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The azygos esophageal recess is not to be missed in screening lung cancer with LDCT



Abstract

Purpose

Lesion overlooking and late diagnostic work-up can compromise the efficacy of low-dose CT
(LDCT) screening of lung cancer (LC), implying more advanced and less curable disease
stages. We hypothesized that the azygos esophageal recess (AER) of the right lower lobe (RLL)
might be an area prone to lesion overlooking in LC screening.

Materials and Methods

Two radiologists reviewed the LDCT examinations of all the screen-detected incident LCs
observed in the active arm of two randomized clinical trials: ITALUNG and NLST. Those in the
AER were compared with those in the remainder of the RLL for possible differences in
diagnostic lag according to the Lung-RADS 1.1 recommendations, size, stage, and mortality.
Results

Six (11.7%) of 51 screen-detected incident LCs of the RLL were located in the AER. The
diagnostic lag time was significantly longer (p=0.046) in the AER LC (mean 14+9 months)
than in the LC in the remaining RLL (mean 7.34+1 months). Size and stage at diagnosis were
not significantly different. All six subjects with LC in the AER and 16 (35.5%) of 45 subjects
with LC in the remaining RLL (p=0.004) died of LC after a median follow-up of 12 years.
Conclusions

Our retrospective study indicates that AER might represent a lung region of the RLL prone to
have early LC overlooked due to detection or interpretation errors with possible detrimental

consequences for the subject undergoing LC screening.
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Introduction

The Azygos Esophageal Recess (AER) comprises a small portion of the lung parenchyma,
termed crista pulmonis, located in the medial and inferior portions of the right lower lobe
(RLL). The AER borders are represented by the arch of the azygous vein, superiorly, the
esophagus, medially or posteriorly, the thoracic spine, posteriorly, the right main bronchus and
bronchus intermedius, anteriorly, and the aortic hiatus and diaphragm, inferiorly (Fig.1).! The
importance of an abnormal AER profile in conventional chest X-rays for detecting lung or
mediastinal abnormalities has been recognized for a long time and has traditionally
represented an established topic in chest radiology education.-2

Lung Cancer (LC) is the leading cause of cancer death worldwide.? Annual screening with Low
Dose Computed Tomography (LDCT) has been recommended since 2013 for smokers and
former smokers,* after the demonstration in a large randomized clinical trial (RCT) in the US,
the National Lung Screening Trial (NLST), that it can reduce LC mortality as compared to
annual chest X-rays.®> The decrease in LC mortality associated with LDCT screening is low. One
meta-analysis from nine RCTs reported a 16% relative reduction in LC mortality in active arms
undergoing annual LDCT screening compared to control arms undergoing chest X-rays or usual
care.® One possible explanation of the low gain is a late diagnostic work-up due to lesion
overlooking,”-° with a more advanced stage at diagnosis precluding effective cure. In
particular, false-negative cases have been reported to account up to 15% of LC diagnosed in
screening programmes.!% and their mechanisms include detection or interpretation error of the
LDCT examination, misclassification by the protocol, non-adherence to protocol and participant
non-compliance.

In reviewing the LDCT examinations of screen-detected LC observed in the active arms of two
RCTs, namely ITALUNG and NLST,>!! we noted that LC localized in the AER had often escaped
detection or report in the first two annual LDCT examinations.

To formally address the hypothesis that screen-detected LC in the AER are more often initially
overlooked, implying potentially harmful consequences, we compared diagnostic lag time,
stage at diagnosis, and mortality of AER screen-detected LC with those of other screen-

detected LC localized in the remaining portions of the RLL in the ITALUNG and NLST RCTs.



Methods

The present investigation was based on data from two registered RCTs of LC screening with
LDCT (ITALUNG: NCT02777996; NLST: NCT00047385). Overall, the two trials involved 27,715
smokers and former smokers (1,406 in ITALUNG and 26,309 in NLST) who were allocated to
the active arms with LDCT and 28,325 (1,593 in ITALUNG and 26,732 in NLST) smokers and
former smokers who were assigned to the control arms receiving usual care (no screening) in
ITALUNG,®? or three annual single-view posteroanterior chest radiography in NLST.> The
enrolment criteria of the two trials were similar,> 2 and included age between 55 and 69
(ITALUNG) or 74 (NLST) years and a history of long-term smoking (ITALUNG: 20 pack-years;
NLST: 30 pack-years). Former smokers were eligible only if they had stopped smoking less
than 10 (ITALUNG) or 15 (NLST) years before recruitment. Subjects in the active screening
arms were invited to 4 (ITALUNG) or 3 (NLST) annual LDCT examinations.> 2 Active screening
spanned between 2004 and 2010 in the 3 centres of ITALUNG,3 and between 2002 and 2007
in the 33 centres of the NLST.4

XX is the current PI of ITALUNG and has access to all trial data, including clinical information
and LDCT images. For NLST data, we applied for and were granted access to the clinical data
and images of all the 1,086 NLST participants who received a diagnosis of LC in the LDCT arm,
including subjects’ initial LDCT and up to two annual repeat LDCTs when available.

