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Abstract: Narcotic drugs are often used to treat perioperative pain for patients with lung 
cancer. However, anesthetic management and narcotic substance use may have significant 
impacts on patients with lung cancer, including anti-cancer or promoting cancer effects. In 
this study, we summarize the effects of anesthetic management and its related substances on 
lung cancer. An evidence-based review of the influence of anesthetic techniques and narcotic 
substances used on lung cancer was performed. The effects of perioperative pain manage
ment and the method of choosing anesthesia for patients with lung cancer were explored. 
Different management techniques of anesthesia have been indicated to suppress both cell- 
mediated immunity and humoral immunity and have effects on the recurrence and metastasis 
of lung cancer. Evidence suggests that the effects of narcotic substances used on lung cancer 
were still inconsistent. However, the mechanisms by which anesthetics and analgesics inhibit 
the tumor are complicated. Perioperative management leads to decreased immunity in 
patients with lung cancer, which to some extent contributes to recurrence and metastasis. 
Various narcotic substances used may modulate signal pathways, including the mitochondrial 
pathway, and appear to exert different effects on the recurrence and metastasis of lung cancer. 
The anesthesiologists should consider these effects on perioperative management with lung 
cancer. 
Keywords: narcotic substance use, anesthetics, lung cancer

Introduction
Lung cancer has become one of the most commonly occurring types of cancer in 
the world.1 Most patients with lung cancer are treated with surgical removal of the 
primary lesion and lymph node dissection, but some patients still have recurrence 
and metastasis of lung cancer after surgery. Perioperative traumatic stress and other 
factors lead to decreased immunity in patients with lung cancer, which to some 
extent contributes to the recurrence and metastasis. Furthermore, different narcotic 
substances used have different effects on the recurrence and metastasis of lung 
cancer. The aim of this review is to summarize the influence of anesthetic techni
ques and narcotic substances used on lung cancer and provide possible implications 
in the prevention of cancer.

Searching and Review
A systematic review of English and Chinese literature was conducted and articles 
regarding lung cancer, anesthetic management and narcotic substances used were 
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obtained. This review was completed by searching in 
PubMed, Web of science, China National Knowledge 
Infrastructure (CNKI), Wanfang, and Chongqing VIP data
bases using the keywords mentioned above. The careful 
review of the literature was according to the preference 
and clinical expertise of the authors.

Types of Anesthesia
Surgery is the most common first-line treatment for most 
cancers including lung cancer. Anesthesia is most important 
for lung cancer patients undergoing surgical removal. Xu et al2 

compared the effects of total intravenous anesthesia (TIVA) 
and general anesthesia combined with epidural anesthesia on 
the cellular immunity and prognosis of patients undergoing 
thoracoscopic radical resection of non-small cell lung cancer 
(NSCLC). After the surgery, with either of the anesthesia 
methods, the number of T lymphocytes such as CD3(+), 
CD4(+) and CD8(+) T cell and the natural killer cells CD56 
(+) in the patients all decreased compared with the preoperative 
state, but the number of T lymphocytes and natural killer cells 
in the patients with general anesthesia combined with epidural 
anesthesia was higher than that in patients with TIVA. It was 
suggested that general anesthesia combined with epidural 
anesthesia had less impact on the cellular immune function of 
patients than TIVA. During the 3-year follow-up, there were 
recurrences and metastasis of lung cancer after surgery in 
patients with either TIVA or general anesthesia combined 
with epidural anesthesia, and there was no significant differ
ence in the recurrence rate and metastasis rate between the two 
groups of patients. Fu et al3 pointed out that CD3(+), CD4(+) 
and CD25(+) T cells all decreased in patients undergoing 
radical resection of the lung(s) under TIVA or general anesthe
sia combined with epidural anesthesia, but the number of these 
cells in the patients with general anesthesia combined with 
epidural anesthesia was more than that in the patients with 
TIVA, suggesting that general anesthesia combined with epi
dural anesthesia could maintain more stable immune functions 
after surgery than TIVA. Cata et al4 found that the immune 
functions of patients with NSCLC was suppressed after thor
acotomy, also, the immune functions could not be improved by 
the use of postoperative epidural analgesia. None of the above 
studies pointed out that the effect of general anesthesia com
bined with epidural anesthesia on the recurrence and metastasis 
of lung cancer after radical resection was better than that of 
TIVA. In a retrospective cohort study of 1729 patients with 
NSCLC undergoing thoracotomy, the researchers found that 
postoperative intravenous analgesia, thoracic epidural analge
sia and thoracic paravertebral nerve block for analgesia were 

