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INTRODUCTION

COMPARISON OF BAYESIAN ANALYSIS AND PET-CT
FINDINGS WITH RESPECT TO LIKELIHOOD OF MALIGNANCY
IN SOLID AND SUBSOLID SOLITARY PULMONARY NODULES.

Oral Mentes', Sema Avci?, Suzan Bahadir?, Meric Unver®, Murat Yildiz®, Feza Ugurman®

ABSTRACT... Objectives: To determine whether Bayesian Analysis (BA) predicts malignancy
with similar specificity and sensitivity values in both subgroups of solitary pulmonary nodules
(SPNs) and to compare PET-CT findings in solid and subsolid subgroups of PET-CT scanned
SPNs. Study Design: An observational study. Setting: Department of Chest Diseases, Ankara
Chest Diseases and Chest Surgery Training and Research Hospital. Period: February 2013 to
February 2016. Materials and Methods: 156 patients with SPNs and whose histopathological
diagnosis confirmed by fiberoptic bronchoscopy biopsy, transthoracic tru-cut biopsy or surgical
methods were evaluated retrospectively. BA and PET-CT findings of nodules were evaluated.
Results: 73.3% of male patients and 80% of females with subsolid SPN were diagnosed
malignant. BA was statistically significantly found to be consistent with definitive diagnosis
in Kappa compliance analysis in solid and nonsolid nodules (p <0.005 kappa = 0.604; p =
0.023 kappa = 0.358). The sensitivity of BA in solid and subsolid nodules was 63.6% and
80%, respectively, while their specificity was 93.4% and 73%, respectively. Positive predictive
values (PPVs) were found to be 84% in solid nodules and 36% in subsolid nodules. Negative
predictive values (NPVs) were calculated as 83% in solid nodules and 95% in subsolid nodules.
In the patients with SPN included in our study, Kappa compliance analysis was performed
separately in the solid and subsolid subgroups of patients who underwent PET-CT. When the
cut-off value of Kappa compliance analysis in solid nodules was taken 2.5, definitive diagnosis
and suvmax uptake were found to be statistically consistent (p <0.005 kappa = 0.638). When
the cut-off value of Kappa compliance analysis in subsolid nodules was taken to be 2.5 as
malignancy value, definitive diagnosis and suvmax uptake were found to be statistically
consistent as in subgroup (p=0.011 kappa=0.399). When we took PET-CT suvmax cut-off value
as 2.5, sensitivity uptake and specificity of PET were found in solid nodules, to be 68.4% and
93.1%, respectively. PPV was 86.7% and NPV was 82%. The sensitivity and specificity values of
subsolid subgroup were 70% and 75% respectively, whereas the PPVs and NPVs were 50% and
87.5%, respectively. Conclusion: In subsolid SPNs, as in BA, PET-CT seems to be more reliable
when used exclusively in malignancy exclusion. Although a significant suvmax cut-off value was
determined for malignancy, the PPV of PET-CT is lower than that of solid SPNs.
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which is identified as round or irregular opacity

A solid pulmonary nodul (SPN) is a homogeneous
soft-tissue attenuation at computed tomography
(CT) that covers the underlying vascular and
bronchial structures and which is identified
as round or irregular opacity with a mean axial
diameter of 0.3-3.0 cm." A subsolid pulmonary
nodule is a pure ground-glass or partially solid
attenuation at CT that does not cover entirely
the underlying bronchial and vascular structures

with a mean axial diameter of 0.3-3.0 cm." For
the first time, in 1986, Cummings et al., used
Bayesian theorem in determining the risk of
malignancy in solitary pulmonary nodules. In
order to determine the likelihood of malignancy,
they used 4 parameters i.e. age, smoking, lesion
diameter, and the malignancy prevalency of
solitary pulmonary nodules in the population.?
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The first recognized clinical application of PET-
CT was in the field of investigation of solitary
pulmonary nodules and lung cancers. PET is
a imaging method that works on the basis of
crystal detection of two opposite gamma rays
resulting from collision of electrons in the tissue
with positrons emitted from radionuclides such
as fluorodeoxyglucose (FDG). While PET collects
information about the body’s function with
radiopharmaceuticals, CT provides anatomical
details of normal and pathological tissues in
the body. The data obtained by combining both
devices are in the form of fusion images obtained
by overlapping PET images, CT images and
the both on the workstation. Thus, the increase
in intracellular enzymes (hexokinase and
phosphofructokinase) which provide glycolysis
in tumor cells, and the contrasting lowering rate
of dephosphorylation due to the decrease in
glucose-6-phosphatase enzyme activity resulting
in more glucose consumption than normal cells
is the basis of PET imaging by using FDG.?#

