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Prognostic significance of tumor extension to the main bronchus in the
patients with resected right upper lobe lung cancer
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Background: We evaluated the prognostic role of main
bronchial extension of right upper lobe tumors in patients
with non-small cell lung cancer (NSCLC).

Methods: Between 1998 and 2007, the results of surgery in
302 patients with right upper lobe NSCLC were investigated
retrospectively. One-hundred-sixty-nine patients with com-
pletely resected pI2 or pI3 tumor without lymph node
metastasis were analyzed. The patients were divided into
three groups; patients with NSCLC staged as pI2 (n=82),
pI'3 with invasion of the main bronchus (pI'3-MB; n=41), and
pI'3 patients without main bronchial involvement (n=46).

Results: The five-year survival rate of patients with pI'3-MB
was 36.7%, whereas it was 55.1% for patients with pI2 and
50.7% for patients with other pI'3 tumor (p=0.28). Survival
of the patients who had undergone pneumonectomy was
poorer than that of others (p<0.01). The hilar or interlobar
N1 was found to be predictive for poor prognosis (p<0.001).

Conclusion: The survival of patients with resected right
upper lobe NSCLC with pT'3-MB is poor. Our study con-
firmed that extralobar N1 is frequently seen and it wors-
ens the prognosis. This coexistence could be the another
reason of poor prognosis in patients with main bronchus
invaded T3 tumor.

Key words: Adenocarcinoma/pathology/mortality; carcinoma,
squamous cell; pneumonectomy; prognosis; survival analysis.

Tumors extending to the main bronchus <2 cm distal
to the carina, without involving it are classified as
“T3” according to the TNM staging for non-small cell
lung carcinoma (NSCLC) that has been described by
Mountain in 1997.11

Amag¢: Kucuk huicreli disi akciger kanseri (KHDAK)
bulunan hastalarda sag ust lob tumborlerinin ana bronga
yayilimin prognostik 6nemi aragstirildi.

Calisma plani: 1998-2007 yillart arasinda sag st lob
KHDAK ameliyat: uygulanan 302 hastanin sonuglari
geriye donuk olarak incelendi. pT2 veya pT3 tumoru
tamamen ¢ikarilmis olan ve lenf nodu yayilimi bulun-
mayan 169 hasta analiz edildi. Hastalar u¢ gruba ayril-
di; pT2 (n=82), pI'3 olup ana brong invazyonu olanlar
(pT3-MB; n=41), ana brons invazyonu bulunmayan pT3
olgular (n=46).

Bulgular: Bes yillik sagkalim oranlar1 pT'3-MB’li hasta-
lar icin %36.7, pI2’li hastalar icin %55.1 ve pI3 tumorla
hastalar icin %50.7 (p=0.28) idi. Sagkalim pnomonekto-
mi uygulanan hastalarda digerlerine gore daha kotu idi
(p<0.01). Hiler veya interlober N1 varliginin kot prognoz
icin belirleyici oldugu bulundu (p<0.001).

Sonug: Sag ust lobu alinmig KHDAK-pT3-MB’li has-
talarin sagkalim olasiligi kotudur. Bizim calismamiz
ekstralober N1’in sik goruldugunu ve prognozu koti-
lestirdigini dogrulamustir. Bu birliktelik ana bronga
T3 invazyonu bulunan hastalardaki kot prognozun bir
diger nedeni olabilir.

Anahtar sozciikler: Adenokarsinom/patoloji/mortalite; karsi-
nom, skuamoz hiicre; pndomonektomi; prognoz; sagkalim analizi.

The length of the right main bronchus is approxi-
mately 1.2 cm.™ Therefore tumors of the proximal part
of the right upper lobe that have extended to the right
main bronchus should be directly classified as T3. This
proposal could be questioned. Tumors classified as T3
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due to extension from the right upper lobe to the main
bronchus may be accepted as a special subgroup of
tumors classified as T3 due to bronchial causes.

In this study, the survival of NSCLC patients who
have tumors extending from the bronchus of the right
upper lobe to the main bronchus was compared with
survival rates of patients classified either as T3 due to
other causes or as T2.

