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Simple Summary: Pulmonary large cell carcinoma (LCC) represents a kind of rare and highly
malignant tumors with significantly worse survival outcomes compared to other types of NSCLC.
Our study mainly demonstrated that for LCC patients >65 years old, radiation after surgery had the
optimal therapeutic effect to improve survival outcomes compared to other sequences of radiation
with surgery. Our research provided significant advice on the appropriate choice of radiation
sequences with surgery for advanced LCC patients with age >65 years old.

Abstract: Background: Pulmonary large cell carcinoma, a type of non-small cell lung cancer (NSCLC),
is a rare neoplasm with poor prognosis. In this study, our aim was to investigate the impact
of radiation sequences with surgery for stage III/IV LCC patients between different age groups,
especially in the elderly patients. Patients and Methods: The patients with LCC and other types
of NSCLC in the Surveillance, Epidemiology and End Results (SEER) database from 2004 to 2015
were retrospectively analyzed. Then we divided the LCC patients into two age groups: <65 years
old group and >65 years old group. Propensity score method (PSM) was used to control potential
differences between different groups. The overall survival (OS) of LCC patients and other types
of NSCLC patients were evaluated by Kaplan-Meier analysis. Univariate and multivariate Cox
regression analysis were employed to explore the independent risk factors of OS. The forest plots of
HRs for OS were generated to show the above outcomes more visually. Results: In total, 11,349 LCC
patients and 129,118 other types of NSCLC patients were enrolled in this study. We divided LCC
patients into <65 years old group (4300) and >65 years old group (7049). LCC patients was more
common in whites (81.4%), males (58.3%), elderly (>65 years old: 62.1%), east regions (52.7%), upper
lobe (51.6%), right-origin of primary (55.4%), with advanced grade (54.2%) or stage (76.7%). After
PSM, Kaplan—-Meier analysis and multivariate Cox analysis showed significantly worse survival
prognosis for LCC patients compared to other types of NSCLC, especially in the group >65 years old
(HR: 1.230; 95% CI: 1.171-1.291; p < 0.001). For LCC patients, there were some risk survival factors
including whites, males, not upper lobe, advanced stage, elder age at diagnosis, bone metastasis,
liver metastasis, singled status, no lymphadenectomy, no surgery, and no chemotherapy (p < 0.05).
In LCC patients >65 years old, radiation after surgery had significantly better impact on overall
survival outcomes (HR: 0.863, 95% CI: 0.765-0.973, p = 0.016), whereas radiation prior to surgery
(HR: 1.425, 95% CI: 1.059-1.916, p = 0.019) had significantly worse impact on prognosis of patients. In
LCC patients <65 years old, radiation sequences with surgery had no significant impact on the OS
of patients (p = 0.580), but >4 LNRs had significantly survival benefits to prognosis (HR:0.707, 95%
CI: 0.584-0.855). Elderly LCC patients had worse malignant tumors than young patients, of which
the majority were diagnosed as stage III/IV tumors. Conclusions: Postoperative radiotherapy may
achieve a better prognosis for stage III/IV LCC patients older than 65 years old compared to other
radiation sequences with surgery.
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1. Introduction

According to the American Cancer Society, lung cancer remains the leading cause of
the cancer death [1]. Non-small cell lung cancer (NSCLC), the most common lung cancer
(approximately 85% of lung cancer), is generally classified into 3 major types: adenocarci-
noma (about 40%), squamous cell carcinoma (about 25% to 30%), and large cell carcinoma
(about 5% to 10%) [2]. Previously, large cell carcinoma (LCC) was defined as lung cancer
which lacked any morphologic differentiation of small cell carcinoma, glandular carcinoma
or squamous carcinoma observed by hematoxylin-eosin (HE) staining method, which has
subtypes including large cell neuroendocrine carcinoma, large cell carcinoma with rhabdoid
phenotype and large cell carcinoma, basaloid carcinoma, lymphoepithelioma-like carci-
noma and clear cell carcinoma [3]. But according to the 2015 World Health Organization
classification of lung cancer, LCC was redefined as surgically resected tumors which lacked
clear evidence of glandular, squamous, neuroendocrine or any other immunohistochemical
differentiation based on the immunohistochemical (IHC) markers and genetic molecular
testing, which made fewer tumors be diagnosed as LCC [4,5].

Pneumonectomy with lymphadenectomy was generally recommended as the standard
surgery for early-stage NSCLC patients [6], whereas chemotherapy and radiotherapy were
of benefit to the survival of advanced stage NSCLC patients with organ metastasis [7,8].
As a kind of rare and poorly differentiated NSCLC, the majority of IHC-null LCCs were
advanced tumors such as stage III/IV tumors, and could lead to significantly worse pa-
tient survival outcomes than for those with other IHC-positive subtypes of NSCLC [9,10].
Therefore, LCC patients generally combined different treatments together, in which radia-
tion with surgery was a kind of common therapeutic strategy, especially in the advanced
stage patients. Preoperative radiotherapy could downstage tumors originally considered
inoperable to perform the following surgery successfully, whereas postoperative radiother-
apy could control possible pathologic disease left after surgery to reduce recurrence and
metastasis. However, due to the risk of toxicities and complications of radiation, there has
been debate on the appropriate clinical cases and exact survival benefits of preoperative
and postoperative radiotherapy for a long time [11]. According to the national compre-
hensive cancer network (NCCN) guidelines, postoperative radiotherapy or preoperative
radiotherapy was an option for NSCLC patients with locally advanced tumors, such as
resectable stage IIIA pathologic N2 tumors, but the optimal time of radiotherapy with
surgery was still controversial [12]. An expert consensus on Adjuvant Therapy of NSCLC
from China Thoracic Surgery Committee proposed that postoperative radiotherapy could
be considered for stage III-N2 NSCLC patients with lymph nodes metastasis, but was not
recommended for stage I-Il NSCLC patients [13].

Due to the rare incidence, high malignancy of LCC and a lack of clinical data, little is
known about the patients’ biological and clinical characteristics and appropriate treatments,
let alone the radiation sequences with surgery. In this retrospective study, we collected and
analyzed the biological and clinical data on a large number of LCC patients registered in
the Surveillance, Epidemiology and End Results (SEER) database, and divided them into
different age groups (<65 years old group and >65 years old group), in order to explore
how different factors and treatments, especially the radiation sequences with surgery, affect
the survival of stage III/IV LCC patients.

2. Patients and Methods
2.1. Data Source

We used the US National Cancer Institute’s surveillance, epidemiology, and end
results (SEER) database. The database collects patients” information including disease
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types, disease stage, histologic category, treatment strategy and survival time, and covers
approximately 28% of the US population before 2015 [14]. In this database, personally
identifying information is excluded and the data are available publicly.

2.2. Study Population

We limited the cohort to patients who were histologically diagnosed with epithelial
tumors, including adenocarcinoma (pathological codes 8140/3), squamous cell carcinoma
(pathological codes 8070/3), large cell carcinoma (pathological codes 8012/3), large cell
neuroendocrine carcinoma (pathological codes 8013/3) and other types of NSCLC from
2004-2015 [11]. In our research, patients with stages from I to IV were covered, while those
without any cancer-directed treatment were excluded. Another exclusion criterion was the
incomplete information for these parameters: age, microscopic diagnostic confirmation,
demographic data, cause of death, and survival time. The detailed screening flowchart is
shown in Figure 1.

Lung cancer patients in SEER database from 2004-2015
(n=208,748)

Excluded (n=54,104):
Small cell lung cancer paticnts from 2004-
2015

Y

NSCLC paticnts from 2004-2015
(n=154,644)

Excluded(n=14,177);
‘Without any cancer-directed treatment
» No microscopic diagnostic confirmation
Unknown cause of death
Unknown survival period

Incomplete demographic data

A4

NSCLC patients with cancer-directed treatment
(n=140,467)

Y

Large cell lung cancer Other types of NSCLC
(n=11,349) (n=129,118)

Figure 1. Flow chart of patient screening. Abbreviation: LCC: large cell carcinoma; NSCLC: non-small
lung cancer.

2.3. Data Elements

Baseline patient and tumor characteristics included the following covariates: race,
sex, year of diagnosis, region, primary site-labeled, grade, stage, histology, laterality,
lymph nodes removed (LNRs) count, radiation sequences with surgery, radiation record,
chemotherapy record, tumor size, bone metastasis, brain metastasis, liver metastasis, lung
metastasis, survival time, first malignant primary indicator, age at diagnosis, insurance
status, marital status, high school education (%), median family income (US dollars, in
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tens). In addition, information on high school education and median family income were
obtained from the census track where the patients reside.

2.4. Statistical Analysis

All data of patients were analyzed by SPSS (version 25.0, SPSS Inc., Chicago, IL, USA).
The propensity score method (PSM) was used to control potential differences between the
LCC group and other types of NSCLC group, as well as the <65 years old LCC group and
>65 years old LCC group, in which 1:1 without replacement and nearest-neighbor matching
method of 0.02 was used. The survival curves were created by using the Kaplan—-Meier
method in which Log-rank was used to test the significant differences. Overall survival
(OS) was calculated from the date of diagnosis to death from any cause. The factors with
significant differences were analyzed by univariate COX regression analysis, followed
by multivariate Cox regression analysis, to test the independent potential predictors of
survival. The forest plots were generated by GraphPad Prism (version 8.0, GraphPad
Software Inc, San Diego, CA, USA). In all of the analyses, a bolded p-value of less than
0.05 represents a significant statistical difference.

