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AHHOTALNA

Llens — oueHKa BO3MOXKHOCTU MeTOAA MarHUTHO-pe30HaHCHOM ToMorpaduu (MPT) opraHoB rpygHOM KNeTKu ANA Bbl-
ABNEHWUA NErOYHbIX Y3/10B, MOA03PUTENbHBIX B OTHOLIEHUM 3110KA4YECTBEHHOCTH, B CPABHEHUM C KOMMbIOTEPHOW TOMOrpa-
duen (KT).

Mamepuanel u MemodeL. NpoBenéH nouck B 6asax faHHbix PubMed u Google Scholar 3a nepuop o 7 anpena 2021 r.
BKIOYNTENBHO. B COOTBETCTBUM C KpUTEPUAMM COOTBETCTBMA ObINM 0TOBpaHbI UCCeoBaHMA, B KOTOPbIX NPOBOAMNIAch
oueHKa cnocobHocT MPT u KT K BbIABNEHWIO NErOYHbIX Y3/10B, NOA03PUTENBHBIX B OTHOLLEHUM 3/10Ka4ecTBEHHOCTM. Bbibop
MeTo[a aHanu3a W rpynnupoBKU AaHHbIX 0 YYBCTBUTENTBHOCTU U CNELUPUUHOCTM BLINOAHANN MO pe3yNibTaTaM OLeHKM re-
TEPOreHHOCTU UCCriefoBaHWA. [1NA OLEHKM CTAaTUCTUYECKOW reTeporeHHOCTM UCCefoBaHWM, BRIKOYEHHBIX B MeTaaHanms,
NpUMEHANN KpuTepnin cornacusa MpcoHa X v MHOEKC reTeporeHHocTy |2,

Pe3synomamei. Mo pe3ynbTatam noucka 6buino otobpaHo 168 pabot, B MeTaaHanus oo 21 uccnegosanue. OtobpaH-
Hble paboTbl BRAYanu 1188 nauuenTos. Mo pesynbTaTaM MeTaaHanu3a BbIABNEHO HanM4Me CTaTUCTUYECKM 3HAYMMOA
reteporeHHocTvt p <0,00001 no KpuTepmio X2 U MHOEKC reTeporeHHocTy 2=99% ans yyBCTBUTENBHOCTM M CELMGUUHOCTY.
B cBA3M c 3TMM AnA aHanu3a gaHHbIX UCMOb30Bany METOR Cly4anHbIX 3QQeKToB. 3HauYeHWA JyBCTBUTENBbHOCTM AnA MPT
Haxogunucb B avanasoHe ot 70,4 no 100%, cneungmyHoctn — ot 60,6 no 100%.

3axnoyenue. MPT obnafaeT [OCTaTOMHOM YYBCTBUTENBHOCTBIO U CNELIMGUYHOCTBIO 417 ONpefeneHnA 3/10KaYecTBeH-
HOCTM NErOYHbIX Y3N0B, 06HapyeHHbIX npy KT-auarHocTuke.
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Role of chest MRI for the diagnosis of malignant
pulmonary nodules: a systematic review
and a meta-analysis
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ABSTRACT

AIM: To evaluate the ability of magnetic resonance imaging (MRI) of the chest to detect malignant pulmonary nodules
compared to compute tomography (CT).

MATERIALS AND METHODS: We searched the following databases with the final date of search on April 7th, 2021:
PubMed, Google Scholar. We selected studies according to the inclusion and exclusion criteria that assessed the detection of
malignant lung nodules by MRI and CT and included information about sensitivity and specificity. Method of the analysis and
data grouping was chosen with regard to statistical heterogeneity of the studies included in the analysis. We used the x? test
and |2 statistic to evaluate the heterogeneity.

RESULTS: We selected 168 articles for the systematic review from the PubMed and Google Scholar databases. We in-
cluded 21 studies on 1,188 patients in the meta-analysis and revealed statistically significant heterogeneity (p<0,00001
for x2 test; 12=99%) for sensitivity and specificity. Hence, we used a random-effect model for further analysis. As a result,
values of sensitivity for detection of pulmonary nodules with MRI of 70.4%-100%, specificity — from 60.6% to 100%.

