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Abstract
Background: The study was conducted to investigate the value of Positron emission tomography computed tomography (PET/
CT) in predicting invasiveness of ground glass nodule (GGN) by the method of meta-analysis.

Methods: Two researchers independently searched for published literature on PET/CT diagnosis of GGN as of November 30,
2020. After extracting the data, RevMan5.3 was used to evaluate the quality of the included literature. The Stata14 software
was used to test the heterogeneity of the original study that met the inclusion criteria, to calculate the combined sensitivity,
specificity, positive likelihood ratio and negative likelihood ratio, the prior probability and posttest probability. The summary receiver
operator characteristic curve was drawn and the area under the curve was calculated. Using Deeks funnel plot to evaluate publication
bias.

Results: Five studies were finally included, including 298 GGN cases. The included studies had no obvious heterogeneity and
publication bias. The combined sensitivity and specificity of PET/CT for predicting invasive adenocarcinoma presenting as GGNwere
0.74 (95% confidence interval [CI]: 0.68–0.79), 0.82 (95% CI: 0.71–0.90), positive likelihood ratio and negative likelihood ratio were
4.1 (95% CI: 2.5–6.9), 0.32 (95% CI: 0.25–0.40), and the diagnostic odds ratio was 13 (95% CI: 7–26). The prior probability is 20%,
the probability of GGN being invasive adenocarcinoma when PET/CT was negative was reduced to 7%, and the probability of GGN
being invasive adenocarcinoma when PET/CT was positive was increased to 51%. The area under the curve of the summary receiver
operator characteristic curve was 0.85.

Conclusion: PET/CT has high diagnostic accuracy for invasive adenocarcinoma presenting as GGN.

Abbreviations: AUC = the area under the curve, GGN = ground glass nodule, HRCT = high-resolution computerized
tomography, IAC = invasive adenocarcinoma, PET/CT = positron emission tomography computed tomography, SROC = the
summary receiver operator characteristic curve.
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Key points

� We evaluated the value of PET/CT in diagnosising
invasive adenocarcinoma presenting as GGN by meta-
analysis of evidence-based medicine, and drew a reliable
conclusion.
1. Introduction

Ground glass nodule (GGN) is a nodule that has ground glass
opacity (GGO). It is a characteristic imaging manifestation,
which is closely related to lung adenocarcinoma.[1,2] In 2011, the
International Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society International
divided lung adenocarcinoma into atypical adenomatous
hyperplasia, adenocarcinoma in situ, microinvasive adenocarci-
noma (MIA) and invasive adenocarcinoma (IAC), the WHO
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followed this classification in 2015.[3,4] The 5-year survival rate
after resection of atypical adenomatous hyperplasia, adenocarci-
noma in situ, and microinvasive adenocarcinoma was almost
100%, whereas IAC was only 60% to 80%.[5,6] Inflammation,
infection, and tumor can all be shown as GGN, and high-
resolution computerized tomography (HRCT) can distinguish by
its shape, density, and other signs or reexamination. However,
GGN in cancer of different pathological stages can have the same
HRCT findings. The diagnosis and differential diagnosis of
invasive adenocarcinoma presenting as GGN is a difficult point in
imaging diagnosis, which is of great significance to the selection
of surgical methods, postoperative treatment and prognosis.[7] As
an advanced examination method with both anatomical and
metabolic functions, PET/CT has high sensitivity and specificity
in the diagnosis of benign and malignant tumors with solid
nodules in the lung. At present, there are few studies on the
diagnosis of GGN by PET/CT, and the conclusion is controver-
sial. Based on the PRISMA statement, we performed meta-
analysis to evaluate the diagnostic efficacy of PET/CT for invasive
adenocarcinoma presenting as GGN, so as to provide an
evidence-based basis for clinical decision making.
2. Methods

