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Effectiveness of smoking cessation et

on the high-risk population of lung cancer
with early screening: a systematic review
and meta-analysis of randomized controlled
trials until January 2022
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Abstract

Background Lung cancer has always been the malignant tumor with the highest incidence rate. Smoking is the
most important risk factor for lung cancer. Although potential positive effects of smoking cessation interventions on
the high-risk population of lung cancer have been observed, evidence of its definitive effect remains uncertain. This
study aimed to summarize the evidence related to the effects and safety of smoking cessation interventions for the
high-risk population of lung cancer.

Methods A systematic literature search was conducted through the following seven databases: PubMed, Embase,
Web of Science, CENTRAL, CINAHL, PsycINFO, and Science Direct. Screening and assessment for risk of bias were
conducted by two independent reviewers. Meta-analysis was performed for the 7-day-point prevalence of smoking
abstinence and continuous smoking abstinence using RevMan 5.3 software.

Results Meta-analysis results show that in the 7-day-point prevalence of smoking abstinence (by patient-
reported outcome): individualized intervention was significantly higher than that of the standard care [RR=1.46,
95%Cl=(1.04,2.06), P<0.05]. Moreover, the smoking cessation interventions were significantly elevated than that
of standard care [RR=1.58, 95%Cl=(1.12, 2.23), P<0.05] within 1-6 month follow-up time. In line with the findings
in cigarette smoking, the continuous smoking abstinence of E-cigarettes (biochemical verified): E-cigarettes were
significantly higher than that of the standard care [RR=1.51, 95%Cl=(1.03, 2.21), P<0.05], and within 1-6 month
follow-up time, the smoking cessation interventions were significantly greater than that of standard care [RR=1.51,
95%Cl=(1.03,2.21), P<0.05]. Publication bias was detected possibly.

Conclusions The results of this systematic review show that smoking cessation intervention is effective for long-
term lung cancer high-risk smokers who participate in early screening, of which E-cigarettes are the best, followed by
individual smoking cessation.
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Trial registration A review protocol was developed and registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERQ). Trial registration: CRD42019147151. Registered 23 June 2022.
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Background

Lung cancer has been the most common malignant
tumor, according to the most recent statistics on cancer
in the world provided by the American Cancer Society.
It is also the leading cause of death among all cancer
patients, accounting for 18.4% of all cancer deaths glob-
ally with an 18.6% average 5-year survival rate [1, 2]. The
family, economic, and social burdens caused by lung
cancer are increasing worldwide [3, 4]. The leading inci-
dence and mortality of lung cancer are largely attributed
to smoking behavior. According to the Global Burden of
Disease Study, the number of smokers increased to 1.1
billion in 2019 worldwide [5]. The International Agency
for Research on Cancer showed that over 4000 chemical
agents in cigarette smoke, 60 of which are well-known
carcinogens [6], long-term smoking increases the risk of
lung cancer by 10-30 folds compared to non-smokers,
which makes smoking one of the most important risk
factors for lung cancer [7, 8]. In addition, cigarette smoke
may have the ability not only to promote lung cancer but
also influence directly or indirectly the efficacy and the
tolerability of many chemotherapeutics through complex
pharmacokinetic [9]. It is known that smoking cessation
can reduce the risk of lung cancer. Ex-smokers who have
quit smoking for 15 years showed 38% lower mortal-
ity when they developed lung cancer compared to cur-
rent smokers [10], indicating that smoking cessation has
a major beneficial effect on the survival of lung cancer,
smoking cessation program has to be considered crucial
along with specific therapy for cancer [9]. The U.S. Cent-
ers for Medicare & Medicaid Services and The Tobacco
Use Treatment Association strongly recommend smok-
ing cessation intervention as a precondition for initiating
early screening programs for lung cancer [11, 12]. One
of the key causes of lung cancer’s poor prognosis is the
challenge of early diagnosis. Approximately 70% of lung
cancer patients were diagnosed at an advanced stage, and
around one-third of patients died within 3 months after
diagnosis [13]. It is estimated that the five-year survival
rate of lung cancer can be increased by roughly 75% with
an early diagnosis which may subsequently reduce lung
cancer mortality [14]. The National Lung Screening Trial
reported that early lung cancer screening with low-dose
computed tomography reduced the mortality of patients
with lung cancer by 20% [15]. The National Comprehen-
sive Cancer Network Guidelines also pointed out that

conducting early screening and diagnosis for those who
are at high risk of developing lung cancer is crucial, espe-
cially for people aged 55 to 74 years with a minimum of
30 pack years of smoking [16]. Early screening provides
the option to detect lung cancer earlier before the disease
develops into an advanced stage. In the meantime, the
implementation of early screening aids in drawing long-
term smokers’ attention to the critical role smoking plays
in an elevated risk of lung cancer. This could motivate
smokers who are at high risk of developing lung cancer to
give up and make themselves open to smoking cessation
treatments [17-19]. However, studies have shown that
most smokers who participate in lung cancer screening
continue to smoke [20]. Therefore, health care workers
have been actively looking for a better system for car-
rying out smoking cessation intervention, encouraging
the high-risk population for lung cancer to quit smoking
effectively and reduce the incidence of lung cancer.

