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Abstract

Background:  It  is critical  to  developing  an  accurate  method  for  differentiating  between  malig-

nant and benign  solitary  pulmonary  nodules.  This  study  aimed  was  to  establish  a  predicting

model of  lung  nodules  malignancy  in a  real-world  setting.

Methods:  The  authors  retrospectively  analysed  the  clinical  and  computed  tomography  (CT)

data of  121  patients  with  lung  nodules,  submitted  to  percutaneous  CT-guided  transthoracic

biopsy,  between  2014  and  2015.  Multiple  logistic  regression  was  used  to  screen  independent

predictors  for  malignancy  and  to  establish  a  clinical  prediction  model  to  evaluate  the  probability

of malignancy.

Results:  From  a  total  of 121  patients,  75  (62%)  were  men  and with  a  mean  age of  64.7  years

old. Multivariate  logistic  regression  analysis  identified  six  independent  predictors  of  malignancy:

age, gender,  smoking  status,  current  extra-pulmonary  cancer,  air bronchogram  and  nodule  size

(p<0.05).  The  area  under  the  curve  (AUC)  was  0.8573.

Conclusions:  The  prediction  model  established  in  this study  can  be used  to  assess  the  probability

of malignancy  in  the  Portuguese  population,  thereby  providing  help  for  the  diagnosis  of  lung

nodules and the selection  of follow-up  interventions.
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Introduction

Pulmonary  nodules  are a  common  finding  on  chest  computed
tomography  (CT)  and present  as  a challenge  to  clinicians.
The  majority  are  not malignant  and usually  have no  clin-
ical  significance.1---4 Fleischner  guidelines5 pertain  to  the
follow-up  and  management  of  pulmonary  nodules  detected
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incidentally  on chest  CT. However,  their  malignant  potential
is  mostly  unknown  at the  time  of  detection.

Lung  cancer  is  the most  significant  cause  of death  from
cancer  in  the  world.  It is usually  diagnosed  in an advanced
stage,  resulting  in a 5-year  survival  rate  of  17.4%.6 Its
complexity  from  both  histopathological  and biological  per-
spectives,  perhaps  having  multiple  preneoplastic  pathways,
poses  an  enormous  challenge  for  an early  diagnosis.7 Thus,
to  reduce  the  mortality  rate,  the  ideal  would  be  develop-
ing  strategies  to  diagnose  lesions  in the pre-invasive  state.
In  2011,  the  National  Lung  Screening  Trial  (NLST)  showed  a
reduction  in lung  cancer  mortality  of  26%  in men,  39---61%
in  women  and 20%  globally,  for  annual  screening  with  low-
dose  CT  scanning,  compared  with  no  screening  or  with
chest  radiography.1 The  recent  publication  of  the Dutch-
Belgian  Randomized  Lung  Cancer  Screening  (Nelson)  Trial,  a
population-based  randomized  controlled  trial,  showed  that
volume  low-dose  CT screening  had  lower  lung  cancer  mor-
tality  than  no  screening,  in  high-risk  patients.8 However,
the main  challenge  in CT  screening  is  the high  prevalence
of  pulmonary  nodules  and  the relatively  low incidence  of
lung  cancer.1---5 Several  studies  have shown  that  the most
important  predictors  of  malignancy  for  pulmonary  nodules
include  size,  appearance  and  growth  rate  (volume  doubling
time  <400  days),  patient’s  age,  smoking  and  extrapulmonary
tumour  history.9---15 Although  those  factors  are supported  by
clinical  experience,  they  do not  seem  to  be  enough  to  choose
a  course  of  action.5,10,12,16,17

Sometimes  the  question  is  raised:  what  is  the best clinical
guidance  after  identification  of  a  pulmonary  nodule?  Percu-
taneous  CT-guided  transthoracic  biopsy  is  frequently  used
for the  diagnosis  of  lung  nodules,  particularly  for periph-
eral  or  bronchoscopic  inaccessible  lung  lesions.18,19 Although
an  effective  approach  in experienced  hands,  it has  limi-
tations  with  smaller  nodules  and ground-glass  lesions  and,
a  considerable  complication  rate  (pneumothorax  range  for
4---40%  and  1---7%  for  haemoptysis).18,20---22 On the other  hand,
choosing  a  follow-up  strategy  increases  stress  and exposure
to  radiation  from  numerous  CT  scans and  allows  possibly
malignant  nodules  to  evolve,  delaying  cancer  diagnosis  and
treatment.9,23 Consequently,  clinicians  must  carefully  weigh
up  whether  the risk  of  cancer  of  a lung  nodule  justifies  the
potential  harm  of  a  biopsy.

Objectives

In this  paper,  the  authors  aimed  to  define  which  clinical  and
radiological  characteristics  could  suggest  malignancy,  in a
real-world  setting,  and therefore  better  correlate  with  the
decision  for  a  biopsy.  Finally,  the authors  built  a model  to
assist  in  the  decision-making  process  for  an invasive  diagno-
sis.

