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ABSTRACT

Introduction: Globally, lung cancer is one of the most commonly diagnosed cancers and continues to take the lead in cancer-
related mortality rates. This study aims to provide the latest statistics on the clinical, histopathological, and epidemiological
features of lung cancer patients who underwent surgical resection in referral hospitals in Southern Iran.

Method: In this retrospective study, records of all patients with operable primary and secondary lung cancer who underwent
surgical resection of the lung in Shiraz hospitals, located in Southern Iran from November 2009 to May 2022 were screened. Data
on demographic, clinical, surgical, and pathological characteristics were analyzed by SPSS software.

Results: A total of 232 patients with operable lung cancer, including 150 (64.7%) primary cases and 82 (35.3%) secondary cases,
underwent 249 operations. The mean age of primary and secondary lung cancer patients was 56.70+13.99 and 45.56 +18.88,
respectively (p <0.001). Males accounted for 54.0% and 58.5% of primary and secondary lung cancer patients, respectively.
Adenocarcinoma was the most frequent primary pathology, while sarcomas were the most common metastatic lesions. The
predominant presenting symptoms were cough (n=75, 75.0%) and dyspnea (n=31, 59.7%) in primary and secondary cases,
respectively. Involvement of the right lung was more frequent in both groups (65.5% and 53.1% for primary and secondary cases
respectively). The most commonly performed surgeries were lobectomy (69.9%) and limited resection (69.8%) for primary and
secondary lesions, respectively. Cigarette smoking and extensive resection had a significant association with the in-hospital mor-
tality rate (p =0.012 and 0.009 respectively). The overall in-hospital mortality rate was 3.6% (n=9).

Conclusion: Surgical interventions were mostly performed in men and histopathologic subtypes of primary lung adenocarci-
noma, metastatic soft tissue sarcoma, and metastatic colon cancer. Smoking and extensive resection accompany a higher risk of
short-term postoperative mortality.

1 | Introduction around the world [1]. According to GLOBOCAN 2020, lung

cancer ranked third in terms of cancer incidence and second
Lung cancer is one of the most frequently diagnosed cancers in terms of cancer mortality rates in Iran, accounting for 8%
and continues to take the lead in cancer-related mortality rates of all new cancer cases and 11.5% of all cancer-related deaths
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[2]. Moreover, its incidence and mortality rates showed an in-
crease in recent decades in Iran, and it is projected to experi-
ence a significant rise in the future, similar to other low- and
middle-income countries. Thus, the instant implementation of
policies is fundamental in managing and controlling the dis-
ease [3].

Surgical resection is considered the only potentially curative
treatment modality for various types of lung malignancies
[4, 5]. It remains the standard care for early-stage non-small
cell lung cancer (NSCLC) and is also part of multidisciplinary
management approach for advanced stages of NSCLC and
other pathologic subtypes in certain cases [4]. Lungs are also
one of the most common targets of metastasis from other or-
gans [6]. While patients with metastatic malignancies carry
a poor prognosis without treatment, pulmonary metastasec-
tomy offers a valuable therapeutic option in selected cases,
improving patient survival [5]. Recent developments in min-
imally invasive surgery like video-assisted thoracic surgery
(VATS) have improved surgical outcomes [7]. Furthermore,
segmentectomy has emerged as an acceptable alternative to
lobectomy for certain early-stage NSCLC cases, preserving
more lung function while achieving comparable oncological
outcomes [8].

Besides surgery, neoadjuvant therapies help downstage tumors
and increase their resectability. Neoadjuvant chemotherapy is a
common practice in patients with locally advanced carcinoma
before surgery. The introduction of targeted therapies and im-
mune check point inhibitors has revolutionized the landscape of
lung cancer treatment, improving survival rates [9].

Epidemiological studies have shown a global geographical dis-
parity in demographical and clinical characteristics of lung
cancer patients; these differences were also noted at a subna-
tional level within Iran [3, 10]. Additionally, a transformation
in trends of lung cancer epidemiology, histopathologic features,
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and treatment modalities is happening worldwide, which affects
the characteristics of surgical cases as well [11]. Thus, we aimed
to appraise the epidemiological, clinical, and surgical features
of patients who received surgical care for primary and meta-
static lung cancer in the referral hospitals of Shiraz, located in
Southern Iran, between 2009 and 2022.

