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PURPOSE

The current meta-analysis aimed to compare the diagnostic performance of '®F-fluorodeoxyglu-
cose positron emission tomography/computed tomography ('®F-FDG PET/CT) with ®F-FDG PET/
magnetic resonance imaging (MRI) in non-small cell lung cancer (NSCLC) lymph node metastasis
staging.

METHODS

We searched the PubMed, Web of Science, and Embase databases for relevant articles between
November 1992 and September 2022. Studies evaluating the head-to-head comparison of '®F-FDG
PET/CT and "®F-FDG PET/MRI for lymph node metastasis in patients with NSCLC were included. The
quality of each study was assessed using the Quality Assessment of Diagnostic Performance Stud-
ies-2 tool.

RESULTS

The analysis includes six studies with a total of 434 patients. The pooled sensitivity of '®F-FDG
PET/CT and '®F-FDG PET/MRI was 0.78 [95% confidence interval (Cl): 0.59-0.90] and 0.84 (95% Cl:
0.68-0.93), and the pooled specificity was 0.87 (95% Cl: 0.72-0.94) and 0.87 (95% Cl: 0.80-0.92),
respectively. The accuracy of '8F-FDG PET/CT and '®F-FDG PET/MRI was 0.81 (95% Cl: 0.71-0.90) and
0.84 (95% Cl: 0.75-0.92), respectively. When the pre-test probability was set at 50%, the post-test
probability for '®F-FDG PET/CT could increase to 85%, and the post-test probability for '*F-FDG PET/
MRI could increase to 87%.

CONCLUSION

'F-FDG PET/CT and "®F-FDG PET/MRI have similar diagnostic performance in detecting lymph node
metastasis in NSCLC. However, the results of this study were from a small sample study, and further
studies with larger sample sizes are needed.
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ccording to the 2020 global cancer incidence and mortality statistics of the Global Can-

cer Observatory database, lung cancer has the highest mortality rate (approximately

18% of all cancer deaths) and the second highest incidence rate (approximately 11.4%
of all new cancer cases).' The most common type of lung cancer is non-small cell lung cancer
(NSCLC), which accounts for approximately 80% of all lung cancers.?® The assessment of dis-
tant metastases and metastases to mediastinal lymph nodes in patients with NSCLC is critical
not only for providing information about the staging of the disease but also for guiding treat-
ment options and determining the patient’s prognosis.**

Although computed tomography (CT) is the most-used non-invasive modality for assess-
ing mediastinal staging in NSCLC, numerous studies have shown that CT has limited sensi-
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tivity and reliability in lymph node staging.®
'®F-fluorodeoxyglucose positron emission
tomography/CT ("®F-FDG-PET) has been
widely used to evaluate NSCLC over the
last decade, as it can distinguish malignant
isolated pulmonary nodules from benign
lesions, improve staging accuracy, and an-
ticipate histology, treatment response, and
prognosis.® '8F-FDG PET/magnetic resonance
imaging (MRI) is a hybrid imaging modality. It
provides useful information about metabolic
activity as well as tumor cells while reducing
radiation exposure and is now increasingly
used in the diagnosis of NSCLC." Kajiyama et
al."'2 showed that both ®F-FDG PET/CT and
F-FDG PET/MRI had more accurate patho-
logical staging results than CT in the diag-
nosis of hilar and mediastinal lymph node
metastases in NSCLC.

Over the past decade, radionuclide imag-
ing techniques, including PET/CT and PET/
MRI, have been widely used in the diagnosis
of NSCLC and have gained much attention
for their better diagnostic performance,
compared with CT. However, which diagnos-
tic tool has better diagnostic performance
remains controversial. According to one re-
port, PET/MRI may have advantages over
PET/CT in terms of radiation dose manage-
ment and local staging accuracy when eval-
uating thoracic tumors,'® whereas another
study demonstrated that PET/MRI and PET/
CT have equivalent performance when it
comes to evaluating the preoperative tho-
racic staging of NSCLC patients.”

Although many studies have reported
that "®F-FDG PET/CT performs well in assess-
ing lymph node metastasis staging in NSCLC,
few have quantified its performance in com-
parison with "®F-FDG PET/MRI. The purpose

* Our meta-analysis showed that '8F-fluoro-
deoxyglucose positron emission tomogra-
phy/computed tomography (**F-FDG PET/
CT) has good diagnostic potential for non-
small cell lung cancer (NSCLC) lymph node
metastases, with a pooled sensitivity of 0.78
[95% confidence interval (Cl): 0.59-0.90]
and a pooled specificity of 0.87 (95% Cl:
0.72-0.94).