PET-CT has a sensitivity of 96.8% and a specificity
of 77% in the differential diagnosis of benign-
malignant SPN. However, in some types of
adenocarcinoma, false negativity in carcinoid
and tumors smaller than 1 cm may be observed,
false positivity may be seen in infectious and
inflammatory conditions.5¢ PET-CT is useful
for the differentiation of benign and malignant
nodules up to 1 cm. For nodules below 8-10
mm, evaluation with PET-CT should be avoided.
In addition, tumors with low metabolic activity
(eg, adenocarcinoma in situ, carcinoid, etc.)
may cause false negative results. Considering
the other causes of false negativity, preoperative
biopsy should be performed in patients with high
risk even if FDG-PET is negative. False positivity
may also be seen in SPN and mediastinum in
tuberculosis, endemic mycosis, sarcoidosis and
some other infectious or inflammatory diseases.
Therefore, biopsy materials remain to be the
gold standard for the final diagnosis of SPNs.”8
The aim of this study was to determine whether
Bayesian analysis predicts malignancy with
similar specificity and sensitivity values in both
subgroups of solitary pulmonary nodules and
to compare PET findings in solid and subsolid

subgroups of PET-CT-scanned solitary pulmonary
nodules.

BAYESIAN ANALYSIS (PROBABILITY OF THE
MALIGNANCY)

By evaluating clinical and radiological data
obtained from the patient, the likelihood ratio (LR)
and malignancy expectation (pCA) are calculated.
These calculations are made by a method
developed by the English mathematician Bayes.
Accordingly, the likelihood ratio is calculated
with the formula;

LR= Number of malignant single lung nodules
with finding a / Number of benign single lung
nodules with finding a. The fact that LR is 1.0
indicates a 50% probability, benign if less than
1.0, and a malignant single lung nodule if greater
than 1.0. Based on these characteristics, the
odds ratio (probability ratio) is calculated for
malignancy. The local malignancy prevalence
(LRprev) of the population should be known in
this calculation. Based on this, OddsCA (cancer
possibility) is found. LRprev= prevalence of
malignancy / 1- prevalence of malignancy
OddsCA= LRprev x LRa x LRb x LRc x ... PCA
(malignancy expectancy) is also calculated by
using the obtained OddsCA. pCA= OddsCA/1 +
OddsCA

METHODOLOGY

After obtaining the necessary ethics committee
approval for the study, 156 patients with solitary
pulmonary nodules and whose histopathological
diagnosis confirmed by FOB (Fiberoptic
Bronchoscopy) biopsy, transthoracic tru-cut
biopsy or surgical methods were evaluated
retrospectively. The patients had been followed up
and treated in Ankara Chest Diseases and Chest
Surgery Training and Research Hospital between
February 2013 and February 2016. Radiological
measurements and characteristics of nodules are
defined by the recommendations of “Fleischner
Society”.%° “Bayesian Analysis” consisting of 6
radiological and 4 clinical parameters was used
to determine the risk of malignancy of the patients
alongside with “SPN Calculator” available free of
charge on the www.chestx-ray.com website.'":1213
Age, smoking, hemoptysis and presence of
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previous extrathoracic malignancy in patiens
were evaluated. Nodules’ diameter, growth rate,
localization, contour, calcification pattern, wall
thickness for cavitary nodules were evaluated.
Also, the densities of the nodules were calculated
as “Hounsfield Unit” (HU). The suvmax of the
nodules of patients scanned with PET-CT were
calculated and included in the malignancy risk
analysis. Inclusion criteria was that the nodule be
single, its diameter be more than 5 mm, at least
two-thirds ofitbe surrounded by lung parenchyma,
not accompanied by mediastinal lymph node in
pathological dimension, presence of no nodular
atelectasis or obstructive pneumonia, the
absence of nodule-associated pleural fluid, the
patient previously be not diagnosed with lung
cancer, malignancy of patients with extrathoracic
malignancy be diagnosed more than 5 years
ago and the definitive histopathologic diagnosis
of nodules be made. Thorax CTs of the patients
included in the study were examined in thin
section (1mm) thickness as recommended by
“Fleischner Society. The false frosted glass image
that could occur in thick sections was excluded.
In this respect, it was decided that the nodules
were solid or subsolid (Figure-1a-1d). 1a. Frosted
glass- characterised nodule in right upper lobe
anterolateral 1b. Subsolid nodule due to the
frosted glass component on the posterolateral
1c. Solid nodules containing scattered air images
1d. The nodule that we evaluated in solid class,
with a halo sign around it, which is probably the
result of bleeding or edema. The diameters of
the nodules were measured in 2 dimensions in
the section where the nodule was the largest in
the transverse CT sections. The arithmetic mean
of the two measured values was determined as
the nodule diameter. The growth rates of nodules
were calculated only by thoracic CTs taken in
patients with nodule follow-up or in another
center by appropriate technique. Because the
volume of the sphere is 4 pi r3 /3, the time during
which an increase of about 26% in diameter of
the nodule occured was determined as volume
doubling time. The duration of doubling time, if
between 20-400 days, was evaluated as the rate
of malignant growth, and if less than 20 days or
more than 400 days, evaluated as benign growth
rate.'*'s The edge properties of the nodules were

