
Patients requiring transfusion, n (%) 18 (5.2) 10 (3.9) 0.608 8 (3.6) 10 (4.5) 1.000
Blood loss (mL) 100 (50, 100) 100 (50, 100) 0.392 100 (70, 150) 100 (50, 100) 0.135
Urine output (mL) 300 (200, 400) 250 (150, 400) 0.334 300 (200, 400) 250 (200, 400) 0.721

Notes: Data are presented as mean * SD, median (interquartile range), or number (percentage). Bold text indicates a statistically significant difference (P < 0.05).
Abbreviations: PSM, propensity score matching; BMI, body mass index; ASA, American Society of Anesthesiologists.

Lymphocytes (POD1: 10.32+3.63 vs 8.05+3.09, P<0.001; POD3: 16.28+5.93 vs 13.78+4.29, P<0.001), CD4" T cells
(PODI: 37.60£10.29 vs 33.69£9.16, P=0.003; POD3: 45.65+11.36 vs 40.30£10.80, P<0.001) and CD4"/CD8" T cell
ratio (POD1: 2.15+0.9 vs 1.74+0.78, P<0.001; POD3: 2.41+0.92 vs 1.84+0.86, P<0.001) on POD1 and POD3 were
higher in the oxycodone group compared with the sufentanil group. The CD8" T cells on POD1 and POD3 were lower in
the oxycodone group compared with the sufentanil group (POD1: 19.00+4.96 vs 21.46+6.38, P=0.001; POD3: 20.36
+5.48 vs 23.90+6.61, P<0.001). The CD3" T cells, NK cells, B cells, NKT cells, CD4'CD25"CD127~ Tregs, and

CD4'CD25" Tiees among the two groups at each time point demonstrated no significant differences (Table 4 and

Supplementary Figure S1).

The levels of ALT, AST, LDH, ALB, SCR, and BUN did not significantly differ between groups. Postoperative
changes in ALT, AST, LDH, ALB, SCR, and BUN levels relative to baseline are shown in Table 4.
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Figure 2 Comparison of NRS pain scores (a) at rest and (b) during movement between groups. *P<0.05.
Abbreviation: NRS, numeric rating scale.

Gastrointestinal Function
The mean time to first flatus (3.40+£0.62 vs 3.61%£0.78, P=0.030), time to first defecation (4.22+0.79 vs 4.48+0.81,

P=0.016), and time of indwelling nasogastric tube (2.84+0.98 vs 3.09+0.86, P=0.043) were significantly shorter in the
oxycodone group than in the sufentanil group. There was no statistically significant difference between groups in the time

of indwelling nasojejunal tube (Table 3).

Table 2 Comparison of Analgesic Effects and RSS Scores Between the Two Groups

Outcome Oxycodone Sufentanil P-value
Group (n=224) Group (n=224)

NRS scores at rest
2 h after PCIA 1.94+0.82 2.95+0.97 <0.001
24 h after PCIA 1.61£0.53* 1.72+0.47% 0.083
48 h after PCIA 0.900.33*° 0.9620.19*° 0.081

NRS scores with movement
2 h after PCIA 3.13+£0.94 4.04+£0.84 <0.001
24 h after PCIA 2.83+0.85% 2.89+0.92% 0.598
48 h after PCIA 2.16£0.56*° 2.10£0.48° 0.373

(Continued)
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Table 2 (Continued).

Outcome Oxycodone Sufentanil P-value
Group (n=224) Group (n=224)
RSS scores
2 h after PCIA 1.9740.25 2.01£0.37 0.396
24 h after PCIA 1.99+0.16 1.98+0.19 0.706
48 h after PCIA 2.00+0.00 2.00+0.00 1.000
Number of effective PCIA presses | 11.00 (7.00, 15.00) | 12.00 (8.00, 17.00) 0.151
Number of total PCIA presses 12.50 (8.00, 17.00) | 13.00 (10.00, 19.00) 0.063
Number of rescue analgesics 0.00 (0.00, 0.00) 0.00 (0.00, 1.00) 0.005

Notes: Data are presented as mean * SD, or median (interquartile range). *Indicated within group
differences compared with 2 h after PCIA. ®Indicated within group differences compared with 24 h after
PCIA. Between-group P-values indicate significant differences between the two groups. Repeated-measures
data P-values reflect Bonferroni corrections. Bold text indicates a statistically significant difference (P < 0.05).
Abbreviations: NRS, numerical rating scale; RSS, Ramsay sedation scale; PCIA, patient-controlled intrave-
nous analgesia.