2 | Materials and Methods

In this retrospective study, we evaluated the hospital records of
patients with operable primary or secondary lung cancer who
underwent surgical resection of the lung for therapeutic intent
in Shiraz referral hospitals, located in Southern Iran, from
November 2009 to May 2022. The data were collected from three
major hospitals with thoracic surgery departments in Shiraz in-
cluding Namazi, Kowsar, and Abu-Ali Sina hospitals. Patients
who underwent surgery for diagnostic purposes or had inopera-
ble tumors after thoracotomy were excluded from the study.

The records were carefully reviewed by referring to the hos-
pital archives and specifying the records according to the spe-
cific disease code. Information related to lung cancer, including
demographic data such as age, sex, place of residence, as well
as the type of lung cancer, clinical symptoms, epidemiological
factors, surgical interventions, and all other information related
to the disease, were extracted from these patients’ records. The
extracted information was then entered in the special data sheet
and analyzed using SPSS version 26.0 software. Descriptive data
are presented as frequency and percentage, while numerical
data are presented as either mean and standard deviation (SD),
or median and interquartile range [IQR], based on their para-
metric distribution. The relationship between lung cancer and
the associated factors was evaluated using either the Chi-square
test () for categorical variables or the independent sample -
test/Mann-Whitney U test for continuous variables. A p-value
of less than 0.05 was considered as the significance level.
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3 | Results

During the 12.5-year period of our study, a total of 232 patients
with operable primary or metastatic lung malignancies under-
went 249 pulmonary resection operations in three main hospi-
tals in Shiraz, Southern Iran. This corresponds to an average
annual rate of 18.04+7.07 cases and 19.40+7.17 operations.
A higher proportion of operations were performed at Namazi
Hospital (55%), followed by Kowsar Hospital (24.9%) and Abu-
Ali Sina Hospital (20.1%). As Figure 1 demonstrates, the an-
nual rate of total lung cancer surgeries increased in 2015 and
remained stable until 2020. However, it nearly doubled in 2021
compared to the preceding years.

Demographic characteristics of the 232 cases of lung cancer
are presented in Table 1. The overall male-to-female ratio was
5:4, and the average age of the patients was 52.74 £16.74 years
(range 18-84). A noticeable increasing trend in prevalence was
seen among age groups (p<0.001) and patients with primary

lung cancer were mainly older than those with secondary lung
cancer (p<0.001). Also, the proportion of patients aged over 65
increased in the second half of the study period for both the pri-
mary and metastatic groups (Figure 2).

Cigarette smoking, waterpipe smoking, and opium consumption
showed a significant association with primary lesions (p <0.001,
p=0.029, and p=0.002, respectively). While the majority of pa-
tients were nonsmokers (71.4%), the majority of smokers were
males (n=>51, 86.4%). Also, 88.1% of smokers had primary lung
cancer, including 42.4% with squamous cell carcinoma (SCC),
30.5% with adenocarcinoma, 6.8% with low/intermediate grade
neuroendocrine tumor (NET), 5.1% with small cell lung cancer
(SCLC) or high-grade NET, and 3.4% with large cell carcinoma.

Among the patients, 32 (13.79%) reported a past medical his-
tory, and those with primary tumors had a significantly higher
rate of chronic obstructive pulmonary disease and a history of
asthma (p=0.003 and p=0.039, respectively). Additionally,

TABLE1 | Demographic characteristics of patients with primary and secondary lung cancer in Southern Iran.

Histopathology
Variable Total; N=232 Primary;n=150 Secondary;n=82 p-value
Age (years); mean +standard deviation 52.74+16.73 56.70+13.99 45.56+18.88 <0.001
Age group (years); n (%) <25 21(9.1) 6 (4.0) 15(18.3) <0.001
26-35 21 (9.1) 6 (4.0 15 (18.3)
36-45 31 (13.4) 20 (13.4) 11 (13.4)
46-55 43 (18.6) 31(20.8) 12 (14.6)
56-65 52(22.5) 39 (26.2) 13 (15.9)
> 65 63 (27.3) 47 (31.5) 16 (19.5)
Gender; n (%) Male 129 (55.6) 81 (54.0) 48 (58.5) 0.506
Female 103 (44.4) 69 (46.0) 34 (41.5)
Year; n (%) 2010-2013 49 (22.4) 31(22.3) 18 (22.5) 0.440
2014-2017 74 (33.8) 51(36.7) 23(28.8)
2018-2021 96 (43.8) 57 (41.0) 39 (48.8)
Residence; n (%) Capital of province 96 (41.7) 66 (44.3) 30 (37.0) 0.286
Other 134 (58.3) 83 (55.7) 51 (63.0)
Social history; n (%) Cigarette smoker 59 (28.6) 52 (39.7) 7(9.3) <0.001
Waterpipe smoker 17 (8.2) 15(11.3) 2(2.7) 0.029
Opium consumption 32 (15.5) 28 (21.2) 4(5.3) 0.002
Alcohol consumption 4(1.9) 2(1.5) 2(2.7) 0.622
Comorbid disease; 1 (%) Chronic obstructive 15(6.5) 15 (10.0) 0(0) 0.003
pulmonary disease
Asthma 14 (6.1) 13 (8.7) 1(1.2) 0.022
Small airway disease 1(0.4) 1(0.7) 0(0) 1.000
Tuberculosis 1(0.4) 1(0.7) 0(0) 1.000
Pneumonia 1(0.4) 1(0.7) 0(0) 1.000

