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1. Introduction

Lung cancer is the most common cause of cancer-related death 
worldwide1. Non-small cell lung cancer (NSCLC) accounts for ap-
proximately 85% of all types of lung cancer, with lung adenocarci-
noma and lung squamous cell carcinoma (SCC) accounting for 60% 
and 15% of histologic subtypes, respectively1. With the advent of 
new developments in neoadjuvant therapy and immunotherapy, 
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the overall survival (OS) of patients with NSCLC has improved sig-
nificantly. For patients with locally advanced NSCLC, neoadjuvant 
therapy plays an important role in both staging of lung cancer and 
providing an opportunity for surgery that effectively improves 
prognosis2. Neoadjuvant chemoradiotherapy (CRT) followed by 
surgical resection improves survival compared to surgery alone in 
patients with locally advanced non-small cell lung cancer, especially 
in patients with a complete pathological response or major patho-
logical response (MPR) (classically defined as a residual tumor bur-
den of <10%)1. Neoadjuvant CRT has become a vital strategy to re-
duce tumor size and facilitate surgical resection3. Neoadjuvant CRT 
also allows interim assessments of response to treatment and pre-
vents the development of micrometastases4. 

Traditional neoadjuvant therapy includes chemotherapy and 
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chemoradiation, and revolutionary neoadjuvant therapies for 
NSCLC are evolving4. However, tools and predictive models to esti-
mate the prognosis of patients receiving neoadjuvant therapy fol-
lowed by lung surgery are still limited5.  The aim of this study was 
to evaluate whether chest CT findings can predict neoadjuvant 
treatment response in patients with locally advanced non-small cell 
lung cancer. 
 

2. Materials and methods 
 
   2.1. Patient Selection and Study Design 

    This retrospective study was approved by our institutional ethical 
committee and carried out in accordance with the Declaration of 
Helsinki and the Good Clinical Practice Guidelines. The requirement 
for informed consent from the patients was waived due to the ret-
rospective nature of the study. 
The American Joint Committee on Cancer (AJCC) TNM staging sys-
tem is the most commonly used tool to predict recurrence and sur-
vival. For the N descriptor, the lymph node (LN) is based on the lym-
phatic territory involved without any information on the number of 
dissected LNs (NDLN) and the number of positive LNs (NPLN). Since 
January 2017, the 8th edition of TNM in Lung Cancer has been used 
as the standard for non-small cell lung cancer staging. This staging 

system was used in our study. In this study, all findings that could 
be obtained from chest enhanced CT examination of patients with 
locally advanced lung cancer were included in the investigation. For 
neoadjuvant treatment response, 3rd and 6th month control chest 
CT scans were performed and changes around the tumor and 
changes in tumor size were noted. Tumors in remission and opera-
ble tumors were operated. Patients who were not operable after ne-
oadjuvant treatment were excluded from the study (Figure 1). 
Individuals with diffuse or multiple nodules were excluded. Sub-
solid, ground glass and cavitary non-solid masses were excluded. 
   2.2. Chemoradiotherapy Protocols 

    Although there was previously no standard treatment manage-
ment in locally advanced lung cancer, treatment algorithms have re-
cently changed with the integration of immunotherapy into neoad-
juvant treatment 6.  To the best of our previous knowledge, neoad-
juvant therapy may improve resectability by decreasing the T stage 
and nodal disease stage and increasing local regional control by re-
moving residual tumor and nodal disease 7.  Data from phase II tri-
als show that neoadjuvant chemoradiotherapy is well tolerated in 
active patients with good performance status. In contrast, the sur-
vival benefit of neoadjuvant chemoradiation compared with induc-
tion chemotherapy has not been clearly established due to incon-
sistent results of Phase III trials. 

 

 
The initial overall number of patients, together with the number of patients included in the study, is demonstrated. The number of pa-

tients excluded from the study and exclusion criteria of the study are shown. 

