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Abstract

Background—The management of congenital cystic lung lesions is controversial. Arguments for
routine resection during infancy include the possibility of the lesion being Type | pleuropulmonary
blastoma (PPB) rather than a cystic congenital pulmonary airway malformation (CPAM). We
aimed to identify clinical and radiological features that might distinguish between CPAM and PPB
and to develop a diagnostic algorithm based on these features.

Methods—All recorded cases of Type | PPB were retrieved from the International PPB Registry
and compared with an institutional cohort of children undergoing resection of CPAM (2002-2013)
that was noted at some stage to be at least partially cystic. Regression models were created to
identify variables that might differentiate CPAM from PPB. Odds ratio (OR) and positive
predictive value (PPV) were calculated for each variable and a decision algorithm developed.

Results—In 112 cases of Type | PPB and 103 of CPAM, factors favoring a diagnosis of CPAM
included prenatal detection (OR 89.4), systemic feeding vessel (OR 61.7), asymptomatic (OR 8.0),
and hyperinflated lung (OR 6.6). Factors favoring a diagnosis of PPB included bilateral or
multisegment involvement (OR 2.4). A decision algorithm that helps to identify lesions requiring
resection and those which can be safely observed is presented.
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Conclusion—Clinical and radiological features can help to differentiate between CPAM and
PPB. Our algorithm allows identification of children at higher risk of PPB in whom we would
recommend resection and those at low risk in whom continued close observation is safe.
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Congenital lung lesion; Pleuropulmonary blastoma; Congenital cystic adenomatoid malformation;
Bronchopulmonary sequestration; DICERZ1; Thoracic surgery

Congenital pulmonary airway malformations (CPAMSs) encompass a varied group of
disorders that include congenital cystic adenomatoid malformation (CCAM),
bronchopulmonary sequestration (BPS), congenital lobar emphysema, and bronchogenic
cyst among other entities [1]. Congenital lung abnormalities are increasingly detected in the
prenatal period owing to widespread use of imaging [2,3] and improving sonographic
resolution. A pathological classification system was proposed by Stocker et al. and later
expanded to include types 0 to 4 [4-6]. However, there is often discrepancy between the type
of CPAM based on imaging and the ultimate pathological diagnosis after resection [7-9].

There is general agreement that a symptomatic CPAM should be resected, usually soon after
birth. However, the appropriate management of asymptomatic CPAMs is controversial. The
risks of resection must be weighed against the risks of expectant management. The main
argument in favor of routine resection during infancy is the long-term risk of infection,
although there is disagreement in the literature about the magnitude of that risk. Some
authors also argue that the surgical risk is higher if the lesion has already been infected
[3,10,11], although not all studies have documented this difference [12]. Another argument
in favor of routine resection is the assumption that early resection results in better
compensatory lung growth than resection at a later age; however this remains a hypothetical
advantage which is not universally supported in long-term follow-up studies [12,13].

A final argument for routine resection is the possibility that the lesion is not a benign CPAM,
but is instead a Type | pleuropulmonary blastoma (PPB). There are three pathologic
subtypes of PPB: Type I/Ir, purely cystic; Type Il, combined cystic solid; Type I, purely
solid. Five-year survival rates for Types I/Ir, 11 and 111 PPBs are 91%, 71% and 53%,
respectively [14]. Several studies have suggested that these two entities can be
indistinguishable based on imaging [7,9], and there is overlap between Type 4 CCAM and
Type | PPB on pathology [7]. In our experience, many families of children with an
asymptomatic lung lesion opt for surgery owing to the concern that the lesion may be an
unrecognized PPB and this appears to be a key factor in surgical decision making. This
study was designed to determine if there are clinical or radiological features that might
imply higher or lower risk of an individual lesion being CPAM or PPB. Ultimately our goal
was to create a decision support tool that could reliably predict that a patient presenting with
a CPAM did not have a PPB based on presence or absence of certain clinical and
radiological features. We sought a tool that would be of genuine clinical use rather than just
providing statistical associations.
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1. Methods

The study protocol was approved by the Research Ethics Board of The Hospital for Sick
Children, Toronto (Ref: 1000040806) and the Institutional Review Board of Children’s
Hospitals and Clinics of Minnesota (Ref: 1312-120).

