
Abstract. Background/Aim: Identification of prognostic
factors is helpful in selecting optimal treatment for centrally-
located non-small cell lung cancer (NSCLC). This study
aimed to detect prognostic factors in patients with centrally-
located NSCLC. Patients and Methods: NSCLCs in the hilar
area requiring pneumonectomy or sleeve lobectomy for
complete removal are defined as centrally-located NSCLCs.
We retrospectively investigated the clinical courses of 45
patients with such lesions. Results: Sleeve lobectomies were
performed on 33 patients and pneumonectomies on 12. Three
and five-year survival rates were 72% and 62%, respectively.
Presence of comorbidities (p=0.013), severe symptoms
(p=0.001), high white cell count (p=0.001), and pathological
T3-4 stage (p=0.004) were identified as independent
predictors of poor prognosis. Operative procedures did not
correlate with outcomes (p=0.722). Conclusion: Presence of
comorbidities, severe symptoms, high white cell counts, and
pathological T stage are independent predictors of poor
prognosis. These data can contribute in selecting
appropriate treatments for such lesions.

Invasive procedures, such as pneumonectomy or sleeve
lobectomy, are required to achieve complete resection of
centrally-located primary lung cancer. Appropriate operative
procedures and surgical outcomes for patients with various
stages of lung cancer have been investigated (1-4). However,
clinicopathological features differ between peripherally and
centrally-located primary lung cancers, including both
adenocarcinomas and squamous cell carcinomas (5, 6).

Identification of prognostic factors is helpful in selecting
appropriate treatment for centrally-located lung cancer
patients. In this study, we investigated surgical outcomes and
identified predictors of prognosis in patients with completely
resected, centrally-located, primary lung cancers. 

Patients and Methods
Primary lung cancer located in the hilar area that requires
pneumonectomy or sleeve lobectomy for complete removal is
defined as centrally-located lung cancer. In this study, we
retrospectively investigated the clinical courses of 45 patients with
centrally-located non-small cell lung cancers who had undergone
surgical treatment at our institute between January 2011 and
December 2018. Lung cancers requiring pneumonectomy or sleeve
lobectomy to remove hilar lymph nodes harboring metastases were
excluded. Right lower sleeve lobectomies were performed to avoid
middle and lower bilobectomies. Thus, patients who had undergone
right lower sleeve lobectomy were excluded. Before surgery, all
patients provided informed consent for the use of their examination
outcomes and data in clinical studies. The local institutional ethics
committee approved this study (Approval no. 4403; approval date,
3 October 2019). 

Patients with centrally-located lung cancers commonly have
symptoms, such as cough, hemoptysis and fever, at the time of
diagnosis. In this study, symptoms other than cough were defined
as severe symptoms. Comorbidities were defined as disorders being
treated at the time of diagnosis of a centrally-located lung cancer. 

Mediastinal lymph nodes with a short axis of >10 mm on
enhanced computed tomography (CT) were diagnosed as clinically
positive for metastasis. Our criteria for surgical resection were the
absence of distant metastasis, no cancer cell-positive pleural or
pericardial effusion, no N2 disease at two or more mediastinal
levels, no bulky N2 disease, no N3 disease, and a predicted
postoperative percent of vital capacity of more than 40%. Patients
with T4 lung cancer with N0 or N1 nodal extension and tumors that
could be completely removed were considered candidates for
surgery. Sleeve lobectomy was performed if anatomically
appropriate. Bronchial stumps were usually confirmed as free of
cancer cell infiltration by intraoperative pathological examination. 

Induction chemoradiotherapy with platinum-based doublet and
concurrent radiotherapy (40 Gy) was generally planned for patients
with enlarged, but completely removable, N2 lymph node
metastasis; however, it was not mandatory for all patients with N2
lymph node metastasis. Patients with pathological stage II and III
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lung cancer had adjuvant platinum-based doublet chemotherapy
whereas those with stage I lung cancer received oral-tegafur
adjuvant chemotherapy. We did not set criteria for omitting adjuvant
treatment, such treatment being initiated at the discretion of the
physician in charge of each case. 

After discharge, all patients had follow-up chest radiographs and
measurement of tumor markers every 2-4 months and CT scans at
6 months and every year thereafter. The last follow-up review was
conducted on 31 March 2021.

The median value was used as the cutoff value for age. The
cutoff value for white blood cell count was in accordance with the
institutional cutoff value. Overall survival was analyzed using the
Kaplan-Meier method, differences being assessed using the log-rank
test. Independent risk factors associated with survival were
calculated using a Cox proportional hazard model. A p-value of
<0.05 was considered to denote statistical significance. Statistical
analysis was performed using JMP 10 software (SAS Institute, Cary,
NC, USA). 

Results

Table I shows the patient characteristics. Thirty-five patients
had tumor-related symptoms. Severe symptoms, namely
haemoptysis and fever, were present in 14 and 13 patients,
respectively. Thirty-three patients underwent sleeve
lobectomy and 12 underwent pneumonectomy, right-sided in
four and left-sided in eight. The commonest histological
subtype was squamous cell carcinoma. Two bronchopleural
fistulas occurred, one after left upper sleeve lobectomy and
the other after left lower plus lingual segment sleeve
lobectomy. Five patients had induction treatment with
platinum doublet plus concurrent radiotherapy (40 Gy).
Fifteen patients (33%) received adjuvant chemotherapy. 