3. Results
3.1. Baseline Cohort Characteristics

We identified 11,349 LCC patients and 129,118 patients with other types of NSCLC.
Firstly, we compared the clinical, histological, sociodemographic and therapeutic charac-
teristics between the two groups before PSM (Table 1). Similar to other types of NSCLC
patients, the elderly (patients >65 years old: 62.2%), whites (81.4%), males (58.3%) and
east regions (52.7%) were more common in LCC patients. The majority of LCC tumors
were located in the upper lobe (51.6%), along with the right laterality (55.4%), and smaller
than 1 cm (75.5%), as well as other types of NSCLC patients. Most of the LCC patients had
insurance (49.8%), spouse (52.6%), relatively more high school education (52.7%) and higher
median family income (50.6%). Compared to other types of NSCLC patients, LCC patients
were more likely to be diagnosed at a younger age, with a higher grade and stage of tumor
and a greater chance of organ metastasis. Moreover, the majority of LCC patients refused
to have surgery (78.0%), lymphadenectomy (72.4%), radiotherapy (56.8%) or chemotherapy
(52.3%). Most LCC patients had no radiation and/or surgery (87.7%), whereas 10.7% of the
rest had radiation after surgery, followed by radiation prior to surgery (1.4%). Beam radia-
tion (41.2%) was the primary mode of radiation for LCC patients receiving radiotherapy,
and >4 LNRs (14.8%) was the main modality for those accepting lymphadenectomy. The
incidence of organ metastasis from high to low was bone (6.7%), brain (5.9%), liver (5.4%),
lung (4.9%). After PSM, those characteristics were well balanced (Table S1).

Table 1. Baseline characteristics of patients with LCC and other types of NSCLC before PSM.

Characteristics Lce Others
(n = 11,349) (n = 129,118) P
Race
White 9243(81.4%) 106,372(82.4%)
Black 1568(13.8%) 15,398(11.9%) <0.001
Asian and others 528(4.7%) 7170(5.6%)
Unknown 10(0.1%) 178(0.1%)
Sex
Male 6618(58.3%) 78,075(60.5%) <0.001
Female 4731(41.7%) 51,043(39.5%)
Year of diagnosis
2004-2007 5487(48.3%) 39,869(30.9%) 0.001
2008-2011 3508(30.9%) 43,981(34.1%) <U-

2012-2015 2354(20.7%) 45,268(35.1%)
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Table 1. Cont.
. LCC Others
Characteristics (n = 11,349) (n =129,118) P
Region
East 5979(52.7%) 61,337(47.5%)
Northern Plains 1237(10.9%) 14,743(11.4%) <0.001
Southwest 343(3.0%) 3663(2.8%)
Alaska and Pacific Coast 3790(33.4%) 49,375(38.2%)
Tumor location
Upper lobe 5857(51.6%) 65,624(50.8%)
Middle lobe 465(4.1%) 4843(3.8%)
Lower lobe 2573(22.7%) 37,529(29.1%)
NOS 1761(15.5%) 11,856(9.2%) <0.001
Overlapping lesion 137(1.2%) 1817(1.4%)
Main bronchus 546(4.8%) 7147(5.5%)
Trachea 10(0.1%) 302(0.2%)
Grade
GradeI 28(0.2%) 7401(5.7%)
Grade II 95(0.8%) 33,817(26.2%)
Grade IIT 3368(29.7%) 39,050(30.2%) <0.001
Grade IV 2781(24.5%) 888(0.7%)
Unknown 5077(44.7%) 47,961(37.1%)
Stage
Stage I 1269(11.2%) 23,033(17.8%)
Stage 11 668(5.9%) 10,475(8.1%)
Stage 111 2972(26.2%) 40,502(31.4%) <0.001
Stage IV 5735(50.5%) 45,210(35.0%)
Unknown 705(6.2%) 9898(7.7%)
Laterality
Right-origin of primary 6282(55.4%) 71,226(55.2%)
Left—origin of primary 4420(38.9%) 53,577(41.5%)
Bilateral, single primary 172(1.5%) 1401(1.1%) <0.001
Paired, but no laterality 401(3.5%) 2184(1.7%)
Others 74(0.7%) 730(0.6%)
Lymphadenectomy
0-3 LNRs 585(5.2%) 5949(4.6%)
>4 LNRs 1683(14.8%) 25,491(19.7%)
Biopsy or aspiration 542(4.8%) 5829(4.5%) <0.001
Sentinel biopsy 14(0.1%) 246(0.2%)
None 8216(72.4%) 88,610(68.6%)
Unknown 309(2.7%) 2993(2.3%)
Surgery record
Yes 2419(21.3%) 35,272(27.3%)
No 8854(78.0%)  124,529(71.9%) <0.001
Unknown 76(0.7%) 1062(0.8%)
Radiation sequence
No radiation and/or surgery 9951(87.7%) 115,975(89.8%)
Radjiation after surgery 1218(10.7%) 11,180(8.7%)
Radiation prior to surgery 156(1.4%) 1611(1.2%)
Radiation before and after surgery 12(0.1%) 197(0.2%) <0.001
Intraoperative radiation 3(0.0%) 27(0.0%)
Sequence unknown, but both given 14(0.1%) 88(0.1%)
Surgery before and after radiation 0(0.0%) 28(0.0%)
Radiation in and before/after surgery 0(0.0%) 12(0.0%)
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Table 1. Cont.

Characteristics LCC Others p
(n =11,349) (n =129,118)
Radiation record
Beam radiation 4680(41.2%) 52,573(40.7%)
Beam with implants or isotopes 8(0.1%) 204(0.2%)
Implant or radioisotopes 18(0.2%) 269(0.2%) 0.002
Radiation, but not specified 58(0.5%) 777(0.6%)
No radiation 6445(56.8%) 74,095(57.4%)
Unknown 140(1.2%) 1200(0.9%)
Chemotherapy record
Yes 5408(47.7%) 57,335(44.4%) 0.001
No/unknown 5941(52.3%) 71,783(55.6%)
Tumor Size
<lcm 8567(75.5%) 102,975(79.8%)
>1, <2 cm 7(0.1%) 57(0.0%)
>2, <3 cm 9(0.1%) 102(0.1%) <0.001
>3, <4 cm 9(0.1%) 100(0.1%)
>4 cm 6(0.1%) 62(0.0%)
Unknown 2751(24.2%) 25,822(20.0%)
Bone Metastasis
Yes 759(6.7%) 8056(6.2%)
No 2937(25.9%) 57,178(44.3%) <0.001
Unknown 7653(67.4%) 63,884(49.5%)
Brain Metastasis
Yes 668(5.9%) 4139(3.2%)
No 3024(26.6%) 61,029(47.3%) <0.001
Unknown 7657(67.5%) 63,950(49.5%)
Liver Metastasis
Yes 610(5.4%) 4099(3.2%)
No 3086(27.2%) 61,089(47.3%) <0.001
Unknown 7653(67.4%) 63,930(49.5%)
Lung Metastasis
Yes 551(4.9%) 8226(6.4%)
No 3125(27.5%) 56,758(44.0%) <0.001
Unknown 7673(67.6%) 64,134(49.7%)
First malignant primary indicator
Yes 9213(81.2%) 98,320(76.1%) <0.001
No 2136(18.8%) 30,798(23.9%)
Age at diagnosis
<65 4300(37.9%) 37,481(29.0%) <0.001
>65 7049(62.1%) 91,636(71.0%)
Insurance status
Any Medicaid 993(8.7%) 13,440(10.4%)
Insured or no specifics 5655(49.8%) 81,576(63.2%) <0.001
Uninsured 260(2.3%) 2372(1.8%)
Unknown 4441(39.1%) 31,730(24.6%)
Marital status
Married or domestic partner 5975(52.6%) 66,147(51.2%)
Divorced/separated/single/widowed 4995(44.0%) 57,548(44.6%) <0.001
Unknown 379(3.3%) 5423(4.2%)
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Table 1. Cont.
. LCC Others
Characteristics (n = 11,349) (n =129,118) P
High School education (%)
<10 2050(18.1%) 26,234(20.3%)
>10, <20 5984(52.7%) 66,441(51.5%) 0.001
>20, <30 2981(26.3%) 32,302(25.0%) <U-
>30 332(2.9%) 4128(3.2%)
Unknown 2(0.0%) 13(0.0%)
Median Family income (dollar, in tens)
<5000 1682(14.8%) 16,744(13.0%)
>5000, <7000 5745(50.6%) 62,365(48.3%) 0.001
>7000, <9000 2854(25.1%) 34,034(26.4%) <U-
>9000 1066(9.4%) 15,962(12.4%)
Unknown 2(0.0%) 13(0.0%)

Abbreviations: NSCLC: non-small cell lung cancer; LCC: large cell carcinoma. The p-value of less than 0.05
represents a significant statistical difference.