Methods

Study  population

Study  cohort  included  patients  who  underwent  percuta-
neous  CT-guided  transthoracic  biopsy  for  one  year,  at Centro
Hospitalar  Universitário  de  São  João  (Porto,  Portugal).  Only
cases  where  the  biopsy  target  was  less  than  3  cm  diameters

in  initial  CT evaluation  were  included.  Patients  with  a  clini-
cal  record  of  interstitial  lung  disease  were  excluded.  Written
informed  consent,  before  the chest  CT  biopsy,  was  obtained
from  all  patients.

The  study  was  approved  by Centro  Hospitalar  Univer-
sitário  de São  João  Ethics  Committee.

Data collection

Clinical  and  socio-demographic  data  were  collected  from
patients’  electronic  records.  The  data  included  age,  sex,
smoking  status (non-smoker,  active  smoker and  former
smoker),  symptoms  at detection  and history  of  tubercu-
losis.  Cancer  history  was  also  considered,  divided  into
pulmonary  and  extra-pulmonary  tumours,  and  subsequently
into  current  or  previous  illness.  Other  medical  backgrounds,
like  chronic  obstructive  pulmonary  disease,  bronchiectasis,
obstructive  sleep apnoea  syndrome,  pulmonary  aspergillo-
sis,  was  also  recorded.  Later,  the  histologic  result  was
documented.

Chest  CT  analysis

Chest  CT-scan  were  obtained  from  the  hospital’s  elec-
tronic  records  and analyzed  by  two  Radiology  assistants
with  more  than  15  years  of  experience.  The  biopsy  CT-scan
was  assessed,  retrospectively,  for tumour  characteristics
by  a first  Radiologist,  who  was  blinded  to  the  clinical  and
histological  findings.  The  cases  were  later  reviewed  and
approved  by  a second  Radiologist.  Radiological  features
recorded  included  the tumour  shape  (round,  ovoid,  bilobed
or  irregular),  sphericity  and  attenuation  (pure ground  glass,
semisolid  or  solid),  tumour  location  (central  or  periph-
eral),  margins  (smooth,  spiculated  or  lobulated),  presence
of  internal  air bronchogram,  cavitation,  single  nodule  and
pleural  contact.  The  size was  obtained  from  the first  CT
available.  Measurements  were  made  to  the  nearest  cen-
timetre  using  manually  placed  computer  electronic  callipers
considering  the nodule  biggest  axis.

Statistical  analysis

Categorical  variables  are presented  as  frequencies  and
percentages  and  were  compared  with  the use  of  the Chi-
square  test.  Continuous  variables  are presented  as  means
and  standard  deviations  and  were  compared  with  the use
of  the t-test.  The  interaction  of these  variables  with  the
biopsy  result  was  expressed  as  risk  ratios  (RRs).  A logistic
regression  model  was  constructed  to  assess  the  associ-
ation  between  the outcome  (benign/malignant)  and the
pre-biopsy  characteristics.  Individual  malignancy  probabil-
ity  could  be obtained  by  getting  the sum  of  the products
of  the  coefficient  of  each  independent  variable  (ˇ1 − n)
included  in the  logistic  model  and  their  code  (X1 −  n) ---
according  to  the table  score  ---  and  replacing  it  in  the for-
mula:

1

1 +  e−(Constant  −
∑

(ˇ1X1 +  ˇ2X2 +  · · ·ˇnXn))
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Odds  ratio  (OR)  and  95%  confidence  interval  (CI)  were
calculated  for  the  model  variables.  The  significance  level
was  set  at  p < 0.05  (two-sided).  IBM  SPSS  Statistics  24,  STATA
Statistical  Data  Analysis  9.0  and  BiostatXL  MIX  2.0  were  used
to  compute  all  these  estimates.

Results

During  the  study  period,  121 patients  were  eligible.  The
mean  age  was  64.7  ±  12.3  years,  and  75  (62%)  of  the
patients  were  male.  The  majority  (84.5%)  were  discovered
by  accident.  Table  1  shows  the patients’  demographic  and
clinical  characteristics.  Malignant  nodules  were  observed
in  sixty-four  (53%)  patients.  The  majority  of  those  were
lung  adenocarcinoma  (n = 35,  54.7%).  Other  malignancies
included  carcinoid  tumour  (n  =  11,  17.2%),  extrathoracic
tumours  (n = 7, 11%),  squamous-cell  carcinoma  (n  =  4,  6.3%),
large-cell  carcinoma  (n = 2, 3.1%),  small-cell  lung  carcinoma
(n  = 2,  3.1%),  lymphoma  (n  =  2, 3.1%)  and  adenosquamous
carcinoma  (n =  1, 1.6%).  Twenty-three  (40.4%)  patients,  with
benign  lung nodules,  had no  specific  diagnosis  (histology  with
no  signs  of  malignancy),  and  the  remainder  included  chon-
droid  hamartoma  (n = 13,  22.8%),  benign  neoplasms  (n  = 11,
19.1%)  and  infectious  process  (n = 10,  17.5%).