Although existing systematic reviews found that
smoking cessation interventions included long-term
use of pharmacotherapy, high tech ereferral systems,
national quitting programmes, quitting apps, enhanced
counselling, and an opt-out referral system, etc. [21]
and smoking cessation intervention has a potentially
positive effect on the prognosis of long-term high-risk
smokers with lung cancer, a comprehensive search and
adequate reporting of clinical randomized controlled tri-
als are lacking [19, 22, 23]. There are very few reviews
have provided quantitative analysis of existing data to
demonstrate the effect of smoking cessation interven-
tion on lung cancer in long-term high-risk smokers. Sys-
tematic reviews or meta-analysis including high-quality
randomized controlled trials is considered to be a valu-
able addition to the field. Therefore, the purpose of this
systematic review and meta-analysis is to analyze rand-
omized controlled trials of smoking cessation interven-
tion in long-term high-risk smokers who participated in
early screening to determine which smoking cessation
methods are more effective in reducing lung cancer inci-
dence in terms of quantity and quality.

Methods

This study was conducted under the standards of The
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [24] and registered
in the International Prospective Register of Systematic
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Review database (Trial registration: CRD42019147151.
Registered 23 June 2022).

Data sources and search strategy

Two authors (Huang and Tang) performed the search
independently. A total of 7 electronic databases, includ-
ing PubMed, Excerpta Medica Database (Embase), Web
of Science, Cochrane Library (Cochrane Central Register
of Controlled Trials, CENTRAL), Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Psy-
cINFO, and Science Direct, were searched for relevant
studies published before January 2022. No language
restrictions were applied. We also read the reference
of the included studies to find potential eligible refer-
ences. The search used a combination of MESH terms,
keywords, and free words, such as ‘“Tobacco Use Cessa-
tion, ‘Smoking Cessation, “Tobacco Use Disorder, ‘Early
Detection of Cancer;, ‘Lung Neoplasms, and ‘Randomized
Controlled Trial’ The detailed search strategy used in this
study can be found in the Additional file 1.

Eligibility criteria

Studies were considered eligible if they met all the fol-
lowing criteria: (a) design in the randomized controlled
trial; (b) participants: smokers who smoked >30 packs/
year and stopped smoking<15 years, regardless of sex;
(c) interventions: studies comparing smoking cessation
interventions to standard care, including authoritative
smoking cessation materials, placebo or other therapies
with similar co-interventions between intervention and
control groups; types of smoking cessation interventions
can be any network resource, individualized interven-
tion, and replacement therapy; (d) outcome measures:
the main outcome measures were smoking abstinence,
which can be verified by patient-reported or biochemical
verification. The outcome measures included in the ana-
lyzed studies were a 7-day-point prevalence of smoking
abstinence (smoking cessation rate within 7 days before
follow-up) and continuous smoking abstinence (never
smoking during the period from the date of quitting
smoking till the end of follow-up); the secondary out-
come measure was side effects. The study was excluded
when met the following criteria: (a) case reports, case—
control studies, reviews, protocols, or animal experimen-
tal studies; (b) studies without smoking abstinence as
part of the outcome measure; (c) duplicated publications;
and (d) incomplete or unavailable data.

Study selection

All studies were independently screened by two co-
authors (Huang and Tang) according to the inclusion
and exclusion criteria. Two co-authors (Huang and
Tang) used the homemade standardized table for data
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extraction and cross-checking. If any discrepancies were
generated, a third person (Yang) was involved to make
the decision. The original authors were approached for
the confirmation of unclear details for some studies when
it was necessary.

Data extraction

The data from each study were extracted using a stand-
ardized table containing the following information: (a)
first author, publication date, and study sites; (b) demo-
graphic data of subjects, such as type of sample, age,
and sex of subjects; (c) intervention program, such as
smoking cessation interventions, duration of treatment,
frequency of treatment and follow-up; (d) outcome meas-
ures; and (e) smoking cessation interventions-related
adverse events.

Quality assessment

The risk of bias was assessed for each included study
according to The Cochrane Handbook for Systematic
Reviews of Interventions Version 6.1 [25] which includes
the evaluation in the following seven aspects: random
sequence generation, allocation concealment, blind
method of participants, blind method of result evalua-
tion, incomplete result data, selective result report, and
other deviations [25]. The individual studies were rated
as low, unclear, or high bias risk for the mentioned 7
aspects. The risk of bias assessment was independently
completed by two reviewers (Huang and Tang) and cross-
checked. When there was disagreement regarding the
study’s bias assessment, Yang was brought in as a third
party to resolve the issue.

