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Abstract

Objectives—The International Association for the Study of Lung Cancer, American Thoracic
Society and European Respiratory Society lung adenocarcinoma classification in 2011 defined
three lepidic predominant patterns including adenocarcinoma in situ, minimally invasive
adenocarcinoma and lepidic predominant adenocarcinoma. We sought to correlate the radiology
and pathology findings and identify any computed tomography (CT) features which can be
associated with invasive growth.

Materials and Methods—An institutional review board approved, retrospective study was
conducted evaluating 63 patients with resected, pathologically confirmed, adenocarcinomas with
predominant lepidic patterns. Preoperative CT images of the nodules were assessed using
quantitative and qualitative radiographic descriptors while blinded to pathologic sub-classification
and size. Maximum diameter was measured after evaluation of the axial, sagittal and coronal
planes. Radiologic — pathologic associations were examined using Fisher’s exact test, the Kruskal-
Wallis test and the Spearman correlation coefficient (p).

Results and Conclusion—Increasing maximum diameter of the whole lesion (ground glass
and solid component) on CT was significantly associated with invasiveness (p=0.003), as was the
maximum pathologic specimen diameter (p=0.008). Larger diameter of the solid component on
CT was also found in lepidic predominant adenocarcinoma compared to minimally invasive
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adenocarcinoma (median 10.5 vs 2mm, p=0.005). More invasive tumors had higher visual
estimated percentage solid component compared to whole lesion measurement on CT (p=0.014).
CT and pathologic measurements were positively correlated, although only moderately (p =0.66)
for the maximum whole lesion size and fair (p =0.49) for solid/invasive component maximum
measurements. Larger whole lesion size and solid component size of lepidic predominant pattern
adenocarcinomas are associated with lesion invasiveness, although radiologic and pathologic
lesion measurements are only fair-moderately positively correlated.
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1. Introduction

Lung cancer remains the second most commonly diagnosed major cancer for both men and
women in the United States and the most common cause of cancer death for both sexes,
accounting for 1 in 4 cancer deaths. The American Cancer Society estimates that in 2017,
there will be 222,500 new cases of lung cancer and 155,870 deaths from lung cancer [1]. Of
all histological subtypes of lung cancer, adenocarcinoma is the most common, occurring in
approximately 40% of cases [2].

In 2011, the International Association for the Study of Lung Cancer, American Thoracic
Society and European Respiratory Society defined three new sub-classifications of lepidic
predominant pattern adenocarcinomas in order to integrate advances across multiple
disciplines including not only pathology but medical oncology, molecular biology and
radiology: adenocarcinoma in situ (AlS), minimally invasive adenocarcinoma (MIA) and
non-mucinous lepidic predominant adenocarcinoma (LPA) [3]. In 2015, these sub-
classifications were adopted by the World Health Organization [4]. Most recently, in 2017,
the 8t edition lung cancer TNIM classification incorporated the sub-classifications and made
corresponding revisions to the T component of tumor, node, and metastasis (TNM)
designation for lung cancer [5-7].

The change in pathologic classification requires an evaluation of the radiologic-pathologic
correlation for optimal classification of these new lesions. As AIS and MIA categories were
proposed based on evidence that patients would have a 100% or near-100% disease-free
survival, respectively, if completely resected, it is vital that they can also be accurately
identified and characterized on imaging. Data from our group suggest that even LPA have an
excellent prognosis with 90% disease-free survival, and recurrence is associated with high
risk features such as micropapillary component, visceral pleural or vascular invasion and
close margins.[8] The purpose of this study was to determine the CT features of lepidic
predominant tumors which correlate with histologic features of invasive growth.
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2. Materials and Methods

2.1 Patient Population

This retrospective study was approved by the Institutional Review Board with a waiver of
informed consent and was compliant with the Health Insurance Portability and
Accountability Act. A review was performed to identify consecutive patients with resected,
histopathologically confirmed lepidic predominant pattern tumors over a two year period
from April 1, 2014, to March 23, 2016. We included all patients whose pre-operative CT
imaging was performed up to a maximum of 2 months prior to surgery and which were
available for evaluation in the picture archiving and communications system (GE Centricity,
Chicago, IL). We excluded one patient in whom the lesion which was described on the
pathology report but could not be definitely identified on CT.