Note: The p-values were calculated using Chi-square and Mann-Whitney U test. Bold values indicate significant association.
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two (9.1%) patients with primary lung cancer had a posi-
tive family history of lung cancer in first- or second-degree
relatives, although no significant association was detected
(p=0.556).

Table 2 represents the histopathologic classification of resected
tumors, with 150 (64.7%) lesions originating primarily from lung
tissue and 82 (35.3%) identified as metastatic tumors, classified
as primary and secondary lung cancer. The most frequent pri-
mary pathologies were adenocarcinoma, SCC, and low-grade
and intermediate-grade NET, respectively. Sarcomas were the
most metastatic lesions, followed by colon cancer. Among the
primary lesions, only SCC showed a significant association with
cigarette smoking (p <0.001).

An overview of clinical and surgical features of patients, as
well as the pathological characteristics of the resected lesions
from all 256 surgeries is shown in Table 3. In patients with pri-
mary lung cancer, the most frequent symptoms at presentation
were cough (75.0%) and dyspnea (59.7%), which were signifi-
cantly higher compared to secondary tumors (p <0.001 and
p=0.041, respectively). Furthermore, cough was the present-
ing symptom in 89.7% of the primary cases with right upper
lobe involvement (p =0.031). Hemoptysis was more frequently
observed in patients with low and intermediate NET subtype
(p=0.002). Additionally, although not significant, weight loss
was more frequently reported in patients with metastatic le-
sions (p=0.206).

Overall, right lung involvement was more prevalent (57.7%),
and the left upper lobe was significantly more involved with
secondary lesions (OR=1.978; CI 95%: 1.120-3.493; p=0.018).
Further analysis revealed that among patients with secondary
lung cancer, males had a significantly higher rate of right lung

Time trend of age groups in surgical cases of primary and secondary lung cancer in Shiraz hospitals, Southern Iran.

involvement, while females had a significantly higher rate of left
lung involvement (p=0.046 and 0.042, respectively). Multilobar
involvement was significantly higher in secondary lung lesions
(OR=2.082; CI95%: 1.187-3.654; p=0.010). Also, the surgery
rate was higher in lower pathological stages.

An overview of operative procedures is illustrated in Figure 3.
Among the performed surgeries, 43 (17.3%) were extensive re-
section, which consisted of pneumonectomy (n=19; 7.6%), bi-
lobectomy (n=11; 4.4%), and lobectomy along with limited
resection (n=13; 5.2%). The patients who underwent limited
resection (n=77; 30.9%), the most common procedures were
wedge resection (n=43; 69.4%), segmentectomy (n=13; 21.0%),
and segmentectomy along with wedge resection (n==6; 9.7%).
Overall, lobectomy was the most frequently performed resection
technique for primary tumors (69.9%), while limited resection
was the technique of choice for secondary lung lesions (69.8%).

The size and area of the tumor was significantly larger in the
lobectomy group (median [IQR]: size: 3.5 [2.3] cm, area: 10.5
[11.7] cm?) compared to the sublobar group (median [IQR]: size:
2.2 [3.4]cm, area: 3.8 [19.4]cm?) (p<0.001 and 0.003, respec-
tively). Also, within the limited resection group, the median
size and area of tumors resected in the segmentectomy group
was 5 [4.9]cm and 2.5 [4.2] cm?, respectively, whereas it was 1.5
[1.2]cm and 1.8 [3.2] cm? in the wedge resection group (p =0.01).