"8F-FDG PET/magnetic resonance imaging
(MRI) had a pooled sensitivity of 0.84 (95%
Cl: 0.68-0.93) and a pooled specificity of
0.87 (95% Cl: 0.80-0.92), which had better
diagnostic ability for lymph node metastasis
in NSCLC.

"8F-FDG PET/CT and 'F-FDG PET/MRI have
similar diagnostic performance in detecting
lymph node metastasis in NSCLC.

of the current study was to include head-
to-head comparison articles comparing the
diagnostic efficacy of the two diagnostic mo-
dalities for the staging of lymph node metas-
tasis in NSCLC.

Methods

Search strategy

All available literature was searched in the
PubMed, Embase, and Web of Science data-
bases between November 1992 and Septem-
ber 2022. The keywords were based on the
following: (Carcinoma, Non Small Cell Lung)
OR (Carcinomas, Non-Small-Cell Lung) OR
(Lung Carcinoma, Non-Small-Cell) OR (Lung
Carcinomas, Non-Small-Cell) OR (Non-Small-
Cell Lung Carcinomas) OR (Non-Small-Cell
Lung Carcinoma) OR (Non Small Cell Lung
Carcinoma) OR (Nonsmall Cell Lung Can-
cer) OR (Non-Small Cell Lung Cancer) OR
(NSCLC) OR (“Carcinoma, Non-Small-Cell
Lung”[Mesh]) AND (PET-MRI) OR (positron
emission tomography/magnetic resonance
imaging) OR (PET-MR) OR (positron emission
tomography/magnetic resonance).

Inclusion and exclusion criteria

Studies were considered for inclusion if
all the following criteria were satisfied: (a)
patients with NSCLC who were evaluated for
N-stage cancer before starting treatment; (b)
head-to-head comparison of '®F-FDG PET/
CT and "®F-FDG PET/MRI; (c) retrospective or
prospective original research.

The exclusion criteria were (a) duplicated
articles; (b) abstract, case reports, letters, re-
views, or meta-analyses; (c) non-English full-
text articles; (d) irrelevant titles and abstracts;
(e) data unavailable; (d) lesion-based studies.

Two researchers independently reviewed
the remaining texts’ titles and abstracts, as
well as the full-text versions, to determine
their eligibility for inclusion in the next stage
using the aforementioned inclusion and ex-
clusion criteria. The two researchers resolved
disagreements by reaching a consensus.

Quality assessment

The two researchers independently used
the Quality Assessment of Diagnostic Perfor-
mance Studies-2 (QUADAS-2) tool to evalu-
ate the quality of each study." The following
criteria were used to evaluate each study:
patient selection, index test, reference stan-
dard, flow, and timing. Based on the bias risk,
these domains were then classified as high,
low, or uncertain in terms of applicability.
Disagreements that arose during the evalu-
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ation process were resolved by a third-party
researcher.

Data extraction

Data extracted for all included articles
included first author, year, country, study de-
sign (retrospective or prospective study), pa-
tient characteristics (sample size, mean age),
study period, interval between the '®F-FDG
PET/CT and '®F-FDG PET/MRI scans, and ref-
erence for lymph node metastasis of NSCLC.
The numbers of true-positive, true-negative,
false-positive, and false-negative results for
"®F-FDG PET/CT and '8F-FDG PET/MRI on a
patient-by-patient basis were also extracted
for each study. In addition, data were ex-
tracted on technical aspects of each study
including scanner modality, ligand dose, and
image analysis. All the above data extraction
was done independently by two researchers,
and any differences were resolved through
consensus. This analysis did not require eth-
ics committee or patient approval.

Statistical analysis

The heterogeneity of the threshold effect
among pooled studies was assessed using
the Spearman correlation coefficient. A value
of P < 0.05 indicated a statistically significant
threshold effect. A bivariate random effects
model was used to calculate pooled esti-
mates of sensitivity and specificity. A Fagan
diagram was used to evaluate the pre-test
and post-test probabilities of the testing tool.

The heterogeneity of non-threshold ef-
fects among pooled studies was assessed us-
ing inconsistency index () statistics and the
Cochran Q test. A value of > > 50% or P < 0.1
for the Cochran Q test indicated a statistically
significant non-threshold effect. Due to the
small number of included studies, sensitivity
analysis was performed, rather than meta-re-
gression or subgroup analysis.