Patients  with  malignant  nodules  were  significantly  older
than  patients  with  benign  nodules  (≥70  years:  64.6%  vs.
35.4%,  p  = 0.037,  RR  =  1.43)  and  more  likely  to  have  cur-
rent  extra-pulmonary  cancer  (81.3%  vs. 18.8%;  p =  0.015,
RR  = 1.64);  however,  these association  were  not identi-
fied  in  the  previous  history  of  extra-pulmonary  cancer.
Radiological  characteristics  were identified  with  significant
associations  between  malignancy  and  a  central  location
(p  =  0.008,  RR  = 1.85),  lobulated  (p  =  0.012,  RR  = 1.54)  and
spiculated  (p = 0.025,  RR  =  1.48)  margins,  air  bronchogram
(p =  0.014,  RR  =  1.73),  pleural  contact  (p  =  0.003,  RR  = 1.68),
size (p  <  0.001).  Neither  the shape,  predominant  margins,
calcification,  single  nodule  nor  attenuation  differences  were
statistically  associated  with  a  malignant  nodule.  Table  1  and
Fig.  2  show  the  interaction  between  some  of the  patients’
clinical  and  radiological  characteristics  and  the  final  biopsy
result.

Clinical  and  radiological  characteristics  were  then
used  to build  a  logistic  model  to  predict  the probability
of  nodule  malignancy.  Of  those, age,  gender,  smoking
status,  current  extra-pulmonary  cancer,  nodule  size  and
presence  of air bronchogram  were  independent  risk
factors  for  malignancy  (Table  2). Patients  ≥70  years
old  (OR  4.77;  95%  CI:  1.65---13.76)  and  female  patients
(OR  6.51;  95%CI:  1.50---28.10),  for  instance,  were  more
likely  to have  malignant  nodules.  The  likelihood  of
malignancy  also  increased  with  every  1-mm  increase  in
diameter  (OR  1.25;  95%  CI:  1.12---1.38).  The  clinical  predic-
tion  model  is  described  as  follow:  −8.61  +  (1.56  × Age
Category)  +  (1.87  × Gender) +  (1.26  × Smoking  Sta-

tus)  +  (1.28  ×  Current  ExtraPulmonary  Cancer)  +  (1.27  × Air

Bronchogram)  +  (0.22  ×  Nodule  Size)---Fig.  1  and  Table  3.
Thus,  for  example,  the probability  of  a 60  year-old  male

patient,  active  smoker,  with  no  current  extra-pulmonary
cancer  and  a  10  mm  nodule  with  air  bronchogram,  hav-
ing  a  malignant  nodule  could  be  computed  by:  −8.61
+  (1.56  ×  0)  +  (1.87  ×  1)  +  (1.26  ×  1) +  (1.28  ×  0) + (1.27  ×  1)

+ (0.22  ×  10)  =  −2.01 which  indicates  a  low  probability  of
malignancy  -2.5  to  27%.  However,  a ≥70 year-old  female
patient,  former  smoker,  with  no  current  extra-pulmonary
cancer  and with  a  15  mm nodule  with  air  bronchogram:
−8.61  +  (1.56  ×  1) +  (1.87  ×  2)  +  (1.26  ×  0)  + (1.28  ×  0)
+  (1.27  ×  1) +  (0.22  ×  15)  =  6.04  has  a malignancy  probability
of  87  to 99%.

The  accuracy  of the  final  model  was  good,  with  an
area  under the  curve  (AUC)  of  0.8573.  Its  sensitivity  was
78%,  specificity  was  85%,  the  positive  predictive  value
was  85.2%,  and the  negative  predictive  value  was  78%
(Supplementary  material). The  area under  ROC  curve  of
our  model  [AUC  = 0.8573  (95%  CI,  0.778---0.919)]  was  signi-
ficantly  higher  than  the Brock  model  [AUC  =  0.7384  (95%  CI,
0.646---0.813)],  p = 0.005.  ROC  curve  of  our  proposed  model
and  the  Brock  model  are  displayed  in Fig.  3.

Discussion

The  authors  investigated  a sample  of  121 Portuguese
patients  to  establish  which  characteristics  would  identify
a malignant  lung  nodule.  The  final  model  identified  four
clinical  indicators  (age,  gender,  smoking  status  and  current
extra-pulmonary  cancer)  and  two  imaging  indices  (maxi-
mum  nodule  diameter  and  presence  of air  bronchogram)
relevant  to  estimating  the probability  of  malignancy  and
help  guide  follow-up  decision.  For the  most  part,  these
findings  were  consistent  with  previous  studies.  Older
age,10,16,24---26 gender,27 smoking  history10,24---27 and  maximum
nodule  diameter10,16,24---26,28 were  already  referred  to  as  lung
cancer  predictors.  Furthermore,  this study  identified  air
bronchogram  and current  extra-pulmonary  cancer  as  rele-
vant  in  the decision-making  process.  In contrast  to  the BTS
guidelines,15 which  recommends  the application  of  the Brock
model,17 our  study  did  not  find  the presence  of  spiculation
or  a  predominant  spiculated  margin  and part-solid  nodules
to  be relevant  in  estimating  the  probability  of  malignancy.

