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ABSTRACT

Introduction: Pulmonary nodules are a common finding in 
chest imaging; their evaluation rules out malignant etiology 
to determine further management, which may include clinical 
follow-up, imaging studies, or biopsy. There are multiple 
scales to predict malignancy, most of which were developed 
in patients with incidental pulmonary nodules without a 
cancer history, so their application in such patients has not 
been discussed. The objective was to evaluate 5 malignancy 
prediction scales in patients with a cancer history.
Materials and Methods: A cross-sectional analytical study 
of diagnostic tests was conducted. Data were collected 
retrospectively from all patients with a cancer history 
who underwent resection of one or more pulmonary 
nodules between 2012 and 2022 at the National Institute of 
Cancerology. Clinical history data were collected and entered 
into the RedCAP platform, with data reviewed by the National 
Institute of Cancerology’s defined oversight. Statistical 
analyses were performed using R software.
Results: Of the 180 patients included in the study, 61.1% were 
women, the average age was 56 years, and the most frequent 
cancer history was soft tissue sarcoma, accounting for 34.4%. 
In terms of etiology, 123 were malignant (68.4%), with the 
most common histopathological finding being metastases 
(57%) and 11.1% being primary lung adenocarcinoma.
Conclusion: Logistic regression analysis for calculating 
adjusted and unadjusted odds ratios demonstrated that 
the Bayesian model had the best performance in ruling out 
malignancy with a negative likelihood ratio (LR-) of 0.18 (p 
= 0.025). The nodule characteristics most correlated with 
malignancy were a size greater than 8 mm (OR 2.64) and the 
presence of more than 2 nodules (OR 2.191).

Keywords : Subsolid nodule, ground-glass nodule, mixed 
nodule, lung cancer, pulmonary nodule, smoking.

INTRODUCTION

Pulmonary nodules represent a clinical challenge due to the 
potential for either benign or malignant etiology. In 2015, in the 
United States, 80-90% of patients with malignant pulmonary 
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nodules were diagnosed with lung cancer (1). The lungs 
are the second most common site for metastatic disease, 
encompassing all histological types (nearly 30% of cases) and 
are the sole site of metastasis in 20% of cases. Although most 
pulmonary metastases occur as multiple lesions, primary 
cancers that are more likely to present with single metastases 
include melanoma, sarcoma, and carcinomas of the colon, 
breast, kidney, and testis. When a pulmonary nodule is found 
in a patient with a known extrathoracic cancer, the likelihood 
of it being metastatic is approximately 25% (2).
The risk of malignancy in a pulmonary nodule can be 
assessed using prediction scales, which can guide subsequent 
management decisions, including clinical and imaging follow-
up or biopsy/resection. The malignancy risk of a pulmonary 
nodule can be determined based on characteristics observed 
on chest computed tomography (CT), such as size, shape, 
margins, type (solid or subsolid), location, and growth rate, 
among others. These characteristics must be correlated with 
the clinical context of each patient (3).
There are multiple prediction scales for assessing the risk of 
malignancy in pulmonary nodules, but most validation studies 
have been conducted in patients with incidental pulmonary 
nodules who have no prior cancer history. Therefore, their 
application in patients with a cancer history is controversial 
(4). The most commonly used prediction scales are:

Cummings Model (Bayesian)
The variables in this scale include growth rate, location, margin 
type, nodule size, smoking history, history of malignancy, age, 
PET CT uptake, and density. The areas under the ROC curve for 
this model have been reported between 0.81 and 0.89 (5, 6).

Mayo Clinic Model
The variables in this scale include advanced age, smoking 
history, history of extrathoracic cancer at least 5 years prior 
to the nodule detection, larger nodule diameter, location in 
the upper lobe, and presence of spiculations. The areas under 
the ROC curve were 0.83 for the model development dataset 
and 0.80 for the validation dataset (7, 8). This is the model 
recommended by the CHETS 2013 guidelines for pulmonary 
nodule evaluation (41).