CONCLUSIONS: Thus, MRI has sufficient sensitivity and specificity for detecting malignant pulmonary nodules primarily
discovered with CT.

Keywords: MRI; solitary pulmonary nodule; lung cancer; benign; malignant.
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BACKGROUND

The solitary pulmonary nodule (SPN) is a single, delim-
ited, rounded lesion with a diameter of <3 cm [1, 2]. SPN
is completely surrounded by unchanged pulmonary tissue
and is unrelated to atelectasis, the root of the lung, or me-
diastinum. This mass could be caused by benign processes
such as hamartoma, infectious lesions, granulomatous in-
flammation, or malignant processes (primary lung cancer,
metastatic disease, or lymphoma). Malignancy of nodules is
assumed until proven otherwise [2].

Currently, computed tomography (CT) is the gold stan-
dard for assessing SPN and monitoring patients who are at
risk of cancer [3]. CT, despite its many advantages, has a
major disadvantage: high radiation exposure, which certainly
increases in dynamic monitoring. With the development and
improvement of hardware and software, the search for new
alternative visualization methods becomes evident. Over the
last two decades, research into the potential use of magnetic
resonance imaging (MRI) for the diagnosis of chest diseases
has resulted in a separate research area devoted to SPN
detection by MRI. The advantage of MRl is the lack of ionizing
radiation exposure and the optional quantitative assessment
of the revealed changes even without the use of contrast
agents.

The aim of the study was to compare the capabilities of
chest MRI to standard CT for detecting malignant SPN.

METHODS

This work was designed according to the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) standard [4].

Study type

Inclusion criteria:

« (I) Prospective case-control studies, retrospective case-
control studies, prospective cohort studies, and retro-
spective cohort studies;

« (Il) Studies that included a description of the use of MRI
to detect malignant SPN;

« (Il CT as the reference method; and

 (IV) Availability of sensitivity and specificity data.
Exclusion criteria:

(1) The full text of the paper was not available.

« (I) The study did not involve humans.

« (lll) The study involved children.

» (V) Case reports, case series studies, systematic re-
views, and meta-analyses.

(V) Combination of positron emission tomography (PET)
and CT (PET/CT) or PET and MRI (PET/MRI); contrast-
enhanced studies.

» (VI) Involvement of patients with pulmonary tuberculosis
and other inflammatory lung diseases.
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Participants

Patients over 18 years of age.

The review excluded patients for whom diagnostic data
could not be obtained using standard reference methods
(standard chest CT).

Interventions

Studies that assessed the ability of MRI and standard CT
to detect SPN suspicious for malignancy.

Results

Primary results: numerical values of lung MRI sensitivity
and specificity to assess the detection of malignant SPN.

Secondary results: identification of the most optimal MR
pulse sequences.

Sources of information

The databases PubMed and Google Scholar were
searched until April 7, 2021.

Search

Since PubMed takes approximately a month to assign the
term MeSH to a published paper, two types of queries were
used in the PubMed database, that is, MeSH library terms
and keywords to search among recent articles:

“Magnetic Resonance imaging” [Mesh] or “MRI" and
“Computed tomography” or “CT" and “Lung neoplasms”
[Mesh] or “Solitary Pulmonary Nodule” [Mesh] and “Sensi-
tivity” and “Specificity”;

“Lung MRI" or “chest MRI” and “Computed tomography”
or “CT" and “lung cancer” or “Solitary Pulmonary Nodule”.

The query “MRI, CT, lung cancer, specificity, sensitivity”
was used to search in the Google Scholar database.