The  need  to  distinguish  benign  and  malignant  nodules
makes  the  clinical  management  of pulmonary  nodules  chal-
lenging.  The  first  recommendations,  as a standard  practice,
regarded  all noncalcified  pulmonary  nodules  as  potentially
malignant  lesions,  requiring  follow-up  CT  screening,  until
proven  stable,  for  a period  of  2  years.29,30 Later,  the  2017
Fleischner  Society  Guidelines5 increased  the size  threshold
for  routine follow-up  of  solid  nodules  to  6 mm,  because  of
data  from  several  screening  trials  which indicated  that the
risk  of lung  cancer  in nodules  <6  mm is  considerably  less  than
1%,  even  in patients  at high-risk.  However,  these individ-
uals  may  warrant  follow-up  at 12  months,  if they  have a
suspicious  morphology,  upper  lobe location,  or  both.  Solid
nodules  measuring  6---8  mm in patients  with  low clinical  risk
are recommended  for follow-up  at 6---12 months,  extending
to  24  months  depending  on  morphology  and  if stability  is
uncertain.  In high-risk  patients,  the initial follow-up  exami-
nation  is  at  6---12 months  and always  extends  to  24  months.
For  nodules  larger  than  8  mm  in diameter,  both  invasive
and  non-invasive  management  options  are included.  Despite
these  recommendations,  some  studies31---33 have  shown  that
the  management  of  pulmonary  nodules  does  not always
receive  follow-up  concordant  with  Fleischner  Society  Guide-
lines.
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Table  1  Clinical  data  description  and  relationship  between  these  and  final  biopsy  results;  TB ---  tuberculosis.

Population  characteristics  Total,  n  (%)  Malignant

Nodule,  n  (%)

Benign  Nodule,

n  (%)

Missing,  n  (%)  p  Value

Age  0.037

<70 years  73  (60.3)  33  (45.2)  40  (54.8)

≥70 years  48  (39.7)  31  (64.6)  17  (35.4)

Gender 0.531

Male 75  (62)  38  (50.7)  37  (49.3)

Female 46  (38)  26  (56.5)  20  (43.5)

Smoking status  5  (4.1)  0.505

Not smoker 39  (33.6)  21  (53.8)  18  (46.2)

Current smoker 31  (26.7) 14  (45.2)  17  (54.8)

Former smoker  46  (39.7)  27  (58.7)  19  (41.3)

Current extra-pulmonary  cancer  history  16  (13.9)  13  (81.3)  3  (18.8)  0.015

Pulmonary  cancer  history  5  (4.3)  4 (80.0)  1  (20.0)  6  (5.0)  0.217

Previous  TB  7  (6.0)  3 (42.9)  4  (57.1)  5  (4.1)  0.562

Accidental  finding 98  (84.5)  53  (54.1)  45  (45.9)  5  (4.1)  0.452

Central  localization 11  (9.1) 10  (90.9)  1  (9.1)  0.008

Sphericity  112  (92.6)  61  (54.5)  51  (45.5)  0.222

Margins

Smooth  108  (89.3)  55  (50.9)  53  (49.1)  0.212

Lobulated  55  (45.5)  36  (65.5)  19  (34.5)  0.012

Spiculated 64  (52.9)  40  (62.5)  24  (37.5)  0.025

Calcification  3  (2.5)  1(33.3)  2  (66.6)  0.492

Air bronchogram  89  (73.6)  53  (59.6)  36  (40.4)  0.014

Cavitation  9  (7.4)  5(55.6)  4  (44.4)  0.869

Single nodule  66  (54.5)  39(59.1)  27  (40.9)  0.135

Pleural contact  35  (28.9)  26  (74.3)  9  (25.7)  0.003

Size, mean  (range)  mm  14.21  (3---29)  16.45  (5---29)  11.68  (3---23)  <0.001

Table  2  Multivariate  regression  analysis  of  independent  risk  factors  for  malignancy.