All participants signed an institutional review board (IRB)-approved informed consent form to
participate in the trials.

For the present investigation, one radiologist (blinded for review) reviewed the information
from the two trial databases concerning the distribution of screen-detected LC over time of
screening and-nr-thetungs and selected all incident screen-detected LC cases localized in the
RLL in the LDCT arms. He considered as prevalent screen-detected LC those diagnosed within
1 year of baseline LDCT and incident screen-detected LC those that were diagnosed after one
year from the baseline LDCT and within one year after the end of the active screening. Interval

cancers, defined as LC not-screen detected were discarded. One radiologist with 20 years of



experience in LC screening (blinded for review) and one chest radiologist with 15 years of
experience (blinded for review) jointly reviewed the following radiological features of the
screen-detected incident LC localized in the RLL in the available LDCT examinations before
diagnosis: size (mean diameter), density (solid, mixed, non-solid, cavitations, cysts) and
borders (smooth, lobulated or speculated). Diagnostic lag was calculated since a supra-
threshold new or growing nodule appeared according to Lung-RADS 1.1 recommendations

(https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/Lung-Rads). In

particular, the Lung-RADS 1.1 classifies new appearing lesions at annual repeat examinations
as category 3, requiring six months follow-up with LDCT when they are solid and have a mean
diameter of 4-6 mm, and category 4, requiring three months follow-up with LDCT or PET-CT
when having a diameter of 6-8 mm. Differently, for growing lesions, namely those already
present in the prior annual LDCT examination, Lung-RADS 1.1 classifies them as category 4
when they have any size below 8 mm. Presence of nodule spiculations always implies a class
4X independently from the size. Tumour staging at diagnosis was extracted from the
databases. Survival or cause of death were obtained by a link to mortality registries, which
extended for more than 12 years (median 13.5 years in ITALUNG, median 12.5 years in NLST)
in the two trials.> 16

The statistical significance of differences in lag time, LC size, stage, and mortality were
assessed with Student’s t-test for continuous variables and with Fisher exact test for

categorical variables. Significance was set at p<0.05.

Results

Screening LDCT revealed at least one LC in 687 subjects of the two trials. Fig.2 details the
distribution of screen-detected LC. Prevalent LCs were observed in 290 subjects (20 in
ITALUNG and 270 in NLST) and incident LC in 397 subjects (18 in ITALUNG, 379 in NLST). We
could retrieve and review the LDCT examination in all 18 screen-detected incident LCs of
ITALUNG and 341/379 (90%) screen-detected incident LCs of NLST, the documentation of the

remainder 38 being incomplete.


https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/Lung-Rads

The anatomical distribution of the 359 (18 in ITALUNG and 341 in NLST) screen-detected
incident LC, which could be reviewed is reported in Fig.2. After exclusion of the 20 incident LC
primarily localized to the airways or manifesting as hilar or mediastinum lymphoadenopathy or
mass without overt lung parenchyma abnormalities (all in NLST), the distribution in the
pulmonary lobes of the 339 screen-detected incident LC was the following: RUL=38.3%
(130/339), LUL=28% (95/339), Right middle =2.9% (10/339), RLL =15.1% (51/339),
LLL=14.2% (48/339) and lingula=1.5% (5/339).

Overall, we observed six screen-detected LC cases in AER (Fig.3) and 45 in other parts of RLL.
Table 1 details the diagnostic lag time, size at diagnosis, stage and mortality in the LC

localized in the AER and the remaining RLL.