1.1. Data sources

Data were retrieved from the International Pleuropulmonary Blastoma Registry (IPPBR) on
all recorded cases of Type I (including both Type I and Type Ir) PPB, with central review by
the IPPBR pathologists. The IPPBR is a voluntary database established in 1988 that to date
has collected diagnosis, treatment, and outcome data on more than 450 PPB cases from
physicians and patients worldwide [15]. A comparison cohort comprised all children
undergoing resection of a CPAM at The Hospital for Sick Children, Toronto between
January 1st 2002 and December 31st 2013 that was noted at some stage to be at least
partially cystic. We chose to focus on cystic lesions because these are the ones that can be
difficult to distinguish from Type | PPB [8]. The final diagnosis for CPAMs was based on
the surgical pathology report from The Hospital for Sick Children. Patients were excluded if
they had noncystic malformations, such as congenital lobar emphysema, pure BPS with no
cystic component, bronchiectasis or bronchial atresia/focal hyperinflation without cystic
change. Only children who had undergone resection were included so as to have a final
pathological diagnosis for all cases. The management policy at our institution during the
study period did not change significantly over time and was for lesions to undergo resection
if they were symptomatic or if there was a joint decision to proceed with resection following
an open discussion between parents and surgeon with full disclosure of risks and benefits of
the procedure. Data within both groups were collected and analyzed retrospectively.

1.2. Clinical and radiographic features

We selected variables that we felt might help to distinguish between a final diagnosis of
CPAM and PPB. Clinical variables of interest included gender, whether the lesion was
diagnosed prenatally, age at radiological diagnosis (if postnatal), presence of symptoms,
presence of other conditions in the same patient, family history of malignancy, and D/CER1
gene mutation status, if available.

Radiology reports from chest X-rays and computed tomography (CT) scans performed either
at initial presentation for postnatally diagnosed lesions or during work-up or during a period
of observation for prenatally diagnosed lesions were analyzed. The following information
was recorded from chest X-rays: presence of cystic lesions, hyperinflation, mediastinal shift,
pleural effusion, pneumothorax, involvement of more than one lobe on one side and bilateral
abnormalities. Additional information recorded from CT scans included largest cyst size, the
nature of the cysts (simple vs complex — septated or containing solid components),
presence of pleural nodules, and the presence of a systemic vascular supply.

1.3. Statistical analysis

Continuous variables were compared between groups using Mann-Whitney test. Univariate
and multivariate logistic regression models were created to identify variables that might
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differentiate cases with a final diagnosis of CPAM from those with PPB. For multivariate
models all variables were initially included on an exploratory basis; subsequent models were
generated using a forward stepwise method with variables entered if p < 0.1 on univariate
analysis and remaining in the final model if p < 0.05. The diagnostic accuracy of the
multivariate models was assessed by the percentage of cases correctly diagnosed as either
CPAM or PPB. Odds ratios (OR) were generated and test parameters (positive predictive
value [PPV], sensitivity and specificity) calculated for each variable. Based on the strengths
of univariate associations and test parameters (in particular PPV) a decision algorithm was
developed to guide future management of these cases. Statistical analysis was performed
using InStat v3.10 (GraphPad Software) and SPSS v22 (IBM Corporation). p < 0.05 was
considered to be statistically significant. Owing to the retrospective nature of this analysis,
there were some missing data points. Missing data were assumed to be missing completely
at random and cases with missing data were excluded from univariate and multivariate
analyses. Variables with missing data points are indicated in Table 1, with denominators
demonstrating how many data points were present.