PATIENTS AND METHODS

The records of 302 patients with NSCLC localized to
the right upper lobes that were deemed operable and had
resection performed in our hospital between January
1998 and February 2007 were reviewed. Appropriate
pulmonary resection and systematic lymph node dis-
section were performed in all cases. The study group
included 169 patients who were classified as T2 or T3
and had complete resection of tumor. The following
patients were excluded: (a) patients with T1 (n=29) and
T4 (n=23) tumors; (b) patients with multiple lung tumors
(n=2); (c) patients who underwent neoadjuvant therapy
(n=16); patients who were found to have mediastinal
nodal tumor involvement (n=17); (d) patients with
incompletely resected tumor (n=27); (e) patients who
had metastatic carcinoma (n=7) and (f) patients who had
a superior sulcus tumor (n=12).

Preoperative work-ups included routine biochemi-
cal tests, electrocardiography (ECG), basic pulmonary

function tests with or without the diffusing capacity of
lung for carbon monoxide (DLco), ventilation/perfusion
(V/Q) scan, and blood gas analysis. Moreover, all had
a preoperative chest X-ray, thorax computed tomogra-
phy, fiberoptic bronchoscopy and some had thoracic
magnetic resonance imaging (MRI). For preoperative
staging; cranial tomography or MRI were also car-
ried out in majority of cases bone scan and abdominal
ultrasonography or positron emission tomography was
performed in some cases.

Some characteristics of the patients are presented
in Table 1. The mean age was 58.3 (range of 38 to 79),
seven (3.9%) were female, and 162 (95.9%) were male.
Mediastinal lymph node sampling consisted of stations 2,
4 (both left and right), and 7 in the recent mapping system
for lymph nodes using cervical mediastinoscopy that was
carried out in 91.1% (n=154) patients. Patients in whom
no mediastinal lymph node metastasis was detected
underwent thoracotomy. Lobectomy was performed in
102 cases (60.4%), sleeve lobectomy was performed in
23 cases (13.6%) and pneumonectomy was performed in
44 cases (26%). Systematic mediastinal lymph node dis-
section was routinely carried out in all patients. In addi-
tion to lung resection, en-bloc resection of the thoracic
wall was performed for 34 patients. Overall morbidity
rate was 29.9%. This rate was 25.3%, 4.5% and 55.0%
for lobectomy, sleeve lobectomy and pneumonectomy,
respectively. Operative mortality occurred in four of 102
lobectomy cases (3.9%), in six of 44 pneumonectomy

Table 1. Demographics and medical characteristics of the patients (overall and subgroups)

Variable Overall pT2 patients Main bronchus pT3 Other pT3 )2
(n=169) (n=82) (n=41) (n=46)
n % MeantSD n % MeantSD n % MeantSD n % Mean+SD
Age 57.9+9.1 57.1£8.9 58.1+8.1 59.3£9.6 0.44
Gender
Male 162 959 79 96.3 39 95.1 44 957 0.95
Female 7 41 3 37 2 49 2 43
Histology
Squamous cell 82 485 35 427 32 780 15 32.6 <0.001
Non squamous 87 515 47 573 9 220 31 674
Tumor size 57+2.2 5.8+2.3 5.0£1.9 59+2.2 0.09
Postoperative
mortality 10 59 3 37 2 49 5 109 0.24
Resection type
Lobectomy® 125 74.0 68 82.9 18 43.9° 39 84.8 <0.001
Pneumonectomy 44 260 14 171 23 56.1 7 152
N1 status
No 74 438 43 524 8 159 23 50
Intralobar N1 52 308 25 30.5 12 293 15 326 <0.001
Extralobar N1 43 254 14 171 21 512 8 174
Anemia® 30 17.8 14 171 9 22 7 152 0.70
Hypoalbunemia® 12 71 4 49 3 13 5 109 0.45

SD: Standard deviation; * Including sleeve lobectomy; ®: Only sleeve lobectomies; ¢: Preoperative hematocrit less than 35%; ¢: Preoperative albumin less than.
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cases (13.6%), making a total of 10 cases (5.9%), but
no mortality was observed in patients who had sleeve
resection (n=23).

Resected specimens were examined histopatho-
logically, and histological typing was done accord-
ing to the World Health Organization classification.?!
Histopathological types of tumors were as follows: 82
patients (48.5%) had squamous cell lung carcinoma, 68
patients (40.2%) had adenocarcinoma, and 19 patients
(11.2%) had other types of NSCLC. Surgical-pathologic
staging was performed according to the Sixth
International Staging System for Lung Cancer.!"