Data collection and data items

Using the Google Spreadsheet service, a data extraction
table was created. The authors had simultaneous and unre-
stricted access to the document. The following data was ex-
tracted from the selected papers by two researchers (0.Yu.
Panina and Ye.A. Grik): title of the article, journal (or service
for posting preprints), publication date, DOI, MRI protocol,
MRI magnetic induction value, types of lesions revealed,
sensitivity, specificity, and standard deviation for MRI and
CT. After calculating the sensitivity and specificity indicators
for each pulse sequence (PS) separately, the most effective
values were included in the meta-analysis.

Three other researchers (E.S. Akhmad, Yu.N. Vasilyeva,
and Yu.A. Vasilyev) verified the extracted data. All disagree-
ments were resolved through discussion among the authors.

Risk of bias in selected studies

The authors used the QUADAS-2 (Quality Assessment of
Diagnostic Accuracy Studies) checklist [5], which is recom-
mended by the Agency for Healthcare Research and Quality
(Cochrane Collaboration, US) for systematic reviews. Each of
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the selected papers was assessed based on four domains:
patient selection, index test, reference test, and patient flow.
For a detailed description of each domain and the judgment
of the criteria used, see the Cochrane Handbook for System-
atic Reviews of Interventions [6).

Statistical analysis

The selection of method for analyzing and grouping
sensitivity and specificity data (random- or fixed-effects
model) was performed according to the results of the
study heterogeneity assessment. The x? criterion and I
heterogeneity index were used to assess the statistical
heterogeneity of the studies included in the meta-analy-
sis. In the studies, statistically significant heterogeneity
corresponds to p <0.10 in the x? criterion and | >40%.
Moreover, meta-analysis was performed using the Rev-
Man 5.4.1 software package.

RESULTS

Based on search results in the PubMed and Google
Scholar databases, 168 selected papers were imported into
the Mendeley Reference Manager software library. Follow-
ing a second check for inclusion and exclusion criteria and
text review, 33 papers remained (Fig. 1).

A text review of the remaining 33 papers [7-38] revealed
that two studies performed contrast-enhanced CT [23, 24],
which is not an appropriate type of intervention. Further-
more, the sensitivity and specificity data for CT were com-
pletely absent in ten papers [20-22, 25-29, 31, 32], so these
studies were excluded. The meta-analysis included papers in
which a low-dose CT was used as a control study [9, 10, 16]
rather than an exclusion criterion. Thus, the meta-analysis
included 21 studies (see Fig. 1).

The selected studies included 1188 patients and con-
tained information on lung MRI and CT scans. Sensitivity
data for MRI and CT were presented in all papers; however,
specificity rates were not reported in three articles [8, 16,
30]. The majority of the studies were performed on tomo-
graphs with magnetic field induction of 1.5 T (Table. 1).

Risk of bias

Eleven studies adequately reported the index test and
reference test data [7, 8, 10-13, 1518, 33]. The primary
sources of errors were the index test (MRI) and its inter-
pretation (Fig. 2). Some studies lacked complete data to
assess the risk of bias, for example, whether the index test
results were interpreted without knowing the results of the
reference test, or whether interpretation of the reference
test was impossible without knowing the results of the
index test. Moreover, the risk of bias was characteristic
of studies that were more likely to be published if an ef-
fect was found as opposed to those that did not. However,
participants in all studies met the protocol criteria for this
review.
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Fig. 1. Flow diagram

The meta-analysis revealed statistically significant het-
erogeneity (p <0.00001) using the x? criterion and the het-
erogeneity index (1>=99%) for sensitivity and specificity. In
this case, the random-effects method was used to analyze
the data.

Diagnostic accuracy of chest MRI

In each of the 21 studies, MRI was compared to the
reference method. Sensitivity for MRI ranged from 70.4%
to 100%, while the specificity ranged from 60.6% to 100%
(Fig. 3). The mean MRI sensitivity was 88.3%, while the
mean MRI specificity was 71.3%. In studies where the stan-
dard deviation parameters for sensitivity and specificity were
not specified, the calculation was performed by estimating
the values of the indicators [40].