Table 3 Bl Scores, Postoperative Gastrointestinal Function, Length of Hospital Stay
After Surgery, and Adverse Reactions Related to Analgesic Procedures Between the
Two Groups

Outcome Oxycodone Sufentanil P-value
Group (n=224) | Group (n=224)
Barthel Index
Pre 99.15+4.60 99.24+4.09 0.878
PODO 9.82+1.33 9.69+2.25 0.589
PODI 20.63x6.16 19.33+7.87 0.172
POD2 42.68+11.07 42.41£11.29 0.858
POD3 53.97+9.68 54.15+9.15 0.887
POD4 63.04+7.72 63.75+8.40 0.508
POD5 70.18+7.77 68.62+6.79 0.110
First day of flatus (days) 3.40+0.62 3.61£0.78 0.030
First day of defecation (days) 4.22+0.79 4.48+0.81 0.016
Time of indwelling nasogastric tube (days) 2.84+0.98 3.09+0.86 0.043
Time of indwelling nasojejunal tube (days) 7.85+2.25 8.40+3.62 0.171
Length of hospital stay after surgery (days) 9.13%£1.74 9.95+3.60 0.031
Adverse reactions, n (%)
Nausea 10 (4.5) 26 (11.6) 0.049
Vomiting 2 (0.9) 2 (0.9) 1.000
Dizziness 14 (6.3) 18 (8.0) 0.604
Drowsiness 4 (1.8) 8 (3.6) 0.679
Pruritus 0 2 (0.9) 1.000
Respiratory depression 2 (0.9) 2 (0.9) 1.000

Notes: Data are presented as mean * SD, or number (percentage). Repeated-measures data P-values reflect
Bonferroni corrections. Bold text indicates a statistically significant difference (P < 0.05).
Abbreviations: Bl, Barthel Index; POD, postoperative day.

Bl Scores, RSS Scores, and the Length of Hospital Stay After Surgery

The oxycodone and sufentanil groups showed no significant differences in mean BI scores and RSS scores at each time
point (Table 2 and Table 3). Oxycodone treatment reduced the length of hospital stay after surgery compared with
sufentanil (9.13+1.74 vs 9.95+£3.60, P=0.031; Table 3).
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Table 4 Lymphocyte Subsets, Liver Function, and Renal Function Between the Two

Groups
Outcome Oxycodone Sufentanil P-value
Group (n=224) Group (n=224)

Lymphocytes (%)

Pre 29.7249.27 31.50+9.79 0.165

PODI 10.3243.63° 8.05+3.09° <0.001

POD3 16.2845.93*° 13.78+4.29*° <0.001
CD3" T cells (%)

Pre 67.25+11.57 67.98+10.13 0.616

PODI 61.89+13.02% 61.24+13212 0.710

POD3 70.87+11.99*° 71.03+11.07*° 0918
CD4" T cells (%)

Pre 41.88+9.72 42.15£10.21 0.843

PODI 37.60+10.29* 33.6949.16 0.003

POD3 45.65%11.36° 40.30+10.80° <0.001
CD8" T cells (%)

Pre 21.36+5.46 21.93+6.29 0.473

PODI 19.00+4.96 21.46+6.38 0.001

POD3 20.36+5.48 23.90+6.61*° <0.001
CD4*/CD8" T cell ratio

Pre 2.11+0.79 2.09+0.84 0.899

PODI 2.1540.93 1.74+0.78* <0.001

POD3 2.4140.92*° 1.84+0.86* <0.001
NK cells (%)

Pre 21.98+6.48 21.33+5.84 0.427

PODI 24.69+6.42° 25.65+6.39° 0.260

POD3 17.80+4.17*° 17.9443.71*° 0.805
B cells (%)

Pre 8.62+2.09 8.24+2.39 0.206

PODI 10.4943.67° 9.93+3.23° 0.229

POD3 9.13+2.92° 8.75+2.08° 0.256
NKT cells (%)

