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Abstract

Objective: To evaluate the accuracy of positron emission tomography/computed tomography (PET/CT) in
the diagnosis of lymph node metastasis in non-small cell lung cancer (NSCLC) by a method of meta-
analysis. Materials and Methods: A comprehensive research of PubMed, Cochrane Library, China National
Knowledge Infrastructure (CNKI), and Embase data bases was conducted to collect literature about PET/CT
diagnosing lymph node metastasis of NSCLC up to December 1,2021. Stata 15.0 software was used for the
calculation of sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diag-
nostic odds ratio (DOR). The publication bias was evaluated by Deeks' funnel plot. Results: A total of 25 stu-
dies were enrolled, including 2,458 patients with NSCLC. The pooled sensitivity of PET/CT for diagnosing
lymph node metastasis in NSCLC was 0.68 (95%Cl: 0.61-0.75), the pooled specificity being 0.93 (95%Cl:
0.89-0.95). Likelihood ratio syntheses gave an overall PLR of 9.4 (95%Cl: 6.3-13.9), and NLR of 0.34 (95%Cl:
0.28-0.41). The pooled DOR was 28 (95%Cl: 19-40). The summary receiver operating characteristic curve
showed the area under the curve of 0.88 (95%Cl: 0.84-0.90). Conclusions: PET/CT has a good value in the
diagnosis of lymph node metastasis of NSCLC, with specificity excellent. PET/CT can be used as one of the
main imaging diagnosis methods for lymph node metastasis in patients with NSCLC.
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Introduction

ung cancer is one of the most common malignant tumors at present [1]. Regardless

of gender differences, the incidence of lung cancer is increasing every year and is

getting younger [1, 2]. Non-small cell lung cancer (NSCLC) occupies a large propor-
tion in the classification of lung cancer, accounting for 85% of all types [3]. The metastatic
pathways of non-small cell lung cancer include lymph node metastasis (LNM), blood type
metastasis, local infiltration, and implantation metastasis, among which lymph node me-
tastasis is the most common metastatic node of lung cancer [4]. Lymph node metastasis
can occur in the early stage of non-small cell lung cancer, with high degree of malignancy
and high recurrencerate [5].

At present, computed tomography (CT) or magnetic resonance (MR) is the most com-
mon imaging examination method to diagnose lymph node metastasis [6], while CT and
MR are mostly judged by the change in lymph node shape, size, density, or signal, which
have obvious limitations in the qualitative detection of lesions [3]. Compared to positron
emission tomography (PET) for localization of lesions, CT or MR has disadvantages in qu-
alitative aspects [7]. Positron emission tomography/CT combines the advantages of PET
and CT, greatly improving the accuracy of detection and characterization of lesions [6, 8].

Comprehensive treatment of NSCLC cannot be separated from clinical staging. Deter-
mining the presence of lymph node metastases is helpful for directional lymph node dis-
section. Therefore, we aimed to use meta-analysis to evaluate the diagnostic value of PET/
CTinlymph node metastasis of NSCLC.

Materials and Methods

Search strategy
The relevant studies on the diagnosis of lymph node metastasis in NSCLC were retri-
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eved in PubMed, Cochrane Library, China National Know-
ledge Infrastructure (CNKI), and Embase up to December 1,
2021.The main retrieval strategies are as follows: (“PET-CT”
OR”positron emission tomography”) AND (“lung cancer”OR
“NSCLC") AND (“lymph node metastasis” OR“lymphatic me-
tastasis”) AND (“specificity” OR “sensitivity” OR “diagnosis”
OR*accuracy”). There are no restrictions on the retrieval lan-
guage. Two researchers conducted the search indepen-
dently, and finally cross-checked the results.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) The included stu-
dies were those evaluating the value of PET/CT in the diag-
nosis of lymph node metastasis of NSCLC; (2) Research is
prospective or retrospective; (3) All subjects included sho-
uld not only undergo PET/CT but also be supported by the
golden criteria of diagnosis; (4) Literature can extract valu-
able results; (5) Studies with lymph nodes as samples.