evaluated in three categories: smooth, lobular or
irregular and spiculated contours. Calcification
patterns of nodules were evaluated in thorax
CT. Popcorn-shaped calcification, stratified like
onion skin, central and diffuse homogeneous
calcification patterns inside the nodule were
evaluated as benign calcification.

Mediastinum cross-sections of CTs were also
evaluated after thoracic CT scan of the patients
were categorized into solid and subsolid. The
densities of the nodules seen in the mediastinal
sections were calculated over multiple locations
of the nodule and and the average value was
taken. Parenchymal sections of nodules that
could not be seen in the mediastinal sections
were examined. Multiple measurements were
made on the most solid appearing hyperdense
areas of the nodules and the average value was
taken. The measured HU values were included
in the malignancy risk analysis and the values
above 15 HU were interpreted as malignancy.

While PET-CTs of patients with solitary pulmonary
nodes were included in Bayes’ risk analysis,
2.5 suvmax was determined as cutoff value for
malignancy. The values above 2.5, which the
PET-CT predicted as malignant and the values
below 2.5, which were predicted as benign by
PET-CT, were used to measure the value of PET-
CT in detecting the risk of malignancy both in
Bayesian analysis and alone. After all radiological
measurements and clinical evaluations of the
patients were completed, Bayesian analysis was
performed by means of sonra SPN Calculator.
As a result, the malignancy risks of a certain
percentage of the patients were calculated. The
general approach is to follow patients at risk of
less than 5%, to operate over 60%, while a biopsy
is recommended for between 5% and 60%. To
use these values in statistical analysis, Bayesian
analysis was evaluated as benign under 5%, as
malignant over 60% and as ambigous for values
between 5 % and 60 %.

Statistical Analysis

The data obtained in this study were analyzed
by SPSS 22.0 package program. ROC analysis,
Kappa compliance analysis, and Mann-Whitney
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U tests were used to analyze the data. 0.05 was
determined as significance level, if p <0.05 there
is a significant difference, if p> 0.05 there is no
significant difference.

