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Introduction. �Non-small-cell lung carcinoma (NSCLC) constitutes 80% of all lung cancer cases, of which 25–30% are 
squamous-cell carcinoma (SCC). We investigated the impact of comorbidities and other risk factors on the survival 
of patients with SCC, including the correlation between symptoms and the maximum tumor size.
Materials and methods. �The study cohort included 417 patients. The Kaplan-Meier method, the Log-rank test, Gehan’s 
generalized Wilcoxon test, the Mann-Whitney U test, the t-test and Cox’s model of proportionality of hazards were applied. 
Results. �The maximum tumor size exhibited a significant correlation with the presence of symptoms such as cough, 
hemoptysis, and weight loss. Patients who presented with a positive family history of cancer, a prior history of cancer, 
respiratory diseases, or hypertension experienced a notably reduced survival time.
Conclusions. �Patient’s symptoms and their medical history are important in predicting survival.
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Introduction
According to the GLOBOCAN data for the year 2020, lung 
cancer constitutes 11.4% of all malignant tumors in terms 
of morbidity, and it is responsible for 18% of deaths cau-
sed by malignant tumors worldwide. Non-small-cell lung 
carcinoma (NSCLC) constitutes 80% of all lung carcino-
ma cases, of which 25–30% are squamous-cell carcinoma. 
The prognosis for patients diagnosed with lung cancer is 
unfavorable and is closely associated with the cancer’s stage 

at the time of diagnosis, and the specific subtype of NSCLC. 
Men demonstrate a higher incidence of lung cancer com-
pared to women, a discrepancy probably linked to lifestyle 
and genetic factors [1–5]. 

Among NSCLC, squamous-cell lung carcinoma (SCC) is 
the cancer most strongly associated with smoking. The role 
of classic or electronic cigarette fumes in the pathogene-
sis of SCC may be related to a decreased DNA methylation 
in regions strictly responsible for the proper functioning 
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of the respiratory epithelium. In addition to active smoking, 
it is important to consider the role of passive smoking, which 
significantly influences the occurrence of lung cancer. There 
is substantial evidence suggesting that passive smoking has 
a greater impact on the development of adenocarcinoma 
than on the development of SCC. The SCC is also associated 
with environmental factors, genetic predisposition, i.e. a posi-
tive family history of cancer, positive cancer history, and also 
comorbidities – especially lung diseases [6–9]. 

Symptoms of centrally located tumors are most often 
a cough, as well as symptoms resulting from atelectasis or 
obstructive pneumonia, i.e. shortness of breath. Haemoptysis, 
which is often associated with lung cancer, may occur in SCC 
due to the extravasation of blood from the bronchial artery 
within the tumor or less often, from the pulmonary artery [4, 6].

The aim of the study was to determine the characteristics 
of patients with SCC and the characteristics of tumors such as 
size, TNM grade, and histopathological grade. The study also 
aimed to detect a possible relationship between exposure to 
risk factors and patient survival, so as to detect a correlation 
between patients’ symptoms and maximum tumor size.

Materials and methods
The study included a cohort of 417 patients diagnosed with 
SCC who underwent  radical anatomical resection of the lung 
tissue (segmentectomy, lobectomy, bilobectomy or pneumo-
nectomy) due to lung cancer between May 2012 and Decem-
ber 2021. A dedicated database was established to compile 
the medical records of all patients who underwent surgery for 
lung cancer. Patients were observed for five years from the day 
of surgery. Data about patients’ survival was collected up to 
1st May 2022. All further outcomes were considered incom-
plete. Inclusion criteria: primary SCC confirmed histologically, 
lobectomy or pneumonectomy, age over 18. Exclusion criteria: 
histopathologically confirmed adenocarcinoma, histopatholo-
gically confirmed secondary lung cancer, the presence of more 
than one histologically different tumor in the specimen. Limits 
of our study: lack of information about patients after the end 
of the 5-year follow-up, lack of exact information about death, 
lack of exact data about chemotherapy. The detailed study 
design is presented in figure 1.

The study was conducted in accordance with the Dec-
laration of Helsinki and approved by the Institutional Review 
Board (or Ethics Committee) of the Medical University of Silesia 
(No PCN/0022/KB/27/21).