Variables  Odds  ratio  p  Value  95%  Confidence  interval

Age  <70/≥70  years  4.77  0.004  1.65---13.76

Gender  6.51  0.012  1.51---28.11

Smoking  status  3.53  0.003  1.52---8.17

Size 1.25  <0.001  1.12---1.38

Air bronchogram  3.59  0.030  1.13---11.45

Current extra-pulmonary  cancer  8.94  0.009  1.72---46.44

Furthermore,  the increasing  volume  of  chest  imaging  and
improved  image  technology  is  going to  create  a burden  of
patients  with  nodules  that  need to  be  managed.31 Accord-
ingly,  there  is  a  growing  recognition  of  the potential  utility
of  risk  models  to predict  lung  cancer  in patients  with  pul-
monary  nodules  and  allowing  more  subjects  to  be  monitored
with  low-dose  CT  imaging  rather  than  needing  invasive  pro-
cedures.  Al-Ameri  et  al.4 aimed  to validate  four models
in  a  UK  population  ---  three  models  based  on  clinical  and
CT  characteristics  (Mayo  Clinic,25 Veterans  Association,10

Brock  University17),  and  a  fourth  model  (Herder34)  addi-
tionally  incorporating  18Fluorine-Fluorodeoxyglucose  (FDG)
avidity  on  positron  emission  tomography-computed  tomog-
raphy  (PET---CT).  Both  the Mayo  (AUC  = 0.752)  and  Brock

(AUC  = 0.878)  models  perform  well  in routine  clinical  prac-
tice.  For  small  pulmonary  nodules,  the  highest  AUC  value
was  seen  for  the  Brock  model,  although  there  was  no  signif-
icant  difference  compared  to  the  Mayo  model.  For patients
who  underwent  PET---CT for  nodule  evaluation,  the Herder
prediction  model  had  the highest  accuracy.  Several  other
prediction  models  have  been  created  using  clinical  and  radi-
ological  criteria  to  assist  clinicians  to  discriminate  malignant
from  benign  nodules.  Older  age,  smoking  history,  maximum
nodule  diameter  and  spiculation  in chest  CT  appear  most
frequently  as  predictors  of lung  cancer  in most  of  the final
models.16,24,26,35---37

Overall,  our  model  discriminated  well  with  an  excel-
lent  overall  performance.  Its  values  for  discrimination  and
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Fig.  1  and  Table  3 Final  model  to  calculate  malignancy  probability:  its  calculation  is  made  by  multiplying  each  weight  by  its

score. Sum  all  the values  to  get  the  total  score  for  an  individual  patient.  Refer  to  the  second  table  to  get  each  nodule  probability

of malignancy.

Fig.  2  Risk  ratios  (RRs)  of  nodule  malignancy  according  to  the  presence  of  patient  characteristics.

calibration  were  comparable  to  the Brock model17 (rec-
ommended  in the BTS  guidelines).  A  direct  comparison,
using  our  population,  is  not entirely  accurate,  as  family
history  of  cancer  was  not  collected  in our  study  (in  terms
of  comparison,  it was  considered  absent  when applied  to
the  Brock  model).  Our  model  classified  five  malignant  nod-
ules  with  a low likelihood  of  malignancy,  and those had,

also,  a  lower  probability  calculated  by  the  Bock  model
(mean  ±  standard  deviation:  8.2%  ±  6%).  Moreover,  forty-
three  malignant  nodules,  that  had  a high  or  very  high
probability  of malignancy  with  our model had  a  mean
probability  by  the Bock  model  of  33.6%  ±  19%,  with  more  dis-
persed  values  (minimum-maximum:  4.6---76.1%).  Conversely,
forty-five  non-malignant  nodules  classified  with  low  or  fair
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Fig.  3  ROC  curve  of  our  proposed  model  and  the  Brock  model.  The  area  under  ROC curve  of  our model  is  significantly  higher  than

the Brock  model  [AUC  =  0.8573  (95%  CI,  0.778---0.919)  vs.  AUC  =  0.7384  (95%  CI,  0.646---0.813)],  p  = 0.005.

probability  of  malignancy,  also  had lower  mean  probabil-
ity by  the  Bock model  (10.1%  ±  7.7%).  Furthermore,  the
AUC  of  our  model  performed  significantly  better  than the
Brock  model,  demonstrating  that,  in a real  clinical  set-
ting,  our  model  had a  similar  prediction  ability  to  the
Brock  model.  It  is  crucial  to  emphasize  that the  role  of a
prediction  model  is  to guide intervention;  applying  it can
enable  timely  diagnosis  and  treatment  of malignant  nod-
ules,  prevent  unnecessary  invasive  examinations  and surgery
for  benign  nodules,  but  can  never  substitute  the physician’s
decision.

However,  our  study  has  some limitations.  A retrospective
study,  with  a sample  of patients  who  had  undergone  biopsy,
may  overestimate  the prevalence  of  malignancy.  Moreover,
it  is a  geographically  limited  group,  therefore  lacking exter-
nal  validation  of  this  model.  Some  potentially  relevant  data
was  not  collected,  like pack-years,  time  since  quitting  smok-
ing,  family  history  of  cancer,  variables  previously  indicated
as  independent  factors  for  malignancy.

In  conclusion,  a combination  of risk  factors  for
malignancy  (age,  gender,  smoking  status,  current  extra-
pulmonary  cancer,  maximum  nodule  diameter  and  presence
of  air  bronchogram)  can  enable  accurate  differentiation  of
malignancy  from  benignancy  in lung nodules.  To  the  best
of  our  knowledge,  this  is  the first  model  pertaining  to
a  Portuguese  population  and,  additionally,  with  good  dis-
crimination,  with  an AUC  value  similar  to  other  validated
prediction  models.  This  model  can  help  decide  the  need  for
a  lung  biopsy  and,  thus  reducing  useless  invasive  techniques.
Although  the  mathematical  models  provide  an  objective
basis  for  judging  the character  of  SPN,  we  need  to  empha-
size  that  this  prediction  model cannot  take  the place  of
pathological  diagnosis.