RESULTS

43 (27.5%) of the patients were female and
113 (72.5%) were male. The mean age of the
patients was 59.8 years. 60.2% of male patients
and 51.5% of female patients with solid SPN
had malign histopathology. 73.3% of male
patients and 80% of females with subsolid
SPN were diagnosed malignant. A total of 138
patients were diagnosed surgically, 13 patients
diagnosed through transthoracic tru-cut biopsy
and 5 patients diagnosed through FOB biopsy.
In solid and subsolid groups, the relationship
between age and malignancy was significantly
increased in patients with solid SPN (p = 0.001),
whereas in elderly group the older patients
received more benign diagnosis. This result in
the subsolid group was not statistically significant
(p=0.302). When the patients included in the
study were divided into two groups as solid
and subsolid, the risk of malignancy increased
as the nodule diameters increased. While this
relationship was significant in solid nodules (p =
0.031), it was statistically insignificant in subsolid
nodules (p = 0.101). When the cutoff values of the
nodule diameters in both groups were examined
by ROC analysis in terms of malignancy, it was
calculated as 19.5 mm in solid nodules and
14.5 mm in subsolids. However, the area under
the curve in subsolid group was not statistically
significant. Of the 156 nodules, 84 were in the
right lung and 72 in the left lung. Of these, 76 were
located in the upper lobe, 75 in the lower lobe and
5 in the middle lobe. Of the nodules located in the
upper lobe, 48 were malignant histopathology.
46 of the lower lobe nodules were malignant.
Of the middle lobe nodules, 3 were malignant.
There was no significant difference between
the location of nodules and malignancy (p>
0.05). Densities of the nodules of patients were
calculated in terms of Hounsfield Unit based on
the thin-sectioned thorax computed tomographs
suitable for technical measuring. ROC analysis
was performed to determine a significant cutoff
value for malignancy. 28.5 HU was calculated as

cut off value for malignancy. However, the area
under the curve was not statistically significant
(p> 0.05). When the histopathological diagnosis
of the patients included in the study were divided
into 2 subgroups as malignant and benign,
malignant diagnosis were adenocarcinoma
in 55 patients, primary lung squamous cell
carcinoma in 17 patients. The diagnosis of 3
patients was adenosquamous cell carcinoma.
Five of the patients were diagnosed as metastatic
nodules. Metastases were renal cell carcinoma,
breast carcinoma, follicular thyroid carcinoma,
endometrial stromal sarcoma metastasis and
trophoblastic tumor metastasis. One patient
was diagnosed as large cell carcinoma and 2
patients were diagnosed as small cell carcinoma.
Schwannoma and malignant neuroendocrine
tumors were diagnosed in two different
patients. Of the 5 patients with carcinoid tumor
histopathology, 3 had typical carcinoid and 2
had atypical carcinoid. As lower-grade malignant
formations, one patient was diagnosed with
solitary fibrous tumor, one patient with epithelioid
hemangioendothelioma and 2 patients with
sclerosing hemangioma. One of our patients
was diagnosed with atypical adenomatous
hyperplasia as a precancerous lesion. In our
benign patient subgroup, 21 patients were
diagnosed with hamartoma.

Histopathology of 7 patients was reported as
anthracotic lung parenchyma. Granulomatous
inflammation in 5 patients, organized pneumonia
in 5 patients, fibrotic changes in 3 patients,
bronchiolitis in 2 patients and ischemic necrosis
and abscess diagnosis in two different patients
were present. 2 patients had intraparenchymal
lymphnode, 2 patients had dystrophic calcification,
1 patient had rheumatoid nodule, 1 patient had
silicotic nodule and 1 patient had interstitial
pneumonia and endothelial proliferation, of which
significance could not be determined. Kappa
compliance analysis was performed in the way
that the Bayesian analysis results obtained from
the clinical and radiological parameters of the
patients included in the materials and methods
of the study were compared with the definitive
histopathological diagnosis of solid and sub
solid patients. Bayesian analysis was statistically
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significantly found to be consistent with definitive
diagnosis in Kappa compliance analysis in solid
nodules (p <0.005 kappa = 0.604) (Table-l).
Kappa compliance analysis performed with
definite diagnosis and Bayesian analysis in
solid nodules Bayesian analysis was statistically
significantly found to be consistent with definitive
diagnosis in Kappa compliance analysis in non
solid nodules as well (p = 0.023 kappa = 0.358)
(Table-1l). Kappa compliance analysis performed
with definite diagnosis and Bayesian analysis
in subsolid nodules. The sensitivity of Bayes
analysis in solid and subsolid nodules was 63.6%
and 80%, respectively, while their specificity
was 93.4% and 73%, respectively. Positive
predictive values were found to be 84% in solid
nodules and 36% in subsolid nodules. Negative
predictive values were calculated as 83% in solid

nodules and 95% in subsolid nodules. In the
patients with SPN included in our study, Kappa
compliance analysis was performed separately
in the solid and subsolid subgroups of patients
who underwent PET-CT. When the cut-off value of
Kappa compliance analysis in solid nodules was
taken 2.5, definitive diagnosis and suvmax uptake
were found to be statistically consistent (p <0.005
kappa = 0.638) (Table-lll). Kappa compliance
analysis between PET-CT suvmax and definitive
diagnosis of solid nodules. When the cut-off value
of Kappa compliance analysis in subsolid nodules
was taken to be 2,5 as malignancy value, definitive
diagnosis and suvmax uptake were found to be
statistically consistent as in subgroup (p=0.011
kappa=0.399) (Table-IV). Kappa compliance
analysis between PET-CT suvmax and definitive
diagnosis of subsolid nodules.

