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Abstract

Background Solitary pulmonary nodules (SPNs) frequently bother oncologists. The differentiation of malignant from benign
nodules with non-invasive approach remains a tough challenge. This study was designed to assess the diagnostic accuracy
of dynamic computed tomography (CT), dynamic magnetic resonance imaging (MRI), fluorine 18 fluorodeoxyglucose
(‘8F-FDG) positron emission tomography (PET), and technetium 99 m (**™Tc) depreotide single photon emission computed
tomography (SPECT) for SPNs.

Methods Electronic databases of MEDLINE, PubMed, EMBASE, and Cochrane Library were searched to identify relevant
trials. The primary evaluation index of diagnostic accuracy was areas under the summary receiver-operating characteristic
(SROC) curve. The results were analyzed utilizing Stata 12.0 statistical software.

Results Seventy-three trials incorporating 7956 individuals were recruited. Sensitivities, specificities, positive likelihood
ratios, negative likelihood ratios, diagnostic score, diagnostic odds ratios, and areas under the SROC curve with 95% confi-
dence intervals were, respectively, 0.92 (0.89-0.95), 0.64 (0.54-0.74), 2.60 (1.98-3.42), 0.12 (0.08-0.17), 3.10 (2.62-3.59),
22.24 (13.67-36.17), and 0.91 (0.88-0.93) for CT; 0.92 (0.86-0.95), 0.85 (0.77-0.90), 6.01 (3.90-9.24), 0.10 (0.06-0.17),
4.12 (3.41-4.82), 61.39 (30.41-123.93), and 0.94 (0.92-0.96) for MRI; 0.90 (0.86-0.93), 0.73 (0.65-0.79), 3.28 (2.56—4.20),
0.14 (0.10-0.19), 3.16 (2.69-3.64), 23.68 (14.74-38.05), and 0.90 (0.87-0.92) for '®F-FDG PET; and 0.93 (0.88-0.96), 0.70
(0.56-0.81), 3.12 (2.03—4.81), 0.10 (0.06-0.17), 3.43 (2.63-4.22), 30.74 (13.84-68.27), and 0.93 (0.91-0.95) for *™Tc-
depreotide SPECT.

Conclusion The dynamic MRI, dynamic CT, 8E_FDG PET, and 99rnTc—depreotide SPECT were favorable non-invasive
approaches to distinguish malignant SPNs from benign. Moreover, from the viewpoint of cost-effectiveness and avoiding
radiation, the dynamic MRI was recommendable for SPNs.
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Introduction

Solitary pulmonary nodule (SPN), which is focal, circular,
high density of solid lung shadow with diameter less than
Electronic supplementary material The online version of this 3 cm, frequently initially emerges on chest radiography, or
article (https://dm.org/l0.1097/§1209.4—020—02418—3? contains computed tomography (CT) images. Although there are
supplementary material, which is available to authorized users. . R
about 20-30% of people having SPNs, 90% of them will not
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Currently, the guidelines [1, 2] recommend using CT to
evaluate SPNs. However, the problems of both radiation and
low diagnostic specificity of CT for SPNs cannot be ignored.
Additionally, it has been documented that the application of
dynamic magnetic resonance imaging (MRI), fluorine 18
fluorodeoxyglucose ('*F-FDG) positron emission tomogra-
phy (PET), and technetium 99 m (**Tc) depreotide single
photon emission computed tomography (SPECT) to evaluate
for diagnosis of SPNs in routine clinical practice recently.
However, the standard non-invasive clinical strategy for
SPNs remains to be established. Thereby, it is imperative
to determine the diagnostic accuracy of the four imaging
modalities in distinguishing malignant from benign SPNs
based on the big data.

In 2008, Paul Cronin et al. had compared the application
of dynamic CT, dynamic MRI, BE_FDG PET, and **™Tec-
depreotide SPECT for SPNs [3]. However, it lacked of some
crucial parameters, such as likelihood ratio (LR), diagnos-
tic score, and diagnostic odds ratio (DOR). Moreover, dur-
ing the ensuing decade, numerous articles about the four
imaging modalities diagnosis of malignant SPNs sprung
up. Therefore, we conducted this study based on a large
scale (73 cohorts incorporating 7956 individuals) and more
parameters to identify the competent approach to differenti-
ate malignant SPNs from benign.

Materials and methods
Literature search

Researches were identified by a systematic electronic litera-
ture search for abstracts of relevant studies in the published
literatures. MEDLINE, PubMed, EMBASE, and Cochrane
Library were screened and updated to Nov 26, 2019. The
following basic search terms were used: “computed tomog-
raphy”, “CT”, “dynamic computed tomography”, “dynamic
CT”, “dynamic contrast-enhanced computed tomogra-
phy”, “DCE CT”, “magnetic resonance imaging”, “MRI”,
“dynamic magnetic resonance imaging”, “dynamic MRI”,
“dynamic contrast-enhanced magnetic resonance imaging”,
“DCE MRI”, “positron emission tomography”, “PET”,
“fluoro-2-deoxy-D-glucose positron emission tomography”,
“FDG PET”, “single photon emission computed tomogra-
phy”, “SPECT”, “*™Tc-depreotide single photon emission
computed tomography”, “**™Tc-depreotide SPECT”, “soli-
tary pulmonary nodule”, “SPN”, “solitary lung nodule”,
“diagnosis”, “evaluation”, “diagnostic test”, “prediction”.
Full-text articles were reviewed if sufficient information
were unavailable in abstracts. Moreover, the reference lists
of related articles were scrutinized for additional stud-

ies. Reviews, case reports, letters to the editor, editorials

comments, and conference abstracts were excluded. The
search was carried out without any language restriction.

Selection of studies

Initially, two researchers, respectively, performed a screen-
ing of titles and abstracts, then scrutinized the full-text
articles to hunt for relevant studies. Finally, we assessed
eligibility and the methodologic quality of the trials, and
summarized the diagnostic accuracy findings.

Inclusion criteria

Inclusion criteria were as following: (1) the parameters
of dynamic CT, dynamic MRI, '®F-FDG PET, and **™Tc-
depreotide SPECT in evaluation of SPNs were available;
(2) imaging results were compared with histologic sample
(percutaneous or surgical biopsy or surgical resection) find-
ings for more than half of the patients; (3) detailed raw data
(i.e., true-positive, true-negative, false-positive, and false-
negative findings) were available; (4) the sample size > 10
patients.

