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h Research Center of Applied and Preventive Cardiovascular Medicine, University of Turku, Turku, Finland
i Center for Population Health Research, Turku University Hospital and University of Turku, Turku, Finland
j Administative Center, Hospital District of Southwest Finland, Turku, Finland

* Corresponding author. Heart Center, Turku University Hospital, PO Box 52, 20521 Turku, Finland. Tel: +358-2-3130000; e-mail: jarmo.gunn@tyks.fi (J. Gunn).

Received 3 March 2020; received in revised form 29 September 2020; accepted 16 December 2020

Abstract

OBJECTIVES: Surgery is the standard treatment in early-stage non-small-cell lung cancer and select cases of small-cell lung cancer, but
gender differences in its use and outcome are poorly known. Gender differences in surgical resection rates and long-term survival after
lung cancer surgery were therefore investigated.

METHODS: In Finland, 3524 patients underwent resection for primary lung cancer during 2004–2014. Surgical rate and mortality data
were retrospectively retrieved from 3 nationwide compulsory registries. Survival was studied by comparing propensity-matched cohorts.
Median follow-up was 8.6 years.
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RESULTS: Surgery rate was higher in women (15.9% vs 12.3% in men, P < 0.0001). Overall survival was 85.3% 1 year, 51.4% 5 years, 33.4%
10 years and 24.2% at 14 years from surgery. In matched groups, survival after resection was better in women after 1 year (91.3% vs 83.3%),
5 years (60.2% vs 48.6%), 10 years (43.7% vs 27.9%) and 14 years (29.0% vs 21.1%) after surgery [hazard ratio (HR) 0.66; confidence interval
(CI) 0.58–0.75; P < 0.0001]. Of all first-year survivors, 39.1% were alive 10 years and 28.3% 14 years after surgery. Among these matched
first-year survivors, women had higher 14-year survival (36.9% vs 25.3%; HR 0.75; CI 0.65–0.87; P = 0.0002).

CONCLUSIONS: Surgery is performed for lung cancer more often in women. Women have more favourable short- and long-term
outcome after lung cancer surgery. Gender discrepancy in survival continues to increase beyond the first year after surgery.

Keywords: Lung cancer • Cohort study • Gender differences • Long-term survival • Outcomes • Propensity score matching • Surgery rate •
Survival

ABBREVIATIONS

CI Confidence interval
HR Hazard ratio
IQR Interquartile range
NSCLC Non-small-cell lung cancer
TNM Tumour, node and metastasis

INTRODUCTION

Surgery is the standard of care for localized and locally advanced
non-small-cell lung cancer (NSCLC). Overall survival is 66% for
stage IA lung cancer, 43% for stage IIA and 23% for stage IIIA
lung cancer after 5 years. Median survival is 95 months for stage
IA and 19 months for stage IIIA lung cancer [1]. Incidence and
mortality for lung cancer have traditionally been higher in men,
but the gender gap has been narrowing, irrespective of changing
smoking habits, steadily with an increasing incidence of lung can-
cer in women [2]. In addition to epidemiological variation, sex
differences exist in aetiology, comorbidities and presentation of
lung cancer. Women are more often non-smokers with a more
favourable comorbidity profile, better lung function and lower
disease stage [3]. Therefore, it seems reasonable that the resection
rate is higher and the surgical morbidity is lower in women [4, 5].

In general, female sex has been proposed to be a good prog-
nostic factor for long-term survival [6]. Survival after surgery was
found to be better in females in a population-based study from
Norway [7].

Detailed data on gender differences following surgery for lung
cancer in a nationwide setting are scarce. The aim of the current
study is to assess the prognostic role of gender in survival after
lung cancer resection at the population level in Finland. We pro-
vide data for significant gender differences in individuals oper-
ated on between 2004 and 2014.

PATIENTS AND METHODS

Ethical statement

Our research data are based on mandatory health registers,
which are collected on the basis of Finnish health register legisla-
tion without informed consent. The use of register data is possi-
ble after the data keeping organizations have authorized the use
of their data.