The in-hospital mortality rate was 9 (3.6%) cases, consisting of
seven primary cases of SCC (n=5) and adenocarcinoma (n=2),
as well as two cases of metastatic breast cancer and soft tissue
sarcoma. There was no statistically significant difference ob-
served in terms of in-hospital mortality when considering gen-
der or type of lung cancer (p=0.186 and 0.489 respectively).
However, further analysis showed a significant association
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TABLE 2 | Histopathological subtypes of primary and secondary lung cancer in surgical cases in Southern Iran.
Type of lung cancer Frequency (%)

Primary Total 150 (64.7)
NSCLC Total 114 (76.0)
Adenocarcinoma 73 (48.7)
Squamous cell carcinoma 39 (26.0)

Adenosquamous 2(1.3)
Neuroendocrine Total 34 (22.7)

Small cell lung cancer/high-grade NET 3(2.0)

Large cell lung cancer 6 (4.0
NET (low grade and intermediate grade) 25(16.7)

Sarcoma 2(1.3)
Secondary Total 82 (35.3)
Metastatic soft tissue sarcoma Total 18 (22.0)

Fibrosarcoma 4(4.9)

Peripheral nerve sheath tumor 3(3.7)

Leiomyosarcoma 2(2.9)

Hemangioepithelioma 1(1.2)

Myxofibrosarcoma 1(1.2)

Myofibroblastic tumor 1(1.2)

Liposarcoma 1(1.2)
Colon cancer 17 (20.7)

Osteosarcoma 9(11.0)

Germ cell tumor 8(9.8)

PNET/Ewing family 5(6.1)

Genitourinary tract tumor Total 4(4.9)

Renal cell carcinoma 3(3.7)

Papillary urothelial carcinoma 1(1.2)

Breast 4(4.9

Rectal cancer 3@3.7)

Thyroid cancer Total 3(3.7)

Papillary thyroid carcinoma 1(1.2)

Follicular thyroid cancer 1(1.2)

Insular carcinoma of the thyroid 1(1.2)

Melanoma 2(2.4)

Hepatocellular carcinoma 2(2.4)

Ovarian cancer 1(1.2)

Wilms tumor 1(1.2)

Laryngeal SCC 1(1.2)

Meningioma of brain 1(1.2)

(Continues)
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TABLE 2 | (Continued)
Type of lung cancer Frequency (%)
Thymoma 1(1.2)
Leiomyoma 1(1.2)
Mucoepidermal carcinoma of the salivary gland 1(1.2)

Abbreviations: NET, neuroendocrine tumor; NSCLC, non-small cell lung cancer; PNET, primitive neuroectodermal tumor; SCC, squamous cell carcinoma.

between both cigarette smoking and extensive resection and the
in-hospital mortality rate (p=0.012 and 0.009, respectively).

Out of 232 patients, 15 individuals underwent two surgeries and
one had three surgeries. In nine cases both lungs were involved
at presentation and a second surgery on the opposite lung was
done within a few months of the initial surgery. These cases
included three metastatic soft tissue sarcomas, two osteosarco-
mas, one colon cancer, one PNET/Ewing family, one low and
intermediate NET, one brain meningioma, and one large cell
carcinoma.

There were four instances of tumor recurrence following limited
resection, including cases of adenocarcinoma, soft tissue sar-
coma, osteosarcoma, and germ cell tumor. Consequently, lobec-
tomy was performed in the first three cases, and limited resection
was conducted as a second surgery in the fourth case. Also, in two
cases of PNET/Ewing family and osteosarcoma, the other lung
became involved 2 and 3years after the initial surgery, leading to
a subsequent surgery on that side. The patient who underwent
three surgeries initially had metastatic soft tissue sarcoma in the
left lung, which was treated with limited resection. However,
after 6years, she presented with involvement of both lungs with
the same tumor. Subsequently, two surgeries were performed,
4months apart, involving limited resection on the right lung and
lobectomy plus limited resection on the left lung.

4 | Discussion

In this retrospective study, we conducted a comprehensive
evaluation of the clinical, histopathological, and epidemiolog-
ical features of lung cancer patients who underwent surgical
resection in three referral hospitals in Southern Iran over a
span of 12.5years (2009-2022). Our results showed an over-
all increase in the rate of lung cancer surgeries during the
study period. Males and patients aged 65years or older were
the predominant groups in both primary and secondary cases.
Adenocarcinoma and soft tissue sarcoma were the most fre-
quent pathologic subtypes in primary and secondary cases,
respectively. Additionally, lobectomy emerged as the most
commonly employed surgical technique for primary cases,
while limited resection was utilized for metastatic lesions.
In-hospital mortality was significantly higher among smokers
and patients who underwent extensive lung resection. To the
best of our knowledge, this study represents the first report on
lung cancer surgery statistics in Iran, illustrating the current
status and shortcomings of lung cancer surgery in Southern
Iran, thereby guiding policymakers and surgeons to take
proper steps toward better management of this disease.