Statistical analysis
Data is presented as the number of cases with percentage 
and for quantative variables as mean +/– SD or median with 
Q1 and Q3. The normality assumption was tested for each 
quantitative variable based on a graphical interpretation 
of the Q-Q plots and histograms. Odds ratios with 95% con-
fidence intervals were calculated for categorical variables. 

Pearson’s chi-square test, the t-test and the Wilcoxon test were 
used to determine the significance of differences between gro-
ups with different selected characteristics. The Kaplan–Meier 
method was used to determine the probabilities of survival 
among the groups. The comparison of survival was perfor-
med using the Mantel-corrected log-rank test during which 
more than two groups were compared. To assess the impact 
of variables on patient survival, the Cox proportional hazards 
model was used. P-values less than 0.05 were considered 
significant. The analysis was carried out using the Rlanguage 
in the Rstudio software.

Results
The study encompassed 281 male and 136 female participants. 
Among the study participants, 81.5% were active cigaret-
te smokers, while 73.4% had been exposed to second-hand 
smoke. Complications during the surgical procedure affec-
ted 33.3% of patients. The predominant T classifications for 
the cancer cases were T2 (36.1%) and T1 (33.6%). The majority 
of patients showed no neoplastic involvement in their lymph 
nodes (61.3%). Most patients presented with a histopatho-
logical malignancy of grade G2. A total of 1.4% of patients 
died during hospitalization. The mean age of the participants 
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Figure 1. Study design flowchart
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in the study was approximately 68 years. The median pack-
-years for smokers was approximately 40 years. The median 
maximum tumor size was 40.00 mm, and the median survival 
duration was 1321 days (approximately 3.5 years). Notably, no 
statistically significant differences were observed between 
the groups (p > 0.05) (tab. I).

Symptoms indicative of neoplastic disease were repor-
ted by 54.9% of the patients. A cough was the most frequ-
ently reported symptom, accounting for 41.0% of the total 

cases and prevalent among both smokers and non-smokers. 
The median of weight loss was 8.00 kg in the smoking group 
and 6.50 kg in the non-smoking group. The median of percen-
tage weight loss was 10.00% in the smoking group and 9.00% 
in the non-smokers group. There were no significant differen-
ces observed between these groups (p > 0.05) (tab. I).

A positive cancer history concerned 15.8% of patients, 
while a positive family history of cancer was noted in 14.9% 
of patients. Surgical risk factors were identified in 58.3% 

Table I. Characteristics of patients grouped by smoking status (n = 417)

Characteristic
Overall

Smoker

p-valueNo Yes

n (%) n (%) n (%)

smoking cigarettes 340 (81.5%) – – –

second-hand smoking 306 (73.4%) – – –

gender

0.664male 281 (67.4%) 54 (70.1%) 227 (66.8%)

female 136 (32.6%) 23 (29.9%) 113 (33.2%)

surgery complication 139 (33.3%) 25 (32.5%) 114 (33.5%) 0.964

hemothorax requiring re-surgery 15 (3.6%) 4 (5.2%) 11 (3.2%) 0.621

blood tranfusion during or after surgery 36 (8.6%) 5 (6.5%) 31 (9.1%) 0.606

drainage 40 (9.6%) 12 (15.6%) 28 (8.2%) 0.078

disease symptoms 229 (54.9%) 35 (45.5%) 194 (57.1%) 0.085

pain 15 (3.6%) 1 (1.3%) 14 (4.1%) 0.389

hemoptysis 48 (11.5%) 6 (7.8%) 42 (12.4%) 0.350

dyspnoea 17 (4.1%) 3 (3.9%) 14 (4.1%) 1.000

cough 171 (41.0%) 30 (39.0%) 141 (41.5%) 0.783

weight loss 21 (5.0%) 2 (2.6%) 19 (5.6%) 0.427

TNM scale

T feature 

0.860

I 135 (33.6%) 23 (30.7%) 112 (34.3%)

II 145 (36.1%) 27 (36.0%) 118 (36.1%)

III 80 (19.9%) 18 (24.0%) 62 (19.0%)

IV 41 (10.2%) 7 (9.3%) 34 (10.4%)

x 1 (0.2%) 0 (0.0%) 1 (0.3%)

N feature 

0.719

0 253 (61.3%) 44 (57.1%) 209 (62.2%)

I 87 (21.1%) 16 (20.8%) 71 (21.1%)

