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Abstract: Introduction: The worldwide incidence rate of laryngeal cancer is declining. However, the
5-year survival for these patients has decreased in recent years from 66% to 63%. This may be due
to changes in the treatment of the disease. The present study aimed to evaluate the survival rate of
patients with LC according to the stage of the disease and the treatment applied. For this purpose,
surgical versus organ preservation protocols (OPP) based on chemoradiotherapy were evaluated.
Methods: A retrospective cohort study was conducted in a tertiary hospital. The study included
adult patients with a clinical diagnosis of primary LC. Patients with LC and systemic metastases and
those with synchronous tumors at diagnosis were excluded. Univariate and multivariate analyses
were performed to determine the association between exposure to LC treatment and the time to event
(death). Overall survival (OS), cause-specific survival (CSS), and disease-free survival (DFS) were
calculated. Results: Patients with advanced tumors (stages III and IV) had almost three times the
risk of LC death than those in the initial tumor stages (I and II) [HR CCS = 2.89 (95%CI 1.30–6.39)];
[HR OS = 2.01 (95%CI 1.35–2.98)]. Patients who underwent surgical treatment had a higher chance
of survival than those who were treated according to OPP [HR = 0.62; 95%CI (0.38–1.02)] in CSS,
0.74 [95%CI (0.50–1.90)] in OS, and 0.61 [95%CI (0.40–0.91)] in DFS. Discussion: OPP changed the
management of patients with advanced stages of LC, establishing CRT as an alternative to surgery.
Our data did not reveal clinically relevant differences in OS between patients treated with OPP
and those who underwent surgery; however, we reported differences in the DFS rate after five
years of follow-up in favor of the surgery-treated group of patients. Conclusion: Surgical treatment
improves CSS and DFS at five years in patients with initial LC with respect to radiation therapy alone.
Furthermore, surgical treatment associated with complementary radiation therapy offers better CSS
and DFS in patients with advanced LC.

Keywords: laryngeal cancer; organ preservation; laryngectomy; survival

1. Introduction

The World Health Organization estimates that laryngeal cancer (LC) accounts for more
than 180,000 new annual cases worldwide, and more than 100,000 of the cases end up in
death [1]. Tobacco use represents the main risk factor for the development of LC. Active
smokers are at seven times higher risk of developing LC than nonsmokers [2]. The risk of
occurrence of LC is present in active smokers and in people chronically exposed to tobacco
smoke [3,4]. Alcohol consumption is the second-most important risk factor for LC [5,6].
Co-exposure to tobacco and alcohol produces a synergistic effect that increases the risk of
developing LC [6,7].

LC management has evolved over the years. Traditionally, radical surgical treatment
with total laryngectomy was the treatment of choice even in the early stages of the disease.
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Laryngeal preservation surgeries were then developed to preserve the voice in the early
stages of LC [8]. The introduction of organ preservation protocols (OPP) using chemora-
diotherapy treatment by the Department of Veterans Affairs group in 1991 [9] significantly
changed the management of LC. Currently, LC treatments are classified as initial (I and II)
and advanced (III and IV) stages of the disease according to the TNM (tumor, node, and
metastasis) classification of the American Joint Committee on Cancer (AJCC) and the Union
Internationale Contre le Cancer (UICC) [10]. Early-stage LC patients can now be treated
with a single treatment modality [11], surgical or radiotherapeutic. Both therapeutic options
produce very similar results in terms of the local control and survival [12–14]. The 5-year
disease-free survival rates for stage I and stage II LC are 90% and 80%, respectively [15].
Advanced LC is generally treated using any of the following options: a combination of
surgery followed by radiotherapy or chemoradiotherapy, concomitant chemoradiother-
apy, or induction chemotherapy followed by radiotherapy or surgery, depending on the
tumor response to induction [16,17]. Selected stage III LC patients who undergo organ
preservation surgery and with signs of a good prognosis can be treated with surgery
alone [18].

Despite the recent advances mentioned above in LC management and the decrease
in disease incidence, the 5-year survival rate of LC patients has decreased from 66% to
63% [19]. This decrease in survival could be due to the change in the treatment paradigm in
patients with advanced stages of LC with the introduction of OPP, which decreases surgical
therapy. Recent studies such as those of Megwalu et al. [20] and Wolf et al. [21] have shown
that the OS and DSS rates are higher in patients undergoing surgical treatment versus OPP.

