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Abstract

IMPORTANCE The ability of computed tomography (CT) to distinguish between benign congenital
lung malformations and malignant cystic pleuropulmonary blastomas (PPBs) is unclear.

OBJECTIVE To assess whether chest CT can detect malignant tumors among postnatally detected
lung lesions in children.

DESIGN, SETTING, AND PARTICIPANTS This retrospective multicenter case-control study used a
consortium database of 521 pathologically confirmed primary lung lesions from January 1, 2009,
through December 31, 2015, to assess diagnostic accuracy. Preoperative CT scans of children with
cystic PPB (cases) were selected and age-matched with CT scans from patients with postnatally
detected congenital lung malformations (controls). Statistical analysis was performed from January
18 to September 6, 2020. Preoperative CT scans were interpreted independently by 9 experienced
pediatric radiologists in a blinded fashion and analyzed from January 24, 2019, to September
6,2020.

MAIN OUTCOMES AND MEASURES Accuracy, sensitivity, and specificity of CT in correctly
identifying children with malignant tumors.

RESULTS Among 477 CT scans identified (282 boys [59%]; median age at CT, 3.6 months [IQR,
1.2-7.2 months]; median age at resection, 6.9 months [IQR, 4.2-12.8 months]), 40 cases were
extensively reviewed; 9 cases (23%) had pathologically confirmed cystic PPB. The median age at CT
was 7.3 months (IQR, 2.9-22.4 months), and median age at resection was 8.7 months (IQR, 5.0-24.4
months). The sensitivity of CT for detecting PPB was 58%, and the specificity was 83%. High
suspicion for malignancy correlated with PPB pathology (odds ratio, 13.5; 95% Cl, 2.7-67.3; P = .002).
There was poor interrater reliability (K = 0.36 [range, 0.06-0.64]; P < .001) and no significant
difference in specific imaging characteristics between PPB and benign cystic lesions. The overall
accuracy rate for distinguishing benign vs malignant lesions was 81%.

CONCLUSIONS AND RELEVANCE This study suggests that chest CT, the current criterion standard
imaging modality to assess the lung parenchyma, may not accurately and reliably distinguish PPB
from benign congenital lung malformations in children. In any cystic lung lesion without a prenatal
diagnosis, operative management to confirm pathologic diagnosis is warranted.
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Key Points

Question Can chest computed
tomography be used to detect
malignant tumors in children with cystic
lung lesions?

Findings In this multi-institutional case-
control study of 40 children with cystic
lung lesions, the sensitivity for detecting
pleuropulmonary blastoma was 58%,
and the specificity was 83%. Although
high suspicion for malignancy was
significantly correlated with malignant
tumors, the diagnostic accuracy was
81%, and agreement among radiologists

was poor.

Meaning This study suggests that
computed tomography may not
accurately and reliably identify
pleuropulmonary blastoma; operative
management is therefore
recommended to confirm pathologic
diagnosis in postnatally detected
cystic lesions.
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Introduction

Congenital lung malformations (CLMs) are a group of benign pulmonary anomalies that include
bronchogenic cysts, bronchopulmonary sequestration (BPS), congenital lobar emphysema, and
congenital pulmonary airway malformations (CPAMSs)."> The incidence of these lung lesions has
increased during the past 20 years owing to the more widespread use of imaging, and some studies
suggest that these lung lesions occur in up to 1in 2000 children.** Congenital lung malformations
are known to be associated with a wide spectrum of disease, ranging from in utero hydrops and
respiratory distress at birth to pneumothorax and recurrent pneumonia during the first several years
of life.>” Although symptomatic lesions are ubiquitiously managed by surgical resection, ™
asymptomatic lesions during early infancy have an unclear natural history. Accordingly, some
clinicians have espoused nonoperative management strategies for asymptomatic CLMs and
recommend delayed surgical resection only if clinical symptoms arise.'*™

Although malignant transformation of benign CLMs is thought to be uncommon,™ a recent
multicenter study'® confirmed that approximately 10% of cystic lung lesions that were initially
diagnosed in the postnatal period may harbor cystic (type ) pleuropulmonary blastoma (PPB), a
malignant and potentially lethal lung tumor associated with the DICERT (OMIM 601200) variant."”
Many PPBs have a similar appearance to macrocystic CPAMs on computed tomography (CT) scans,
the current criterion standard imaging modality to assess the lung parenchyma in children, based on
several retrospective reviews.">'®23 The reliability of CT in cases of PPB remains unknown.?*

Given ongoing concerns about misdiagnosing PPB as a benign macrocytic CPAM, we used a
multi-institutional consortium registry to formally evaluate the CT characteristics of cystic PPB and
benign CLMs. The primary aim of this study was to assess whether a cohort of board-certified
pediatric radiologists could accurately discern PPB from CLMs when evaluating the same CT images.
We hypothesized that experienced radiologists with an increased awareness of PPB could reliably
diagnose most PPBs and CPAMs with acceptable agreement.

Methods

Study Design, Setting, Participants

A central reliance agreement was approved by the institutional review boards of all institutions
associated with the Midwest Pediatric Surgery Consortium, a group of 11 US tertiary care children’s
hospitals located in 7 contiguous states serving an estimated total population of 58 million people
(Children’s Mercy Hospital, Kansas City, Missouri; Children's Wisconsin, Milwaukee; St Louis
Children's Hospital, St Louis, Missouri; Norton Children's Hospital, Louisville, Kentucky; Cincinnati
Children's Hospital, Cincinnati, Ohio; Ann & Robert H. Lurie Children’s Hospital, Chicago, Illinois;
Nationwide Children's Hospital, Columbus, Ohio; C. S. Mott & Von Voigtlander Children's Hospital,
Ann Arbor, Michigan; Riley Children’s Hospital, Indianapolis, Indiana; Comer Children's Hospital,
Chicago, lllinois; and American Family Children’s Hospital, Madison, Wisconsin).? Informed consent
was waived owing to minimal risk to participants. Original CT reports (denoted as RO) and pathology
records were queried from an operative registry of 521 primary lung lesions resected between
January 1, 2009, and December 31, 2015, and detailed elsewhere.?%?” All preoperative chest CT
scans were performed with intravenous contrast, using a variety of CT scanners with a minimum of
16 slices.?® This study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Eligibility Criteria

The study cohort generated for detailed CT analysis is shown in eFigure 1in Supplement 1. All children
in the registry with evaluable preoperative chest CT images and an original imaging report were
screened. We excluded prenatally diagnosed lesions given the known association of PPB with an
initial diagnosis in the postnatal period.16-20-2%3° Computed tomography scans from pathologically
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confirmed cystic PPBs (cases) were then individually age-matched with CT scans from pathologically
confirmed benign CLMs (controls) at a target ratio of 1:3. We deliberately enriched for macrocystic
CPAMs when possible and selected against BPS and CPAM with systemic feeding vessels, given the
known association between systemic feeding vessels and benign disease.'® Images were stripped of
patient identifiers and uploaded to the InteleViewer picture achiving and communication system
(Intelerad Medical Systems Inc) for radiologic interpretation.