3.2. Survival Outcomes

All of the patients were well matched with PSM, generating 11,349 pairs. After PSM,
the survival courses showed that the median survival time was significantly worse in
the LCC group than in other types of NSCLC group (7 months vs. 10 months; Logrank
p <0.001; Figure 2A). For the LCC group and other types of NSCLC group, the 1-, 3- and
5-year OS rates were 34.5% vs. 44.1%, 15.7% vs. 21.1%, and 11.2% vs. 14.9%, respectively.
According to ages, we divided the LCC patients into two groups: <65 years old group
and >65 years old group, which generated 4068 pairs after PSM. The survival courses also
showed that the median survival time was worse in >65 years old group than in <65 years
old group (8 months vs. 7 months; Logrank p < 0.001; Figure 2B). The 1-, 3- and 5-year OS
rates were 35.1% vs. 38.9%, 15.3% vs. 18.6%, and 10.3% vs. 14.5% for >65 years old group
and <65 years old group, respectively. The median survival time for patients with organ
metastasis from high to low was brain (5 months), lung (4 months), bone (3 months), liver
(3 months) in <65 years old group. For the <65 years old group, the 1-,3-, and 5-year survival
rate were 20.0%, 6.5%, and 3.5% in the brain metastasis subgroup, 18.0%, 3.4%, and 0.0%
in the lung metastasis subgroup, 14.4%, 3.5% and 1.2% in the bone metastasis subgroup,
and 11.2%, 1.5% and 0.0% in the liver metastasis subgroup, respectively. The median sur-
vival time for patients with organ metastasis from high to low was lung (4 months), brain
(4 months), bone (3 months), liver (3 months) in the >65 years old group. For >65 years old
group, the 1-,3-, and 5-year survival rate were 18.4%, 3.4%, and 2.6% in the lung metastasis
subgroup, 13.8%, 2.0%, and 0.0% in the brain metastasis subgroup, 11.3%, 0.8% and 0.0%
in the bone metastasis subgroup, 13.6%, 0.0% and 0.0% in the liver metastasis subgroup,
respectively (Table 2). For subgroups of LCC patients <65 years old, patients with >4 LNRs,
patients receiving surgery or chemotherapy had better survival rates than those refusing
lymphadenectomy, surgery or chemotherapy (Logrank p < 0.001; Figure 3A—-C). Moreover,
radiation prior to surgery gave better survival outcomes than other radiation sequences
with surgery in the <65 years old group (Logrank p < 0.001; Figure 3D). However, no
significant difference was observed in the radiation record subgroup <65 years old (Lo-
grank p = 0.418; Figure 3E). For subgroups of LCC patients >65 years old, patients with
>4 LNRs, surgery or chemotherapy had better survival than those refusing lymphadenec-
tomy, surgery or chemotherapy (Logrank p < 0.001; Figure 4A-C). However, radiation prior
to surgery had no better survival outcomes than other radiation sequences with surgery
(Logrank p < 0.001; Figure 4D). No significant difference was observed in the radiation
record subgroup >65 years old (Logrank p = 0.509; Figure 4E).
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Figure 2. Comparison of survival curves of OS in LCC patients and other types of NSCLC patients
(A) Comparison between LCC patients and other types of NSCLC patients; (B) Comparison between
LCC patients <65 years old and >65 years old. Abbreviations: LCC: large cell carcinoma; NSCLC:
non-small cell lung cancer; OS: overall survival.

Table 2. Median survival months and 1,3,5-year of OS in LCC and other types of NSCLC patients.

Median Survival 1-Year of OS 3-Year of OS 5-Year of OS

Months (%) (%) (%)

Other types of NSCLC 10 441 21.1 149
LCC 7 34.5 15.7 11.2

LCC < 65 years old 8 38.9 18.6 14.5
Bone metastasis 3 14.4 3.5 1.2
Brain metastasis 5 20.0 6.5 3.5
Liver metastasis 3 11.2 1.5 0.0
Lung metastasis 4 18.0 3.4 0.0
LCC > 65 years old 7 35.1 15.3 10.3
Bone metastasis 3 11.3 0.8 0.0
Brain metastasis 4 13.8 2.0 0.0
Liver metastasis 3 13.6 0.0 0.0
Lung metastasis 4 18.4 3.4 2.6

Abbreviations: LCC: large cell carcinoma; NSCLC: non-small cell lung cancer; LNRs: lymph nodes removed; NOS:
not otherwise specified.
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Figure 3. Comparison of survival curves of OS in different therapeutic subgroups of LCC patients
<65 years old. (A) Comparison of lymphadenectomy subgroup; (B) Comparison of surgery sub-
group; (C) Comparison of chemotherapy subgroup; (D) Comparison of radiation sequence subgroup;
(E): Comparison of radiation record subgroup. Abbreviations: LCC: large cell carcinoma; LNRs:
lymph nodes removed; OS: overall survival.
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Figure 4. Comparison of survival curves of OS in different therapeutic subgroups of LCC patients
>65 years old. (A) Comparison of lymphadenectomy subgroup; (B) Comparison of surgery sub-
group; (C) Comparison of chemotherapy subgroup; (D) Comparison of radiation sequence subgroup;
(E): Comparison of radiation record subgroup. Abbreviations: LCC: large cell carcinoma; LNRs:
lymph nodes removed; OS: overall survival.
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3.3. Univariate and Multivariate Analysis

We analyzed different groups by univariate and multivariate COX regression analysis
successively according to histology and age in all of the NSCLC patients enrolled and LCC
patients respectively, then compared the different factors affecting the survival outcomes
between different groups. For LCC patients, the multivariate COX regression analysis
showed the following factors were related to survival risk including whites, males, not
upper lobe, advanced stage, elder age at diagnosis, bone metastasis, liver metastasis, single
status, no lymphadenectomy, no surgery, and no chemotherapy (p < 0.05, Table 3). Among
these factors, the >65 years old group had significantly worse prognosis than the <65 years
old group (HR: 1.230, 95% CI: 1.171-1.291, p < 0.001; Table 3). Therefore, we divided LCC
patients into two groups: <65 years old group and >65 years old group. For the two
different age groups, chemotherapy or surgery were of benefit to a survival prognosis
(p <0.001; Tables 4 and 5). For LCC patients <65 years old, >4 LNRs status was also
beneficial to survival of patients (HR: 0.707, 95% CI: 0.584-0.855; Table 4), whereas there
were no significant survival differences observed in the radiation sequences with surgery
subgroup (p = 0.580; Table 4). For LCC patients >65 years old, radiation after surgery (HR:
0.863, 95% CI: 0.765-0.973, p = 0.016) was of benefit to prognosis, whereas radiation prior
to surgery (HR: 1.425, 95% CI: 1.059-1.916, p = 0.019) was harmful to survival outcomes
(Table 5). In addition, the forest plots of HRs for OS were generated to show the same COX
regression analysis outcomes of treatments between different age groups more visually
(Figure 5).

Table 3. Univariate and multivariate COX regression analysis on OS in LCC patients.

Univariate Analysis Multivariate Analysis

Variables HR (95% C) p HR (95% CD) p
Race 0.049 <0.001
White Reference Reference
Black 1.072(1.005-1.144) 0.035 0.957(0.895-1.024) 0.203
Asian and others 0.913(0.819-1.019) 0.105 0.785(0.701-0.878) <0.001
Unknown 0.935(0.389-2.247) 0.880 1.177(0.489-2.836) 0.716
Sex <0.001 <0.001
Male Reference Reference
Female 0.862(0.822-0.904) <0.001 0.845(0.804—-0.888) <0.001
Year of diagnosis 0.760
2004-2007 Reference
2008-2011 0.980(0.929-1.034) 0.459
2012-2015 0.992(0.929-1.060) 0.808
Region 0.706
East Reference
Northern Plains 1.036(0.959-1.119) 0.367
Southwest 1.005(0.872-1.158) 0.946
Alaska and Pacific Coast 0.986(0.935-1.040) 0.605
Tumor location <0.001 0.001
Upper lobe Reference Reference
Middle lobe 1.113(0.989-1.251) 0.075 1.085(0.962-1.223) 0.186
Lower lobe 1.105(1.041-1.173) 0.001 1.083(1.019-1.151) 0.010
NOS 1.696(1.586-1.813) <0.001 1.160(1.068-1.260) <0.001
Overlapping lesion 1.717(0.942-1.455) 0.156 1.157(0.929-1.440) 0.193
Main bronchus 1.464(1.314-1.631) <0.001 1.184(1.061-1.322) 0.003
Trachea 1.161(0.521-2.587) 0.714 1.779(0.749-4.277) 0.192
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Table 3. Cont.

Univariate Analysis

Multivariate Analysis

Variables HR (95% CI) p HR (95% CD) p
Grade <0.001 0.049
Grade | Reference Reference
Grade I 0.898(0.492-1.640) 0.726 1.011(0.549-1.861) 0.972
Grade III 1.122(0.650-1.936) 0.679 1.282(0.737-2.229) 0.379
Grade IV 1.190(0.689-2.054) 0.533 1.362(0.783-2.370) 0.274
Unknown 1.548(0.898-2.669) 0.166 1.272(0.732-2.211) 0.394
Stage <0.001 <0.001
Stage I Reference Reference
Stage II 1.386(1.204-1.597) <0.001 1.633(1.415-1.884) <0.001
Stage III 2.497(2.257-2.764) <0.001 2.088(1.791-2.251) <0.001
Stage IV 4.764(4.321-5.252) <0.001 3.115(2.775-3.496) <0.001
Unknown 3.169(2.780-3.612) <0.001 1.555(1.342-1.803) <0.001
Laterality <0.001 0.004
Right-origin of primary Reference Reference
Left-origin of primary 1.018(0.970-1.070) 0.468 1.033(0.982-1.087) 0.206
Bilateral, single primary 1.906(1.593-2.280) <0.001 0.949(0.783-1.150) 0.592
Paired, but no laterality 1.434(1.261-1.630) <0.001 0.781(0.675-0.904) 0.001
Others 1.483(1.131-1.945) 0.004 0.798(0.593-1.075) 0.138
Lymphadenectomy <0.001 <0.001
0-3 LNRs Reference Reference
>4 LNRs 0.579(0.511-0.655) <0.001 0.790(0.692-0.903) 0.001
Biopsy or aspiration 1.597(1.384-1.844) <0.001 1.079(0.926-1.257) 0.333
Sentinel biopsy 0.556(0.230-1.343) 0.192 0.779(0.321-1.890) 0.581
None 2.013(1.811-2.239) <0.001 1.162(1.031-1.309) 0.014
Unknown 1.140(0.957-1.359) 0.142 1.077(0.902-1.287) 0.411
Surgery record <0.001 <0.001
Yes Reference Reference
No 3.107(2.912-3.316) <0.001 1.714(1.535-1.914) <0.001
Unknown 3.142(2.346-4.208) <0.001 1.798(1.323-2.444) <0.001
Radiation sequence <0.001 0.009
No radiation and/or surgery Reference Reference
Radiation after surgery 0.747(0.695-0.802) <0.001 0.913(0.840-0.992) 0.032
Radiation prior to surgery 0.542(0.442-0.665) <0.001 1.128(0.911-1.396) 0.269
Radiation before and after surgery 1.232(0.512-2.960) 0.641 1.778(0.736-4.298) 0.201
Intraoperative radiation 0.802(0.259-2.487) 0.702 1.040(0.334-3.236) 0.946
Sequence unknown, but both given 1.811(0.863-3.801) 0.116 2.711(1.284-5.724) 0.009
Radiation record 0.766
Beam radiation Reference
Beam with implants or isotopes 0.955(0.477-1.911) 0.896
Implant or radioisotopes 0.905(0.501-1.635) 0.740
Radiation, but not specified 1.127(0.840-1.512) 0.426
No radiation 0.987(0.941-1.035) 0.593
Unknown 1.135(0.914-1.410) 0.251
Chemotherapy record <0.001 <0.001
No/unknown Reference Reference
Yes 0.639(0.610-0.670) <0.001 0.501(0.477-0.528) <0.001
Tumor Size <0.001 <0.001
<lcm Reference Reference
>1, <2 cm 1.530(0.493-4.747) 0.461 1.678(0.539-5.230) 0.372
>2, <3 cm 0.935(0.389-2.249) 0.881 0.595(0.247-1.437) 0.249
>3, <4 cm 1.378(0.689-2.757) 0.365 1.334(0.663-2.682) 0.419
>4 cm 1.306(0.490-3.483) 0.593 0.637(0.238-1.703) 0.369
Unknown 1.690(1.602-1.783) <0.001 1.195(1.122-1.273) <0.001
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Table 3. Cont.