2.2 CT Image Acquisition

We reviewed CT studies performed at our institution as well as those from outside
institutions. We included studies performed with and without intravenous contrast. Imaging
was performed with slice thickness ranging between 1.0 — 2.5 mm (axial plane), 2.0 - 3.0
mm (coronal plane) and 2.5 — 3.0 mm (sagittal plane) as we included outside studies.

CT studies performed at our institution included a single phase non-contrast or contrast-
enhanced study with coverage from the base of the neck to include the adrenal glands
inferiorly. 1t was performed with the patient in full inspiration on a multidetector CT
(Discovery CT750HD, Lightspeed 16 and VVCT, GE Healthcare, Chicago, IL). The following
scan parameters were used: pitch/table speed = 0.984 to 1.375/27.50 to 39.37 mm; auto mA
=120 to 380; noise index = 12.5 to 16; rotation time = 0.5 s; injection to scan delay, if
applicable = 40 s. Post-contrast arterial phase CT images were obtained following the
administration of 80 mL iodinated contrast (Omnipaque 300, GE Healthcare, NJ) at 2.5 mL/
sec. Axial slices were reconstructed at both 5.0 mm and 1.25 mm intervals using both soft
tissue and lung algorithms. Multiplanar reconstructions were acquired in the coronal and
sagittal planes with a 2.5 mm slice thickness on soft tissue windows. Post-processing was
used to reconstruct these reconstructions using the lung algorithm with edge enhancement
prior to analysis.

2.3 Image Analysis

Pre-operative CT images of the nodules were independently assessed using quantitative and
qualitative radiographic descriptors by a radiology fellow (EA) blinded to pathologic sub-
classification and size. All features were then reviewed in consensus reading with two
attending thoracic radiologists (AP, MG) with 4 and 21 years radiology experience post—
fellowship, respectively. All three readers reached a consensus on all lesions.

Lesions were evaluated for location including (a) anatomical lobar site and (b) central vs
peripheral, where central was defined as any lesion contacting a central bronchus to the lobar
level and peripheral was defined as any lesion beyond this level.
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Lesions were also evaluated for size (in mm), measured on lung windows as the longest axis
for length and then taking the longest perpendicular axis for width (Figure 1). The size in
maximum perpendicular axis was measured on axial, coronal and sagittal reconstructed
images. The presence or absence of a solid component was carefully evaluated taking care to
exclude mass-like appearance of blood vessels or airways passing through the lesion.
Unifocality and multifocality of the solid component was recorded and each solid
component was again measured in perpendicular axes on each planar reconstruction (Figure
2). The single largest diameter of both the whole lesion and solid component and the plane
of the reconstruction on which it was measured were also recorded.

The contour of the solid component was characterized as round/oval (sphere/ovoid with
clearly defined smooth margins), lobulated (slightly irregular, rounded margins) or
spiculated (solid lesion with linear extensions into the adjacent lung parenchyma). A visual
estimate was made of the percentage volume of the solid component in relation to the
volume of the whole lesion and categorized into 0% - no solid component, 1-25%, 26-50%
and >50% (Figure 3).

2.4 Histopathological Analysis

Inclusion criteria for lesions examined this study were: 1) resection cases in which the entire
tumor was examined (lobectomy, segmentectomy, and wedge resection), 2) a diagnosis of
non-mucinous adenocarcinoma (AIS, MIA, or LPA), and 3) a predominantly lepidic pattern
of growth (i.e. tumor cells growing along pre-existing alveolar walls making up the largest
percentage of the tumor by microscopic measurement). Slides were re-reviewed in all cases
by a histopathology fellow (JM) with supervision by a thoracic pathologist (WT). All
patterns of adenocarcinoma (lepidic, solid, micropapillary, papillary, and acinar) were
recorded in 5% increments. The total tumor sizes were measured microscopically or grossly
according to previously described methods [7].