Table 2 shows the characteristics that were included in
the meta-analysis of studies with the highest sensitivity and
specificity values for MRI, which are comparable to CT.

DISCUSSION

The results of this meta-analysis show that MRI has
lower mean specificity and sensitivity when compared to
CT. In the majority of studies included in the meta-analysis,
the sensitivity and specificity of chest CT for detecting SPN
was 100%. Since CT was used as a reference test, only three
studies had lower rates. For chest MRI, 5 of the 21 studies
had 100% sensitivity, and only 2 studies had 100% sensitivity
and specificity.
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Table 1. Characteristics of studies included in the meta-analysis
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No. Studies Year IV!agnet?c field MRI model and manufacturer MRI PS
induction, T

1 Both[7] 2005 1,5 Magnetom Vision, Siemens VIBE, HASTE, T2TSE
2 Bruegel [8] 2007 1,5 Magnetom Sonata, Siemens STIR

3 Chang[19] 2015 1,5 Intera Achieva, Philips SS-TSE-HF

4 Cieszanowski [30] 2016 1,5 Magnetom Avanto, Siemens T2TSE, T2-STIR, T2-HASTE
5  Dewes [33] 2016 3,0 Magnetom Prisma, Siemens CAIPIRINHA-VIBE
6  Fatihoglu [34] 2019 1,5 Magnetom Aera, Siemens DWI (ADC)

7 Heye [39] 2012 1,5 Avanto, Siemens VIBE, HASTE

8  Huang [39] 2020 1,5 Magnetom Aera, Siemens UTE free-breathing
9 Koo [36] 2019 3,0 Magnetom Skyra, Siemens T2FSE

10 Koyama [37] 2008 1,5 Intera, Philips STIR

11 Koyama [38] 2015 1,5 Achieva, Philips DWI (ADC)

12 Meier-Schroers [9] 2016 1,5 Ingenia, Philips T2FSE

13 Meier-Schroers [10] 2019 1,5 Ingenia, Philips T2STIR

14 Ohno [11] 2017 3,0 Vantage Titan, Canon Medical Systme UTE

15 Regier [12] 2011 1,5 Achieva, Philips DWI (ADC)

16  Satoh [13] 2008 1,5 Intera NovoDual, Philips DWI (ADC)

17  Schaefer [14] 2006 1,0 Magnetom Expert, Siemens PDWI

18 Schroeder [15] 2005 1,5 Magnetom Sonata, Siemens HASTE

19 Sommer [16] 2014 1,5 Magnetom Avanto, Siemens HASTE

20  Vogt [17] 2004 1,5 Magnetom Sonata, Siemens HASTE

21 Yi[18] 2007 3,0 Achieva, Philips T1WI 3D TFE*

Note. MRI PS: pulse sequences of magnetic resonance imaging

Flow and synchronization

Overall risk of bias

o

25

B Low risk

Fig. 2. Histogram of the risk of bias

When the results of the meta-analysis were exam-
ined, high sensitivity rates were observed in studies that
calculated overall sensitivity and specificity rates for the
entire MR protocol rather than separately for each PS (see
Table 2). This phenomenon demonstrates the peculiarity
of the meta-analysis for MRI as a method in which the
signal characteristics are assessed in conjunction with the
scanning protocol. These examples may indicate a lack of
research into MRI capabilities in the differential diagnosis
of SPN, the need for studies of current PS, and the careful

00l https://doi.org/10.17816/DB70306

50 75 100%

] Controversial results [ No data

tuning of routine PS on a tomograph. This approach will al-
low for greater MRI efficiency in detecting SPN and study-
ing their characteristics, which is especially important in
lung cancer diagnosis.