Our study focused on 232 lung cancer patients who underwent
surgical resection during a 12.5-year period at three main tho-
racic surgery centers in Shiraz, Southern Iran. In 2020, lung
cancer was the second cause of cancer death in Iran, with
9071 recorded deaths [12]. Compared to our study, countries
with screening programs have reported higher rates of opera-
ble cases [13]. In one Chinese study, conducted at a single uni-
versity hospital, annual operation rates were 280, 376, 524 and
878 from 2016 to 2019 [13]. Another study conducted in a single
institute in Korea reported a total of 2076 surgeries from 1990
to 2009 [14]. Similar study in Iceland reported 489 lung cancer
patients undergoing lobectomy from 1991 to 2014 [15]. On the
other hand, a study on lung cancer in the Middle East and North
Africa region, like our study, found that the proportion of pa-
tients eligible for surgery was low, primarily due to the high rate
of late-stage diagnosis [16]. Although the number of our oper-
ated patients may appear small given the duration of the study,
it reflects significant challenges in the region. The majority of
lung cancer cases in the area are diagnosed at advanced stages,
making surgery impractical. Timely surgical intervention was
challenging, considering the lack of a lung cancer screening
program, lengthy interval between diagnosis and treatment and
high prevalence of regional opium addiction. Therefore, a com-
prehensive screening program, timely intervention and public
health strategies are required to address these issues and im-
prove lung cancer care in the area.

In our study, we observed a surge in annual surgical rates
during the last year. This coincided with the coronavirus dis-
ease 2019 (COVID-19) pandemic, and some patients were inci-
dentally detected while undergoing assessment for COVID-19
infection. The doubling number of patients eligible for lung
cancer surgery, coupled with the absence of a significant decline
in surgery rates in the preceding years, could be attributed to
several factors. First, the increased use of diagnostic imaging
for COVID-19 led to the detection of asymptomatic lung can-
cers. Second, the rise in health-seeking behaviors during the
pandemic drove more patients with respiratory symptoms to
seek medical attention, resulting in earlier diagnosis and inter-
vention. Additionally, population aging has contributed to the
increase in the overall number of lung cancer patients. This
highlights the potential need for implementing screening mo-
dalities in our society. In recent decades, low-dose computed
tomography (LDCT) has emerged as a modality for lung cancer
screening. Recent studies have indicated that LDCT may con-
tribute to a higher detection rate among patients and, through
early intervention, reduce both the mortality rate and burden
of the disease [17]. Therefore, this screening program has been
implemented among high-risk populations in various regions
such as North Amerika and Europe [18, 19]. In Iran, efforts are
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FIGURE3 | An overview of operative procedures for primary and secondary lung cancer in Shiraz hospitals, Southern Iran.

underway to evaluate the cost-effectiveness of implementing
this screening program and latest studies have shown promis-
ing results [20]. However, challenges such as limited resources
persist in the region. In conclusion, considering the substantial
mortality and disease burden associated with Lung cancer in
Iran, it is essential for policymakers to evaluate the necessity of
developing a lung cancer screening program.

Global cancer statistics in 2020 revealed a higher incidence rate
of all cancers combined in men by 19% [1]. Consistently, men
comprised the majority of our study population in both the pri-
mary and secondary groups. However, the gap between the two
genders was narrow and did not show statistical significance.
This issue could be attributed to the higher prevalence of sec-
ondhand smoking among Iranian females compared to males
[21]. Moreover, women are prone to NSCLC due to a higher in-
cidence of epidermal growth factor receptor mutations and es-
trogen effects [22]. Finally, higher doses and longer durations
of smoking in Iranian men compared to women could result in
more advanced stages of the disease [23]. Therefore, if not di-
agnosed early, it will increase the challenges for surgery and
treatment.