Univariate Analysis

Multivariate Analysis

Variables HR (95% CI) p HR (95% CD) p
Bone Metastasis <0.001 0.001
No Reference Reference
Yes 2.193(1.981-2.426) <0.001 1.227(1.101-1.368) <0.001
Unknown 1.184(1.118-1.254) <0.001 1.305(0.908-1.877) 0.151
Brain Metastasis <0.001 0.097
No Reference Reference
Yes 1.777(1.601-1.974) <0.001 1.110(0.995-1.239) 0.062
Unknown 1.139(1.076-1.206) <0.001 0.872(0.631-1.205) 0.407
Liver Metastasis <0.001 <0.001
No Reference Reference
Yes 2.375(2.124-2.656) <0.001 1.442(1.279-1.624) <0.001
Unknown 1.149(1.086-1.215) <0.001 1.082(0.737-1.588) 0.688
Lung Metastasis <0.001 0.220
No Reference Reference
Yes 1.880(1.673-2.113) <0.001 1.095(0.969-1.237) 0.147
Unknown 1.117(1.056-1.181) <0.001 0.887(0.657-1.198) 0.435
First malignant primary indicator 0.001 0.591
No Reference Reference
Yes 1.132(1.053-1.217) 0.001 1.020(0.948-1.098) 0.591
Age at diagnosis <0.001 <0.001
<65 Reference Reference
>65 1.156(1.103-1.211) <0.001 1.230(1.171-1.291) <0.001
Insurance status <0.001 0.003
Any Medicaid Reference Reference
Insured or no specifics 0.817(0.752-0.888) <0.001 0.881(0.808-0.961) 0.004
Uninsured 1.063(0.910-1.242) 0.441 1.083(0.925-1.268) 0.321
Unknown 0.875(0.805-0.952) 0.002 0.914(0.833-1.002) 0.056
Marital status <0.001 <0.001
Married or domestic partner Reference Reference
Divorced/separated /single/widowed 1.187(1.132-1.245) <0.001 1.121(1.065-1.179) <0.001
Unknown 1.113(0.974-1.272) 0.114 1.087(0.949-1.245) 0.230
High School education (%) <0.001 0.681
<10 Reference Reference
>10, <20 1.065(0.998-1.137) 0.058 1.017(0.946-1.094) 0.647
>20, <30 1.200(1.116-1.290) <0.001 1.063(0.970-1.165) 0.190
>30 1.195(1.035-1.381) 0.015 1.065(0.900-1.260) 0.463
Unknown 0.955(0.134-6.786) 0.963 1.021(0.143-7.305) 0.984
Median family income (dollar, in tens) <0.001 0.196
<5000 Reference Reference
>5000, <7000 1.019(0.954-1.089) 0.575 1.065(0.987-1.148) 0.104
>7000, <9000 0.877(0.814-0.946) 0.001 1.060(0.964-1.165) 0.232
>9000 0.812(0.735-0.898) <0.001 0.990(0.877-1.118) 0.872
Unknown 0.840(0.118-5.972) 0.862

Abbreviations: LCC: large cell carcinoma; OS: overall survival; LNRs: lymph nodes removed; NOS: not oth-
erwise specified; HR: hazard ratio; CI: confidence interval. A p-value of less than 0.05 represents a significant
statistical difference.
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Table 4. Univariate and multivariate COX regression analyses on OS in LCC patients <65 years old.

Variables

Univariate Analysis

Multivariate Analysis

HR (95% CI) p HR (95% CI) p
Race 0.146
White Reference
Black 1.098(1.007-1.197) 0.034
Asian and others 0.964(0.812-1.144) 0.672
Unknown 0.501(0.071-3.599) 0.490
Sex <0.001 0.003
Male Reference Reference
Female 0.824(0.769-0.882) <0.001 0.898(0.837-0.963) 0.003
Year of diagnosis 0.586
2004-2007 Reference
2008-2011 0.983(0.911-1.062) 0.667
2012-2015 1.037(0.944-1.139) 0.448
Region 0.976
East Reference
Northern Plains 0.995(0.891-1.112) 0.933
Southwest 0.970(0.791-1.189) 0.767
Alaska and Pacific Coast 1.011(0.937-1.090) 0.782
Tumor location <0.001 0.012
Upper lobe Reference Reference
Middle lobe 1.200(1.013-1.421) 0.035 1.210(1.018-1.440) 0.031
Lower lobe 1.196(1.092-1.309) <0.001 1.117(1.019-1.225) 0.018
NOS 1.754(1.596-1.929) <0.001 1.129(0.999-1.276) 0.051
Overlapping lesion 0.968(0.705-1.330) 0.842 0.908(0.659-1.251) 0.554
Main bronchus 1.540(1.332-1.781) <0.001 1.232(1.062-1.429) 0.006
Trachea 1.740(0.435-6.965) 0.434 1.574(0.358-6.911) 0.548
Grade <0.001 0.411
Grade I Reference Reference
Grade II 0.733(0.365-1.473) 0.384 0.777(0.381-1.586) 0.489
Grade IIT 0.858(0.473-1.554) 0.612 1.024(0.556-1.885) 0.941
Grade IV 0.940(0.518-1.703) 0.837 1.083(0.588-1.994) 0.799
Unknown 1.218(0.673-2.204) 0.515 1.031(0.560-1.896) 0.922
Stage <0.001 <0.001
Stage I Reference Reference
Stage II 1.467(1.187-1.812) <0.001 1.803(1.455-2.234) <0.001
Stage III 2.857(2.446-3.336) <0.001 2.288(1.915-2.734) <0.001
Stage IV 5.556(4.786—6.450) <0.001 3.630(3.032-4.346) <0.001
Unknown 3.584(2.892-4.442) <0.001 1.836(1.443-2.337) <0.001
Laterality <0.001 0.055
Right-origin of primary Reference Reference
Left—origin of primary 1.046(0.974-1.122) 0.218 1.094(1.017-1.177) 0.016
Bilateral, single primary 1.963(1.524-2.530) <0.001 1.117(0.849-1.471) 0.428
Paired, but no laterality 1.493(1.256-1.776) <0.001 0.875(0.716-1.070) 0.193
Others 1.747(1.186-2.574) 0.005 0.997(0.657-1.511) 0.988
Lymphadenectomy <0.001 <0.001
0-3 LNRs Reference Reference
>4 LNRs 0.523(0.437-0.625) <0.001 0.707(0.584-0.855) <0.001
Biopsy or aspiration 1.558(1.274-1.905) <0.001 0.964(0.778-1.194) 0.738
Sentinel biopsy 0.429(0.137-1.343) 0.146 0.625(0.198-1.971) 0.423
None 1.918(1.647-2.233) <0.001 1.057(0.890-1.255) 0.527
Unknown 0.987(0.766-1.272) 0.919 0.945(0.729-1.225) 0.670
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Table 4. Cont.

Univariate Analysis

Multivariate Analysis

Variables HR (95% CI) p HR (95% CD) p
Surgery record <0.001 <0.001
Yes Reference Reference
No 3.267(2.974-3.588) <0.001 1.544(1.317-1.811) <0.001
Unknown 3.232(2.209-4.729) <0.001 1.907(1.274-2.854) 0.002
Radiation sequence <0.001 0.580
No radiation and/or surgery Reference Reference
Radiation after surgery 0.791(0.716-0.873) <0.001 0.944(0.840-1.062) 0.339
Radjiation prior to surgery 0.481(0.358-0.646) <0.001 0.929(0.680-1.270) 0.646
Radiation before and after surgery 1.213(0.391-3.765) 0.738 1.738(0.557-5.425) 0.341
Intraoperative radiation 0.765(0.108-5.436) 0.789 0.584(0.082-4.174) 0.592
Sequence unknown, but both given 0.956(0.135-6.793) 0.964 3.344(0.466-24.006) 0.230
Radiation record 0.462
Beam radiation Reference
Beam with implants or isotopes 0.854(0.383-1.903) 0.699
Implant or radioisotopes 1.455(0.652-3.243) 0.360
Radiation, but not specified 1.008(0.668-1.521) 0.970
No radiation 0.947(0.885-1.014) 0.120
Unknown 1.131(0.856-1.495) 0.385
Chemotherapy record <0.001 <0.001
No/unknown Reference Reference
Yes 0.639(0.597-0.684) <0.001 0.524(0.487-0.563) <0.001
Tumor Size <0.001 0.011
<1cm Reference Reference
>1, <2 cm 1.122(0.280-4.490) 0.871 1.183(0.292-4.783) 0.814
>2, <3 cm 6.627(0.932-47.124) 0.059 2.749(0.383-19.751) 0.315
>3, <4 cm 1.215(0.505-2.921) 0.664 1.321(0.546-3.197) 0.537
Unknown 1.705(1.579-1.841) <0.001 1.172(1.071-1.284) 0.001
Bone Metastasis <0.001 0.060
No Reference Reference
Yes 2.247(1.955-2.584) <0.001 1.189(1.023-1.382) 0.024
Unknown 1.152(1.060-1.251) 0.001 1.358(0.795-2.322) 0.263
Brain Metastasis <0.001 0.759
No Reference Reference
Yes 1.716(1.489-1.977) <0.001 1.039(0.894-1.209) 0.616
Unknown 1.095(1.009-1.189) 0.030 0.883(0.522-1.495) 0.644
Liver Metastasis <0.001 <0.001
No Reference Reference
Yes 2.579(2.217-3.001) <0.001 1.582(1.342-1.866) <0.001
Unknown 1.120(1.034-1.214) 0.006 0.919(0.520-1.623) 0.771
Lung Metastasis <0.001 0.579
No Reference Reference
Yes 2.041(1.743-2.389) <0.001 1.091(0.923-1.290) 0.309
Unknown 1.085(1.002-1.175) 0.044 0.965(0.589-1.581) 0.889
First malignant primary indicator <0.001 0.085
No Reference Reference
Yes 1.214(1.091-1.351) <0.001 1.100(0.987-1.227) 0.085
Insurance status <0.001 0.002
Any Medicaid Reference Reference
Insured or no specifics 0.746(0.671-0.829) <0.001 0.851(0.762-0.950) 0.004
Uninsured 1.079(0.913-1.276) 0.372 1.072(0.904-1.272) 0.421
Unknown 0.821(0.739-0.912) <0.001 0.930(0.826-1.047) 0.231
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Table 4. Cont.

