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Anesthesiology Department, Bayingolin Mongolian Autonomous Prefecture People’s Hospital, Korla,
China

Objective: Anesthesia during the surgery impairs immune systems. Ketamine is an
anesthetic with immune protective effects. This study intended to investigate the
effect of a ketamine-involved anesthetic regimen on cellular immunity and
inflammatory cytokines in patients who undergo laparoscopic colon
cancer surgery.

Methods: This retrospective study screened 60 patients who underwent
laparoscopic colon cancer surgery with an anesthesia regimen involving
ketamine (N = 30, ketamine group) or not (N = 30, opioid group). Data on
surgery-related parameters, blood pressure, heart rate (HR), blood routine
examination parameters, cluster of differentiation (CD) 3* and CD4* T cells,
inflammatory cytokines, and adverse reactions were retrieved. Time points were
defined as entering the operating room (T1), 5 min after anesthetic induction (T2),
the end of surgery (T3), and 24 h after surgery (T4).

Results: The 1 h-postoperative pain score (P < 0.001) and length of stay (P <
0.001) were lower in ketamine group than in opioid group. Blood pressure and HR
from T1 to T4 were more stable in ketamine group than in opioid
group. Neutrophils (P < 0.001), CD3* (P < 0.001) and CD4* T cells (P = 0.002)
at T4 were higher in ketamine group than in opioid group. Interleukin (IL)-10 at T3
(P<0.001) and T4 (P < 0.001) were higher, while IL-6 at T3 (P < 0.001) and T4 (P <
0.001) were lower in ketamine group than in opioid group. There was no
discrepancy in incidences of adverse reactions between groups.

Conclusion: A ketamine-involved anesthetic regimen seems to be correlated
with the improvement of cellular immunity and inflammation with a tolerable
safety profile. However, more studies with a prospective, randomized, controlled
design are needed to verify this finding and draw a solid conclusion.

ketamine, laparoscopic colon cancer surgery, cellular immunity, inflammatory
cytokines, adverse reactions
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Introduction

Colon cancer is one of the most frequent and deadly
malignancies around the world, and it has been a serious
problem threatening public health (Alrushaid et al, 2023;
Katsaounou et al., 2022). Currently, surgical resection is the main
treatment option for colon cancer patients (Shinji et al., 2022).
However, anesthesia during the surgery impairs the immune system,
expressed as cellular immune suppression and excessive
proinflammatory immune response, which leads to an increased
risk of disease recurrence and postoperative infections (Ackerman
etal,, 2021; Brogi and Forfori, 2022; Wang et al., 2023). The addition
of anesthetic drugs with the capability of attenuating the impairment
of the immune system may contribute to improving the prognosis of
patients who undergo colon cancer surgery.

Ketamine, an antagonist of the glutamate N-methyl-D-aspartate
(NMDA) receptor, is a common drug in anesthesia (Coles et al.,
2023). Current evidence has suggested that ketamine has immune
protective effects, which are specifically manifested as protecting
cellular immunity and inhibiting inflammation (Hou et al., 2016;
Johnston et al,, 2023; Liao et al, 2014; Zhang et al,, 2021). For
example, a study suggested that ketamine increased the ratio of the
cluster of differentiation (CD) 47/CD8" T cells and the percentage of
regulatory T (Treg) cells in vitro (Hou et al., 2016). Some studies also
showed that ketamine inhibited inflammation through the nuclear
factor erythroid 2-related factor 2, adenosine monophosphate-
activated protein kinase/mammalian target of rapamycin, or
nuclear factor kappa B pathway (Cao et al, 2022; Xiao et al,
2022; Zhao et al, 2023). From the clinical perspective, it was
disclosed that ketamine reduced interleukin (IL)-6 and tumor
necrosis factor-alpha in patients who received abdominal surgery
(Beilin et al., 2007). Based on the above studies, it is hypothesized
that a ketamine-involved anesthetic regimen may contribute to
protecting the immune system in patients who undergo colon
cancer surgery. However, there is a lack of relevant studies.

Therefore, this study intended to explore the effect of a
ketamine-involved anesthetic regimen on cellular immunity and
inflammatory cytokines in patients who underwent laparoscopic
colon cancer surgery.

Methods
Patients

In this retrospective study, a total of 60 patients who underwent
laparoscopic colon cancer surgery with general anesthesia were
screened between January 2022 and January 2023. The inclusion
criteria included: 1. Patients who underwent radical resection
surgery; 2. Patients aged 45-80 years; 3. Patients who had no
other
American Society of

prior radiotherapy, chemotherapy, or anti-tumor
4. Patients

Anesthesiologists (ASA) physical status I-II. The exclusion

treatments; classified as

criteria included: 1. Patients with uncontrolled or untreated
(SBP/DBP)
exceeding 180/110 mmHg), or those with significantly elevated

hypertension  (systolic/diastolic  blood  pressure

intracranial pressure; 2. Patients with untreated or inadequately
treated hyperthyroidism; 3. Patients with immune dysfunction or
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those who received immunotherapy prior to surgery. The approval
was gained from the Ethics Committee of Bayingolin Mongol
Autonomous Prefecture People’s Hospital (No. BZRMYY (2024)-
6). All patients or their families signed the informed consent. The
flowchart was shown in Supplementary Figure S1.

Anesthetic drug regimen

Patients would be assigned to the ketamine or opioid groups
according to the treatment regimen that they received.

Ketamine group

Anesthesia induction: Ketamine 1.0-3.0 mg/kg, sufentanil
0.3-0.6 pg/kg, midazolam 0.05 mg/kg, propofol 1.5-2.0 mg/kg,
and cisatracurium 0.15-0.25 mg/kg. After loss of consciousness,
assisted ventilation was provided, followed by tracheal intubation
after 3 min.