A total of 112 cases of Type | PPB were identified from the IPPBR and all were included.
All were confirmed by central pathology review by the IPPBR pathologists. Demographic
and radiological features are shown in Table 1. In 6 (5.36%) a pulmonary abnormality was
detected prenatally and in 5 of these the provisional prenatal diagnosis was CCAM. The
majority therefore presented postnatally with respiratory symptoms at a median age of 11.5
months. There was evidence of a different type of tumor (i.e. not a PPB) at a different site in
16 children who had a PPB. Owing to the nature of this study it was not possible to
determine whether the associated tumor was evident prior to or after the diagnosis of PPB.
The most frequent of these associated tumors was a cystic nephroma (n = 8) and in all cases
these were tumors that have been associated with the PPB familial tumor syndrome [16] and
often with DICER1 germline mutations. A CT scan report was available in 92 cases
(81.25%); all were abnormal. The most frequent abnormal finding was the presence of a
cystic lesion (97.8% of cases). Diameter of the largest cyst was available in 57 cases with a
median of 50 mm (range 6-150). Fifteen patients had more than one CT scan with growth
over time seen in 8 and no growth in the remaining 7. No cases had a systemic feeding
vessel or evidence of pleural nodules. The median duration of follow-up was 42 months
during which time 16 patients (10.7%) had a recurrence of their PPB. Ten of these
recurrences were local with the remainder being either in the contralateral lung or bilateral.
At the time of recurrence 11 tumors showed evidence of pathological progression from Type
| PPB at first resection to Type I, Type IlI, or Type I1/111 PPB.

There were 114 children who underwent resection of a CPAM at The Hospital for Sick
Children between 2002 and 2013. Eleven patients were excluded because they had lesions
that were not documented to be cystic at any stage leaving 103 patients in the comparison
cohort. Demographic and radiological features are shown in Table 1. None of the patients
had a recorded family history of CPAM but it is likely that this information was not solicited
in the majority of cases. The majority were detected prenatally and were asymptomatic at
the time of resection. For the remaining patients, the median age at diagnosis was 48
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months. CT scan reports were available for 97 cases (94%), all of which were abnormal,
including cystic lesions in 82 cases, evidence of a systemic arterial supply in 24 cases and no
case with pleural nodules. Largest cyst dimension was reported in 63 cases and was median
18 mm (range 2-91). The majority of children had only one CT scan (n = 74); 23 had more
than one scan in which growth over time was demonstrated in 7 and no change in 16. The
final pathologic diagnosis was CCAM (including hybrid lesions comprising elements of
CCAM and sequestration) in 93 patients (90.3%), and the remainder BPS with cystic change
(n = 4), bronchogenic cyst (n = 3), bronchial atresia (n = 1) and pulmonary cyst (n = 2).
Median duration of follow-up was 4 months after surgery.

2.1. Features associated with final diagnosis

All 215 cases were included in the analysis. Univariate analysis was performed to compare
features associated with a final diagnosis of CPAM and PPB. The results are shown in Table
1. Features most strongly (OR > 10) associated with a CPAM were prenatal diagnosis, the
presence of a systemic feeding vessel on CT and the presence of a simple as opposed to a
complex cyst on CT. While size of the largest cyst was significantly larger in cases of PPB,
there was no specific cutoff in cyst size that was useful in distinguishing between PPB and
CPAM.

In multivariate analysis no model could be generated that significantly improved on the
diagnostic accuracy of any univariate model. A model that included prenatal detection alone
resulted in an accurate final diagnosis in 89.3% of cases. The best multivariate model (which
included prenatal detection, presence of a simple vs complex cyst, presence of a systemic
feeding vessel and presence of a hyperinflation region on CXR or CT) resulted in an
accurate final diagnosis in 90.5%, an increase of just 1.2%. Of note D/CER1 status was not
included in multivariate models as D/CER1 status was known in only 1 case (<1%) of
CPAM and 24 cases of PPB (21%).

Since symptomatic pulmonary lesions are generally resected the decision of whether to
resect or not is less relevant for symptomatic lesions. We therefore repeated the analyses for
asymptomatic lesions only. The results of univariate analyses for asymptomatic lesions only
are shown in Table 2. Once again no multivariate model could improve on the diagnostic
accuracy of the best univariate predictor of final diagnosis, i.e. the presence of a prenatal
diagnosis.