Herder Scale
This scale evaluated the value of adding the result of positron 
emission tomography with fluorodeoxyglucose (PET-FDG) 
to the Mayo Clinic model, achieving an area under the ROC 
curve of 0.92 (9, 10).

Brock Model
The variables in this scale include age, sex, family history of 
lung cancer, presence of emphysema, nodule size, nodule 
location in the upper lobe, nodule attenuation on computed 

tomography, nodule count, and presence of spiculation. 
The model demonstrated excellent discrimination, with an 
ROC greater than 0.90. In a screening setting, this model 
may be useful in deciding whether to continue with annual 
surveillance or pursue further investigation (6, 11).

Veterans Affairs Model
The VA model was developed using data from the Department 
of Veterans Affairs and a prospective study evaluating the 
accuracy of chest CT scans for diagnosing pulmonary nodules. 
It includes smoking history, advanced age, nodule diameter, 
and time since smoking cessation. An area under the ROC 
curve of 0.79 has been reported for this model (12, 13).
The use of the Brock, Herder, Mayo Clinic, Veterans Affairs, 
and Bayesian analysis models has been proposed to evaluate 
the pathological correlation of pulmonary nodules, although 
specific studies validating their use in patients with a history 
of cancer are lacking (4). Additionally, there is a lack of national 
data to determine which of these scales provides the best 
diagnostic performance for predicting the risk of malignancy 
in patients with pulmonary nodules and a history of cancer. 
Therefore, the objective of this study was to evaluate the 
predictive capacity for malignancy of five scales for the 
assessment of pulmonary nodules in oncological patients at 
the National Institute of Cancerology between 2012 and 2022.

METHODS

A cross-sectional, analytical diagnostic test study was 
conducted to compare the diagnostic performance of five 
scales against the gold standard (pathology results).
Information obtained from patient medical records was 
collected in a REDCAP database, and this data was reviewed 
by the institutional monitoring group to verify its accuracy.
Patients over the age of 18 who underwent resection of a 
single or multiple pulmonary nodules at the National Institute 
of Cancerology between January 2012 and December 2022 
were included, provided they had a known oncological 
history and available pathology reports for the nodules. The 
nodule evaluated for assessment could have been singular; 
if multiple, the largest or dominant nodule was selected. 
Patients with inconclusive pathology reports for the resected 
pulmonary nodule were excluded. Demographic, clinical, 
and imaging variables were analyzed. Central tendency and 
dispersion measures were used for continuous variables, 
depending on data normality. Additionally, frequencies and 
percentages were used to describe categorical variables. The 
calculations for the five prediction scales (Bayesian, Mayo 
Clinic, Herder, Brock, and Veterans Affairs) for assessing 
nodule malignancy were performed. The results of the scales 
were categorized into two groups: the first as low malignancy 
risk with a percentage less than 5%, and the second group 
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combining intermediate and high risks (5-65% and greater than 65%, respectively).
Logistic regression was performed to calculate crude and adjusted odds ratios (taking statistically significant variables into 
account) with a 95% confidence interval and a p-value <0.005. The scale calculations were made using validated web calculators.
The software used for the analysis was R-Project v4.2.3.
The calculated sample size was 180 patients to achieve an 80% statistical power to detect a 0.05 difference between two 
diagnostic tests with sensitivities of 0.7 and 0.85. This was done using the PASS 2021® program.
The Research Ethics Committee of the National Institute of Cancerology approved the project protocol on February 15, 2023, 
according to Act No. 0003-23.

RESULTS

Data were collected from 180 patients who underwent surgical resection of pulmonary nodules at the National Institute of 
Cancerology from 2012 to 2022, all with a known oncological history. The average age of the patients was 56.7 years (Standard 
Deviation (SD) 13.9), and 110 (61.1%) of the patients were female. Of these patients, 67.8% were from Bogotá. The affiliation 
regime was similar across groups, with 45.6% being subsidized and 49.4% contributory. The average weight was 65.3 kg (SD 
13.9), the average BMI was 26.14 kg/m² (SD 4.9), 22.8% of the patients were classified as obese, and 30.6% were classified as 
overweight (Table 1).