Data extraction

Two investigators independently extracted data from all the
recruited trials. All of the eligible studies contained the fol-
lowing information: the name of first author, continent of the
research, year of publication, study design, and number of
patients. Each investigator independently collected the data
to analyze true-positive, true-negative, false-positive, and
false-negative of imaging results.

Statistical analyses
Test performance metrics

Sensitivity, specificity, LRs, diagnostic score, and DOR
with 95% confidence intervals (Cls) are recalculated from
the contingency table of true-positive, true-negative, false-
positive, and false-negative results.

Meta-analysis model

Parameters were calculated by using a bivariate mixed-effects
regression model. The standard output of the bivariate model
includes: mean logit sensitivity and specificity with their
standard errors and 95% CIs; and estimation of the between-
study variability in logit sensitivity and specificity and the
covariance between them. Summary sensitivity, specificity,
the corresponding positive likelihood ratios (PLRs), nega-
tive likelihood ratios (NLRs), diagnostic score, and DOR are
derived as functions of the estimated model parameters. The
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LRs indicate that by how much a given test would raise or
lower the probability of having disease. The value of a DOR
ranges from O to infinity, with higher values indicating better
discriminatory test performance. The DOR is a single sum-
mary measure with the caveat that the same odds ratio may
be acquired with different sensitivity and specificity. The area
under the summary receiver-operating characteristic (SROC)
curve serves as a global measure of test performance. The
following guidelines used to interpret intermediate SROC val-
ues: low (0.5 <AUC<0.7), moderate (0.7 <AUC<0.9), and
high (0.9 < AUCK1) accuracy. In this study, all estimations
were performed by using the MIDAS (bivariate mixed-effects
regression model) module in Stata 12.0 software.

Assessment of quality and heterogeneity

Two reviewers independently assessed the quality of each
study based on the prospectively developed criteria that were
modified from well-accepted methodologic standards for
evaluating quality in diagnostic test research; disagreements
were resolved through discussion and consensus. The follow-
ing nine criteria were evaluated, and a grade of 1 was given
for each criterion that was fulfilled: prospective study design
(prodesign), sample size of 30 or more subjects (ssize30), the
uniform pathological biopsy reference standard test (fulverif),
sufficient description of the reference standard (refdescr), ade-
quate description of the validated test (testdescr), sufficient
clinical description of subjects (subjdescr), adequate reporting
of results (report), broad population (brdspect), and blinded
interpretation of test results (blinded).

Heterogeneity among the studies is estimated graphically
by Galbraith (radial) plot and statistically by °. A value of
0% indicates no observed heterogeneity, and values >50%
may be considered substantial heterogeneity. The advan-
tage of F* is independent of the number of the studies in the
meta-analysis.

Publication bias

Publication bias arises when the published studies only rep-
resent partial researches on a specific topic. It is assessed
visually using a scatter plot, which is depicted as a sym-
metrical funnel shape when publication bias is absent [4],
and P <0.05 for the slope coefficient indicates significant
asymmetry.

Results

Study identification

Initially, the search yielded 10,458 potential literature cita-
tions. Subsequently, 8572 were excluded for irrelevant,
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non-clinical trials, reviews, letters, case reports, and 1391
for duplicates. After verifying the related terms in the titles
and abstracts, 392 irrelevant studies were removed, and 93
unfit designed studies were eliminated through analyzing
the full text. Eventually, 73 published trials met inclusion
criteria (see the supplemental data for details) (Fig. 1). There
were 2 kinds of imaging modalities to assess the SPNs in
17 studies and 3 kinds of imaging modalities in 3 studies.

Study characteristics

The 73 studies incorporating 7956 patients were published
ranging from 1990 to 2019. Among them, 49 trials were
prospective; 25 trials were performed in America, 16 trials
in Europe, and 28 trials in Asia. The average age of patients
was 62.5, and the average number of nodules per study was
108. The final diagnosis for all subjects was confirmed path-
ologically in 37 studies while the final diagnosis was made
either pathologically or clinically in 36 studies (Table 1).

Diagnostic parameters and summary assessment

For 31 dynamic CT studies, the pooled sensitivity was 0.92,
95% CI (0.89-0.95) (Fig. 2 CT1); the pooled specificity
0.64,95% CI (0.54-0.74) (Fig. 2 CT1); the pooled PLR 2.6,
95% CI (2.0-3.4) (Fig. 2 CT2); the pooled NLR 0.12, 95%
CI (0.08-0.17) (Fig. 2 CT2); the pooled diagnostic score
3.10,95% CI (2.62-3.59) (Fig. 2 CT3); and the pooled DOR
22,95% CI (14-36) (Fig. 2 CT3). The area under the SROC
curve was 0.91, 95% CI (0.88-0.93) (Fig. 3a).

With regard to 14 dynamic MRI studies, the pooled sen-
sitivity was 0.92, 95% CI (0.86-0.95) (Fig. 2 MR1); the
pooled specificity 0.85, 95% CI (0.77-0.90) (Fig. 2 MR1);
the pooled PLR 6.0, 95% CI (3.9-9.2) (Fig. 2 MR2); the
pooled NLR 0.10, 95% CI (0.06-0.17) (Fig. 2 MR2); the
pooled diagnostic score 4.12, 95% CI (3.41-4.82) (Fig. 2
MR3); and the pooled DOR 61, 95% CI (30-124) (Fig. 2
MR3). The area under the SROC curve was 0.94, 95% CI
(0.92-0.96) (Fig. 3b).

Concerning 41 "®F-FDG PET studies, the pooled sen-
sitivity was 0.90, 95% CI (0.86-0.93) (Fig. 2 PET1); the
pooled specificity 0.73, 95% CI (0.65-0.79) (Fig. 2 PET1);
the pooled PLR 3.3, 95% CI (2.6-4.2) (Fig. 2 PET2); the
pooled NLR 0.14, 95% CI (0.10-0.19) (Fig. 2 PET2); the
pooled diagnostic score 3.16, 95% CI (2.69-3.64) (Fig. 2
PET3); and the pooled DOR 24, 95% CI (15-38) (Fig. 2
PET3). The area under the SROC curve was 0.90, 95% CI
(0.87-0.92) (Fig. 3c).

