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Purpose: Surgical stress promotes tumor metastasis. Interleukin (IL)-17 plays a pivotal role
in cancer progression, and high IL-17 expression predicts poor prognosis of non-small-cell
lung cancer (NSCLC). Lidocaine may exert tumor-inhibiting effects. We hypothesize that
intravenous lidocaine attenuates surgical stress and reduces serum IL-17 levels during video-
assisted thoracic surgery (VATS) for NSCLC.

Methods: This randomized, double-blind, placebo-controlled trial included 60 early-stage
NSCLC patients undergoing VATS, into a lidocaine group (n = 30; intravenous lidocaine
bolus 1.0 mg/kg, and 1.0 mg/kg/h until the end of surgery) or a normal saline control group
(n = 30). The primary outcome was serum IL-17 level at 24 hours postoperatively. The
secondary outcomes included serum IL-17 level at the time of post-anesthesia care unit
(PACU) discharge, serum cortisol level at PACU discharge and postoperative 24 hours, pain
scores (0—10) from PACU discharge to 48 hours postoperatively, incidences of postoperative
nausea and vomiting, dizziness, and arrhythmia during 0-48 hours postoperatively, and 30-
day mortality. Long-term outcomes included chemotherapy, cancer recurrence, and mortality.
Results: The lidocaine group had lower serum IL-17 at 24 hours postoperatively compared
with the control group (23.0 + 5.8 pg/mL vs 27.3 + 8.2 pg/mL, difference [95% CI] = —4.3
[-8.4 to —0.2] pg/mL; P = 0.038). The lidocaine group also had reduced serum IL-17
(difference [95% CI] = —4.6 [-8.7 to —0.5] pg/mL), serum cortisol (difference [95% CI] =
—37 [-73 to —2] ng/mL), and pain scores (difference [95% CI] = —0.7 [-1.3 to —0.1] points)
at PACU discharge. During a median follow-up of 10 (IQR, 9-13) months, 2 patients in the
lidocaine group and 6 patients in the control group received chemotherapy, one patient in the
control group had cancer recurrence, and no death event occurred.

Conclusion: Intravenous lidocaine was associated with reduced serum IL-17 and cortisol
following VATS procedures in early-stage NSCLC patients.

Trial Registration: ChiCTR2000030629.

Keywords: lidocaine, interleukin-17, non-small-cell lung cancer, video-assisted thoracic
surgery, surgical stress

Introduction

Non-small-cell lung cancer (NSCLC) is the most diagnosed cancer worldwide and
the leading cause of cancer death.' Over the past decade, video-assisted thoracic
surgery (VATS) has been widely performed in patients with NSCLC. A recent
national analysis showed that a VATS lobectomy was associated with improved
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postoperative outcomes compared with an open approach
in early-stage NSCLC patients.” Despite the associated
advantages of VATS, postoperative nodal upstaging rate
was about 11%, and 5-year survival rate was 66% for
early-stage NSCLC patients.”

Surgical stress including the activation of sympathetic
nervous system, ischemia-reperfusion injury, hypercoagu-
lation, inflammation, and immunosuppression, promotes
tumor metastasis.>* Cortisol is a major hormone in
response to surgical stress.” Interleukin-17 (IL-17) is an
important proinflammatory cytokine that contributes to
lung cancer progression and metastasis.® A study reported
that the expression of IL-17 in NSCLC tissues is an
independent prognostic factor for both disease-free and
overall survival after surgery.” In addition, measuring
serum levels of IL-17 showed a good diagnostic perfor-
mance for NSCLC.® A recent meta-analysis also suggested
that the increased IL-17 expression in different samples
(including serums, cancer tissues, and pleural effusions)
was an indicator of poor prognosis for NSCLC patients.”

Lidocaine is a local anesthetic agent that can be adminis-
tered intravenously. The intravenous use of lidocaine is of
increasing interest to many clinicians. Studies showed that
intravenous lidocaine treatment alleviated acute postopera-
tive pain and refractory neuropathic pain, attenuated inflam-
matory responses, and reduced postoperative complications
such as ileus, sore throat, and coughing.'®"* For cancer
patients, intravenous lidocaine administration may enhance
anti-tumor immunity and inhibit tumor recurrence after
surgery.'*'> A recent retrospective cohort study suggested
that intravenous lidocaine infusion was associated with an
improved postoperative long-term survival after pancreatect-
omy for pancreatic cancer.'® To date, however, whether
intravenous lidocaine treatment would be beneficial for
patients undergoing lung cancer surgery remains unknown.