II 5 (1.2%) 1 (1.3%) 4 (1.2%)

x 68 (16.5%) 16 (20.8%) 52 (15.5%)

M feature = x  410 (100.0%) 77 (100.0%) 333 (100.0%)
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Characteristic
Overall

Smoker

p-valueNo Yes

n (%) n (%) n (%)

grade

0.301

I 27 (6.5%) 3 (3.9%) 24 (7.1%)

II 222 (53.2%) 48 (62.3%) 174 (51.2%)

III 141 (33.8%) 24 (31.2%) 117 (34.4%)

IV 1 (0.2%) 0 (0.0%) 1 (0.3%)

x 26 (6.2%) 2 (2.6%) 24 (7.1%)

death during hospitalization 6 (1.4%) 1 (1.3%) 5 (1.5%) 1.000

quantitative characteristics

pack-years

median 30.00 – – –

q1 20.00 – – –

q3 45.00 – – –

age during surgery

0.387mean 67.77 68.44 67.62

stabilization of the disease (SD) 7.11 7.63 6.99

weight loss (kg)

median 8.00 6.50 8.00

0.586q1 4.00 4.75 4.50

q3 10.00 8.25 11.00

weight loss (%)

median 10.00 9.00 10.00

0.809q1 5.00 6.00 6.50

q3 15.00 12.00 16.50

maximum tumor size (mm)

0.987
median 40.00 40.00 40.00

q1 25.00 25.00 25.00

q3 55.00 55.00 60.00

5-year survival (days)

0.731
median 1321.00 1251.00 1358.00

q1 623.00 684.00 622.00

q3 1825.00 1825.00 1825.00

x – feature cannot be assessed

Table I cont. Characteristics of patients grouped by smoking status (n = 417)

of patients, with hypertension (60.2%), non-insulin-depen-
dent diabetes mellitus (24.9%), respiratory system diseases 
(24.5%), and coronary artery disease (24.2%) being the pre-
vailing factors. Statistically significant differences were ob-
served between smokers and non-smokers who had expe-
rienced a myocardial infarction more than six months prior 
and those diagnosed with coronary artery disease. A higher 

percentage of patients who had a myocardial infarction six 
months earlier (p = 0.022) and a greater proportion of pa-
tients diagnosed with coronary artery disease (p = 0.044) 
were non-smokers (tab. II).

The median of the maximum tumor size was higher among 
patients who reported disease symptoms. The Wilcoxon test 
analysis revealed that these differences were highly significant 
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(p < 0.001). The median of the maximum tumor size was signifi-
cantly larger in the group of patients who reported hemoptysis 
(p = 0.023), a cough (p = 0.0012) and weight loss (p = 0.002) 
as disease symptoms (tab. S–I [supplementary files], fig. 2).

The median of the maximum tumor size was higher 
in the group of patients who reported pain (p = 0.47) and dys-
pnoea (p = 0.054) as disease symptoms. It is essential to note 
that these differences were not statistically significant (tab. S–I, 
fig. S–1 [supplementary files]). There were no statistically signifi-
cant differences in survival duration observed between women 
and men (p = 0.060) (tab. III, fig. S–2 [supplementary files]). Pa-
tients with a positive cancer history were almost twice as likely 
to experience mortality compared to those with a negative 
cancer history (p = 0.008) (tab. III, fig. S–3 [supplementary files]). 
Likewise, patients with a positive family history of cancer had 
twice the risk of mortality in comparison to those with a negative 
family history of cancer (p = 0.002) (tab. III, fig. S–4 [supplementa-
ry files]). The group of patients exposed to second-hand smoking 
exhibited an almost sixfold higher risk of mortality compared 
to those who were not exposed to second-hand smoking (p < 
0.001) (tab. III). Patients with surgical risk factors had a fivefold 
higher risk of death compared to patients without surgical risk 
factors (p < 0.001) (tab. III, fig. S–5 [supplementary files]).

Patients with hypertension had an approximately twofold 
higher risk of death compared to those without hypertension 
(p = 0.011) (tab. III–IV, fig. 3). The division of the patients by gen-
der revealed a significant impact of hypertension on survival 
exclusively within the male group. There were no significant 
differences in survival between women with hypertension 
compared to the group of women without hypertension (fig. 4, 
S–6 [supplementary files]). Patients with respiratory system 
diseases had a mortality risk nearly twice as high as those 
without this group of comorbidities (p = 0.035) (tab. III, fig. 5).

