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Surgical treatment of lung cancer 
in patients under 45 years of age

K. Pawelczyk, M. Marciniak, G. Kacprzak, J. Kolodziej

Introduction

Most lung cancer cases are detected between
the fifth and eighth decade of life. However, it is
our impression that the age of the diagnosed pa-
tients owing to improvement in the diagnosis
seems to be decreasing [1, 2, 3]. There is still con-
troversial data regarding the course and prognosis
of the disease in younger patients. Some reports
suggest that young age predisposes to worse prog-
nosis comparing with the older age [4, 5]. Howev-
er, in the other studies the age of the patient has no
influence on the course and survival in lung cancer
[6, 7, 8]. The different results are explained,
among others, by comparing groups of patients
with heterogenous treatment modalities. Regard-
ing previous studies we have found that there are
only a few reports comparing characteristics and
long time survival after surgical treatment with the
intention of radical therapy in young and older pa-
tients. This study was performed to analyse vari-
ous characteristics and prognosis after surgery in
both groups of patients.

Material and methods

We analysed the data of 334 patients with lung
cancer who underwent pulmonary resection be-
tween January 1997 and December 2002 in Wro-
claw Thoracic Surgery Centre. 296 of them under-
went anatomical pulmonary resection (lobectomy,
bilobectomy or pneumonectomy) with an intention

of radical, curative therapy and they enrolled the
study. We excluded 38 patients who underwent
wedge resections or diagnostic/exploratory thora-
cotomies and those with clinical, non-resective IV
stage of the disease before the operation.

In evaluated population 211 patients were over
45 years of age and 85 were ≤45 years at the time
of surgery. In most of the previous reports the age
considered as “young” ranged between 40 and 50
years. In our study, an upper age limit of 45 years
was established. In pre-operative evaluation we
routinely performed chest x-rays, computed to-
mography and bronchoscopy. Positron emission to-
mography scanning was not available. To determi-
nate pre-operative diagnosis a transthoracic needle
aspiration biopsy was performed when it was pos-
sible. Mediastinoscopy was routinely performed
only in patients with enlarged (>1 cm in diameter)
lymph nodes detected in CT scans. Patients with
N2 disease received two or three cycles of neoadi-
uvant chemotherapy. During the 5-year period of
the study the surgical technique has not changed.
The surgical approach was both by anterolateral
and posterolateral thoracotomy in fourth or fifth in-
tercostal space. The bronchial stump was sutured
manually using the Sweat or Overholt method and
covered with pericardial fat or pleural flap. Medi-
astinal systematic lymph node dissection was per-
formed routinely and a pathologic diagnosis of
lung cancer was confirmed in all cases. The pa-
tients with nodal involvement classified as a N2
disease received adjuvant radiotherapy of medi-
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ABSTRACT: Surgical treatment of lung cancer in patients
under 45 years of age. K. Pawelczyk, M. Marciniak, G.
Kacprzak, J. Kolodziej.

Aim. The aim of the study was to evaluate the charac-
teristics and prognosis of radical surgical treatment in
young patients under the age of 45 with lung cancer.

Methods. We retrospectively analysed the data of 85
young patients and 211 older patients who underwent
anatomical lung resections in Wroclaw Thoracic Surgery
Centre.

Results. Less lobectomies were performed (p=0.048),
the incidence of carcinoid was significantly higher
(p<0.0001), stage I of lung cancer was observed less fre-

quently (p=0.023), the frequency of metastasis to subcari-
nal lymph nodes was higher (p=0.007), a bronchial stump
was microscopically infiltrated more frequently, the com-
plete resection was noted rarer (p=0.016) and 3-year sur-
vival rate of squamous cell carcinoma patients was worse
in younger group (p=0.017). The statistical significance
was not observed between the frequency of recurrences
and overall survival.

Conclusions. Lung cancer in younger patients seems
to be more advanced at the time of surgery. It is probable
that the group of younger patients with squamous cell car-
cinoma will require additional treatment after surgery.
Monaldi Arch Chest Dis 2006; 65: 4, 204-209.
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astinum with 50 Gy and patients with tumour T4
received radiotherapy of tumor bed with 50 Gy.