not associated with lung cancer recurrence.5 However, the 
long-term survival rate of patients with thoracic paravertebral 
nerve block for analgesia was higher than that of patients with 
the other two postoperative analgesic methods, which sug
gested that general anesthesia combined with regional nerve 
block might have a positive effect on the overall survival rate of 
lung cancer patients, but prospective randomized controlled 
trials are still required to verify these three analgesic methods.

In addition, previous evidence suggested that local 
anesthesia may have anti-immune properties, which may 
have impact on lung cancer.6 Local anesthesia acts on 
G protein-coupled receptors (GPCRs), also called seven 
transmembrane domain (7TM) proteins, representing the 
largest family of cell surface receptors.7,8 Many critical med
iators of immunity act through GPCRs [interleukins (ILs), 
and lysophosphatidic acid, etc.],9 thus, there exists a potential 
interaction between local anesthesia and the immune 
response. Local anesthesia attenuates excessive responses 
of the inflammatory system even in patients with NSCLC.

Narcotic Substances
Midazolam
The perioperative management has been established as 
a potential pathway in influencing tumor microenvironments, 
with narcotic substances used for anesthesia implicated in affect
ing the behavior of tumor cells.10–12 Midazolam, as a narcotic 
agent, is commonly used to provide sedation prior to procedures 
such as laceration repair and reduction of dislocations. Wang 
et al13 found in human NSCLC cultured in vitro that Midazolam 
could inhibit the migration of lung cancer cells and induce lung 
cancer cell apoptosis through the mitochondrial pathway. After 
implanting the cells of human NSCLC into nude mice, 
Midazolam significantly reduced the growth of lung cancer 
cells in nude mice compared with the normal saline control 
group. The effect of Midazolam on the recurrence and metastasis 
of lung cancer cells requires further in vivo studies. Furthermore, 
our previous study also revealed that Midazolam might be 
a putative anti-cancer approach for NSCLC therapy through 
inducing apoptosis of A549 cells by targeting signal transduction 
and activation of transcription 3 (STAT3) via miR-520d-5p.14 In 
vivo, we established the nude mice model of human lung cancer 
by A549, and found that Midazolam can significantly inhibit the 
growth of A549 transplanted tumor tissue and induce tumor cell 
apoptosis by regulating STAT3 expression.15 Although there is 
no clinical-based evidence on Midazolam use for anti-tumor 
growth, it provides novel insight for future therapeutic strategies 
against lung cancer.
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Opioids
For NSCLC patients undergoing surgery or cancer pain 
management, opioids such as morphine, fentanyl, and 
oxycodone are the most widely used and effective 
analgesics.16 Previously, many classical opioid receptors, 
including mu (μ), delta (δ), and kappa (κ), have been 
reported to be expressed in NSCLC cell lines and tumor 
tissues, and play an important role in cancer outcomes.17 

Both In vivo and in vitro studies have found that over
expression of opioid receptors increases the growth and 
metastasis of H358 cell lines (human bronchioloalveolar 
carcinoma). Based on lung cell specimens of patients with 
NSCLC, Singleton et al pointed out that the expression 
level of opioid receptors in patients with lymph node 
metastasis of lung cancer cells was nearly twice that of 
patients without metastasis.18 Furthermore, the opioid 
growth factor receptor (OGFR), a receptor of endogenous 
opioid peptide [Met5]-enkephalin, which is a non-classical 
opioid receptor, was expressed in both in vivo and vitro 
models involved in suppression of lung cancer prolifera
tion effects of morphine.19 In a retrospective study of 901 
patients, Cata et al found that 10.15ug/kg equivalent dose 
of fentanyl on average used in the surgery was a risk factor 
for the overall survival rate of patients with stage I non- 
small cell lung cancer within 5 years.20 The intraoperative 
administration of opioids was related to the decline of 
overall survival rate of patients with stage I non-small 
cell lung cancer after surgery, but it had nothing to do 
with the overall survival rate of patients with stage II and 
III NSCLC. In a single-center retrospective study of thor
acoscopic lobectomy, Maher et al found that the increased 
use of opioids within 6 hours after surgery was associated 
with a rise of recurrence rate in the patients with non-small 
cell lung cancer within 5 years after surgery.21 Hence, 
opioid requirement and administration dosage is directly 
related to unfavorable outcomes of lung cancer patients 
receiving perioperative analgesia. However, previous evi
dence for the use of opioids impact on the recurrence and 
metastasis of lung cancer cells are retrospective, thus, 
a large sample of prospective randomized controlled stu
dies are needed to confirm that.