Pre 3.82+0.72 3.95+0.98 0.275

PODI 4.19+0.88° 440%1.16° 0.139

POD3 4.69+1.57*° 4.87+1.59*° 0.374
CD4"CD25"CD 127 Tyeg (%)

Pre 7.10+1.49 6.71%1.79 0.077

PODI 7.80+2.05° 7.80+1.80° 0.990

POD3 7.87+2.33° 8.1842.75° 0.360
CD4"CD25" Tregs (%)

Pre 15.3243.19 15.04+3.93 0.552

PODI 12.25+3.74° 11.8243.53° 0.377

POD3 13.7343.11>° 13.35+3.38*° 0.382
ALT (U/L)

Pre 17.00 (12.00, 20.00) | 17.00 (13.00, 23.75) 0.339

PODI 34.00 (20.50, 59.75)* | 35.00 (19.00, 56.75)* | 0.653

POD3 18.00 (14.00, 28.75)® | 21.00 (15.25, 32.00)* | 0.057
AST (U/L)

Pre 17.00 (14.00, 22.75) | 20.00 (15.25, 23.75) 0.065

PODI 31.00 (24.00, 52.00)* | 33.00 (25.00, 52.75)* | 0.709

POD3 19.00 (15.00, 26.00)® | 19.00 (15.00, 28.00)>° | 0.709

(Continued)
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Table 4 (Continued).

Outcome Oxycodone Sufentanil P-value
Group (n=224) Group (n=224)
LDH (U/L)
Pre 175.34+35.83 179.17+32.35 0.402
PODI 218.99+51.31° 226.66+56.29° 0.355
POD3 194.91449.44>° 192.05439.39*° 0.633
ALB (g/L)
Pre 42.56+4.25 42.42+4.43 0.812
PODI 36.90+4.39° 37.423.56 0.329
POD3 33.8143.54° 33.5443.34%° 0.542
SCR (umol/L)
Pre 71.87£13.71 74.81+15.90 0.140
PODI 74.68+15.26* 71.53+16.10° 0.134
POD3 62.39£13.81*° 61.83+13.60*" 0.759
BUN (mmol/L)
Pre 594+ .42 561%1.13 0.058
PODI 4.61%1.36° 4.32+1.07° 0.070
POD3 6.97+1.89*° 6.70+1.76*° 0.272

Notes: Data are presented as mean * SD, or median (interquartile range). *Indicated within group
differences compared with preoperative. ®Indicated within group differences compared with PODI.
Between-group P-values indicate significant differences between the two groups. Repeated-measures data
P-values reflect Bonferroni corrections. Bold text indicates a statistically significant difference (P < 0.05).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogen-
ase; ALB, albumin; SCR, serum creatinine; BUN, blood urea nitrogen; POD, postoperative day.

Subgroup Analysis

This study demonstrated a consistent association between oxycodone and reduced pain scores at rest and during
movement at 2 h postoperatively across all patient subgroups, with no significant interaction effects detected (all
P-interaction >0.05), suggesting homogeneity in the correlation of oxycodone with pain scores at rest and during
movement at 2 h postoperatively reduction among patients with varying clinical characteristics (Figure 3).

Exploratory Survival Outcomes

In the exploratory analysis, 182 patients in the oxycodone group and 193 patients in the sufentanil group were
successfully followed for at least 2 years. The 2-year OS rate was 87.4% (159/182) in the oxycodone group and
90.2% (174/193) in the sufentanil group. Kaplan-Meier analysis showed no statistically significant difference in OS
between the two groups (P = 0.426; Supplementary Figure S2). One-year mortality was 3.8% (7/182) in the oxycodone
group and 4.1% (8/193) in the sufentanil group, with no significant difference detected (P = 0.883).

Discussion
This retrospective cohort study suggests that oxycodone-based PCIA was associated with improved early postoperative
analgesia and reduced immune suppression compared with sufentanil-based PCIA in patients undergoing radical
gastrectomy. In addition, oxycodone was associated with a lower incidence of nausea, a shorter length of hospital stay
after surgery, and faster recovery of gastrointestinal function.