 
 

 
 
 
 
 

 
 
 
 
 

Total Initial 
Patients

n=252

Exclude Patients

n=112

*Patients Who non-operable after 
neoadjuvant chemoradiotherapy n=36

*Patients Who do not attend neoadjuvant 
chemoradiotherapy treatment regularly 
n=13

*Not regularly attend postoperative 
control examinations n=15

*Several artifacts in enhanced CT 
examinations n=12

*Patients who more than one lung mass 
n=28

*Patients with a past history another 
malignancy n=8

Evaluated 
patients

n=140

Figure 1 
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    There are 2 different chemotherapies commonly used with con-
current chemoradiotherapy. The first one is the weekly administra-
tion of paclitaxel and carboplatin, while the other is the combination 
of cisplatin and Etoposide. These two chemotherapy combinations 
have been compared in a previous clinical trial. Although there was 
no statistical significance in overall survival, there was a numerical 
improvement in the cisplatin and Etoposide arm. However, this nu-
merical improvement was associated with an increased toxicity pro-
file 8. All of the patients included in this study were patients who 
received neoadjuvant chemoradiotherapy and then underwent sur-
gery. The combination of carboplatin and paclitaxel is the chemo-
therapy protocol used simultaneously with radiotherapy in our cen-
ter because of its easy tolerability. Therefore, weekly carboplatin 
and paclitaxel treatment was used in all patients in the study. Radi-
ologic response evaluation was performed 4-6 weeks after comple-
tion of chemoradiotherapy and operable patients in remission were 
operated. 
   Imaging Technique  

    Thorax CT scans were performed in a 128-detector scanner 
(Philips Ingenuity 128; Philips, Eindhoven, The Netherlands). All 
scans were completed in a single breath-hold in the supine position. 
The standard scanning area was designated as the space between 
the apex of the lungs and the costophrenic angles. The CT parame-
ters were designated as follows: 80-120 kVp; 100-200 mAs; gantry 
rotation time = 0.4 s; pitch = 0.8 or 1; slice thickness = 1 mm; and 
slice reconstruction = 3 mm; FOV :350 mm. Axial, sagittal, and 

coronal reformatted images were acquired from the raw slices. The 
radiation dose received by the patients was calculated as 3-5.5 mSv. 
The enhanced scan was performed using a high-pressure syringe, 
injecting non-ionic iodine (iohexol; 350 mg/mL; injection amount, 
1.5-2 mL/kg; injection rate, 3 mL/s) intravenously through the el-
bow. The mediastinum window was set [width, 350 Hounsfield 
units (HU); level, 40 HU], and the lung window was also set (width, 
1,200 HU; level, -600 HU). All raters performed their evaluations us-
ing separate individual Intellispace Service Healthcare (IPS) work-
stations. 
   CT Evaluation 

    The pathology results of the tumor tissue, presence or absence of 
additional comorbidities, smoking history, age and gender were 
completely concealed from the readers. The readers evaluated the 
localization of the tumor tissue in two ways: central and peripheral. 
They noted the segments in which the lesion was located and the 
longest dimension of the lesions. Readers noted the lesion contours 
under 4 main headings; 1) round smooth 2) macrolobulated 3) mi-
crolobulated 4) spiculated. Readers noted the types of calcification 
of the lesions under 4 headings; 1) no calcification 2) central calcifi-
cation 3) eccentric calcification 4) coarse calcification. Necrosis sta-
tus was categorized under 3 headings; 1) no necrosis 2) <50% ne-
crosis 3) >50% necrosis.   The types of atelectasis adjacent to the 
lesion were noted by the readers under 5 headings. 1) no atelectasis 
2) subsegmental 3) segmental 4) lobar 5) total atelectasis.   

 
 

 

In the mediastinal window of contrast-enhanced thorax CT examination; Coronal (a) and axial (b) section examination shows a mass 

lesion in the lower lobe of the left lung. Infracarinal lymph node (solid arrow) , pericardial invasion and accompanying pericardial effu-

sion are seen (hollow arrow) (a, b). After neoadjuvant treatment, it was observed that the mass shrank significantly and pericardial inva-

sion and pericardial effusion decreased (c). 
 

 
 

 
In the mediastinal window of contrast-enhanced thorax CT examination; (a) It is seen that the mass located in the upper lobe ( solid 

arrow)  of the right lung infiltrated the posterior bronchus of the right upper lobe (marked with asterisks) and caused thrombus in the 

superior vena cava and bronchial artery(marked with asterisks), (b). Lymph nodes located at stations 7 and 4L are also seen(hollow ar-

row). In the thorax CT examination obtained after neoadjuvant treatment; It shows that the thrombus in the superior vena cava has 

regressed, but there is no change in the size of the mass (c). 
 