Therefore, the present study aimed to evaluate the survival rate of patients with LC
according to the stage of the disease and the applied treatment. To this end, we evaluated
surgical versus OPP treatment modalities based on chemoradiotherapy.

2. Methods
2.1. Study Design and Settings

A retrospective cohort study was conducted in a tertiary hospital of the University
Hospital Virgen Macarena, Seville, Spain, between 2006 and 2017. The study included adult
patients (>18 y) with a clinical diagnosis of primary LC. Patients with LC and systemic
metastases and those with synchronous tumors at diagnosis were excluded.

2.2. Ethics

All patients signed an informed consent prior to the procedure, and the data collection
was anonymized. This study was approved by the Ethics Committee of the Virgen Macarena
and Virgen del Rocio University Hospitals (protocol number: 0674-N-18).

2.3. Data Collection

Data on the following variable were recovered from medical records of patients: so-
ciodemographic variables (sex and age); habits such as smoking and alcohol consumption;
exposure to parenteral drugs; tumor details including stage (T and N stages), location
and anatomopathological result; received tumor therapy (initial treatment performed,
type of surgery, administration of chemotherapy, and complementary radiotherapy) and
complications arising from LC treatment (pharyngeal fistula and performance of recon-
structive flaps); and survival variables (overall survival (OS), cause-specific survival (CSS),
disease-free survival (DFS), local control, and regional control).

The definition of exposure was for patients undergoing laryngeal surgery (TLM,
partial resection, subtotal resection, or total resection) as the main treatment versus those
undergoing OPP (radiotherapy alone or chemoradiotherapy).

2.4. Statistical Analysis

Data were analyzed using the IBM Corp. statistical package released in 2013: IBM
SPSS Statistics for Windows, Version 22.0, Armonk, NY, USA. Categorical variables were
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expressed as frequencies and percentages. Quantitative variables were reported as the
arithmetic mean (x) and standard deviation (SD) if the data followed a normal distribution;
otherwise, they were summarized as the median (Me) and interquartile range (IQR). The
Kolmogorov–Smirnov test was applied to verify the normal distribution of the variables.

A univariate survival analysis was performed using a Kaplan–Meier curve, where the
independent variable was the type of treatment. The log-rank test was used to contrast the
hypothesis of equality of the survival time distributions between the different groups of
treatment under study.

Univariate and multivariate analyses were performed using Cox regression models
to determine the association between exposure to LC treatment and time to event (death).
Hazard ratios (HR) and their 95% confidence intervals (CI) were estimated. A p-value
of 0.15 was established for the univariate analysis, while, for the multivariate analysis, a
p-value < 0.05 was considered statistically significant.

In all hypothesis tests, a significance level <0.05 was considered statistically significant.

3. Results

Three hundred and sixteen patients met the inclusion criteria and were included in
the study. The mean age of the participants was 62.6 ± 11.1 years (Range: 24–91 years).
Table 1 shows the baseline characteristics of the study population categorized according to
the initial or advanced stages.

Table 1. Sociodemographic and clinical baseline characteristics of the study population.

Characteristics
Initial Stages (N = 147) Advanced Stages (N = 169)

N (%) 95%CI N (%) 95%CI

Sex
Male 135 (91.8) (87.7; 96.6) 151 (89.3) (84.4; 94.2)

Female 12 (8.2) (3.4; 12.9) 18 (10.7) (5.7; 15.6)

Tobacco smoking
No 19 (12.9) (7.2; 18.7) 8 (4.7) (1.2; 8.2)
Yes 128 (87.1) (81.3; 92.8) 161 (95.3) (91.8; 98.8)

Alcohol consumption
No 92 (62.6) (54.4; 70.7) 78 (46.2) (38.3; 54.0)
Yes 55 (37.4) (29.2; 45.6) 91 (53.8) (46.0; 61.6)

Intravenous drug use
No 141 (95.9) (92.4; 99.4) 158 (93.5) (89.5; 97.5)
Yes 6 (4.1) (0.5; 7.6) 11 (6.5) (2.5; 10.5)

Tumoral Stage (T)
T1 89 (60.5) (52.3; 68.8) 5 (3.0) (1.0; 6.8)
T2 58 (39.5) (31.2; 47.7) 15 (8.9) (4.3; 13.4)
T3 0 (0.0) (0.0; 2.5) 92 (54.4) (46.6; 62.2)
T4 0 (0.0) (0.0; 2.5) 57 (33.7) (26.3; 41.1)