Therefore, this study aims to investigate the effects of
intraoperative intravenous administration of lidocaine on
serum levels of IL-17 and surgical stress following VATS
procedures in early-stage NSCLC patients. We hypothe-
sized that intravenous lidocaine treatment would reduce
the serum IL-17 levels and attenuate surgery-induced
stress response in these patients.

Methods

Study Design

This investigator-initiated, randomized, double-blind, pla-
cebo-controlled trial was approved by the Institutional

Review Board of Taicang First People’s Hospital (no.
KY-2019-214) on December 25, 2019. The study protocol
was registered prior to patient enrollment at the Chinese
Clinical Trial Registry (http://www.chictr.org.cn, identifier:
ChiCTR2000030629, date of registration: March 8§, 2020).
This study was conducted in accordance with the

Declaration of Helsinki (as revised in 2013). The imple-
mentation and reporting of this study followed the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines.

Study Participants

Patients aged > 18 years with ASA physical status I-III
scheduled for elective VATS procedures for early-stage
NSCLC were recruited. Preoperative diagnosis of early-
stage NSCLC was based on computed tomography results.
The exclusion criteria were (1) severe cardiac, pulmonary,
renal, or liver dysfunction, (2) second- or third-degree
atrioventricular block, (3) neuropsychiatric disorders, (4)
immune system disease, (5) allergy to any local anesthetic
agent, or (6) history of chemotherapy. Written informed
consent was obtained from each participant.

Randomization and Blinding
Randomization was performed by using an online random
number generator (http://www.randomization.com), with

an allocation ratio of 1:1. Identical opaque sealed envel-
opes were used to ensure allocation concealment. An
independent research assistant prepared the randomization
list and sequentially numbered the envelopes. According
to the random codes, an independent anesthesia nurse
prepared the study solutions in identical syringes contain-
ing either lidocaine (Qilu Pharmaceutical Co., Jinan,
Shandong, China) or normal saline. Both lidocaine and
normal saline are colorless and clear fluids with similar
appearance, so there is no way to distinguish them. The
participants, care providers, and postoperative observers
were all blinded to the group allocation until the comple-
tion of final analysis.

Anesthesia and Perioperative Care

Patients were instructed on the use of visual analog scale
(VAS, 0-10; 0 indicates no pain, and 10 indicates the most
severe pain imaginable) the day before surgery. Baseline
serum samples were collected on the morning of surgery.
Hook wire localization of lung nodules under computed
tomography (CT) was performed approximately 1 hour
preoperatively if the nodules were presumably too deep
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and/or too small to be detected during the surgery. To
ensure the efficiency and consistency, all surgical proce-
dures, anesthesia management, and perioperative care
were performed by the same medical team.

Patients received no sedative or analgesic premedica-
tion. In the operating room, a standard monitoring
included electrocardiography, noninvasive blood pressure,
and pulse oximetry. In addition, patients received surgical
pleth index (SPI, S/5™ Anesthesia Monitor, GE
Healthcare, Helsinki, Finland) and bispectral index (BIS,
Aspect Medical Systems, Newton, MA, USA) monitoring.
General anesthesia was induced with sufentanil 0.4 pg/kg
and propofol 2 mg/kg. Endotracheal intubation with
a double-lumen endotracheal tube was facilitated with
cisatracurium 0.2 mg/kg. The tube location was confirmed
by visualization using fiberoptic bronchoscopy. After
anesthesia induction, patients received a catheter insertion
in the radial artery for continuous arterial pressure mon-
itoring. After placement of a lateral position, single-lung
ventilation was performed on the non-surgical side with
a tidal volume of 6-8 mL/kg and positive end-expiratory
pressure of 5-10 cm H,O. The respiratory frequency and
inspired oxygen fraction were adjusted to maintain end-
tidal carbon dioxide within 35-45 mmHg and peripheral
oxygen saturation > 95%. Lung recruitment maneuvers
were performed when clinically indicated.

General anesthesia was maintained with 1-3% sevo-
flurane inhalation, and the depth of anesthesia was titrated
to a BIS value within 40-60. The intraoperative analgesia
strategy aimed to achieve a SPI value of 2050, which has
been validated in previous studies.'”'® An additional
sufentanil bolus 0.1 pg/kg was administered when
a patient showed insufficient analgesia, such as an increase
in mean arterial pressure (MAP) > 20% of the baseline
value, heart rate (HR) > 100 beats/min, or SPI value > 50
for more than 20 seconds.'” Patients did not receive regio-
nal analgesia (including intercostal or epidural blocks).
Additional cisatracurium was administered for muscle
relaxation. The nasopharyngeal temperature was main-
tained at 36—37°C with the use of a warming blanket and
an infusion heating device. Frozen section of lung lesion
was checked intraoperatively. The patient was excluded
from analysis if the pathologic result did not show
malignancy.