Univariate Analysis

Multivariate Analysis

Variables HR (95% CI) p HR (95% CD) p
Marital status <0.001 0.001
Married or domestic partner Reference Reference
Divorced/separated /single/widowed 1.219(1.139-1.305) <0.001 1.143(1.064-1.229) <0.001
Unknown 1.132(0.924-1.386) 0.230 1.040(0.844-1.282) 0.711
High School education (%) <0.001 0.609
<10 Reference Reference
>10, <20 1.085(0.988-1.192) 0.089 1.014(0.914-1.126) 0.790
>20, <30 1.270(1.144-1.410) <0.001 1.079(0.947-1.230) 0.251
>30 1.301(1.060-1.597) 0.012 1.154(0.908-1.466) 0.241
Unknown 1.024(1.144-7.286) 0.981 1.036(0.143-7.487) 0.972
Median family income (dollar, in tens) <0.001 0.520
<5000 Reference Reference
>5000, <7000 1.014(0.922-1.115) 0.773 1.051(0.944-1.171) 0.364
>7000, <9000 0.843(0.757-0.939) 0.002 1.015(0.888-1.159) 0.831
>9000 0.748(0.647-0.865) <0.001 0.959(0.806-1.141) 0.636
Unknown 0.861(0.121-6.124) 0.881
Abbreviations: LCC: large cell carcinoma; OS: overall survival; LNRs: lymph nodes removed; NOS: not oth-
erwise specified; HR: hazard ratio; CI: confidence interval. A p-value of less than 0.05 represents a significant
statistical difference.
Table 5. Univariate and multivariate COX regression analyses on OS in LCC patients >65 years old.
. Univariate Analysis Multivariate Analysis
Variables HR (95% CI) p HR (95% CD) p
Race 0.044 0.003
White Reference Reference
Black 1.079(0.978-1.191) 0.128 0.948(0.856-1.050) 0.307
Asian and others 0.850(0.738-0.980) 0.025 0.765(0.661-0.885) <0.001
Unknown 1.173(0.440-3.128) 0.750 1.121(0.419-3.002) 0.820
Sex 0.002 <0.001
Male Reference Reference
Female 0.899(0.842-0.961) 0.002 0.800(0.745-0.859) <0.001
Year of diagnosis 0.535
2004-2007 Reference
2008-2011 0.977(0.907-1.052) 0.540
2012-2015 0.950(0.866-1.043) 0.280
Region 0.180
East Reference
Northern Plains 1.082(0.973-1.204) 0.147
Southwest 1.049(0.861-1.278) 0.633
Alaska and Pacific Coast 0.957(0.889-1.030) 0.238
Tumor location <0.001 0.003
Upper lobe Reference Reference
Middle lobe 1.018(0.865-1.199) 0.826 0.970(0.820-1.148) 0.723
Lower lobe 1.000(0.923-1.084) 0.994 1.056(0.973-1.146) 0.189
NOS 1.618(1.472-1.778) <0.001 1.189(1.061-1.332) 0.003
Overlapping lesion 1.533(1.136-2.067) 0.005 1.585(1.173-2.142) 0.003
Main bronchus 1.396(1.186-1.643) <0.001 1.104(0.935-1.303) 0.243
Trachea 0.908(0.340-2.423) 0.848 2.204(0.744-6.529) 0.154




Cancers 2022, 14, 5231

Table 5. Cont.

Univariate Analysis

Multivariate Analysis

Variables HR (95% CI) p HR (95% CD) p
Grade <0.001 0.136
Grade | Reference Reference
Grade I 1.884(0.449-7.908) 0.387 1.719(0.406-7.278) 0.462
Grade III 2.520(0.628-10.104) 0.192 2.092(0.517-8.464) 0.301
Grade IV 2.572(0.641-10.314) 0.183 2.256(0.557-9.135) 0.254
Unknown 3.376(0.842-13.532) 0.186 2.053(0.508-8.304) 0.313
Stage <0.001 <0.001
Stage I Reference Reference
Stage II 1.367(1.129-1.655) 0.001 1.503(1.239-1.824) <0.001
Stage III 2.243(1.961-2.565) <0.001 1.863(1.604-2.164) <0.001
Stage IV 4.262(3.743-4.852) <0.001 2.866(2.462-3.336) <0.001
Unknown 2.762(2.339-3.261) <0.001 1.394(1.155-1.682) 0.001
Laterality <0.001 0.001
Right-origin of primary Reference Reference
Left-origin of primary 0.981(0.917-1.050) 0.584 0.970(0.904-1.040) 0.393
Bilateral, single primary 1.840(1.428-2.369) <0.001 0.810(0.618-1.061) 0.126
Paired, but no laterality 1.376(1.136-1.668) 0.001 0.669(0.539-0.830) <0.001
Others 1.237(0.846-1.808) 0.272 0.569(0.369-0.877) 0.011
Lymphadenectomy <0.001 0.001
0-3 LNRs Reference Reference
>4 LNRs 0.655(0.552-0.779) <0.001 0.890(0.738-1.073) 0.222
Biopsy or aspiration 1.686(1.373-2.072) <0.001 1.201(0.962-1.499) 0.106
Sentinel biopsy 1.036(0.257—4.173) 0.960 0.965(0.238-3.921) 0.961
None 2.162(1.864-2.507) <0.001 1.267(1.071-1.498) 0.006
Unknown 1.366(1.070-1.742) 0.012 1.231(0.962-1.575) 0.099
Surgery record <0.001 <0.001
Yes Reference Reference
No 2.977(2.720-3.258) <0.001 1.900(1.628-2.217) <0.001
Unknown 3.244(2.052-5.128) <0.001 1.612(0.998-2.604) 0.051
Radiation sequence <0.001 0.001
No radiation and/or surgery Reference Reference
Radiation after surgery 0.706(0.636-0.784) <0.001 0.863(0.765-0.973) 0.016
Radiation prior to surgery 0.635(0.479-0.842) 0.002 1.425(1.059-1.916) 0.019
Radiation before and after surgery 1.306(0.326-5.225) 0.706 1.759(0.431-7.183) 0.431
Intraoperative radiation 0.803(0.201-3.213) 0.757 1.498(0.370-6.068) 0.571
Sequence unknown, but both given 2.039(0.915-4.545) 0.081 2.892(1.283-6.520) 0.010
Radiation record 0.560
Beam radiation Reference
Beam with implants or isotopes 1.677(0.419-6.712) 0.465
Implant or radioisotopes 0.612(0.254-1.472) 0.273
Radiation, but not specified 1.280(0.840-1.950) 0.250
No radiation 1.017(0.952-1.087) 0.621
Unknown 1.166(0.826-1.646) 0.383
Chemotherapy record <0.001 <0.001
No/unknown Reference Reference
Yes 0.645(0.604-0.689) <0.001 0.474(0.441-0.509) <0.001
Tumor Size <0.001 <0.001
<lcm Reference Reference
>1, <2 cm 11.188(1.572-79.621) 0.016 4.162(0.583-29.731) 0.155
>2, <3 cm 0.719(0.269-1.916) 0.509 0.480(0.179-1.287) 0.145
>3, <4 cm 2.107(0.679-6.540) 0.197 1.147(0.357-3.690) 0.818
>4 cm 1.236(0.464-3.297) 0.672 0.631(0.236-1.691) 0.360
Unknown 1.674(1.554-1.804) <0.001 1.224(1.120-1.337) <0.001
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Table 5. Cont.