Data synthesis and presentation

RevMan 5.3 (developed by the Cochrane Collaboration)
was used for data analysis. Heterogeneity was assessed
using Q statistics and the I* index. When the heterogene-
ity test resulted in P>0.1 with I*<50%, the fixed-effects
model was used for meta-analysis. When the hetero-
geneity test resulted in P<0.1 with I*>50%, a subgroup
analysis or sensitivity analysis was performed to deter-
mine potential sources of clinical heterogeneity before
the meta-analysis was conducted with a random-effects
model [25]. Descriptive analysis was performed on stud-
ies with significant clinical heterogeneity when I*>75%.
Relative risk (RR) was used for dichotomous data. For
continuous variables, the mean difference (MD) was cal-
culated when outcome measures were collected using the
same research instrument [25]. Otherwise, the standard-
ized mean difference (SMD) was utilized. P<0.05 was
considered statistically significant.
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Results

A total of 2002 studies were found from the initial search,
from which 1596 unique potentially eligible studies were
selected after removing the duplicate. After reading the
title and abstract of those studies, 1553 studies were
excluded for inconformity to the inclusion and exclusion
criteria. The next step was to thoroughly read the full
text of 43 records to determine their eligibility. Of these,
35 studies were found to be ineligible because they were
clinical trial registrations (n=2), reviews (n=2), method-
ology publications (n=1), or non-randomized controlled
studies (n=11). Additionally, 16 records were found to
not meet the inclusion criteria. Finally, 8 studies were
identified for the subsequent meta-analysis. The selected
PRISMA flow chart is shown in Fig. 1.

Summary of study details and participant characteristics

As a result, 8 studies were included in this study for
the following analysis, all of which were English stud-
ies published between 2004 and 2022 [26-33]. A total of
988 participants aged 57 to 63 were included. Two were
from the United States [31, 33], two were from Italy
[28, 30], two were from Canada [27, 29], one was from
Australia [32] and the last one was from England [26].
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Among them, Tremblay et. al. published a follow-up
article [27] of their work published in 2019 [29] with an
extra set of data collected at a time point that was later
than in their previous publication. Similar to the articles
from Masiero et. al [30]. and Lucchiari et al. [28] which
were the same study with 3 and 6 months-observation
time individually. Therefore, these four articles were
considered as two studies, “S4 Tremblay, et al” [27, 29]
and “Masiero & Lucchiari, et al” [28, 30] in this analysis.
All studies clearly described the specific intervention
methods of smoking cessation interventions. The study
of Clark M.M. et. al [33] came from network resources
vs standard care. Four studies [26, 27, 29, 31, 32] were
selected from individualized intervention vs standard
care, which provided personalized smoking cessation
services for smokers by taking advantage of inquiring
about their smoking motivation and addiction degree,
combining the screening results, including counseling,
suggestions, and interviews. The S5 Masiero & Luc-
chiari study [28, 30] used E-cigarette+low-intensity
telephone consultation and placebo +low-intensity tel-
ephone consultation as smoking cessation interventions
to provide smoking cessation intervention. The com-
parison between “E-cigarette +low-intensity telephone
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Fig. 1 PRISMA flow diagram, the effectiveness of smoking cessation on the high-risk population of lung cancer with early screening: a systematic

review and meta analysis until January, 2022
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consultation” and “low-intensity telephone consulta-
tion” was defined as the group (A), and the compari-
son between “E-cigarette+low-intensity telephone
consultation” versus “placebo +low intensity telephone
consultation” was defined as the group (B). Taylor KL
et. al [31] reported that the time of intervention lasted
for 15-20 min, the duration of intervention was one
day which lasted for 6 weeks. The S5 Masiero & Luc-
chiari study [28, 30] reported that the duration of inter-
vention lasted 12 weeks. The main outcome indicators
included in the literature were 7-day-point prevalence
and continuous smoking abstinence, which were evalu-
ated by the patient-reported outcome and biochemical
verification. Concerning the 7-day-point prevalence,
four studies [26, 27, 29, 32, 33] used patient-reported
outcomes, and other studies [31] used both patient-
reported outcomes and biochemical verification.
Regarding continuous smoking abstinence, Clark M.M.
[33] used patient-reported outcome, S5 Masiero & Luc-
chiari study used biochemical verification [28, 30] and
the Tremblay study used both patient-reported outcome
and biochemical verification. In addition, Masiero &
Lucchiari [28, 30] reported smoking cessation interven-
tions-related adverse events, including burning throat,
cough, nausea, headache, insomnia, stomachache, con-
fusion, and dyspnea. The 7-day-point prevalence was
recorded by patient-reported with the follow-up time
of 1-6 months for 4 studies [26, 27, 29, 31, 33] respec-
tively, within 6—-12 months for two studies [27, 29, 32]
and within 12-24 months for one study [27, 29]. Of
note, the “Tremblay, et al” study used 3 different time
points of follow-up data collection, the follow-up time
within 1-6 months, 6-12 months, and 12—-24 months
are defined as S4 Tremblay, et al. (a), S4 Tremblay, et al.
(b) and S4 Tremblay, et al. (c) respectively. In the contin-
uous smoking abstinence, by the patient-reported out-
come, Tremblay study [27, 29] was with follow-up time
within 1-6 months, 6-12 months, and 12-24 months,
respectively; one study [28, 30] with a follow-up time of
1-6 months was verified by biochemical verification. In
S5 Masiero & Lucchiari [28, 30] the data of two follow-
up periods were collected by biochemical verification.
In this study, “S5 Masiero & Lucchiari, et al. (A)” for
three months was defined as “S5 Masiero & Lucchiari,
et al. (a)’, “S5 Masiero & Lucchiari, et al. (B)” for three
months was defined as “S5 Masiero & Lucchiari, et al.
(b)’, “S5 Masiero & Lucchiari, et al. (A)” for 6 months
was defined as “S5 Masiero & Lucchiari, et al. (c)’, and
“S5 Masiero & Lucchiari, et al. (B)” for 6 months was
defined as “S5 Masiero & Lucchiari, et al. (d)” All stud-
ies include a report for follow-up after the intervention.
The details are shown in Table 1.
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Study quality assessment