The baseline hemodynamic values were obtained when
patients were comfortably seated in a preoperative area.
Hypotension, defined as a reduction in MAP > 20% of the
baseline value, was treated with intravenous phenylephrine

bolus. Bradycardia, defined as HR < 50 beats/min was
treated with intravenous atropine. Hypertension is defined
as an increase in MAP > 20% of the baseline value, and
tachycardia is defined as HR > 100 beats/min. If hyperten-
sion or tachycardia persisted despite sufficient analgesia
and depth of anesthesia, intravenous bolus of urapidil or
esmolol was given. Lactated Ringer’s solution was infused
for intraoperative fluid management. For preventing post-
operative nausea and vomiting (PONV), patients received
intravenous dexamethasone 5 mg after anesthesia induc-
tion and ondansetron 4 mg at the end of surgery. We did
not use nonsteroidal anti-inflammatory drugs in this study.
After tracheal extubation, patients were transferred to
a post-anesthesia care unit (PACU). Postoperative care
for patients on the surgical wards were at the discretion
of attending physicians according to the institutional clin-
ical practice. For postoperative pain relief, tramadol 50 mg
was administered intravenously on request or if a VAS
pain score > 4.

Study Interventions

According to the random codes, patients were randomly
assigned to the lidocaine group or the control group. As
a bolus dose of lidocaine is likely to interfere with study
blinding, all patients received the study medications imme-
diately after anesthesia induction. Patients in the lidocaine
group received lidocaine bolus of 1.0 mg/kg over 10 min,
followed by a continuous infusion at a rate of 1.0 mg/kg/h
throughout the surgery. Patients in the control group
received the same volume of normal saline instead of
lidocaine. The infusion of study medication was stopped
at the end of surgery. This infusion regimen of lidocaine
was based on the literature and our preliminary investiga-
tion. The perioperative intravenous lidocaine infusion
(bolus of 1-3 mg/kg followed by 1-3 mg/kg/h) has been
shown to reduce postoperative pain and opioid
requirement.”’ Recent studies suggested that both low
dose (1.0-1.5 mg/kg) and high dose (1.5-2.0 mg/kg) of
intravenous lidocaine reduced postoperative airway
complications.'® Regarding the safety, previous studies
showed that an intravenous lidocaine infusion (1.5 mg/kg
bolus then 2 mg/kg/h intraoperatively) did not result in
toxic plasma concentrations.”’** Therefore, we tested
a low dose of lidocaine (1.0 mg/kg bolus followed by
1.0 mg/kg/h) in our preliminary investigation, and we
found that this lidocaine treatment produced analgesic

benefits for VATS patients, without any adverse events.
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Patient Demographics and Surgical

Characteristics

Patient demographic data included age, sex, ASA physical
status, comorbidities, and preoperative pulmonary function
test (both the absolute values and predicted percentages of
forced vital capacity [FVC], forced expiratory volume in
1 second [FEV,], and maximal voluntary ventilation
[MVV], FEV/FVC ratio, and predicted percentages of
peak expiratory flow [PEF] and maximum mid-expiratory
flow [MMEF] 75/25). Surgical characteristics included
preoperative CT-guided localization, tumor category, his-
tologic type, surgical procedure, lymph node dissection,
and lymphovascular invasion.

Perioperative Data

The perioperative data included (1) HR and MAP values at
different time points from baseline to PACU discharge, (2)
intraoperative hemodynamic events including hypoten-
sion, hypertension, bradycardia, and tachycardia, (3)
intraoperative sufentanil consumption, blood loss, fluid
infusion, and urine output, and (4) duration of surgery,
duration of anesthesia, time to extubation, length of
PACU stay, and length of postoperative hospital stay.

Study Outcomes

The primary outcome was the serum level of IL-17 at 24
hours postoperatively. The secondary outcomes included
serum IL-17 at the time of PACU discharge, serum cortisol
(at PACU discharge and 24 hours postoperatively), VAS
pain scores (at PACU discharge and 24 and 48 hours
postoperatively), the incidences of PONV, dizziness, and
arrhythmia during 0-48 h postoperatively, and 30-day
mortality. The long-term outcomes included chemother-
apy, local or metastatic cancer recurrence, and mortality.
For the long-term follow-up, the electronic medical
records were reviewed, and patients or their relatives
received a telephone call if necessary.