Bayesian Analysis Results

Definitive Histopathologic Diagnosis

Solid
Benign Malign
21 4
Benign 84.0% 16.0%
63.6% 6.6%
12 57
Malign 17.4% 82.6%
36.4% 93.4%
33 61
Total 35.1% 64.9%
100.0% 100.0%

Total Kappa P

25
100.0%
26.6%
69
100.0%
73.4%
94
100.0%
100.0%

0.604 0.000

Table-l. Kappa compliance analysis performed with definite diagnosis and Bayesian analysis in solid nodules

Bayesian Analysis Results

. Definitive Histopathologic Diagnosis
Subsolid

Benign Malign
4 7
Benign 36.4% 63.6%
80.0% 26.9%
1 19
Malign 5.0% 95.0%
20.0% 73.1%
5 26
Total 16.1% 83.9%
100.0% 100.0%

Total Kappa P

11
100.0%
35.5%
20
100.0%
64.5%
31
100.0%
100.0%

0.358 0.023

Table-Il. Kappa compliance analysis performed with definite diagnosis and Bayesian analysis in subsolid nodules
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PET-CT Suvmax Values

Definitive Histopathologic Diagnosis

Solid : -
Benign Malign
26 4
Benign 86.7% 13.3%
68.4% 6.9%
12 54
Malign 18.2% 81.8%
31.6% 93.1%
38 58
Total 39.6% 60.4%
100.0% 100.0%

Total Kappa P

30
100.0%
31.3%
66
100.0%
68.8%
96
100.0%
100.0%

0.638 0.000

Table-lll. Kappa compliance analysis between PET-CT suvmax and definitive diagnosis of solid nodules

PET-CT Suvmax Values

Definitive Histopathologic Diagnosis

Subsolid . .
Benign Malign
7 7
Benign 50.0% 50.0%
70.0% 25.0%
3 21
Malign 12.5% 87.5%
30.0% 75.0%
10 28
Total 26.3% 73.7%
100.0% 100.0%

Total Kappa P

14
100.0%
36.8%
24
100.0%
63.2%
38
100.0%
100.0%

0.399 0.011

Table-IV. Kappa compliance analysis between PET-CT suvmax and definitive diagnosis of subsolid nodules

When we took PET-CT suvmax cut-off value as
2.5, sensitivity uptake and specificity of PET are
found in solid nodules, to be 68.4% and 93.1%,
respectively. Positive predictive value was 6.7%
and negative predictive value was 82%. The
sensitivity and specificity values of subsolid
subgroupwere 70%and75%respectively, whereas
the positive predictive and negative predictive
values were 50% and 87.5%, respectively. When
we divided the patients included in the study into
solid and subsolid subgroups, the cut-off value
of solid nodules was found to be 3.01 when we
separately performed ROC analysis for PET-
BT suvmax uptake in terms of malignancy. The
area under the curve appears to be statistically
significant (p = 0.0001) (Figure-2). ROC analysis
of PET-CT uptake in solid nodules for malignancy.

In the subsolid subgroup the cut-off value was

obtained as 2.73. The area under the curve is
statistically significant (p = 0.006).

(Figure-3). ROC analysis of PET-CT uptake in
subsolid nodules for malignancy.

Figure-1a-1d.
1a. Frosted glass- characterised nodule in right
upper lobe anterolateral.

1b. Subsolid nodule due to the frosted glass
component on the posterolateral.