The exclusion criteria were as follows:(1) Review, abstract,
case report, and editorial; (2) Basic experimental research,
such as animal experiments, and cell experiments; (3) There
are obvious errors in the extraction of information, or the da-
taisincomplete.

Data extraction and quality assessment

Study inclusion and exclusion criteria were followed. First,
use Endnote software to eliminate duplicate research, and
then preliminarily eliminate unqualified documents by re-
ading the titles and abstracts. For those studies that cannot
be confirmed, the decision should be made after reading
the full text. If the article still cannot be determined, more
than two people should discuss and decide whether to in-
clude it. The extraction of the included literature informa-
tion was carried out by two researchers, respectively. If the
opinions were not unanimous, they would discuss them to-
gether or seek the help of the relevant third-party experts.
The basic research information to be collected was as fol-
lows: author, country and publication time, sample size, and
original data (true positive, false positive, true negative, false
negative, sensitivity, and specificity) [9].

The literature quality evaluation was strictly assessed ba-
sed on the Quality Assessment of Diagnostic Accuracy Stu-
dies-2 (QUADAS-2) [10]. This tool mainly evaluates the risk
bias of literature from four aspects: patient selection, index
test, reference standard, and flow of patients through the
study and timing of theindex tests and reference standard.

Statistical analysis

Statistical analyses were performed with commercial soft-
ware programs (STATA, version15.0; College Station, TX,
USA). The risk bias of the literature was assessed by Review
Manager 5.3 (The Cochrane Collaboration, Copenhagen,
Denmark).The corresponding data were combined by soft-
ware programs, including the sensitivity, specificity, positive
likelihood ratio (PLR), negative likelihood ratio (NLR), and
diagnosticodds ratio (DOR).The area underthe summary re-
ceiver operating characteristic (SROC) curve (AUC) is obta-
ined to reveal pooled diagnosticaccuracy [11].The I’ test was
used to evaluate the heterogeneity among the included stu-

dies. We used the binary mixed-effect models to evaluate
the diagnostic performance indicators. Publication Bias was
performed by Deeks' funnel plot[12].P<0.05 was considered
statistically significant.

Results

Study selection and characteristics of eligible stu-
dies

The detailed process of study selection was performed for
this meta-analysis (Figure 1). A total of 3,544 studies were
retrieved in the primary literature search, of which 466 re-
cords of duplicated studies were excluded after reviewing
abstracts. After 2,503 non-relevant studies, 152 conference
abstracts, 125 review articles, 121 case reports, 11 notes, 97
editorials, 73 letters, and so on were excluded, the rest of the
28 full-text studies were assessed for eligibility. After inclu-
sion and exclusion,13 studies with insufficient data for cal-
culation of sensitivity and specificity were excluded and fi-
nally, 25 studies were selected in qualitative synthesis [13-
38]. The characteristics of eligible studies are presented in
Table 1. A total of 2,458 patients with an average of 4.28 le-
sionyields per patient were involved in this study.

Quality assessment of eligible studies

We evaluated the study quality by using the Quality Asses-
sment of Diagnostic Accuracy Studies included in Syste-
matic Reviews (QUADAS-2) (Figure 2A, B). Among the 25 in-
cluded studies, there were 7 prospective studies [13-19] and
18 retrospective studies [20-38]. All trials scan were perfor-
med at breath holding with the same reconstruction algo-
rithm. All of the studies were supported by the pathological
examination. The reviewers carried out the PET/CT image
reading without knowing the result of the pathological exa-
mination in 20 studies. All trials reported the gender ratio,
age range, or average age of patients, as well as the type of
primary lesion.

In 11 studies, patient selection was judged to have a high
bias risk, and the bias risk of the remaining 14 studies was
low or unclear. Most of the selected studies did not provide
information on continuous enrolment. For the index test, 8
articles displayed high risk, and 17 articles presented mode-
rate or low risk. For reference standards, common weaknes-
sesfocused onthefact thatthereis noblind methodininter-
preting the results. With regard to the flow and timing, 16
articles displayed low risk of bias. Overall, the quality of the
included studies was satisfactory.