Enzyme-linked Immunosorbent Assay

Serum levels of IL-17 and cortisol were measured using
immunosorbent
China),
manufacturer’s instructions.

specific  enzyme-linked assay  kits

(Bioswamp, Shanghai, according to the
The absorbance value of
each sample at 450 nm was obtained on a plate reader
(SpectraMax190, Molecular Devices, San Jose, CA,

USA). Three replicates were tested for each blood sample.

The concentration of each biomarker was determined by
using a standard curve approach.

Sample Size Calculation

Sample size calculation was performed using the PASS
software (version 11.0.7, NCSS, LCC, Kaysville, UT,
USA). A previous study reported that the serum level of
IL-17 was 21.1 + 9.3 (mean =+ standard deviation [SD]) pg/
mL in early-stage NSCLC patients before any therapy was
started.® The serum level of IL-17 at postoperative 24
hours and the effect of intravenous lidocaine treatment
on serum IL-17 in these patients are unknown. Our pre-
liminary results (unpublished data, n = 16) showed that, in
early-stage NSCLC patients undergoing VATS procedures
without receiving intravenous lidocaine, serum IL-17 level
was 19.8 £ 5.2 pg/mL at baseline and 28.1 + 7.9 pg/mL at
postoperative 24 hours. We hypothesized that the lidocaine
treatment would reduce serum IL-17 to 22.5 + 6.3 pg/mL
(i.e., a 20% relative reduction) at 24 hours postoperatively.
To detect such a between-group difference with a power of
80% at a two-sided alpha error of 0.05, the estimated
required sample size was 27 patients per group.
Considering a possible dropout rate of 15%, we decided
to allocate a total of 64 patients, with 32 in each group.

Statistical Analysis
Continuous data were tested for normal distribution using
the Shapiro—Wilk test. Normally distributed data are pre-
sented as mean + SD and analyzed using unpaired #-test or
repeated measures analysis of variance followed by Tukey
or Sidak test, as appropriate. Skewed data are expressed as
median (interquartile range, IQR) and analyzed using
Mann—Whitney U-test. Categorical data are shown as
numbers (%) of patients and analyzed using y° test or
Fisher’s exact test. Data of patients’ demographics and
surgical characteristics are described using descriptive sta-
tistics only. For the primary and secondary outcomes,
between-group differences were analyzed using the effect
size (mean difference or relative risk) with 95% confi-
dence interval (CI). In addition, subgroup analysis was
conducted to investigate the effect of intravenous lidocaine
on serum IL-17 levels at postoperative 24 hours, according
to age (£ 50y vs > 50 y), sex (female vs male), and cancer
stage (T1-2 vs Tis).

Statistical analysis was performed and graphs were
plotted, with the use of the GraphPad Prism software
(version 7.00, GraphPad Software Inc., San Diego, CA,
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USA). A two-sided P < 0.05 was considered statistically
significant.

Results
Study Flow

A total of 95 patients were initially screened from Mar 12,
2020 to Nov 18, 2020. Among those, 31 patients were
excluded and 64 were randomized. Four patients were
excluded after randomization due to withdrawal of consent
before surgery (n = 2), surgery cancellation (n = 1), and no
malignancy shown by intraoperative frozen section check
(n = 1). Finally, 30 patients in each group completed this
study (Figure 1). Until June 30, 2021, two patients in the
control group were lost to follow-up. Thus, 30 patients in
the lidocaine group and 28 patients in the control group
were included in the long-term outcome analysis.

Patient Demographics and Surgical

Characteristics
The two groups are comparable in terms of demographic
and surgical characteristic data (Table 1). The mean age
was 51.3 £ 8.6 and 50.9 + 11.6 years old in the lidocaine
and control groups, respectively. Preoperative pulmonary
function test results were available in 29 patients in the
lidocaine group and in 28 patients in the control group.
The mean predicted percentages of MVV were 92.5%
(SD, 16.7%) and 92.4% (SD, 21.4%) in the lidocaine and
control groups, respectively. The median FEV{/FVC ratio
was 0.80 (IQR, 0.75-0.83) in the lidocaine group and 0.80
(IQR, 0.70-0.85) in the control group.

All patients were diagnosed as early-stage NSCLC,
based on the 8th
Classification system.”® Tis (carcinoma in situ) was diag-

edition Lung Cancer Stage
nosed in 16 patients (53.3%) in the lidocaine group and in
12 patients (40%) in the control group. For both groups,
90% of patients underwent segmentectomy or lobectomy
procedures. Lymph node dissection was performed in 13
and 11 patients in the lidocaine and control groups, respec-
tively. Of these, 1 patient in the lidocaine group and 3
patients in the control group had lymphovascular invasion

in the pathological examination.