Regarding 10 **™Tc-depreotide SPECT studies, the
pooled sensitivity was 0.93, 95% CI (0.88-0.96) (Fig. 2
SPECT1); the pooled specificity 0.70, 95% CI (0.56-0.81)
(Fig. 2 SPECT1); the pooled PLR 3.1, 95% CI (2.0-4.8)
(Fig. 2 SPECT?); the pooled NLR 0.10, 95% CI (0.06-0.17)
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Fig. 1 Flow diagram of search strategies

(Fig. 2 SPECT2); the pooled diagnostic score 3.43, 95%
CI (2.63-4.22) (Fig. 2 SPECT3); and the pooled DOR 31,
95% CI (14-68) (Fig. 2 SPECT3). The area under the SROC
curve was 0.93, 95% CI (0.91-0.95) (Fig. 3d).

In summary, the four imaging modalities were promising
in distinguishing malignant SPNs from benign, and the dif-
ferences among them held no significance.

Study quality scores

The study quality scores of 31 dynamic CT trials (Fig. 4a),
14 dynamic MRI trials (Fig. 4b) and 10 **™Tc-depreotide
SPECT trials (Fig. 4d) were ranged from 5 to 9 while that
of 41 '8F-FDG PET trials were 4 to 9 (Fig. 4c).

Study heterogeneity and publication bias

Concerning heterogeneity, the I was 99% for dynamic CT
(Fig. 5 CT1), 93% for dynamic MRI (Fig. 5 MR1), 99% for
E_FDG PET (Fig. 5 PET1), and 66% for *™Tc-depreotide
SPECT (Fig. 5 SPECT1), respectively.

The analysis of meta-regression revealed that sources of
heterogeneity for dynamic CT (Fig. 5 CT2), dynamic MRI
(Fig. 5 MR2), '8F-FDG PET (Fig. 5 PET2), and *™Tc-
depreotide SPECT (Fig. 5 SPECT?2) were shown in Fig. 5.

The P value of Deeks’ Funnel Plot Asymmetry Test
for dynamic CT (Fig. 5 CT3), dynamic MRI (Fig. 5
MR3), '8F-FDG PET (Fig. 5 PET3), and **™Tc-depreotide
SPECT (Fig. 5 SPECT3) were 0.65, 0.21, 0.74, and 0.61,

@ Springer



Clinical and Translational Oncology (2021) 23:296-310

300

SOK SOX SOX SOX SOX SOX ON SOX SOX A3ojorpey BISY 00T 1D onueukq AV U
SOA SOX SOX SOX SOX ON ON SOX sox  ISowo], Is1ssy ndwo) [ BISY 00T TN o1rweuAq oz WIS OH Suosf
SOA SOX SOX SOX SOX ON ON SOX sox  ISowog, 1s1ssy ndwo) [ BISY 00T 1D onueukqg oz WIS OH Suosf
SOx SOx SOX SO SOX SOX ON SOX SOX A3ojorpey BISY  G00T 1D onueukqg ¢z BUOS[ 00 WO
SurSewy
SOx SOX SOX SOxX SOX SOX SOX ON SOX Q0UBUOSIY JNAUSeIN  BI[ENSNY G661 A orwreukq +z JTEWNIH [1e3]
SOX SOx SOX SOX SOx SOx SOx ON SOX K3ojorpey adomyg 9661 TN orwreukq ¢z [9onD snipne[)
ON SOx SOX SOX SOx SOx ON SO ON K3ojorpey BISY  200C TN orwreukq 7z OUYQ NIBYIYSOX
ON SOX SOX SOX SOX SOX ON SOX ON K3ojo1pey adomyg $00¢ TN orweukq 1z OJORYOS uoSron(
SOX SOX SOX SOX SOX SOX ON SOX. sox 1Sowo], s1ssy Indwo)) [ BISY  G00T A orwreukq oz PIBZOL, OIIYNSHIA
SOA LN SOX LN SO LN LN ON LN PN ISON [ BISY 0661 Ldd DAd-dg,; 61 BIOQND] OnZed|
SOA LN SOX LN SO SO ON ON LN ASororpey vSn 2661 Ldd DAd-dg,; g1 BMdND D ysareN
LN LN RN LN SO LN LN SOA LN 1I39YD vSn <661 Ldd DAd-dg, 1 UeMS( "V YsaleN
3imng o1 POS
SR SOX SOX ON SOX SOk ON SOX SOX oseAOIpIR)) ORIOY], [ VSN S661 Lad Odd-dg, -3uojkeyn( "D srouesy
SOA SR EEIN SO SR SIA SIA SO SO PIIN [90ON [ VSN 9661 Ldd DAd-dg, ¢ B1dnD D ysareN
ON LN SOA SOA BN LN LN SOX SOA [ Iidsoy g VSN 9661 LHd DAd-dg, 1 Ang "L,
ON SR SO LN SR SR SIA SO ON I3UD VSN Le6l Ldd OAd-dg; ¢ UBMa "V YsareN
ON BN SOA ON BN ON LN SOA ON  Sing oeloyoipie) [ mg vSn L661 Ldd DAd-dg; 21 819q5eH *D 110q0Y
SOA SR LN ON SA SIA SIA ON LN 3UD VSN 8661 Ldd DAd-dg, 1 Badng ysareN
SOA SIA LN LN SIA SIA SIA SO LN [oduQ uId VSN 8661 L3d DAd-dg; o1 PMOT [ [BA
SOA SIA LN LN SIA SIA SIA SO SO Smgrig  odomyg 8661 L3d DAd-dg; 6 J4NVId ‘M 'H
SR SO SOX SOX SOX SOX SOx SOX SOX Smgr1g  odomyg 8661 1D omweukq ¢ JANVId ‘M H
ON SIA LN ON SA SIA ON SO ON 34D vsn 100¢ L3d DAd-dg, ¢ 2T aurydasof
SR SOX SOX SOX SOX SOX SR SOX SOX POIN [O0N [ BISY  100C LDAdS 9p1n0od1dop-dL g, , UseSIH o0xejo3]
SIA SIA LN LN SA SIA SIA SO LN PN [90ON [ BISY  100¢ L3d DAd-dg; , TYSeSTH o1eIoy]
SIA SA LN LN SX SA SIA ON LN [0ouQ ur[) [ udr BISY  100C L3d DAd-dg; o SUNH 1o-SueD
Sox Sox SOx. SOX. Sox Sox Sox SOX. SOX. Sing oeloyJ, uuy BISY 00T LAd DAd-dg, ¢ HOWON D{e0ITH
SurSewy
ON SOX SOX SOX SOX SOX ON SOX. ON [OIN PON [o0N fIng  odomyg +00T LAd DA, » JOPIOH [ BpIEIdD)
Surdewy
ON SOX SOX SOX SOX SOX ON ON SOX [ON PSN [OON [ing  adomy G00T LOAS pUoIdop-OL ¢ A91[eH pneury
Surdewy
ON SA Sk LN SA SA ON ON BN [ON PO [PON [y odomng  G00T Lad DAd-dg; ¢ KoIreH pneury
SIA SA SoX SOA SX RN SIA BN BN 4D VSN 000C LOHS 2Pnoaidap-dL e runig
ON ON SOx SoxX SOx SOX ON SOX. Sox [ I00ue)) VSN 2007 LDHdS 2pnod1dop-oLy, | TeMa1D 3 Jopuraey
ON ON SOX SOX. SOX SOx ON SOX. SOX. [ Io0ue)) VSN 200T 1D orweukq | TeMa1D 3 Jopuraey
popurg 310adsprg 110doy I0seplqng I0SopISQY, I0SOpJoy JIIAINL] (gozIsS uSisapold [eUINOf JUSUNUOD) JBQX Kymepowr SurSewy oyny