Diagnosticaccuracy of PET/CTin NSCLC

The forest plot was conducted for the diagnostic perfor-
mance of PET/CT in predicting lymph node metastasis of
NSCLC patients (Figure 3). The pooled sensitivity of PET/CT
was 0.68 (95%Cl: 0.61-0.75), with heterogeneity significant
(’=88.88, P<0.05). The combined specificity was 0.93 (95%
Cl: 0.89-0.95), with heterogeneity obvious (I’=97.36, P<
0.05). The combined DOR was 28 (95%Cl: 19-40), the SROC
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curve showingan AUC of 0.88 (95%Cl: 0.84-0.90) (Figure 4).

Evaluation of the clinical utility

The likelihood ratio scatter gram was constructed for the di-
agnostic utility of PET/CT in NSCLC (Figure 5). The result dis-
played the summary likelihood ratio (LR) for PET/CT test was
located in the lower right quadrant. Likelihood ratio synthe-
sis gave an overall PLR of 9.4 (95%Cl: 56.3-13.9), and NLR of
0.34(95%Cl:0.28-0.41).

Publicationbias

We performed Deeks' funnel plot asymmetry tests to eva-
luate potential publication bias (Figure 6). The funnel plot
showed that the graph was symmetric (P>0.05), indicating
no significant publication bias.

Discussion

Surgical resection of the lesion is the preferred treatment
method for patients with NSCLC at the present stage [39].
However, this kind of patient is prone to mediastinal lymph
node metastasis. Therefore, accurate preoperative determi-

nation of metastases is important for accurate staging and
rational surgical planning [40]. At present, the main non-in-
vasive imaging diagnostic method for patients with NSCLC
with mediastinal lymph node metastasis is chest CT, usually
when the short diameter of the lymph node is more than
10mm [41]. Positron emission tomography/CT is an advan-
ced imaging technology applied in clinics in recent years,
which can realize the functional imaging of lesions [42],
which enables functionalimaging of lesions and integration
of anatomical structural, and metabolic information of lesi-
ons [43]. At the same time, PET/CT can also provide the cor-
relation between the size, density, and diameter of the pati-
ent's lymph nodes for clinical diagnosis [44], and clarify the
specific metabolic status and accurate location of the lymph
nodes. In the diagnosis of mediastinal lymph node metas-
tasis, PET/CT is superior to CT or PET alone [45].Therefore,
evidence-based data to predict the diagnosis of ymph node
metastasis is expected to provide enough information be-
fore deciding whether to carry out lung function protection
therapy.

In this study, a meta-analysis was used to summarize the
results of PET/CT in the diagnosis of lymph node metastasis
of NSCLC. A total of 25 studies with 2,458 patients were in-
cluded. The pooled sensitivity, specificity, and 95%CI of the
total effect size were 0.68 (95%Cl; 0.6-0.75) and 0.93 (95%Cl;

Fmmmm
§ BEHe Additional records identified
15; through database searching through other sources
E (PubMed; 2,019, Embase; 1,485, (n=0)
g CNK; 40, Cochrane; 0) {n =3,544)
a
LN
(&7 Records after duplicates remaved (n=3,078)
¥ Records excluded (n = 3,050)
i Non-relevant study (n = 2,503)
E Conference abstracts (n = 152)
. Records screened (n = 3,078) Review article (n = 125)
= Case report (n = 121)
Editorial {n = 97)
—_ Letter (n=73)
> Full-text articles assessed for eligihility Note (n=11)
= (n=28)
B Full-text articles excluded (n = 3)
= > Insufficient data for calculation of
- O T ) sensitivity and specificity
Studies included in qualitative synthesis
(n=25)
(=
a
;
3 Studies included in qualitative synthesis
= (meta-analysis) (n=25)
[—

Figure 1. Flow chart of studies identified and included in the present meta-analysis.
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Table 1. The principal characteristics of included studies.