Table 1. Demographic and Anthropometric Characteristics

Variables Mean Standard Deviation Interquartile Range

Age (years) 56.7 13.9 50 - 6

Gender n(%)

Female 110 (61.1)

Male 70 (38.9)

Origin n(%)

Bogotá 122 (67.8)

Other 58 (32.2)

Affiliation Regime n(%)

Subsidized 82 (45.6)

Contributory 89 (49.4)

Other 9 (5)

Teaching 6

Special 2

Police affiliation 1

Weight (kg) 65.32 13.91 55 – 71.75

Height (meters) 158  8.8 150 – 165

BMI (Body Mass Index) 26.14 4.99 22.5 – 29.5

  n(%)

Underweight 6 (3.3)

Normal weight 78 (43.3)

Overweight 55 (30.6)

Obesity Class 1 39 (21.7)

Obesity Class 2 2 (1.1)
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Regarding clinical characteristics, 14.4% of the patients had exposure to biomass for more than 10 years. 30.6% were exposed 
to tobacco smoking, of which 3.3% were active smokers and 26.6% were former smokers, with a median cessation time of 13 
years (interquartile range of 7 – 22 years). The most common oncological history was soft tissue tumors at 34.4%, followed by 
gastrointestinal tumors at 21.7% and urological tumors at 15% (Table 2).

Table 2. Oncological History and Toxic Exposures.

Variables                                              n (%)

COPD (Chronic Obstructive Pulmonary Disease
Yes
No

                                          
                                         5 (2.8)
                                        175 (97.2)

Exposure to biomass for more than 10 years
Yes
No

Unknown

                                          
                                         26 (14.4)
                                         144 (80)
                                         10  (5.6)

Active smoker
Yes
No

                                            
                                         6 (3.3)
                                         174 (96.7)

Former smoker
Yes
No

                                        
                                         48 (26.7)
                                         132 (73.3)

Years since smoking cessation 
n = 48

Median                           Interquartile range
13                                    7 – 22.5

Current/former smoker
Yes
No

                                          
                                         55 (30.6)
                                         125 (69.4)

Pack-Year Index (PYI) 
 (IPA)  n = 55

Median                          Interquartile range
2                                      1-3

Extrathoracic cancer > 5 years
Yes
No

                                           
                                         52 (28.9)
                                         128 (71.1)

Emphysema
Yes
No

                                           
                                         5 (2.8)
                                         175 (97.2)

Family history of cancer
Yes
No

Unknown

                                          
                                         55 (30.6)
                                         113 (62.8)
                                         12 (6.7)

Radiotherapy
Yes
No

                                            
                                         83 (46.1)
                                         97 (53.9)

Oncological History
Soft tissue

Gastrointestinal
Urological

Gynecological
Endocrinological

Bone
Hematological

Pulmonary
Nasopharyngeal

                                             
                                         62 (34.4)
                                         39 (21.7)
                                         27 (15)
                                         23 (12.8)
                                         12 (6.7)
                                         9 (5)
                                         5 (2.8)
                                         2 (1.1)
                                         1 (0.6)
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In terms of imaging characteristics, 78.9% of patients had nodules ≥ 8 mm, with 75% being solid, 47.8% having smooth margins, 
and 56.1% located in the lower lobes. 86.1% of patients did not undergo 18 FDG-PET-CT; of the 24 patients who did, 7.8% had 
an SUV < 2.5. Out of 180 patients, focal density could be assessed in 131, with 51.1% having a density > -30 HU. The nodule 
doubling time (VDT) could be evaluated in 56 patients, with 29.4% having an average range of 25 to 400 days. Other imaging 
and non-imaging variables assessed (nodule type, margins, location, calcification, VDT, density), as well as a family history of 
pulmonary cancer or extrathoracic cancer greater than 5 years, did not show statistical significance (Table 3).