Perioperative Data

The perioperative data are shown in Table 2. The lidocaine
treatment did not lead to increased incidences of intraopera-
tive hemodynamic events. Intraoperative hypotension and
bradycardia were successfully treated with phenylephrine

and atropine, respectively. Hypertension and tachycardia
were treated with sufentanil alone or sufentanil plus propo-
fol. The HR values were comparable between the two
groups at different time points, except that the lidocaine
group had lower values of HR at the time of skin incision
and tracheal extubation (Figure 2A). The MAP values were
also comparable between groups, except that the lidocaine
group showed a lower value of MAP at the time of skin
incision (Figure 2B). The median total dose of lidocaine
was 168 (IQR, 130-201) mg in the lidocaine group. The
two groups had similar length of PACU stay and postopera-
tive hospital stay.

Primary and Secondary Outcome

The lidocaine group had a significantly lower serum IL-17
at 24 hours postoperatively than that in the control group
(23.0 £ 5.8 pg/mL vs 27.3 + 8.2 pg/mL, mean difference =
—4.3 pg/mL, 95% CI, —8.4 to —0.2 pg/mL; P = 0.038)
(Table 3 and Figure 3A). The lidocaine treatment led to
reduced serum IL-17 (difference = —4.6 pg/mL, 95% CI,
—8.7 to —0.5 pg/mL; P = 0.024) (Figure 3A), serum corti-
sol (difference = —37 ng/mL, 95% CI, =73 to —2 ng/mL;
P =0.036) (Figure 3B), and VAS pain scores (difference =
-0.7, 95% CI, —1.3 to —0.1; P = 0.019) at the time of
PACU discharge (Table 3). There were no between-group
differences in other secondary outcomes. No death event
occurred during 30 days after surgery. The subgroup ana-
lysis is depicted in Figure 4. The effect of intravenous
lidocaine on serum IL-17 at postoperative 24 hours was
mainly evident in patients who were older (aged > 50 y) or
with a higher T category (T1 or T2).

Long-Term Outcomes

During a median follow-up of 10 (IQR, 9-13) months, 2
patients in the lidocaine group and 6 patients in the control
group received chemotherapy (Table 3). One patient with
lymphovascular invasion in the control group had cancer
recurrence postoperatively. No patient died during the
follow-up period.

Discussion

In this randomized, double-blind, placebo-controlled trial,
intraoperative intravenous administration of lidocaine
reduced postoperative serum levels of IL-17 after VATS
procedures in early-stage NSCLC patients. In addition,
the lidocaine treatment reduced serum cortisol levels and
VAS pain scores in the early postoperative period. To the
best of our knowledge, this is the first randomized
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[ Enrollment ]

Assessed for eligibility (n=95)

Excluded (n=31)
+ Not meeting inclusion criteria (n=19)

A 4

+ Declined to participate (n=8)

+ Other reasons (n=4)

Randomized (n=64)

! |

] !

&

Allocation
Allocated to intervention group (n=32) Allocated to control group (n=32)
+ Received lidocaine infusion (n=30) + Received saline infusion (n=30)
+ Did not receive allocated intervention due to + Did not receive allocated intervention due to
withdrawal prior to surgery (n=2) not meeting inclusion criteria (n=1)
surgery cancelled (n=1)

v [ 30-day follow-up ] v
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
+ Discontinued intervention (n=0) + Discontinued intervention (n=0)

v [ Analysis ] v
Analyzed (n=30) Analyzed (n=30)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

v [ Long-term follow-up 1 v

J

Analyzed (n=30)

+ Lost to long-term follow-up (n=0)

Figure | CONSORT flow diagram.

Analyzed (n=28)

+ Lost to long-term follow-up (n=2)

Notes: Adapted from: Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised
Trials. PLoS Med. 2010;7(3):e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.””
Abbreviation: CONSORT, Consolidated Standards of Reporting Trials.

controlled study evaluating the effects of intravenous
lidocaine infusion on the prognostic factor of serum IL-

17 and surgical stress in NSCLC patients undergoing

VATS procedures.

obvious

Activation of the sympathetic nervous system is the most

pathophysiological response to surgical stress.