SOIPN}S POpN[OUT JO UOTIBWLIOU] | d|qel

pringer

fH's



301

Clinical and Translational Oncology (2021) 23:296-310

EEIN EEIN SOX ON SOX ON SOX SOA SOX PN IPON [ BISY  900¢ LD drureuk( os A V UlyD
SOR SOR SOX SR SOX SOR SOR SOx SO ARId Jour)) [ dOed UBISY BISY $10T LAd DAd-dg, o BPOS() OnsIey]
SOR SOX SOX SR SOX SOX SOR SOX SO ARId Joour)) [ ded UBISY BISY $10C AN orweuk( o BPS() OnsIey]
SOX ON SOX ON SOX ON ON SOX sof  Jurdew uosay u3eN [ RISV L10T Lad DA, gy OUUO NIEYIYSOX
SR ON SOX SR SOX SOR SOR SOX SR [0oUQ [SURI], UI[D BISY €10C 1D omweuk(q 1 QX 3K
EEIN ON SOX EEIN SOX SOX SOX SOA SOA [OUASUR0Y [ WY Y[V BISY  €10C Ldd DAd-dg; o OUUO NIBYIYSOX
SOR ON SOX SOx SOX SOX SOR SOX SOX [ouaSiueoy [ Wy Y[V BISY €10C 1D omweukq op OUYO NIBYIYSOX
SOX SOX SOX SOA SOX SOX SOX SOA SOA [03UQ deloy[, [ BISY  800C Ldd DAd-dg; op MO IysoyeL
SOR SOR SOX SOX SOX SOX SOR SOX SOX [0ouQ oevIOyJ, [ BISY  800C TN drweukq op MOl TYSaYeL,
SR SOX SOX SOX SOX ON ON SOX SOX SurSewy 1o0ue) adomyg 7107 Lad Odd-dg;  SIOpIEH Woqrem :ﬁ%m
SOX SOx SOX SOX SOX ON ON SOx SOX SurSewy 100ue) adomyg 7107 IDomueuA(q  SIOPIBH WOQBA\ cﬂw\um
ON SOX SOX ON SOX SOX SOR SOx ON Sun adomyg €107 LAd DAd-dg, ¢p WIS SULL, 90X
ON EEIN SOX SOX SOX ON SOX SOX ON Sung vsn ¥10c Lad ODAd-dg; 2 SOAY IURYIEN
ON EEIN SOX SOX SOX SOX SOX SOA ON PNl [o0N Uy vSn 800C Ldd DAd-dg,; 1y W D NS
ON EEIN EEIN ON SOX SOX SOX SOA ON [PON wioju]  elfensny  L10C Lad ODAd-dg; op D HOSALD
SOR SOX SOX SR SOX SOX SOR SOx SR uonendsoy adomyg 900 LDHdS 9PHOAIdop-oL o QUUY punsjeeN
ON ON SOX SR SOX SOX ON SOx SR unwiwo)) pajA [OnN adomyg £00T LDHAS 9PHOAIdOp-oL o¢ SEPUNOY SOLNIWI
SOX SOX SOX SOX SOX SOX ON SOA SOX [o1pey [ 19 odomyg 10T LOHAS pnodIdop-OLy, ¢ SYHAIVH M S
SOX SOX SOX SOX SOX SOX ON SOA SOX [o1pey [ 19 adomg 10T LD omueui ¢ SYHAIVH M S
EEIN EEIN SOX SOX SOX SOX ON SOA SOX A3ojo1pey BISY  CI0C Ldd DAd-dg, g¢ OUYO NIBYIYSOX
SOX SOX SOX SOX SOX SOX ON SOX SOX K3ojorpey BISY GI0T TN otweukq 9¢ OUYQ NIBYIYSOX
SOX SOX SO SOX SOx SOX ON SO SO K3ojorpey BISY GI0T 1D omueukq 9¢ OUYQ NIBYIYSOX
SOX SOX SOX SOX SOX SOX ON SOX Sox  SurSew] uosoy USeN [ BISY  800C Lad DAd-dg, ¢¢ OUYQ NIBYIYSOX
SOX SOX SOX SOX SOX SOX ON SOX sox  SurSew] uosoy USeN [ BISY  800C TN otweukq ¢¢ OUYQ NIBYIYSOX
SOX SOX SOX SOX SOX SOX ON SOX Sox  SurSewy uosoy USeN [ BISY  800C 1D omueukq ¢¢ OUYQ NIBYIYSOX
EEIN ON SOX SOA SOX SOX SOX SOA SOA [oTpey [ Ing BISY 610C Ldd DAd-dg; pe OUUO NIBYIYSOX
SR ON SOX SOX SOX SOR SOR SOX SOX [oipey [ Ing BISY  610C TN orweukq v OUYO NIBYIYSOX
SR SOR SOX SOX SOR SOX SOR SOX SOX [oipey [ Ing BISY  610C 1D omweukq v OUYO NIBYIYSOX
ON SOX SOX SOX SOX ON ON SOX ON K3o1o1pey VSN S661 1D omweukq ¢¢ UOSUAAG [ uoydalg
ON SOR SOX SOX SOX SOX SOR SOX ON K3o101pey BISY G661 1D omweukq 2¢ BIYsewex 1oy
ON SOR SOX SOX SOX SOX ON SOX ON K3o101pey VSN 9661 1D omweukq R ENICIINRICI(EIN
ydein
ON SOx SOx S SOx SOX SOX ON SOX SurSewy pajy ndwo) adomyg /661 1D omueuk(q o MURI0d addasnin
ON SOX SOX SOx SOX SOX ON SOx ON KSoro1pey RISY /661 1D omweukq «z WA Sueyz
ON SOX SOX SOx SOX ON ON SOx ON ASojorpey vSN 0002 1D omweukq oz USSUAAG ‘[ uaydalg
papurpg 10adspig 110doy I10soplqng I0SopIS9], I0SIpJoy JURA[N] (E9ZISS USISOpoId [BUINO[ JUSUNUO)) JBIX Kiepow Surdewy oyny