A Deeks’ funnel plot was used to evaluate
the publication bias of the included studies.
A P value of < 0.05 was deemed to indicate
publication bias. The statistical analysis was
performed using STATA v15.1(Stata-Corp,
College Station, TX, USA, Review Manager
v5.4 (the Nordic Cochrane Centre, Copenha-
gen,Denmark) and MetaDisc v1.4

Results

Literature search and study selection

The literature search led to the initial iden-
tification of 460 publications. Ninety-three
duplicate studies were excluded, 281 stud-
ies were excluded by title and abstract, and
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72 studies were excluded by article category
(review, abstract, case report, meta-analysis).
The remaining 14 studies were carefully as-
sessed by full text, and were excluded for the
following reasons: not meeting the inclusion
criteria (n = 5); data unavailable (n = 3). Final-
ly, 6 articles evaluating head-to-head com-
parison of '8F-FDG PET/CT and '®F-FDG PET/
MRI for lymph node metastasis in patients
with NSCLC were qualified for meta-analy-
sis.’>20 A PRISMA flow diagram of the study
selection process is shown in Figure 1.

Study description and quality assessment

The 6 eligible studies contained a total of
434 patients with NSCLC who were evaluat-
ed for N-stage cancer before starting treat-
ment, were published between 2014 and
2020, and had a sample size ranging from
22 to 140.Table 1T summarizes the study and
patient characteristics. The technical aspects
of 8F-FDG PET/CT and '®F-FDG PET/MRI are
shown in Table 2. The QUADAS-2 tool was
used to assess the risk of bias in these stud-
ies, as shown in Figure 2. None of the stud-
ies had a “high” risk of bias, according to the
QUADAS-2 suggestions. The included stud-
ies were deemed to be of adequate quality.

Records identified through database searching
PubMed(n=279) Web of Science(n=74)

Embase(n=107)

|

Records after duplicated removed

(n=367)

A 4

Articles excluded (N=353)
Abstract, letter, case report, review,
or meta-analysis (n=72)
Clearly irrelevant titles and
abstracts (n=281)

Full-text articles assessed for eligibility

(n=14)

Articles excluded (N=8)
Irrelevant article (n=5)
Insufficient data to extract (n=3)

Studies included in network meta-analysis (n=6)

Figure 1. PRISMA flow diagram for study selection.

Table 1. Study characteristics and patient characteristics of the included studies

First Year  Country Study Sample Age (y)® Study Interval Reference 'F-FDG PET/CT '*F-FDG PET/MRI
author design size (n) period between the standard
two imaging TP FP FN TN TP FP FN TN
tests
Ohno et
N 2020 Japan Retro 104 71463 (43-85)  2014-2015 <3 wk PA 22 3 18 60 33 8 8 55
:Lr;hfg‘er 2018 Germany Pro 84 62.5+9.1 NA <1d PA 42 1 5 36 42 2 5 35
lleelet
o 2016 Korea Pro 42 629+99(35-79) 2013-2014 <1h PA 09 11 12 8 5 13 16
Z't”;",';‘er 2016 Switzerland Retro 42 65 (35-89) 2012-2014 <1h PA 31 3 1 7 28 4 4 6
Ohno et
e 2015 Japan Retro 140 72+7.4(47-83)  2012-2013 <3 wk PA 48 13 14 65 58 8 4 70
:'te;ﬂ‘sh 2014 Germany  Pro 22 65+9.1 NA NA PA 6 2 2 12 7 1 1 13

n, the numbers of patients included in the study; Retro, retrospective; Pro, prospective; *data are mean (range) or mean + standard deviation (range); NA, not available; PA,
pathology; TP, true positive; FP, false positive; FN, false negative; TN, true negative; '®F-FDG PET/CT, '®F-fluorodeoxyglucose positron emission tomography/computed tomography;

MRI, magnetic resonance imaging.

Table 2. Technical aspects of included studies

First author Year Scanner modality (PET/CT) Scanner modality (PET/MRI) Ligand dose Image analysis
Ohno et al.?® 2020  GE Healthcare Canon Medical Systems 3.3 MBg/kg Quantitative
Kirchneretal’® 2018 éi::;zr;s),’ Healthcare GmbH, Erlangen, éi:rr:'\nzn:yHealthcare GmbH, Erlangen, §A7BS(.17 +474 Quantitative
Lee et al.® 2016 Siemens Healthcare, Erlangen, Germany Siemens Medical Solutions, Knoxville, TN 5.2 MBg/kg Quantitative
Huellneretal.” 2016 GE Healthcare, Waukesha, WI, USA GE Healthcare, Waukesha, WI, USA 350 MBg Quantitative
Ohno et al.’® 2015 GE Healthcare, Milwaukee, Wis Toshiba Medical Systems, Otawara, Japan  132-300 MBq Quantitative
Heuschetal.® 2014  Siemens Molecular Imaging Siemens Healthcare 300+45MBg  Quantitative