Legal basis for processing of personal data is public interest
and scientific research [EU General Data Protection Regulation
2016/679 (GDPR), Article 6(1)(e) and Article 9(2)(j); Data
Protection Act, Sections 4 and 6].

The study was approved by The National Institute for Health
and Welfare of Finland (permissions no: THL/143/5.05.00/2015
and THL/707/5.05.00/2016), Statistics Finland (TK53-484–20) and
the Finnish Cancer Registry, individual patient consent was not
required based on the retrospective registry design.

Study design and data collection

We studied gender differences in surgery rates and survival after
lung or tracheal cancer surgery in population-based nationwide
registry cohort follow-up design. All patients aged >_16 years who
underwent lung resection (lobectomy, segmentectomy or extra
anatomic resection were identified by NOMESCO codes) be-
tween 1 January 2004 and 31 December 2014 were retrospec-
tively identified from the Care Register for Healthcare in Finland
registry held by The National Institute for Health and Welfare of
Finland [8]. This obligatory, nationwide, registry includes data on
all hospital admissions in Finland [9]. Discharge diagnoses
(International Classification of Diagnosis/ICD-10) and operational
codes (Nordic Classification of Surgical Procedures) were
obtained from Care Register for Healthcare in Finland. Data on
cancer morphology (ICD-03), stage and adjuvant therapies were
obtained from the Finnish Cancer Registry. The obligatory and
nationwide Cancer Registry receives notifications of tumours
independently from multiple sources at different phases of the
disease resulting in high coverage of cancer cases [10]. Mortality
data were obtained from obligatory and nationwide cause of
death registry held by Statistics Finland. For calculation of the
surgical rate, age- and sex-specific data of new onset lung or tra-
chea cancers in Finland during the study period were obtained
from the Finnish Cancer Registry [11]. The STROBE (The
Strengthening the Reporting of Observational Studies in
Epidemiology) checklist for cohort studies was observed in the
preparation of the manuscript.

All operated patients with a primary malignant neoplasm of
the lung or trachea (ICD-10 codes C33-C34) in the cancer regis-
try or cause of death registry were included in surgery rate analy-
ses. Survival after surgery was analysed in all operated patients
and in patients who survived the first year after surgery. For sur-
vival analyses, propensity score matching was used to identify
groups of men and women with comparable baseline character-
istics. Follow-up ended 14 years after surgery or 31 December
2018, whichever came first.
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Statistical analysis

Effect sizes in baseline characteristics between study-groups were
evaluated with standardized difference scores [9]. Charlson co-
morbidity index including malignancies other than lung or tra-
cheal cancer, myocardial infarction, congestive heart failure,
peripheral vascular disease, cerebrovascular disease, dementia,
chronic pulmonary disease, rheumatic disease, peptic ulcer dis-
ease, liver disease, diabetes mellitus, hemi- or paraplegia, renal
disease and AIDS/HIV was calculated according to a previously
published algorithm [12]. Patient characteristics listed in Table 1
were used in creation of propensity score by using logistic regres-
sion. Obtained score was used for local optimal 1:1 calibre
matching without replacement using 0.05 calibre width of the
logit of the standard deviation. Matching was first performed to
all operated patients. In order to re-balance groups of 1-year
survivors, re-matching using same variables (Table 1) was
performed.