The follow up based on the regular control of
patients after 1, 3 and at least every 6 months after
the surgery. During control visits chest
roentgenograms were performed routinely and
computed tomography of the chest or abdomen,
abdominal ultrasonography and bronchofiberoscopy
in cases when a recurrence of the disease was sus-
pected. The evidence of a tumour within the oper-
ated hemithorax (including ipsilateral lymph nodes
and bronchial stump) was defined as a presence of
local recurrence. Distant metastases were defined
as a presence of the disease wherever outside the
operated hemithorax. Staging was carried out ac-
cording to revised in 1997 TNM system.

For statistical purposes χ2 test, Students’ t test
and non parametric test of Wald-Wolfowitz were
used. A p value <0.05 was considered to be statis-
tically significant. Survival rates were calculated
using the Kaplan-Meier method and compared by
log-rank test and Wilcoxon test.

Results

The average age of the young patients (≤45
years of age) was 42.1 years (ranging from 30 to
45 years) and 60.5 years (46-76 years) in older pa-
tients. Within the group of younger patients more
were female 33/85 (38.8%) compared to the group
of the older patients 54/211 (25.6%) (p=0.024).

Regarding histological subtype of lung cancer on-
ly carcinoid occurred more frequently in younger
patients (12.9% vs. 0.5%, p<0.0001). There was
no statistical difference between the incidence of
adenocarcinoma (28.2% vs. 31.7%, p=0.181) or
squamous cell carcinoma (41.1% vs. 49.7%,
p=0.553) in young and older group. A lobectomy
was performed rarer in patients ≤45 years of age
(p=0.046) when compared with other anatomical
resections. 41 patients underwent lobectomy
(48.2%), 6 bilobectomy (7%) and 38 pneumonec-
tomy (44.7%) in the young group and 134
(63.5%), 8 (3.8%) and 69 (32.7%) respectively in
the older group. The evaluation of pathologic
TNM revealed that the occurrence of stage I dif-
fered significantly in both groups (tab. 1). This
stage of the disease was observed more rarely in
younger group (48.2% vs. 62.7%, p=0.023). Re-
garding metastatic lymph nodes we found that sub-
carinal lymph nodes (group nr. 7) were significant-
ly more frequently affected in younger patients
(20% vs. 8.6%, p=0.007). Statistical importance
was not observed in case of other lymph node sta-
tions (tab. 2). We found no statistical significance
between invasion of lymph node capsule and the
number of metastatic lymph nodes in both groups
(28/38 - 73.7% vs. 47/62 - 75.8%, p=0.812). In
younger patients less complete resections (Ro)
were performed compared with the older patients
(67/85 - 78.8% vs. 186/208 - 89.4%, p=0.016).
There was no statistically important difference in

Table 1. - Pathologic staging of lung cancer

Pathologic staging Younger patients Older patients p value
n=85 n=211

I 41 / 48.2% 132 / 62.5% 0.0227
II 17 / 20% 28 / 13.2% NS
III 25 / 29.4% 47 / 22.2% NS

IIIA 20 / 23.5% 40 / 19% NS
IIIB 5 / 5.9% 6 / 2.8% NS

IV 2 / 2.4% 4 / 1.8% NS
T3 11 / 12.9% 21 / 9.9% NS
T4 5 / 5.9% 6 / 2.8% NS
N1 12 / 14.1% 20 / 9.5% NS
N2 25 / 29.4% 43 / 20.5% NS

Table 2. - Pathologic evaluation of metastatic lymph nodes

Group of lymph nodes Metastatic lymph nodes/ Metastatic lymph nodes/ p value
number of patients (n=85) number of patients (n=208)

2 2 / 2.3% 6 / 2.9% NS
3 0 3 / 1.4% NS
4 10 / 11.8% 18 / 8.6% NS
5 8 / 9.4% 15 / 7.2% NS
6 0 1 / 0.5% NS
7 17 / 20% 18 / 8.6% 0.0066
8 1 / 1.2% 5 / 2.4% NS
9 3 / 3.5% 3 / 1.4% NS

10 16 / 18.8% 34 / 16.3% NS
11 6 / 7% 7 / 3.4% NS
12 0 6 / 2.9% NS
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Table 3. - Evaluation of pre- and postoperative additional treatment in both groups