(ponunuoo) | sjqey

pringer

Ns



Clinical and Translational Oncology (2021) 23:296-310

302

uewr
ON SOX SOX SOX SOX ON ON SOX ON K3ojorpey vSn 1102 1D omueuAq -poal] sewoy], \m/»oLsz
ON SOR SOX SR SOX ON ON SOX SR itClie) vSN L00Z 1D omueuk( 2, ZIMONIRIA[ (] USAR)S
Surdewy
SOX ON SOX SOX SOX SOX SOR SOX SOX [OIN PN [ONN] [ Ing adomyg ¢00T Lad Odd-dg, 1, Yong Y searpuy
Surdewy
SR ON SOX SR SOX SOX ON SOx SR [OIN P9I [O0N [ Ing adomyg 007 LDHdS 2PBOAIdop-oL o, BISU, 10YOR[] BUUY
SOX ON SOx SOX SOX SOX ON SOx SOX [ ndsoy ang vOLYY  £00T 1DHAdS SPBOIdop-OL e, g0 SUBWLINOYIS “IN'IN
SOX ON SOX SOX SOX SOX SOX SOX SOX Smg uuy vSn LI0C Ldd DAd-dg,; g9 BUIPRId " poLref
SOX ON SOX ON SOX SOX ON SOX SOX PN [N uuy BISY [10¢ Ldd DAd-dg,; 1o FTUNTEA
SR ON SOx ON SOX SOX ON SOx SOX PIIA [oNN UUy BISY 110C 1D omweukq 1o VTUNTRX
SR SOX SOX SR SOX SOX SOR SOx SR [orpey g adomyg 6661 1D omweukq 99 QN UUBWIAG
ON ON SOX SOx SOx SOx SOX SO ON K3ojorpey VSN 1661 LD omueukq o, YOIMAIIMZ ‘A SI[IEYD
ON SOX SOX SOX SOX SOX SOX SOX ON Jr3ojownaug adomyg 7107 1D omueukq 4o INOBIERIA Y
ON ON SOX SOX SOX SOX ON SOA ON [olpey [ 19 BISY  C10C LD drureuk( co NVd 1
SOX ON SOX ON SOX SOX ON ON sox  Jurdewy uosay uSeN [ BISY  000C TN orweukq 2 Suny) 9oy SunkN
SOR ON SOX SR SOX ON ON SOx oN JISowog, isissy ndwo)) [ BISY 00T 1D omueuk( 1o EPUOH NWESQ
Surdewy
ON ON SOA SOA SOX SOX ON SOA ON [OIN POINL [P0N [N eIfensny  Z00¢ Ldd DAd-dg, 0o B LD
SOX ON SO SOX SO SOX SOR SOX SOX [ 190URD VSN T00T LDAdS dP10od1dop-d Ly, ¢ Y [eM3ID
SOX ON SO SO SOX SOX SOR SOX SOX [ 190URD VSN 2002 1D omueukq ¢ Y [EMID
EEIN SO SOX SOX SO SO ON SOX SOX 1IS9YD vSn 010¢ L3d ODAd-dg, g¢ pouIeq "D [ned
ON ON SO SOX SOX ON SOX SOX SOX [opey [ Ing BISY G10T TN orweukq L¢ $9M3( eIoLR]
Surdewy
ON ON SOX S9X SOA SOA ON S9A ON [ON PPN [OON [ -Ing adomy  00¢ Ldd ODAd-dg,; g TOPISH [ BpIRISD
ON ON SOX SOX SOX SOX ON ON ON PN [N Uuy BISY  800¢ Ldd ODAd-dg,; ¢¢ UOTSH ud[-Sungy
SOX SOX SOX ON SOX SOX ON SOX SOX PNl IoON [ vSn 800¢ Ldd DAd-dg; g TOUIRL "M souref
SOX SOX SOx ON SOX SOX ON SOx SOX PSIN [O0N [ vSN 8002 1D omweukq pe JOUISL "M\ Sowef
SOX SOX SOx SOX SOx SOX SOR SOx ON 100UR)) Fun| BISY  800C LAd DAd-dg, ¢c Su0d[ Sunox ung
SOX SOX SOX SOX SOX SOX SOX SOX ON I0ue)) Sung eISY  800C 1D omueukq cc Suoar Sunog ung
uuy
SR ON SOX ON SOX ON ON SOX SOX  ORIOU], OSBAOIpIR)) URISY eISY 10T Lad Odd-dg, 2c BQUO 1wonsex
uuy
SR ON SOX ON SOX ON ON SOX SOX  OrIOUJ, OSBAOIpIR)) URISY BISY [10C TN orweukQ ¢ BQUO Twonsex
EEIN ON SOX SOX SO ON SO SOX SOX [OUSSIUROY [ WY [V VSN 900¢ Ldd ODAd-dg, 1¢ UOSURISLIYD "y partef
SR ON SOX SOx SOX ON SOK SOx SOx [OuUaSIua0Y [ WY Y[V vSN 9002 LD OMUBUAQ | USSUSISLIY) 'Y Paref
EEIN SO SOX ON SO ON SO SOX SOX PN 90N [ BISY  900¢ Ldd ODAd-dg, oc A V UIUD
papurpg 10adspig 110doy I10soplqng I0SopIS9], I0SIpJoy JURA[N] (E9ZISS USISOpoId [BUINO[ JUSUNUO)) JBIX Kiepow Surdewy oyny