Variables

Board-certified pediatric radiologists were recruited to review these images in an independent and
blinded fashion from January 24, 2019, to September 6, 2020. Each radiologist had no knowledge of
the original CT diagnosis, pathologic diagnosis, and number or proportion of PPB lesions in the study
cohort. In addition to recording data on lesion characteristics and a final radiologic diagnosis, each
study radiologist provided a confidence level in (1) the radiologic diagnosis and (2) overall suspicion of
malignancy using 5-point Likert scales (range, 1-5, where 1 = very likely benign and 5 = almost
certainly malignant). Data were stored in a centralized REDCap database (Research Electronic Data
Capture, version 8.1.20; Vanderbilt University). Outcomes of interest were diagnostic accuracy,
interrater reliability, correlation of radiologist suspicion with pathology diagnosis, and radiologic
characterization of cystic PPB lesions.

Statistical Analysis

Statistical analysis was performed from January 18 to September 6, 2020, using standard parametric
methods for continuous and categorical variables. Binary logistic regression models were performed
as appropriate using Stata, version 16.1 (StataCorp LLC) or R Studio, version 3.6.1 (R Group for
Statistical Computing). All P values were from 2-sided tests and results were deemed statistically
significant at P < .05. Positive predictive values (PPVs) and negative predictive values (NPVs) were
calculated based on PPB prevalence estimates as described elsewhere.'®?* Interrater reliability was
assessed using the Cohen k statistic and intraclass correlation coefficient with 2-way mixed-effects
modeling. The following levels of interrater agreement were used for interpretation: lower than
0.50 = poor, 0.50 to 0.74 = moderate, 0.75 to 0.90 = good, and higher than 0.90 = excellent.*

Results

Patient Characteristics

eTable 1in Supplement 1shows the baseline characteristics of the 477 registry patients (282 boys
[59%]; median age at CT, 3.6 months [IQR, 1.2-7.2 months]; median age at resection, 6.9 months
[IQR, 4.2-12.8 months]) with at least 1 preoperative CT scan. Pathologic diagnoses included BPS (158
patients [33%]), bronchial atresia (13 patients [3%]), bronchogenic cyst (31 patients [7%]),
congenital lobar emphysema (50 patients [11%]), CPAM (210 patients [44%]), and cystic PPB (11
patients [2%]). No malignant tumors were identified in the 314 lesions (66%) that were initially
detected prenatally.

Forty age-matched children (8%) with primary lung lesions were selected for detailed radiologic
review (eTable 1in Supplement 1). There were 26 right-sided lesions (65%) and 15 left-sided lesions
(38%). The most common anatomic locations were right lower lobe (12 [30%]), right upper lobe (9
[23%]), and left lower lobe (8 [20%]). There were 20 CPAMs (50%) and 9 (23%) pathologically
confirmed cystic PPBs. In accordance with the study design, the cohort included significantly fewer
lung malformations associated with a systemic feeding vessel when compared with the entire
registry cohort. Adequacy of age matching between benign and malignant cases was demonstrated
by the lack of significant differences in median age at CT (benign, 7.3 months [IQR, 2.1-22.3 months]
vs malignant, 8.2 months [IQR, 4.0-70.1 months]; P = .75) and in median age at resection (benign, 8.7
months [IQR, 5.0-24.4 months] vs malignant, 10.1 months [IQR, 4.2-71.2 months]; P = .83).
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Diagnostic Accuracy

Original Radiologist

Data on the original diagnostic accuracy of chest CT for the 477 lesions are presented in eTable 2 in
Supplement 1. The sensitivity for detecting a CPAM was 87% (95% Cl, 81%-91%) and the specificity
was 80% (95% Cl, 75%-85%). The PPV for CPAM was 78% (95% Cl, 73%-82%) and the NPV was
88% (95% Cl, 84%-92%). For the other benign lung malformations, the sensitivity of CT was lower
(range, 41%-74%), but there was higher specificity (range, 96%-100%). The sensitivity for detecting
a malignant primary lesion was 33% (95% Cl, 12%-62%) and the specificity was 99% (95% Cl,
98%-100%). Based on the overall low prevalence of malignant lung lesions in the registry, the PPV
for a malignant primary lesion was 50% (95% Cl, 25%-76%) and the NPV was 98% (95%

Cl, 95%-98%).

Study Radiologists

There were 9 study radiologists (denoted as radiologists R1-R9) representing 6 different consortium
hospitals. They collectively completed a total of 346 of 360 interpretations (96%). Fourteen of 360
studies (4%) could not be evaluated by 2 study radiologists (R3 and R4) owing to hardware or
software compatibility issues. In addition to board certification among all reviewers, experience in
pediatric chest CT scan interpretation was confirmed by number of years after pediatric radiology
fellowship training (median, 9 years; range, 4-31 years). The median estimated number of lung lesion
CT scans reviewed annually per study radiologist was 10 (range, 2-15).

Table 1 compares the CT diagnosis for all images based on the original interpretation and the
study radiologist's interpretation. The most common diagnosis in both groups was CPAM; study
radiologists were significantly less likely to interpret a study as CPAM compared with those analyzed
by the original interpretation (149 of 346 [43%] vs 29 of 40 [73%]; P = .009). Conversely, the
percentage of studies for which the study radiologists believed that PPB was the most likely diagnosis
was significantly increased when compared with those interpreted by the original radiologist (88 of
346 [25%] vs 3 of 40 [8%]; P = .008).

Among the study radiologists, the overall diagnostic accuracy, defined as the proportion of true
positives and true negatives, for all lung lesions was 81%. Study radiologists increased the sensitivity
for detecting a malignant primary lesion to 58% but had reduced specificity (83%) when compared
with the original CT interpretation (eTable 2 in Supplement 1). Based on the estimated disease
prevalence of PPB among postnatally diagnosed lung lesions,'® the calculated PPV was 24% and the
NPV was 95%. The sensitivity of the study radiologists for detecting a CPAM was 56% and the
specificity was 70%.