1c. Solid nodules containing scattered airimages.
1d. The nodule that we evaluated in solid class,

with a halo sign around it, which is probably
the result of bleeding or edema.
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Figure-2. ROC analysis of PET-CT uptake in solid
nodules for malignancy
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Figure-3. ROC analysis of PET-CT uptake in subsolid
nodules for malignancy

DISCUSSION

In the United States, 150.000 new pulmonary
nodules are diagnosed annually. According to
the National Lung Screening Program published
in 2011, the use of CT for screening purposes
increases this rate.'®'”

Gurney et al. demonstrated that for the solitary
pulmonary nodules, they can be combined with
Bayesian analysis by using the likelihood ratios
determined in the literature. They developed a
theory using 15 radiological parameters and 4
clinical parameters among the 15 malignancy
findings and 19 benign findings in the literature
and, they applied it on 66 patients in another
study. They determined the most important
radiological risks for malignant nodules as
wall thickness, spicular contour and lesion size
for cavitary lesions and as benign character
growth rate and benign character calcification
for benign nodules." In the study of Swensen et
al., it was aimed to determine the independent
malignancy predictors in SPNs. Various clinical
and radiological parameters, clinically, age,
sex, smoking, extrathoracic malignancy history,
asbestos exposure, presence of interstitial
lung disease, presence of chronic obstructive
pulmonary disease and radiologically, lesion
diameter, localization, contour, cavitary wall
diameter and presence and shape of calcification,
were studied in 2/3 of the patients, were tested
on 1/3 of them. Age, smoking and cancer history
were independent clinical malignancy predictors,
while lesion diameter, upper lobe localization and
spicule contour were independent radiological
predictors.'?

In the study of Soardi et al., a new Bayesian
calculator was aimed for solid solitary pulmonary
nodules and radiological and clinical risks were
updated for benign malignant differentiation.
According to this study, Bayesian analysis is very
successful in characterizing solitary pulmonary
nodules, it is quite successful in predicting the
volume doubling time-VDT of malignancy. VDT
between 25 and 400 days is a risk for malignancy.
In addition, VDT, nodule size, morphology,
density were found to be the best malignancy
predictors.’ This calculator, which is thought to
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be more specific and sensitive for solid solitary
pulmonary nodules, including Bayesian analysis,
gave us the idea that in the first detection of
nodules, the nodule should be determined to be
solid or subsolid (pure frosted glass and semisolid
nodules.” In accordance with this information in
the literature, patients with malignant subsolid
nodules are more likely to be younger, non-
smoker and to have radiologically lower-density
nodules. In our study, adenocarcinoma was
diagnosed in 28 of 40 subsolid SPNs and we
had a patient with subsolid nodules with atypical
adenomatous hyperplasia. Therefore, when SPN
is detected in one patient, If we want to calculate
the risk of malignancy in the initial diagnosis, we
should consider that there are some differences
in risk factors in solid and subsolid SPNs. In our
study, subsolid patient group consisted of 40
people and solid group consisted of 116 people.
Bayesian analysis was performed for all patients.
But all the risk factors of all patients could not be
reached. The Bayesian Analysis was performed
only with accessible risk factors of the patients.
Risk factors reached in patients number large
enough to be studied statistically were studied
separately from the Bayesian Analysis. These
were compared statistically in the subgroups of
solid and subsolid patients. The average age of
men in our study, as stated in the findings, was
higher than the female population. Our male
population was higher in both subgroups. While
the percentage of malignancy in males was
higher in the solid subgroup, the percentage of
malignancy in females was higher in subsolid
subgroup.

The highest prevalence of malignancy was 80%
and it belonged to women with subsolid SPN.
The lowest prevalence of malignancy was 51.5%
and belonged to women with solid SPN. The
malignancy rate in our entire male population
was higher than the one in our entire female
population. In solid SPNs, as age increases,
malignancy significantly increases (p <0.05).
However, as age increases in subsolid SPNs, the
likelihood of malignant diagnosis of the nodule
decreases. Since the number of our subsolid
SPN patient population was small, this data
was not statistically significant (p> 0.05). When

the diameter of all SPNs were measured, as the
nodule diameter increased in the solid subgroup,
the malignancy rate increased significantly, while
the subsolid subgroup showed an increase in
the malignancy rate as the nodule diameter
increased but this was not statistically significant
and this was attributed to the low number of
samples in subsolid group (p> 0.05). While in
the literature, it was reported that malignancy
was significantly increased after 20 mm nodule
diameter for all SPNs.'®2° |n our study, the cut-off
value calculated for solid SPNs was found to be
19.5 mm. This data supports the literature. The
cut-off value for the subsolid SPNs was calculated
as 14.5 mm (p> 0.05). The fact that this data was
not statistically significant was attributed to the
insufficient number of subsolid SPNs. There was
no significant difference between the location of
the nodules of the patients involved in the study
and the risk of malignancy in the lung (p> 0.05).
When we look at the literature, it is said that
the nodules located in the upper lobe are more
malignant and this is attributed to the easier
access of the inhaled carcinogens to the upper
lobes. 2!