(ponunuoo) | sjqey

pringer

fH's



303

Clinical and Translational Oncology (2021) 23:296-310

ov I Sl IS LO1 LO1 9 LS 1¢ Uosuamg [ uaydarg
9 0 4 LT ST ST 09 LT o¢ AWuBI04 dddasnin
91 4 L o 9 $9 9 o ¢z WA Sueyz
LOT 14 8L L91 9¢¢ 96¢ €19 SLI gz Uosuamg [ uaydarg
€€ ! 8¢ 69 1€l 1€l 96 8 AV UD
44 0 8 1T ¥S S - 8¢ oz WIS OH Suoaf
IC (4 01 L1 0S 0S - I¢ oz WIS OH Suodf
(43 € 9 9 LO1 LO1 Ss 9 ¢z SUOS[ 00 UOX
9 ! 0 4! 1T IC 8¢ I g TRUWNIH [1e3]
L (4 [ 81 8¢C 8¢ - 0¢ ¢z 199N snIpne[s
Sl 0 S 8¢ 8¢ 8¢ 89 33 2z OUYO NIBYIYSOA
IC ! € 9C IS IS 19 or 1z 19JorYdS o uaSrong
el 0 € 6C 9% Sy L9 LT oz PIBZOL OIIYNSHIN
6 (4 I 01 C C - i4! 61 BIOQND ONZed|
S 0 C el 0c 0c 8'0L el g1 B1dND D ysareN
8 I C 61 0¢ 0¢ €S9 (44 1 Uemaq "V ysareN
€C C S LS L8 L8 8¢ - o1 POsSuo[AeyNn(y "D stoueL]
14! € C (4% 19 19 S9 197 ¢ B1dnD D ysareN
SI 0 C €e 0S 0s ¥9 LE 1 Ang "L,
€l C C 43 [4Y (%S 9'¢9 (37 ¢p UBMa( "V YsareN
L € 4 oy S 1% €9 197 21 819q5eH *D 10qOY
S C C o1 6l 61 - - 1 Badng gsareN
9¢ S € 94 68 68 €9 19 o1 PMOT [ [BA
6l € 4 8¢ 123 1% 6S 0¢ 6 JHNVId ‘M 'H
4! 0 I £3 123 1% 6S 0¢ 6 JHNVId ‘M 'H
Ic S L 8¢ IL IL - - ¢ 997 dutydasof
S 6 L Sy 99 99 S9 6¢ , TYSeSTH 01eIoy]
S ol L 4% 99 99 S9 6¢ , TYSeSTH o1eIoy]
¢ I € 61 9 9T 09 4! o SUNH RN -Suen
[43 LT 1c 18 191 191 19 141! ¢ HOWON IyeolrH
Ll I S el 9¢ 9¢ 19 Sl y 1OPIoH [ BpIRIoD
8 C C 91 8¢ 8¢ 6S 61 ¢ KoIreH pneury
L I € LT 8¢ 8¢ 6S 61 ¢ KoIreH pneury
6l € L ¢8 141! 141! ¥9 09 runig
6 0 cl Ic (4% [4% 9'9¢ SI | [BMSID " TopUIARY
¥ < LT 61 (4% [4% 9'9¢ Sl | [BMSID " TopUIABY
u ujy dy dy  syuened jo roquny NdS jo roquny  (189K) 93e aSe1oAy SN Joyiny

(ponunuoo) | sjqey

pringer

a's



Clinical and Translational Oncology (2021) 23:296-310

304

o L 0T €€ 001 001 86 9 ¢¢ 8U0d[ Sunox ung
Ll 14 I 123 9L 9L - - ¢ BQUO Trwonsex
Ll L I IS 9L 9L - - ¢ BQUO Trwonsex
€l I 4 ¥ (4% [4% 99 IC 1 USSURISLIYD) Y Palef

S 0 ! 4 (4% [4% 99 IC 1 USSURISLIYD) Y Palef
33 € S 9L 611 611 - - os A V Ul
LE Sl € ¥9 611 611 - - os AV UlD
61 8y 01 Cll 681 681 $'89 14! 6 EPNS) Onsiey
61 [43 01 8¢l 681 681 $'89 4 & EPOS[] ONSIEY]
9¢ 4 € ¥ 88 88 - [43 gy OUYO NIBYIYSOX
€C 4 Cl LT L8 L8 6S 6S 1y AXPA
[44 1T L1 9¢ 96 96 YL 6T o OUUQ NIBYIYSOX
£3 8 8 (1% 96 96 YL 6¢ oy OUYO NIBYIYSOA
LT 0¢ L 9L orl orl 0L 99 ¢y MOIN TYS9YEBL
(33 [43 I YL orl orl 0L 99 ¢y MOIN TYS9YEBL
Sl 14 L1 (43! 891 891 99 - pp STOPIEH WOQeA UBJa)S
Ll 6 Sl LTl 891 891 99 - pp STOPIEH WOQ[eA UBJ)S
4! 0C 4! 8¢l 981 981 - LL ¢p WIS SULT, 29X
SI L 0 861 Sve 944 - 14 %4 2y SOASY [oruRYIEN
9¢ I S¢ 6 14! ¥S1 €0L 99 1y WL D3NS
0l 0 [43 ¢8 LTI LTI - - op D UOSQID
0¢ 8 SI S9 811 811 L'19 LL 6c QUUV punseeN
Ie I € (44 LS LS €79 €C g¢ Sepunog sorruiqg
8% ¥ 0¢ S9 orl orl ¥9 09 ¢ SYHAIVH M S
Ic C 0s L9 orl orl ¥9 09 ¢ SYHAIVH M S
SI 91 8¢ 4! 81¢ 8I¢ - Ir g¢ OUYQ NIBYIYSOA
9¢ 4! LT IS1 81¢ 8I¢ - Ir g¢ OUYQ NIBYIYSOX
4! LT 8% 14! 81¢ 8I¢ - Ir g¢ OUYQ NIBYIYSOA
LT ol €C (44! [{\r4 0T IcL 6 ¢¢ OUYQ NIeYIYsOx
[43 9 L LST 0T 0T IcL 6 ¢¢ OUYQ NIeYIysOx
Ll o1 [4¢ (391 0T 0T IcL 6 ¢¢ OUYQ NIeyIysox
SI cl € 8% IL IL L'69 8¢ pe OUYO NIBYIYSOA
81 8 0 Sy IL IL L'69 8¢ pe OUYO NIBYIYSOA
81 L 0 oY IL IL L'69 8¢ pe OUYO NIBYIYSOA
(1% 0 cl It €91 €91 €9 ¥6 udsuamg °f uaydalg