The incidence of lung cancer in Iran over the past three decades
was highest in the age group 70years and older, followed by the
age group of 50-69 [3]. Although the mean age of patients with
primary lung cancer in our study was 56.70 £13.99, an increase
in the proportion of patients above 65years was observed in the
second half of our study period, both in primary and secondary
lung cancer patients. In a similar study conducted in Brazil, the
mean age of patients was reported to be 63.96+11.6, and during
the study period, the number showed no significant rise [24].
Currently, palliative care is offered at higher rates to elderly pa-
tients with lung cancer, rather than possible curative surgery.
This approach is mainly employed to avoid the risks associated
with surgery, such as higher mortality and morbidity. However,
recent literature suggests that with precise patient selection
and integrative care, the elderly could benefit from surgery and
achieve outcomes comparable to those of the younger patients
[25]. Thus, the presence of a multidisciplinary team at centers
with a thoracic surgery department is instrumental in making

better operative decisions, providing better perioperative care,
and achieving improved outcomes for elderly patients [26].

In the current study, the most common presenting symptoms
among patients were found to be cough and dyspnea in both
primary and secondary groups. In a similar study on surgical
cases of lung cancer in Iceland, the most common present-
ing symptoms were cough (36.3%) and dyspnea (23.1%) [15].
However, a review by Latimer et al. highlighted that hemopty-
sis demonstrated the highest specificity for lung cancer [27, 28].
Xing et al. provided evidence indicating an association between
the presenting symptoms of primary lung cancer with the histo-
pathologic subtype and stage of the tumor. They found that pa-
tients with SCC were more likely to get symptomatic compared
to patients with adenocarcinoma. Additionally, a symptomatic
presentation was more likely in advanced stages [29]. In this re-
gard, our study revealed that patients with low or intermediate
NET significantly presented with hemoptysis. Nevertheless, still
a significant number of patients remain asymptomatic even at
stage IV of the disease, underscoring the importance of imple-
menting screening programs for high-risk populations [27].

Smoking is associated with an increased risk of postoperative
morbidity and mortality [30]. Consistently, our study demon-
strated a significantly higher in-hospital mortality rate among
smokers. Therefore, smoking cessation is considered an import-
ant preparation before pulmonary resection [31]. However, there
is a controversy regarding the timing of cessation. Although
Short-term cessation immediately before surgery has not shown
significant improvement in postoperative outcomes, the litera-
ture does not support delaying surgery for an extended period or
denying it to current smokers solely to avoid postoperative com-
plications [32, 33]. Given that even postoperative smoking cessa-
tion has shown favorable results in reducing the recurrence and
metastasis rate, offering smoking cessation programs to patients
at any time is beneficial [33].

In addition to smoking, the carcinogenic effect of opium con-
sumption has become increasingly evident [34]. Opium con-
sumption is correlated with an increased incidence of lung
cancer, predominantly the SCC subtype [35]. Additionally,
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opioids can suppress respiratory symptoms and impede the
timely detection of lung cancer cases [36]. Consequently, this
delay often results in the deprivation of many patients from
curative surgery. Moreover, in some patients detected at early
stages, due to smoking or opium abuse, pulmonary function
tests are impaired, once again depriving patients of surgery [37].
Given the high prevalence of opium consumption in Iran, one of
the possible reasons for the low number of lung cancer patients
eligible for surgery could be attributed to this issue.

NSCLC accounted for nearly 75% of our primary tumors, with
adenocarcinoma being approximately twice as common as SCC.
While SCC was previously the predominant histopathologic
subtype, many studies in recent years have reported a higher
incidence of adenocarcinoma in surgical cases. The proportion
of surgical cases of adenocarcinoma from studies conducted
in Japan (2010), Korea (2012-2016), Iceland (1994-2008), and
Brazil (2011-2018) was reported to be 70.1%, 69%,57%, and
55.84% respectively [24, 38-41]. An Indian study also reported
adenocarcinoma as the most frequent subtype [42]. Results of
a recent similar study from China indicated an increase in the
proportion of adenocarcinoma cases from 55.5% in 2016 to 74.1%
in 2019 [13]. There is currently a shift in the trend of lung cancer
histopathologic subtypes worldwide, with an increase in ade-
nocarcinoma and a decrease in SCC observed in many regions
[40, 41, 43]. This transition is largely attributed to the changing
smoking habits in these areas. However, the current histopatho-
logical trends in Iran remain unclear, and further nationwide
studies with larger sample sizes are required to clarify this issue.