Table 1. Computed Tomography of 40 Lung Lesions: Original Interpretation vs Study Interpretation

No. (%)
Original Study
Characteristic interpretation interpretation® P value
No. of reads 40 346 NA
Computed tomography diagnosis
BPS 0 28 (8) .10
Bronchial atresia 0 12 (4) .62
Bronchogenic cyst 2(5) 6(2) .20 Abbreviations: BPS, bronchopulmonary sequestration;
CLE 2 (5) 25(7) >.99 CLE, congenital lobar emphysema; CPAM, congenital
CPAM 29 (73) 149 (43) .009P pulmonary airway malformation; NA, not applicable;
PPB, pl | I .
CPAM with systemic feeding vessel 1(3) 21 (6) 71 pleuropulmonary blastoma
- N .
Infectious.or pneumatogeles 2(5) 3Q0) 09 Nine rac!lologwts |ndependent.ly reviewed the same
40 studies (3.9% noncompletion rate).
Miscellaneous benign 2 (5) 11 (3) .63
- b P < .05 (Fisher exact test).
Other malignant tumor® 0 4(1) >.99
= ¢ Includes bronchoalveolar carcinoma and
PPB 3(8) 88 (25) .008
pulmonary sarcoma.
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The variability in CT diagnosis is depicted by the heatmap shown in Figure 1. Although many
lesions were correctly diagnosed by CT, the heatmap revealed a discordance with pathologic
diagnosis in many cases, and there was lack of consensus in the radiologic diagnosis across the
spectrum of primary lung lesions. Congenital pulmonary airway malformations, congenital lobar
emphysema, bronchogenic cysts, and bronchial atresias were all misclassified as malignant tumors
and other types of benign lesions (Figure 2). For PPB, the false-positive rate was 18% (49 of 267
reads). Bronchopulmonary sequestration was the only CLM pathology that was not diagnosed as a
PPB by a radiologist. The interrater reliability score as measured by the intraclass correlation was 0.31
(95% Cl, 0.18-0.49) and as measured by the combined « statistic was 0.36 (range, 0.06-0.64). Both
values indicate poor agreement with regard to whether a given lesion was benign vs malignant.

To assess whether there might be an association between radiology experience and diagnostic
accuracy in the detection of PPB, we calculated the sensitivity and specificity for each study
radiologist and correlated these findings with their reported total number of lung lesion chest CT
scans reviewed since completion of fellowship training (eFigure 2 in Supplement 1). Although there
were no obvious differences in specificity rates associated with radiologist experience, less-
experienced radiologists tended to have lower sensitivity rates for detecting malignant lesions
compared with their more experienced colleagues.

Malignancy Risk Assessment

Based on a 5-point Likert scale (range, 1-5, where 1 = very likely benign and 5 = almost certainly
malignant), the mean (SD) overall diagnostic confidence score was 3.9 (0.9), signifying a moderate-
to-high level of diagnostic certainty by CT. The mean (SD) level of suspicion of malignancy was 1.9
(1.2), indicating a relatively low level of suspicion of malignancy within the study cohort. To assess the
association between CT and pathologic diagnosis, binary logistic regressions were performed based
on Likert scales (Table 2). This analysis revealed a significant, 6-fold increased risk for malignant
tumors based on a positive radiologist impression for PPB (odds ratio, 6.4; 95% Cl, 2.8-14.5; P = .01).
Moreover, each additional 1 point on the Likert scale correlated with an increased risk for a PPB
diagnosis (suspicion level 2: odds ratio, 2.0; 95% Cl, 1.2-3.3; and suspicion level 5: odds ratio, 13.5;
95% Cl, 2.7-67.3).

Figure 1. Heatmap lllustrating the Variability in Computed Tomography (CT) Diagnosis Among 40 Lung Lesions
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The correct diagnosis (pathology) is indicated in the
far-left column. Nonevaluable studies are shown in
white. BA indicates bronchial atresia; BPS,
bronchopulmonary sequestration; CLE, congenital
lobar emphysema; CPAM, congenital pulmonary
airway malformation; Path, pathology; PPB,
pleuropulmonary blastoma; RO, original
interpretation; and R1-R9, study interpretation by 1of
9 radiologists.
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CT Characteristics of PPB

To identify lesion characteristics on CT scans that might be correlated with PPB, specific imaging
findings were systematically reviewed (Table 3). Bivariate analysis showed that left upper lobe
lesions (benign, 4 of 31[13%]; and malignant, 5 of 9 [56%]; P = .03) and macrocystic lesions (benign,
20 of 31[65%]; and malignant, 9 of 9 [100%]; P = .04) were significantly associated with a
pathologic diagnosis of PPB. No CT characteristic was found to be significant for benign or malignant
disease in multivariable logistic regression.

Figure 2. Examples of Computed Tomography Images Reviewed by Study Radiologists

E Coronal view of lung in 2-month-old girl Axial view of lung in 2-month-old girl

r

A

Coronal view of lung in 5-month-old boy @ Axial view of lung in 5-month-old boy

Table 2. Correlation of Study Radiologists’ CT Diagnosis and Suspicion With Pathology Diagnosis

Characteristic 0dds ratio (95% Cl) P value®
CT diagnosis of PPB 6.4 (2.8-14.5) <.001
Suspicion level®

2 2.0(1.2-3.3) .006

3 3.7 (1.8-8.0) .001

4 8.4 (2.6-27.1) <.001

5 13.5(2.7-67.3) .002

Representative coronal (A) and axial (B) lung window
images in a 2-month-old girl show a 5.5 x 2.6 x 8.9-cm
cystic lung lesion located in the medial right lower lobe
with thin internal septations. The pathologic diagnosis
was pleuropulmonary blastoma (PPB) but was
interpreted by 6 study radiologists as a benign
macrocystic congenital pulmonary airway
malformation (CPAM). Representative coronal (C) and
axial (D) lung window images in a 5-month-old boy
with a posterior left lower lobe 2.9 x 3.5 x 2.7-cm solid
lung lesion with an internal cyst. The pathologic
diagnosis was CPAM but was diagnosed by 6 study
radiologists as PPB.

Abbreviations: CT, computed tomography; PPB,
pleuropulmonary blastoma.

@ P < .05 indicates significance.

b Compared with a score of 1 (lowest suspicion) on a
5-point Likert scale.
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Discussion

The ability of cross-sectional imaging to discern between malignant and benign cystic lung lesions is
of critical importance in guiding preoperative counseling discussions with families and in deciding
whether to proceed with operative vs nonoperative management strategies.?® In this study, CT scans
from young children (median age, 7-8 months) with either a pathologically confirmed benign CLM
or confirmed malignant PPB were reviewed independently in a blinded fashion by a cohort of trained
pediatric radiologists. There are several important findings. First, CT scans have limited diagnostic
accuracy in terms of distinguishing between benign and malignant cystic lung disease. Among our
study radiologists, the sensitivity for detecting PPB was 58% and the overall specificity was 83%.
Less-experienced radiologists tended to have lower sensitivity rates for detecting malignant lesions
compared with more-experienced radiologists, and the overall diagnostic accuracy was 81%. Based
on reports from the original radiologist interpretation, the sensitivity for detecting PPB lesions was
33% and the specificity was 99%. Consistent with the difficulties in accurately diagnosing CLM
lesions in general, these data validate the handful of radiology report-based studies that document a
high rate of misdiagnosis of cystic PPB lesions as benign disease.2-32-34