Table 3. Clinical Characteristics of Patients by Histological Type.

Feature
Patients No. (%)

p-value
Benign nodules  (n = 58) Malignant nodules (n = 122)

nodule size
  ≤ 8 mm 19 (32.8) 19 (15.6) <0.01

  > 8 mm 39 (67.2) 103 (84.4)

Recuento de nódulos
  ≤ 2 35 (60.3) 50 (41.0) 0.015

  > 2 23 (39.7) 72 (59.0)

nodule count
 Solid 41 (70.7) 94 (77.0) 0.546

 Partially solid 15 (25.9) 26 (21.3)

 Ground-glass 2 (3.40) 2 (1.60)

Nodule Margin

Smooth 33 (56.9) 53 (43.4) 0.231

Lobulated 14 (24.1) 41 (33.6)

Spiculated 11 (19.0) 28 (23.0)

Nodule Location

Lower lobes 33 (56.9) 68 (55.7) 0.862

Middle lobes 4 (6.90) 12 (9.80)

Upper lobes 21 (36.2) 42 (34.4)

Calcification
Yes 4 (6.90) 1 (0.80) 0.038

No 54 (93.1) 121 (99.2)

Doubling Time of Volume
25 – 400 days 9 (15.5) 44 (36.1) 1

401 – 900 days 0 (0.00) 3 (2.50)

Unknown 49 (84.5) 75 (61.5)

Density
<-60 HU 16 (27.6) 18 (14.8) 0.182

-60 to -30 HU 1 (1.70) 4 (3.30)

-30 HU 27 (46.6) 65 (53.3)

Unknown 14 (24.1) 35 (28.7)

PET FDG
SUV 2.5 3 (5.20) 11 (9.00) 1

SUV > 2.5 2 (3.40) 8 (6.60)

Unknown 53 (91.4) 103 (84.4)

Extrathoracic Cancer > 5 years

Yes 15 (25.9) 37 (30.3) 0.417

No 43 (74.1) 85 (69.7)

 Source: Database		
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Regarding the etiology of pulmonary nodules, 57 patients (31.6%) had a benign etiology, with anthracosis being the most 
common (29.8%); 123 patients (68.4%) had a malignant etiology, with metastases being the most frequent diagnosis at 57%, 
followed by lung adenocarcinoma (11.1%). Among the metastases, breast cancer was the most common, with 18 patients 
(14.6%) (Table 4).

Table 4. Biopsy Results of Pulmonary Nodules and Statistical Model Probabilities.

Variables n (%)

Histology Type:

Benign 57 (31.6)

Malignant 123 (68.3)

Benign:

Anthracosis 17 (29.8)

Non-necrotizing granuloma 9 (15.8)

Necrotizing granuloma 8 (14)

Hamartoma 8 (14)

Caseating granuloma 5 (8.7)

Organized pneumonia 4 (7)

Hyalinized granuloma 2 (3.5)

Chronic inflammation 2 (3.5)

NINE (Neuroendocrine Neoplasm, Not Otherwise Specified) 1 (1.7)

Paraganglioma 1 (1.7)

Malignant:

Lung adenocarcinoma 20 (11.1)

Metastasis 103 (57)

Breast cancer 18 (14.6)

Colon cancer 11 (8.9)

Kidney cancer 9 (7.3)

Rectal cancer 8 (6.5)

Sarcoma 8 (6.5)

Thyroid cancer 7 (5.7)

Melanoma 6 (4.8)

Neuroendocrine tumor 5 (4.1)

Cervical cancer 5 (4.1)

Endometrial cancer 4 (3.2)

Adenoid cystic carcinoma 3 (2.4)

Penile cancer 3 (2.4)

Bladder cancer 3 (2.4)

Chondrosarcoma 3 (2.4)

Gastric cancer 2 (1.6)

Ovarian cancer 2 (1.6)

Non-keratinizing squamous cell carcinoma 2 (1.6)

Pleomorphic adenoma 1 (0.8)