Following Lung-RADS 1.1 criteria for incident LC, a 12-24 months diagnostic lag time could be
calculated retrospectively in 5 of 6 LC cases in the AER and 25 of the 45 LC cases in the
remainder of RLL. In particular, in many cases (Fig.3), tiny or small nodularities present at
baseline LDCT and growing after one year, thereby becoming suspicious for malignancy
(category 4 at Lung-RADS1.1), were overlooked. The mean diagnostic lag was significantly
longer (two-tailed Student’s t-test p=0.046) for LC localized in the AER (mean 1449 months)
than for the LC localized in the remainder of the RLL (mean 7.3+1 months). The size at
diagnosis (mean diameter 17.8411.3 mm in 6 AER LC and 15.14+7.5 mm in 32 solid LC in the
remainder of RLL) was not statistically different (two-tailed Student’s t-test p=0.459), as the
stage distribution [3 (50%) stage I, 1 (17%) stage II and 2 (34%) stage IIl in 6 LC in AER and
33 (73.3%) stage I, 2 (4.4%) stage II, 6 (13.3%) stage III and 4 (8.8%) stage IV in 45 LC in

the remainder RLL] (Fisher exact test p = 0.616).

All six subjects with LC in the AER and 16 (35.5%) of 45 subjects with LC in the remaining RLL

(Fisher exact test p=0.004) died of LC after a median follow-up of 12 years.

Discussion
A fast-growing tumour, typically a small cell LC, a large cell LC or a squamous LC, can clinically
manifest itself between two annual LDCTs and escape LC screening. This qualifies for an

interval cancer, which has to be distinguished from incident LC corresponding to screen-



detected LC diagnosed after 1 year since baseline LDCT. As a matter of fact, the possibility of
false negative LDCT can be associated with both interval cancers and incident cancers,? in the
latter case implying a delayed diagnosis, and has received increasing attention in LC
screening.”"® The more common mechanism underlying a false negative LDCT examination is
detection error in case of intraparenchymal solid nodules, airways lesions, lymph nodes, or
pleural effusion. Additional possibilities include 1) interpretation error, as in the case of
nodules with broad pleural attachment, within scars or surrounded by reticulation; 2)
misclassification by the protocol, as exemplified by wall thickening around bullae now defined
as LC associated with Cystic Airspace (LCCA)'7 and incorporated in the Lung-RADS 2022

version (https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/Lung-Rads ),

which was not considered at the time of ITALUNG and NLST, or by the adoption of a too large
threshold for lesion size or too fast threshold for volume doubling time;!° 3) non-adherence to
protocol as may occur in case of decisions made by a multidisciplinary team or a single
physician; and, finally, 4) participant non-compliance as in case of a subject skipping one or
more annual LDCT.

We hypothesized that AER might be a special area of the lung parenchyma prone to lesion
overlooking due to detection or interpretation errors and investigated this possibility by
reviewing the LDCT of screen-detected incident LC in two RCTs.

The results of our study, in which we retrospectively applied the Lung-RADS 1.1
recommendations, are consistent with this hypothesis and suggest that the delayed diagnosis
of LC in the AER may entail adverse consequences in terms of mortality. In particular, the lack
of significant size differences at diagnosis between LC in the AER and in the remainder of RLL
is in line with the view that the former represents a “hidden” area - regardless of lesion size.
Review of the AER cases revealed that the diagnostic delay was due to overlooking of tiny solid
nodules or of an infra-threshold ground glass opacity area in the AER that were already
present in the baseline LDCT and, if correctly assessed in retrospect at the time of the next
LDCT, would have shown lesion growth and possibly determined earlier diagnostic work-up.
We recognize the following limitations of our study. First, our is a retrospective evaluation of

LC cases observed in the ITALUNG and NLST trials before the development and availability of


https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/Lung-Rads

the Lung-RADS 1.1 recommendations. However, the Lung-RADS recommendations and their
update are now widely used and recognized,!®2% making our retrospective evaluation
reasonable. Second, in our study, two expert radiologists visually reviewed the LDCT
examinations without the support of CAD systems.21-22 Although CAD is expected to decrease
detection errors, no specific data about AER lesions are available.

Third, in principle also lesions located in other deep area of the right and left lobes of the lung
close to major vessels or the mediastinum may be prone to overlooking, as suggested by the
distribution of lesions greater than 1 cm missed in the NELSON trial,® but we did not explore
this possibility. A systematic investigation of hidden areas of the lung for LDCT readers without
or with CAD is nonetheless warranted.

In conclusion, our study indicates that AER might represent a lung region of the RLL prone to
have early LC overlooked with possible detrimental consequences for the subject undergoing

LC screening. This justifies the recommendation to always scrutinize AER in screening LDCT.
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Legends

Fig.1 A, B). Boundaries in red of the Azygous Esophageal Recess in axial CT (A) and

posteroanterior chest X-ray (B).