Figure 2 

Figure 3 
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parenchymal changes around the tumor tissue were noted by the 
readers under 7 headings; 1) normal parenchyma 2) ground glass 
3) reticular changes (lymphatic) 4) ground glass + reticular changes 
5) mosaic attenuation 6) consolidation 7) bronchiectasis. The stage 
of vascular infiltration of the masses was noted by the readers under 
6 headings. 1) absent 2) pulmonary trunk 3) main 4) lobar 5) seg-
mental 6) VCS (Figure 2,3). 
The stage at which the masses had respiratory tract infiltration was 
noted by the readers under 5 headings. 1) no airway infiltration 2) 
trachea 3) main bronchi 4) intermediate bronchus 5) lobar bron-
chus ( Figure 2,3). The presence or absence of cardiac infiltration of 
tumor tissue was noted under 4 headings; 1) absent 2) pericardial 
infiltration 3) infiltration up to myocardium 4) presence of intra-
chamber thrombus( Figure 2). 
    Readers noted which lymph node stations had pathologic lymph 
nodes (lymph nodes with a short axis >10 mm). The presence of dis-
tant metastasis on CT scan before neoadjuvant treatment was noted. 
The presence or absence of pleural effusion in the hemithorax of the 
lesion was noted ( Figure 2,3). 
    Lung tumours were contoured by three expert readers on the 
Workstation (Intelli SpacePhilips [IPS], The Netherlands) using a 
freehand tool to manually segment the lesion. The readers were 
blinded to the actual histopathologic diagnosis of all cases.  
   Statistical Analysis 

    SPSS (Statistical Package for the Social Sciences) 25.0 package 
program was used for statistical analysis of the data. Categorical 
measurements were summarized as number and percentage, and 
continuous measurements were summarized as mean and standard 
deviation (median (median) and minimum-maximum where neces-
sary). The Kolmogorov-Smirnov test was used to determine 
whether the parameters in the study were normally distributed. 
Mann Whitney U test was used for parameters that did not show 
normal distribution. Chi-square test was used to compare categori-
cal expressions. Cox Regression test was used to analyze the factors 
affecting remission and progression. Kaplan Meier test was used in 
survival analysis. Statistical significance level was taken as 0.05 in 
all tests. 
 

3. Results 
 
   The enhanced chest CT scans, demographic data and number of 
comorbidities evaluated in the patient groups included in the study 
are given in Table 1. 
    Progression and mortality rates were found to be low in patients 
with remission (p<0.001). No significant difference was found be-
tween the other parameters in Table 2 (p>0.05). 
    The rate of progression was higher in cases with n2 and n3 in TNM 
staging (p<0.001). The rate of calcification was higher in patients 
with progression (p=0.005) and the rate of pericardial invasion was 
higher (p=0.008). In addition, vascular invasion rate was high in pa-
tients who developed progression (p=0.003). The mean age of pa-
tients with progression was low (p=0.038). No significant difference 
was found between the other parameters in Table 3 (p>0.05). 
    The factors affecting progression were analyzed with Cox regres-
sion model in Table 4. Univariate analysis revealed a statistically sig-
nificant difference between lymph node station, calcification, pres-
ence of pericardial invasion, presence of vascular invasion and age 
variables. In the multivariate cox regression analysis, parameters 
that were found to be significant in the univariate analysis results 
were included. According to the results of the analysis, patients with 
lymph node station 3 had a 3.69 -fold efect [odds ratio (OR)=3.693, 
[95% confdence interval (CI)= 1.875–7.274, p=0.041] effect on pro-
gression (p<0.001), (Table 4). 

    Overall survival was 40.1 (months) and progression free survival 
was 14.8 (months) ( Figure 4). 
 