PET/CT, positron emission tomography/computed tomography; MRI, magnetic resonance imaging.
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Figure 2. Summary risk of bias and applicability concerns of the included studies.
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Figure 3. Forest plot showing the pooled sensitivity and specificity of '®F-fluorodeoxyglucose positron
emission tomography/computed tomography.

test probablllty for 8F-FDG PET/MRI could Deeks‘FugczlluF;IoLA%ygbmetryTest
increase to 87% (Figure 8). 7 '
O Study
77777 Regression
Heterogeneity analysis ® Line
For '®F-FDG PET/CT and '8F-FDG PET/ " ®

MRI, the P for their pooled sensitivity were
83.6% (P < 0.001) and 86.6% (P < 0.001), and
for their pooled specificity were 83.4% (P <
0.001) and 56.6% (P = 0.042), respectively.
This demonstrated that both '®F-FDG PET/CT ]
and "®F-FDG PET/MRI had high heterogene- 2 I
ity. For '®F-FDG PET/MRI, sensitivity analysis
by excluding data from Lee et al."® demon-
strated a pooled sensitivity of 0.88 (95% Cl:
0.82-0.93), with acceptable heterogeneity (/? ! Dié"’gnostic Odds R‘gtio on
=4.3%), and excluding data from Huellner et

al.'”” showed a pooled specificity of 0.88 (95%  Figure 4. Deeks’ funnel plot showing the publication bias of the included studies *F-fluorodeoxyglucose
positron emission tomography/computed tomography.
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a pooled specificity of 0.65 (95% Cl: 0.57-
0.72) in their study. In terms of sensitivity,
our meta-analysis did not differ significantly
from previous studies, but it did show high-
er results in terms of specificity, which could
be attributed to the small sample size of our
included studies, which required the use of
both detection tools in the same patient co-
hort.

Our meta-analysis showed that both
8F-FDG PET/CT and '®F-FDG PET/MRI have
high diagnostic performance for lymph node
metastases of NSCLC, and we believe that
both diagnostic tools have the potential to
be used more often in the clinic in the future.
However, by reviewing other related stud-
ies, we also found that these two diagnostic
tools have their shortcomings. There are two
key limitations to PET CT: first, it involves a
relatively high radiation exposure; second,
it has relatively low spatial resolution.** The
following are the primary drawbacks of PET
MRI: compared with PET/CT, it needs a specif-
ic lung imaging procedure, and the examina-
tion is significantly more time-consuming;'
however, it was introduced relatively recent-
ly and has not been studied extensively, and
numerous pertinent studies and clinical trials
will be required in the future to incorporate
it into clinical practice.?® In addition, it has
been shown that both diagnostic tools have
limited evaluation in the detection of mi-
croscopic nodules in the lung.?' To produce
novel and promising findings, more research
comparing these two models head-to-head
is required in the future.

In addition, "®F-FDG PET/MRI has been
studied extensively as a novel diagnostic tool
for applications in other diseases. A study of
8FDG PET/MRI for the diagnosis of bladder
cancer showed that it has a better ability
to detect metastatic lesions as well as soft
tissue lesions compared with conventional
CT, thus allowing better differentiation be-
tween primary bladder tumors and pelvic
metastases.> Another review of rectal cancer

Table 3. Sensitivity analysis of overall detection rate for '®F-FDG PET/CT and '®F-FDG PET/MRI

18F-FDG PET/CT

F-FDG PET/MRI

Omitting Ohno et al.
Omitting Kirchner et al."
Omitting Lee et al."®
Omitting Huellner et al."”
Omitting Ohno et al.'®

Omitting Heusch et al."