Compared to patients with T1 cancer, patients with T2 had 
a twofold higher risk of death (p = 0.006), while T3 patients 
had an almost threefold higher risk (p < 0.001), and T4 pa-
tients had an almost fourfold higher risk of death (p < 0.001). 
Patients with the N feature at the N2 level had an approximately 
sevenfold higher risk of death compared to patients with N0 
(p < 0.001) (tab. III, fig. S–7, S–8 [supplementary files]). 

Patients with a tumor grade at G3 had an approximately 
threefold higher risk of death than patients with G1 (p = 0.047), 
while patients with G4 had a more than 100-times higher 
risk of death than patients with G1 (p < 0.001). Furthermore, 
patients with a larger maximum tumor size had a higher risk 
of death (tab. III, fig. S–9 [supplementary files]).

Table II. Overall medical history and depending on smoking status (n = 417)

Characteristic Overall Smoker p-value

No Yes

n (%) n (%) n (%)

positive cancer history 66 (15.8%) 17 (22.1%) 49 (14.4%) 0.136

positive family history of cancer 62 (14.9%) 10 (13.0%) 52 (15.3%) 0.737

surgery risk factors and comorbidities 243 (58.3%) 49 (63.6%) 194 (57.1%) 0.353

insulin-dependent diabetes 2 (0.5%) 1 (1.3%) 1 (0.3%) 0.811

insulin-independent diabetes 104 (24.9%) 26 (33.8%) 78 (22.9%) 0.066

cardiac infarction ≤6 months 2 (0.5%) 1 (1.3%) 1 (0.3%) 0.811

cardiac infarction >6 months 35 (8.4%) 12 (15.6%) 23 (6.8%) 0.022

epilepsy 1 (0.2%) 0 (0.0%) 1 (0.3%) 1.000

circulatory failure 8 (1.9%) 2 (2.6%) 6 (1.8%) 0.983

kidney failure 2 (0.5%) 1 (1.3%) 1 (0.3%) 0.811

COPD 83 (19.9%) 13 (16.9%) 70 (20.6%) 0.564

varicose veins and lower extremity venous insufficiency 10 (2.4%) 0 (0.0%) 10 (2.9%) 0.267

hypertension 251 (60.2%) 50 (64.9%) 201 (59.1%) 0.416

coronary artery disease 101 (24.2%) 26 (33.8%) 75 (22.1%) 0.044

respiratory system diseases 102 (24.5%) 17 (22.1%) 85 (25.0%) 0.695

chronic bronchitis 2 (0.5%) 0 (0.0%) 2 (0.6%) 1.000

bronchial asthma 18 (4.3%) 5 (6.5%) 13 (3.8%) 0.465

post-tuberculosis changes in the lungs 4 (1.0%) 0 (0.0%) 4 (1.2%) 0.757

COPD – chronic obstructive pulmonary disease
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Discussion
Our study focused on patients with SCC. However, given that 
the majority of previous studies in this field have been predo-
minantly based on NSCLC studies in general, and considering 
the similarities between squamous and non-squamous tu-
mors concerning factors influencing postoperative survival, we 
have concentrated on discussing studies primarily grounded 
in NSCLC research.

The article by Iachin et al. [10] from 2014 presented 
the conclusions that patients with cardiovascular disease 
presented higher mortality rates. The conclusions also show 
that patients with lung diseases have a higher mortality rate. In 
our work, we also highlighted different survival rates in these 
groups of patients. Another study showed that patients with 
congestive heart failure (CHD) had a higher mortality rate. 
Likewise, our research revealed varying survival rates among 
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Figure 2. Disease symptoms such as hemoptysis, coughing, and weight loss depending on the maximum tumor size (n = 417), boxplot
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Table III. Survival probability depending on specific features (n = 417)