The risk of bias in the included studies is shown in Fig. 2.
All selected studies were randomized control studies.
Five studies [26—32] explicitly reported the randomiza-
tion method. One used a random number generator [32],
one used the randomization list [28, 30], three used com-
puterized randomization [26, 27, 29, 31], and the remain-
ing one did not explicitly describe the randomization
method [33]. Meanwhile, four studies reported that a
special person was responsible for the distribution con-
cealment of random numbers [26, 28, 30—32], one study
failed to carry out distribution concealment [27, 29], and
the remaining one study described insufficient informa-
tion with an unclear risk of bias [33]. In addition, two
studies indicated the blinding of participants and person-
nel together with the blinding of outcome assessments
[26, 28, 30], the remaining four studies provided insuffi-
cient information [27, 29, 31-33]. In general, all studies
presented a low risk of bias for selective outcome report-
ing and complete outcome data. Except for two studies
[26, 28, 30], 4 out of 6 studies did not provide enough
information for the evaluation of whether other biases
were existing [27, 29, 31-33]. Publication bias was not
determined because of the limited number of included
studies (less than 10) for each comparison.

Meta-analysis

Primary outcome: 7-day-point prevalence of smoking
abstinence

Five studies [26, 27, 29, 31-33] reported the effect of
smoking cessation interventions on the 7-day-point prev-
alence of smoking abstinence by the patient-reported
outcome. The results of outcomes were analyzed in sub-
groups according to different smoking cessation inter-
ventions and follow-up times, and the above five studies
were included in both subgroups.

The fixed-effects model was used for meta-analysis
because low heterogeneity (I*=0%) was detected, and
the results showed that the smoking cessation interven-
tions group was significantly higher than the standard
care group [RR=1.50, 95% CI=(1.08, 2.08), P<0.05].
This result indicated that smoking cessation interven-
tion has a substantial influence on the high-risk popu-
lation of lung cancer (P<0.05). The results of subgroup
analysis by smoking cessation interventions showed that
there were no significant differences between network
resources and standard care [RR=1.93, 95% CI=(0.62,
6.08), P>0.05]. However, the individualized interven-
tion was considerably higher than that of standard care
[RR=1.46, 95% CI=(1.04,2.06), P<0.05]. These results
indicated that individualized intervention has a sub-
stantial effect on high-risk populations of lung cancer
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Fig. 2 Methodological quality and bias risk assessment of the
included trials in the effectiveness of smoking cessation on the
high-risk population of lung cancer with early screening: a systematic
review and meta analysis until January, 2022
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than standard care (P<0.05). A more detailed forest
plot is available in Fig. 3.

According to the result of the subgroup divided by
follow-up time in the patient-reported outcome, the
fixed effects model was used for meta-analysis because
of low heterogeneity (I?=0%). The results showed that
the smoking cessation interventions group was consid-
erably greater than the standard care group [RR=1.34,
95% CI=(1.05, 1.69), P<0.05], this result proved that
smoking cessation intervention had a remarkable effect
on the high-risk population of lung cancer (P<0.05). The
subgroup of follow-up time within 1-6 months showed
that the smoking cessation interventions group was
markedly higher than the standard care group [RR=1.58,
95% CI=(1.12, 2.23), P<0.05]. This result indicated that
smoking cessation intervention within 1-6 months had
a huge influence on the high-risk population of lung
cancer (P<0.05). While at 6-12 months [RR=1.22, 95%
CI=(0.81, 1.84), P>0.05] and 12-24 months [RR=1.02,
95% CI=(0.59, 1.77), P>0.05], no significant difference
between the two groups was observed. A more detailed
forest plot is shown in Fig. 4.

Primary outcome: continuous smoking abstinence

Three studies [27-30, 33] reported the effect of smoking
cessation interventions on continuous smoking absti-
nence. According to different smoking cessation inter-
ventions and follow-up times, the results of the outcomes
were divided into subgroups, and a total of three studies