4. Discussion 
 
        The aim of this study was to investigate which of the findings on 
pretreatment chest enhanced CT scan is more successful in predict-
ing histologic response to neoadjuvant therapy in patients with lo-
cally advanced NSCLC. Neoadjuvant therapy followed by surgery 
has recently been applied as a multimodal treatment for locally ad-
vanced NSCLC6.  Accurate patient stratification is becoming increas-
ingly important. Pathological tumor-lymph node-metastasis 
(pTNM) classification is the most important and routinely applied 
prognosis prediction tool for malignant disease. MPR or complete 
pathologic response has been associated with long-term overall sur-
vival (OS) in NSCLC patients undergoing neoadjuvant therapy7,8.  
Prognostic information to predict response to treatment in the set-
ting of neoadjuvant therapy can help establish criteria for selecting 
appropriate surgical candidates 9. 
   In the study, lymph node stage grouping was performed in pa-
tients with lung tumors. It was observed that lymph node stage was 
not significant in terms of response to neoadjuvant treatment. How-
ever, lymph node stage was shown to be effective in progression. 
Especially in the multivariant analysis, N0 and/or N3 stage group 
was found to be effective on the progression time. In lung cancer 
TNM staging 8th edition, N stage varies according to the localisation 
of lymph nodes. In this study, T stage in TNM staging and lymph 
node stage and metastasis were investigated separately in terms of 
both progression and response to treatment. The study showed that 
N stage was more effective in progression than both T and M stage. 
In other words, advanced N stage is a poor prognosis in terms of 
progression independent of TNM staging. 
    There are many previous studies on whether the contours of lung 
tumors affect the response to radiotherapy10.  However, there is no 
consensus on this issue8-12.  In our study, tumor contours were not 
associated with response to neoadjuvant treatment. Similarly, tu-
mor contours were not associated with the time of progression.  
There was no significant difference between the subgroups of non-
small cell lung tumors in terms of response to neoadjuvant treat-
ment or progression times. These results obtained in our study were 
consistent with the literature 12,13.  As a matter of fact, lung tumors 
are divided into two groups as small cell and non-small cell in terms 
of treatment protocol 8,13. 
   Localization and infiltrating localization of lung tumors are very 
important in terms of surgery 14,15.  In the literature, the relationship 
between postoperative response and localization has been exam-
ined 16-18.  In our study, regardless of the areas infiltrated by tumor 
tissue, the lobe in which the tumor tissue was located, whether it 
was in a single lobe or extended to more than one lobe, and whether 
the lesion was centrally or peripherally localized were noted sepa-
rately. It was observed that the localization of tumor tissue in the 
lung parenchyma had no effect on neoadjuvant treatment response 
or progression time. 
    Recently, the number of studies investigating the relationship be-
tween tumor contours in the lung and other localizations and tumor 
subtypes and grades has increased19-22.  Tumor contour is one of the 
most frequently used parameters in tumor analysis, especially in 
studies performed with artificial intelligence19,23,24.  It is an accepted 
fact that spiculated and microlobule lesions suggest malignant tu-
mors 24,25.  In this study, tumor contours were divided into 4 groups 
by the readers and the relationship between tumor contour and re-
sponse to neoadjuvant treatment and progression times were ex-
amined, but no significant relationship was found.  
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Number of parameters analyzed in the patients included in the study 
 

 Number 
(n) 

Percentage 
(%) 

Gender   
Woman 29 20.7 
Male 111 79.3 

Cigarette 71 50.7 
Emphysema 86 61.4 

Comorbidity 120 85.7 

DM 9 7.5 
HT 6 5.0 
History of non-acc malignancy 16 13.3 
Previous history of lung disease 31 25.8 
Atherosclerotic coronary heart 
disease 

34 28.3 

DM and HT 24 20.0 

Tissue cell type   
Adenocarcinoma 42 30.0 
Squamous HC carcinoma 55 39.3 
Neuroendocrine carcinoma 33 23.6 
Mucinous adenocarcinoma 10 7.1 

Lymph node stage   
0 33 23.6 
N1 25 17.9 
N2 51 36.4 
N3 31 22.1 

Baseline CT metastasis 57 40.7 

Lung 15 26.3 
Brain 9 15.8 
Neighbor bone 13 22.8 
Distant bone 4 7.0 
Surrenal 3 5.3 
Lung + brain 3 5.3 
Brain + surrenal 3 5.3 
Abdomen 5 8.8 
Abdomen + surrenal 2 3.5 

Lesion localization   
Central 82 58.6 
Peripheral 58 41.4 

Lobe   
Right upper 50 35.7 
Right low 21 15.0 
Right middle 7 5.0 
Lef upper 51 36.4 
Left low 11 7.8 

Single lobe   
Single 111 79.3 
More than one 29 20.7 

Lesion contour   
Round smooth 19 13.6 

Lobule 32 22.9 
Microlobule 17 12.1 
Spiculated  72 51.4 

Calcification 66 47.1 

Central 15 22.7 
Eccentric 26 39.4 
Rough 25 37.9 

Necrosis   
No necrosis 73 52.1 
<%50 39 27.9 
>%50 28 20.0 

Necrosis 3rd month   
No necrosis 89 63.6 
<%50 33 23.6 
>%50 18 12.9 

Necrosis 6 months   
No necrosis 84 60.0 
<%50 32 22.9 
>%50 24 17.1 

Atelectasis adjacent to the mass 93 66.4 

Subsegmental 55 59.1 
Segmental 30 32.3 
Lobar 6 6.5 
Total 2 2.2 

Presence of atelectasis on 3rd 
month Chest CT 

99 70.7 

Subsegmental 64 64.6 
Segmental 23 23.2 
Lobar 7 7.1 
Total 5 5 

Presence of atelectasis on 6th 
month Chest CT 

105 75.0 

Subsegmental 51 48.6 
Segmental 41 39.0 
Lobar 11 10.5 
Total 2 1.9 

Pleural effusion 37 26.4 
Pleural effusion (3rd month Chest 
CT) 