CT density of 59 patients from solid SPNs and
30 patients from subsolid SPNs were able to
be measured in the HU. The mean value for
malignant nodules was 36.7 HU in the solid
subgroup and 30.8 HU in benign nodules when
analyzed separately for malignancy. The mean
value of malignant nodules was -29.4 HU in
subsolid subgroups and -97.4 HU for benign
nodules. However, the density of CT was not
significant in terms of malignancy in niether
solid or subsolid subgroups (p> 0.05). ROC
analysis was performed for all nodules in relation
to malignancy of the HU on CT. In terms of
malignancy, cutoff value was calculated as 28,5
HU. However, the area under the curve was not
statistically significant (p> 0.05). When we look
at the literature, it is seen that the values above
15 HU are found to be significant in terms of
malignancy.?’ When we look at the subsolid
malignant subgroup of our study, we see that
the average value of the HU is even below zero.
In addition, almost half of the solid subgroup
could not be reliably measured due to technical
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reasons. A significant cut-off value was not found
since the number of solid and subsolid samples
whose density was measurable was close to each
other and the difference between the subsolid
malignant and the average HU values of the solid
malignancies was high. Nevertheless, as the HU
levels increased in both the solid and subsolid
subgroups, the malignancy increased (p> 0.05).
In the study titled 'Road Map in Lung Cancer
“published in February 2016 with the contributions
of Turkish Thoracic Society, while the most
common primary lung cancer in our country was
identified as a subcellular non-squamous cell
carcinoma subtype, when the histopathology of
the patients included in our study was examined;
adenocarcinoma was the most malignant
histopathology. The most common benign
histopathology was hamartoma, supporting the
literature.?? Based on the data that constitute the
basis of our study, Bayesian analysis data; kappa
compliance analyzes were significant in both the
solid and subsolid subgroups (p <0.05). In other
words, the Bayesian analysis data and therefore
the likelihood ratios, which are the basis of the
SPN."2 Calculator application, which can be
accessed free of charge at www.chestx-ray.com,
at first sight, seem to be successful in detecting
the likelihood of malignancy in the initial detection
of SPN for both solid and subsolid nodules. When
we compare the solid and subsolid subgroups,
however, we see that p value is lower (p = 0,000)
for solid subgroup. The positive and negative
predictive values of Bayesian analysis in solid
nodules were similarly found to be 84% and 83%,
respectively, and 36% and 95%, respectively. In
other words, when we detect a subsolid SPN, If
the value obtained by calculating the probability
of malignancy by Bayesian analysis is below 5%,
this nodule is not malignant with a probability
of 95%. But if the value obtained as a result of
Bayesian analysis is over 60%, the probability of
being malignant for this subsolid nodule is as low
as 36%. In this case, although Bayesian analysis
in subsolid SPNs seems to be statistically
compatible in predicting malignancy, it is
statistically more reliable to use Bayesian analysis
only for malignancy exclusion in subsolid SPNs.
For solid SPNs, Bayesian analysis was found to
be successful in both predicting and excluding

malignancy. The reason for this is thought to be
the fact that the likelihood ratios and 10-parameter
Bayesian analysis data are included in the study
without classifying nodules as solid and subsolid.
However, patients with subsolid malignant SPNs
can be younger, non-smoker or light smoker
because of the clinical and radiological features
of adenocarcinoma; radiologically, the nodules
may have lower densities and a much longer
doubling time and can be found in the upper lobe
or lower lobe regardless of the exposure of the
carcinogens. Also, PET-CT uptake may be lower.
In the literature, likelihood ratios and Bayesian
analysis data calculated exclusively for subsolid
SPN does not exist. The Bayesian analysis data in
the current literature seem to be quite successful,
considering only benign causes in subsolid
SPNs. However, since most of the malignant
causes in subsolid SPNs are adenocarcinomas
(In our study, 29 of 40 subsolid nodules were
diagnosed as malignant and 28 of them were
adenocarcinoma and 27 of 28 were primary lung
adenocarcinoma) Bayesian analysis is poor in
predicting malignancy in subsolid SPNs.