Propofol and Etomidate
Propofol and Etomidate play an important role in the 
sedation of patients undergoing cancer resection surgery 
or body check such as gastrointestinal endoscopy. There 
are discernible lung cancer inhibitory effects of Propofol 

(2, 6-diisopropylphenol) in vitro and in vivo, and its 
mechanism of action remains comprehensive. Previous 
study found that Propofol suppressed viability, migration 
and invasion ability of human lung cancer A549 cells by 
targeting E-cadherin, N-cadherin, Vimentin and Snail 
expression.22 Another study pointed out that Propofol 
inhibits proliferation, migration and invasion ability of 
A549 cells by down-regulating microRNA (miR)-372, 
miR-1284 and miR-486, then inactivating Wnt/β-catenin, 
mammalian target of rapamycin (mTOR) pathways and 
Propofol inhibits lung cancer A549 Cell Growth and 
Epithelial-Mesenchymal Transition Process, 
respectively.22–24 Moreover, another two studies demon
strated that Propofol suppressed lung cancer invasion via 
down-regulating aquaporin-3 (AQP-3), of the matrix 
metalloproteinase family such as matrix metalloprotei
nases (MMP-2, gelatinase A) and MMP-9 (gelatinase B), 
and attenuating the p38 mitogen-activated protein kinase 
(MAPK) signaling pathway.25,26 Additionally, Cui et al 
indicated that Propofol induced the expression of endo
plasmic reticulum (ER) stress in lung cancer H460 cells 
and also significantly decreased the tumor volume and 
tumor weight of established xenografted human lung 
tumors.27 In clinical studies, Liu et al recruited 60 eligible 
candidates who underwent lung adenocarcinoma resection 
and were randomly divided into administering Propofol by 
target controlled infusion group, and administering 
Etomidate by continuous infusion to maintain the anes
thetic state, respectively.28 Within the first 24h after opera
tion, CD4(+) T cells in the blood of the two groups of 
patients were significantly decreased, while CD8(+) T cells 
were increased compared with the preoperative state. The 
reduction level of CD4(+) T cells in Etomidate group were 
lower than that in the Propofol group. Thus, the immune 
function of adenocarcinoma patients in the Etomidate 
group was less affected than that in the Propofol group.28 

However, there is no comparison of the long-term prog
nosis of patients using these two intravenous anesthetics. 
Further studies investigating the effects of Propofol on the 
recurrence and metastasis of lung cancer patients under
going radical surgery are still needed.

Lidocaine, Ropivacaine and 
Levobupivacaine
Levobupivacaine induced epithelial-to-mesenchymal tran
sition (EMT) in A549 lung cancer cells and caused the 
dissemination of lung cancer cells both in vitro and 
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in vivo. Microarray, quantitative real-time polymerase 
chain reaction (qRT-PCR) and immunoblot analyses 
revealed that levobupivacaine upregulated the hypoxia- 
inducible factor (HIF-2α) gene expression in cancer cells, 
which indicated that HIF-2α signaling may contribute to 
levobupivacaine-mediated A549 cell dissemination.29 