Pre- and postoperative therapy Younger patients Older patients p value
n=70 n=119

Adiuvant chemotherapy 18 / 25.7% 44 / 37% NS
Adiuvant radiotherapy 10 / 14.3% 11 / 9.2% NS
Adiuvant chemoradiotherapy 11 / 15.7% 13 / 10.9% NS
Neoadiuvant/induction therapy 39 / 9.4% 68 / 6.2% NS

Table 4. - Medium time of hospitalization

Type of procedure Younger patients Older patients p value
(range of hospitalization/days) (range of hospitalization/days)

medium medium

Lobectomy (6 - 15) 9.2 (5 - 60) 11.1 0.0054
Pneumonectomy (5 - 19) 11.9 (5 - 45) 11.7 NS
Bilobectomy (8 - 60) 21 (6 - 30) 14.6 NS

Table 5. - Postoperative early and late complications

Complications Younger patients Older patients p value
n=85 n=211

Early (<30 days) 13 / 15.3% 43 / 20.4% NS

Air leak >7 days 2 / 2.4% 5 / 2.4%
Redreinage 5 / 5.9% 20 / 9.5%
Empyema 1 / 1.2% 5 / 2.4%
Wound infection 1 / 1.2% 4 / 1.9%
Vascular and cardiologic 1 / 1.2% 6 / 2.8%
Rethoracotomy 0 3 / 1.4%

Late (>30days) 5 / 5.9% 3 / 1.4% 0.032

Empyema 4 / 4.7% 3 / 1.4%
Pneumothorax 1 / 1.2% 0

our study between induction/neoadjuvant or adju-
vant treatment in both groups (tab. 3). Data re-
garding postoperative course revealed medium
time of hospitalisation to be shorter in patients ≤45
years of age when a lobectomy was performed
(p=0.005) (tab. 4). A statistically important differ-
ence was found when considering late complica-
tions (>30 days) after the surgery. These occurred
more frequently in younger patients (p=0.032)
(tab. 5). Post-operative mortality (<30 days) of
2.3% (2/85) was noted in group ≤45 years of age
comparing with 5.2% (11/211) in older patients.
No statistical significance was found between
numbers of local or distant recurrences in both
groups (tab. 6). However, local recurrences ap-
peared earlier in young patients (mean 8.8 months,
ranged from 2 to 23 months) than in older group
(19.8 months, 3-32 months). Similarly, distant re-
currences occurred earlier in young patients (mean
11.2 months, 2-60 months vs. 17.3; 1-53 months in
older group).

Follow-up ranged from 3 to 88 months (mean
28.2) in the group of young patients and from 2 to

84 months (mean 53.5) in the older group. The 1-,
3- and 5-year overall survival rates were 77.8%,
52% and 38.7% in younger patients and 86%,
68.2% and 48.1% in older patients. The Kaplan-
Meier curves for overall survival in young and old-
er patients are shown at (fig. 1). Survival analysis
by stage of the disease did not reveal any statisti-
cally important differences in both groups (tab. 7).
However, the medium survival in younger patients
was shorter in each stage of the disease and
amount to 36.1, 27.3 and 21.7 months in I, II and
III stage comparing with 58.1; 50.1 and 40.4
months in older patients, respectively. The overall
median survival time was shorter in the younger
group (29.7 months vs. 52.2 months in older
group) but it was not significantly different. In the
1-, 3- and 5-year survival of patients with complete
resection (R0) there was no significant difference
between the two groups although it seems that
younger patients live for a shorter period of time
(79.2%; 62.5%; 45.8% vs.85.4%; 70.9%; 51.2%,
respectively). Survival was also analysed by histo-
logical subtype of lung cancer in both groups. The
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statistical significance was noted only in 3- year
survival in patients diagnosed with squamous cell
carcinoma (47% in younger group vs. 77.2% in
older group, p=0.017) (tab. 7).

Discussion

Most of the previous studies enrolling surgi-
cally treated young patients included heteroge-
neous groups after different procedures like
anatomical, wedge resections or exploratory tho-
racotomies. In the present study, to evaluate
more precisely the prognosis and characteristics
of surgical treatment we decided to select a
group of patients treated only with a curative in-
tention.