Anesthesia maintenance: Ketamine 0.5 mg/kg/h and propofol
3-5 mg/kg/h were infused continuously. Cisatracurium 6-8 mg/h
was administered intermittently to maintain muscle relaxation.

Opioid group

Anesthesia induction: Sufentanil 0.3-0.6 pg/kg, midazolam
0.05 mg/kg, propofol 1.5-2.0 mg/kg, and
0.15-0.25 mg/kg. After loss of consciousness, assisted ventilation

cisatracurium

was provided, followed by tracheal intubation after 3 min.

Anesthesia maintenance: Remifentanil 10-20 pg/kg/h and
propofol 3-5 mg/kg/h were infused continuously. Cisatracurium
6-8 mg/h was administered intermittently to maintain muscle
relaxation.

Assisted ventilation information

All patients received assisted ventilation using a volume-
controlled mode. Tidal volume was set at 6-8 mL/kg of predicted
body weight, with a respiratory rate of 12-14 breaths per minute.
Ventilation parameters were adjusted based on end-tidal carbon
dioxide (ETCO,) levels to maintain, ETCO, within the target range
of 30-35 mmHg.

Data collection and conversion

Age, sex, underlying diseases, ASA classification, morphine
equivalent dose, and surgery-related parameters were collected.
The morphine equivalent dose was converted according to the
following formula: 1 mg sufentanil=700 mg morphine; 1 mg
remifentanil=150 mg morphine. Blood pressure and heart rate
(HR) at the following time points were retrieved: entering the
operating room (T1), 5 min after anesthetic induction (T2), the
end of surgery (T3), and 24 h after surgery (T4). Blood routine
examination parameters, CD3", CD4", CD8" T cells, NK cells, and
B cells percentages data were collected, which were detected at
T1 and T4. The inflammatory cytokines were also collected, which
were measured at T1, T3, and T4. Adverse reactions that patients
experienced were also retrieved.
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Flow cytometry for lymphocyte
subset analysis

Peripheral venous blood samples (2 mL) were collected into
EDTA-K, anticoagulant tubes and processed within 4 h of
collection. Lymphocyte subsets, including CD3*, CD4", and CD8"
T cells, NK cells, and B cells, were analyzed using multiparametric
flow cytometry. Briefly, 100 pL of whole blood was incubated with
fluorochrome-conjugated monoclonal antibodies against CD3,
CD4, CD8, CD16, CD56, and CD19 (BD Biosciences, San Jose,
CA, United States) for 20 min at room temperature in the dark. Red
blood cells were lysed using BD FACS™ Lysing Solution according
to the manufacturer’s instructions, and the remaining leukocytes
were washed twice with phosphate-buffered saline (PBS). The
samples were resuspended in 500 pL PBS and acquired on a BD
FACSCanto™ 1I flow cytometer (BD Biosciences, United States).
Data were analyzed using FlowJo software, version X.0.7 (BD
Biosciences, United States). Lymphocyte subsets were expressed
as percentages of total lymphocytes and as absolute counts,
calculated from corresponding complete blood count results.

Measurement of serum TNF-q, IL-6, and
IL-10

Serum concentrations of TNF-a, IL-6, and IL-10 levels were
measured using enzyme-linked immunosorbent assay (ELISA) kits
from Wuhan Bionly Biotechnology Co., Ltd. (Wuhan, China),
performed in duplicate according to the manufacturer’s protocols.

Statistics analyses

Data processing was performed using SPSS v.26.0 (IBM,
United States). Between-group comparisons were made using the
Student’s t-test (normal distribution variables), Wilcoxon rank sum
test (non-normal distribution variables), y° test (counting variable),
and Fisher’s exact test (counting variable, expected frequency <5 in
any cell of a 2 x 2 contingency table). Within-group comparisons were
made using paired sample t-test (normal distribution variables, two
time points), Wilcoxon signed-rank test (non-normal distribution
variables, two time points), repeated measures ANOVA (normal
distribution variables, three or more time points), and Friedman
test (non-normal distribution variables, three or more time points).
A P < 0.05 indicated statistical significance.

Results
Comparisons of clinical characteristics

There were 13 (43.3%) females and 17 (56.7%) males in the
ketamine group, with a mean age of 58.4 + 11.8 years. The opioid
group had 14 (46.7%) females and 16 (53.3%) males, with a mean age
of 60.4 + 12.8 years. No difference was observed in age, sex,
underlying diseases, or ASA classification between groups (all
P > 0.05). However, the morphine equivalent dose was lower in
the ketamine group than in the opioid group [median interquartile
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range (IQR): 21.0 (17.5-21.0) versus 230.0 (214.1-257.4) mg; P <
0.001] (Table 1).

Comparisons of surgery-related parameters

No discrepancy was observed in operating time (168.0 *
18.0 versus 171.9 + 17.8 min) or postoperative extubation time
[median (IQR): 17.0 (13.0-22.0) versus 16.5 (11.8-19.8) min]
between groups (both P > 0.05). The 1 h-postoperative pain score
based on the visual analog scale was lower in the ketamine group than
in the opioid group [median (IQR): 1.0 (0.0-1.0) versus 2.0 (1.0-3.0);
P < 0.001]. Meanwhile, the length of stay was also lower in the
ketamine group than in the opioid group [median (IQR): 9.5
(8.8-11.0) versus 12.0 (10.8-14.3) days; P < 0.001] (Table 2).

The information about disease history and their previous drug
regimens were shown in the Supplementary Table SI. Beside, the
subgroup analysis was carried out based on the underlying disease. It
indicated that operating time and postoperative extubation time
were similar between two groups in both patients with and without
underlying diseases subgroups. The 1 h-postoperative pain score was
lower in ketamine group compared with opioid group in both
patients with and without underlying diseases subgroups.
However, the length of stay was shorter in the ketamine group
compared with opioid group in subgroup of without underlying
diseases, but remained similar between two groups in subgroup of
with underlying diseases (Supplementary Table S2). These findings
indicated that these patients seemed to benefit more from ketamine
in the subgroup of patients without underlying diseases.