Tumor extending from the bronchus of the right
upper lobe to the main bronchus (pT3-MB) was detected
in 41 cases (24.3%). This group also included patients
who had tumor invading the main pulmonary artery,
superior pulmonary vein, pericardium or mediastinal
pleura together with main bronchial invasion. In 46 of
the remaining cases (27.2%) tumors were staged as pI3
due to reasons other than main bronchial invasion, and
82 of the cases (48.5%) were staged as pI2. N1 nodal
involvement was divided into two subgroups; tumor
involvement in hilar and/or interlobar (# 10 and/or 11)
lymph nodes (extralobar N1), and tumor involvement in
intralobar lymph nodes (# 12, 13 or 14). Extralobar N1
was determined in 51.2% of pT3-MB patients (n=21)
whereas it was discovered in 17.4% of other patients
with other pT'3 tumors (n=8); and it was found in 17.1%
of pI2 patients (n=14). Other characteristics of the
patients are shown in table 1 regarding to T stages.

The hospital records were reviewed for survival
data. If hospital records of patients could not be
found, three methods were used to obtain the sur-
vival data. Their status was checked from the social
security system. Some of the patients were reached
by telephone. For the patients with only address
information, we communicated with the reeve of
the town. Mean period of follow-up was 28.6+20.7
months (range 6 to 106 months). Alive patients were
followed-up at six-month intervals and examined for
local recurrence or metastasis. A chest computed
tomography was done in every six months until the
postoperative 5" year. Sixteen patients (9.5%) had
developed local, 15 patients (8.9%) developed both
local and distant, and 16 patients (9.5%) developed
distant metastases. A total of 36 patients (21.3%)
died for cancer. One patient (0.006%) died due to a
non-cancer cause. Cause of mortality could not be
determined in 13 patients (7.7%). Survival period
until death or until the last follow-up was determined
assuming the date of operation as the onset of sur-
vival period.
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Since it was a retrospective study without disclosure
of patients’ identities, no institutional review board
approval had been required.

Statistical analysis

Frequencies and means were compared using Chi-
square and one-way ANOVA tests. Univariate and
multivariate survival analysis were performed for prog-
nostic factors (i.e. cell type, T stage, N stage, type of
resection) Survival was determined according to the
“Kaplan-Meier” survival analysis system assuming the
date of resection as day “0”. The effect of each variable
on survival was analyzed by “log-rank” test. Variables
shown to have a possible effect on survival by this test
were examined by Cox’s proportional hazards model to
evaluate whether they had an independent effect (mul-
tiple variable analysis). Statistical significance was set
as p=<0.05.

RESULTS

No difference was observed between pT2, pI3 due
to other causes and pT3-MB patients in terms of age
(p=0.44), gender (p=0.11), tumor size (p=0.09), and
postoperative mortality rates (p=0.48). But the inci-
dence of squamous carcinoma in the pI'3-MB group
was 78%, which was considerably higher than other
groups (p<0.001). In addition, the extralobar N1 rate
was 51.2% and the pneumonectomy rate was 56.1%,
which were also considerably higher in the pT'3-MB
group than that of the corresponding rates in the other
groups (p<0.001 and p<0.001 respectively, Table 1).
The mortality rate was 13% for patients who underwent
pneumonectomy and zero for patients who underwent
a sleeve lobectomy. No statistically significant differ-
ence was found between the mortality rates (p=0.07).
The five-year survival rates of patients who underwent
lobectomy (including sleeve lobectomy) and pneumo-
nectomy were 51.6% and 38.1%, respectively. When
compared, this difference in survival rates was statisti-
cally significant (p=0.01; Table 2). The five-year sur-
vival rate of sleeve lobectomy patients was calculated
as 43.3%. This superior rate was not statistically signif-
icant when compared with the survival of pneumonec-
tomy patients (p=0.07). Three-year survival rates were
67% and 22% for patients who had sleeve lobectomy
and pneumonectomy for extralobar N1 involvement,
respectively (p=0.08).

The existence of extralobar N1 indicated poor prog-
nosis (p<0.001, Table 2, Figure 1). However, intralobar
N1 did not influence the prognosis when compared with
No.