Surgery is the preferred treatment modality in clinical stages I
and II of NSCLC and in patients with mentioned clinical stages
who have pathological stage III [4]. In our study, the majority
of our cases were at pathological stage I, followed by stages II
and III, respectively. when comparing our findings with the re-
viewed literature, the frequency of our patients in each patho-
logical stage was mostly similar to that of Korea, especially
in the years 2007-2011, and Iceland between 1994 and 2008
[40, 43]. However, other studies have reported a higher rate of
patients undergoing surgery with stage I disease [38, 40, 41, 44].
These findings suggest that we may be lagging behind universal
trends, and it is necessary to take action towards improving pa-
tient detection in the future. Furthermore, besides the delayed
diagnosis of patients, another possible factor contributing to pa-
tients being deprived of surgical treatment is the prolonged pro-
cess from diagnosis to treatment in our region. During this time
gap, the disease stage may change in some patients, rendering
the tumor inoperable.

Lobectomy was the most frequently performed surgical proce-
dure in our centers for the resection of primary lung tumors. A
study on surgical cases of primary lung cancer in Korea from
1990 to 2009 revealed the following rates for surgical techniques:
26.9% for pneumonectomy, 11% for bilobectomy, 59.4% for lobec-
tomy, and 2.6% for limited resections [14]. A recent study from
Portugal reported 90.6% lobectomies for the period from 2012
to 2018 [38]. Another study from Japan reported that 22.7% of
surgeries were limited resections [39]. In Iceland, the distribu-
tion of surgical techniques was 73.5% lobectomies, 14.9% pneu-
monectomies, and 11.6% limited resections [43]. Another study
from a tertiary center in Brazil revealed that although the most

performed procedure was lobectomy, the rate of segmentecto-
mies increased during the study period [24]. While lobectomy is
considered the gold standard method, recent studies have shown
that segmentectomy can yield comparable oncologic results
when performed on appropriately sized tumors with adequate
free margins and sufficient lymph node dissection [45, 46]. On
the other hand, pneumonectomy is associated with high rates of
postoperative morbidity and mortality [47]. consequently, there
is a global trend towards an increase in limited resections and
a decrease in extensive resections [40, 47, 48]. However, among
the surgical approaches for primary tumors in our centers, lim-
ited resections had the lowest rate, indicating that our surgeons
may still adhere to the gold standard method or our patients
may have been diagnosed at stages where segmentectomy is
no longer considered safe. In conclusion, a comprehensive pre-
operative evaluation is necessary to adopt the most suitable sur-
gical modality for each individual.

Surgical management is considered the preferred treatment for
pulmonary metastasis, as complete resection of lesions offers a
chance for potential cure [5]. Limited resection was the predom-
inant surgical method adopted at our centers. Limited resection,
particularly wedge resection, is the preferred surgical approach
based on the parenchymal sparing principle and the high risk of
disease recurrence [49]. However, a recent study by Prisciandaro
et al. showed that in patients with pulmonary metastasis from
colorectal cancer, anatomical resection was associated with im-
proved recurrence-free survival compared to non-anatomical
approaches [50].

The majority of lung cancer resections at our centers were per-
formed using conventional open thoracotomy, whereas many
centers worldwide have adopted minimally invasive methods
like VATS from years ago [40, 41, 51-53]. Since its introduction,
an increasing number of studies have confirmed that VATS is
superior to open thoracotomy in many aspects. Patients oper-
ated with VATS method appear to have fewer post-operative
complications, shorter length of hospitalization, lower intraop-
erative bleeding, less chest tube drainage and better overall sur-
vival [7, 54-56]. however, the limited use of VATS in our centers
could be attributed to inadequate infrastructures, high equip-
ment costs, a shortage of trained surgeons, financial limitations
and insurance coverage issues. Given that VATS is becoming
the gold standard method [57], it is time for our centers to be
equipped with VATS instruments, for our surgeons to master
VATS surgery and for health insurances to start covering VATS
for lung cancer surgeries.

Similar to our results, colorectal cancer, soft tissue sarcoma,
osteosarcoma, renal cell carcinoma, and head and neck tumors
are reported as the most common cancers that tend to metasta-
size to the lung [58]. Pulmonary metastasectomy is now widely
practiced as part of the multidisciplinary management of met-
astatic disease in selected patients. In cases of metastatic col-
orectal cancer, operative resection carries a favorable prognosis
among patients with isolated unilateral pulmonary metastasis,
no lymph node involvement, and normal carcinoembryonic
antigen levels [59]. Similarly, surgery has shown to be the best
treatment option for lung metastasis originating from soft tissue
and osteogenic sarcomas by far [60, 61]. Nevertheless, results
vary among tumors of different origins, and further randomized
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clinical trials are needed to confirm the benefits of this practice
for each pathology.