The median duration of follow-up was 31 months. There
were no treatment-related deaths in this study. Figure 1
shows the overall survival curve for all study patients. The
three and five-year survival rates were 72% and 62%,
respectively. Figure 2 shows the overall survival curves
according to selected clinical factors. There were significant
differences in survival rate according to preoperative white
cell count and pathological T stage. 
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Figure 1. Overall survival of 45 patients with centrally-located non-
small cell lung cancer.

Table I. Patient characteristics.

Characteristic                            N=45

Age (years)                                70 (33-83)
Gender                                       Male/Female 35/10
Smorking history                      Yes/No 43/2
Reasons to diagnosis                 Symptom* 35
                                                      Cough 14
                                                      Hemosputum 14
                                                      Fever up 13
                                                   Examination for other disease 9
                                                   Cancer screaning 1
Comorbidities**                        Cardiovascular disease 19
                                                   Other organ malignant tumor** 5
                                                   Diabetes melitus 8
                                                   Liver disease 5
                                                   Cerebrovascular disease 5
Clinical T factor                        1/2/3/4 5/18/13/9
Clinical N factor                       0/1/2 12/27/6
Clinical Stage                            I/II/III 6/17/22
Surgical procedure                    
   Right                                      Pneumonectomy 4
                                                   Upper 10
                                                   Middle and lower 2
                                                   Upper and middle 1
   Left                                         Pneumonectomy 8
                                                   Upper 7
                                                   Lower 6
                                                   Lower and lingular division 4
                                                   Upper and segment 6 3
Histological subtypes                Squamous cell carcinoma 39
                                                   Adenocarcinoma 5
                                                   Pleomorphic carcinoma 1
Adverse events***                    Pneumonia 6
                                                   Pleural effusion 6
                                                   Broncho-pleural fistula 2
                                                   Empyema 2
                                                   Prolonged air leakage 1
                                                   Brain infarction 1
                                                   Arrythmis 1
                                                   Recurent nerve palsy 1
                                                   Paralytic ileus 1
                                                   Surgical site infection 1
                                                   Chylothorax 1
Pathological T factor****        1/2/3/4 6/14/13/10
Patholgical N factor****          0/1/2 15/21/8
Pathological stage****             I/II/III 6/20/18
Adjuvant chemotherapy            15 (33%)

Values are medians (range). *Some patients have more than two
symptoms. **Some patients have more than two comorbiditires.
***Some patients have more than two adverse events. ****A patient
without residual tumor after induction treatment was excluded. 



Table II shows the univariate and multivariate analysis for
predictors of poor prognosis. Multivariate analysis identified
the presence of comorbidities, severe symptoms, high
preoperative white cell counts, and pathological T stage as
significant independent predictors of poor prognosis. In this
study, 26 patients had comorbidities at the time of diagnosis
of lung cancer, seven of whom died of causes other than
primary lung cancer during the study period. 

No patient had local recurrence in the hilar area during the
study period. Type of surgical procedure did not correlate
with postoperative outcomes (Figure 2, Table II). Table III
shows a comparison of patient characteristics and clinical
courses according to surgical procedure. Advanced lung
cancer required pneumonectomy to achieve complete
resection. Patients who underwent pneumonectomy had
favorable forced expiratory volumes in 1 second. Adverse
events were rarely observed after pneumonectomy. 

Discussion

In this study, we investigated postoperative outcomes in
patients with centrally-located lung cancer. We found that the
presence of comorbidities or severe symptoms, high
preoperative white cell counts, and pathological T stage were
independent predictors of poor prognosis. This is a

meaningful study and our results can be helpful in selecting
optimal treatment for centrally-located NSCLC. It appears
that patients with pN2 disease had poor outcomes (Figure
2e); however, because this study included only eight patients
with pN2 disease, this was not identified as a statistically
significant predictor of poor prognosis.

The presence of comorbidities is a significant predictor of
poor prognosis. Seven of 26 patients with comorbidities died
of causes other than lung cancer during the study period.
Deaths for other reasons have never been observed in
patients without comorbidities. Hristov et al. reported that
the presence of comorbidities is a significant risk factor for
non-cancer-specific mortality after lung cancer surgery in
patients aged 65 years (7). Invasive thoracotomy is also
reportedly associated with non-cancer-specific mortality in
older patients, especially those with comorbidities. It is
important to consider these data when selecting treatment for
centrally-located lung cancer patients. 