Although the enhanced sensitivity observed by the study radiologists as a group may be a
function of their increased experience with this imaging modality for young children, the change in

t,3% in which an increased

study diagnostic accuracy may also be secondary to a Hawthorne effec
awareness of the study aims influenced a given radiologist's threshold to diagnosis a cystic lesion as
malignant. The presence of a Hawthorne effect in our study therefore represents the best-case
scenario for detecting PPB among a group of benign lung lesions. Regardless, the difficulty in
establishing a CT diagnosis, which is further demonstrated by minimal interobserver agreement
among these reviewers, highlights the current limitations of chest CT in terms of distinguishing

benign and malignant cystic lung lesions in children. Other investigators have also observed that

Table 3. Computed Tomography Characteristics of Benign vs Malignant Lesions

No. (%)
Characteristic Benign (n = 31) Malignant (n = 9) P value
Anatomic location
Right
Upper lobe 8 (26) 3(33) >.99
Middle lobe 4(13) 0 .56
Lower lobe 12 (39) 1(11) 13
Left
Upper lobe 4(13) 5(56) .03?
Lower lobe 8 (26) 2(22) >.99
Laterality
Right 20 (65) 3(33) 13
Left 9(29) 5(56) .23
Bilateral 2(7) 1(11) .55
Maximum cyst size, mean (SD), cm 6.3(2.8) 6.9 (3.4) .10
Solid portion 11 (36) 5(56) 44
Cyst characteristics
Macrocystic (>1 cm) 20 (65) 9 (100) .04
Microcystic (<1 cm) 2(7) 0 >.99
Midline shift 14 (45) 4.(44) >.99
Pneumothorax 0 1(11) .23
Pleural effusion 3(10) 2(22) 31
Septations 15 (48) 8 (89) .05
Chest wall invasion 1(3) 0 >.99
Mediastinal lymph nodes 3(10) 1(11) >.99 2 p< 05 (Fisher exact or t test).
& JAMA Network Open. 2022;5(6):€2219814. doi:10.1001/jamanetworkopen.2022.19814 June 30,2022 713
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cystic PPB may be indistinguishable from CPAM by CT.292236 Although magnetic resonance imaging
may play a diagnostic role in a few cases, this imaging modality usually provides suboptimal
visualization of the lung parenchyma owing to low magnetic resonance signal from proton-poor
lung tissue.>”

A second major finding from our study was the lack of specific imaging characteristics on CT
scans that help to reliably discern PPB lesions from macrocystic CPAMs. Genetic and histologic
investigations have confirmed distinct pathogenic mechanisms between these 2 pulmonary
diseases.?"38:39 Less than 5% of PPBs are detected prenatally.'®2°4%#! The only radiologic feature
that is thought to be pathognomic for benign disease is the presence of a systemic feeding vessel,'®'®
and our study radiologists correctly excluded malignancy in their review of all confirmed BPS lesions.
The significance of other image-based characteristics in identifying PPB is more controversial.2° Prior
work based on radiology reports has suggested that certain features, particularly multifocalilty or
biliateral lesions, are more consistent with malignant disease.'®#? However, our study, which was
restricted to postnatally diagnosed lesions, revealed that bilateral disease, midline shift,
pneumothorax, and pleural effusion are uncommon and not specific for malignant pathology.*3
Based on data from the International Pleuropulmonary Blastoma Registry (IPBR), the incidence of
bilateral involvement in cystic PPB was only 10% to 20%, multifocal disease ranged from 5% to 40%,
and pneumothorax was only 30%.'8-2244 Therefore, CT scans of most PPB lesions would not show
these high-risk characteristics. Data from IPBR-based studies have suggested that cystic PPB is
associated with larger cyst size,'®#* but our analysis did not find that overall maximum cyst size was
significantly larger in PPB lesions when compared with CPAMs enriched with macrocystic disease.
Contrary to previous studies that have described a right-sided predilection for PPB,2°4345 we found
that left upper lobe involvement was significantly more common in PPB.

In spite of the inherent limitations of chest CT in terms of accurately detecting some PPB
lesions, our data did reveal that suspected PPB cases correlated with an increased likelihood for a
malignant pathologic diagnosis. In the most highly suspicious scans, there was a more than 13-fold
increased likelihood of PPB. These results are concordant with previous work suggesting a relatively
low false-positive rate of CT for a PPB diagnosis.'®'® However, when adjusted for the estimated
diseases prevalence of PPB, this translated to a PPV of only 24%, which is much lower than rates
from the original radiology reports and those reported elsewhere.’® One possible explanation for the
lower predictive values might be the absence of clinical data available at the time of interpretation.
Family history, DICERT variant status, and clinical symptoms have all been shown to correlate with the
diagnosis of cystic PPB. Clinical symptoms of PPB can be insidious, and some children with PPB are
asymptomatic during the early stages.'®820-33 |t has also been shown that heterozygous germline
DICERT variants, which are inherited in an autosomal dominant fashion, have an estimated
penetrance of only 10% to 15%.%¢%’ Furthermore, there is a nontrivial rate of sporadic PPB cases in
children who have no positive family history of DICERI-related cancers.?2 Some studies indicate that
one-third of histologically confirmed cystic PPBs are not associated with a DICERT variant.'®4* Taken
together, these data would imply that reliable preoperative exclusion of a malignant tumor on the
basis of reassuring radiologic findings in combination with a negative test result for DICERT variants is
not possible at the present time for any child with a postnatally detected macrocystic lung lesion.

Although the estimated NPV for a malignant lesion was 95%, our data reveal that many PPB
lesions may not be appropriately recognized when suggested management algorithms are
followed.™ We therefore advocate for operative management to confirm pathologic diagnosis in any
cystic lung lesion without an antenatal diagnosis and do not recommend routine expectant
management.*&->° Achieving total resection at an early age is associated with positive outcomes in
the management of PPB 3340445152 5 rgical resection of cystic PPB managed at a median age of
diagnosis at 8 months is associated with a 5-year survival rate of 91%. Most PPB deaths are
associated with progression to type Il or Il disease.?"** Pleuropulmonary blastoma with solid
components, which have an older median age of diagnosis, are associated with bone, brain, and liver
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metastasis; require adjuvant therapy in addition to surgical resection; and have significantly lower

5-year survival rates (51%-73%).44

Limitations

This study has some limitations. Our study cohort of primary lung lesions was kept intentionally
small, thereby enabling a group of radiologists to carefully review 40 studies. However, as is inherent
to research on rare diseases, the relatively low numbers of PPB lesions evaluated may have resulted
in a lack of power to detect rare but statistically significant differences in imaging characteristics
associated with malignant tumors. Larger prospective studies to assess the role of specific imaging
features in pathologic diagnosis would likely require multidisciplinary, international collaborative
efforts through the IPBR or elsewhere, perhaps in combination with machine learning algorithms.>>
There may have also been differences in CT image acquisition and image quality that hampered the
ability to interpret some of these images with optimal diagnostic accuracy. Additionally, in addition
to concerns about the Hawthorne effect, the external validity of our findings may be questioned
when applied to other pediatric hospital settings where the imaging technology and radiology
expertise required to interpret these CT scans may differ.