Adrenal cancer 1 (0.8)

Vaginal trophoblastic cancer    1 (0.8)

Bone giant cell tumor 1 (0.8)
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By employing a Bayesian Model, we successfully identified 98 out of every 100 patients with a history of cancer as diseased, 
highlighting its high sensitivity in detecting positive cases. However, there is a limitation in its ability to classify negatives, 
showing only a 14% accuracy in identifying individuals without malignant nodules. When this Bayesian Model is applied to 
assess patients with intermediate-high risk, it shows a substantial 70% probability that a positive result effectively indicates the 
presence of lung cancer, underscoring its usefulness in higher-risk situations. In cases where the model indicates low risk in 
patients with a history of cancer, the probability that the nodule is benign reaches 73%, demonstrating its ability to discern less 
concerning situations. Additionally, there is a 1.13-fold increased probability of having a malignant nodule when the Bayesian 
Model indicates intermediate-high risk. Conversely, the probability of a benign nodule increases significantly (5.5 times) when 
the Bayesian Model reports low risk (Table 5). Sensitivity 0.98, Specificity 0.14, Positive Predictive Value (PPV) 0.70, Negative 
Predictive Value (NPV) 0.73, Positive Likelihood Ratio (LR) 1.13, Negative LR 0.18.

Table 5. Sensitivity, Specificity

Scores Sensitivity (IC95%) Specificity (IC95%) VPP (IC95%) VPN (IC95%) LR + (IC95%) LR - (IC95%)

Bayesiano 0.98
(0.93-0.99)

0.14
(0.06-.025)

0.70
(0.63-0.77)

0.73
(0.39-0.94)

1.13
(1.02-1.26)

0.18
(0.05-0.65)

Herder 0.75 
(0.66-0.82)

0.36
(0.24-0.50)

0.71
(0.62-0.73)

0.40
(0.27-0.55)

1.17
(0.94-1.46)

0.70
(0.44-1.11)

Mayo Clinic
 

0.75 
(0.66-0.82)

0.36
(0.24-0.50)

0.71
(0.63-0.73)

0.40
(0.27-0.55)

1.17
(0.94-1.46)

0.70
(0.44-1.11)

VA 0.72 
(0.63-0.80)

0.44
(0.32-0.58)

0.73
(0.64-0.81)

0.43
(0.31-0.57)

1.31
(1.01-1.69)

0.62
(0.42-0.93)

Brock 0.62 
(0.53-0.71)

0.53
(0.40-0.67)

0.74
(0.64-0.82)

0.40
(0.29-0.52)

1.34
(0.98-1.82)

0.71
(0.51-0.98)

During the logistic regression analysis, it was observed that a Bayesian Model classified as intermediate-high has a fivefold 
higher probability of being malignant compared to other models, with this association being statistically significant (p < 0.01; 
95% CI: 1.33 – 24.2) (Table 6).

Table 6. Results of Logistic Regression Adjustment for Each Risk Quantification Model (Intermediate and High Risk Grouped)

Feature Unadjusted OR[IC95%] p-value Adjusted OR [IC95%] p-value

VA model

  Low
Intermediate & High

Ref.
2.10 [1.09 – 4.05]

0.025* Ref.
1.65 [0.77 – 3.50]

0.190

Mayo clinic

 Low
 Intermediate & High

Ref.
1.66 [0.85 – 3.26]

0.137

Brock

Low
Intermediate & High

Ref.
1.90 [1.01 – 3.59]

0.047* Ref.
1.31 [0.62 – 2.73]

0.467

Herder

Low
Intermediate & High

Ref.
1.66 [0.85 – 3.26]

0.137

Bayesiano

Low
Intermediate & High

Ref.
6.34 [1.75 – 29.9]

<0.01* Ref.
5.02 [1.33 – 24.2]

0.024*

CI: Confidence Interval
OR: Odds Ratio
Source: Database					   
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After adjusting the model, it is observed that the presence of more than two nodules increases the probability of malignancy 
by 2.97 times (95% CI: 1.49-6.18), indicating a significant association with an increased likelihood of malignant cases. Similarly, 
the absence of calcification is notably associated with a 10.4-fold increase in the probability of malignancy (95% CI: 1.34-214), 
highlighting the importance of this factor as a significant predictor in identifying malignant cases (Table 7).