When the invasive focus could not be identified and measured in a single focus on one slide
and measured with a ruler, the invasive size was estimated by multiplying the total
percentage of the invasive components times the total size of the tumor. Other recorded
features included the presence of fibroelastotic scars within the tumors (and the
measurement of the scar), and the presence of multicentric invasion.

2.5 Statistical Analysis

Gender and radiographic features including maximum lesion size, maximum invasive
component size, contour, percent of solid component on CT (0%, 1-25%, 26-50%, >50%),
and presence of scar on pathologic specimen were associated with histology type (AlS,
MIA, or LPA) using Fisher’s exact test or the Kruskal-Wallis test. To evaluate correlation of
whole lesion (WL) size and solid component (SOL-C) size on CT with pathologic whole
lesion size and invasive component size on pathology, the Spearman correlation coefficient
(p) was estimated considering the skewed distribution and the 95% confidence interval (Cl)
was calculated by using Fisher’s ztransformation. The receiver operation characteristic
(ROC) analysis was performed to differentiate MIA and LPA using the SOL-C. A cutoff
value of SOL-C size was selected based on the Youden index which maximizes the
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combination of the sensitivity and the specificity. The empirical area under the curve (AUC),
the sensitivity and the specificity at the cut off value were calculated.

3.1 Patient demographics and CT parameters

Out of a total of 64 patients who met the inclusion criteria, 1 patient was excluded because
the lesion could not be definitely identified on the CT. Thus, the total number of patients
included in the final analysis was 63. They had a median age of 71 years (range, 40-86
years). 46 (73%) of the patients were female. 54 (85.7%) of the CT studies reviewed were
performed at our institution with the remainder performed externally and uploaded to the
PACS for review. 34 (54%) CT studies evaluated were performed without intravenous
contrast. Axial slice thickness ranged from 1.0 — 3.0 mm, 58 studies (92.1%) included series
with 1.25 mm slice thickness. Sagittal and coronal slice thickness ranged from 2.5 — 3.0 mm
and 2.0 — 3.0 mm, respectively. Sagittal reconstructions were not available in 3 (4.8%) CT
studies.

3.2 Pathologic Subtype and Location

Of the 63 lesions evaluated 4 (6.3%) were AlS, 27 (42.9%) were MIA and 32 (50.8%) were
LPA (Figure 4). All lesions were peripherally located on CT. Anatomic lesion location was

right upper lobe 22 (34.9%), left upper lobe including the lingula 17 (27%), left lower lobe

13 (20.6%), right lower lobe 8 (12.7%) and middle lobe 3 (4.8%). A scar was present in 10

(15.9%) lesions on histopathologic analysis.

3.3 Lesion Size and Morphology — Correlations between CT and Pathologic Findings

WL size was larger on CT than on pathology in 62/63 (98%) of lesions. SOL-C size on CT
is larger than invasive component size on pathology in 34/63 (54%) of lesions, smaller in
23/63 (37%) of lesions and equal in 6/63 (10%) of lesions. Mean CT measurements of both
WL size and SOL-C size were larger than mean pathologic measurements: WL mean was
27.6 mm (SD = 12.6) on CT vs.17 mm (SD = 8.9) on pathology; SOL-C mean was 7.4 mm
(SD =7.9) on CT vs. invasive component mean of 4.8 mm (SD = 3.3) on pathology. While
there was a moderate positive correlation between the maximum diameter on CT and
maximum diameter on pathology for WL (p = 0.66, 95%Cl: 0.49, 0.78), SOL-C (CT)/
invasive (pathologic) components demonstrated fair positive correlation (p = 0.49, 95%Cl:
0.27, 0.66).