55 39.3 

Pleural effusion (6th month Chest 
CT) 

62 44.3 

Lung parenchyma adjacent to the 
lesion 

  

Normal 11 7.9 
Ground glass 8 5.7 
Reticular changes (lymphatic) 71 50.7 
Ground glass + reticular 25 17.9 
Mosaic perfusion 13 9.3 
Consolidation 12 8.6 

ACC parenchyma adjacent to the 
lesion (3rd month Chest CT) 

  

Normal 10 7.1 
Ground glass 7 5.0 
Reticular changes (lymphatic) 58 41.4 
Ground glass + reticular 43 30.7 
Mosaic perfusion 6 4.3 
Consolidation 16 11.4 

ACC parenchyma adjacent to the 
lesion (6th month Chest CT)   

Normal 15 10.7 
Ground glass 7 5.0 
Reticular changes (lymphatic) 49 35.0 
Ground glass + reticular 47 33.6 
Consolidation 8 5.7 
Bronchilectasis 14 10.0 

Bronchial invasion 89 63.6 

Trachea 1 1.1 
Main 20 22.5 
Intermediate Bronchus 48 43.9 
Lobar bronchus 20 22.5 

Vascular invasion 84 60.0 

Pulmonary trunk 1 1.2 
Main 25 29.8 
Lobar 28 33.3 
Segmental 22 26.2 
VCS 8 9.5 

Pericardial invasion 57 40.7 

Pericardium 48 84.2 
Myocardium 6 10.5 
Intra-chamber thrombus 3 5.3 

Relapse 83 59.3 

Progression 72 51.4 

Remission   
Yes 99 70.7 
Progression without remission 41 29.3 

Mortality 59 42.1 

 
Mean±Ss 

Med (Min-
Max) 

Age 63.6±10.1 64 (14-82) 
Lesion long size 54.6±23.3 52.5 (14-143) 
Average follow-up time 30.7±15.8 28.1 (4.4-68.8) 
Progression time 

14.8±10.7 
12.4 (2.56-
50.1) 

Mean follow-up time - progression 
time 15.5±14.3 8.4 (3.9-48.8) 

Table 1 
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Distribution of the analyzed parameters of the patients with and without remission    

 
 No 

Remission 
(n=41) 

Remission 
Available 

(n=99) 
p† 

n(%) n(%) 

Gender    
Woman 11 (26.8) 18 (18.2) 0.251 
Male 30 (73.2) 81 (81.8)  

Cigarette 21 (51.2) 50 (50.5) 0.939 
Emphysema 26 (63.4) 60 (60.6) 0.756 
Comorbidity 34 (82.9) 86 (86.9) 0.544 

Tissue cell type    
Adenocarcinoma 13 (31.7) 29 (29.3) 0.636 
Squamous HC 
carcinoma 

13 (31.7) 42 (42.4) 
 

Neuroendocrine 
carcinoma 

12 (29.3) 21 (21.2) 
 

Mucinous 
adenocarcinoma 

3 (7.3) 7 (7.1) 
 

Lymph node stage 35 (85.4) 74 (74.7) 0.169 

0 6 (14.6) 27 (27.3) 0.405 
N1 9 (22) 16 (16.2)  
N2 17 (41.5) 34 (34.3)  
N3 9 (22) 22 (22.2)  

Baseline CT 
metastasis 

17 (41.5) 40 (40.4) 
0.908 

Lesion localization    
Central 21 (51.2) 61 (61.6) 0.256 
Peripheral 20 (48.8) 38 (38.4)  

Lob    
Right upper 17 (41.5) 33 (33.3) 0.701 
Right low 4 (9.8) 14 (17.2)  
Right middle 3 (7.3) 4 (4)  
Lef upper 14 (34.2) 37 (37.3)  
Left low 3 (7.3) 8 (8.1)  

Single lobe    
Single 34 (82.9) 77 (77.8) 0.494 
More than one 7 (17.1) 22 (22.2) 

 

Lesion contour    
Round smooth 3 (7.3) 16 (16.2) 0.088 
Lobule 6 (14.6) 26 (26.3)  
Microlobule 8 (19.5) 9 (9.1)  
Spiculated  24 (58.5) 48 (48.5)  