Nodal Metastasis (N)
N0 146 (99.3) (96.3;100.0) 99 (58.6) (50.8; 66.3)
N1 1 (0.7) (0.0; 3.7) 16 (9.5) (4.7; 14.2)
N2 0 (0.0) (0.0; 2.5) 54 (32.0) (24.6; 39.3)
N3 0 0.0) (0.0; 2.5) 0 (0.0) (0.0; 2.1)

Tumor location
Supraglottic 22 (15.0) 9.9; 21.4 81 (47.9) 40.1; 55.7

Glottic 121 (82.3) 75.5; 87.8 59 (34.9) 27.7; 42.6
Subglottic 3 (2.0) 0.4; 5.8 6 (3.6) 0.4; 6.6

Pyriform sinus Extension 1 (0.7) 0.0; 3.7 19 (11.2) 6.2; 16.3
Transglottic 0 0.0) 0.0; 2.5 4 (2.4) 0.6; 5.9

Histological grade
G1 48 (32.7) 25.5; 40.5 43 (25.4) 19.1; 32.7



Life 2023, 13, 295 4 of 13

Table 1. Cont.

Characteristics
Initial Stages (N = 147) Advanced Stages (N = 169)

N (%) 95%CI N (%) 95%CI

G2 75 (51.0) 43.0; 59.0 88 (52.1) 44.3; 59.8
G3 13 (8.8) 5.0; 14.2 29 (17.2) 11.8; 23.7

Different from squamous cell carcinoma 11(7.5) 4.0; 12.6 9 (5.3) 1.6; 9.0
Basaloid 2 (1.4) 0.2; 4.8 9 (5.3) 1.6; 9.0

Sarcomatoid 5 (3.4) 1.1; 7.7 0 (0.0) 0.0; 2.1
Verrucous 4 (2.7) 0.7; 6.8 0 (0.0) 0.0; 2.1

Treatment
Surgery 84 (57.1) 48.8; 65.5 111 (65.7) 58.2; 73.1

Radiation Therapy 63 (42.9) 33.8; 50.5 14 (6.3) 3.8; 12.7
Chemoradiotherapy 0 (0.0) 0.0; 3.7 44 (26.0) 19.1; 32.9

Adjuvant chemotherapy
No 145 (98.6) 95.2;100.0 147 (87.0) 81.6; 92.3
Yes 2 (1.4) 0.2; 4.8 22 (13.0) 7.6; 18.4

Adjuvant radiation therapy
No 126 (85.7) 79.7; 91.7 112 (66.3) 58.8; 73.7
Yes 21 (14.3) 8.3; 20.3 57 (33.7) 26.3; 41.1

The univariate analysis of the association of the risk factors under study with cause-
specific survival (CSS), overall survival (OS), and disease-free survival (DFS) is summarized
in Table 2. Patients with advanced stages (stages III and IV) had almost three times the
risk of LC death than those in the initial tumor stages (I and II) [HR CCS = 2.89 (95%CI
1.30–6.39)]; [HR OS = 2.01 (95%CI 1.35–2.98)]. Being older than 70 years was associated with
a substantially higher risk of LC death than patients 70 years or younger [HR CCS = 1.81
(95%CI 1.07–3.05)]. Alcohol consumption was also associated with an increased risk of
death from LC and an increased risk of recurrence [HR CCS = 2.03 (95%CI 1.24–3.33)]; [HR
DFS = 1.61 (95%CI 1.10–2.37)].

Table 2. Univariate analysis of the risk factors.

Cause-Specific Survival Overall Survival Disease-Free Survival

Variables ĤR CI 95% p ĤR CI 95% p ĤR CI 95% p

Older than 70 years

- ≤70
- >70

1
1.81 1.07–3.05 0.027

1
2.37 1.57–3.40 0.00005

1
1.53 0.97–2.42 0.067

Sex

- Male
- Female

1
0.75 0.30–1.86 0.533

1
0.68 0.33–1.40 0.303

1
1.02 0.54–1.91 0.955

Tobacco

- No
- Yes

1
1.79 0.56–5.71 0.323

1
1.54 0.68–3.51 0.302

1
1.11 0.51–2.39 0.790

Alcohol

- No
- Yes

1
2.03 1.24–3.33 0.005

1
1.37 0.95–1.97 0.093

1
1.61 1.10–2.37 0.015

IDU

- No
- Yes

1
0.90 0.28–2.88 0.863

1
0.52 0.17–1.65 0.270

1
1.34 0.59–3.07 0.484

Tumor Stage

- 1 y 2
- 3 y 4

1
1.98 1.20–3.27 0.008

1
1.53 1.05–2.21 0.026

1
0.86 0.58–1.23 0.430
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Table 2. Cont.