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed. 95% Cl
1.1.1 Network Resource
S1 Clark, et.al 2004 8 61 4 59  8.2% 1.93 [0.62, 6.08] =
Subtotal (95% Cl) 61 59  82%  1.93[0.62, 6.08] o
Total events 8 4
Heterogeneity: Not applicable
Test for overall effect: Z = 1.13 (P = 0.26)
1.1.2 Individualized Intervention
S2 Marshall,et al 2016 4 28 5 27 10.3% 0.77 [0.23, 2.57] -
S3 Taylor, et al 2017 10 46 9 46 18.2% 1.11[0.50, 2.48] = =
S4 Tremblay, et al 2019 40 171 27 174 541% 1.51[0.97, 2.34] —
S6 Buttery,et al 2022 14 48 4 36  9.2% 2.63[0.94, 7.31] E
Subtotal (95% Cl) 293 283 91.8% 1.46 [1.04, 2.06] -
Total events 68 45
Heterogeneity: Chi? = 2.80, df = 3 (P = 0.42); I? = 0%
Test for overall effect: Z =2.16 (P = 0.03)
Total (95% Cl) 354 342 100.0% 1.50 [1.08, 2.08] -
Total events 76 49
Heterogeneity: Chi? = 3.05, df = 4 (P = 0.55); 12 = 0% 0f2 0?5 y 2 5

Test for overall effect: Z = 2.41 (P = 0.02)
Test for subaroup differences: Chiz = 0.21. df = 1 (P = 0.64). I = 0%

control group  experimental group

Fig. 3 Meta-analysis and subgroup analysis result of 7-day-point prevalence smoking abstinence for the effectiveness of smoking cessation on the

high-risk population of lung cancer with early screening: until January, 2022
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Experimental Control
Study or Subgroup Events Total Events Total Weight
1.2.1 Self-reported confirmed 1-6month
S1 Clark, et.al 2004 8 61 4 59 4.1%
S3 Taylor, et al 2017 10 46 9 46 9.0%
S4 Tremblay, et al 2019(a) 40 171 27 174 26.8%
S6 Buttery,et al 2022 14 48 4 36 4.6%
Subtotal (95% ClI) 326 315 44.4%
Total events 72 44
Heterogeneity: Chi? = 1.85, df = 3 (P = 0.60); I> = 0%
Test for overall effect: Z = 2.62 (P = 0.009)
1.2.2 Self-reported confirmed 6-12month
S2 Marshall,et al 2016 4 28 5 27 5.1%
S4 Tremblay, et al 2019(b) 37 171 29 174 28.7%
Subtotal (95% CI) 199 201 33.8%
Total events 41 34
Heterogeneity: Chi? = 0.63, df = 1 (P = 0.43); I? = 0%
Test for overall effect: Z = 0.95 (P = 0.34)
1.2.3 Self-reported confirmed 12-24month
S4 Tremblay, et al 2019(c) 22 171 22 174 21.8%
Subtotal (95% Cl) 171 174  21.8%
Total events 22 22
Heterogeneity: Not applicable
Test for overall effect: Z = 0.06 (P = 0.95)
Total (95% ClI) 696 690 100.0%
Total events 135 100

Heterogeneity: Chi? = 4.32, df =6 (P = 0.63); I? = 0%
Test for overall effect: Z = 2.40 (P = 0.02)
Test for subaroup differences: Chi? = 2.05. df =2 (P = 0.36). 1?=2.7%
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1.11[0.50, 2.48] S L E—
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1.58 [1.12, 2.23] -
0.77 [0.23, 2.57]
1.30 [0.84, 2.01] T
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control group experimental group

Fig. 4 Meta-analysis and subgroup analysis result of 7-day-point prevalence smoking abstinence for the effectiveness of smoking cessation on the

high-risk population of lung cancer with early screening: until January, 2022

were included in the smoking cessation interventions
subgroups. The other two studies were divided into sub-
groups according to different follow-up times.

The fixed-effects model was used for meta-analysis
because of low heterogeneity (> =21%). There was no sig-
nificant difference between smoking cessation interven-
tions and standard care [RR=1.34, 95% CI=(0.99,1.81),
P>0.05]. The results of subgroup analysis by smoking ces-
sation interventions showed that E-cigarette [RR=1.51,
95% CI=(1.03, 2.21), P<0.05] was higher than that of
the network resource [RR=0.45, 95% CI=(0.14,1.40),
P>0.05] and individualized intervention [RR=1.41, 95%
CI=(0.80,2.94), P>0.05]. These results indicated that
E-cigarette had a determinate effect on high-risk popula-
tion of lung cancer than standard care (P<0.05). A more
detailed forest plot is available in Fig. 5.

According to the follow-up time in biochemical veri-
fication within 6 months, the fixed effects model was
used for meta-analysis because of low heterogeneity
(=0%). The results showed that within 1-6 months,
the smoking cessation interventions group was signifi-
cantly higher than the standard care group [RR=1.51,
95% CI=(1.03, 2.21), P<0.05], this result indicated that
smoking cessation intervention within 1-6 months had a

significant effect on the high-risk population of lung can-
cer (P<0.05). A more detailed forest plot is available in
Fig. 6. Furthermore, only one study [27, 29] reported bio-
chemical verification at the 12-month follow-up (22/171
vs 19/174, P=0.58). There was no significant difference
in the continuous smoking cessation at the twelfth month
between smoking cessation interventions and standard
care.

In addition, one study [27, 29] reported the con-
tinuous smoking cessation rate verified by the patient-
reported outcome. At the sixth-month follow-up (25/171
vs 18/174, P=0.229), at the twelfth-month follow-up
(24/171 vs 22/174, P=0.704), and at the 24-month fol-
low-up (36/168 vs 31/169, P=0.48). There was no dis-
cernible difference in the rate of continuous smoking
cessation between standard care and smoking cessation
treatments.