The five-year survival rate was 36.7% in pI3-MB
patients, 50.7% in pI3 for other causes and 55.1%
in pI2 patients (Figure 2). The survival of pT3-MB
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Table 2. Results of univariate and multivariate analyses for suggested prognostic factors

Variabl Five-year survival Univariate Multivariate Hazard ratio
ariable e Jrasdit ey
n % (%) p p (95% CI)
T status 0.30 0.64
> M ® s ol 013 033 069 033149
T3 other 41 258 574 } 0.31 0.60 0.79 (0.34-1.89)
Histology
Squamous cell 78 49.1 52.8 1
0.99 0.64
Non squamous 81 50.9 49.8 % 1.16 (0.62-2.18)
Resection type
Lobectomy?* 121 76.1 533 1
Pneumonectomy 38 23.9 44.1 } 0.09 0.54 1.25 (0.62-2.51)
N1 status <0.02 0.09
No 73 459 51.7 1
0.67 0.54
Intralobar N1 50 314 60.3 [ 1.25 (0.61-2.56)
Extralobar N1 36 22.6 375 | 0.01 0.03 2.34 (1.08-5.09)

T3-MB: Main bronchus invasion T3: *: Including sleeve lobectomy; 95% CI: 95% confidence interval.

patients was not significantly different than that of
patients with pT2 (p=0.13) and pT3 for other causes
(p=0.64).

In multivariate analysis, being either pT3-MB,
pI'3 for other causes, or pI2 (p=0.58); along with
histological type (p=0.52), and type of resection
(p=0.48) showed no effect on survival. The presence
of extralobar N1 was found as an independent prog-
nostic factor (p=0.01; Table 2).

DISCUSSION

According to TNM staging, a NSCLC extending to the
main bronchus less than 2 cm away from the carina but
not invading it is staged as T3. The right main bronchus

Cumultative survival

0.2 4

0.0 T T T T 1
0 12 24 36 48 60

Months
Fig. 1. Survival curves after resection for patients with No, in-
tralobar N1 and extralobar Ni. No and intralobar N1 curves are
Superimposed. Nie: Extralobar Ni; Nii: Intralobar Ni1.
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is only 1.2 cm long.”! A tumor located at the orifice of
the right upper lobe bronchus is less than 2 cm away
from the carina and therefore directly advances into T3
stage. Hence, even a small tumor that has not extended
proximally can be classified as T3. Solid data is required
to claim that this condition exerts a negative effect on
prognosis.

Previously, both Riquet'* and Pitz® reported better
survival rates for patients with bronchial T3 NSCLC
when compared with survival of patients with NSCLC
classified as T3 for other causes, though these were not
statistically significant. We previously found similar
results.®”! Okada™ reported significantly better prog-
nosis in patients with main bronchial invasion when
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Fig. 2. Survival curves for patients after resection of lung cancer
according to T status. pT3-MB: Main bronchus invasion, pI2 and
other pT3.
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compared with the survival of other T3 patients. Thus
the effect of bronchial T3 stage on survival should be
questioned compared to other causes of T3 staging.
Additionally the role of tumor laterality on prognosis of
bronchial T3 patients has not been discussed appropri-
ately until now.

Results of our study showed that patients with
tumors extending from the proximal right upper lobe
bronchus to the main bronchus did not have better
prognosis. In fact poorer prognosis, though not sta-
tistically significant, was found in these patients.
This discrepancy can be explained by several fac-
tors; because the right pulmonary hilum is closely
associated with the pulmonary artery, vein, peri-
cardium and mediastinal pleura, tumors of the right
upper lobe extending to the right main bronchus
invade these adjacent structures frequently. In this
series, a number of patients with tumor invading the
main bronchus, tumor also invaded adjacent struc-
tures. This situation can affect general survival. We
have not found any study comparing survival rates
for right and left main bronchial invasion. A new
study can be designed to expose the role of right and
left main bronchial invasion.

Additionally, hilar or interlobar lymph nodes are
frequently involved in T3-MB patients due to their
approximation. Hilar-interlobar lymph node involve-
ment is known as a poor prognostic factor.’'% Our study
confirmed that extralobar N1 worsened prognosis. This
result can be another cause of the poor prognosis in the
main bronchial invasion group.

When complete anatomic resection is performed,
the type of resection has not been found to of prog-
nostic value.''! Complete resection can be achieved by
pneumonectomy or sleeve upper lobectomy in T3-MB
patients. Pneumonectomy is known to carry a higher
risk of morbidity and mortality.'>'¥ It is reported that
sleeve resection maintains satisfactory survival rates
with lung preservation without high morbidity or mor-
tality rates."¥ So we preferred a sleeve lobectomy in
many of the cases (44% of T3-MB patients) but due
to adjacent structure invasion, pneumonectomy was
needed in some patients. Owing to similar long-term
survival rates of pneumonectomy and sleeve lobectomy,
we recommend performing right upper sleeve upper
lobectomy for T3-MB lung cancer of right upper lobe
whenever possible.