2.1. Literature search strategies

Two researchers independently searched Pubmed, Embase,
Cochrane Library, CNKI, Wanfang Data, and CBM for related
literature published as of November 30, 2020. The search
strategy was: (PET/CT [the medical subject headings OR free
terms]) and (ground glass nodule OR ground glass opacity OR
GGNORGGO). The languagewas not limited, and the problems
encountered were solved through discussion.
2.2. Inclusion and exclusion criteria

Inclusion criteria: in the studies, ground glass nodule were
diagnosed by PET/ CT, and the lesions were divided into invasive
adenocarcinoma group and noninvasive adenocarcinoma group;
the ground glass nodule had definite pathological diagnosis; the
number of true positive, false positive, false negative and true
negative could be extracted from the literature; the literature was
the original research; the full text of the literature was available.
Exclusion criteria were: irrelevant literature, duplicate litera-

ture; review, conference abstract, case, other nonoriginal
research; the pathologic classification of ground glass nodule
did not conform to the 2011IASIA/ATS/ERS classification of
lung adenocarcinoma.
Table 1

Main characteristics of the included studies.

Author Year Tp

Jie Chen 2019 26
Xiaonan Shao 2019 37
Rong Niu 2019 55
Jun Zhou 2019 31
Xiaohong Lv 2020 22
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2.3. Literature quality evaluation and data extraction

Two researchers independently conducted quality evaluation and
data extraction of the included studies according toQuadAS-2. In
case of disagreement, the 2 researchers discussed to solve the
problem or added 1 researcher to solve the problem. The
information extracted for each study included the first author,
publication year, number of true positives, false positives, false
negatives, and true negatives.
2.4. Statistical methods

RveMan5.3 software was used to evaluate the quality of the
included studies. The Stata14 software was used to evaluate the
heterogeneity, to calculate the combined sensitivity, specificity,
positive likelihood ratio and negative likelihood ratio, the
previous probability, and posttest probability. The summary
receiver operator characteristic curve (SROC) was drawn and the
AUC was calculated. At last, Deeks funnel plot was used to
evaluate the publication bias.
2.5. Ethical statement

All analyses were based on previous published studies; thus, no
ethical approval and patient consent are required.
3. Results

3.1. Features of the included studies

Initially, a total of 191 relevant studies were retrieved. According
to the inclusion and exclusion criteria, 67 duplicate studies, 109
irrelevant studies, 3 reviews, and 4 cases were excluded. After
reading the full text of the study, 3 studies were excluded because
they did not meet the third requirement in the inclusion criteria.
Finally, 5 studies, 298 cases of GGN were included.[8–12] The
characteristics and data of the included studies are shown in
Table 1.
3.2. Sensitivity and specificity analysis

The sensitivity and specificity of PET/CT for the diagnosis of
invasive adenocarcinoma presenting as GGN were 0.74 (95%
confidence interval [CI]: 0.68–0.79) and 0.82 (95% CI: 0.71–
0.90). The results of heterogeneity test were Q=1.05, P= .9, I2=
0 for sensitivity and Q=2.56, P= .63, I2=0 for specificity. The
forest graph is shown in Figure 1.
Fp Fn tn SUVmax

2 12 12 1.04
1 11 7 1.3
5 18 11 1.3
2 12 13 0.95
2 7 12 1.55



Figure 1. Combined sensitivity and specificity of the forest plots.
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3.3. Positive and negative likelihood, diagnostic odds
ratios, prior probability and post-test probability

The positive likelihood ratio and negative likelihood ratio were
4.1 (95% CI: 2.5–6.9), 0.32 (95% CI: 0.25–0.40), and the
diagnostic odds ratio was 13 (95% CI: 7–26). According to
Fagan normogram, the previous probability was 20%, when
PET/CT indicated positive, the probability of GGN being
invasive adenocarcinoma increased to 51%, and when PET/
CT indicated negative, the probability of GGN being invasive
adenocarcinoma decreased to 7%. The details were shown in the
Figure 2.