Lung cancer continues to be the leading cause of
death worldwide, including in the Russian Federation,
and it is a serious social and economic problem [41,
42]. The presence of cancer among detected SPN ranges
from 10% to 70% [2]. In some countries, low-dose CT
is performed in high-risk groups as part of screening.
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Currently, the coverage of the screening program remains
low, and the criteria for inclusion of patients are limited
to ensure its economic viability. Thus, many patients will
still be diagnosed after the onset of symptoms, rather
than at an early stage of disease development and at a
high cost of misdiagnosis [41]. Furthermore, radiologists
and clinicians continue to face difficulties in monitoring
and managing ambiguous SPN. Accordingly, only a com-
prehensive approach is always used for diagnosis, patient
routing, and selection of optimal management and treat-
ment strategies [43].

This meta-analysis revealed an alternative approach for
assessing SPN that are suspicious for cancer. In addition, the
emphasis was on standard studies that did not make use of
contrast enhancement.
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Limitations

There were several limitations to this study. For vari-
ous reasons, the meta-analysis included data with le-
sions larger than 6 mm. First, nodule sizes greater than
6 mm are the most common in selected studies; second,
nodules smaller than 6 mm have a fairly low risk of ma-
lignancy according to recent data from Fleischner Society
[3]. In addition, the meta-analysis did not compare MRI
with histologic data, which could be considered a limita-
tion of the study.

CONCLUSIONS

MRI has the sensitivity and specificity needed for addi-
tional diagnosis of SPN that are suspicious for malignancy

Test for overall effect: Z = 7.70 (P < 0.00001)

MPT KT Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

Both 2005 100 1 20 100 1 20 5.7% 0.00 [-0.62, 0.62] r

Bruegel 2007 0 0 28 0 0 28 Not estimable

Chang 2015 89 1.275 36 25.6 14.703 36 5.6% 6.01 [4.90, 7.12] -

Cieszanowski 2016 0 0 50 0 0 50 Not estimable

Dewes 2015 79.1 2.25 54 100 1 54 5.5% -11.92 [-13.58, -10.26] -

Fatihoglu 2019 88.2 1.43 53 100 1 53 5.6%  -9.49 [-10.85, -8.14] -

Heye 2012 100 1 28 100 1 28 5.7% 0.00 [-0.52, 0.52]

Huang 2020 98.9 0.099 120 100 1 120 5.7% -1.54 [-1.83, -1.25] -

Koo 2019 70.4 2.527 68 100 1 68 5.5% -15.32[-17.19, -13.44] -

Koyama 2008 60.6 1.882 161 100 1 161 5.5% -26.08 [-28.12, -24.05] —

Koyama 2015 33.3 3.926 32 100 1 32 4.7% -23.00 [-27.14,-18.86] ——

Meier-Schroers 2016 100 1 30 100 1 30 5.7% 0.00 [-0.51, 0.51]

Meier-Schroers 2019 93 0.719 82 100 1 82 5.7% -8.00 [-8.93, -7.07] -

Ohno 2017 99.6 0.055 52 99.6 0.055 52 5.7% 0.00 [-0.38, 0.38]

Regier 2011 92.3 1.589 20 100 1 20 5.6% -5.68 [-7.14, -4.23] -

Satoh 2008 61.1 3.328 51 100 1 51 5.4% -15.71[-17.95, -13.48] -

Schaefer 2006 75 3.125 36 100 1 36 5.5% -10.66 [-12.51, -8.81] -

Schroeder 2005 93.5 1.11 30 100 1 30 5.6% -6.07 [-7.31, -4.84] -

Sommer 2014 0 0 49 0 0 49 Not estimable

Vogt 2004 96.2 0.468 61 100 1 61 5.7% -4.84 [-5.55, -4.13] -

Yi 2007 67 1.962 127 100 1 127 5.5% -21.13 [-23.00, -19.26] -

Total (95% CI) 1188 1188 100.0% -8.28 [-10.45, -6.11] L 2

IZ' Heterogeneity: Tau? = 21.41; Chi? = 2471.61, df = 17 (P < 0.00001); I* = 99% —50 —iO ) 150 250

Test for overall effect: Z = 7.48 (P < 0.00001) MPT [experimental] KT [control]
MPT KT Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Both 2005 100 1 20 100 1 20 4.9% 0.00 [-0.62, 0.62] T