Comparisons of blood pressure and
heart rate

Within-group comparisons showed that SBP was decreased
from T1 to T2, then gradually increased from T2 to T4 in the
ketamine group and the opioid group (both P < 0.001). DBP did not
vary at each assessment point in the ketamine group (P = 0.061), but
it declined from T1 to T2, increased from T2 to T3, and then
remained stable from T3 to T4 in the opioid group (P < 0.001). HR
did not change from T1 to T4 in the ketamine group (P = 0.063).
However, in the opioid group, HR was declined from T1 to T2, and
increased continuously from T2 to T4 (P < 0.001).

Regarding between-group comparisons, SBP, DBP, and HR at
T2 were higher in the ketamine group than in the opioid group (all
P <0.001). No discrepancy was revealed in SBP, DBP, or HR at other
time points between the two groups (all P > 0.05) (Figures 1A-C).

Comparisons of blood routine examination
parameters

Within-group comparisons revealed that white blood cells
(WBC), neutrophils (NE), neutrophil-to-lymphocyte ratio (NLR),
and platelet-to-lymphocyte ratio (PLR) were elevated, while
lymphocytes (LY) were reduced at T4 compared to T1 in the
ketamine group and the opioid group (all P < 0.001). Meanwhile,
platelet counts (PLT) were reduced at T4 versus T1 in the ketamine
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TABLE 1 Clinical characteristics of patients undergoing laparoscopic colon cancer surgery.

Opioid group (N = 30)

Characteristics Ketamine group (N = 30)

Age (years), mean + SD 58.4 +11.8 60.4 + 12.8 0.519
Sex, n (%) 0.795
Female 13 (43.3) 14 (46.7)
Male 17 (56.7) 16 (53.3)
Underlying diseases, n (%) 1.000
No 21 (70.0) 26 (70.0)
Yes 9 (30.0) 9 (30.0)
ASA classification, n (%) 1.000
I 2(6.7) 3 (10.0)
I 28 (93.3) 27 (90.0)
Morphine equivalent dose (mg), median (IQR) 21.0 (17.5-21.0) 230.0 (214.1-257.4) <0.001

SD, standard deviation; ASA, american society of anesthesiologists; IQR, interquartile range.

TABLE 2 Surgery-related parameters.

Ketamine group (N = 30)

Opioid group (N = 30)

Operating time (min), mean + SD 168.0 + 18.0 1719 + 17.8 0.398
Postoperative extubation time (min), median (IQR) 17.0 (13.0-22.0) 16.5 (11.8-19.8) 0.378
1 h-postoperative pain score (VAS), median (IQR) 1.0 (0.0-1.0) 2.0 (1.0-3.0) <0.001
Length of stay (days), median (IQR) 9.5 (8.8-11.0) 12.0 (10.8-14.3) <0.001
SD, standard deviation; IQR, interquartile range; VAS, visual analog scale.
SBP DBP HR
160 100 100
a a
% 140 4 ?
§ § 80 H 80
i} i} S
E 120 E g
S S 60 S 60
£ 100 S £
£ £ 4w = 40
a 80 o x
% Ketamine group Opioid group 8 . Ketaminegroup Opioid group T . Ketaminegroup Opioid group
(N=30) (N =30) (N=30) (N =30) (N =30) (N =30)
60 T T T T 20 T T T T 20 T T T
T T2 T3 T4 ™ T2 T3 T4 ™ T2 T3 T4
Time point Time point Time point

Time point ~ Ketamine group  Opioid group P value®

Time point  Ketamine group  Opioid group P value®

Time point  Ketamine group  Opioid group P value®

T 132.5+18.3 132.3+17.6 0.977
i 111.4+156 92.8+10.0 <0.001
T3 121.1414.7 125.1+16.7 0.330
T4 128.2+16.4 129.0+14.1 0.834
P value® <0.001 <0.001

P value* was between-group comparisons using the student t-test.
Pvalue” was within-group comparisons using the repeated measures ANOVA.

FIGURE 1

T 78.819.7 77.4+10.4 0.599
T2 72.3£9.9 57.3£9.9 <0.001
T3 74.418.5 72.6+10.8 0.483
T4 76.8+12.0 71.9£9.7 0.088
P value* 0.061 <0.001

P value® was between-group comparisons using the student t-test.
Pvalug® was within-group comparisons using the repeated measures ANOVA.

E| 74.7+16.8 71.0+13.7 0.349
T2 67.5+11.9 56.618.1 <0.001
T3 67.148.2 64.1+13.1 0.292
T4 73.5+11.8 73.0+10.4 0.862
P value* 0.063 <0.001

P value® was between-group comparisons using the student t-test.
Pvalug® was within-group comparisons using the repeated measures ANOVA.

SBP, DBP, and HR at different time points in ketamine and opioid groups. Within-group and between-group comparisons of SBP (A), DBP (B), and

HR (C).

group (P = 0.017), but PLT did not vary between T1 and T4 in the

opioid group (P = 0.178).

Between-group comparisons showed NE at T4 was higher in the
ketamine group than in the opioid group (P < 0.001). However, there
was no variation in WBC, PLT, LY, NLR, or PLR at Tl or
T4 between the ketamine group and the opioid group (all P >

0.05) (Table 3).
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group (P < 0.001).

04

Comparisons of CD3* and CD4* T cells

Regarding within-group comparisons, CD3* T cells were
descended at T4 compared to T1 in the ketamine group and the
opioid group (both P < 0.001). CD4" T cells were also reduced at
T4 compared to T1 in the ketamine group (P = 0.010) and the opioid
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TABLE 3 Blood routine examination parameters of patients undergoing laparoscopic colon cancer surgery at T1 and T4.