Secondary outcome: adverse events

Out of the five included studies, only one study [28, 30]
reported adverse events, such as burning throat, cough,
nausea, headache, insomnia, stomachache, confusion,
and dyspnea, which were caused by the usage of E-ciga-
rettes. At the same time, placebo also reported the above
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Experimental Control Risk Ratio Risk Ratio

r I Even Total Events Total Weight M-H. Fix % Cl M-H, Fix % Cl
2.1.1 Network Resource
S1 Clark, et.al 2004 4 85 9 86 14.0% 0.45[0.14, 1.40] -
Subtotal (95% CI) 85 86 14.0% 0.45 [0.14, 1.40] ——e——
Total events 4 9
Heterogeneity: Not applicable
Test for overall effect: Z = 1.38 (P = 0.17)
2.1.2 Individualized Intervention
S4 Tremblay, et al 2019 25 171 18 174 28.0% 1.41[0.80, 2.49] -
Subtotal (95% Cl) 171 174 28.0% 1.41 [0.80, 2.49] i
Total events 25 18
Heterogeneity: Not applicable
Test for overall effect: Z=1.19 (P = 0.23)
2.1.3 E-cigarettes
S5 Masiero & Lucchiari, et al (a) 2020 15 70 6 70  9.4% 2.50[1.03, 6.07] - =
S5 Masiero & Lucchiari, et al (b) 2020 15 70 13 70  20.4% 1.15[0.59, 2.24] -~
S5 Masiero & Lucchiari, et al (c) 2020 13 70 7 70 11.0% 1.86 [0.79, 4.38] -1 T
S5 Masiero & Lucchiari, et al (d) 2020 13 70 11 70 17.2% 1.18 [0.57, 2.46] B e
Subtotal (95% ClI) 280 280 58.0% 1.51 [1.03, 2.21] b
Total events 56 37
Heterogeneity: Chi? = 2.53, df = 3 (P = 0.47); I = 0%
Test for overall effect: Z =2.13 (P = 0.03)
Total (95% CI) 536 540 100.0% 1.34[0.99, 1.81] »
Total events 85 64
Heterogeneity: Chi? = 6.33, df = 5 (P = 0.28); I = 21% o 1 ofz ofs ; 2 5 1’0

Test for overall effect: Z = 1.89 (P = 0.06)
Test for subaroup differences: Chi? = 3.95. df = 2 (P = 0.14). I? = 49.3%

control group experimental group

Fig. 5 Meta-analysis and subgroup analysis result of continuous smoking abstinence for the effectiveness of smoking cessation on the high-risk

population of lung cancer with early screening: until January, 2022

Experimental Control Risk Ratio Risk Ratio
nts T -H, Fi 9 M-H, Fi 9
S5 Masiero & Lucchiari, et al (a) 2020 15 70 6 70 16.2% 2.50[1.03, 6.07] o
S5 Masiero & Lucchiari, et al (b) 2020 15 70 13 70 35.1% 1.15[0.59, 2.24] L)
S5 Masiero & Lucchiari, et al (c) 2020 13 70 7 70 18.9% 1.86 [0.79, 4.38] ] =
S5 Masiero & Lucchiari, et al (d) 2020 13 70 1 70 29.7% 1.18 [0.57, 2.46] =
ota o 0% p 09, 4.

Total (95% CI) 280 280 100.0% 1.51 [1.03, 2.21] i
Total events 56 37
Heterogeneity: Chi? = 2.53, df = 3 (P = 0.47); I? = 0% o=2 0’5 ; 2 5

Test for overall effect: Z = 2.13 (P = 0.03)

control group experimental group

Fig. 6 Meta-analysis results of continuous smoking abstinence for the effectiveness of smoking cessation on the high-risk population of lung
cancer with early screening: a systematic review and meta analysis until January, 2022

adverse reactions, but the number was less than that of
electronic cigarettes.

Sensitivity analysis

In this study, sensitivity analysis was conducted for each
outcome index by using sequential omission of each
study. No significant changes in the effect size were
found.

Discussion

The results of the meta-analysis showed that in terms of
the continuous smoking cessation rate, the smoking ces-
sation effect of E-cigarettes was 1.51 times higher than

that of standard care. In addition, the smoking cessation
effect was statistically significant. In terms of the 7-day
smoking cessation rate, the effect of individualized smok-
ing cessation was 1.46 times greater than that of standard
care, which improved the influence of smoking cessation.
The results of the subgroup analysis of follow-up time
showed that the smoking cessation impact of smoking
cessation interventions within 6 months was better than
that of standard care, not after 6 months.