The main bronchial invasion of right upper lobe
tumors is a poor prognostic factor for T3 NSCLC
patients. Extralobar N1 involvement, as a poor prognos-
tic factor, is not seen infrequently. Sleeve lobectomy, if
technically suitable, should be performed to achieve a
complete resection.

TrkG $Kalp Damar Cer Derg 2011;19(1):49-54

Declaration of conflicting interests

The authors declared no conflicts of interest with respect
to the authorship and/or publication of this article.

Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

1. Mountain CF. Revisions in the International System for
Staging Lung Cancer. Chest 1997;111:1710-7.

2. Shields TW. Surgical anatomy of the lungs. In: Shields TW,
LoCicero J, Ponn RB, editors. General thoracic surgery. Vol.
1. 6th ed. Philadelphia: Lippincott Williams & Wilkins;
2005. p. 59-73.

3. Travis WD, Colby TV, Corrin B, Shimosato Y, Brambilla
E, Sobin LH. Histological typing of lung and pleural
tumours (WHO. World Health Organization. International
Histological Classification of Tumours). 3rd ed. New York.
Springer-Verlag; 1999.

4. Riquet M, Lang-Lazdunski L, Le PB, Dujon A, Souilamas
R, Danel C, et al. Characteristics and prognosis of resected
T3 non-small cell lung cancer. Ann Thorac Surg 2002;
73:253-8.

5. Pitz CC, Brutel de la Riviere A, Elbers HR, Westermann CJ,
van den Bosch JM. Results of resection of T3 non-small cell
lung cancer invading the mediastinum or main bronchus.
Ann Thorac Surg 1996;62:1016-20.

6. Ilhan M, Demir A, Akin H, Gunluoglu M, Ol¢gmen A, Dncer
SI. Characteristics and prognosis of resected T3 non-small
cell lung cancer. Minerva Chir 2008;63:101-8.

7. Demir A, Gunluoglu MZ, Kara HV, Buyukpinarbasili N,
Dincer SI. Prognostic factors in resected T3 non-small cell
lung carcinoma: perineural invasion as a new prognostic fac-
tor. Thorac Cardiovasc Surg 2008;56:93-8.

8. Okada M, Tsubota N, Yoshimura M, Miyamoto Y, Matsuoka
H. How should interlobar pleural invasion be classified?
Prognosis of resected T3 non-small cell lung cancer. Ann
Thorac Surg 1999;68:2049-52.

9. Riquet M, Manac’h D, Le Pimpec-Barthes F, Dujon A,
Chehab A. Prognostic significance of surgical-pathologic N1
disease in non-small cell carcinoma of the lung. Ann Thorac
Surg 1999;67:1572-6.

10. Yano T, Yokoyama H, Inoue T, Asoh H, Tayama K, Ichinose
Y. Surgical results and prognostic factors of pathologic N1
disease in non-small-cell carcinoma of the lung. Significance
of N1 level: lobar or hilar nodes. J Thorac Cardiovasc Surg
1994;107:1398-402.

11. Khan OA, Fitzgerald JJ, Field ML, Soomro I, Beggs FD,
Morgan WE, et al. Histological determinants of survival in
completely resected T1-2N1MO nonsmall cell cancer of the
lung. Ann Thorac Surg 2004;77:1173-8.

12. Deslauriers J, Grégoire J, Jacques LF, Piraux M, Guojin L,
Lacasse Y. Sleeve lobectomy versus pneumonectomy for

53



Aydo mus et al. Prognostic significance of tumor extension to the right main bronchus in the patients with lung cancer

lung cancer: a comparative analysis of survival and sites or 14. Ma Z, Dong A, Fan J, Cheng H. Does sleeve lobectomy con-

recurrences. Ann Thorac Surg 2004;77:1152-6. comitant with or without pulmonary artery reconstruction

13. Watanabe S, Asamura H, Suzuki K, Tsuchiya R. Recent (double sleeve) have favorable results for non-small cell lung
results of postoperative mortality for surgical resections in cancer compared with pneumonectomy? A meta-analysis.
lung cancer. Ann Thorac Surg 2004;78:999-1002. Eur J Cardiothorac Surg 2007;32:20-8.

54 Turkish J Thorac Cardiovasc Surg 2011,19(1):49-54