3.4. The SROC and the AUC

The SROC was calculated by sensitivity against 1-specificity
using Stata14 software., and the AUC was 0.85 (Fig. 3).

3.5. Evaluation of studies quality and publication bias

The quality evaluation graph was made by RveMan5.3. The Risk
of bias graph and Risk of bias summary were shown in Figures 4
and 5. Both sides of the Deeks funnel plot are basically symmetric,
3

and P= .09 (Fig. 6). The results showed that there was no
significant publication bias. In short, the quality of the studies
could well meet the requirements of our meta-analysis.

4. Discussion

At present, the main diagnostic method of GGN is HRCT, but
HRCT manifestations of lung adenocarcinoma at different
pathological stages still have certain imaging overlap.[13] More
and more postoperative pathology confirmed the existence of
over diagnosis and treatment in the resection of GGN.[14,15]

Therefore, accurate diagnosis of GGN is the key point. PET/CT
provides a possibility for imaging pathology diagnosis of GGN
due to its special anatomical and functional metabolic character-
istics. Recently, the studies on PET/CT diagnosis of lung
adenocarcinoma presenting as GGN has been published
gradually, but no meta-analysis or systematic evaluation has
been published.
We searched the relevant studies as of November 30, 2020, and

included 5 high-quality studies with 298 GGN. The overall
quality of the included studies was good, without obvious

http://www.md-journal.com


Figure 3. ROC for PET/CT diagnosis of invasive adenocarcinoma presenting as G
PET/CT = Positron emission tomography computed tomography; ROC = receiv

Figure 2. Fagan normogram, the prior probability was 20%, when PET/CT
indicated positive, the probability of GGN being invasive adenocarcinoma
increased to 51%, and when PET/CT indicated negative, the probability of
GGN being invasive adenocarcinoma decreased to 7%. GGN = ground
glass nodule, PET/CT = Positron emission tomography computed
tomography.
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heterogeneity and publication bias. The results of meta-analysis
showed that PET/CT had high sensitivity, specificity and
accuracy for invasive adenocarcinoma with GGN in the lung.
For the diagnosis of GGN, PET/CT results were reliable, which
could provide image basis for the diagnosis of GGN difficult on
HRCT.
PET/CT for the diagnosis of lung benign and malignant tumors

began around 2000, with Standardized Uptake Value Maximum
(SUVmax) >2.5 as the standard for the diagnosis of malignant
tumors. Since 2010, a large number of adenocarcinoma with
GGN has been found in lung low-dose screening, which has
revolutionary significance for the diagnosis and prognosis of
early lung cancer. At the same time, whether SUVmax >2.5 is
also suitable for the evaluation of GGNs is also under test. In the
included studies, the SUVmax ranged from 0.95 to 1.55, with a
median of 1.3, which was significantly different from the
traditional criteria.[16,17] Therefore, SUVmax>2.5 is not suitable
for the evaluation of benign andmalignant GGN.When SUVmax
of ground glass nodules is>0.95, especially>1.55, the possibility
of invasive adenocarcinoma should be considered. This is because
the density and metabolic activity of proliferative tumor cells in
GGN are lower than those in solid tumors, which also confirms
that the prognosis of lung adenocarcinoma shown as GGN is
better. Our meta-analysis results also show that the cutoff values
of the included studies are reliable.
The limitation of our study is that there are few published

studies, so the potential publication bias may exist. Therefore, we
need to constantly include new studies to make our meta-analysis
conclusions more reliable
In conclusion, our meta-analysis showed that PET/CT has a

high diagnostic accuracy for invasive adenocarcinoma presenting
as GGN. PET/CT is an effective supplement to HRCT in the
diagnosis of GGN.
GN. The was 0.85. AUC = area under the curve, GGN = ground glass nodule,
er-operating characteristic.



Figure 4. Methodological quality graph.

Figure 5. Methodological quality summary.

Figure 6. Deeks funnel plot, P= .09.
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