2.2. Algorithm creation

Based on the individual statistical parameters for each variable and by combining relevant
variables (e.g. high risk imaging findings) we generated a treatment algorithm based on this
dataset to inform the decision of which lesions require resection and those which can be
safely managed with close clinical and radiological observation. This algorithm is shown in
Fig. 1. We have included the numbers of cases used at each stage based on the existing
dataset. Some steps included in the algorithm were not of particular benefit in distinguishing
between CPAM and PPB in our dataset but have been included owing to their high positive
predictive values. These include D/CER1 gene mutation status which was only positive in
cases of PPB (PPV = 100%) but was only tested in 25 cases overall. Similarly the presence
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of a systemic feeding vessel on CT scan was never seen in a case of PPB (i.e. PPV = 100%
for CPAM) and is therefore included although it was not a strictly necessary step in the
algorithm based on our dataset as all cases with a systemic feeding vessel were also detected
prenatally. We have included them however in an effort to ‘future proof’ the algorithm. The
algorithm correctly identifies 96.7% of cases (208/215), is unable to distinguish between 6
cases and erroneously identifies one case of PPB as a CPAM. This particularly interesting
case has previously been reported as a case report [17]. In this case, resection was performed
early in life (5 months of age) and it is possible that had a longer period of observation
ensued then other features suggestive of a diagnosis of PPB (and in particular, symptoms)
may have developed.

3. Discussion

The decision whether to resect or observe an asymptomatic cystic lung lesion is
controversial. One of the main arguments in favor of routine resection is the chance that the
lesion may be a PPB rather than a CPAM, and that these two entities may be difficult or
impossible to differentiate from each other based on imaging [6,7,9,18]. However, PPB is an
extremely rare condition, which occurs with an incidence that is several orders of magnitude
lower than CPAM, and previous studies have therefore been limited by the small number of
PPBs used for comparison [6]. We addressed this limitation by utilizing the IPPBR database,
which contains a large number of cases collected from all over the world. We were able to
compare the clinical and radiological features of Type | PPB and CPAM with more than 100
cases in each group, and to develop an algorithm which we hope will provide guidance to
clinicians and families when deciding whether to treat an asymptomatic cystic lung lesion
with resection or observation.

Our data suggested that there are a number of clinical and radiological features that are
predictive for PPB, including: symptoms (particularly pneumothorax), bilateral or
multisegment involvement, the presence of a complex cyst and a germline mutation in the
DICERI gene, found in two thirds of PPB [6,14,19]. In contrast, the features that were
predictive for CPAM included prenatal diagnosis, systemic feeding vessel, and hyperinflated
lung. We made an attempt to use items with a positive or negative predictive value of close
to 100% to determine decision points in the algorithm, with the goal being to avoid
expectant management for children who did not have a high likelihood of having a CPAM.

Using the algorithm we have generated, patients can be stratified into those that have a very
low risk of PPB, those that have a high risk of PPB and those that may have PPB. In our
algorithm, only a small proportion (6 out of 215) of patients were in the intermediate group.
We acknowledge one prenatally diagnosed, asymptomatic case of PPB in the IPPBR
(published as a case report [17]) which does not have other features that make it high risk for
PPB. For this reason the algorithm recommends expectant management with frequent
careful follow-up of prenatally diagnosed asymptomatic lesions with no other high-risk
features. Growth of the lesion or the development of any high-risk features, should prompt
resection.
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Our algorithm is derived from hard data and provides a more detailed description of patients
that may be observed. Our algorithm also includes D/CER1 germline gene mutation owing
to its close association with PPB [14,16,19,20]. Routine germline D/CER1 testing may be
useful in all patients with CPAMs who are considering nonoperative management to further
inform their risk of having a PPB. Previous reports have also suggested that asymptomatic
patients who do not have a family history of PPB/D/CER1 familial syndrome and do not
have multifocal or bilateral lesions may be safely observed [6,21].