Variable Beta HR (95% Cl) Wald. test p-value

gender – female –0.43 0.65 (0.42–1.00) 3.60 0.060

smoking cigarettes –0.13 0.87 (0.54–1.40) 0.30 0.590

second-hand smoking 1.00 6.20 (2.90–13.00) 22.00 <0.001

positive cancer history 0.64 1.90 (1.20–3.00) 7.20 0.008

surgery risk factors and comorbidities 1.00 5.00 (2.90–8.40) 36.00 <0.001

hypertension 0.55 1.70 (1.10–2.70) 6.50 0.011

respiratory system disease 0.45 1.60 (1.00–2.40) 4.40 0.035

disease symptoms –0.11 0.89 (0.6–1.30) 0.33 0.560

weight loss –0.4  x 10-3 1.00 (0.41–2.40) 0.00 0.990

positive family history of cancer 0.71 2.00 (1.30–3.20) 9.40 0.002

pack-years –0.01 0.99 (0.99–1.00) 1.10 0.290

maximum tumor size 0.01 1.00 (1.00–1.00) 21.00 <0.001

T feature  

II 0.79 2.19 (1.25–3.84)

20.86

0.006

III 1.16 3.18 (1.76–5.76) <0.001

IV 1.38 3.98 (2.07–7.65) <0.001

x –13.39 1.53 x 10-6 (0–Inf ) 0.995

N feature  

I 0.06 1.06 (0.95–0.65)

15.56

0.822

II 1.99 7.34 (0.14–2.65) <0.001

x –0.15 0.86 (1.17–0.49) 0.594

grade  

II 0.48 1.61 (0.62–0.58)

23.40

0.360

III 1.04 2.82 (0.35–1.01) 0.047

IV 4.62 101.24 (0.01–10.22) <0.001

x 0.35 1.42 (0.71–0.38) 0.604

x – feature cannot be assessed

groups of patients with similar comorbidities. Another study 
showed that patients with congestive heart failure (CHD) exhi-

bited higher mortality rates. However, it was not possible to 
delve into this topic extensively in our work due to the limited 
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number of patients suffering from this condition. However, 
the assumption that cardiovascular diseases are a significantly 
negative prognostic factor in patients with lung cancer was 
clarify. A study by Tammemagi [12] showed that the presence 
of comorbidities negatively affects the survival of patients with 
lung cancer both in early and late stages of the disease. This 
observation presents an intriguing avenue for future investiga-
tions into the prevention of lung cancer, particularly regarding 
the prevention of diseases that frequently coexist with this 
condition [10–12]. Agarwal’s study revealed a significant corre-
lation between gender and survival outcome of patients with 
SCC. This conclusion could not be drawn from our work [13].

A subsequent study, conducted in 1999, presents valuable 
information, some of which is reflected in our work. This study 
examined aspects such as quality of life before the onset of lung 
cancer, the manifestation of disease symptoms, and their impact 
on survival. The findings from this study indicated that the onset 
of >5% weight loss and the presence of dyspnea were unfavo-
rable prognostic factors. Despite the passage of time, this study 
remains a relevant up-to-date analysis of information on how 
we can predict the course of patients’ disease [14].

A study conducted by Montazeri focused on the quality 
of life of lung cancer patients in relation to survival time. In 
the study, deceased patients were more likely to report symp-
toms such as fatigue, loss of appetite, a cough, shortness of bre-
ath and haemoptysis. This is reflected in our study, especially 
weight loss symptoms, shortness of breath and haemoptysis. 
Additionally, the author emphasizes that the quality of life 
before the cancer diagnosis significantly impacts survival after 
diagnosis. This is a relevant topic for future research [15].

A study conducted by Osowiecka, Rucińska, Każarnowicz 
et al. [16] focused on the influence of gender, T and N features. 
According to the presented analysis results, gender and T fe-
ature had no significant impact on the survival of patients 
with non-small-cell lung carcinoma treated with radiation. 
That said, the N feature turned out to have a significant impact 
on the survival of these patients. Compared to the results 
of our study, there was no significant effect of gender on 
the survival of patients with NSCLC but the N  feature was 

significant. Unlike the presented study, the T feature was si-
gnificant as well. Nevertheless, the similarity of survival de-
pending on N feature despite treatment method is worth to 
be pointed out, which creates an interesting area of ​​​​future 
research [16].

Conclusions
The maximum tumor size significantly influences specific 
symptoms of patients suffering from squamous-cell lung car-
cinoma including hemoptysis, weight loss, and coughing. 
Moreover, patients with a positive family history of cancer 
and respiratory diseases exhibit reduced survival time follo-
wing lobectomy. The 5-year survival rate is comparable be-
tween women and men. As regards the prediction of patient 
survival in cases of squamous-cell lung carcinoma, the rela-
tionships should be properly considered.
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