Calcification 
      Central 
      Eccentric 
      Rough 

 
8(38) 
4(19) 

9(42.8) 

                                    
11(24.4) 
16(35.5)                      

18(40) 

0.534 

Necrosis    
No 20 (48.8) 53 (53.5) 0.802 
<%50 13 (31.7) 26 (26.3)  
>%50 8 (19.5) 20 (20.2)  

Necrosis 3rd month    
No 24 (58.5) 65 (65.7) 0.592 
<%50 10 (24.4) 23 (23.2)  
>%50 7 (17.1) 11 (11.1)  

Necrosis 6 months    
No 21 (51.2) 63 (63.6) 0.382 
<%50 11 (26.8) 21 (21.2)  
>%50 9 (22) 15 (15.2)  

Atelectasis 31 (75.6) 62 (62.6) 0.139 
Atelactasis 3rd month 32 (78) 67 (67.7) 0.220 
Atelactasis Month 6 34 (82.9) 71 (71.7) 0.163 

Pleural effusion  12 (29.3) 25 (25.3) 0.624 
Pleural effusion (3rd 
month) 

19 (46.3) 36 (36.4) 
0.271 

Pleural effusion (6th 
month) 

21 (51.2) 41 (41.4) 
0.288 

Lung parenchyma 
adjacent to the lesion 

  . 

Normal 1 (2.4) 10 (10.1) 0.245 
Ground glass 1 (2.4) 7 (7.1)  
Reticular 
changes 
(lymphatic) 

19 (46.3) 52 (52.5) 
 

Ground glass + 
reticular 

9 (22) 16 (16.2) 
 

Mosaic perfusion 6 (14.6) 7 (7.1)  
Consolidation 5 (12.2) 7 (7.1)  

Lung parenchyma 
adjacent to the lesion 
3 months 

  

 

Normal 2 (4.9) 8 (8.1) 0.404 
Ground glass - 7 (7.1)  
Reticular 
changes 
(lymphatic) 

17 (41.5) 41 (41.4) 
 

Ground glass + 
reticular 

13 (31.7) 30 (30.3) 
 

Mosaic perfusion 3 (7.3) 3 (3)  
Consolidation 6 (14.6) 10 (10.1)  

Lung  parenchyma 
adjacent to the lesion 
6 months 

   

Normal 5 (12.2) 10 (10.1) 0.095 
Ground glass 1 (2.4) 6 (6.1)  
Reticular 
changes 
(lymphatic) 

9 (22) 40 (40.4) 
 

Ground glass + 
reticular 

15 (36.6) 32 (32.3) 
 

Consolidation 3 (7.3) 5 (5.1)  
Bronchiectasis 8 (19.5) 6 (6.1)  

Bronchial invasion 27 (65.9) 62 (62.6) 0.718 
Vascular invasion 25 (61) 59 (59.6) 0.879 
Pericardial invasion 16 (39) 41 (41.4) 0.793 
Progression 36 (87.8) 51 (51.5) <0.001** 
Mortality 28 (68.3) 31 (31.3) <0.001** 

 
Mean±Ss Mean±Ss p‡ 

Age 63.7±9.3 63.6±10.5 0.865 

Size of the lesion long 
axis 

57.5±25.3 53.5±22.5 0.558 

 

DM: diabetes mellitus, HT: hypertension, VCS: vena cava superior 
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Distribution of analyzed parameters of progressing and non-progressing patients    

 
 No 

Progressio
n 

(n=53) 

Progressio
n Available 

(n=87) 
p† 

n(%) n(%) 

Gender    
Woman 10 (18.9) 19 (21.8) 0.674 
Male 43 (81.1) 68 (78.2)  

Cigarette 26 (49.1) 45 (51.7) 0.759 
Emphysema 30 (56.6) 56 (64.4) 0.360 

Comorbidity 48 (90.6) 72 (82.8) 0.200 

Tissue cell type    
Adenocarcinoma 17 (32.1) 25 (28.7) 0.670 
Squamous HC 
carcinoma 

23 (43.4) 32 (36.8) 
 

Neuroendocrine 
carcinoma 

10 (18.9) 23 (26.4) 
 

Mucinous 
adenocarcinoma
3  

3 (5.7) 7 (8) 
 

Lymph node stage 37 (69.8) 72 (82.8) 0.074 

0 17 (32.1) 16 (18.4) <0.001*
* 

N1 13 (24.5) 12 (13.8)  
N2 21 (39.6) 30 (34.5)  
N3 2 (3.8) 29 (33.3)  