Because we had expected to get close results
when planning our study, We planned to study
the different likelihood rates for malignancy for
subsolid SPNs and for different radiological
or clinical risk factors (eg. solid/ frosted glass
ratio ) for Bayesian analysis.However, We only
reached too few subsolid SPNs to be statistically
meaningful. In this respect, this thesis can be the
first step to a larger study. When we look at the
PET-CT findings which is also a basis for our study,
we see similar results to Bayesian analysis. When
PET-BT suvmax cut-off value for malignancy was
taken as 2.5, Kappa compliance analysis between
both solid and subsolid SPNs and PET-BT suvmax
uptake is significant (p <0.05). However, as in
Bayesian analysis, the negative predictive value
for subsolid SPNs is higher than the positive
predictive value (NPV: 87.5% PPV: 50%). On the
other hand, the negative predictive value was
found to be 82% and the positive predictive value
was 86.7% in solid SPNs. As reported by Chun et
al. In the literature, paradoxically, suvmax value
in subsolid nodules is higher in inflammatory
nodules compared to malignant nodules. Again,
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in the study of Tsushima et al., values above
1.5 SUVs (standardized uptake value) suggest
benign pathology in SPNs which are subsolid on
PET-CT. This data makes the value and the status
of PET-CT controversial in subsolid nodules.?® In
our study however, uptakes below 2,5 in subsolid
SPNs suggest a significant benign pathology.
However, the detection rate for malignancy
remains above 50% in uptake above 2,5. In
subsolid SPNs, as in Bayesian analysis, PET-CT
seems to be more reliable when used exclusively
in malignancy exclusion. ROC analysis, made
separately in solid and subsolid SPNs for PET-
CT suvmax in respect to malignancy, showed
significant results. The cut-off value for the solid
subgroup was 3.01 (p = 0.0001) and the cut-off
value for subsolid subgroup was 2.73 (p = 0.006).
In the initial detection of subsolid SPNs, while
the decision to follow subsolid SPNs is safely
possible with PET-BT and Bayesian analysis, it
is not correct to decide on an operation with a
preliminary diagnosis of malignancy in order to
avoid morbidity and mortality.

Also, considering that the vast majority of
subsolid SPNs are caused by adenocarcinomas,
due to longer doubling times compared to other
malignancies it is easier for the physician to take
the decision “to follow the patient.” However, as
already mentioned, when patients are informed
of “a stain” in the lung, they associate it with
lung cancer.”” Following a patient in that mood
for 3-4 years will not be very easy neither for the
physician nor for the patient. For these reasons,
new methods are needed to reliably calculate
the likelihood of malignancy, especially at the
initial detection of subsolid SPNs. Bayesian
analysis seems useful in this regard, but new risk
factors for subsolid nodules should be defined
and likelihood rates should be calculated in
large patient groups and as Gurney did in all
nodules, it should be confirmed with a second
study on a different patient population. Although
the biopsy is recommended for those who are
estimated to be between 5% and 60% in Bayesian
malignancy risk analysis, the location and size
of the nodule from a technical point of view and
the experience of the practitioner sometimes
complicate the biopsy. Possible positive results in

terms of malignancy will often lead us to curative
surgery. Negative results, on the other hand,
can not convince the physician who followed
the patient that the nodule is benign, and the
nodule continues to be monitored. While these
situations are a completely separate subject of
research including physicians and patients, they
are also clinical experiences that should be taken
into consideration. The findings in the literature
regarding the PET-CT findings of subsolid
SPNs are controversial. In our study, although a
significant suvmax cut-off value was determined
for malignancy, the positive predictive value of
PET-CT is lower than that of solid SPNs. For this
reason, when we detected a subsolid SPN with
suvmax uptake above 2.5, it is not reliable to
evaluate this nodule to be malignant as did in the
solid subgroup.

CONCLUSION

In subsolid SPNs, as in BA, PET-CT seems to be
more reliable when used exclusively in malignancy
exclusion. Although a significant suvmax cut-off
value was determined for malignancy, the PPV of
PET-CT is lower than that of solid SPNs.
Copyright© 24 July, 2019.
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