We also demonstrated a significant association between WL size both radiologically and
pathologically and lesion invasiveness. None of the AIS lesions had a solid component,
although we have a small sample size. Larger tumors are more likely to show an invasive
component. A significant association was also identified between the size of the SOL-C
radiologically and lesion invasiveness identified by histology. When using SOL-C size to
differentiate LPA and MIA the AUC was 0.708 (95%CI: 0.574-0.841). Based on Youden
index, which maximized the combination of sensitivity and specificity, a cut-off value of 7.5
mm was found with a sensitivity of 0.719 (95%Cl: 0.533-0.863,23/32) and a specificity of
0.704 (95%CIl: 0.498-0.862, 19/27). The accuracies were moderate. (Table 1).
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The maximum WL diameter measured on any plane, determined after measurement of the
lesion on all three planes, was not always seen on the axial plane, as traditionally measured
on CT but was seen on various planes dependent on the lesion morphology: axial 26 lesions
(41.3%), sagittal 20 lesions (31.7%) and coronal 17 lesions (27%). Similarly the SOL-C
maximum diameter was seen on various planes: axial 24 lesions (61.5%), sagittal 6 lesions
(15.4 %) and coronal 9 lesions (23.1%).

The visually estimated percentage SOL-C on CT was significantly associated with lesion
invasiveness, p = 0.014 (Table 2). The contour of the SOL-C, when present, was not
significantly correlated with lesion invasiveness (Table 3).

A scar was present pathologically in 10/63 (16%) lesions. In 10 lesions with a scar, the
median size difference between the SOL-C and the invasive component on pathology was
1.5 mm (IQR -1.75~4.28). In the 53 lesions without a scar, the median size difference was 1
mm (IQR —2~5). There was no statistical difference between the two groups (p=0.873).
Thus in our study population, the presence of a scar was not significant cause of the size
discrepancy between CT and pathology measurements.

4. Discussion

In our study, the size of the SOL-C as measured on CT correlated with the lesion
invasiveness, as described by the most recent classification system described by the
International Association for the Study of Lung Cancer, American Thoracic Society and
European Respiratory Society in 2011 and adopted by the 2015 World Health Organization
Classification and the 8t edition of the American Joint Committee on Cancer staging
guidelines [3, 6, 9]. Tumor size is one of the strongest predictors of outcome in lung cancer
[10, 11]. Furthermore, in lung adenocarcinoma, it has been demonstrated that the
radiographic diameter of the SOL-C of a pulmonary small nodule on CT predicts overall
survival better than WL diameter [12]. The Fleischner recommendations for management of
sub-solid pulmonary nodules detected on CT are based on size [4]. Accurately measuring a
lesion is vital in the staging of lung cancer patients to best select the appropriate
management. Traditionally on CT the maximum dimension of the ground glass component
is measured and, when present, the maximum dimension of the SOL-C is also measured.
Tumor size for TNM staging should be made according to the single maximum diameter
whether measured radiologically or pathologically [6, 7]. Our data show that the largest
diameter of the lesion is not always measurable on the axial slice reconstructions; for
example, we found the maximum SOL-C was best measured in other (coronal or sagittal)
planes in 38.5% of cases.

An alternative, quantitative method of measuring sub-solid pulmonary nodules is volumetry
[13-15]. To the best of our knowledge, it has not been proven superior to conventional
measurements and is more labor intensive. However, we hypothesize that a visual estimation
of percentage SOL-C of the WL could be a novel, time effective method of estimating the
invasiveness of a lesion (Figure 3). Interestingly, the visual estimation we performed was
associated with invasiveness of the lesion in this study population (p = 0.014). Further
studies would need to be performed with a larger sample size, as well as evaluation with
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intra- and inter-reader variability, to prove the efficacy of this method, which could
potentially save valuable time during image analysis as it is quicker to perform than accurate
multiplanar measurements.