Conclusions

Based on this regional multi-institutional case-control study, our hypothesis that CT can reliably
discern between cystic PPBs and benign CLMs without a systemic feeding vessel should be rejected.
Consequently, operative management to confirm pathologic diagnosis is warranted in any cystic lung
lesion without prenatal detection.

ARTICLE INFORMATION
Accepted for Publication: April 26, 2022.

Published: June 30, 2022. doi:10.1001/jamanetworkopen.2022.19814

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Engwall-Gill
AlJ et al. JAMA Network Open.

Corresponding Author: Shaun M. Kunisaki, MD, MSc, Johns Hopkins Children’s Center, 1800 Orleans St, Ste 7353,
Baltimore, MD 21287 (skunisal@jhmi.edu).

Author Affiliations: Division of General Pediatric Surgery, Johns Hopkins Children's Center, Johns Hopkins
University School of Medicine, Baltimore, Maryland (Engwall-Gill, Kunisaki); Department of Pediatric Radiology,
Children's Mercy Hospital, University of Missouri-Kansas City School of Medicine, Kansas City (Chan,
Bolger-Theut); Department of Pediatric Radiology, Children’s Wisconsin, Medical College of Wisconsin, Milwaukee
(Boyd, Kumbhar); Department of Pediatric Surgery, St Louis Children’s Hospital, Washington University School of
Medicine in St Louis, St Louis, Missouri (Saito); Division of Pediatric Surgery, Norton Children’s Hospital, University
of Louisville, Louisville, Kentucky (Fallat, Wright); Division of Pediatric Surgery, Children's Mercy Hospital,
University of Missouri-Kansas City School of Medicine, Kansas City (St Peter); Department of Pediatric Radiology,
Cincinnati Children’s Hospital Medical Center, University of Cincinnati, Cincinnati, Ohio (Crotty, Rattan);
Department of Pediatric Radiology, Ann & Robert H. Lurie Children’s Hospital of Chicago, Northwestern University
Feinberg School of Medicine, Chicago, Illinois (Green); Department of Pediatric Radiology, St Louis Children's
Hospital, Washington University School of Medicine in St Louis, St Louis, St Louis, Missouri (Hulett Bowling);
Department of Pediatric Radiology, Nationwide Children’s Hospital, The Ohio State University College of Medicine,
Columbus (Young); Center for Surgery Outcomes Research, Johns Hopkins University School of Medicine,
Baltimore, Maryland (Canner); Center for Surgical Outcomes Research, Abigail Wexner Research Institute,
Department of Surgery, Nationwide Children’'s Hospital, The Ohio State University College of Medicine, Columbus
(Deans, Minneci); Section of Pediatric Surgery, C. S. Mott Children’s and Von Voigtlander Women's Hospital,
University of Michigan Medical School, Ann Arbor (Gadepalli, Hirschl); Division of Pediatric Surgery, Cincinnati
Children's Hospital Medical Center, University of Cincinnati, Cincinnati, Ohio (Helmrath); Division of Pediatric
Surgery, Ann & Robert H. Lurie Children’s Hospital of Chicago, Northwestern University Feinberg School of
Medicine, Chicago, lllinois (Kabre); Division of Pediatric Surgery, Children’'s Wisconsin, Medical College of

[5 JAMA Network Open. 2022;5(6):€2219814. doi:10.1001/jamanetworkopen.2022.19814 June 30, 2022 9/13

Downloaded from jamanetwork.com by University of Chicago Libraries user on 03/19/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.19814&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.19814
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.19814
mailto:skunisa1@jhmi.edu

JAMA Network Open | Pediatrics Accuracy of Chest CT in Identifying Pleuropulmonary Blastoma in Children

Wisconsin, Milwaukee (Lal); Division of Pediatric Surgery, Riley Children’s Hospital, Indiana University School of
Medicine, Indianapolis (Landman); Division of Pediatric Surgery, American Family Children’s Hospital, University of
Wisconsin, Madison (Leys); Division of Pediatric Surgery, Comer Children's Hospital, University of Chicago
Medicine and Biological Sciences, Chicago, lllinois (Mak).

Author Contributions: Dr Kunisaki had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Boyd, Saito, Fallat, St Peter, Deans, Gadepalli, Helmrath, Hirschl, Lal, Mak, Minneci, Kunisaki.

Acquisition, analysis, or interpretation of data: Engwall-Gill, Chan, Boyd, Saito, Fallat, Bolger-Theut, Crotty, Green,
Hulett Bowling, Kumbhar, Rattan, Young, Canner, Gadepalli, Helmrath, Kabre, Lal, Landman, Leys, Mak, Minneci,
Wright, Kunisaki.

Drafting of the manuscript: Engwall-Gill, Boyd, Lal, Kunisaki.
Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Engwall-Gill, Kunisaki.

Administrative, technical, or material support: Chan, Boyd, St Peter, Bolger-Theut, Hulett Bowling, Canner,
Gadepalli, Helmrath, Kabre, Lal, Mak, Wright, Kunisaki.

Supervision: Saito, Kumbhar, Deans, Helmrath, Hirschl, Lal, Minneci.

Conflict of Interest Disclosures: Dr Chan reported receiving grants and personal fees from Jazz Pharmaceuticals
and grants from Hyperfine Inc outside the submitted work. Dr Hirschl reported owning stock in FlexDex Inc
outside the submitted work. No other disclosures were reported.

Funding/Support: This project was supported by intramural funding from each institution within the Midwest
Pediatric Surgery Consortium (Children’s Mercy Hospital, Kansas City, Missouri; Children’s Wisconsin, Milwaukee;
St Louis Children’s Hospital, St Louis, Missouri; Norton Children’s Hospital, Louisville, Kentucky; Cincinnati
Children's Hospital, Cincinnati, Ohio; Ann & Robert H. Lurie Children's Hospital of Chicago, lllinois; Nationwide
Children's Hospital, Columbus, Ohio; C. S. Mott Children’s and Von Voigtlander Women's Hospital, Ann Arbor,
Michigan; Riley Children’s Hospital, Indianapolis, Indiana; Comer Children’s Hospital, Chicago, lllinois; and
American Family Children’s Hospital, Madison, Wisconsin).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Group Information: The Midwest Pediatric Surgery Consortium nonauthor collaborators are listed in
Supplement 2.

Additional Contributions: We would like to acknowledge the tremendous information technology support
provided by Robert Keller BS, Children’s Mercy Hospital, as well as the initial data collection efforts of all members
of the Midwest Pediatric Surgery Consortium (www.mwpsc.org), including Jason Fraser, MD, Cynthia Downard,
MD, Cheryl Adams, BA, Thomas Sato, MD, Daniel von Allmen, MD, Jonathan Kohler, MD, Daniel Ostlie, MD, and
Sarah Fox, BA. They were not compensated for their contributions.