Parameters

Ketamine group (N = 30)

WBC (010%L), median (IQR)

Opioid group (N = 30)

T1 6.4 (5.6-6.7) 6.2 (5.4-6.7) 0.578
T4 10.5 (9.6-12.9) 9.9 (9.2-11.1) 0.129
P value® <0.001 <0.001

PLT (010°L), median (IQR)
T1 227.0 (204.0-250.0) 223.0 (210.5-288.3) 0.970
T4 184.0 (164.3-221.3) 199.0 (174.0-252.0) 0.128
P value” 0.017 0.178

NE (%), median (IQR)
T1 65.1 (55.9-66.9) 57.9 (55.8-66.0) 0.230
T4 86.1 (83.6-90.2) 81.0 (79.2-81.6) <0.001
P value® <0.001 <0.001

LY (%), median (IQR)
T1 29.8 (26.1-33.3) 33.3 (24.1-34.1) 0.269
T4 7.5 (5.4-11.0) 8.1 (5.8-10.8) 0.241
P value® <0.001 <0.001

NLR, median (IQR)
Tl 22 (1.7-2.6) 1.9 (1.7-2.2) 0.259
T4 11.5 (7.3-16.4) 10.0 (7.7-13.9) 0.086
P value® <0.001 <0.001

PLR, median (IQR)
T1 117.6 (95.4-133.1) 133.6 (98.5-157.4) 0.280
T4 223.0 (150.6-283.5) 255.8 (186.7-334.4) 0.164
P value® <0.001 <0.001

P value™ was between-group comparisons using the Wilcoxon rank sum test.
P value® was within-group comparisons using the Wilcoxon signed-rank test.

T1, entering the operating room; T4, 24 h after surgery; WBC, white blood cells; IQR, interquartile range; PLT, platelet counts; NE, neutrophils; LY, lymphocytes; NLR, neutrophil-to-

lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Between-group comparisons showed that CD3" T cells (P <
0.001) and CD4* T cells (P = 0.002) at T4 were higher in the
ketamine group than in the opioid group (Figures 2A,B).

The CD8" cells was higher in ketamine group than opioid group
at T1 (P = 0.048), while it remained similar between groups at T4
(P =0.105). In terms of the CD4"/CD8" ratio, it was similar between
two groups both at T1 and T4 (both P > 0.05) (Figures 2C,D).

The NK cells remained unchanged in ketamine group (P =
0.296), while it was decreased in opioid group (P < 0.001), even
though there was no difference between groups both at T1 and T4
(both P > 0.05) (Figure 2E). Furthermore, the B cells were reduced
after the treatment in ketamine group and opioid group (both P <
0.001), while it remianed unchanged between groups both at T1 and
T4 (both P > 0.05) (Figure 2F).

Comparisons of inflammatory cytokines

Within-group comparisons showed that IL-6 was gradually
increased from T1 to T4 in both ketamine and opioid groups
(both P < 0.001). IL-10 was elevated from T1 to T3, then kept
stable from T3 to T4 in the ketamine group (P < 0.001); however, it

Frontiers in Pharmacology

was increased from T1 to T3 and decreased from T3 to T4 in the
opioid group (P = 0.002).

In between-group comparisons, IL-6 at T3 and T4 were lower in
the ketamine group than in the opioid group (both P < 0.001). IL-10
at T3 and T4 were higher in the ketamine group than in the opioid
group (both P < 0.001) (Figures 3A,B).

CRP and TNF-a were increased both in ketamine group and
opioid group (all P < 0.01), while there were no difference between
groups both at T1 and T4 (all P > 0.05, Supplementary Table S3). In
terms of PCT, it was decrased in ketamine group, while increased in
opioid group (both P < 0.001); the PCT was similar between groups
at T1 (P = 0.209), while it was lower in ketamine group compared
with opioid group (P < 0.001, Supplementary Table S3).

Comparisons of adverse reactions

The incidences of hypersomnia, delirium, and nausea were
10.0%, 6.7%, and 3.3% in the ketamine group, while they were
6.7%, 3.3%, and 6.7% in the opioid group. There was no discrepancy
in the incidences of these adverse reactions between groups (all P >
0.05) (Table 4).
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FIGURE 2
T cells, NK cells, and B cells at different time points in ketamine and opioid groups. Within-group and between-group comparisons of CD3* T cells

(A), CD4* T cells (B), CD8* T cells (C), CD4*/CD8" T cells (D), NK cells (E), and B cells (F).

Discussion

Our study showed that the baseline characteristics of the two

groups were described as similar. The rationale of similar baseline

Frontiers in Pharmacology

10.3389/fphar.2025.1562122

cbpa4*
60 .
Ketamine group
% (N =30)
c i Opioid group
g® (N = 30)
.
S
+ 204
=
[a)
o
0 T T
T T4
Time point

Time point ~ Ketamine group  Opioid group P value®

T 38.0£5.7 38.06.1 1.000
T4 33.9+4.7 20.8+4.8 0.002
P value® 0.010 <0.001

P value* was between-group comparisons using the student t-test.
P value® was within-group comparisons using the paired sample t-test.

CD4*/CD8" ratio
o 49 .
n Ketamine group
g (N =30)
g 37 Opioid group
o (N =30)
g 2
©
ja}
O 1
£
<
[a}
e 0 T T

T T4

Time point

Time point  Ketamine group  Opioid group P value*

T 1.6+0.4 1.8+0.5 0.199
T4 1.520.3 1.5£0.4 0.534
P value’ 0.083 0.001

P value* was between-group comparisons using the student t-test.
Pvalue® was within-group comparisons using the paired sample t-test.