Cause-Specific Survival Overall Survival Disease-Free Survival

Variables ĤR CI 95% p ĤR CI 95% p ĤR CI 95% p

Nodal Stage

- N0 y N1
- N2 y N3

1
2.26 1.34–3.83 0.002

1
1.66 1.08–2.53 0.020

1
1.71 0.72–1.91 0.526

Stage

- I/II
- III/IVa

1
2.89 1.30–6.39 0.009

1
2.01 1.35–2.98 0.001

1
0.95 0.65–1.40 0.813

Location

- Supraglottic
- Glottic

1
0.75 0.44–1.29 0.304

1
0.95 0.55–1.63 0.850

1
0.75 0.79–1.79 0.401

Treatment

- Surgery
- OPP

1
0.62 0.38–1.02 0.061

1
0.74 0.50–1.90 0.127

1
0.61 0.40–0.91 0.015

Adyuvant radiation therapy

- No
- Yes

1
0.84 0.47–1.49 0.543

1
0.69 0.38–1.25 0.223

1
0.46 0.26–0.80 0.006

Feature post-radiotherapy

- No
- Yes

1
0.11 0.05–0.28 0.00005

1
0.37 0.20–0.66 0.001

1
0.76 0.34–1.70 0.511

Local recurrence

- No
- Yes

1
8.94 4.87–16.41 0.00005

1
1.99 1.37–2.88 0.00005

Regional recurrence

- No
- Yes

1
11.73 7.15–19.23 0.00005

1
4.38 2.89–6.63 0.00005

Rescue chemotherapy

- No
- Yes

1
5.51 3.22–9.43 0.00005

1
2.79 1.71–4.59 0.00005

Rescue radiation therapy

- No
- Yes

1
1.58 0.87–2.85 0.131

1
1.03 0.62–1.70 0.914

IDU: intravenous drug users and OPP: organ preservation protocol.

Patients with advanced stages T (T3–T4), advanced stages N (N2–N3), and advanced
stages of TNM (III–IV) had a higher risk of death from CSS and OS than patients with the
initial stages (Table 2).

Patients who underwent surgical treatment had a higher survival chance than those
who were treated according to OPP [HR = 0.62 (95%CI 0.38–1.02)] in CSS, 0.74 (95%CI
0.50–1.90) in OS, and 0.61 (95%CI 0.40–0.91) in DFS (Table 2). Postoperative radiation
therapy (PORT) is associated with a decreased risk of developing recurrences [HR = 0.46
(95%CI (0.26–0.80)]. The preservation of laryngeal functionality after radiation therapy (RT)
administration is associated with an 89% increased probability of cause-specific survival
after LC [HR = 0.11 (95%CI 0.05–0.28)] and with an overall survival rate of 63% [HR = 0.37
(95%CI 0.20–0.66)]. The development of local, regional recurrence and the administration
of chemotherapy (CHT) were associated with an increased risk of cause-specific death, as
well as general death (Table 2).

The multivariate analysis of CSS showed that, after controlling for TNM staging,
surgical treatment is associated with a lower risk of death [HR = 0.58 (95%CI: 0.35; 0.98)] as
compared to OPP (Table 3). For OS, regardless of the stage of LC, being older than 70 years,
regional recurrence of LC, and the administration of salvage QT were associated with an
increased risk of death [HR = 4.23 (95%CI 2.14–8.34)], [HR = 3.48 (95%CI 1.62–7.50)], and
[HR = 3.09 (95%CI 1.28–7.98)], respectively. In contrast, the preservation of laryngeal func-
tionality after RT was associated with a 55% increased chance of survival [HR = 0.45 (95%CI
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0.23–0.87)]. Regarding DFS, being more than 70 years of age and consuming alcohol were
associated with an increased risk of developing recurrences [HR= 1.81 (95%CI 1.13–2.90)]
and HR= 1.77 (95%CI 1.20–2.63)], respectively. On the contrary, PORT administration
was associated with a 56% reduction in the risk of recurrence of LC [HR = 0.44 (95%CI
0.25–0.78)] (Table 3).

Table 3. Survival model.