Catecholamines released into the bloodstream activate adre-

nergic receptors, resulting in hemodynamic fluctuations. The

https:
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Table | Patient Demographics and Surgical Characteristics

Lidocaine Control (n = 30)
(n =30)
Age (years) 51386 509 £ 11.6
Female sex 17 (56.7%) 14 (46.7%)
Body mass index (kg/m?) | 22.9 £ 2.0 238 +22

ASA physical status
|

22 (73.3%)

23 (76.7%)

1l 8 (26.7%) 6 (20%)

1] 0 (0%) | (3.3%)
Comorbidities

Hypertension 6 (20%) 5 (13.3%)

Diabetes 3 (3.3%) 2 (6.7%)

COPD | (3.3%) 2 (6.7%)

Pulmonary function test
FVC (L)

324 (2.87-3.69)

3.54 (2.99-3.85)

(n=29) (n=28)
Predicted percentages | 107.8 (98.2-113) 100.2 (8I.1-111.1)
of FVC (%) (n=29) (n=28)
FEV, (L) 2.59 + 0.74 2.75 + 0.65
(n=29) (n=128)

Predicted percentages
of FEV, (%)

98.3 (89.5-109.2)
(n =29)

93.8 (79.2-105.6)
(n=128)

MWV (L/min) 94.4 £ 243 104.4 + 30.6

(n=29) (n=128)
Predicted percentages | 92.5 £ 16.7 924 +21.4
of MVV (%) (n=29) (n =128)

FEV,/FVC ratio

0.80 (0.75-0.83)
(n = 29)

0.80 (0.70-0.85)
(n = 28)

Predicted percentages 102.4 + 20.9 106.3 + 20.1
of PEF (%) (n=129) (n=128)
Predicted percentages | 72.5 + 20.6 67.2 £294
of MMEF 75/25 (%) (n=129) (n=128)

Preoperative CT-guided

localization of nodules

22 (73.3%)

20 (66.7%)

T category®

Tis 16 (53.3%) 12 (40%)
Tl 12 (40%) 15 (50%)
T2 2 (6.7%) 3 (10%)
Histologic type
Adenocarcinoma in situ | 16 (53.3%) 12 (40%)
Adenocarcinoma 13 (43.3%) 16 (53.3%)
Squamous cell I (3.3%) 2 (6.7%)
carcinoma
(Continued)

Table | (Continued).

Lidocaine Control (n = 30)
(n =30)
Surgical procedure
Wedge resection 3 (10%) 3 (10%)
Segmentectomy 12 (40%) 13 (43.3%)
Lobectomy 15 (50%) 14 (46.7%)
Lymph node dissection 13 (43.3%) 11 (36.7%)
Lymphovascular invasion | | (3.3%) 3 (10%)

Notes: Data are presented as mean * standard deviation, median (interquartile
range), or number (%). *“Tumor category was assessed according to the 8th edition
Lung Cancer Stage Classification system.
Abbreviations: COPD, chronic obstructive pulmonary disease; CT, computed
tomography; FVC, forced vital capacity; FEV,, forced expiratory volume in
| second; MVYV, maximal voluntary ventilation; PEF, peak expiratory flow; MMEF,

maximum mid-expiratory flow.

Table 2 Perioperative Data

Lidocaine Control P value
(n =30) (n =30)
Intraoperative
hemodynamic events
Hypotension 5 (16.7%) 3 (10%) 0.704
Hypertension 0 (0%) 2 (6.7%) 0.492
Bradycardia 4 (13.3%) 1 (3.3%) 0.353
Tachycardia 1 (3.3%) 2 (6.7%) >0.999
Total dose of lidocaine (mg) 168 (130-201) 0 <0.001
Intraoperative sufentanil 0.69 £ 0.12 074 £0.12 | 0.112
consumption (pg/kg)
Intraoperative blood loss 38+ 16 44 + 23 0.246
(ml)
Intraoperative fluid infusion | 623 + 102 587 £ 113 0.200
(mL)
Intraoperative urine output | 365 * 96 357 + 87 0.736
(ml)
Duration of surgery (min) 115 + 53 114 + 51 0.929
Duration of anesthesia (min) | 144 + 52 142 + 58 0.873
Time to extubation (min) 132 + 36 128 + 3.2 0.651
Length of PACU stay (min) 35.7 6.1 352 +52 0.734
Length of postoperative 52+ 14 51+1.3 0.775
hospital stay (days)

Note: Data are presented as mean * standard deviation, median (interquartile

range), or number (%).

Abbreviation: PACU, post-anesthesia care unit.

activation of the sympathetic nervous system inhibits cell-

mediated immunity, suppresses programmed cell death, and

stimulates inflammation, macrophage infiltration, angiogen-

esis, and epithelial-mesenchymal transition.”* The above-

mentioned effects combined contribute to tumor invasion

and metastasis.>* A recent review summarizes the effects of
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Figure 2 Perioperative heart rate and mean arterial pressure. (A) Heart rate. (B) Mean arterial pressure. Data are mean * standard deviation. Green arrow indicates the
infusion period of the study medication. P values between the lidocaine and control groups are shown.