Univariate Analysis

Multivariate Analysis

Variables HR (95% CI) p HR (95% CD) p
Bone Metastasis <0.001 0.015
No Reference Reference
Yes 2.160(1.863-2.503) <0.001 1.269(1.081-1.489) 0.004
Unknown 1.217(1.123-1.319) <0.001 1.199(0.729-1.973) 0.475
Brain Metastasis <0.001 0.070
No Reference Reference
Yes 1.903(1.627-2.225) <0.001 1.193(1.013-1.406) 0.035
Unknown 1.186(1.096-1.284) <0.001 0.874(0.576-1.324) 0.524
Liver Metastasis <0.001 0.010
No Reference Reference
Yes 2.186(1.852-2.581) <0.001 1.315(1.101-1.572) 0.003
Unknown 1.178(1.089-1.274) <0.001 1.225(0.718-2.090) 0.457
Lung Metastasis <0.001 0.506
No Reference Reference
Yes 1.721(1.446-2.049) <0.001 1.076(0.895-1.293) 0.436
Unknown 1.149(1.063-1.242) <0.001 0.865(0.589-1.270) 0.459
First malignant primary indicator 0.239
No Reference
Yes 1.061(0.961-1.171) 0.239
Insurance status 0.063
Any Medicaid Reference
Insured or no specifics 0.860(0.746-0.992) 0.038
Uninsured 1.046(0.598-1.832) 0.874
Unknown 0.924(0.799-1.067) 0.281
Marital status <0.001 0.007
Married or domestic partner Reference Reference
Divorced/separated /single/widowed 1.154(1.079-1.234) <0.001 1.121(1.042-1.205) 0.002
Unknown 1.087(0.911-1.298) 0.355 1.127(0.940-1.351) 0.198
High School education (%) 0.089
<10 Reference
>10, <20 1.044(0.953-1.143) 0.356
>20, <30 1.128(1.021-1.248) 0.018
>30 1.089(0.888-1.335) 0.413
Unknown
Median family income (dollar, in tens) 0.012 0.360
<5000 Reference Reference
>5000, <7000 1.026(0.934-1.126) 0.591 1.077(0.979-1.184) 0.127
>7000, <9000 0.917(0.826-1.019) 0.109 1.072(0.961-1.195) 0.211
>9000 0.886(0.771-1.018) 0.087 1.006(0.874-1.159) 0.932

Abbreviations: LCC: large cell carcinoma; OS: overall survival; LNRs: lymph nodes removed; NOS: not oth-
erwise specified; HR: hazard ratio; CI: confidence interval. A p-value of less than 0.05 represents a significant
statistical difference.
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A Forest plot of OS in LCC patients < 65 years old
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Figure 5. Forest plots of variables that can influence OS in LCC patients <65 years old and >65 years
old. (A) Comparison of OS in LCC patients <65 years old; (B) Comparison of OS in LCC patients
>65 years old. Abbreviations: LCC: large cell carcinoma; CI: confidence interval; OS: Overall survival;
LNRs: lymph nodes removed.

4. Discussion

In this study, we mainly explored the impact of clinical characteristics and therapeutic
strategies on the survival outcomes in LCC patients, especially the elderly patients. The
following factors were related with a higher risk of death in LCC patients: whites, males,
not upper lobe, advanced stage, elder age at diagnosis, bone metastasis, liver metastasis,
single status. There was a significantly worse survival prognosis in the >65 years old
group who accounted for more than 60% of the LCC patients, than in the <65 years old
group. Furthermore, surgery, lymphadenectomy, radiation or chemotherapy were all of
benefit to the survival of LCC patients no matter whether young or aged. For LCC patients
<65 years old, radiation sequences with surgery had no significant survival impact on
survival time, but >4 LNRs had significantly survival benefits to prognosis of patients.
However, for LCC patients >65 years old, radiation sequences with surgery had significant
impact on overall survival. To be specific, radiation after surgery was the optimal radiation
sequence with surgery. In addition, we found LCC patients were more likely to be whites,
males and elders, which may be because of smoking [15]. Consistent with prior reports,
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LCC tumors were more commonly located in the upper lobe of the lung, along with right
laterality [16]. Compared to other types of NSCLC patients, LCC patients were more likely
to be diagnosed at a younger age, with a higher stage of tumors including stage III/IV
tumors, and significantly worse survival outcomes; this was also consistent with other
studies [17]. For all LCC patients, the incidence of metastatic organ from high to low was
bone, brain, liver, lung. For LCC patients >65 years old, the 3-year of OS of metastatic organ
from high to low was lung, brain, bone, liver. It was also reported that distant metastases
to the tonsil, or gastrointestinal tract were quite rare with poor prognosis [18,19].

The standard treatment of LCC patients, especially the elder patients, has been debated
for a long time because of the significant heterogeneity in the pathology and prognosis.
Due to the rare incidence and poor prognosis of LCC, there were few reports focused on
the survival effects of radiotherapy for LCC patients, not to mention the specific radiation
sequences with surgery. We found that most of the LCC patients were diagnosed as ad-
vanced stage tumors such as stage III/IV LCC, and radiation after surgery had significant
survival benefits to the LCC patients. A retrospective study enrolled 3197 LCC patients
and demonstrated that radiotherapy combined with surgery may have a bad impact on
survival for the stage I-III LCC patients, whereas radiation with surgery (HR: 0.394, 95%
CI: 0.245-0.633, p < 0.001) could have a better survival impact than radiotherapy (HR: 0.767,
95% CI: 0.658-0.895, p < 0.001) or surgery (HR: 0.462, 95% CI: 0.297-0.720, p < 0.001) alone
for the stage IV LCC patients, which was consistent with some of our views [20]. Another
prospective study analyzed 4 stage IIl NSCLC patients after triple plastic resections, and
found long-term survival benefits in a clinical case of a locally advanced LCC patient
receiving postoperative radiotherapy, which indicated that postoperative radiation could
be recommended for some advanced stage LCC patients with strict indications [21]. Some
researches explored whether postoperative radiotherapy of NSCLC patients could also be
valuable for the therapy of LCC patients because LCC is also a type of NSCLC. Several
studies enrolled many resected stage IIl NSCLC patients and demonstrated that radiation
after surgery could remarkably improve OS and reduced local recurrence, especially in
the multiple-station pN2 group [22-25]. Recently a lung ART trial showed that conformal
postoperative radiotherapy could improve disease-free survival (control group vs. experi-
mental group: 44% vs. 47%) and local relapse-free survival (control group vs. experimental
group: 46% vs. 25%), but was associated with an increased death rate (control group vs.
experimental group: 5% vs. 15%) related to cardiopulmonary toxicities [26].

It is important to explore the appropriate therapy for the elder patients because the
majority of the LCC patients were elders who were mainly diagnosed as stage I11/IV
tumors. Consist with some studies, we found the elderly patients were less likely to have
received recommended surgery and/or radiotherapy in consideration of risk factors such
as poor performance status, corresponding comorbidities, therapeutic complications and
tolerance towards treatments [27-29]. However, we found that radiation after surgery had
the optimal survival benefits to prognosis compared to other radiation sequences with
surgery in the LCC patients >65 years old, but radiation with surgery had no survival
effects in LCC patients <65 years old. Given that LCC is a type of poorly differentiated
NSCLC, studies about postoperative radiotherapy in advanced NSCLC patients could
also offer therapeutic references to the treatments of LCC patients to some extent. A
propensity score-matching analysis enrolled 3334 resected stage IIIA-N2 NSCLC patients
and demonstrated that postoperative radiotherapy could only offer significantly overall
survival benefits to <60 years old group (5-year OS, 35.4% for postoperative radiotherapy
vs. 28.9% for no postoperative radiotherapy; p = 0.026), but not to 60-79 years old group
(p = 0.062) and >80 years old group (p = 0.198) [30]. However, a retrospective study analyzed
17,654 stage IIIA N2 NSCLC patients and found that the surgery alone group did not have
survival benefits compared to the no surgery group, and postoperative radiotherapy was
recommended in patients >75 years old [31]. Another retrospective research based on
2515 stage IIIA N2 NSCLC patients showed that the survival benefits of delayed radiation
after surgery was more significant in patients >60 years old (Logrank p = 0.002) compared
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to patients <60 years old (Logrank p = 0.871) [32]. This may because elder patients had
more risk of lymph nodes metastasis than young patients, which needed radiation after
surgery to prevent potential local recurrence. Therefore, elderly LCC patients need more
accurate, more individual and more comprehensive therapeutic strategies in the future.

In addition, some LCC patients with advanced-stage tumors, especially the young
patients, may not be very sensitive to chemotherapy or radiotherapy, so other comprehen-
sive treatments based on surgical resection with lymphadenectomy are also an effective
therapeutic strategy [33]. We recommended > 4 LNRs as the optimal ways of lymphadenec-
tomy in LCC patients <65 years old, but not in LCC patients >65 years old, which may
because most of young patients had lower stage tumors, better health status and less
surgical comorbidities than elder patients. Very few studies focused on the specific count
of the LNRs in LCC, but many studies focusing on the NSCLC patients could also serve as
references because LCC is also a type of NSCLC. A retrospective study found significant
survival benefits for the incremental number of lymph nodes removed through to 4 lymph
nodes in NSCLC patients [34], and another research found that the 5-year survivals of
>6 LNRs group were better than that of <6 LNRs group in NSCLC patients according to
the new lymph node descriptor proposed by the International Association for the Study of
Lung Cancer (IASLC) [35]. Although the optimal number of LNRs remained controversial,
a large number of studies agreed that a greater number of LNRs in a certain range of
lymphadenectomy were related to more accurate lymph node staging and better long-term
survival, which was consistent with our view [36]. Further, our research strongly recom-
mended chemotherapy for LCC patients at any stage or age. Recently, there were several
studies reporting that adjuvant chemotherapy, especially postoperative chemotherapy,
had a significantly better prognosis than refusal of chemotherapy in LCC patients [37,38].
Considering the rare incidence and poor prognosis of LCC, it is significant to have regular
health screening for high-risk individuals in order that they can be discovered, diagnosed
and treated early. Recently, because of the additionally null histological and immunological
definitions of LCC compared to other types of NSCLC, its diagnosis and treatment have
undergone significant changes. More studies began to explore the immunotherapy and
targeted therapy of LCC patients [39,40]. Hence, future research should be focused on how
to combine radiotherapy with surgery or chemotherapy or immunotherapy or targeted
therapy for LCC patients individually and comprehensively, in order to achieve long-term
survival benefits.