Cause-Specific Survival

Variables ĤR CI 95% p

Stage

- I/II
- III/IV

1
2.95 1.66–5.22 0.0005

Treatment

- OPP
- Surgery

1
0.58 0.35–0.98 0.042

Overall survival

Variables ĤR CI 95% p

Stage

- T1 y T2
- T3 y T4

1
3.07 1.57–5.99 0.001

Age

- ≤70
- >70

1
4.23 2.14–8.34 0.00005

Local recurrence

- No
- Yes

1
3.48 1.62–7.50 0.001

Feature post-radiotherapy

- No
- Yes

1
0.45 0.23–0.87 0.017

Rescue chemotherapy

- No
- Yes

1
3.09 1.20–7.98 0.020

Disease-Free Survival

VARIABLES ĤR CI 95% p

Age

- ≤70
- >70

1
1.81 1.13–2.90 0.013

Alcohol intake

- No
- Yes 11.77 1.20–2.63 0.004

Adjuvant radiation therapy

- No
- Yes

1
0.44 0.25–0.78 0.005
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The survival curve analysis for CSS, OS, and DFS was performed by comparing
the results obtained after surgery with those obtained after radical radiotherapy in the
initial stages of LC and surgery versus OPP globally and independently for the two
therapeutic strategies included in this group (chemoradiotherapy and radical radiotherapy)
(Figures 1 and 2). In the early stages of LC, no significant differences (p-value = 0.419) were
observed between the impact of surgery and that of RT on CSS; however, after 5 years of
follow-up, the chance of survival was substantially higher in the surgery group (89.1%)
than in the radiation therapy group (75%) (Figure 1). Concerning DFS, clinically relevant
differences were found after 5 years of follow-up with a survival rate of 72.4% in the surgery
group and 49% in the RT group. These differences were maintained at 10 years of follow-up
(Figure 1). In the advanced stages of LC (Figure 2), no statistically significant differences
were observed in DFS (p = 0.084), OS (p = 0.156), and CSS (p = 0.009). However, the CSS
analysis revealed clinically superior results during the entire follow-up of surgery patients
versus OPP patients; the CSS of LC patients increased from 54.7% in the OPP group to 74.8%
in the surgery group after five years of follow-up. Similarly, after 2 years of follow-up,
the DFS patients increased from 65.9% in the OPP group to 81.9% in the surgery group
(Figure 2). However, no significant differences in OS were observed in the patients who
underwent surgery or OPP.Life 2023, 13, x FOR PEER REVIEW 8 of 19 

(a)

Life 2023, 13, x FOR PEER REVIEW 9 of 19 

(b)

Figure 1. Cont.
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(c) Advanced-stage OS of advanced stages according to surgery versus OPP. (d) OS of advanced
stages according to surgery versus CHRT versus RT. (e) DFS of advanced stages according to sur-
gery versus OPP. (f) DFS of advanced stages according to surgery versus CHRT versus RT.
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propose the best treatment modality for each case. Our study shows the importance sur-
gery continues to have for the treatment of laryngeal carcinoma. This is accurate for both 
early and advanced stages. However, OPP continues to play a role in certain cases where 
the patient’s pretreatment laryngeal function is good [23]. In this way, in the early stages 
of LC surgery, it seems to present higher chances of OS compared to radiotherapeutic 
treatment [24,25]. In our study, we did not find a significant increase in the OS rates, alt-
hough we observed an increase of more than 10% in the long-term survival (five years of 
follow-up) of patients who underwent surgery compared to those who were treated with 
radiation therapy; perhaps with a longer follow-up duration, the observed difference in 
OS might reach statistical significance. Regarding CCS and DFS, we found clinically 

Figure 2. Survival of advanced stages according to treatment. (a) CSS of advanced stages according
to surgery versus OPP. (b) CSS of advanced stages according to surgery versus CHRT versus RT.
(c) Advanced-stage OS of advanced stages according to surgery versus OPP. (d) OS of advanced
stages according to surgery versus CHRT versus RT. (e) DFS of advanced stages according to surgery
versus OPP. (f) DFS of advanced stages according to surgery versus CHRT versus RT.

Independent analyses of the three treatments (surgery, radiation therapy, and chemora-
diation (CRT)) showed a decrease in the estimated survival rates (CSS, OS, and DFS) in
the group of patients who received radical intention radiotherapy compared to those who
underwent surgery and in those who received CRT (Figure 2). Higher DFS estimates were
obtained for patients who underwent surgery than for those who received CRT. These
differences were more pronounced after 5 years of follow-up, although the differences were
not statistically significant (Figure 2).