Baseline CT 
metastasis 

17 (32.1) 40 (46.0) 
0.104 

Lesion localization    
Central 33 (62.3) 49 (56.3) 0.489 
Peripheral 20 (37.7) 38 (43.7)  

Lob    
Right upper 13 (24.5) 37 (42.5) 0.357 
Right low 11 (20.8) 10 (12.5)  
Right middle 3 (5.7) 4 (4.6)  
Lef upper 24 (45.3) 27 (30.9)  
Left low 2 (3.8) 9 (10.3)  

Single lobe    
Single 40 (75.5) 71 (81.6) 0.385 

More than one 13 (24.5) 16 (18.4)  

Lesion contour    
Round smooth 9 (17) 10 (11.5) 0.757 
Lobule 13 (24.5) 19 (21.8)  
Microlobule 6 (11.3) 11 (12.6)  
Spiculated  25 (47.2) 47 (54)  

Calcification 
      Central 
      Eccentric 
      Rough 

 
10(18.8) 

2(3.7) 
5(9.4) 

 
9(10.3) 

32(36.7) 
8(9.1) 

0.005** 

Necrosis    
No 29 (54.7) 44 (50.6) 0.778 
<%50 15 (28.3) 24 (27.6)  
>%50 9 (17) 19 (21.8)  

Necrosis 3rd month    
No 30 (56.6) 59 (67.8) 0.355 
<%50 14 (26.4) 19 (21.8)  
>%50 9 (17) 9 (10.2)  

Necrosis 6 months    
No 29 (54.7) 55 (63.2) 0.072 
<%50 10 (18.9) 22 (25.3)  
>%50 14 (26.4) 10 (11.5)  

Atelectasis 33 (62.3) 60 (69) 0.415 

Atelectasis 3rd 
month 

36 (67.9) 63 (72.4) 
0.571 

Atelectasis Month 6 39 (73.6) 66 (75.9) 0.763 

Thickening of pleural 
effusion 

18 (34) 19 (21.8) 
0.115 

Pleural effusion (3rd 
month) 

22 (41.5) 33 (37.9) 
0.674 

Pleural effusion (6th 
month) 

23 (43.4) 39 (44.8) 
0.869 

Lung parenchyma 
adjacent to the lesion 

   

Normal 6 (11.3) 5 (5.7) 0.381 
Ground glass 2 (3.8) 6 (6.9)  
Reticular 
changes 
(lymphatic) 

26 (49.1) 45 (51.7) 
 

Ground glass + 
reticular 

12 (22.6) 13 (14.9) 
 

Mosaic perfusion 5 (9.4) 8 (9.2)  
Consolidation 2 (3.8) 10 (11.5)  

Lung parenchyma 
adjacent to the lesion 
3 months 

  
 

Normal 3 (5.7) 7 (8) 0.728 
Ground glass 2 (3.8) 5 (5.7)  
Reticular 
changes 
(lymphatic) 

19 (35.8) 39 (44.8) 
 

Ground glass + 
reticular 

20 (37.7) 23 (26.4) 
 

Mosaic perfusion 2 (3.8) 4 (4.6)  
Consolidation 7 (13.2) 9 (10.3)  

Lung parenchyma 
adjacent to the lesion 
6 months 

   

Normal 6 (11.3) 9 (10.3) 0.387 
Ground glass 2 (3.8) 5 (5.7)  
Reticular 
changes 
(lymphatic) 

22 (41.5) 27 (31) 
 

Ground glass + 
reticular 

19 (35.8) 28 (32.2) 
 

Consolidation 1 (1.9) 7 (8)  
Bronchilectasis 3 (5.7) 11 (12.6)  

Bronchial invasion 33 (62.3) 56 (64.4) 0.802 
Vascular invasion 29 (54.7) 55 (63.2) 0.003** 
Pericardial invasion 29 (54.7) 28 (32.2) 0.008* 
Mortality 17 (32.0) 42 (48.2) <0.001*

* 

 Mean±Ss Mean±Ss p‡ 

Age 64.9±12.1 62.8±8.7 0.038* 

Lesion long axis 
dimension 

54.6±24.4 54.6±22.8 0.899 

 
DM: diabetes mellitus, HT: hypertension, VCS: vena cava superior, *p<0.05, **p<0.01, †: Chi-square, ‡: Mann Whitney U 
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Graph of progression free survival and overall survival times of patients. 