While in this study, there were no morphological changes 
observed in A549 cells after Lidocaine and Ropivacaine 
treatments.29 However, it was found by the in vitro studies 
of human lung adenocarcinoma cells that both Lidocaine 
and Ropivacaine, the amide local anesthetics, can reduce 
the migration of lung adenocarcinoma cells, but the ester 
local anesthetic, Chloroprocaine, does not have this func
tion. The effects of Lidocaine and Ropivacaine are 
achieved by inhibiting important signaling pathways 
related to tumor growth and metastasis. These signaling 
pathways are characterized by the activation of Sre protein 
mediated by the tumor necrosis factor alpha (TNF-α) and 
the phosphorylation of intercellular adhesion molecule 1 
(ICAM-1). Piegeler et al further confirmed by in vitro 
studies that both Lidocaine and Ropivacaine could inhibit 
the growth and metastasis of human lung adenocarcinoma 
cells.30 Wang et al also found by in vitro studies of human 
non-small cell lung cancer that the mechanism of 
Lidocaine and Ropivacaine in inhibiting the growth and 
metastasis of lung cancer cells was mainly related to the 
apoptosis pathway and the MAPK pathway.31 These stu
dies have explained to some extent the positive effect of 
general anesthesia combined with regional nerve block on 
the overall survival rate of lung cancer patients.

Inhaled Anesthetics
Inhaled anesthetics, such as Isoflurane and Sevoflurane, 
are inhaled via the lungs. These drugs subsequently pass 
through the alveolocapillary membrane and diffuse into 
the blood to induce anesthesia. In vitro experiments by 
Liang et al used Isoflurane or Sevoflurane separately in the 
anesthetic management of patients undergoing thoraco
scopic radical resection of lung cancer.32 By detecting 
the number of glycoprotein Ⅱb/шa, CD62P and the plate
let aggregation rate, it was found that the activation of 
platelets in patients who received Sevoflurane was lower 
than those who received Isoflurane. Researchers also 
found in lung adenocarcinoma cells cultured in vitro, that 
Sevoflurane could inhibit the growth of lung cancer cells 
by reducing the activity of platelets, while Isoflurane did 
not have such an effect. In vivo studies also found that the 
pretreatment of mouse lung cancer cells with Sevoflurane 

could inhibit metastasis, which might be related to the 
down-regulation of the expression of matrix metallopro
teinases 2 and 9 that played a key role in tumor metastasis. 
There are many studies on the effects of inhaled anes
thetics on the recurrence and metastasis of cancer cells, 
but there are few related studies about their effects on lung 
cancer cell recurrence and metastasis.33 More high-quality 
studies are required for confirmation.

Non-Steroidal Anti-Inflammatory Drugs 
and Aspirin
Non-steroidal anti-inflammatory drugs (NSAIDs) and 
aspirin are popular non-opioid analgesics for the treatment 
of pain after surgery. Previous study suggested that treat
ment with the NSAID nimesulide significantly increased 
the sensitivity of A549 cells to radiotherapy by inducing 
the cleavage of caspase-3, caspase-9, and poly (ADP- 
ribose) polymerase (PARP), activating caspase-8, and 
inducing cleavage of Bid.34 In a retrospective cohort 
study of 347 patients with non-small cell lung cancer, the 
researchers found that postoperative NSAIDs and ibupro
fen were associated with longer overall survival and 
tumor-free survival.35 Other studies also pointed out that 
perioperative inflammation was related to survival rate, 
and the application of ketorolac acid, diclofenac and 
Aspirin might increase survival rate.36 The dependent 
and independent mechanism of cyclooxygenase, a non- 
steroidal anti-inflammatory drug, plays an important role 
in anti-tumorogenesis, but the exact mechanism is still 
a controversial issue. Further research should be made to 
explore the complex mechanisms.

Intraoperative Blood Transfusion
Intraoperative blood transfusion is also part of the anesthe
siologist’s work during lung cancer surgery. Cata et al 
pointed out in a retrospective study that the postoperative 
survival rate decreased in patients who underwent radical 
resection of stage I non-small cell lung cancer if they 
received allogeneic red blood cells intraoperatively or 
within 30 days postoperatively.37 In another retrospective 
study, it was found that although perioperative blood trans
fusion did not affect the survival rate of patients who 
underwent non-small cell lung cancer resection, blood 
transfusion was associated with a significant reduction in 
overall survival and tumor-free survival in a dose- 
dependent manner. To avoid or minimize blood transfusion 
could improve the long-term survival rate of patients after 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 838

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


lung cancer resection.38 Regarding the necessity for blood 
transfusion during radical resection of lung cancer, the 
anesthesiologist should make a comprehensive judgment 
based on the factors that affect the patient’s oxygen supply 
and consumption such as the hemoglobin level, the cardiac 
function, and so on.