The subjects of this systematic review are long-term
smokers who undergo low-dose computed tomography,
and the outcomes of this screening can help smokers
become more aware of the negative effects of smoking
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and the advantages of quitting [34]. Smokers seeking low-
dose computed tomography screening results are often at
high risk of lung cancer, as stubborn smokers are highly
dependent on nicotine and have a higher risk of lung can-
cer than ordinary smokers [34]. Some researchers [22]
believed that the results of low-dose computed tomog-
raphy screening can change the motivation of high-risk
people to quit smoking, and the fear of lung cancer for
high-risk groups can frequently become an important
motivation for them to quit smoking [35]. The results of
screening with low-dose computed tomography signifi-
cantly influence the rate of smoking cessation. A study
reported that [33] positive screening results can increase
the quitting rate of smokers, while negative screening
results may even reduce smokers’ awareness of can-
cer risk thus continuing to smoke. It is well known that
smoking is not only a high-risk factor for lung cancer but
also leads to other multisystem damage [30]. It is neces-
sary to publicize the harmful effects of smoking and make
smokers aware of the benefits of quitting smoking, espe-
cially for smokers whose screening results are negative.
Unfortunately, the six studies included in this systematic
review did not include the results of low-dose computed
tomography screening as a factor affecting the rate of
quitting smoking in the analysis. Future studies should
consider the impact of low-dose computed tomography
screening results on smoking cessation interventions,
which can explore potential smoking cessation methods
suitable for smokers with different low-dose computed
tomography screening results to guide clinical research.
The smoking cessation interventions included in this
systematic review include network resources, individu-
alization and E-cigarettes. Among them, both network
resources and individualization are categorized as psy-
chological and behavioral intervention, and E-cigarettes
are categorized as pharmacological approach [36]. The
findings demonstrate that electronic cigarettes signifi-
cantly affect smoking cessation. E-cigarettes are elec-
tronic devices that evaporate nicotine into aerosols for
smokers to inhale. It provides smokers with sufficient
levels of nicotine to help relieve withdrawal symptoms
by simulating smoking behavior, vision, and perception
[37]. Nicotine is an addictive substance in tobacco. Once
smokers stop smoking, there will be a series of with-
drawal symptoms, such as insomnia, irritability, inatten-
tion, fatigue, etc. [38]. Research shows that most people’s
failure to quit smoking is due to abstinence reactions
caused by a sudden interruption of nicotine in the pro-
cess of quitting smoking [39]. Appropriate nicotine sup-
plementation can reduce smokers’ mental dependence
on nicotine, which in turn reduces nicotine craving and
withdrawal symptoms. The results of this study show that
E-cigarettes support people at high risk of lung cancer to
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quit smoking in the short term, which is consistent with
the results of Harrell et. al [40]. However, despite their
ability to aid in quitting smoking, e-cigarettes can cause
unwanted respiratory side effects as cough, nauseous-
ness, and dyspnea. Therefore, it is advised that clinical
practice should make a wise decision to stop smoking
based on thoroughly assessing its smoking cessation
effect and negative effects. Because the study included
in this systematic review only followed up on the effect
of E-cigarettes for 6 months, therefore we were unable to
determine the effect of e-cigarettes over the long term.
Future research is hoped to follow up on the long-term
effects of e-cigarettes and thus evaluate the long-term
effects of quitting smoking.

Individual smoking cessation intervention aims at a
series of tobacco dependence, smoking habit preference,
psychological state of smoking cessation for smokers, and
addressing the diverse demands of many sorts of smok-
ers in terms of quitting smoking [26, 32]. Condoluci,
et al. [9] declared that the individual smoking cessation
interventions should be tailored according to the differ-
ent smoking habits of smokers. The results of this sys-
tematic review shows that individual smoking cessation
intervention is effective in the 7-day smoking cessation
rate and ineffective in the continuous smoking cessa-
tion rate. This indicates that individual smoking cessa-
tion intervention can promote smoking cessation. The
difference in the smoking cessation effect between net-
work resources and standard care has not been found,
although internet resources improve smokers’ desire for
tobacco and control of smoking pleasure through social
support [41]. For smokers who have smoked for at least
15 years, their physical and psychological dependence on
nicotine is extremely high, and the withdrawal symptoms
associated with quitting smoking are serious. A study
found that [33] long-term smokers with a high risk of
lung cancer. Their utilization rate of network resources is
low, and the influence of network resources on smoking
cessation drive and motivation of long-term lung can-
cer high-risk people is weak. It is suggested that future
research strengthen social support for smoking cessation,
such as through media publicity and public welfare activ-
ities. Improving the utilization rate of smoking cessation
resources for smokers and then encouraging them to quit
smoking.