 

 

 

Cox regression model of factors affecting progression 

 
 

p Exp(B) 
95% CI 

Lower Upper 

Lymph node station     
0 0.001**    
N1 0.406 1.388 0.640 3.009 
N2 0.058 1.862 0.978 3.542 
N3 <0.001** 3.693 1.875 7.274 

Presence of 
calcification 

0.207 1.333 0.853 2.083 

Vascular invasion 0.003** 1.473 1.125 3.652 
Presence of 
pericardial invasion 

0.324 0.783 0.482 1.272 

Age 0.079 1.024 0.997 1.052 

**p<0.01, Cox regression 

 

 
    Necrosis and cavity are not uncommon findings in lung tumors 
9,26.  Lesions with cavities were not included in the study. The pres-
ence of necrosis (0, <50%, >50%) on the baseline enhanced CT scan 
before neoadjuvant treatment was analyzed by the readers. In addi-
tion, necrosis rates at the 3rd and 6th month of the treatment fol-
low-up were noted. The presence or absence of necrosis before 
treatment or necrosis developing during treatment was not associ-
ated with neoadjuvant treatment response or time to progression. 
    Calcification is not uncommon in both benign and malignant lung 
tumors 27,28.  While eccentric calcification is more common in malig-
nant lesions, coarse and central calcification is more common in be-
nign lesions29-31. Our aim in this study was to evaluate whether cal-
cification can predict response to treatment or progression. In the 
study, there was no significant difference in response to neoadju-
vant treatment in cases with and without calcification , but progres-
sion was more common in cases with calcification (especially eccen-
tric calcification). 
    We examined whether the presence of atelectasis in the 

neighborhood of the mass was associated with response to neoad-
juvant treatment. Atelectasis was classified as 4 types by the read-
ers. Both the baseline enhanced CT scan at the time of diagnosis and 
the presence of atelectasis at 3 and 6 months during treatment fol-
low-up were noted. However, atelectasis both at baseline enhanced 
CT scan and during treatment was not associated with neoadjuvant 
treatment response or time to progression. 
    The presence of pleural effusion in the hemithorax with tumor tis-
sue was examined both at baseline enhanced chest CT examination 
and at 3 and 6 months during the treatment period. However, pleu-
ral effusion at any period was not associated with neoadjuvant 
treatment response or time to progression. 
Density changes other than atelectasis around the tumor tissue 
were examined both at baseline enhanced chest CT examination and 
at 3 and 6 months during the treatment period. However, peritu-
moral density changes in any period were not correlated with neo-
adjuvant treatment response or time to progression. 
    There was no significant difference in response to neoadjuvant 
treatment in patients with bronchial invasion, vascular invasion and 
pericardial invasion compared to patients without these invasions. 
However, progression was observed earlier in patients with bron-
chial, vascular and pericardial invasion compared to those without. 
Especially vascular invasion had a greater effect on progression 
compared to the others. It is not surprising that progression is seen 
earlier in cases with vascular invasion. The ease of spread of mi-
crometastases and/or tumour cells via haematogenous route espe-
cially in cases with vascular invasion is already known in other tu-
mours1,8,13.  We think that the fact that the lymph node stage is an-
other effective factor in the progression of lung tumours supports 
this idea. 
    Previous studies have shown that neoadjuvant treatment has a 
positive effect on both progression free survival and overall sur-
vival2,8,27.  In this study, both progression times were longer and 
mortality was lower in patients in remission. 
 
 

Figure 4 
3 

Table 4 
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   Limitations 
     Our study has some limitations. The main ones are; 1) Using arti-
ficial intelligence and obtaining quantitative data, especially in the 
evaluation of tumor heterogeneity and tumor contours, would have 
made our study much more valuable. 2) The fact that metabolic tu-
mor volume (MTV) was not evaluated from PET CT examinations 
before neoadjuvant treatment can be considered one of the limita-
tions of our study. However, due to the retrospective nature of the 
study, most of the patients did not have a PET CT scan after neoad-
juvant treatment. 3) Since the study was not interobserver, the con-
cordance of the chest CT findings between the readers and their us-
ability in routine clinical practice could not be examined. 
 

5. Conclusion 
     
    None of the findings on chest CT examination before neoadjuvant 
therapy have been shown to be successful in predicting response to 
neoadjuvant therapy. The findings that can predict progression on a 
baseline chest CT scan are vascular invasion, lymph node staging 
and pericardial invasion. Vascular invasion, lymph node stage ad-
vanced cases, pericardial invasion and calcification during baseline 
chest CT scan are findings that can predict progression. Lymph node 
is the most valuable of these in predicting progression. 
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