Although oxycodone and sufentanil significantly reduced pain scores at rest and during movement at 2—
48 h postoperatively, oxycodone was associated with lower pain scores at rest and during movement at 2 h postoperatively,
lower use of postoperative rescue analgesia, and fewer adverse reactions. Our results suggest that oxycodone provided
better analgesia than sufentanil after radical gastrectomy in the early period. Sufentanil is a Mu-opioid receptor (MOR)-
specific agonist with powerful analgesic effects, but the analgesic effect of pure MOR agonism is unsatisfactory for
relieving visceral pain, limiting its efficacy in gastrointestinal surgery. Oxycodone not only activates the MOR but also
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Oxycodone Sufentanil Interaction
group group MD (95% CI) P-Value
Total Mean Total Mean
Age 774
<65 115 2.86 111 3.81 — -0.950 (-1.292, -0.608)
=65 109 276 113 379 —=— -1.026 (-1.423,-0.629)
Surgical technique .670
Laparoscopy 41 2.76 43 386—=*=— -1.104 (-1.631,-0.577)
Open 183 2.83 181 3.78 " -0.959 (-1.257,-0.662)
Resection extent .800
Distal 166  2.83 149 3.80 —— -0.967 (-1.280,-0.655)
Total 58 2.76 75 380 —=— -1.041 (-1.526,-0.557)
I L] I L] 1
-2 -1 0

Figure 3 Forest plot of the subgroup analysis for the primary outcome.

occupies the kappa-opioid receptor (KOR).?> KORs located within the gastrointestinal tract are significant factors for
anti-nociception in the visceral pain system.”> Oxycodone produces effective postoperative analgesia by acting on both
MOR and KOR. Additionally, oxycodone penetrates the blood brain barrier well, likely with the help of active
transport,”* resulting in a fast onset of action, which compensates for its lower affinity for the MOR. These are possible
explanations for the results. The lower incidence of nausea may be attributable to the weaker p-receptor affinity of
oxycodone compared with sufentanil,”® which mitigates the adverse reactions related to p-receptor agonists. The
subgroup analysis confirmed that these analgesic benefits were consistent across patient age, surgical technique, and
extent of resection, supporting the generalizability of the findings.

Improving patient immune function in the perioperative period has been a focus of clinical research. In this study, we
found that surgery significantly decreased the levels of lymphocytes, CD3" T cells, and CD4" T cells. The results
obtained clearly confirm that a relevant suppression of cellular immune responses happens after surgery as in previous
studies.’?” Other important results derived from our study are that lymphocytes, CD4" T cells, and CD4"/CD8" T cell
ratio on POD1 and POD3 were higher in the oxycodone group, and the CD8" T cells on POD1 and POD3 were lower in
the oxycodone group. These results suggest that oxycodone, rather than sufentanil, can accelerate the alleviation of
postoperative immune suppression. Three possible explanations may account for the results. First, in vitro studies suggest
that molecular structures which have a hydroxyl group at both C3 and C6 have the greatest immunosuppressive
properties, while those opioids which have a carbonyl substitution at C6, a single bond between C7 and C8, and
preferably a hydroxyl group at C14 (as in oxycodone) do not exhibit immunosuppressive effects, thereby conferring
a potential advantage over other opioids."" Second, oxycodone has much weaker p-receptor affinity than sufentanil,*®
which may mitigate the immune suppression related to p-receptor agonism. The last possible explanation is that
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oxycodone provided better analgesia than sufentanil after radical gastrectomy in the early period. Adequate postoperative
analgesia reduces the immunosuppressive effects of postoperative pain and stress responses.