Abbreviation: PACU, post-anesthesia care unit.

commonly used anesthetic agents on immunosuppression after
surgery.”> Ketamine induces apoptosis of T-lymphocytes, and
midazolam has little impact on cytotoxic T-lymphocytes.
Ketamine and thiopental inhibit the activity of natural killer
(NK) cells, while propofol does not. Volatile anesthetics
induce T-lymphocyte apoptosis, reduce the activity of NK
cells, and enhance angiogenesis. In addition, the use of opioids
is associated with suppressed NK cell activity.”® However,
a recent large-scale multicenter trial demonstrated that

propofol anesthesia with paravertebral block did not reduce
recurrence after primary breast cancer resection surgery com-
pared with sevoflurane anesthesia with opioids.?” Therefore,
the relationship among surgical stress, anesthetics, and cancer
recurrence has not been fully elucidated.

Experimental studies have shown the tumor-inhibiting
effects of lidocaine. In lung cancer A549/DDP cells, lidocaine
inhibited cell migration and induced cell apoptosis through

1.28

downregulating miR-21."" Zhang et al. found that lidocaine
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Table 3 Postoperative Outcomes
Lidocaine (n = 30) Control (n = 30) Effect size * (95% CI) P
value
Primary
Serum IL-17 at postoperative 24 h (pg/mL) 23.0+58 27.3 £82 —4.3 (-84 to —0.2) 0.038
Secondary
Serum IL-17 at PACU discharge (pg/mL) 232+ 65 27876 —4.6 (—8.7 to —0.5) 0.024
Serum cortisol at PACU discharge (ng/mL) 222 £ 71 259 + 82 —37 (-73 to —2) 0.036
Serum cortisol at postoperative 24 h (ng/mL) 189 + 42 196 + 43 =7 (42 to 29) 0.953
VAS pain scores at PACU discharge 1.5+ 1.0 22+ 13 —0.7 (1.3 to —0.1) 0.019
VAS pain scores at postoperative 24 h 26 £ 1.1 30+ 1.0 —0.4 (-1.0 to 0.2) 0.273
VAS pain scores at postoperative 48 h I.I £0.6 1.0 £ 0.7 0.1 (0.5 to 0.7) 0.967
PONV during postoperative 0—48 h 2 (6.7%) 8 (26.7%) 0.36 (0.10 to 0.96) 0.083
Dizziness during postoperative 0—48 h I (3.3%) 4 (13.3%) 0.38 (0.07 to 1.25) 0.353
Arrhythmia during postoperative 0—48 h 0 (0%) 0 (0%) - >0.999
30-day mortality 0 (0%) 0 (0%) - >0.999
Long-term®
Chemotherapy 2 (6.7%) 6 (21.4%) 0.45 (0.13 to 1.12) 0.212
(n = 30) (n=128)
Recurrence 0 (0%) 1 (3.6%) - 0.483
(n = 30) (n=128)
Mortality 0 (0%) 0 (0%) - >0.999
(n = 30) (n=128)

Notes: Data are presented as mean + standard deviation or numbers (%). *Estimated mean differences are reported for continuous variables and relative risks for

categorical variables, °Long-term follow-up data were collected until June 30, 2021.

Abbreviations: PACU, post-anesthesia care unit; VAS, visual analog scale; PONYV, postoperative nausea and vomiting; Cl, confidence interval.

inhibited cancer cell proliferation via suppressing the expres-
sion of GOLT1A in cultured human lung adenocarcinoma
cells and in patients’ lung cancer samples.”” A recent study
showed that lidocaine reduced pulmonary metastasis after
breast cancer surgery in mice during sevoflurane
anesthesia.*® Recent clinical studies also suggested that intra-
venous lidocaine treatment may produce favorable anti-tumor
effects in cancer patients. Perioperative intravenous adminis-
tration of lidocaine inhibited the expression of neutrophil
extracellular trapping and matrix metalloproteinase 3, an
important mechanism related to tumor metastasis, in women
undergoing primary breast tumor resection.®’ For pancreatic
cancer patients undergoing pancreatectomy, lidocaine infusion
was associated with an overall improved survival after
surgery.'® In our study, intravenous lidocaine treatment
reduced the expression of serum levels of IL-17 in NSCLC
patients undergoing VATS procedures. A mean difference of
—4.3 pg/mL in serum IL-17 at postoperative 24 hours was
found between the lidocaine and control groups. Measuring
tumor tissue or serum IL-17 levels presents a useful diagnostic