S T 6 Sl [43 £% - 1T 2¢ BIYsEWER 110y
u ujy dy dy  syuened jo roquny NdS jo roquny  (189K) 93e aSe1oAy SN Joyiny

(ponunuoo) | sjqey

pringer

Qs



305

Clinical and Translational Oncology (2021) 23:296-310

pauonuaw jou sajedIpur , —,, “eyep [ejuswolddns 9y ur punoj 9q ued Joyine Jo 1uIod Y31 doj oy} ur requinu Jo S[reIop Y],

JAneZou-ony 17 ‘oAne3ou-osie) uf ‘oanisod-os[ey df ‘oanisod-onn d; ‘s)nsai 1s9) jo uoneydrdidyur papur(q papuijq ‘uoneindod peoiq 1oadsp.q ‘synsai jo 3uniodar ojenbope
140dau ‘s19[qns Jo uondrosap [BSIUI[O JUSIOLYNS LIsaplgns )59} pajepI[eA Y Jo uondrosop ajenbope 40sapisay ‘prepuels 90UIaI Y JO UONdLIOSIP JUSIOYINS LISIPJa4 )S3) PIRPUR)S-OOUIJAL
Ksdoiq [eor3ojoyed wiojrun ay) Jiraapnf ‘syoalqns arow 10 (¢ jo ozis odwes gaziss ‘uisop Apmys aanoadsord usisapasd ‘somnpou Areuownd Areyos sNJS ‘AyderSowo) payndwod uorssmuuo
uojoyd [3uIs [DFJS ‘W 66 WNnouydd) 27, . ‘Aydersowoy uorssiwe uonisod [74 ‘@soonj3Kxoapoiony g dULONY HJA-H,, ‘SuiSewr adueuosar onoudew [y AydeiSowo) pandwod 15

9cc [4% 0c 08 89¢ 89¢ 09 181 ¢, UBWPIAL] SBWOY T, MIYNBIN
19L € LT 91 L08 LO8 909 - 7 PMMONIBIN g USAAIS
I I 4 L1 €€ € 619 I 1, ong M sealpuy
Sl 14 € 8¢ 0S 0s LS 8¢ o, BISU IOYOR[d BULY
€€ I € Cl 6v (94 ys 6C 6o SUBLLINNYDS AN
I 81 9 0S SL SL L9 33 g9 BUIPRId " poLIef
C L 4! €S 96 96 - - 1o FTUNTEA
9¢ 8 01 143 96 96 - - 1o FTUNTEA
€l L 01 YL Y01 Y01 09 99 g9 N UUBWI9G
9 I S YL €6 96 9 8y o UDIMIIIMY A SILIRYD)
SI S 0c 68 6Cl 6¢Cl €9 78 py INOBIBIN 'V
14! ¥ L LS 78 8 0'6S Se co NVA 1
SI 4 4 6 8¢ 8T 1S - 2 UnyD 90y Sunky
[43 6 L 0¢ 8L 8L L'eS 197 19 EPUOH NWEsQ
6¢ ¥ C 4% 68 68 L99 9¢ 00 BRI LD
6 0 cl 1c (4% (4% 9'9¢ Sl s Y [eMaID

¥ C LT 61 (4% (4% 9'9¢ Sl s Y [eMaID
el ol 6¢ Y61 SLE SLE 6'S9 L9¢ gg HouIed "D [ned
Il 9 € 33 123 143 8'09 Le L Sema( eIoLlned
Ll I S el 9¢ 9¢ 19 Sl g¢ TOPISH [ epIelon
4 < 8 C 4! 4! ¥9 6 ¢ UISH uof-Suny
1€l i4! 6¢ 0LT 1423 re - - pg TOUSIRL "M Souef
S9 6 S6 SLI 1423 re - - pg TOUSIRL "M Souef
9¥ S 4! 33 001 001 8¢ 9¢ ¢¢ Su0o[ Sunox ung
u ujy dy dy  syuened jo roquny NdS jo roquny  (189K) 93e aSe1oAy SN Joyiny

(ponunuoo) | sjqey

pringer

a's



306

Clinical and Translational Oncology (2021) 23:296-310

Fig.2 The diagnostic parameters with corresponding 95% ClIs for
SPNs. CT1 sensitivity and specificity of dynamic CT, CT2 PLR and
NLR of dynamic CT, CT3 diagnostic score and DOR of dynamic CT,
MR sensitivity and specificity of dynamic MRI, MR2 PLR and NLR
of dynamic MRI, MR3 diagnostic score and DOR of dynamic MRI,

respectively. These results suggested the degree of publica-
tion bias was trivial.

Discussion

Worldwide, pulmonary cancer is ranked first malignancy.
Early diagnosis and treatment play a pivotal role in yielding
the favorable prognosis of the disease. Noticeably, the initial
identifiable manifestation of pulmonary cancer is dominantly
an SPN, whose incidence amounts to 1 per 500 images on
regular chest radiographs. However, approximately half of
indeterminate SPNs are confirmed as benign lesions through
transbronchial/transthoracic biopsy or surgery [5—7]. Moreover,
the invasive procedures are confronted with expensive cost and
relevant complications and mortality [8, 9]. Hence, a non-inva-
sive diagnostic approach for SPNs is imperative. Furthermore,

@ Springer

PET

SPECT

PETI sensitivity and specificity of '3F-FDG PET, PET2 PLR and
NLR of '"F-FDG PET, PET3 diagnostic score and DOR of '®F-FDG
PET, SPECT] sensitivity and specificity of *™Tc-depreotide SPECT,
SPECT2 PLR and NLR of *™Tc-depreotide SPECT, SPECT3 diag-
nostic score and DOR of *™Tc-depreotide SPECT

a preferred technique should share the virtues of accuracy,
reliability, availability, and cost-effectiveness [10]. Thereby,
we compared the accuracy of the four imaging modalities for
SPNs in an attempt to find an optimal non-invasive diagnostic
approach.