REFERENCES
1. Langston C. New concepts in the pathology of congenital lung malformations. Semin Pediatr Surg. 2003;12
(1):17-37. doi:10.1016/51055-8586(03)70004-3

2. Stocker JT. Cystic lung disease in infants and children. Fetal Pediatr Pathol. 2009;28(4):155-184. doi:10.1080/
15513810902984095

3. Fowler DJ, Gould SJ. The pathology of congenital lung lesions. Semin Pediatr Surg. 2015;24(4):176-182. doi:10.
1053/j.sempedsurg.2015.02.002

4. Lau CT, Kan A, Shek N, Tam P, Wong KK. Is congenital pulmonary airway malformation really a rare disease?
result of a prospective registry with universal antenatal screening program. Pediatr Surg Int. 2017;33(1):105-108.
doi:10.1007/s00383-016-3991-1

5. Lima JS, Camargos PA, Aguiar RA, Campos AS, Aguiar MJ. Pre and perinatal aspects of congenital cystic
adenomatoid malformation of the lung. J Matern Fetal Neonatal Med. 2014;27(3):228-232. doi:10.3109/
14767058.2013.807236

6. Adzick NS. Management of fetal lung lesions. Clin Perinatol. 2009;36(2):363-376, x. doi:10.1016/j.cIp.2009.
03.001

7. Kunisaki SM, Fauza DO, Barnewolt CE, et al. Ex utero intrapartum treatment with placement on extracorporeal
membrane oxygenation for fetal thoracic masses. J Pediatr Surg. 2007;42(2):420-425. doi:10.1016/j.jpedsurg.
2006.10.035

[5 JAMA Network Open. 2022;5(6):€2219814. doi:10.1001/jamanetworkopen.2022.19814 June 30, 2022 10/13

Downloaded from jamanetwork.com by University of Chicago Libraries user on 03/19/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.19814&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.19814
http://www.mwpsc.org
https://dx.doi.org/10.1016/S1055-8586(03)70004-3
https://dx.doi.org/10.1080/15513810902984095
https://dx.doi.org/10.1080/15513810902984095
https://dx.doi.org/10.1053/j.sempedsurg.2015.02.002
https://dx.doi.org/10.1053/j.sempedsurg.2015.02.002
https://dx.doi.org/10.1007/s00383-016-3991-1
https://dx.doi.org/10.3109/14767058.2013.807236
https://dx.doi.org/10.3109/14767058.2013.807236
https://dx.doi.org/10.1016/j.clp.2009.03.001
https://dx.doi.org/10.1016/j.clp.2009.03.001
https://dx.doi.org/10.1016/j.jpedsurg.2006.10.035
https://dx.doi.org/10.1016/j.jpedsurg.2006.10.035

JAMA Network Open | Pediatrics Accuracy of Chest CT in Identifying Pleuropulmonary Blastoma in Children

8. Ehrenberg-Buchner S, Stapf AM, Berman DR, et al. Fetal lung lesions: can we start to breathe easier? Am J
Obstet Gynecol. 2013;208(2):151.e1-151.e7. doi:10.1016/j.ajog.2012.11.012

9. Cass DL, Olutoye OO, Cassady Cl, et al. Prenatal diagnosis and outcome of fetal lung masses. J Pediatr Surg.
2011;46(2):292-298. doi:10.1016/j.jpedsurg.2010.11.004

10. Cass DL, Olutoye OO, Cassady Cl, et al. EXIT-to-resection for fetuses with large lung masses and persistent
mediastinal compression near birth. J Pediatr Surg. 2013;48(1):138-144. doi:10.1016/j.jpedsurg.2012.10.067

11. Johnson KN, Mon RA, Gadepalli SK, Kunisaki SM. Short-term respiratory outcomes of neonates with
symptomatic congenital lung malformations. J Pediatr Surg. 2019;54(9):1766-1770. doi:10.1016/j.jpedsurg.2019.
01.056

12. Fitzgerald DA. Congenital cyst adenomatoid malformations: resect some and observe all? Paediatr Respir Rev.
2007;8(1):67-76. doi:10.1016/j.prrv.2006.10.001

13. Peters RT, Burge DM, Marven SS. Congenital lung malformations: an ongoing controversy. Ann R Coll Surg
Engl. 2013;95(2):144-147. doi:10.1308/003588412X13373405387735

14. Hall NJ, Stanton MP, Burge DM. Letter to the Editor: Surgical versus conservative management of congenital
pulmonary airway malformation in children: a systematic review and meta-analysis by Kapralik et al J Pediatr Surg
51(2016) 508-512. J Pediatr Surg. 2016;51(9):1577-1578. doi:10.1016/j.jpedsurg.2016.06.021

15. Nasr A, Himidan S, Pastor AC, Taylor G, Kim PC. Is congenital cystic adenomatoid malformation a premalignant
lesion for pleuropulmonary blastoma? J Pediatr Surg. 2010;45(6):1086-1089. doi:10.1016/j.jpedsurg.2010.02.067

16. Kunisaki SM, Lal DR, Saito JM, et al; Midwest Pediatric Surgery Consortium. Pleuropulmonary blastoma in
pediatric lung lesions. Pediatrics. 2021;147(4):147. doi:10.1542/peds.2020-028357

17. Manivel JC, Priest JR, Watterson J, et al. Pleuropulmonary blastoma: the so-called pulmonary blastoma of
childhood. Cancer. 1988;62(8):1516-1526. doi:10.1002/1097-0142(19881015)62:8<1516::AlD-
CNCR2820620812>3.0.C0;2-3

18. Feinberg A, Hall NJ, Williams GM, et al. Can congenital pulmonary airway malformation be distinguished from
type | pleuropulmonary blastoma based on clinical and radiological features? J Pediatr Surg. 2016;51(1):33-37.
doi:10.1016/j.jpedsurg.2015.10.019

19. Ghosh M, Islam N, Ghosh A, Chaudhuri PM, Saha K, Chatterjee U. Pleuropulmonary blastoma developingin a
case of misinterpreted congenital pulmonary airway malformation: a case report. Fetal Pediatr Pathol. 2018;37(5):
377-386. doi:10.1080/15513815.2018.1520943

20. Oliveira C, Himidan S, Pastor AC, et al. Discriminating preoperative features of pleuropulmonary blastomas
(PPB) from congenital cystic adenomatoid malformations (CCAM): a retrospective, age-matched study. Eur J
Pediatr Surg. 2011;21(1):2-7. doi:10.1055/s-0030-1267923

21. Hill DA, Jarzembowski JA, Priest JR, Williams G, Schoettler P, Dehner LP. Type | pleuropulmonary blastoma:
pathology and biology study of 51 cases from the International Pleuropulmonary Blastoma Registry. Am J Surg
Pathol. 2008;32(2):282-295. doi:10.1097/PAS.0b013e3181484165

22, Priest JR, Williams GM, Hill DA, Dehner LP, Jaffé A. Pulmonary cysts in early childhood and the risk of
malignancy. Pediatr Pulmonol. 2009;44(1):14-30. doi:10.1002/ppul.20917

23. Vandewalle RJ, Easton JC, Burns RC, Gray BW, Rescorla FJ. Review of early postoperative metrics for children
undergoing resection of congenital pulmonary airway malformations and report of pleuropulmonary blastoma at a
single institution. Eur J Pediatr Surg. 2019;29(5):417-424. doi:10.1055/s-0038-1661333

24. Mon RA, Johnson KN, Ladino-Torres M, et al. Diagnostic accuracy of imaging studies in congenital lung
malformations. Arch Dis Child Fetal Neonatal Ed. 2019;104(4):F372-F377.