Fig.2 Distribution of screen-detected LCs in ITALUNG and NLST trials.

Fig. 3 A-T). Six screen-detected incident LCs in the AER.

A-C) A mass contiguous to the left cardiac atrium (*) and diagnosed histologically as
adenosquamous cancer was observed in the third annual LDCT (A mediastinal window, B lung
window) in a subject from ITALUNG. The review of the baseline LDCT obtained two years
earlier (C lung window) revealed a solid lesion with irregular margins (small black arrow) that
was not mentioned in the report.

D-F) A solid ovoid lesion with smooth margins attached to the posterior wall of the right main
bronchus and diagnosed histologically as squamous cell carcinoma was observed in the third
annual LDCT (D lung window) in a subject from NLST (ID #108814). The review of the second
annual LDCT (E lung window) showed a corresponding smaller solid lesion (white arrow), and
of the baseline LDCT (F lung window), a tiny nodularity (white arrow).

G-I) A solid ovoid lesion attached to the right inferior bronchus diagnosed histologically as
adenocarcinoma was observed in the third annual LDCT (G lung window) in a subject from
NLST (ID #124323). The review of the second annual LDCT (H lung window) and the baseline
LDCT (I lung window) showed a corresponding smaller but growing solid lesion (white arrow in
I).

L-N) A solid round lesion behind the intermedius bronchus diagnosed histologically as
adenocarcinoma was observed in the third annual LDCT (L lung window) in a subject from
NLST (ID # 202268). The review of the second annual LDCT (M lung window) showed a
smaller solid lesion (white arrow), and of the baseline LDCT (N lung window), a tiny nodularity
(white arrow).

0-Q) A solid roundish lesion behind the intermedius bronchus and adjacent to the aorta,
diaghosed histologically as squamous cell carcinoma, was observed in the third annual LDCT

(O lung window) in a subject from NLST (ID #212863). The review of the second annual LDCT



(P lung window) showed a smaller lesion size (white arrow) and of the baseline LDCT (Q lung
window) a tiny nodule.

R-T) A small solid lesion attached to the mediastinal pleura medially to the intermedius
bronchus (white arrow) diagnosed histologically as large cell carcinoma was observed in the
second annual LDCT (R mediastinal window, S lung window) in a subject from NLST (ID
#218035). The review of the baseline LDCT (T lung window) revealed a corresponding small

area of ground glass opacity (white arrow).
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Abbreviations. AER = Azygos Esophageal Recess, BAC = Broncho-Alveolar Carcinoma, LC =
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= Left Lower Lobe, LUL = Left Upper Lobe, NLST = National Lung Screening Tnal, R Md = Right
Middie lobe, RLL = Right Lower Lobe, RUL = Right Upper Lobe.


https://www2.cloud.editorialmanager.com/jti/download.aspx?id=254508&guid=ee78b156-9464-4911-a0ce-069a073e8fe9&scheme=1
https://www2.cloud.editorialmanager.com/jti/download.aspx?id=254508&guid=ee78b156-9464-4911-a0ce-069a073e8fe9&scheme=1

Figure 3 Click here to access/download;Figure;Fig.3 JPEG.jpg 2



https://www2.cloud.editorialmanager.com/jti/download.aspx?id=254509&guid=70d13d2f-5b76-43f0-86f4-82b29bc0c75a&scheme=1
https://www2.cloud.editorialmanager.com/jti/download.aspx?id=254509&guid=70d13d2f-5b76-43f0-86f4-82b29bc0c75a&scheme=1

Table

Table 1. Diagnostic lag time, size at diagnosis, stage and mortality in the LC localized

in the Azygous Esophageal Recess (AER) and the remaining Right Lower Lobe (RLL).

LC in AER LC in other parts of RLL p-value
(n=6) (n=45)
Diagnostic lag time (mean+SD) * 1449 months 7.3+1 months 0.046 ~
Size (mean diameter+SD) 17.8411.3 mm 15.1+7.5 mm 0.459~
Stage 0.616 &
I-11 3-1 33-2
III-1v 2-0 6-4
Mortality
overall 6/6 26/45 0.075 &
from LC 6/6 16/45 0.004 &

SD=Standard Deviation
*According to Lung-RADS 1.1
A two-tailed Student’s t-test

& Fisher exact test