B cells
20+ )
a Ketamine group
%] (N =230)
+l 15_ gion
5 Opioid group
g (N = 30)
= 104
q
@
8 57
m
O T T
T1 T4
Time point

Time point  Ketamine group  Opioid group P value®

™ 12.4%1.5 13.0+1.1 0.105
T4 12.1£1.5 12.71.1 0.096
P value® <0.001 <0.001

P value* was between-group comparisons using the student t-test.
P value® was within-group comparisons using the paired sample t-test.

characteristics between groups was as follows: these two regimens
were the common regimens in our hospital. There was not too much
restriction when making the decision to choose the regimen, which
caused similar baseline characteristics between groups. On the other
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FIGURE 3

P value* was between-group comparisons using the Wilcoxon rank sum test.
Pvalue* was within-group comparisons using the Friedman test.

Inflammatory cytokines at different time points in ketamine and opioid groups. Within-group and between-group comparisons of IL-6 (A) and IL-

10 (B).

TABLE 4 Adverse reactions.

Adverse reactions

Ketamine group (N = 30)

Hypersomnia, n (%) 3 (10.0)

Delirium, n (%) 2 (6.7)

Nausea, n (%) 1(3.3)

hand, despite balanced baseline characteristics, only age, sex,
underlying diseases, and ASA classification were collected. It was
unclear whether other information might differ between groups,
potentially introducing hidden confounders. Therefore, a further
prospective design was needed.

Moreover, during the surgery period, blood pressure and HR
were more stable in the ketamine group than in the opioid
group. Even though ketamine showed certain cardiovascular
protective effects. This might be affected by the usage of intra-
operative catecholamines or other vasoactive agents. In the current
study, the most frequently used vasoactive agent is norepinephrine,
followed by ephedrine. However, due to the retrospective study
design, the data on the usage and dosage were not recorded in the
current study. Therefore, this cardiovascular protective effect of
ketamine needs to be verified by further prospective studies.

Besides, 1 h-postoperative pain and length of stay were lower in
the ketamine group than in the opioid group. This might be due to
the fact that ketamine inhibited central sensitization by blocking the
NMDA receptor, which prevented opioid-related activation of
thus
hyperalgesia (Ma et al., 2023). Overall, the above results of our

pronociceptive  systems, attenuating  opioid-caused
study showed that ketamine provided a certain benefit in reducing
pain and length of stay. Besides, in this study, the observed reduction

in morphine equivalent dose in the ketamine group was likely
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Opioid group (N = 30) P Value
2 (67) 1.000
‘ 1(3.3) 1.000
‘ 2 (67) 1.000

attributable to the analgesic properties of ketamine, which acts as
an NMDA receptor antagonist and has well-established opioid-
sparing effects. Ketamine’s ability to reduce central sensitization and
enhance pain control may reduce the need for additional opioids,
thereby accounting for the lower cumulative opioid dose in this
group. However, this difference in opioid consumption between the
two groups may also represent a potential source of bias in
interpreting  the downstream immune-related  outcomes.
Specifically, since opioids, particularly in high doses, are known
to exert immunosuppressive effects, the higher opioid exposure in
the opioid group may have independently influenced T-cell
responses, including the observed reductions in CD4" T cells and
the normalization of CD8" levels over time. As such, it becomes
challenging to fully isolate the immunomodulatory effects of
ketamine from the confounding influence of differing opioid
exposure. Moreover, since analgesic protocols were not strictly
matched in terms of total analgesic load or standardized titration
schedules, variability in pain control or analgesic responsiveness
between groups may further complicate the interpretation of
immune outcomes. Future studies may consider matching
cumulative analgesic doses more closely or including a control
arm with equivalent analgesic efficacy but differing mechanisms
to  Dbetter

immune function.

delineate the direct effects of ketamine on
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The impairment of the immune systems of patients during the
surgery period, expressed as cellular immune suppression and
excessive proinflammatory immune responses, is an important
issue (Xu et al., 2022; Zhou et al., 2018). CD3* and CD4" T cells
are the main T lymphocytes that mediate cellular immune function
status (Chopp et al., 2023; Sun et al,, 2023). IL-6 and IL-10 are
considered primary inflammatory cytokines in the response to
surgery (Li et al., 2023). Herein, our study found that CD3*and
CD4" T cells were reduced and IL-6 was increased at 24 h after
surgery versus entering the operating room in both ketamine and
opioid groups. These results might be explained by the following:
Surgery-caused injury and anesthesia could impair the immune
system (Bohne et al., 2023; Wall et al., 2019). Notably, CD3* T cells,
CD4" T cells, and IL-10 were higher, but IL-6 was lower at the end of
surgery or 24 h after surgery in the ketamine group than in the
opioid group. These findings revealed that ketamine exerted cellular
immune protection and anti-inflammatory effects in patients who
underwent laparoscopic colon cancer surgery. This might be
because: Ketamine inhibited central sensitization processes by
blocking the NMDA receptor, which produced preemptive
analgesia effects and reduced postoperative stress response,
thereby protecting the immune function of patients (Beilin et al.,
2007; Miner, 2008). Moreover, ketamine decreased the need for
opioid requirement, thus attenuating the immunosuppressive effect.
Regarding blood routine examination parameters, our study found
that WBC, NE, NLR, and PLR, PLT were increased, but LY was
decreased at 24 h after surgery versus entering the operating room in
both ketamine and opioid groups. However, NE was higher in the
ketamine group than in the opioid group. These results further
indicated that ketamine attenuated the impairment of the immune
system. Furthermore, At baseline (T, prior to surgery), CD8" T cell
counts were significantly higher in the ketamine group compared to
the opioid group, indicating a potential group imbalance before
treatment and representing a methodological limitation. This
elevated baseline level suggests that the ketamine group may have
had a relatively heightened cytotoxic T cell response even before
intervention. However, by 24 h postoperatively (T4), no significant
difference in CD8" T cell levels was observed between the two
groups, implying that ketamine may have a stronger suppressive
effect on CD8" T cells compared to opioids, helping to normalize the
elevated levels seen at baseline. Interestingly, despite the dynamic
changes in CD4" and CD8" subsets, the CD4"/CD8" ratio remained
stable between groups at both time points, suggesting that the overall
balance of helper and cytotoxic T cells was preserved. These findings
suggest that ketamine may have a regulatory effect on cytotoxic
T cell responses, potentially offering immune-modulating benefits in
the perioperative setting.