Intraoperative Body Temperature
Along with the development of the concept of enhanced 
recovery after surgery (ERAS), the management of body 
temperature during radical lung cancer surgery has drawn 
more and more attention from anesthesiologists. An in vitro 
study found that a low body temperature (28°C) could activate 
human fat cells and promote the proliferation of human lung 
adenocarcinoma cells by increasing the levels of TNF-a 
secreted by fat cells or vascular endothelial cell growth factor 
(VECF). Another in vitro study pointed out that the three 
temperatures of 34 °C, 37 °C, and 40 °C affected human 
lung adenocarcinoma cells in the way that mild hypothermia 
inhibited the proliferation of lung adenocarcinoma cells, while 
lung adenocarcinoma cells still exhibited a certain prolifera
tion vitality at high temperatures within the fever range.39 The 
two in vitro studies mentioned above have reached the oppo
site conclusions of hypothermia on the proliferation of lung 
adenocarcinoma cells. The effect of intraoperative 

hypothermia on the recurrence and metastasis of lung cancer 
after surgery requires more evidence-based research.

Operations Performed
Recently, many large-scale single clinical observations 
have shown that Video-Assisted Thoracoscopic Surgery 
(VATS) lobectomy has an apparent advantage over the 
traditional thoracotomy in terms of postoperative pain 
relief, drainage time, and patients` postoperative 
comfort.40–42 The National Comprehensive Cancer 
Network (NCCN) guideline (Version 8. 2017) has recom
mended VATS lobectomy as the preferred approach for 
early-stage NSCLC. However, there are still doubts about 
the use of VATS in locally advanced lung cancer. Multi- 
center researches are needed especially on the advantage 
of survival for patients underwent VATS lobectomy.

Conclusion and Perspectives
With the increasing incidence of lung cancer, there are more 
and more radical surgeries. Different management of anesthe
sia and narcotic substances may have different effects on the 
prognosis of patients undergoing radical surgeries for lung 
cancer (Figure 1). This paper reviewed the management of 
anesthesia in the recurrence and metastasis of lung cancer 
cells, including types of anesthesia, anesthetics, intraoperative 

Figure 1 Association between perioperative anesthetic practices and lung cancer.
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blood transfusions and intraoperative body temperatures. Most 
studies involved were retrospective or in vitro, so they are of 
limited significance in guiding clinical anesthesia manage
ment. Besides, it is difficult to distinguish the contributions 
of specific drugs and the interactions between different tech
niques, because there is a variety of anesthetics and anesthetic 
techniques involved in anesthesia management. Therefore, 
randomized controlled prospective studies with a large clinical 
sample are needed to guide the anesthesia management in 
radical surgery for lung cancer. The mechanism of anesthesia 
management on the recurrence and metastasis of lung cancer 
should be further studied through basic experiments. 
Anesthesiologists should make great efforts to optimize anes
thetic management, to both minimize the recurrence and 
metastasis of lung cancer in patients who undergo radical 
surgeries, and to improve their survival rate.

Generally speaking, perioperative anesthesia methods, 
analgesia techniques, anesthesia management and narcotic 
drug use may have a certain impact on the recurrence and 
migration of lung cancer. However, because the complexity 
of patients and the diversity of carcinogenic factors, it is 
impossible to separate the effects of anesthesia, surgery and 
other interference factors on lung cancer recurrence and 
metastasis. Therefore, based on current reports, there is no 
clear evidence that the change of single anesthesia technol
ogy can directly affect the long-term prognosis of patients. 
In addition, during the perioperative management, anesthe
siologists should consider these above factors on patients 
with lung cancer and perform more studies to comprehen
sively evaluate the superposition effect of these factors in 
lung cancer.
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