Gender differences in surgical rate were studied with Z-test.
Survival was studied using the Kaplan–Meier method. Cox regres-
sion models were used for studying mortality hazard with male
sex as reference. Analyses of non-matched cohorts were per-
formed using both unadjusted univariate and adjusted multivari-
ate models. Baseline features listed in Table 1 were used in
multivariate Cox models. Proportional hazard assumptions were
confirmed by visual examination of Schoenfeld residuals.
Admission duration from surgery to discharge (full days) was
studied using negative binomial regression. Follow-up time was
evaluated using reverse Kaplan–Meier method. Results are given
as mean, median, percentage or hazard ratio (HR) with 95%

confidence interval (CI), ±standard deviation or interquartile
range (IQR). P-value <0.05 was considered statistically significant.
Analyses were performed with SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

RESULTS

There were 3254 first-time resections for lung cancer in Finland
during the study period, of whom 36.9% (n = 1300) were women
and 63.1% were men (n = 2224). Women were slightly younger

Table 1: Features of lung cancer resection patients, operations and tumour between sexes. All operated patients and propensity
score-matched cohort

Variables
Original cohort Matched cohort

Women (n = 1300) Men (n = 2224) SD Women (n = 1223) Men (n = 1223) SD

Age (years), mean ± SD 64.4 ± 10.4 66.5 ± 8.9 0.21 65.1 ± 9.6 65.2 ± 9.2 0.01
CCI score, n (%) 0.25 0.02

0–1 256 (19.7) 342 (15.4) 228 (18.6) 230 (18.8)
2 830 (63.9) 1300 (58.5) 781 (63.9) 773 (63.2)
3 147 (11.3) 389 (17.5) 147 (12.0) 148 (12.1)
>_4 67 (5.2) 193 (8.7) 67 (5.5) 72 (5.9)

Operation type, n (%) 0.25 0.02
Pneumonectomy 81 (6.2) 273 (12.3) 80 (6.5) 78 (6.4)
Lobectomy/bilobectomy 1072 (82.5) 1797 (80.8) 1030 (84.2) 1027 (84.0)
Sublobar resection 147 (11.3) 154 (6.9) 113 (9.2) 118 (9.7)

Usage of VATS, n (%) 326 (25.1) 384 (17.3) 0.19 286 (23.4) 293 (24.0) 0.01
Adjuvant chemotherapy, n (%) 251 (19.3) 461 (20.7) 0.04 246 (20.1) 244 (20.0) 0.00
Adjuvant radiotherapy, n (%) 310 (13.9) 148 (11.4) 0.08 148 (12.1) 142 (11.6) 0.02
Morphology, n (%) 0.54 0.06

Adenocarcinoma 786 (60.5) 998 (44.9) 756 (61.8) 770 (63.0)
Squamous cell carcinoma 234 (18.0) 872 (39.2) 234 (19.1) 233 (19.1)
Atypical carcinoid tumour 139 (10.7) 83 (3.7) 94 (7.7) 78 (6.4)
Small cell carcinoma 30 (2.3) 52 (2.3) 30 (2.5) 35 (2.9)
Other/carcinoma NAS 111 (8.5) 219 (9.9) 109 (8.9) 107 (8.8)

Stage, n (%) 0.17 0.03
Isolated tumour 520 (37.6) 887 (39.9) 499 (40.8) 496 (40.6)
Spread only to regional lymph nodes 184 (14.2) 359 (16.1) 176 (14.4) 168 (13.7)
Metastasized or invasion to adjacent structures 100 (7.7) 262 (11.8) 99 (8.1) 96 (7.9)
Unknown 496 (38.2) 716 (32.2) 449 (36.7) 463 (37.9)

Centre size (>16 annual resections), n (%) 909 (69.9) 1395 (62.7) 0.15 835 (68.3) 848 (69.3) 0.05

All baseline variables were included in the propensity matching procedure.
CCI: Charlson comorbidity index; NAS: not otherwise specified; SD: standardized difference; VATS: video-assisted thoracic surgery.

Figure 1: Lung cancer resection rates in Finland 2004–2014 by sex and age.
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than men and had lower burden of comorbidities (Table 1). Men
were more commonly treated with pneumonectomy, while
women had sublobar resection more commonly. Usage of video-
assisted thoracic surgery was more common in women. Tumour
histology and stage differed between sexes. Adenocarcinoma and
atypical carcinoid tumour were more common in women while
squamous cellular carcinoma was notably more common in
men. Known metastasis or invasion to adjacent structures was
more common in men. Usage of adjuvant therapies was similar
in both men and women.