Lesions with multifocal SOL-Cs are more challenging for the radiologist. There is no
consensus as to the most accurate method of measurement. Several methods have been
proposed for the measurement of these lesions including a technique proposed for
microinvasive breast cancer which is to measure the largest solid focus and describe of the
other foci in the report without measurement [4]. It is also possible to report each SOL-C
individually or to sum the individual components together to provide an overall
measurement. Kadota et al used this approach when determining the invasive component of
part-solid adenocarcinomas on pathologic slides [8]. They measured all the invasive
components and expressed their sum as a percentage of the overall tumor size. At present,
the maximum diameter of the largest component is usually measured in line with most
recent recommendations [7]. However, in our study, provisional results suggest that a
subjective visual estimated percentage of the SOL-C as a percentage of the WL was
correlated with lesion invasiveness. This would be particularly useful in these lesions with
multifocal SOL-Cs.

It has been shown previously that there is a statistically significant difference between mean
tumor diameter as measured by CT and on pathology gross specimen [16, 17]. This was
again demonstrated in our study where the mean WL and SOL-C measurements were larger
on CT than on pathologic examination (Figure 5). There was a positive correlation between
the two (moderate and fair for WL and SOL-C, respectively). The reduced correlation in the
SOL-C lesions may in part be explained by the overall smaller size of the lesions being
measured compared to WL size. Possible reasons for the size discrepancy include the fact
that pathologists have difficulty appreciating the lepidic component of lung
adenocarcinomas on gross examination. In addition, the resected specimens are not aerated
whereas patients are imaged by CT in full inspiration. Another factor is the fixation of
specimens in formalin which can cause crenation [18, 19]. This lesion measurement
discrepancy has implications for staging, particularly in patients being considered for more
aggressive managements including resection. Inflation of specimens at the time of frozen
section may improve correlation between pathologic radiologic size [20-22]. However,
although this is performed on occasion, it is time consuming and thus not a routine
procedure in clinical practice.

Many other studies have correlated CT findings of sub-solid pulmonary nodules with their
pathologic findings [23-25]. The ground glass component of the lesion tends to correlate
with the lepidic component on pathology [3]. It is also possible to have pure ground glass
nodule with an invasive component pathologically [4]. In a study performed by Kim et al to
identify factors that affected likelihood of tumor growth, the only predictor for the growth of
ground glass nodules was the presence of a solid component [26]. We demonstrated a strong
positive correlation between presence and size of the SOL-C and lesion invasiveness. Our
ROC analysis suggested a cut-off of 7.5 mm to differentiate between MIA and LPA but this
had just moderate accuracy. Further studies, with a larger study population would be
required to validate this finding.
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Although the solid component in a part-solid nodule seen by CT has a greater chance of
having an invasive component on histologic examination, a benign scar or a fibrous scar
harboring a stromal invasive component should also be considered [27]. Scar was present in
16% of lesions. In our study population, the presence of a scar was not a significant cause of
the size discrepancy between CT and pathology measurements.

Beyond size measurements, other CT characteristics we reviewed included lesion location
and morphology. All lesions evaluated in our study had a peripheral location, with an upper
lobe predominance that is typical for adenocarcinomas. In the literature, round, smooth
nodules are associated with benignity for primary lung malignancies but commonly seen in
metastases. A lobulated contour implies some irregular growth and spiculated lesions are
suspicious for malignancy.[28, 29] However, we did not identify a significant association
between invasiveness and the contour of the solid component in this study, possibly related
to sample size.

Our study has several limitations. It is a retrospective study with a relatively small sample
size. Information regarding the specific surgical indication in each case was not available for
review. Since these are recent cases, we did not have enough followup to perform survival
analysis. Lesions were measured on CT in three reconstructed planes: axial, sagittal and
coronal. The reconstructed slices in the sagittal and coronal planes were thicker than the
axial plane both within our institution and on the outside studies. CT images are traditionally
reconstructed in this manner to decrease the overall size of the imaging file for storage
purposes. This can result in slightly less accurate measurements on the sagittal and coronal
images compared to the axial images, however they are usually of diagnostic quality and
warrant review when evaluating for the longest lesion diameter measurement [17].
Pathologists most commonly measure the lesion in the longest diameter and are less
constrained by plane of view, although they are affected by the plane of the lesion
transection. Our cases were evaluated in consensus by three radiologists which meant it was
not possible to evaluate the inter-observer variability for the imaging appearances and
measurements specific to these small lesions, although previously reported intra- and inter-
observer variability in CT measurements in oncology specifically addressing lung nodules
found that intra- and inter-observer variability rates are similar for lesions of assorted sizes
and contour [30].