Sensitivity P Specificity
(95% Cl) (95% Cl)
0.81(0.63-0.91) 82.8% 0.84 (0.70-0.93)
0.75(0.52-0.89) 81.8%  0.82(0.66-0.92)
0.83 (0.65-0.92) 83.0%  0.89(0.78-0.95)
0.71(0.54-0.84) 78.9%  0.88(0.72-0.96)
0.79 (0.54-0.92) 86.4%  0.87 (0.69-0.96)
0.78 (0.56-0.91)  87.0%  0.87 (0.69-0.95)

78.5%
79.9%
72.7%
84.4%
88.7%
87.1%

Sensitivity P Specificity P
(95% ClI) (95% Cl)

0.84 (0.64-0.94) 89.5% 0.87 (0.78-0.92) 64.8%
0.82 (0.61-0.93) 87.8%  0.85(0.78-0.91) 53.0%
0.88 (0.82-0.93) 4.3% 0.89 (0.83-0.92) 59.4%
0.83 (0.62-0.93) 88.7%  0.88(0.81-0.93) 20.8%
0.80 (0.61-0.91) 84.9%  0.86(0.78-0.92) 63.4%
0.83 (0.64-0.93) 88.8%  0.86(0.79-0.91) 62.3%

P, inconsistency index; '8F-FDG PET/CT, '®F-fluorodeoxyglucose positron emission tomography/computed tomography; MRI, magnetic resonance imaging; Cl, confidence interval.
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indicated that '®FDG PET/MRI could be uti-
lized to restage rectal cancer after preop-
erative chemoradiotherapy or to detect
recurrence. Furthermore, because it is more
accurate in T-staging and N-staging than
PET/CT or MR, it can be a precise tool for
determining which patients to use for rectal
preservation rather than standard surgery.®
In addition, we focused on the concordance
between "®F-FDG semiquantitative metrics
from PET/MRI and PET/CT in the includ-
ed studies. One of the studies we included
showed that the mean difference in stan-
dardized uptake value (SUV)__ and SUV__
for NSCLC from '8F-FDG PET/MR imaging
and "8F-FDG-PET/CT was not statistically sig-
nificant and showed a high correlation.” In
contrast, another study showed that the SU-
V.. of PET/CT was significantly higher than
that of PET/MR in primary foci,'® which may
be due to the differences in the hardware of
PET/CT and PET/MRI devices and the recon-
struction software methods used.

According to our meta-analysis, there
was a high heterogeneity in the pooled
sensitivity and specificity of '®F-FDG PET/CT
and "®F-FDG PET/MRI, and we explored the
sources of heterogeneity that would result
from the inclusion of studies through sensi-
tivity analysis. For "®F-FDG PET/MRI, we dis-
covered that by omitting the data from Lee
et al.’®, a reasonable heterogeneity in pooled
sensitivity was obtained, and an acceptable
heterogeneity in pooled specificity was ob-
tained by excluding the data from Huellner
et al.”’, which could be explained by different
cut-off thresholds. This may be related to the
fact that these two articles included patients
with suspected NSCLC, whereas several oth-
er studies included patients with NSCLC con-
firmed by pathologic examination. Never-
theless, other causes, such as changes in the
patients, method, and research design, are
also possible. Regrettably, we were unable to
identify a source of heterogeneity in '®F-FDG
PET/CT.

However, our meta-analysis has lim-
itations that cannot be ignored. First, we
searched only three databases, which may
have caused us to omit some studies that
were consistent with this study. Second, the
number of included studies was too small
and they were all small sample size studies,
which may be related to the included articles
all required the use of ®F-FDG PET/CT and
"8F-FDG PET/MRI in the same patient cohort.
Third, half of the included articles were ret-
rospective studies, and more prospective
studies are needed in the future. Finally, no
consistent source of ®F-FDG PET/CT pooled

sensitivity and specificity was found by sen-
sitivity analysis. We must interpret these re-
sults cautiously due to these limitations.

Based on the results pooled in the me-
ta-analysis, '®F-FDG PET/CT has good di-
agnostic potential for NSCLC lymph node
metastases with a pooled sensitivity of 0.78
(95% Cl: 0.59-0.90) and a pooled specificity
of 0.87 (95% Cl: 0.72-0.94), and "8F-FDG PET/
MRI had a pooled sensitivity of 0.84 (95% Cl:
0.68-0.93) and a pooled specificity of 0.87
(95% Cl: 0.80-0.92), which also had better di-
agnostic ability for lymph node metastasis in
NSCLC. Therefore, we conclude that '8F-FDG
PET/CT and '8F-FDG PET/MRI have similar
diagnostic performance in detecting lymph
node metastasis in NSCLC. Nevertheless,
the results of this analysis were from a small
sample study, and further studies with larger
sample sizes are needed to draw more con-
vincing conclusions.

'8F-FDG PET/CTand '®F-FDG PET/MRI have
similar diagnostic performance in detecting
lymph node metastasis in NSCLC. Never-
theless, the results of this study were from a
small sample study, and further studies with
larger sample sizes are needed.
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