Table 7.

Feature Unadjusted OR [IC95%] p-value Adjusted OR [IC95%] p-value

Nodule size

  ≤ 8 Ref. Ref.

  > 8 2.64 [1.26 – 5.54] <0.01 1.87 [0.81 – 4.28] 0.133

Number of Nodules

  ≤ 2 Ref. Ref.

  > 2 2.19 [1.16 – 4.19] 0.016 2.97 [1.49 – 6.18] < 0.01

Calcification

  Yes Ref. Ref.

  No 8.96 [1.28 – 77.5] 0.052 10.4 [1.34 – 214.4] 0.046

Bayesian

Low Ref. Ref.

Intermediate & High 6.34 [1.75 – 29.9] <0.01 7.96 [1.98 – 40.8] <0.01

CI: Confidence Interval
OR: Odds Ratio

Source: Database
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DISCUSSION

The approach to pulmonary nodules in cancer patients 
presents a challenge for specialties dealing with the 
management of these patients. To date, there are no available 
data in Colombia to determine the incidence and prevalence 
of pulmonary nodules in patients with or without a history of 
cancer. The etiology of pulmonary nodules is varied, making 
their diagnostic and therapeutic approach complex. In the 
general population, most pulmonary nodules are of benign 
etiology (18), while around 15 to 20% are malignant (19, 20, 42).
Regarding imaging characteristics, pulmonary nodules can 
be classified as solid or subsolid. Subsolid nodules can be 
further divided into two categories: ground-glass opacities 
and partially solid nodules. In our study, 122 patients had 
malignant pathology, of which 77% were solid, 20.6% were 
partially solid, and 1.6% were ground-glass opacities (17, 21).
A direct relationship between nodule size and the likelihood 
of malignancy has been established; larger nodules have 
a higher risk of being malignant, although small nodules 
cannot be excluded from being malignant (22). In the general 
population, nodules with diameters less than 5 mm have a 
malignancy potential of 0-1%, those between 5 and 10 mm 
have a malignancy potential of 6%-28%, and those larger than 