The advantage of our study was that we had enrolled the largest number of LCC
patient data so far according to the 2015 WHO classification. Moreover, the impact of
different radiation sequences with surgery on the survival prognosis of LCC patients was
discussed and the survival benefits of postoperative radiotherapy were demonstrated
in our study for the first time. Most importantly, we compared many factors affecting
survival of patients between different histology groups and age groups, and proposed
that elderly LCC patients needed more personal and precise therapy. However, because
of the lack of immunohistochemical information, the diagnosis of LCC was not accurate
enough. The processing of clinical data may lead to a selection bias. There were also several
other limitations in this study. The retrospective nature of study contributed to incomplete
information on comorbidity score, performance status score and radiation dose and time.
In addition, there were some new changes in materials and methods of radiotherapy over
the recent years, which need to be explored in the future [41]. In a word, our research could
still provide useful suggestions to the diagnosis and therapy of LCC patients in the future.

5. Conclusions

In conclusion, LCC represents a kind of rare and highly malignant tumor with signif-
icantly worse survival outcomes compared to other types of NSCLC. Our study demon-
strated that surgery, lymphadenectomy, chemotherapy or radiotherapy were all related
to the improved OS in LCC patients. For LCC patients >65 years old, radiation after
surgery had the optimal therapeutic effect to improve survival outcomes compared to
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other sequences of radiation with surgery. Our research provides significant advice on the
appropriate choice of radiation sequences with surgery for advanced LCC patients with
age >65 years old.
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//www.mdpi.com/article/10.3390/cancers14215231/s1, Table S1: Baseline characteristics of patients
with LCC and other types of NSCLC after PSM.

Author Contributions: Conception and design: A.Y,, L.L., HR., S.X. and C.W. Acquisition, statistical
analysis, or interpretation of the data: all authors. Drafting of the manuscript: A.Y.,, L.L., H.R., S.X.
and C.W. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China (82272673).
Institutional Review Board Statement: All data is publicly available and no IRB required.

Informed Consent Statement: Patient consent was waived due to this article is from SEER database,
which is publicly available deidentified patients data from National Cancer Institute (NCI), USA.

Data Availability Statement: All data generated during this study are included in this article. The
datasets supporting the conclusions of this article are available in SEER database: https:/ /seer.cancer.
gov/, accessed on 10 April 2022.

Acknowledgments: We would like to thank all the patients who donated their statistical data.

Conflicts of Interest: All authors declare that they have no competing interests.

Abbreviations

SEER: the Surveillance, Epidemiology, and End Results; OS, Overall Survival; LCC, Large Cell
Carcinoma; NSCLC, Non-Small Cell Lung Cancer; PSM, Propensity Score Matching.

References

1. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics, 2022. CA Cancer |. Clin. 2022, 72, 7-33. [CrossRef] [PubMed]

2. Nicholson, A.G.; Tsao, M.S.; Beasley, M.B.; Borczuk, A.C.; Brambilla, E.; Cooper, W.A.; Dacic, S.; Jain, D.; Kerr, K.M.; Lantuejoul,
S.; et al. The 2021 WHO Classification of Lung Tumors: Impact of Advances Since 2015. . Thorac. Oncol. 2021, 17, 362-387.
[CrossRef] [PubMed]

3. Duma, N.; Santana-Davila, R.; Molina, J.R. Non-Small Cell Lung Cancer: Epidemiology, Screening, Diagnosis, and Treatment.
Mayo Clin. Proc. 2019, 94, 1623-1640. [CrossRef] [PubMed]

4. Rekhtman, N.; Travis, W.D. Large No More: The Journey of Pulmonary Large Cell Carcinoma from Common to Rare Entity. |.
Thorac. Oncol. 2019, 14, 1125-1127. [CrossRef] [PubMed]

5. Harms, A; Endris, V.; Winter, H.; Kriegsmann, M.; Stenzinger, A.; Schirmacher, P.; Warth, A.; Kazdal, D. Molecular dissection of
large cell carcinomas of the lung with null immunophenotype. Pathology 2018, 50, 530-535. [CrossRef] [PubMed]

6.  Donington, J.; Schumacher, L.; Yanagawa, J. Surgical Issues for Operable Early-Stage Non-Small-Cell Lung Cancer. J. Clin. Oncol.
2022, 40, 530-538. [CrossRef]

7.  Higgins, K.A; Puri, S.; Gray, J.E. Systemic and Radiation Therapy Approaches for Locally Advanced Non-Small-Cell Lung
Cancer. J. Clin. Oncol. 2022, 40, 576-585. [CrossRef]

8. Chaft, J.E.; Shyr, Y.; Sepesi, B.; Forde, PM. Preoperative and Postoperative Systemic Therapy for Operable Non-Small-Cell Lung
Cancer. J. Clin. Oncol. 2022, 40, 546-555. [CrossRef]

9. Chan, AW.; Chau, S.L.; Tong, ] H.; Chow, C.; Kwan, J.S.; Chung, L.Y,; Lung, RW.,; Tong, C.Y.; Tin, EK,; Law, PP; et al. The
Landscape of Actionable Molecular Alterations in Immunomarker-Defined Large-Cell Carcinoma of the Lung. J. Thorac. Oncol.
2019, 14, 1213-1222. [CrossRef]

10. Detterbeck, FE.C.; Boffa, D.J.; Kim, A.W.; Tanoue, L.T. The Eighth Edition Lung Cancer Stage Classification. Chest 2017, 151, 193-203.
[CrossRef]

11.  Van Houtte, P; Moretti, L.; Charlier, F.; Roelandts, M.; Van Gestel, D. Preoperative and postoperative radiotherapy (RT) for
non-small cell lung cancer: Still an open question. Transl. Lung Cancer Res. 2021, 10, 1950-1959. [CrossRef] [PubMed]

12. Ettinger, D.S.; Wood, D.E.; Aisner, D.L.; Akerley, W.; Bauman, J.R.; Bharat, A.; Bruno, D.S.; Chang, ].Y.; Chirieac, L.R.; D’Amico,
T.A.; et al. NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 2.2021. ]. Natl. Compr. Cancer Netw. 2021, 19, 254-266.
[CrossRef] [PubMed]

13.  Expert Consensus on Adjuvant Therapy of Non-small Cell Lung Cancer from China Thoracic Surgeons (2018 Version). Chin. J.

Lung Cancer 2018, 21, 731-737. [CrossRef]


https://www.mdpi.com/article/10.3390/cancers14215231/s1
https://www.mdpi.com/article/10.3390/cancers14215231/s1
https://seer.cancer.gov/
https://seer.cancer.gov/
http://doi.org/10.3322/caac.21708
http://www.ncbi.nlm.nih.gov/pubmed/35020204
http://doi.org/10.1016/j.jtho.2021.11.003
http://www.ncbi.nlm.nih.gov/pubmed/34808341
http://doi.org/10.1016/j.mayocp.2019.01.013
http://www.ncbi.nlm.nih.gov/pubmed/31378236
http://doi.org/10.1016/j.jtho.2019.04.014
http://www.ncbi.nlm.nih.gov/pubmed/31235033
http://doi.org/10.1016/j.pathol.2018.03.005
http://www.ncbi.nlm.nih.gov/pubmed/29958730
http://doi.org/10.1200/JCO.21.01592
http://doi.org/10.1200/JCO.21.01707
http://doi.org/10.1200/JCO.21.01589
http://doi.org/10.1016/j.jtho.2019.03.021
http://doi.org/10.1016/j.chest.2016.10.010
http://doi.org/10.21037/tlcr-20-472
http://www.ncbi.nlm.nih.gov/pubmed/34012805
http://doi.org/10.6004/jnccn.2021.0013
http://www.ncbi.nlm.nih.gov/pubmed/33668021
http://doi.org/10.3779/j.issn.1009-3419.2018.10.01

Cancers 2022, 14, 5231 22 of 23

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Tolwin, Y.; Gillis, R.; Peled, N. Gender and lung cancer—SEER-based analysis. Ann. Epidemiol. 2020, 46, 14-19. [CrossRef]
[PubMed]

Sheikh, M.; Mukeriya, A.; Shangina, O.; Brennan, P.; Zaridze, D. Postdiagnosis Smoking Cessation and Reduced Risk for Lung
Cancer Progression and Mortality: A Prospective Cohort Study. Annals of internal medicine. Ann. Intern. Med. 2021, 174,
1232-1239. [CrossRef] [PubMed]

Sun, Y.-H.; Lin, S.-W.; Hsieh, C.-C.; Yeh, Y.-C.; Tu, C.-C.; Chen, K.-J. Treatment Outcomes of Patients With Different Subtypes of
Large Cell Carcinoma of the Lung. Ann. Thorac. Surg. 2014, 98, 1013-1019. [CrossRef] [PubMed]

Bi, Y.; Qu, Y;; Liang, Z.; Liu, Z.; Zhang, H.; Liang, X.; Luo, Y.; Cao, J.; Zhang, H.; Feng, R. Clinicopathological analysis of Large
Cell Lung Carcinomas definitely diagnosed according to the New World Health Organization Criteria. Pathol. Res. Pract. 2018,
214, 555-559. [CrossRef] [PubMed]

Kim, M.C,; Jang, M.H.; Ahn, ].H. Metastatic large cell carcinoma of the lung: A rare cause of acute small bowel obstruction.
Thorac. Cancer 2020, 11, 3379-3382. [CrossRef]

Xu, T.; Wei, C.; Zou, X.; Lu, B.; Wang, Z. Case Report: Long-Term Survival With Anlotinib in a Patient With Advanced
Undifferentiated Large-Cell Lung Cancer and Rare Tonsillar Metastasis. Front. Oncol. 2021, 11, 680818. [CrossRef]

Xiaochuan, L.; Jiangyong, Y.; Ping, Z.; Xiaonan, W.; Lin, L. Clinical characteristics and prognosis of pulmonary large cell carcinoma:
A population-based retrospective study using SEER data. Thorac. Cancer 2020, 11, 1522-1532. [CrossRef]

Sun, Y.; Zheng, H.; Chen, Q.; Bao, M,; Jiang, G.; Chen, C.; Gao, W. Triple Plasty of Bronchus, Pulmonary Artery, and Superior
Vena Cava for Non-Small Cell Lung Cancer. Ann. Thorac. Surg. 2013, 95, 420-424. [CrossRef] [PubMed]

Wei, W.; Zhou, J.; Zhang, Q.; Liao, D.; Liu, Q.; Zhong, B.; Liang, Z.; Zhang, Y.; Jiang, R.; Liu, G.; et al. Postoperative intensity-
modulated radiation therapy reduces local recurrence and improves overall survival in III-N2 non-small-cell lung cancer: A
single-center, retrospective study. Cancer Med. 2020, 9, 2820-2832. [CrossRef] [PubMed]

Wang, T.; Jiang, T.; Han, Y.; Zhu, A.; Xin, S.; Xue, M.; Xin, X.; Lu, Q. Effects of postoperative adjuvant radiotherapy on stage
IITA-N2 non-small cell lung cancer and prognostic analysis. Off. J. Balk. Union Oncol. 2021, 26, 328-335.