Previous studies also report the effect of ketamine on immune
outcomes, including the NK cells, IL-6, TNF-a, CRP, etc (Cho et al.,
2021; Ostovi¢ et al., 2025; Toleska et al., 2023; Wang et al., 2023). For
instance, one study reports that the change of NK cells, IL-6, TNF-a,
and CRP is not different between the ketamine and control (normal
saline) group. However, these findings were inconsistent with the
current study. The explaination might be as follows: in Jin Sun Cho
et al. study, the dose of ketamine was low (0.25 mg/kg ketamine
5 min before the start of surgery, followed by an infusion
0.05 mg/kg/hr) which was lower than that in our study
(ketamine 1.0-3.0 mg/kg for induction followed by an infusion
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ketamine 0.5 mg/kg/h) (Cho et al, 2021). Therefore, this
inconsistent result might be derived from the different doses of
ketamine. In another study carried out by Helena Ostovi¢ et al., it
shows that WBC count, IL-6, and IL-8 remain unchanged after the
treatment with ketamine. This difference might also be derived from
the different dose of ketamine. In detail, Helena Ostovi¢ et al.’s study
describes a ketamine regimen of 0.5 mg/kg followed by a continuous
infusion of 0.2 mg/kg/h, which is also lower than the current study.
Hence, in our opinion, the different findings might be derived from
the different doses of ketamine (Ostovi¢ et al., 2025). However, this
hypothesis needs further exploration.

Although ketamine has shown certain clinical benefits in
protecting the immune system, adverse events caused by ketamine
still cannot be ignored (Feeney and Papakostas, 2023). In our study,
the incidence of adverse reactions did not vary between the ketamine
group and the opioid group. Moreover, in our study, the adverse
reactions in the ketamine group were hypersomnia, delirium, and
nausea. Previous studies exhibited that the most frequent adverse
reactions of ketamine included nausea, vomiting, and dizziness in
patients who received surgery (Murphy et al., 2021; Srinivasarangan
et al,, 2024). The results of our study were partly similar to these
studies (Murphy et al., 2021; Srinivasarangan et al., 2024), indicating a
favorable safety profile of ketamine.

The limitations of our study were as follows: (1) The sample
size was relatively small, with a total of 60 cases. The small
sample raised concerns about statistical power, increased the
risk of type I and type II errors, and further limited the
generalizability of the findings. Future studies with a larger
sample size were required for verification. (2) Our study did not
assess the effect of different doses of ketamine in patients who
underwent laparoscopic colon cancer surgery, and future
studies were required to determine the optimal dose of
ketamine administration in these patients. (3) Our study only
explored the effect of ketamine from the beginning of surgery to
24 h after surgery. However, anesthetic techniques might affect
the long-term outcomes of cancer patients who received surgery
(Murphy et al., 2023). Thus, future studies should consider
investigating the long-term influence of ketamine in patients
who underwent laparoscopic colon cancer surgery. (4) As a
retrospective study, its inherent limitations should be noted,
such as the choice of anesthetic drug and the selection bias that
existed. A further randomized controlled trial was needed to
verify the study’s findings.

Conclusion

In conclusion, a ketamine-involved anesthetic regimen seems to
be correlated with the improvement of cellular immunity and
inflammation with a tolerable safety profile. However, more
studies with a prospective, randomized, controlled design are
needed to verify this finding and draw a solid conclusion.

Data availability statement

The
study  are

original ~ contributions  presented in  the

included in  the article/Supplementary

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1562122

Ji et al.

Material, further directed to the

corresponding author.

inquiries can be

Ethics statement

The studies involving humans were approved by Bayingolin

Hospital. The
with the local
The participants

Mongol Autonomous Prefecture People’s

studies were conducted in accordance
legislation and institutional requirements.
provided their written informed consent to participate in

this study.

Author contributions

JJ: Conceptualization, Formal Analysis, Investigation, Project
administration, Writing - original draft, Writing - review and
editing. HZ: Data
Writing - original draft, Writing - review and editing. LZ: Data

curation,  Investigation, = Resources,
curation, Investigation, Resources, Writing - original draft,
Writing - review and editing. CF: Data curation, Methodology,
Resources, Writing — original draft, Writing — review and editing.
LD: Data curation, Methodology, Resources, Writing - original
draft, Writing - review and editing. SM: Conceptualization,
Formal Analysis, Methodology, Supervision, Writing - original
draft, Writing — review and editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This study was
supported by the Bayingolin Mongolian Autonomous Prefecture
Science and Technology Research Program Project (No. 202211).

References

Ackerman, R. S., Luddy, K. A,, Icard, B. E., Pineiro Fernandez, J., Gatenby, R. A., and
Muncey, A. R. (2021). The effects of anesthetics and perioperative medications on
immune function: a narrative review. Anesth. Analg. 133, 676-689. doi:10.1213/ANE.
0000000000005607

Alrushaid, N., Khan, F. A., Al-Suhaimi, E., and Elaissari, A. (2023). Progress and
perspectives in colon cancer pathology, diagnosis, and treatments. Diseases 11, 148.
doi:10.3390/diseases11040148

Beilin, B., Rusabrov, Y., Shapira, Y., Roytblat, L., Greemberg, L., Yardeni, L. Z., et al.
(2007). Low-dose ketamine affects immune responses in humans during the early
postoperative period. Br. J. Anaesth. 99, 522-527. doi:10.1093/bja/aem218