This study has a number of limitations. Firstly, the diagnosis of PPB and CPAM may be
dependent on the skill, experience and bias of the pathologist. We have attempted to address
this limitation by using cases from the IPPBR, which have all undergone central pathology
review by pathologists who are expert in this field, and by using cases from The Hospital for
Sick Children, which has a high volume of cystic lung lesions and where the pathological
diagnosis of CPAM has been standardized. Secondly data in both groups are limited by the
retrospective nature of the study and the referral pattern of the lesions that may bias the data.
Thirdly, we relied on radiology reports rather than reviewing the actual images, and
therefore we were subject to the possibility of incorrect interpretation of the images by
whichever radiologist read it. The effect of these last two limitations should be at least
partially ameliorated by the relatively large number of cases reported in each group.

In summary, our data suggest that there are clinical and radiological features that may assist
families and clinicians in making the decision to resect or to observe a cystic lung lesion. In
the absence of a family history of PPB/D/CER1 familial syndrome and/or absence of
DICERI germline mutation our data suggest that close observation in patients with
asymptomatic, prenatally diagnosed CPAMs and no high risk features is safe. Resection is
recommended for those with significant risk factors for PPB. Future studies may be able to
predict with greater sensitivity and specificity the patients who are likely to have PPB with
the goal of avoiding unnecessary surgery and morbidity in the remainder.
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Appendix A. Discussions
Presented by Nigel Hall, Toronto ON.

Andrea Hayes-Jordan (Houston TX): Thank you for the excellent report. That
is information that we really have needed in this disease. What | was curious
about is in your patients who had a diagnosis of PPB, what was the average age
of diagnosis? Did patients present over six months of age or around the
perinatal period?

Nigel Hall: The majority of them presented over six months of age. Some of
them in early childhood. The majority were either symptomatic or they
presented through screening for either a family member or another tumor
elsewhere.

Andrea Hayes-Jordan: That was going to be my second question about the
family member and any ovarian cystic disease in the family that may have
tipped them off to the DICER1 mutation.
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Nigel Hall: Absolutely, so looking at all that together, the DICER1 mutation
seems to be a common link and it may be that in fact in the future management
of these patients DICER1 testing may become an important part of that
pathway.

Mary Fallat (Louisville KY): Is there an end point for when you would say it is
time to do something if it’s still there?

Nigel Hall: I think that knowing how to follow up this group of patients and for
how long is difficult at present. If we look at the PPBs, then it is true that all of
them have developed either high risk features or symptoms fairly early in life
so were resected. Therefore | can’t stand here and say categorically that there
is an age beyond which no further follow-up is necessary. However, I think it is
safe to recommend a period of observation because of that.

Unidentified speaker: | think it is a very nice analysis, Nigel, but when you get
down to the bottom of your algorithm and you come to a 96% positive
predictive value, that sounds great, but if you just take all of cystic lung disease
in an infant, that is what your prediction is going to be because you know that
4% or less are PPB compared to CCAM. It may be useful, yes. Maybe you all
should get the DICER mutation if you’re going to observe but if you’re point is
to resect them, it really doesn’t change much.

Nigel Hall: I agree. | think our point is to try to avoid resection in those who do
not really need it but to do so in a safe way. As you are aware, there are many
units who are routinely resecting all of these lesions and so what we hope this
can do is to provide some better evidence based on a clinical dataset to actually
inform that decision.
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Fig. 1.

Proposed algorithm for the management of cystic pulmonary abnormalities.
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Results of univariate analyses of features associated with final diagnosis for asymptomatic cases only (n = 93).

OR for CPFAM vsPPB p

Prenatal detection 149.5 (27.1-824.8) <0.0001
Hyperinflated region? 42.3(2.5-724.5) <0.0001
Unilateral (vs bilateral) abnormality@ 7.1(16-313) 0.009
Unilobar (vs multilobar) abnormality on one side? 6.2 (1.8-21.5) 0.004
Systemic feeding vessel on CT 18.3 (1.06-317.4) 0.003
Solid component on CT 23.3 (1.4-401.9) 0.001
No mediastinal shift? 06(0.2-2.3) 0.54
Multilocular cyst on CT 1.9 (07-5.7) 0.26
Simple (vs complex) cyst on CT 74.4 (8.7-636.9) <0.0001

aOn either CT or CXR.
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