and prognostic value for NSCLC patients.”® Specifically, the

mean difference in serum IL-17 of NSCLC patients was —6.3
pg/mL in early vs advanced lung cancer stages, —4.7 pg/mL in
absence vs presence of lymph node metastases, and —4.8 pg/
mL in absence vs presence of distant metastases.® Thus, the
mean difference of —4.3 pg/mL in serum IL-17 levels in our
study exhibits its clinical significance, suggesting the tumor-
inhibiting effects of intravenous lidocaine.

The non-opioid, lidocaine, may contribute to multimodal
pain management and enhanced recovery after surgery.
A previous study showed that intravenous lidocaine (1.5 mg/
kg, followed by 1.5 mg/kg/h) significantly reduced the inci-
dence and severity of persistent postsurgical pain and second-
ary hyperalgesia after breast cancer surgery.’> Preventing
central hyperalgesia is a possible mechanism underlying the
analgesic effects of intravenous lidocaine. A recent study
showed that intravenous lidocaine (initiated at 1-1.5 mg/kg/h
and titrated to serum lidocaine level at 3—5 pg/mL) produced
effective analgesia in patients with acute rib fracture pain.'
For patients with refractory neuropathic pain, repeated lido-
caine infusions (3 mg/kg, once a week, for 4 consecutive

weeks) provided effective short-term pain relief.!' However,
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Lidocaine Control

Serum IL-17 Serum IL-17 Mean Difference P value for
Subgroup Mean SD n Mean SD n 95% ClI (pg/mL) interaction
Age
=<50y 213 47 12 239 54 12 —_— -2.6[-6.6, 1.5] 0.40
>50y 242 63 18 296 9.1 18 _— -5.4[-10.5,-0.3]
Sex
Female 212 41 17 250 79 14 _r -3.8[-8.4,0.8] 0.98
Male 255 69 13 294 82 16 —_— -3.9[-9.4,1.6]
Cancer stage
T1-2 275 51 14 319 74 18 —_— -4.40 [-8.7,-0.1] 0.22
Tis 19.1 27 16 205 27 12 —— -1.40[-3.4,0.6]
Overall 230 58 30 273 82 30 e -4.3[-8.4,-0.2]

| | | |

10 5 0 5 10

Control
Better

Lidocaine
Better

Figure 4 Subgroup analysis. Subgroup analysis investigating the effect of intravenous lidocaine on serum IL-17 levels at postoperative 24 hours, according to age (< 50 y vs >

50 y), sex (female vs male), and cancer stage (T1-2 vs Tis).
Abbreviations: SD, standard deviation; Cl, confidence interval.

several studies did not find significant opioid-sparing or
analgesic effects of intravenous lidocaine.>*™> Our results
showed that intraoperative lidocaine treatment slightly reduced
VAS pain scores (a mean difference of —0.7) at the time of

PACU discharge. Although the improvement of 0.7 in the 0—10
VAS pain scores is statistically significant, it is not clinically
meaningful.*® This is likely attributable to the minimal inva-
sive nature of VATS procedures.
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This study has several limitations. First, as a single-center
study with a small sample size, the generalizability of the
current results may be limited. Second, postoperative use of
opioids or other medications were not measured or controlled
Third,
a standardized strategy to titrate intraoperative anesthesia

for, which could have affected our results.
and analgesia was applied in both groups; however, we did
not record data on end-tidal concentrations of sevoflurane or
SPI values in our patients. Fourth, patients in the lidocaine
group received a relatively low dose of intravenous lidocaine
when compared with previous studies.>'** Thus, the optimal
dose of lidocaine for NSCLC patients undergoing VATS
needs further investigation. Last, although we carried out
a median postoperative follow-up of 10 months, this study
mainly focused on serum IL-17 and other postoperative out-
comes in the early postoperative period. Therefore, further
clinical trials with a larger sample size are needed to assess
the long-term benefits of intravenous lidocaine infusion for
NSCLC patients undergoing VATS procedures.

In conclusion, intraoperative intravenous lidocaine admin-
istration was associated with reduced serum IL-17 after VATS
procedures for early-stage NSCLC. In addition, intravenous
lidocaine treatment may help to attenuate surgical stress
response and potentiate analgesia in the early postoperative
period. The current findings support future studies investigat-
ing the effects of intravenous lidocaine on long-term outcomes
of early-stage NSCLC patients after VATS procedures.
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