Bohne, A., Grundler, E., Knuttel, H., Furst, A., and Volkel, V. (2023). Influence of
laparoscopic surgery on cellular immunity in colorectal cancer: a systematic review and
meta-analysis. Cancers (Basel) 15, 3381. doi:10.3390/cancers15133381

Brogi, E., and Forfori, F. (2022). Anesthesia and cancer recurrence: an overview.
J. Anesth. Analg. Crit. Care 2, 33. doi:10.1186/s44158-022-00060-9

Cao, J., Mai, H.,, Chen, Y., Yuan, R, Fang, E., Liu, M, et al. (2022). Ketamine promotes
LPS-induced pulmonary autophagy and reduces apoptosis through the AMPK/mTOR
pathway. Contrast Media Mol. Imaging 2022, 8713701. doi:10.1155/2022/8713701

Cho, J. S, Kim, N. Y., Shim, J. K, Jun, J. H,, Lee, S., and Kwak, Y. L. (2021). The
immunomodulatory effect of ketamine in colorectal cancer surgery: a randomized-controlled
trial. Can. J. Anaesth. = J. Can. d'anesthesie 68, 683-692. doi:10.1007/s12630-021-01925-3

Chopp, L., Redmond, C., O’Shea, J. J., and Schwartz, D. M. (2023). From thymus to
tissues and tumors: a review of T-cell biology. J. Allergy Clin. Immunol. 151, 81-97.
doi:10.1016/j.jaci.2022.10.011

Frontiers in Pharmacology

10.3389/fphar.2025.1562122

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1562122/
full#supplementary-material

SUPPLEMENTARY FIGURE S1
The flowchart of the current study.

Coles, L., Rosenthal, E. S., Bleck, T. P., Elm, J., Zehtabchi, S., Chamberlain, J., et al.
(2023). Why ketamine. Epilepsy Behav. 141, 109066. doi:10.1016/j.yebeh.2022.109066

Feeney, A., and Papakostas, G. I. (2023). Pharmacotherapy: ketamine and esketamine.
Psychiatr. Clin. North Am. 46, 277-290. doi:10.1016/j.psc.2023.02.003

Hou, M., Zhou, N. B, Li, H,, Wang, B. S,, Wang, X. Q.,, Wang, X. W, et al. (2016).
Morphine and ketamine inhibit immune function of gastric cancer patients by
increasing percentage of CD4(+)CD25(+)Foxp3(+) regulatory T cells in vitro.
J. Surg. Res. 203, 306-312. doi:10.1016/j.jss.2016.02.031

Johnston, J. N., Greenwald, M. S., Henter, I. D., Kraus, C., Mkrtchian, A., Clark, N. G.,
et al. (2023). Inflammation, stress and depression: an exploration of ketamine’s
therapeutic profile. Drug Discov. Today 28, 103518. doi:10.1016/j.drudis.2023.103518

Katsaounou, K., Nicolaou, E., Vogazianos, P., Brown, C., Stavrou, M., Teloni, S., et al.
(2022). Colon cancer: from epidemiology to prevention. Metabolites 12, 499. doi:10.
3390/metabo12060499

Li, R., Mukherjee, M. B,, Jin, Z., Liu, H,, Lin, K,, Liu, Q., et al. (2023). The potential
effect of general anesthetics in cancer surgery: meta-analysis of postoperative metastasis
and inflammatory cytokines. Cancers (Basel) 15, 2759. doi:10.3390/cancers15102759

Liao, P. Y., Chang, S. C, Chen, K. S, and Wang, H. C. (2014). Decreased
postoperative C-reactive protein production in dogs with pyometra through the
use of low-dose ketamine. J. Vet. Emerg. Crit. Care San Ant. 24,286-290. doi:10.1111/
vec.12178

Ma, X, Yan, J,, and Jiang, H. (2023). Application of ketamine in pain Management
and the underlying mechanism. Pain Res. Manag. 2023, 1928969. doi:10.1155/2023/
1928969

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2025.1562122/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1562122/full#supplementary-material
https://doi.org/10.1213/ANE.0000000000005607
https://doi.org/10.1213/ANE.0000000000005607
https://doi.org/10.3390/diseases11040148
https://doi.org/10.1093/bja/aem218
https://doi.org/10.3390/cancers15133381
https://doi.org/10.1186/s44158-022-00060-9
https://doi.org/10.1155/2022/8713701
https://doi.org/10.1007/s12630-021-01925-3
https://doi.org/10.1016/j.jaci.2022.10.011
https://doi.org/10.1016/j.yebeh.2022.109066
https://doi.org/10.1016/j.psc.2023.02.003
https://doi.org/10.1016/j.jss.2016.02.031
https://doi.org/10.1016/j.drudis.2023.103518
https://doi.org/10.3390/metabo12060499
https://doi.org/10.3390/metabo12060499
https://doi.org/10.3390/cancers15102759
https://doi.org/10.1111/vec.12178
https://doi.org/10.1111/vec.12178
https://doi.org/10.1155/2023/1928969
https://doi.org/10.1155/2023/1928969
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1562122

Ji et al

Miner, J. R. (2008). The surgical stress response, preemptive analgesia, and procedural
sedation in the emergency department. Acad. Emerg. Med. 15, 955-958. doi:10.1111/j.
1553-2712.2008.00249.x

Murphy, G. S., Avram, M. J., Greenberg, S. B., Benson, J., Bilimoria, S., Maher, C. E.,
et al. (2021). Perioperative methadone and ketamine for postoperative pain control in
spinal surgical patients: a randomized, double-blind, placebo-controlled trial.
Anesthesiology 134, 697-708. doi:10.1097/ALN.0000000000003743

Murphy, O., Forget, P., Ma, D., and Buggy, D. J. (2023). Tumour excisional surgery,
anaesthetic-analgesic techniques, and oncologic outcomes: a narrative review. Br.
J. Anaesth. 131, 989-1001. doi:10.1016/j.bja.2023.07.027