Although surgery remains a cornerstone in early-stage lung
cancer treatment, adjuvant or neoadjuvant therapy may be
necessary in some cases to improve outcomes [62]. At our
centers, patients with locally advanced carcinoma and high-
grade sarcoma received neoadjuvant chemotherapy prior
to surgery. Evidence suggests that neoadjuvant therapy can
eradicate micro metastasis, shrink tumors, enhance tumor
resection, and improve overall outcomes [63]. Additionally,
recent research has demonstrated promising results with the
integration of targeted therapy and immunotherapy [41, 62].
Specifically, immunotherapy has shown significant improve-
ments in survival rates compared to chemotherapy alone [64].
Therefore, a multidisciplinary approach is necessary to adopt
the best treatment strategy and optimize outcomes in lung
cancer patients.

For a long time, the burden of lung cancer was predominantly
borne by developed nations [65]. However, due to epidemiologi-
cal changes, developing countries like Iran are expected to face
an increase in the incidence of this disease [3]. To effectively
manage the evolving situation, policymakers and healthcare
professionals should be prepared in advance [3]. One of the most
important issues that should be a top priority for policymakers is
addressing health disparities. These disparities at both national
and subnational levels significantly influence cancer care [66].
Research indicates that higher-income countries and individuals
with better socio-economic status have more favorable outcomes
[67]. Compared to other developed regions, access to advanced
surgical technologies and some medications is limited in Iran.
Moreover, the lack of an established screening program and a
structured referral system leads to late diagnosis. Similarly,
research suggests that countries in the Middle East and North
Africa region face similar challenges in prevention, diagnosis,
and treatment of lung cancer [16]. Within Iran, people in rural
areas have less access to specialized care. Additionally, finan-
cial barriers and poverty play a significant role in both health-
seeking behaviors and accessing care. Policymakers should
effectively plan to reduce these disparities by improving social,
cultural, geographical, economic, and informational access to
healthcare, ensuring that all individuals receive equitable care.
Another critical issue is the implementation of preventive mea-
sures. Since tobacco products are the primary cause of lung
cancer, effective policies aimed at reducing their use can signifi-
cantly control the disease [68]. While many Western countries
have successfully controlled smoking prevalence, resulting in
a decline in lung cancer incidence, developing countries like
Iran, as well as those in the Middle East and North Africa re-
gion, have not achieved similar progress [16]. We believe that in-
vesting in healthcare infrastructure, implementing nationwide
screening programs, enhancing drug availability, improving
insurance coverage for cancer care, increasing health literacy,
implementing stronger smoking cessation policies, and develop-
ing a more comprehensive referral system would significantly
improve lung cancer care in Iran.

Our study was subject to some limitations primarily due to its
retrospective nature. Consequently, some data pertaining to the
patient's presentation at diagnosis, smoking dosage (pack-year),

pathological staging, and imaging reports were missing.
Additionally, we were unable to obtain access to the patient's
pulmonary function tests and detailed information about addi-
tional therapies apart from surgery. Moreover, patients were not
followed to determine the 30-day mortality rates and 5-year sur-
vival rates. Finally, since the present study exclusively focuses
on patients who underwent surgical treatment, it cannot be re-
garded as representative of the entire population of lung cancer
patients in our region.

In light of the identified limitations, the following recom-
mendations are proposed to improve the quality and scope of
future studies. Adopting a prospective study design would en-
sure more detailed and accurate data collection. Additionally,
implementing a comprehensive regional lung cancer registry
and electronic health records is essential for better tracking of
lung cancer trends and enhancing data accuracy and accessi-
bility. Long-term follow-up studies are crucial for assessing
long-term survival rates. Finally, conducting comprehensive re-
search on non-surgical patients and performing similar studies
in other regions of Iran would provide a broader understanding
of lung cancer management and facilitate regional and national
comparisons.

5 | Conclusion

It appears that the number of lung cancer surgeries is increas-
ing in Southern Iran, particularly among men, who represent
the most common cases requiring surgical intervention for lung
malignancies. The majority of surgical interventions were per-
formed on patients with lung adenocarcinoma, metastatic soft
tissue sarcoma, and metastatic colon cancer. At our centers, the
preferred surgical techniques for primary and secondary lesions
were the gold standard methods of lobectomy and limited re-
section, respectively. It is expected that by reducing smoking
habits and minimizing the use of extensive resections, there will
be an improvement in the short-term postoperative survival of
patients.
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