20 mm have a malignancy potential of 64%-82% (23, 24, 25). 
Our study is consistent with this finding, as having a nodule 
larger than 8 mm increases the probability of malignancy with 
statistical significance (OR 2.64, p < 0.01).
Additionally, having more than 2 pulmonary nodules (OR 
2.19, p = 0.016) showed statistical significance in predicting 
malignancy, which aligns with findings presented in the 
manuscript by Petrella et al., where it is noted that multiple 
pulmonary nodules in a patient with a history of cancer 
suggest a metastatic component (43).
Regarding nodule margins, it has been determined that 
nodules with smooth margins are more likely to be benign, 
while those with spiculated, lobulated, or irregular margins 
are more suggestive of malignancy (26). Gurney et al. 
described that patients with a single pulmonary nodule with 
spiculated, lobulated, or irregular margins have a malignancy 
rate between 33% and 100%, with a positive predictive value 
of 90% (27). However, the presence of smooth margins does 
not rule out malignancy, as 10% of pulmonary metastases 
and nearly 20% of primary lung tumors present with smooth 
margins (28). In our study, nearly 50% of the included 
population had nodules with smooth margins, but we did 
not find a statistically significant association between this 
characteristic and its etiology (P = 0.231).
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An increase of 26% in the diameter of a pulmonary nodule 
corresponds to a doubling of its size. When this tumor doubling 
time (TDT) occurs between 30 and 400 days of follow-up, it is 
associated with malignant etiology. Nodules that double in 
size more rapidly or more slowly are generally benign (with 
a parameter time of 20 days). Nodule stability, defined as no 
growth over 2 years, is an indicator of benign cause (29). In 
our study, it was not possible to calculate the TDT for most 
nodules due to the absence of prior comparative imaging 
studies. However, among those patients for whom the TDT 
was calculated, 29.4% had a TDT of 25 to 400 days.
Regarding the location of nodules with malignant potential, they 
are generally found in the upper lobes, particularly in the right 
upper lobe (30). In our study, most resected nodules were located 
in the lower lobes, and no statistically significant association 
between location and malignancy was found (P =0.862).
In patients with a history of cancer, determining the risk of 
developing new primary or secondary lung tumor pathology is 
of vital importance. The prevalence of pulmonary metastases 
is reported to be up to 54% (31). Therefore, finding a 
pulmonary nodule in a patient with a history of malignancy 
should be individualized based on risk to determine the 
best approach for follow-up and treatment. In our study, 
57% of resected pulmonary nodules were of metastatic 
etiology, a value similar to that found in the literature, and 
11.1% corresponded to primary lung neoplasms such as 
adenocarcinoma, a non-negligible percentage in a population 
with a cancer history. International reports document an 
incidence ranging between 0.8% and 17%.
The establishment of predictive models for malignancy is 
necessary in the diagnostic algorithm for decision-making. 
However, these models have several limitations due to 
the number of variables and characteristics included (32). 
Additionally, these models are applied to patients with solitary 
or multiple pulmonary nodules without a history of cancer, 
where their performance has not been studied.
When evaluating the results of the Bayesian model published 
in 2014, the variables with the best prediction of malignancy 
were size (>16 mm, LH+ 2.3), enhancement (>40 HU, LH+ 5.0), 
morphology (spiculated, LH+ 7.88), and volume doubling time 
(25-400 days, LH+ 14.4) (33). In comparison to our results, we 
did not find statistical significance for these variables except 
for nodule size (>8 mm, OR 2.64, p < 0.01), which is consistent 
with the literature in its association with malignancy. One 
limitation to consider was that 86.2% of patients did not 
undergo 18 FGD-PET-CT, 27% did not have nodule density 
calculated, and 68.9% did not have VDT calculated due to the 
absence of comparative images. Additionally, some radiology 
reports did not include nodule density values in Hounsfield 
units, and older studies lacked images in the system for 
review. However, this situation did not affect the applicability 
of the scales in the study, as the scoring calculation 