Ostovi¢, H., Simac, B., Prazetina, M., Bradi¢, N., and Pergec, J. (2025). The effect of
intravenous lidocaine, ketamine, and lidocaine-ketamine combination in colorectal
cancer surgery: a randomized controlled trial. Anesth. analgesia 140, 67-76. doi:10.
1213/ane.0000000000006555

Shinji, S., Yamada, T., Matsuda, A., Sonoda, H., Ohta, R., Iwai, T., et al. (2022). Recent
advances in the treatment of colorectal cancer: a review. J. Nippon. Med. Sch. 89,
246-254. doi:10.1272/jnms.JNMS.2022_89-310

Srinivasarangan, M., Jagadeesh, S., Bheemanna, A., Sivasankar, A., Patil, A,
Basavaraju, B., et al. (2024). A randomised controlled trial comparing ketamine
versus fentanyl for procedural sedation in the emergency department for adults
with isolated extremity injury. Malays Orthop. J. 18, 116-124. doi:10.5704/MOJ.
2403.015

Sun, L., Su, Y, Jiao, A., Wang, X, and Zhang, B. (2023). T cells in health and disease.
Signal Transduct. Target Ther. 8, 235. doi:10.1038/s41392-023-01471-y

Toleska, M., Dimitrovski, A., and Dimitrovska, N. T. (2023). Comparation among
opioid-based, low opioid and opioid free anesthesia in colorectal oncologic surgery. Pril.

Frontiers in Pharmacology

10

10.3389/fphar.2025.1562122

Makedon. Akad. Nauk. Umet. Oddelenie za Med. nauki 44, 117-126. doi:10.2478/
prilozi-2023-0013

Wall, T., Sherwin, A., Ma, D., and Buggy, D. J. (2019). Influence of perioperative
anaesthetic and analgesic interventions on oncological outcomes: a narrative review. Br.
J. Anaesth. 123, 135-150. doi:10.1016/j.bja.2019.04.062

Wang, Y., Sun, Y., Hu, Y., and Xiao, Z. (2023). Bibliometric analysis of anesthetic
drugs’ effects on immune function- current knowledge, hotspots and future
perspectives. Drug Des. Devel Ther. 17, 3219-3230. doi:10.2147/dddt.S433629

Xiao, S., Zhou, Y., Wang, Q., and Yang, D. (2022). Ketamine attenuates airway
inflammation via inducing inflammatory cells apoptosis and activating Nrf2 pathway in
a mixed-granulocytic murine asthma model. Drug Des. Devel Ther. 16, 4411-4428.
doi:10.2147/DDDT.S391010

Xu, T., Zhang, S. M., Wu, H. M., Wen, X. M,, Qiu, D. Q,, Yang, Y. Y,, et al. (2022).
Prognostic significance of prognostic nutritional index and systemic immune-
inflammation index in patients after curative breast cancer resection: a retrospective
cohort study. BMC Cancer 22, 1128. doi:10.1186/s12885-022-10218-x

Zhang, N, Yao, L., Wang, P., and Liu, Z. (2021). Immunoregulation and antidepressant
effect of ketamine. Transl. Neurosci. 12, 218-236. doi:10.1515/tnsci-2020-0167

Zhao, J., Zhang, R., Wang, W, Jiang, S., Liang, H., Guo, C,, et al. (2023). Low-dose
ketamine inhibits neuronal apoptosis and neuroinflammation in PC12 cells via
a7nAChR mediated TLR4/MAPK/NF-kB signaling pathway. Int. Immunopharmacol.
117, 109880. doi:10.1016/j.intimp.2023.109880

Zhou, Z. Q. Pang, S, Yu, X. C, Xue, Q,, Jiang, H. Y., Liang, X. ], et al. (2018).
Predictive values of postoperative and dynamic changes of inflammation indexes in
survival of patients with resected colorectal cancer. Curr. Med. Sci. 38, 798-808. doi:10.
1007/s11596-018-1946-6

frontiersin.org


https://doi.org/10.1111/j.1553-2712.2008.00249.x
https://doi.org/10.1111/j.1553-2712.2008.00249.x
https://doi.org/10.1097/ALN.0000000000003743
https://doi.org/10.1016/j.bja.2023.07.027
https://doi.org/10.1213/ane.0000000000006555
https://doi.org/10.1213/ane.0000000000006555
https://doi.org/10.1272/jnms.JNMS.2022_89-310
https://doi.org/10.5704/MOJ.2403.015
https://doi.org/10.5704/MOJ.2403.015
https://doi.org/10.1038/s41392-023-01471-y
https://doi.org/10.2478/prilozi-2023-0013
https://doi.org/10.2478/prilozi-2023-0013
https://doi.org/10.1016/j.bja.2019.04.062
https://doi.org/10.2147/dddt.S433629
https://doi.org/10.2147/DDDT.S391010
https://doi.org/10.1186/s12885-022-10218-x
https://doi.org/10.1515/tnsci-2020-0167
https://doi.org/10.1016/j.intimp.2023.109880
https://doi.org/10.1007/s11596-018-1946-6
https://doi.org/10.1007/s11596-018-1946-6
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1562122

	Effect of ketamine on cellular immunity and inflammation in patients who undergo laparoscopic colon cancer surgery: a retro ...
	Introduction
	Methods
	Patients
	Anesthetic drug regimen
	Ketamine group
	Opioid group

	Assisted ventilation information
	Data collection and conversion
	Flow cytometry for lymphocyte subset analysis
	Measurement of serum TNF-α, IL-6, and IL-10
	Statistics analyses

	Results
	Comparisons of clinical characteristics
	Comparisons of surgery-related parameters
	Comparisons of blood pressure and heart rate
	Comparisons of blood routine examination parameters
	Comparisons of CD3+ and CD4+ T cells
	Comparisons of inflammatory cytokines

	Comparisons of adverse reactions
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