Conflicts of interest

The authors  have  no conflicts  of interest  to  declare.

Appendix  A.  Supplementary data

Supplementary  material  associated  with  this  arti-
cle  can  be found  in the  online  version  available  at
doi:10.1016/j.pulmoe.2020.06.011.

References

1. Aberle DR, Adams AM, Berg CD, Black WC,  Clapp JD, Fagerstrom

RM, et al. Reduced lung-cancer mortality with low-dose com-

puted tomographic screening. N  Engl J Med. 2011;365:395---409,

http://dx.doi.org/10.1056/NEJMoa1102873.

2. Horeweg N, van Rosmalen J,  Heuvelmans MA, van der

Aalst CM,  Vliegenthart R,  Scholten ET, et  al. Lung cancer

probability in patients with CT-detected pulmonary nod-

ules: a prespecified analysis of data from the NELSON trial

of low-dose CT screening. Lancet Oncol. 2014;15:1332---41,

http://dx.doi.org/10.1016/s1470-2045(14)70389-4.

3. van Klaveren RJ, Oudkerk M,  Prokop M, Scholten ET, Nackaerts

K,  Vernhout R, et  al. Management of lung nodules detected

by volume CT scanning. N Engl J Med. 2009;361:2221---9,

http://dx.doi.org/10.1056/NEJMoa0906085.

4. Al-Ameri A, Malhotra P, Thygesen H, Plant PK, Vaidyanathan

S,  Karthik S, et al. Risk of malignancy in pulmonary

nodules: a validation study of  four prediction models.

Lung Cancer (Amsterdam, Netherlands). 2015;89:27---30,

http://dx.doi.org/10.1016/j.lungcan.2015.03.018.

5. MacMahon H, Naidich DP, Goo JM, Lee KS, Leung  ANC,

Mayo JR, et  al. Guidelines for management of  inci-

dental pulmonary nodules detected on CT images: from

the Fleischner Society 2017. Radiology. 2017;284:228---43,

http://dx.doi.org/10.1148/radiol.2017161659.

6. Bray F, Ferlay J, Soerjomataram I,  Siegel RL, Torre LA,

Jemal A. Global cancer statistics 2018: GLOBOCAN esti-

mates of incidence and mortality worldwide for 36 cancers

in 185 countries. CA Cancer J Clin. 2018;68:394---424,

http://dx.doi.org/10.3322/caac.21492.

7. Wistuba II, Gazdar AF. Lung cancer pre-

neoplasia. Annu Rev Pathol. 2006;1:331---48,

http://dx.doi.org/10.1146/annurev.pathol.1.110304.100103.

459

http://dx.doi.org/10.1016/j.pulmoe.2020.06.011
dx.doi.org/10.1056/NEJMoa1102873
dx.doi.org/10.1016/s1470-2045(14)70389-4
dx.doi.org/10.1056/NEJMoa0906085
dx.doi.org/10.1016/j.lungcan.2015.03.018
dx.doi.org/10.1148/radiol.2017161659
dx.doi.org/10.3322/caac.21492
dx.doi.org/10.1146/annurev.pathol.1.110304.100103


M.  Jacob  et al.

8. de Koning HJ, van der Aalst CM, de Jong PA, Scholten ET, Nack-

aerts K, Heuvelmans MA, et  al.  Reduced lung-cancer mortality

with volume CT screening in a randomized trial. N Engl J  Med.

2020;382:503---13, http://dx.doi.org/10.1056/NEJMoa1911793.

9. Vachani A, Tanner NT, Aggarwal J,  Mathews C,

Kearney P, Fang KC,  et  al. Factors that influence

physician decision making for indeterminate pul-

monary nodules. Ann Am Thorac Soc. 2014;11:1586---91,

http://dx.doi.org/10.1513/AnnalsATS.201405-197BC.

10. Gould MK, Ananth L,  Barnett PG. A clinical model to esti-

mate the pretest probability of  lung cancer in patients

with solitary pulmonary nodules. Chest. 2007;131:383---8,

http://dx.doi.org/10.1378/chest.06-1261.

11. Cummings SR, Lillington GA, Richard RJ. Estimating the

probability of malignancy in solitary pulmonary nodules. A

Bayesian approach. Am Rev Respir Dis. 1986;134:449---52,

http://dx.doi.org/10.1164/arrd.1986.134.3.449.

12. Yonemori K, Tateishi U, Uno H, Yonemori Y,  Tsuta

K, Takeuchi M,  et  al. Development and validation of

diagnostic prediction model for solitary pulmonary

nodules. Respirology (Carlton, Vic). 2007;12:856---62,

http://dx.doi.org/10.1111/j.1440-1843.2007.01158.x.