POGD is a prevalent surgical complication of gastrointestinal surgery characterized by a transient impairment of
gastrointestinal function.”® The etiology of POGD is multifactorial, with factors such as opioid usage, previous
gastrointestinal surgery, nausea, vomiting, and increased postoperative pain.”>** POGD has been consistently asso-
ciated with prolonged hospital stay and delayed recovery,”>° making its prevention a key objective of the enhanced
recovery after surgery (ERAS) protocols. In this study, we found that patients in the oxycodone group had shorter time
to first postoperative flatus and defecation, and shorter indwelling nasogastric tube time, showing a benefit in terms of
improved recovery of gastrointestinal function as in previous study.>' Opioid medications have been associated with
impairment of gastrointestinal motility.*> This is due to their overarching impact on the enteric nervous system via
MOR, which can, for instance, result in prolonged gastrointestinal transit times.*®> Oxycodone’s weaker MOR affinity
relative to sufentanil would be expected to have a less pronounced inhibitory effect on gastrointestinal function.
Furthermore, the better early analgesia and lower incidence of nausea observed in the oxycodone group may also have
contributed to earlier mobilization and faster gastrointestinal recovery. Patients in the oxycodone group had
a significantly shorter indwelling nasogastric tube time and a shorter indwelling nasojejunal tube time (although not
statistically significant). The presence of tubes may cause discomfort and hinder patients’ mobility; it might also
contribute to increasing patients’ anxiety and fear of accidents, thus delaying the recovery of gastrointestinal function
further. In China, one of the major hospital discharge criteria after gastrointestinal surgery is the restoration of
gastrointestinal function.>* In this study, a reduction was found in the length of hospital stay after surgery in patients
in the oxycodone group, possibly because of fewer postoperative adverse reactions and faster recovery of gastro-
intestinal function. Therefore, oxycodone instead of sufentanil applied for PCIA may be useful for enhanced recovery
after gastrectomy.

Opioid analgesics are primarily metabolized by the liver and primarily eliminated via the kidneys.*> Therefore,
patients with liver or renal impairment are expected to have altered pharmacokinetics and safety of analgesics. The
results of this study showed that the differences in liver and renal function between the two groups at different time
points were not statistically significant, and failed to detect an advantage of oxycodone in terms of liver and renal
function. Previous studies have found that oxycodone can be safely used in patients with mild to moderate liver injury,
and oxycodone pretreatment significantly reduces postoperative serum creatinine levels and delivers renal
protection.*®” The absence of such differences in this study may reflect the inclusion of patients with normal baseline
organ function, the short duration of postoperative analgesic exposure, and the limited follow-up period for assessing
long-term changes.

In the exploratory analysis, no significant difference in OS or 1-year mortality was observed between the oxycodone
and sufentanil groups. These findings should be interpreted with caution because the survival endpoints were not
prespecified, the study was not powered for survival comparisons, and the number of events was small. Moreover,
although all patients had 2 years of follow-up, this duration remains relatively short for GC. Therefore, these results
should be regarded as hypothesis-generating, and prospective trials with survival as a primary endpoint and longer
follow-up are warranted.

There are several limitations to this study. First, as a retrospective study, prospective sample size estimation was
impractical. However, post-hoc power analysis confirmed adequate statistical power (> 80%) to detect clinically relevant
effect sizes; residual risks of bias and unmeasured confounders persist in observational designs, even though the observed
confounders were adjusted to an acceptable level using the PSM method. Second, the duration of follow-up was
relatively short, which precludes assessment of long-term clinical outcomes. These outcomes are essential for evaluating
patients’ long-term postoperative recovery and prognosis. To partially address this, we conducted telephone follow-up
and performed an exploratory analysis of OS and 1-year mortality, recognizing that these endpoints were not prespecified
and the study was not powered for survival comparisons. Third, we conducted this study at a single center, which may
limit the generalizability of our findings to patients with different populations or perioperative management. Multi-center,

prospective, randomized controlled trials with longer follow-up are needed to confirm our results. Additionally, more
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research could be done to investigate the effects of oxycodone with different dosages and multimodal analgesia
strategies.

Conclusion

In conclusion, this study provides evidence that oxycodone-based PCIA was associated with lower postoperative pain in
the early postoperative period, reduced immune suppression and fewer adverse reactions, and faster gastrointestinal
function recovery compared with sufentanil-based PCIA in patients undergoing radical gastrectomy. These findings
suggest that oxycodone may be a useful alternative to traditional opioids for PCIA as part of enhanced recovery protocols
after gastrectomy, but prospective randomized controlled trials with longer follow-up are required to confirm these
observations and evaluate long-term clinical outcomes.

Data Sharing Statement
Beginning six months after publication for a period of three years, the datasets used or analyzed during the present study
will be available from the corresponding author (Hui Liu, huilium@163.com) upon reasonable request.
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