25. Hirschl RB, Minneci P, Gadepalli S, et al; MidWest Pediatric Surgery Consortium (MWPSC). Development of a
multi-institutional clinical research consortium for pediatric surgery. J Pediatr Surg. 2017;52(7):1084-1088. doi:10.
1016/j.jpedsurg.2016.11.042

26. Kunisaki SM, Saito JM, Fallat ME, et al. Development of a multi-institutional registry for children with operative
congenital lung malformations. J Pediatr Surg. 2020;55(7):1313-1318. doi:10.1016/j.jpedsurg.2019.01.058

27. Kunisaki SM, Saito JM, Fallat ME, et al; Midwest Pediatric Surgery Consortium. Fetal risk stratification and
outcomes in children with prenatally diagnosed lung malformations: results from a multi-institutional research
collaborative. Ann Surg. 2020. doi:10.1097/SLA.0000000000004566

28. Haggerty JE, Smith EA, Kunisaki SM, Dillman JR. CT imaging of congenital lung lesions: effect of iterative

reconstruction on diagnostic performance and radiation dose. Pediatr Radiol. 2015;45(7):989-997. doi:10.1007/
s00247-015-3281-4

[5 JAMA Network Open. 2022;5(6):€2219814. doi:10.1001/jamanetworkopen.2022.19814 June 30, 2022 1/13

Downloaded from jamanetwork.com by University of Chicago Libraries user on 03/19/2024


https://dx.doi.org/10.1016/j.ajog.2012.11.012
https://dx.doi.org/10.1016/j.jpedsurg.2010.11.004
https://dx.doi.org/10.1016/j.jpedsurg.2012.10.067
https://dx.doi.org/10.1016/j.jpedsurg.2019.01.056
https://dx.doi.org/10.1016/j.jpedsurg.2019.01.056
https://dx.doi.org/10.1016/j.prrv.2006.10.001
https://dx.doi.org/10.1308/003588412X13373405387735
https://dx.doi.org/10.1016/j.jpedsurg.2016.06.021
https://dx.doi.org/10.1016/j.jpedsurg.2010.02.067
https://dx.doi.org/10.1542/peds.2020-028357
https://dx.doi.org/10.1002/1097-0142(19881015)62:8%3C1516::AID-CNCR2820620812%3E3.0.CO;2-3
https://dx.doi.org/10.1002/1097-0142(19881015)62:8%3C1516::AID-CNCR2820620812%3E3.0.CO;2-3
https://dx.doi.org/10.1016/j.jpedsurg.2015.10.019
https://dx.doi.org/10.1080/15513815.2018.1520943
https://dx.doi.org/10.1055/s-0030-1267923
https://dx.doi.org/10.1097/PAS.0b013e3181484165
https://dx.doi.org/10.1002/ppul.20917
https://dx.doi.org/10.1055/s-0038-1661333
https://www.ncbi.nlm.nih.gov/pubmed/30049725
https://www.ncbi.nlm.nih.gov/pubmed/30049725
https://dx.doi.org/10.1016/j.jpedsurg.2016.11.042
https://dx.doi.org/10.1016/j.jpedsurg.2016.11.042
https://dx.doi.org/10.1016/j.jpedsurg.2019.01.058
https://dx.doi.org/10.1097/SLA.0000000000004566
https://dx.doi.org/10.1007/s00247-015-3281-4
https://dx.doi.org/10.1007/s00247-015-3281-4

JAMA Network Open | Pediatrics Accuracy of Chest CT in Identifying Pleuropulmonary Blastoma in Children

29. Pogoriler J, Swarr D, Kreiger P, Adzick NS, Peranteau W. Congenital cystic lung lesions: redefining the natural
distribution of subtypes and assessing the risk of malignancy. Am J Surg Pathol. 2019;43(1):47-55. doi:10.1097/
PAS.0000000000000992

30. Cook J, Chitty LS, De Coppi P, Ashworth M, Wallis C. The natural history of prenatally diagnosed congenital
cystic lung lesions: long-term follow-up of 119 cases. Arch Dis Child. 2017;102(9):798-803. doi:10.1136/
archdischild-2016-311233

31. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 1977;33(1):
159-174. doi:10.2307/2529310

32. Walsh S, Wood AE, Greally P. Pleuropulmonary blastoma type I following resection of incidentally found
congenital lobar emphysema. Ir Med J. 2009;102(7):230.

33. Zhang N, Zeng Q, Ma X, et al. Diagnosis and treatment of pleuropulmonary blastoma in children: a single-
center report of 41 cases. J Pediatr Surg. 2020;55(7):1351-1355. doi:10.1016/j.jpedsurg.2019.06.009

34. Durell J, Thakkar H, Gould S, Fowler D, Lakhoo K. Pathology of asymptomatic, prenatally diagnosed cystic lung
malformations. J Pediatr Surg. 2016;51(2):231-235. doi:10.1016/j.jpedsurg.2015.10.061

35. Sedgwick P, Greenwood N. Understanding the Hawthorne effect. BMJ. 2015;351:h4672. doi:10.1136/
bmj.h4672

36. Casagrande A, Pederiva F. Association between congenital lung malformations and lung tumors in children
and adults: a systematic review. J Thorac Oncol. 2016;11(11):1837-1845. doi:10.1016/].jth0.2016.06.023

37. Newman B. Magnetic resonance imaging for congenital lung malformations. Pediatr Radiol. 2022;52(2):
312-322. doi:10.1007/s00247-021-05018-7

38. David M, Lamas-Pinheiro R, Henriques-Coelho T. Prenatal and postnatal management of congenital
pulmonary airway malformation. Neonatology. 2016;110(2):101-115. doi:10.1159/000440894

39. Lezmi G, Verkarre V, Khen-Dunlop N, et al. FGF10 signaling differences between type | pleuropulmonary
blastoma and congenital cystic adenomatoid malformation. Orphanet J Rare Dis. 2013;8:130. doi:10.1186/1750-
1172-8-130