A significant difference between the number
of males and females in both groups (male to fe-
male ratio in younger 1.6:1 and 2.9:1 in older
group) is comparable with recent investigations

Table 7. - 1-, 3- and 5-year survival according to TNM status and subtype of lung cancer

Survival Younger patients Older patients p value

I stage 1 year 28/31 - 90.3% 62/71 - 87.3% NS
3 years 16/22 - 72.7% 55/71 - 77.5% NS
5 years 8/14 - 57.1% 48/88 - 54.5% NS

II stage 1 year 11/15 - 73.3% 11/14 - 78.6% NS
3 years 5/12 - 41.7% 8/14 - 57.1% NS
5 years 2/6 - 33.3% 7/14 - 50% NS

III stage 1 year 10/18 - 55.5% 17/23 - 73.9% NS
3 years 5/18 - 27.8% 10/23 - 43.5% NS
5 years 2/16 - 12.5% 8/30 - 26.7% NS

IIIA stage 1 year 10/16 - 62.5% 15/21 - 71.4% NS
3 years 5/16 - 31.2% 9/21 - 42.8% NS
5 years 2/14 - 14.3% 7/27 - 25.9% NS

Adenocarcinoma 1 year 16/19 - 84.2% 27/32 - 84.4% NS
3 years 9/17 - 52.9% 21/32 - 65.6% NS
5 years 3/8 - 37.5% 16/39 - 41% NS

Aquamous cell carcinoma 1 year 15/20 - 75% 49/57 - 86% NS
3 years 8/17 - 47% 44/57 - 77.2% 0,0171
5 years 5/13 - 38.5% 41/70 - 58.6% NS

Table 6. - Evaluation of local and distant recurrences

Recurrences Younger patients Older patients p value
n=25 n=48

Local 6 / 24% 6 / 12.5% NS

Distant 19 / 76% 42 / 87.5% NS

Brain 9 / 47.4% 15 / 35.7% NS
Bones 1 / 5.3% 9 / 21.4% NS
Second lung 5 / 26.3% 10 / 23.8% NS
Soft tissue 1 / 5.3% 1 / 2.4% NS
Distant lymph nodes 2 / 10.5% 1 / 2.4% NS
Liver 0 5 / 11.9% NS
Suprarenal gland 0 1 / 2.4% NS

Fig. 1. - The Kaplan-Meier overall survival rates comparing with log-
rank test (p=0.1558) and with Wilcoxon test in accordance with Peto
and Peto (p=0.0782) shows no statistically important differences be-
tween the survival of young and older patients.
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and is probably connected with increasing smok-
ing habits in the young female population [7, 9,
10].

Regarding data of pathologic findings we
found that only the presence of carcinoid was sig-
nificantly higher in younger group which is similar
to earlier findings [8].

There were no significantly higher incidences
of other subtypes of lung cancer in both groups. In
particular, the status of adenocarcinoma, which is
described in many previous studies [9, 10, 11] as a
predominant type in younger patients, is different
in our investigation (28.2% in younger vs. 31.7%
in older group). As a possible reason we suggest
more advanced clinical stages (IIIB, IV) of this ag-
gressive subtype in younger patients which dis-
qualified them from radical surgical intervention.

In our study, pathologic stage I of lung cancer
was noted to be significantly rarer in younger pa-
tients. Less patients in the lowest stadium of the
disease led to presume they were in the more ad-
vanced stage of the disease in the group ≤45 years
of age at the time of operation. The studies en-
rolling patients with all stages of the disease (op-
erable and non-operable) point at more advanced
stages of lung cancer at the time of diagnosis in
younger population [4, 7, 12, 13]. We performed
less lobectomies (p<0.05) and more extensive sur-
gical procedures like bilobectomy or pneumonec-
tomy in younger patients what can additionally
confirmed locally more advanced disease in this
population. These results are comparable with
study of Tian and al. [14]. Higher incidence of
more advanced disease in younger individuals
could be probably explained by stronger motiva-
tion of surgeon to qualified and performed curative
surgical treatment regarding “young” age of the
patient. A higher frequency of surgically treated
young patients comparing with the older group is
also described in the literature [9, 15].