No. of
Swdy Y Counwy S Comse paens g, gy gy S Specr
lesions
Lee 2012 Korea P C 160/756 22 23 13 698 0.97 0.63
Ohno 2007 Japan P C 115/891 60 31 13 787 0.82 0.96
Sit, A 2010 China R ND 107/249 18 31 34 166 0.84 0.35
Tabo 2010 Japan R C 42/217 17 15 4 181 0.92 0.81
Hu 2008 China R ND 46/584 117 72 17 378 0.84 0.87
Yi 2007 Korea R ND 143/453 22 4 28 399 0.99 0.44
Shim 2005 Korea P C 106/393 28 58 5 302 0.84 0.85
Nomorl 2008 Japan P C 88/734 24 3 10 680 0.72 0.97
Tasci 2010 Turkey R ND 127/826 41 50 24 711 0.93 0.63
Jeon 2010 Korea R C 168/617 30 10 30 547 0.98 0.50
Morikawa 2009 Japan P C 93/137 74 19 8 36 0.65 0.90
Liu 2009 China R ND 39/208 40 24 26 120 0.83 0.61
Li 2012 China R C 80/265 33 7 18 207 0.97 0.65
Kuo 2012 China R C 102/118 12 25 9 72 0.74 0.57
Kim 2012 Korea P C 49/206 18 6 21 161 0.81 0.39
Usuda 2013 Japan P C 158/705 24 3 37 641 0.39 0.99
Xu 2014 China R C 101/528 52 18 49 409 0.96 0.51
Lee 2014 Korea R C 104/372 23 31 26 292 0.90 0.47
Zhou 2014 China R ND 64/280 25 9 9 237 0.96 0.74
Zhang 2016 China R C 167/731 143 26 61 501 0.95 0.70
Zhai 2020 China R C 41/93 37 4 19 18 0.66 0.82
Shi 2020 China R C 80/124 17 41 2 64 0.90 0.61
Wang 2020 China R C 160/670 58 138 14 460 0.80 0.77
Zhang 2018 China R C 46/92 17 13 6 56 0.74 0.81
Li 2018 China R C 72/280 130 42 16 92 0.89 0.82

ND:nodocumented; No.:number; TP: true positive; FP:false positive; FN:false negative; TN: true negative. P: prospective; R: retrospective; C: consecutive
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(95%Cl; 0.89-0.95) for lymphatic subjects, respectively,
which meaning that PET/CT were helped detect lymph no-
des metastases in NSCLC. Positron emission tomography/
CT for the prediction performance of lymph node metasta-
sisin NSCLC patients showed that the positive and negative
likelihood ratios were 9.4 (95%Cl; 6.3-13.9) and 0.34 (95%Cl;
0.28-0.41), respectively. Since the AUC value is not affected
by the prevalence rate, it can objectively and comprehensi-
vely reflect the relationship between sensitivity and specifi-

city, truly reflect the value of diagnostic experiments, and
comprehensively evaluate the accuracy of diagnostic expe-
riments [11]. In this study, lymph node as the study object,
AUC value and 95%CI were 0.88 (95%Cl; 0.84-0.90), sugges-
ting that PET/CT has high efficiency in the diagnosis of me-
diastinal lymph node metastasis of NSCLC.

Publication bias is another important factor affecting the
results of meta-analysis, because positive or significant re-
sults are easier to publish, while insignificant or negative re-
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sults are usually rejected [46]. In this study, Deeks' Funnel
Plot test showed no publication bias, which further indica-
ted that theresults of this study were highly reliable.

However, there are still some limitations to this meta-
analysis. Firstly, the design methods used in the study are
not uniform, with both retrospective and prospective stu-
dies. Secondly, equipment models and processing software
are different. Thirdly, the sampling method of positive lym-
phatic biopsy. Fourthly, the SUV values of PET/CT are diffe-
rent in imaging diagnosis standards. Given the above influ-
encing factors, the random effect model was selected in the
statistical method of this study, and the influence of variance
inhomogeneity among studies was considered to improve
the credibility of the summary results.

In conclusion, PET/CT has a good diagnostic value for the
lymph node metastasis of NSCLC, which can be used as one
of the main imaging diagnosis methods for lymph node me-
tastasis in patients with NSCLC. Positron emission tomog-
raphy/CT provides an important basis for the diagnosis of
lymph node metastasis of NSCLC, and also provides a basis
for the choice of the treatment scheme, which has high clini-
calapplicationvalue.

Theauthorsdeclarethatthey have no conflicts ofinterest.
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