Surgical resection rate

During the study period, 26796 new lung cancers occurred in
Finland. The overall surgical resection rate in the original cohort
was 13.4%. The overall rate of surgery was 29% higher in women

compared to men (15.9% vs 12.3%, P < 0.001). Youngest patients
(<50 years) with cancer were most commonly treated with sur-
gery and the difference between genders was highest (52.7% in
women and 26.6% in men, P < 0.001) in this patient subpopula-
tion (Fig. 1). A gender difference in treatment approach was pre-
sent in the older age group with men aged 50–74 years
significantly less likely to be treated with surgery (P = 0.01). The
gender difference was no longer present in the oldest patients
aged >_75 years (Fig. 1).

Survival

The overall survival rate after lung cancer surgery in the original
cohort was 97.8% (CI 97.2–98.2%) at 30 days, 85.3% (CI 84.1–
86.4%) at 1 year, 51.4% (CI 49.8–53.1%) at 5 years, 33.4% (31.5–
35.2%) at 10 years and 24.2% (21.8–26.6%) at 14 years after lung
cancer surgery (Fig. 2). Propensity score matching resulted in
groups of 1223 women and 1223 men patients with balanced
baseline characteristics (Table 1). Median follow-up was 8.6 (IQR
8.4–8.8) years for original and 8.4 (IQR 5.9–11.3) for matched
cohorts with no difference between treatment groups [8.5 (IQR
6.0–11.9) years in women vs 8.4 (IQR 5.9–11.2) in men, P = 0.323,
matched cohort]. The corresponding survival rates were 98.1%,
87.3%, 54.4%, 35.8% and 27.4% in the matched cohort. Gender
differences in mortality and admission duration were studied in
the propensity-matched cohort.

Median duration of admission was 8 days (IQR 4) in men and
7 (IQR 3) in women (P = 0.011). Survival after lung cancer surgery
was significantly higher in women (Fig. 3A).

Ninety-day mortality was 5.3% in men and 1.7% in women
(HR 0.31, CI 0.19–0.52; P < 0.001). One-year survival was 91.3%
(CI 89.5–92.7%) in women compared to 83.3% in men (CI 81.1–
85.3%) with HR for mortality of 0.46 (CI 0.36–0.60; P < 0.001). Five
years after the operation, survival was 60.2% (57.4–63.0%) in
women and 48.6% (CI 45.7–51.3%) in men (HR 0.67; CI 0.58–
0.77, P < 0.001). Ten years after surgery, 43.7% (CI 40.3–47.0%) of
operated women and 27.9% (24.8–31.1%) of operated men were
alive (HR 0.66, CI 0.58–0.75; P < 0.001). Cumulative survival at

Figure 2: Cumulative survival of all operated lung cancer patients. Dashed lines
represent 95% confidence intervals.

Figure 3: Cumulative survival after lung cancer resection in propensity-matched patients (A) and all patients (B) by sex. Dashed lines represent 95% confidence inter-
vals. Adj. HR: adjusted HR; CI: confidence interval; HR: hazard ratio.
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14 years after surgery was 29.0% (21.9–35.6%) in women and
21.1% (CI 17.4–25.0%) in men (HR 0.66, CI 0.58–0.75; P < 0.001).
Results were comparable in the original cohort [14-year survival
35.7% (31.3–40.1%) vs 18.0% (CI 15.3–20.8%)] with unadjusted HR
of 0.61 (0.55–0.67) and adjusted HR of 0.72 (0.65–0.79; P < 0.001
for both) (Fig. 3).