Bruegel 2007 72 3.81 28 100 1 28 4.5% -9.91[-11.89, -7.94] -

Chang 2015 84.8 1.678 36 84.8 1.678 36 4.9% 0.00 [-0.46, 0.46]

Cieszanowski 2016 100 1 50 100 1 50 4.9% 0.00 [-0.39, 0.39]

Dewes 2015 88.1 1.427 54 100 1 54 4.7% -9.59 [-10.95, -8.23] -

Fatihoglu 2019 72.2 3.684 53 100 1 53 4.7% -10.22 [-11.68, -8.77] -

Heye 2012 100 1 28 100 1 28 4.9% 0.00 [-0.52, 0.52]

Huang 2020 81.2 3.684 120 100 1 120 4.9% -6.94 [-7.62, -6.27] -

Koo 2019 70.4 2.527 68 100 1 68 4.5% -15.32[-17.19, -13.44] -

Koyama 2008 96.1 0.295 161 100 1 161 4.9% -5.28 [-5.74, -4.81] -

Koyama 2015 70.4 3.684 32 100 1 32 4.5% -10.83[-12.83, -8.83] _—

Meier-Schroers 2016 100 1 30 100 1 30 4.9% 0.00 [-0.51, 0.51]

Meier-Schroers 2019 87 1.249 82 100 1 82 4.7% -11.44[-12.73,-10.15] -

Ohno 2017 93 0.903 52 93.4 0.855 52 4.9% -0.45 [-0.84, -0.06] b

Regier 2011 97 0.651 20 100 1 20 4.8% -3.48 [-4.50, -2.47] -

Satoh 2008 88.9 1.382 51 100 1 51 4.7% -9.13 [-10.47, -7.80] -

Schaefer 2006 100 1 36 100 1 36 4.9% 0.00 [-0.46, 0.46]

Schroeder 2005 85.4 2.276 30 100 1 30 4.6% -8.20 [-9.80, -6.60] -

Sommer 2014 78 2.451 49 100 1 49 4.6% -11.66[-13.37,-9.95] -

Vogt 2004 93 0.834 61 100 1 61 4.8% -7.55[-8.58, -6.53] -

Yi 2007 97 0.258 127 97 0.258 127 4.9% 0.00 [-0.25, 0.25]

Total (95% CI) 1188 1188 100.0% -5.59 [-7.01, -4.16] <&

ity 2 . i2 .12 + + + +
El Heterogeneity: Tau? = 10.70; Chi* = 2239.91, df = 20 (P < 0.00001); I* = 99% 5 10 ) ) 20

MPT [experimental] KT [control]

Fig. 3. Forest plot of grouped data for specificity (a) and sensitivity (b) [40]

Note. SMD: standardized mean difference; Cl: confidence interval
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Table 2. Characteristics of studies with the highest sensitivity and specificity values

No. Author, Sensiti_vity SpecifiFity MRI PS N!agnet!c field
year of study (general index) (general index) induction, T

1 Both, 2005 [7] 100 100 VIBE, HASTE, T2TSE 1,5

2 Cieszanowski, 2016 [30] 100 - T2TSE, T2-STIR, T2-HASTE 1,5

3 Meier-Schroers, 2016 [9] 100 100 T2FSE 1,5

4 Regier, 2011 [12] 97 92,3 DWI (ADC) 1,5

5 Heye, 2012 [35] 100 100 VIBE, HASTE 1,5

6  Schaefer, 2006 [14] 100 75 PDWI 1,5

Note. MRI PS: pulse sequences of magnetic resonance imaging

and revealed by CT. The mean MRI sensitivity was 88.3%,
while the mean MRI specificity was 71.3%.

MRI is a non-ionizing imaging method that can be used
as an additional technique in the evaluation of various PS
while resolving controversial cases.

Further research into the most efficient PS, the feasibility
of contrast enhancement, and new technological solutions
for high-quality diagnostics of SPN is necessary.
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