The results of this systematic review subgroup analysis
shows that the smoking cessation rate of smoking ces-
sation interventions is significantly higher than that of
standard care within 6 months of follow-up. However, the
effect of smoking cessation interventions decreased grad-
ually with the extension of follow-up time. Smokers who
participated in low-dose computed tomography screen-
ing are at high risk of lung cancer, and participating in
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low-dose computed tomography screening itself has a
warming effect on them. They may caution themselves to
try their best to stop smoking and retain a comparatively
high degree of recall and attention to smoking cessation
therapies in a short period while getting smoking cessa-
tion intervention. This may be the reason why smoking
cessation interventions are effective in quitting smoking
in a short period. However, in reality, it can be challeng-
ing to continue their behavior of stopping smoking for an
extended period. The gap between the intervention and
measurement times is too wide, smokers’ memories of
their interventions to stop smoking steadily deteriorate,
and some smokers are unable to recall the occurrence
of their interventions at all. With the extension of time,
their shadow on low-dose computed tomography gradu-
ally weakened. At the same time, with the cumulative
increase in withdrawal reaction caused by quitting smok-
ing, they suffered great physical and psychological pain,
which seriously affected the effect of smoking cessation
interventions quitting smoking [42]. Our study observed
that the effect of smoking cessation interventions on
smokers’ memory and compliance to quitting smoking is
limited by time. Therefore, it is suggested that the clini-
cal implementation of smoking cessation interventions
should be continuously strengthened and consolidated
more intensively, especially after 6 months of interven-
tion. Smokers’ internal driving force and motivation to
quit smoking are gradually decreasing with the extension
of time, and it is easy to give up psychologically. Because
of smokers’ strong dependence on tobacco and forget-
ting about smoking cessation interventions, which makes
the success rate of quitting smoking is lower in high-risk
groups for lung cancer. Thus, it is necessary to increase
the intensity of smoking cessation interventions or make
appropriate adjustments for other more effective meas-
ures [10].

The present research revealed that in most studies,
researchers mostly take the smoking cessation rate as
the main outcome indicators [43, 44], such as the 7-day
smoking cessation rate and the continuous smoking ces-
sation rate. The 7-day quitting rate refers to the quitting
rate within 7 days before the follow-up, and the con-
tinuous quitting rate refers to never smoking during the
period from the date of quitting smoking to the end of the
follow-up. The 7-day smoking cessation rate and continu-
ous quitting rate are common end points for research-
ers to observe the short-term and/or long-term effects
of smoking cessation interventions, which are important
measurement standards for evaluating smoking cessa-
tion effectiveness[45]. During a given follow-up period,
it can be considered that the continuous quitting rate is
more stringent than the 7-day quitting rate [46]. Among
the 6 studies included in this systematic review, only one
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article, “S4 Tremblay, et al’, observed the continuous
smoking cessation rate of smokers, which may be the rea-
son for the ineffectiveness of individualized smoking ces-
sation intervention in the continuous smoking cessation
rate. These outcome indicators are evaluated by patient-
reported outcomes or biochemical verification. patient-
reported outcome refers to the research results directly
reported by patients themselves. As an evaluation tool,
it can directly and comprehensively reflect the true feel-
ings of patients and contribute to patient-centered treat-
ment [47]. Biochemical verification evaluates the results
of quitting smoking by monitoring the level of carbon
monoxide in smokers, which improves the science and
rigor of the trial. The inclusion of biochemical verifica-
tion in clinical research design can greatly improve the
quality of the study [48]. However, only using patient-
reported outcome or/(and) biochemical verification to
evaluate the physiological changes of smokers, there is
a certain level of limitation in the adoption of outcome
indicators and the choice of evaluation methods, and
the lack of observation of the psychological and behav-
ioral changes of smokers, such as the change in smoking
abstinence expectancies [49], motivation to quit smok-
ing, the number of attempts to quit smoking and the
degree of nicotine dependence, can be used as secondary
outcome indicators of smoking cessation intervention.
These data can also provide clues for improving smoking
cessation interventions [11]. In addition, the degree and
duration of smoking cessation interventions interven-
tion were closely related to the effect of quitting smok-
ing [50]. Among the 6 studies included in this systematic
review, only one article, “S3 Taylor, et al” [31] described
the degree and duration of intervention, and the other,
“S5 Masiero & Lucchiari, et al” [28, 30] described the
duration of intervention. Other studies have not reported
the specific degree and time of smoking cessation inter-
vention, which reduces the repeatability of the interven-
tion and may also affect the judgment of the intervention
effect in this study.

It is suggested that future studies fully report the research
design, include a more detailed process and effect evalua-
tion, and use a variety of methods to verify the effective-
ness of the results to observe the smoking cessation effect
of smoking cessation interventions more comprehensively.

Limitations

There may be some limitations in this study. First,
although the quality of the literature [26, 28, 30] in this
study is high, it is still partly included in the poor qual-
ity of the articles, resulting in low quality of evidence
potentially. Second, the literature we included was pub-
lished in English. Studies published in other languages
and studies that have been completed but not yet
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published may be omitted, resulting in publication and
publication bias.

Conclusions

In conclusion, the results of this systematic review show
that smoking cessation intervention is effective for long-
term lung cancer high-risk smokers who participate in
early screening. Among them, E-cigarettes are the best,
followed by individual smoking cessation. Future research
should focus on improving the methodological quality of
the trial, shortening the intervention period, and explor-
ing more outcomes. Further studies should consider both
the negative and positive influence of the low dose com-
puted tomography screening population and report the test
according to CONSORT guidelines; additionally, future
research can also evaluate the smoking cessation effec-
tiveness of smoking cessation interventions by observing
changes in end points such as Fagestrom test, pack years,
eCO, and spirometry; the smoking abstinence expectan-
cies questionnaire (SAEQ) can be used to evaluate smoking
abstinence expectancies [49]. This would help to explore
smoking cessation interventions more comprehensively to
provide scientific evidence of smoking cessation methods
for long-term smokers at high risk of lung cancer.
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