First, the dynamic MRI has an advantage to distinguish
malignant from benign SPNs, especially for pulmonary
lesions with a diameter > 5 mm [11], which is characterized
by non-radiation and universal applicability. In addition,
when compared with other three imaging modalities, the
dynamic MRI showed the well-matched diagnostic accu-
racy for SPNs in our study. Conventionally, the MRI was
impeded to become a regular imaging fashion for SPNs due
to known artifacts that result from tissue—air transitions and
relatively low spatial resolution. However, several advances
have been made in MRI technique (e.g., DWI [12-14], 3D
GRE VIBE sequence [11, 15], ultrafast imaging techniques
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[16-18]) with the use of kinetic and morphologic parameters
to improve the image quality in lung MRI and visualization
of SPNs [19], which promisingly made the dynamic MRI to
become an alternative standard approach for SPNs.
Secondly, the dynamic CT is distinctive in evaluating
tumor vascularity and routinely applied to distinguish malig-
nant from benign SPNs. Moreover, the recent technologi-
cal advances in the form of multidetector-row CT (MDCT)
contribute to accurate evaluation of hemodynamics [20-22].
Additionally, the sensitivity of dynamic CT for SPNs was
further improved by combining net enhancement with wash-
out patterns in the delayed dynamic phase. However, the fly
in the ointment is that the specificity of dynamic CT is rela-
tively low, which was also validated in our study. The reason

is that some benign nodules also display enhancement in
dynamic contrast-enhanced CT. Another flaw is radiation of
CT. Although the application of low-dose CT for screening
SPNs may reduce radiation to some degree, it comes at the
cost of lower resolution.

Thirdly, '®F-FDG PET, a non-invasive functional imaging,
has proved to be valuable for SPNs by measuring metabolic
activity via the standard uptake value (SUV) [23, 24]. Based
on the U.S. bibliography, '*F-FDG PET can spare unnecessary
surgery in approximately 15% of individuals [25]. However, a
variety of factors can impact the SUV value [26]: the body size
of patient, the blood glucose concentration, the time to imaging
after injection, and the nodules volume. Furthermore, this tech-
nique has defects of both high cost and radiation. Therefore, as

@ Springer
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Fig.4 Graphs illustrate the quality criteria of studies assessed in this study: a for dynamic CT; b for dynamic MRI; ¢ for '®F-FDG PET; d for
9mTc-depreotide SPECT (the percentages of trials that met the given criteria)

shown in our results, when compared with dynamic MRI and
CT, the '8F-FDG PET possessed no advantage in the identi-
fication of SPNs.

Finally, *™Tc-depreotide SPECT is correlated with the
introduction of receptor scintigraphy and widely used in clinical
practice. Based on the overexpression of somatostatin receptors
on the tumor cells [27, 28], 9ngc-deplreotide SPECT has been
verified for the diagnosis of malignant SPNs using a **™Tc-
radiolabeled somatostatin analog. From our results, the diag-
nostic efficacy of *™Tc-depreotide SPECT for judging SPNs
resembled that of 'SF-FDG PET. However, it also has the dis-
advantage of radiation.

In summary, the dynamic MRI, dynamic CT, '®F-FDG
PET, and *™Tc-depreotide SPECT are all promising non-inva-
sive approaches to distinguish malignant SPNs from benign.
The dynamic MRI is the only imaging modality without radia-
tion among the four imaging modalities. Additionally, from the
viewpoint of cost-effectiveness and convenience, the dynamic

@ Springer

MRI is superior to '®F-FDG PET or *™Tc-depreotide SPECT.
Thus, the dynamic MRI may serve as the preferred imaging
modality for SPNs. As the development and accumulation of
the medical big data, more large-scale multicenter studies for
diagnosis of SPNs are recommended. Meanwhile, the artificial
intelligence (Al) in imaging is emerging. An important agenda
for future research for SPNs will involve image omics based
on the Al and medical big data.

Limitation

This research confronted following two flaws: one was the
heterogeneity among recruited trials; the other was that
the information to subgroup analysis on the SPN size were
unavailable.



Clinical and Translational Oncology (2021) 23:296-310 309
1 1 1 1
°- -
. & T 2 ° ‘s e ‘
S el N R ] o v -
s 8 © - L [P H 2/,4;@@ H
o .

Univariable Meta-regression & Subgroup Analyses

2 2
. . e
A I [ e
ol e "o - ol o
o e " o |- S
0 — | - o] —g—
o » S — 1%
R " o L -
v v — N
- e o o 0
Sensitivity(95% CI) ‘Specificity(95% CI) n n

*p<005, *#p<0.01, **p<0.001 “p<005, *#p<0.01, *p<0001

Vrool(ESS)
1rooi(ESS)

Diagnostic Odds Ratio Diagnostic Odds Ratio

Fig.5 The heterogeneity (Galbraith Graphs and univariable meta-
regression) and asymmetry test (Deeks’ Funnel Plot) of studies. CT1
Galbraith Graph for dynamic CT, CT2 univariable meta-regression
for dynamic CT, CT3 Deeks’ Funnel Plot for dynamic CT, MRI Gal-
braith Graph for dynamic MRI, MR2 univariable meta-regression for
dynamic MRI, MR3 Deeks’ Funnel Plot for dynamic MRI, PET! Gal-

Conclusion

The dynamic MRI, dynamic CT, I8E_FDG PET, and *™Tc-
depreotide SPECT were favorable non-invasive approaches
to distinguish malignant SPNs from benign. Moreover,
from the viewpoint of cost-effectiveness and avoiding
radiation, the dynamic MRI was recommendable for SPNs.
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