accommodates the absence of these data. When performing 
logistic regression, this model had the best performance with 
an adjusted OR of 5.02 and a statistically significant p-value of 
0.024. The National Cancer Institute has had a PET CT service 
since 2012 (34). Unfortunately, due to high demand and 
prolonged wait times, it has not been a protocolized resource 
for studying pulmonary nodules in patients with a cancer 
history, a situation that is clearly evident in the results.
In the Brock model published in 2013, the variables predicting 
malignancy were advanced age (>65 years, OR 1.03), female 
gender (OR 1.82), family history of lung cancer (OR 1.34), 
emphysema (OR 1.34), size (14 mm), location (upper lobe, 
OR 1.93), partially solid nodule (OR 1.46), lower nodule count 
in patients with multiple pulmonary nodules (<4, OR 0.92), 
and spiculation (OR 2.17). One limitation mentioned in the 
study (McWilliams et al.) was inadequate applicability for 
screening low-risk populations and for patients with hilar or 
mediastinal lymphadenopathy (35); in our study, evaluating 
these variables did not show statistical significance.
In the Mayo Clinic model published in 1997, the variables 
predicting malignancy were age (>65 years, OR 1.01), smoking 
(OR 3.12), cancer diagnosis more than 5 years ago (OR 2.37), 
size (17 mm, OR 1.13), spiculation (OR 3.17), and upper lobe 
location (OR 1.81) (36). In the Herder model published in 
2005, the FDG-PET variable was added, classifying results 
into 4 intensity categories, improving the probability of 
malignancy by 13.6% (37). In our study, we did not find 
statistical significance in the results of these two models, and 
as described above, this may be related to the lack of FDG-PET 
in a large number of patients (86.7%).
In the VA model published in 2007, variables predicting 
malignancy included smoking history (OR 7.9), advanced 
age (>65 years, OR 2.2), size (>7 mm, OR 1.1), and smoking 
cessation (less than 10 years, OR 0.6) (38). In our study, neither 
the scale nor the variables analyzed independently showed 
statistical significance. The average age in our study was 53 
years, which may be related to the lack of association with 
malignancy. Analyzing the five models, advanced age (>65 
years) was identified as a predictor of malignancy, a variable 
that did not show statistical significance in our study.
Our study showed that the Bayesian Model had a sensitivity of 
98% and a specificity of 14%. When comparing these results 
with those reported by Zhang et al. (39), significant differences 
in sensitivity and specificity of other models are evident. In 
particular, for the Herder model, we observed a sensitivity of 
93% and a specificity of 69%, surpassing Zhang et al.’s figures 
(75% and 36%). Likewise, the Mayo Clinic model showed a 
sensitivity of 68% and a specificity of 67%, contrasting with 
Zhang et al.’s values (75% and 36%). For the VA model, our 
research revealed a sensitivity of 62% and a specificity of 
8%, diverging again from Zhang et al.’s results (72% and 
44%). Despite the Bayesian Model’s high sensitivity, its low 
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specificity is noteworthy. This discrepancy may be attributed 
to the heterogeneity of the studied sample, suggesting the 
need for careful interpretation of results and highlighting the 
importance of considering specific population characteristics 
in the performance analysis of the models.
Additionally, it is important to highlight that the model adjusted 
through logistic regression reveals a significant and robust 
relationship between the intermediate-high categorization 
of the Bayesian Model and the probability of malignancy. 
These results reinforce the validity and utility of the Bayesian 
Model in identifying potentially higher-risk cases, providing a 
solid foundation for considering this approach in evaluating 
patients with a cancer history.
The IDEAL study (Artificial Intelligence and Big Data for Early 
Lung Cancer Diagnosis) uses a prediction model called “Lung 
Cancer Prediction CNN (LCP-CNN)” with an algorithm known 
as Convolutional Neural Networks (CNN). Initially applied to 
data from the US NLST (National Lung Screening Trial) under 
the supervision of expert thoracic radiologists to evaluate 
its performance in patients with pulmonary nodules who 
underwent the Brock score. The main result showed an area 
under the curve of 89.6% (95% CI 87.6–91.5) for the artificial 
intelligence model compared to 86.8% for the Brock score, 
with a significant difference (p<0.005) favoring the former. 
Additionally, there was one false negative case compared to 
six cases with the Brock model (40). These results conclude 
that the tool is promising in the study of pulmonary nodules, 
but it should be noted that incidental nodules were included 
and this tool was not validated in patients with a cancer 
history.
Among the study’s limitations is its retrospective design. 
Retrospective data collection often risks missing information, 
which limits the total sample size of the study. Additionally, 
18-FDG PET-CT was not requested in 86.2% of patients. 
Furthermore, density and VDT calculations were only 
performed for 131 patients due to the absence of images for 
older cases or the lack of comparative images (cases with only 
one CT scan used for the decision of surgical resection).

CONCLUSION

The literature is limited regarding studies that apply and 
evaluate the diagnostic value of probabilistic models for 
pulmonary nodule malignancy in patients with a history 
of cancer. Therefore, the results obtained in this research 
provide valuable insights into the behavior of pulmonary 
nodules in the local population with known oncological 
diagnoses. This study highlights four statistically significant 
parameters to consider when addressing a pulmonary 
nodule: the application of the Bayesian score, having more 
than two nodules, nodule size greater than 8 mm, and the 
absence of calcification.

This study paves the way for future research in the oncological 
population with pulmonary nodules to determine variables 
related to the probability of malignancy and to develop 
algorithms for diagnostic and therapeutic approaches at the 
National Cancer Institute.
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