13. Larici AR, Farchione A, Franchi P, Ciliberto M, Cicchetti G,

Calandriello L, et  al. Lung nodules: size still  matters. Eur Respir

Rev. 2017;26, http://dx.doi.org/10.1183/16000617.0025-2017.

14. Xu DM, Gietema H, de Koning H, Vernhout R,  Nack-

aerts K, Prokop M, et al. Nodule management protocol

of the NELSON randomised lung cancer screening trial.

Lung cancer (Amsterdam, Netherlands). 2006;54:177---84,

http://dx.doi.org/10.1016/j.lungcan.2006.08.006.

15. Callister ME,  Baldwin DR, Akram AR, Barnard S, Cane P, Draffan

J, et al. British Thoracic Society guidelines for the investigation

and management of pulmonary nodules. Thorax. 2015;70 Suppl.

2:ii1---54, http://dx.doi.org/10.1136/thoraxjnl-2015-207168.

16. Li Y, Chen KZ, Wang J. Development and validation of a  clinical

prediction model to estimate the probability of malignancy in

solitary pulmonary nodules in Chinese people. Clin Lung Cancer.

2011;12:313---9, http://dx.doi.org/10.1016/j.cllc.2011.06.005.

17. McWilliams A, Tammemagi MC, Mayo JR, Roberts H, Liu G,

Soghrati K, et al. Probability of cancer in pulmonary nodules

detected on first screening CT. N  Engl J  Med. 2013;369:910---9,

http://dx.doi.org/10.1056/NEJMoa1214726.

18. Manhire A, Charig M, Clelland C, Gleeson F, Miller R, Moss H,

et  al. Guidelines for radiologically guided lung biopsy. Thorax.

2003;58:920---36, http://dx.doi.org/10.1136/thorax.58.11.920.

19. Callister ME, Baldwin DR. How should pulmonary nod-

ules be optimally investigated and managed? Lung

Cancer (Amsterdam, Netherlands). 2016;91:48---55,

http://dx.doi.org/10.1016/j.lungcan.2015.10.018.

20. Wiener RS, Schwartz LM, Woloshin S, Welch HG. Population-

based risk for complications after transthoracic needle

lung biopsy of a pulmonary nodule: an analysis of

discharge records. Ann Intern Med. 2011;155:137---44,

http://dx.doi.org/10.7326/0003-4819-155-3-201108020-00003.

21. Laspas F, Roussakis A, Efthimiadou R, Papaioannou D,

Papadopoulos S, Andreou J.  Percutaneous CT-guided fine-needle

aspiration of  pulmonary lesions: results and complications in

409 patients. J Med  Imaging Radiat Oncol. 2008;52:458---62,

http://dx.doi.org/10.1111/j.1440-1673.2008.01990.x.

22. Hiraki T, Mimura H, Gobara H,  Shibamoto K,  Inoue D, Matsui Y,

et  al. Incidence of  and risk factors for pneumothorax and chest

tube placement after CT fluoroscopy-guided percutaneous lung

biopsy: retrospective analysis of the procedures conducted

over a 9-year period. Am J  Roentgenol. 2010;194:809---14,

http://dx.doi.org/10.2214/ajr.09.3224.

23.  Lederlin M,  Revel MP, Khalil A, Ferretti G, Milleron B,

Laurent F.  Management strategy of pulmonary nod-

ule in 2013. Diagn Interv Imaging. 2013;94:1081---94,

http://dx.doi.org/10.1016/j.diii.2013.05.007.

24.  Zhang M, Zhuo N, Guo Z, Zhang X, Liang W, Zhao S, et  al.

Establishment of a mathematic model for predicting malignancy

in solitary pulmonary nodules. J  Thorac Dis. 2015;7:1833---41,

http://dx.doi.org/10.3978/j.issn.2072-1439.2015.10.56.

25. Swensen SJ, Silverstein MD, Ilstrup DM, Schleck CD, Edell ES.

The probability of malignancy in solitary pulmonary nodules.

Application to small radiologically indeterminate nodules. Arch

Intern Med. 1997;157:849---55.

26. Dong J, Sun N, Li J, Liu Z, Zhang B, Chen Z, et  al. Development

and validation of clinical diagnostic models for the probability

of malignancy in solitary pulmonary nodules. Thorac Cancer.

2014;5:162---8, http://dx.doi.org/10.1111/1759-7714.12077.

27.  Marcus MW, Duffy SW, Devaraj A, Green BA, Oudkerk M, Baldwin

D, et  al. Probability of  cancer in lung nodules using sequential

volumetric screening up to 12 months: the UKLS trial. Thorax.

2019, http://dx.doi.org/10.1136/thoraxjnl-2018-212263.

28. Shi CZ, Zhao Q, Luo LP, He JX. Size of  solitary pulmonary nodule

was the risk factor of  malignancy. J  Thorac Dis. 2014;6:668---76,

http://dx.doi.org/10.3978/j.issn.2072-1439.2014.06.22.