Shen, W.-Y; Ji, J.; Zuo, Y.-S.; Pu, J.; Xu, Y.-M.; Zong, C.-D.; Tao, G.-Z; Chen, X.-E; Ji, E-Z.; Zhou, X.-L.; et al. Comparison of efficacy
for postoperative chemotherapy and concurrent radiochemotherapy in patients with IIIA-pN2 non-small cell lung cancer: An
early closed randomized controlled trial. Radiother. Oncol. 2013, 110, 120-125. [CrossRef] [PubMed]

Xu, L.; Xie, H.; Chen, X.; Bi, N.; Qin, J.; Li, Y. Patient prognostic scores and association with survival improvement offered by
postoperative radiotherapy for resected IIIA / N2 non-small cell lung cancer: A population-based study. Thorac. Cancer 2021, 12,
760-767. [CrossRef]

Le Pechoux, C.; Pourel, N.; Barlesi, F; Lerouge, D.; Antoni, D.; Lamezec, B.; Nestle, U.; Boisselier, P.; Dansin, E.; Paumier, A.; et al.
Postoperative radiotherapy versus no postoperative radiotherapy in patients with completely resected non-small-cell lung cancer
and proven mediastinal N2 involvement (Lung ART, IFCT 0503): An open-label, randomised, phase 3 trial. Lancet Oncol. 2021, 23,
104-114. [CrossRef]

McAleese, ].; Baluch, S.; Drinkwater, K.; Bassett, P.; Hanna, G. The Elderly are Less Likely to Receive Recommended Radical
Radiotherapy for Non-small Cell Lung Cancer. Clin. Oncol. 2017, 29, 593-600. [CrossRef]

Driessen, E.J.; Schulkes, K.J.; Dingemans, A.-M.C.; van Loon, J.G.; Hamaker, M.E.; Aarts, M.].; Janssen-Heijnen, M.L. Patterns of
treatment and survival among older patients with stage III non-small cell lung cancer. Lung Cancer 2018, 116, 55-61. [CrossRef]

Men, Y,; Wang, L.; Zhang, Y.; Gao, S.; Li, J.; Wu, N.; Yang, B.; Liu, S.; Ren, J.; Huang, Y.; et al. Trends of Postoperative Radiotherapy
for Completely Resected Non-small Cell Lung Cancer in China: A Hospital-Based Multicenter 10-Year (2005-2014) Retrospective
Clinical Epidemiological Study. Front. Oncol. 2019, 9, 786. [CrossRef]

Wei, S.; Xie, M,; Tian, J.; Song, X.; Wu, B.; Liu, L. Propensity score-matching analysis of postoperative radiotherapy for stage
IITA-N2 non-small cell lung cancer using the Surveillance, Epidemiology, and End Results database. Radiat. Oncol. 2017, 12, 96.
[CrossRef]

Duan, H.; Liang, L.; Xie, S.; Wang, C. The impact of order with radiation therapy in stage IIIA pathologic N2 NSCLC patients: A
population-based study. BMC Cancer 2020, 20, 809. [CrossRef] [PubMed]

Lin, S.-M.; Ku, H.-Y.; Hsu, C.-Y.,; Wang, C.-L.; Chang, G.-C.; Chang, C.-S.; Liu, T.-W. Long-Term Survival Effect of the Interval
between Postoperative Chemotherapy and Radiotherapy in Patients with Completely Resected Pathological N2 Non-Small-Cell
Lung Cancer. Cancers 2021, 13, 2494. [CrossRef] [PubMed]

Hanagiri, T.; Oka, S.; Takenaka, S.; Baba, T.; Yasuda, M.; Ono, K.; So, T.; Uramoto, H.; Takenoyama, M.; Yasumoto, K. Results of
surgical resection for patients with large cell carcinoma of the lung. Int. J. Surg. 2010, 8, 391-394. [CrossRef] [PubMed]

Gulack, B.C; Yang, C.-F].; Speicher, PJ.; Meza, ] M.; Gu, L.; Wang, X.; D’Amico, T.A.; Hartwig, M.G.; Berry, M.F. The impact of
tumor size on the association of the extent of lymph node resection and survival in clinical stage I non-small cell lung cancer.
Lung Cancer 2015, 90, 554-560. [CrossRef]

Dziedzic, D.A.; Cackowski, M.M.; Zbytniewski, M.; Gryszko, G.M.; Woznica, K.; Orfowski, T.M. The influence of the number of
lymph nodes removed on the accuracy of a newly proposed N descriptor classification in patients with surgically-treated lung
cancer. Surg. Oncol. 2021, 37, 101514. [CrossRef]

Zhang, Y.; Zhang, Y.; Cheng, X; Dai, K,; Xu, B,; Liang, S.; Chen, M.; Zhang, H.; Chen, Z. The Prognostic Impact of Lymph Node
Dissection on Primary Tumor Resection for Stage IV Non-Small Cell Lung Cancer: A Population-Based Study. Front. Oncol. 2022,
12, 853257. [CrossRef]


http://doi.org/10.1016/j.annepidem.2020.04.003
http://www.ncbi.nlm.nih.gov/pubmed/32532368
http://doi.org/10.7326/M21-0252
http://www.ncbi.nlm.nih.gov/pubmed/34310171
http://doi.org/10.1016/j.athoracsur.2014.05.012
http://www.ncbi.nlm.nih.gov/pubmed/25085555
http://doi.org/10.1016/j.prp.2018.02.006
http://www.ncbi.nlm.nih.gov/pubmed/29525405
http://doi.org/10.1111/1759-7714.13656
http://doi.org/10.3389/fonc.2021.680818
http://doi.org/10.1111/1759-7714.13420
http://doi.org/10.1016/j.athoracsur.2012.10.036
http://www.ncbi.nlm.nih.gov/pubmed/23267732
http://doi.org/10.1002/cam4.2937
http://www.ncbi.nlm.nih.gov/pubmed/32100444
http://doi.org/10.1016/j.radonc.2013.10.008
http://www.ncbi.nlm.nih.gov/pubmed/24183868
http://doi.org/10.1111/1759-7714.13835
http://doi.org/10.1016/S1470-2045(21)00606-9
http://doi.org/10.1016/j.clon.2017.06.014
http://doi.org/10.1016/j.lungcan.2017.12.013
http://doi.org/10.3389/fonc.2019.00786
http://doi.org/10.1186/s13014-017-0836-6
http://doi.org/10.1186/s12885-020-07309-y
http://www.ncbi.nlm.nih.gov/pubmed/32847544
http://doi.org/10.3390/cancers13102494
http://www.ncbi.nlm.nih.gov/pubmed/34065341
http://doi.org/10.1016/j.ijsu.2010.06.003
http://www.ncbi.nlm.nih.gov/pubmed/20547250
http://doi.org/10.1016/j.lungcan.2015.10.011
http://doi.org/10.1016/j.suronc.2020.12.008
http://doi.org/10.3389/fonc.2022.853257

Cancers 2022, 14, 5231 23 of 23

37.

38.

39.

40.

41.

Hu, X,; Tai, Q.; Su, B.; Zhang, L. Adjuvant chemotherapy improves the prognosis of early stage resectable pulmonary large cell
carcinoma: Analysis of SEER data. Ann. Palliat. Med. 2020, 9, 199-206. [CrossRef]

Tai, Q.; Zhang, L.; Hu, X. Clinical characteristics and treatments of large cell lung carcinoma: A retrospective study using SEER
data. Transl. Cancer Res. 2020, 9, 1455-1464. [CrossRef] [PubMed]

Reck, M.; Remon, J.; Hellmann, M.D. First-Line Inmunotherapy for Non-Small-Cell Lung Cancer. ]. Clin. Oncol. 2022, 40, 586-597.
[CrossRef]

Tan, A.C.; Tan, D.S.W. Targeted Therapies for Lung Cancer Patients With Oncogenic Driver Molecular Alterations. J. Clin. Oncol.
2022, 40, 611-625. [CrossRef]

De Ruysscher, D.; van Baardwijk, A.; Wanders, R.; Hendriks, L.E.; Reymen, B.; van Empt, W.; Ollers, M.C.; Bootsma, G.; Pitz, C.;
van Eijsden, L.; et al. Individualized accelerated isotoxic concurrent chemo-radiotherapy for stage III non-small cell lung cancer:
5-Year results of a prospective study. Radiother. Oncol. 2019, 135, 141-146. [CrossRef] [PubMed]


http://doi.org/10.21037/apm.2020.02.10
http://doi.org/10.21037/tcr.2020.01.40
http://www.ncbi.nlm.nih.gov/pubmed/35117493
http://doi.org/10.1200/JCO.21.01497
http://doi.org/10.1200/JCO.21.01626
http://doi.org/10.1016/j.radonc.2019.03.009
http://www.ncbi.nlm.nih.gov/pubmed/31015160

	Introduction 
	Patients and Methods 
	Data Source 
	Study Population 
	Data Elements 
	Statistical Analysis 

	Results 
	Baseline Cohort Characteristics 
	Survival Outcomes 
	Univariate and Multivariate Analysis 

	Discussion 
	Conclusions 
	References