We found that patients with severe symptoms, such as
hemoptysis and fever, had poor prognoses. A high white cell
count was also a predictor of poor prognosis. Obstructive
pneumonia caused by a centrally-located lung cancer is the
major reason for fever and a severe inflammatory response.
Neutrophils can facilitate metastatic spread (8). Detection of
a centrally-located lung cancer before development of an
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Figure 2. Overall survival according to the presence of comorbidities (a), severe symptoms (b), white cell counts (c), type of surgical procedure
(d), pathological nodal status (e), and pathological T stage (f).



inflammatory response may contribute to improving
prognosis. Ten of our patients were asymptomatic, lung
cancer was diagnosed by screening or examination for
another reason, whereas the other patients had symptoms at
the time of diagnosis. Many of our study patients had
comorbidities. It has been reported that lung cancer patients
with pre-existing comorbidities visit their physicians more
frequently (9). Thus, early diagnosis of lung cancer is
commonly associated with the presence of comorbid
conditions. Because centrally-located lung tumors are often
concealed behind mediastinal or vessel shadows, they are
rarely diagnosed accidentally by chest radiography. Deep
learning has demonstrated reliable potential for detection of
lung cancer in chest radiographs (10, 11). Artificial
intelligence may thus contribute to early detection of
centrally-located lung cancers.

Several groups have reported poor prognosis after
pneumonectomy (12, 13). Emmanouilides et al. reported
reimplantation techniques to avoid pneumonectomy in
patients with centrally-located lung cancer (14). In the
current study, although patients with more advanced lung
cancer underwent pneumonectomy, their outcomes were
similar to those of patients who underwent sleeve

lobectomy. Pneumonectomy is considered to be essential
to achieving complete resection in patients with advanced
centrally-located lung cancer. Provided patients are
selected appropriately, for example by including only those
with sufficient respiratory function, post-pneumonectomy
adverse events can be minimized. However, patients who
undergo pneumonectomy are less likely to subsequently
receive adjuvant chemotherapy, generally because of their
poor postoperative performance status. Because
pneumonectomy reliably achieves local control, it has been
suggested that adjuvant therapies are crucially important
for postoperative outcomes. Tolerance to adjuvant
treatment should be carefully considered. Use of immune
checkpoint inhibitors has been approved for treatment of
advanced and metastatic solid tumors of many types.
Nonetheless, the only role they have in an adjuvant setting
is for surgically resected melanomas (15). No benefit has
yet been identified for adjuvant immunotherapy for lung
cancer patients. After validation studies, adjuvant
immunotherapy is considered to be essential for centrally-
located lung cancer patients.

This study had certain limitations. First, it was a small
retrospective study. Accumulation of data from more patients
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Table II. Results of univariate and multivariate analyses of overall survival.

Univariate analysis Multivariate analysis

                                    n HR 95% CI p-Value HR 95% CI p-Value

Age (years)                 ≤70                                23 1.0 0.49-4.69 0.520
                                    >70                                22 1.4
Comorbidities             No                                 19 1.0 0.07-1.01 0.052 1.0 0.05-0.73 0.013
                                    Yes                                 26 3.3 4.5
Sever symptom*         No                                 18 1.0 0.07-1.07 0.066 1.0 0.02- –0.45 0.001
                                    Yes                                 27 3.1 8.9
White blood cell        ≤8,000/μl                      33 1.0 0.10-0.96 0.030 1.0 0.04-0.54 0.004
                                    >8,000/μl                      12 3.2 6.6
%VC                           <80%                               7 1.0 0.03-3.10 0.594
                                    ≥80%                             38 0.6
FEV1.0%                    <70%                             24 1.0 0.35-3.11 0.894
                                    ≥70%                             21 0.9
Surgical methods        Sleeve lobectomy         33 1.0 0.40-4.62 0.722
                                    Pneumonectomy           12 1.2
Histological                Squamous cell              39 1.0 0.33-31.0 0.585
subtypes                    carcinoma
                                    Others                              6 0.6
Pathological               1/2                                 21 1.0 0.05-0.75 0.013 1.0 0.02-0.42 0.001
T factor**                  3/4                                 23 4.3 9.8

Pathological               0/1                                 36 1.0 0.13-1.33 0.129
N factor**                  2                                      8 2.5

Adjuvant                    No                                 30 1.0 0.37-4.28 0.806
chemotherapy           Yes                                 15 0.9

HR, Hazard ratio; CI, confidence interval; %VC, percent of vital capacity; FEV1.0%, forced expiratory volume in 1 second as a percent of forced
vital capacity. *Sever symtoms included hemosputum and fever up. **A patient without residual tumor after induction treatment was excluded. 



and further analyses are now ongoing. Second, treatments
were selected at the discretion of the physician in charge of
each case. Selection criteria for surgical procedures and
perioperative therapy should be established in further
prospective studies. Finally, preoperative examination has
not yet been standardized and there were some conflicting
clinical and pathological findings. A standard preoperative
examination schedule, including positron emission
tomography/computed tomography or endobronchial
ultrasound-guided biopsy as necessary, should be established
to improve the accuracy of staging.

In conclusion, in this study we found that the presence of
comorbidities or severe symptoms, high preoperative white
cell counts, and pathological T stage are independent
predictors of poor prognosis in centrally-located lung cancer
patients. These results may contribute to selection of optimal
treatment for centrally-located lung cancer patients.
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