In conclusion, we demonstrated a positive correlation between presence and size of the
SOL-C in lepidic predominant pattern lung adenocarcinomas as measured on CT and
pathologic lesion invasiveness as described in the 8t edition of the AJCC staging manual.
The contour of the solid component was not significantly associated with invasiveness but
approached it.
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Highlights

Increasing maximum diameter on CT was significantly associated with
invasiveness.

More invasive tumors had a higher visually estimated percentage solid
component.

Radiologic and pathologic measurements are fair-moderately positively
correlated.
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Figure 1.
Measuring lesions on CT. (A-C) Axial CT images of a subsolid lesion with (B) measurement

of the whole lesion in maximum long axis and a perpendicular measurement and (C)
measurement of the solid component in maximum long axis and a perpendicular
measurement. (D-F) The lesion and measurements taken in the sagittal plane. (G-I) The
lesion and measurements taken in the coronal plane.
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o 4

Figure 2.
Subsolid nodule with multifocal solid components. Axial CT image on lung windows

demonstrating a subsolid lesion with multifocal solid components (arrows).
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Figure 3.
Visual Percentage estimation. Example axial CT image on lung windows of a multifocal

lesion with estimated 25-50% solid component.
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Figure 4.
Lesion subtype example images. Axial CT images on lung windows of (A) adenocarcinoma

in situ, (B) minimally invasive adenocarcinoma and (C) lepidic predominant
adenocarcinoma.
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Figure 5.
Radiologic-pathologic size measurement discrepancy. (A) Axial CT image of a subsolid

nodule where the solid component measures 1.1 cm. (B) Histopathologic slide of the same
lesion stained with haemotoxylin and eosin on low power with the invasive component
measured at 0.8 cm.

Lung Cancer. Author manuscript; available in PMC 2019 April 01.



Aherne et al. Page 18

Table 1

Both the radiologic and pathologic WL and SOL-C/invasive component size increased with lesion
invasiveness. None of the AIS lesions had a solid component, although we have a small sample size.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Histopathologic Sub-type p Value

AIS(n=4)  MIA(n=27) LPA (n=32)

Rad max WL size (mm) 15.5(10,25) 23 (14,56) 285(10,75) go03™
Path WL size (mm) 95(8,18)  13(7,52)  17.5(4,46) (qog*
Rad max SOL-C size (mm) 0(0,0) 2(0,22) 105(0,32)  g005*F
Path invasive component size, (mm) 0(0,0) 3(0.3,10) 7(1,13) <0017

Note: AIS = Adenocarcinoma in situ, MIA = Minimally invasive adenocarcinoma, LPA = Lepidic predominant adenocarcinoma;
*
significant at P<0.05;

1IComparison was done between MIA and LPA.
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Table 2

Radiologic percentage visual estimation of the solid component in relation to the whole lesion was
significantly associated with pathologic subtype.

% of invasive component on CT Histopathologic Sub-type

0%
1-25%
26-50%
>50%

AIS (n=4) MIA (n=27) LPA (n=32) p Value

0.014
4(100%) 13 (48.1%) 7 (21.9%)
0 (0%) 8(29.6%) 6 (18.8%)
0 (0%) 1(3.7%) 8 (25%)
0 (0%) 5(185%) 11 (34.4%)
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Table 3

Contour of the solid component was not significantly associated with histopathologic subtype.

Histopathologic Sub-type
AlIS (n=4) MIA (n=27) LPA (n=32) p Value

Contour

0.199
Round/Oval 0 (0%) 7 (50%) 6 (24%)
Lobulated 0 (0%) 3 (2.4%) 5 (20%)

Spiculated 0 (0%) 4(286%) 14 (56%)
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