Pathologic evaluation of lymph node status in
both groups revealed significantly higher inci-
dence of metastasis to subcarinal station in
younger patients. As is well known, the involve-
ment of subcarinal lymph nodes is regarded as a
negative prognostic factor in many reports [16, 17,
18]. In our series mediastinoscopy was routinely
performed only in patients with enlarged (>1 cm in
diameter) lymph nodes detected in CT scans. The
high incidence of subcarinal lymph nodes involve-
ment was present without enlargement of these
lymph nodes. It is probable that the routine medi-
astinoscopy will be indicated in younger patients
especially when PET scan is not available in each
case. The other factor associated with poor prog-
nosis, capsular lymph node invasion [18], was not
significantly different in both groups.

Statistically significant lower rate of complete
resections (Ro) noted in patients ≤45 years of age
compared with older patients is further evidence to
suggest more advanced disease. Within the group
of young patients 12 (14.1%) had a microscopical-
ly infiltrated bronchial stump (R1) compared to
8.2% in the older group (p=0.7268). The bronchial
stump was not routinely examined during the op-

eration in our centre, only in the case of macro-
scopical suspicion of infiltration. The lower rate of
complete resection is observed in other reports,
however they also enrolled patients with non-cura-
tive resections (e.g. wedge resections, exploratory
thoracotomies) [12, 19]. Although lung cancer was
more advanced after pathologic evaluation in
younger group, no statistically significant correla-
tion was observed between the application of in-
duction/neoadiuvant or adjuvant treatment.

Evaluation of post-operative course of the dis-
ease revealed a significantly shorter time of hospi-
talisation in case of lobectomy and lower overall,
post-operative mortality (<30 days) in younger
group. No statistically important correlation was
noted between early complications (<30 days) in
both groups. Nevertheless, in younger patients less
redrainages (5.9% vs. 9.5%) and heart/vascular
complications (1.2% vs. 3.3%) were observed
compared with the older group. A slightly higher
incidence of late complications (>30 days) was
noted in group ≤45 years of age. Shorter duration
of hospitalisation and lower mortality in younger
patients seems to be clear, the reason of higher rate
of late post-operative complications in this group
remains obscure. Unfortunately, looking through
the MEDLINE Database we were unable to find
investigations which confront this kind of data.

In addition we were also unsuccessful in our
attempt to find any published literature with data
comparing incidence of recurrences in young and
older people after surgically treated lung cancer. In
our study no significant difference in the number
of local and distant recurrences in two groups was
observed. However, a faster appearance of local
and distant recurrences (8.8 vs. 19.8 months and
11.2 vs. 17.3 months, respectively) seems to evi-
dence a need for a more aggressive disease in
younger patients. A higher risk of lung cancer re-
currence after surgical treatment in patients ≤45
years of age doesn’t entail significantly worse sur-
vival in younger patients. The Kaplan-Meier sur-
vival curves did not show significant differences in
survival between two groups. 3-year survival was
shorter in younger patients with squamous cell car-
cinoma (SCC) (p=0.017). It is not excluded that 5-
years survival could be also significantly worse in
younger group with SCC if older patients didn’t
die from other reasons (connected with old age,
not with recurrence of the disease).

Overall 1-, 3- and 5-year survival in younger
group and survival in consecutive stages of lung
cancer as well, however slightly lower, are not of
significant importance. Similarly, statistically im-
portant differences were not observed when com-
pared 1-, 3- and 5-year survival in young and old-
er patients with adenocarcinoma or after complete
resections (Ro). These results are comparable with
other studies [6, 12, 19, 20].

Unfortunately this study is not prospective so
our results should be carefully interpreted. The
second limitation of the study proved to be the dif-
ficulties associated with the collection of follow up
data, particularly regarding the incidence of recur-
rences.
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According to our experience, lung cancer is
more advanced at the time of surgery in patients
≤45 years of age and we are favourable to the opin-
ion that the disease seems to be more aggressive in
this population. Nevertheless, overall survival in
two groups is not significantly different. Only in
case of squamous cell carcinoma does the medi-
um-term survival in younger patients seem to be
significantly worse when compared with older
population. Probably this group of patients may re-
quire additional treatment before or after the
surgery but further studies are necessary. An intra-
operative histopathological evaluation of
bronchial stump in the young group should be per-
formed even in cases of no macroscopical invasion
to avoid incomplete resection.
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