Stratifying the patients according to tumor stages (III and IV) to compare the survival
rates between those patients who underwent surgery and those who received CRT with
radical intent did not show any statistically significant differences between the two groups
with respect to any of the survival rates (CSS, OS, and DFS) (p > 0.005). However, the
likelihood of survival in the RT-treated group was less than in the other groups who
received alternative treatments in stages III and IV of the disease (p < 0.005), except for
patients with stage III LC, where the difference between survival rates after RT and CHRT
treatments was not statistically significant (p = 0.070).

4. Discussion

The treatment of laryngeal cancer should be directed and individualized for the
optimal results [22]. Patient factors such as comorbidities, nutritional status, and desires
and tumor factors such as histological characteristics or tumor staging must be considered
to propose the best treatment modality for each case. Our study shows the importance
surgery continues to have for the treatment of laryngeal carcinoma. This is accurate for both
early and advanced stages. However, OPP continues to play a role in certain cases where
the patient’s pretreatment laryngeal function is good [23]. In this way, in the early stages
of LC surgery, it seems to present higher chances of OS compared to radiotherapeutic
treatment [24,25]. In our study, we did not find a significant increase in the OS rates,
although we observed an increase of more than 10% in the long-term survival (five years
of follow-up) of patients who underwent surgery compared to those who were treated
with radiation therapy; perhaps with a longer follow-up duration, the observed difference
in OS might reach statistical significance. Regarding CCS and DFS, we found clinically
relevant differences in favor of surgical treatment after five years of follow-up. De Santis
et al. [26] did not find these differences in 5-year disease-specific survival between the RT
and surgery treatment groups. To the best of our knowledge, this study is the first to report
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such differences. Furthermore, surgery was postulated as a protective factor with a 42%
lower probability of dying from LC [HR 0.58 (95%CI 0.35–0.98)] p = 0.042 and a 39% lower
probability of recurrence of LC at any time during follow-up [HR 0.61 (95%CI 0.40–0.91)]
p = 0.016.

The Veterans Study Group [9] introduced a change in the treatment of patients with
advanced stages of LC, establishing CRT as an alternative to surgery for patients who
desired organ preservation of the larynx without affecting either DFS or OS. Our data did
not reveal clinically relevant differences in the OS between CRT-treated patients and those
who underwent surgery. However, we report differences in the DFS rate after five years of
follow-up in favor of the surgery-treated group of patients.

Forastiere et al. [27] evaluated three treatments: induction cisplatin plus fluorouracil
followed by radiotherapy, radiotherapy with a concurrent administration of cisplatin, and
radiotherapy treatment exclusively. They did not find statistically significant differences in
the OS between the studied groups at 2 and 5 years of follow-up, but DFS was lower in
patients who received radical RT than in those who were treated with induction chemother-
apy or concurrent CRT. On the contrary, our findings revealed differences in the estimates
of OS and DFS between patients who underwent CRT and those who received RT with
radical intent, with a clear inferiority of the results of the latter. We consider it necessary to
assess whether the magnitude of the differences observed in OS is due to comorbidities and
constitutes an exclusion criterion for chemotherapy administration. On the other hand, DFS
should not be influenced for this reason; the radiosensitization power and the preventive
effect of distant metastasis of chemotherapy are well established [28], which could explain
the differences observed between the CRT and RT groups.

We did not observe any difference between the OS in patients who underwent surgery
or CRT in stages III or IV of LC. However, both techniques were superior to radical
radiation therapy in patients with stage III or IV LC. Surgery offers better results than organ
preservation therapy with CRT in the case of stage IV LC. Additionally, both surgery and
CRT present better survival rates relative to RT therapy alone in the case of stage III LC [29].

Our study suffers from certain limitations. The retrospective design of the study made
more difficult the control of the potential selection bias. Additionally, we were unable to
demonstrate the effects of other comorbidities that share common risk factors with LC. The
10-year follow-up period may not be sufficient to evaluate the impact of each treatment,
as deaths due to cardiac and lung pathologies usually occur 15 to 20 years after the initial
diagnosis. Finally, the evaluation of chemotherapy was compromised by the high rate of
treatment interruptions due to possible related side effects.

5. Conclusions

Surgical treatment improves CSS and DFS at five years in patients with initial LC
with respect to radiation therapy alone. Furthermore, surgical treatment associated with
complementary radiation therapy offers better CSS and DFS in patients with advanced LC.
We believe that prospective studies are needed to confirm these results.
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