29. Tan BB, Flaherty KR, Kazerooni EA, Iannettoni MD. The

solitary pulmonary nodule. Chest. 2003;123:89S---96S,

http://dx.doi.org/10.1378/chest.123.1 suppl.89S.

30.  Ost D, Fein AM, Feinsilver SH. Clinical practice, the soli-

tary pulmonary nodule. N  Engl J  Med. 2003;348:2535---42,

http://dx.doi.org/10.1056/NEJMcp012290.

31.  Sethi S, Parrish S. Incidental nodule management-should there

be a formal process? J  Thorac Dis. 2016;8 Suppl. 6:S494---7,

http://dx.doi.org/10.21037/jtd.2016.05.48.

32.  Callen JL, Westbrook JI, Georgiou A, Li J. Failure to

follow-up test results for ambulatory patients: a sys-

tematic review. J Gen Intern Med.  2012;27:1334---48,

http://dx.doi.org/10.1007/s11606-011-1949-5.

33. Blagev DP, Lloyd JF, Conner K, Dickerson J, Adams D,  Stevens

SM, et  al. Follow-up of incidental pulmonary nodules and the

radiology report. J Am Coll Radiol. 2016;13 Suppl.:R18---24,

http://dx.doi.org/10.1016/j.jacr.2015.12.008.

34.  Herder GJ, van Tinteren H,  Golding RP, Kostense

PJ,  Comans EF,  Smit EF, et  al. Clinical prediction

model to characterize pulmonary nodules: valida-

tion and added value of  18F-fluorodeoxyglucose

positron emission tomography. Chest. 2005;128:2490---6,

http://dx.doi.org/10.1378/chest.128.4.2490.

35. Zheng B, Zhou X, Chen J,  Zheng W, Duan Q,  Chen

C. A modified model for preoperatively predicting

malignancy of  solitary pulmonary nodules: an Asia

cohort study. Ann Thorac Surg. 2015;100:288---94,

http://dx.doi.org/10.1016/j.athoracsur.2015.03.071.

36.  Reid M, Choi HK, Han X, Wang X, Mukhopadhyay S, Kou

L,  et al. Development of a risk prediction model to

estimate the  probability of malignancy in pulmonary

nodules being considered for biopsy. Chest. 2019,

http://dx.doi.org/10.1016/j.chest.2019.01.038.

37. Kim H, Goo JM, Park CM. A simple prediction model

using size measures for discrimination of  invasive adeno-

carcinomas among incidental pulmonary subsolid nodules

considered for resection. Eur Radiol. 2019;29:1674---83,

http://dx.doi.org/10.1007/s00330-018-5739-x.

460

dx.doi.org/10.1056/NEJMoa1911793
dx.doi.org/10.1513/AnnalsATS.201405-197BC
dx.doi.org/10.1378/chest.06-1261
dx.doi.org/10.1164/arrd.1986.134.3.449
dx.doi.org/10.1111/j.1440-1843.2007.01158.x
dx.doi.org/10.1183/16000617.0025-2017
dx.doi.org/10.1016/j.lungcan.2006.08.006
dx.doi.org/10.1136/thoraxjnl-2015-207168
dx.doi.org/10.1016/j.cllc.2011.06.005
dx.doi.org/10.1056/NEJMoa1214726
dx.doi.org/10.1136/thorax.58.11.920
dx.doi.org/10.1016/j.lungcan.2015.10.018
dx.doi.org/10.7326/0003-4819-155-3-201108020-00003
dx.doi.org/10.1111/j.1440-1673.2008.01990.x
dx.doi.org/10.2214/ajr.09.3224
dx.doi.org/10.1016/j.diii.2013.05.007
dx.doi.org/10.3978/j.issn.2072-1439.2015.10.56
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
http://refhub.elsevier.com/S2531-0437(20)30148-3/sbref0310
dx.doi.org/10.1111/1759-7714.12077
dx.doi.org/10.1136/thoraxjnl-2018-212263
dx.doi.org/10.3978/j.issn.2072-1439.2014.06.22
dx.doi.org/10.1378/chest.123.1_suppl.89S
dx.doi.org/10.1056/NEJMcp012290
dx.doi.org/10.21037/jtd.2016.05.48
dx.doi.org/10.1007/s11606-011-1949-5
dx.doi.org/10.1016/j.jacr.2015.12.008
dx.doi.org/10.1378/chest.128.4.2490
dx.doi.org/10.1016/j.athoracsur.2015.03.071
dx.doi.org/10.1016/j.chest.2019.01.038
dx.doi.org/10.1007/s00330-018-5739-x

	Predicting lung nodules malignancy
	Introduction
	Objectives
	Methods
	Study population
	Data collection
	Chest CT analysis
	Statistical analysis

	Results
	Discussion
	Conflicts of interest
	Appendix A Supplementary data
	References