40. Miniati DN, Chintagumpala M, Langston C, et al. Prenatal presentation and outcome of children with
pleuropulmonary blastoma. J Pediatr Surg. 2006;41(1):66-71. doi:10.1016/j.jpedsurg.2005.10.074

41. Coleman A, Kline-Fath B, Stanek J, Lim FY. Pleuropulmonary blastoma in a neonate diagnosed prenatally as
congenital pulmonary airway malformation. Fetal Diagn Ther. 2016;39(3):234-237. doi:10.1155/000365352

42. Priest JR, McDermott MB, Bhatia S, Watterson J, Manivel JC, Dehner LP. Pleuropulmonary blastoma:
a clinicopathologic study of 50 cases. Cancer. 1997;80(1):147-161. doi:10.1002/(SICI)1097-0142(19970701)80:
1<147::AID-CNCR20>3.0.CO;2-X

43. Naffaa LN, Donnelly LF. Imaging findings in pleuropulmonary blastoma. Pediatr Radiol. 2005;35(4):387-391.
doi:10.1007/s00247-004-1367-5

44. Messinger YH, Stewart DR, Priest JR, et al. Pleuropulmonary blastoma: a report on 350 central pathology-
confirmed pleuropulmonary blastoma cases by the International Pleuropulmonary Blastoma Registry. Cancer.
2015;121(2):276-285. doi:10.1002/cncr.29032

45. Papaioannou G, Sebire NJ, McHugh K. Imaging of the unusual pediatric ‘blastomas’. Cancer Imaging. 2009;
9:1-11. doi:10.1102/1470-7330.2009.0001

46. Faure A, Atkinson J, Bouty A, et al. DICERT pleuropulmonary blastoma familial tumour predisposition
syndrome: what the paediatric urologist needs to know. J Pediatr Urol. 2016;12(1):5-10. doi:10.1016/j.jpurol.2015.
08.012

47. Schultz KA, Yang J, Doros L, et al. DICERT-pleuropulmonary blastoma familial tumor predisposition syndrome:
a unique constellation of neoplastic conditions. Pathol Case Rev. 2014;19(2):90-100. doi:10.1097/PCR.
0000000000000027

48. Tagge EP, Mulvihill D, Chandler JC, Richardson M, Uflacker R, Othersen HD. Childhood pleuropulmonary
blastoma: caution against nonoperative management of congenital lung cysts. J Pediatr Surg. 1996;31(1):187-189.
doi:10.1016/S0022-3468(96)90345-0

49. Dosios T, Stinios J, Nicolaides P, Spyrakos S, Androulakakis E, Constantopoulos A. Pleuropulmonary blastoma
in childhood: a malignant degeneration of pulmonary cysts. Pediatr Surg Int. 2004;20(11-12):863-865. doi:10.
1007/s00383-003-0997-2

50. Delacourt C, Hadchouel A, Khen Dunlop N. Shall all congenital cystic lung malformations be removed? the
case in favour. Paediatr Respir Rev. 2013;14(3):169-170. doi:10.1016/j.prrv.2013.06.003

[5 JAMA Network Open. 2022;5(6):€2219814. doi:10.1001/jamanetworkopen.2022.19814 June 30,2022 12/13

Downloaded from jamanetwork.com by University of Chicago Libraries user on 03/19/2024


https://dx.doi.org/10.1097/PAS.0000000000000992
https://dx.doi.org/10.1097/PAS.0000000000000992
https://dx.doi.org/10.1136/archdischild-2016-311233
https://dx.doi.org/10.1136/archdischild-2016-311233
https://dx.doi.org/10.2307/2529310
https://www.ncbi.nlm.nih.gov/pubmed/19772009
https://dx.doi.org/10.1016/j.jpedsurg.2019.06.009
https://dx.doi.org/10.1016/j.jpedsurg.2015.10.061
https://dx.doi.org/10.1136/bmj.h4672
https://dx.doi.org/10.1136/bmj.h4672
https://dx.doi.org/10.1016/j.jtho.2016.06.023
https://dx.doi.org/10.1007/s00247-021-05018-7
https://dx.doi.org/10.1159/000440894
https://dx.doi.org/10.1186/1750-1172-8-130
https://dx.doi.org/10.1186/1750-1172-8-130
https://dx.doi.org/10.1016/j.jpedsurg.2005.10.074
https://dx.doi.org/10.1159/000365352
https://dx.doi.org/10.1002/(SICI)1097-0142(19970701)80:1%3C147::AID-CNCR20%3E3.0.CO;2-X
https://dx.doi.org/10.1002/(SICI)1097-0142(19970701)80:1%3C147::AID-CNCR20%3E3.0.CO;2-X
https://dx.doi.org/10.1007/s00247-004-1367-5
https://dx.doi.org/10.1002/cncr.29032
https://dx.doi.org/10.1102/1470-7330.2009.0001
https://dx.doi.org/10.1016/j.jpurol.2015.08.012
https://dx.doi.org/10.1016/j.jpurol.2015.08.012
https://dx.doi.org/10.1097/PCR.0000000000000027
https://dx.doi.org/10.1097/PCR.0000000000000027
https://dx.doi.org/10.1016/S0022-3468(96)90345-0
https://dx.doi.org/10.1007/s00383-003-0997-2
https://dx.doi.org/10.1007/s00383-003-0997-2
https://dx.doi.org/10.1016/j.prrv.2013.06.003

JAMA Network Open | Pediatrics Accuracy of Chest CT in Identifying Pleuropulmonary Blastoma in Children

51. Knight S, Knight T, Khan A, Murphy AJ. Current management of pleuropulmonary blastoma: a surgical
perspective. Children (Basel). 2019;6(8):6. doi:10.3390/children6080086

52. Indolfi P, Bisogno G, Casale F, et al. Prognostic factors in pleuro-pulmonary blastoma. Pediatr Blood Cancer.
2007;48(3):318-323. doi:10.1002/pbc.20842

53. Daldrup-Link H. Artificial intelligence applications for pediatric oncology imaging. Pediatr Radiol. 2019;49(11):
1384-1390. doi:10.1007/s00247-019-04360-1

SUPPLEMENT1.

eTable 1. Baseline Characteristics of 477 Children With Primary Lung Lesions Detected by Chest CT

eTable 2. Diagnostic Accuracy Based on Original Radiologist Interpretation of 477 Primary Lung Lesions

eFigure 1. Flow Diagram of Inclusion and Exclusion Criteria Used to Generate Study Cohort of Children Undergoing
Blinded Preoperative Chest Computed Tomography (CT) Review for a Pathology Confirmed Lung Lesion

eFigure 2. Scatter Plot Showing Association Between Radiologist Experience (x-axis), as Measured by the
Estimated Number of Lung Lesion Chest Computed Tomography (CT) Scans Reviewed, and Sensitivity/Specificity
for Identifying a Malignant Lesion (y-axis)

SUPPLEMENT 2.
Nonauthor Collaborators
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