Of all operated patients, 3006 were alive after the first year fol-
lowing surgery (60.4% women). Among these patients, the 5-year
survival rate after surgery was 60.2% (CI 58.5–62.0%), the 10-year
survival rate after surgery was 39.1% (CI 37.0–41.2%) and the 14-
year survival rate was 28.3% (CI 25.5–31.2%). Re-matching of 1-
year survivors resulted in 1019 patient pairs with comparable
baseline features. Overall 10-year survival rate after surgery in the
re-matched cohort was 40.4%. Poorer long-term outcome after
lung cancer resection in men continued also in first-year survi-
vors (Fig. 4). Five-year survival in men was 58.3% (55.2–61.3%) vs
66.0% (62.9–68.8%) in women (HR 0.78, CI 0.67–0.91; P = 0.002).
Of first-year female survivors, 47.3% (43.6–51.0%) were alive
10 years after surgery, while 33.5% (29.8–37.2%) of men survived
10 years (HR 0.75, CI 0.65–0.87; P > 0.001). At 14 years after sur-
gery, the survival rate was 36.9% (CI 31.8–42.1%) for women and
25.3% (CI 20.9–29.9%) for men (HR 0.75, CI 0.65–0.87; P > 0.001).

Results were comparable in original cohort of 1-year survivors
with 14-year survival of 22.0% (CI 18.7–25.4%) in men and 39.0%
(34.2–43.7%) in women [unadjusted HR 0.68 (CI 0.61–0.75) and
adjusted HR 0.79 (0.71–0.88), P < 0.001 for both].

DISCUSSION

This nationwide registry study found a difference in the resection
rate and survival after surgery for primary lung cancer between
genders in favour of women. The difference in survival was most
pronounced in the early postoperative period, but remained
considerable and increased during 5- and 10-year follow-up.
Although the present study describes survival differences be-
tween genders specifically in the setting of a Finnish healthcare
system, the intrinsic mechanisms and possible reasons for the
gender-gap are reasonably generalizable to surgically treated

lung cancer patients in general. Notably, even as the present
study also describes a difference in surgical resection rates be-
tween male and female lung cancer patients, it does not suffi-
ciently explain the survival inequality.

Survival differences between genders have been previously
reported also by other studies [6, 13, 14]. In these national data
from Finland, the findings are similar. Most studies on gender-
associated differences in lung cancer survival have found marked
differences in demographics between sexes. Women are pre-
dominantly younger and are diagnosed in earlier stages and they
have a predominance for adenocarcinoma compared to men
[14]. Female sex, in a Norwegian population-based study, was, an
independent favourable prognostic factor irrespective of age,
stage, operation type or histology [7]. In addition to these factors,
we were able to adjust for comorbidity burden and adjuvant
therapies with the results still favouring females. Whether this sex
difference is stage dependent has been debated. In single-centre
series, this prognostic benefit has been detected in every stage
group (stages I, II and III) or only in early-stage disease [15, 16].
However, in the largest international database, female sex was a
prognostic factor only in early-stage cases [1].

In early-stage NSCLC and in select cases of small-cell lung can-
cer, the treatment of choice is a complete surgical resection [17].
For surgical risk evaluation, important factors are exercise capac-
ity, lung function and comorbidities. Poor exercise capacity, de-
creased lung functions and comorbidities, in addition to
otherwise increased surgical risk, are associated with decreased
long-term survival [18–21]. In the current study, the surgical rate
was significantly higher in women. Men had, on the other hand,
in this stage-adjusted analysis, markedly decreased early survival.
Although reasons for these sex discrepancies are unclear, higher
90-day mortality in men strongly suggests men being poorer sur-
gical candidates [22]. Women, in a recent Spanish nationwide
prospective cohort study, were less often current or ex-smokers,
had better lung functions and fewer comorbidities [3]. Even as
our analysis was adjusted for Charlson comorbidity index, the
outcome, severity and treatment of various comorbidities in-
cluded in the index, especially cardiovascular diseases and
chronic obstructive pulmonary disease, may vary between sexes

Figure 4: Outcome of first-year survivals after lung cancer resection surgery in propensity-matched patients (A) and all patients (B) by sex. Dashed lines represent 95%
confidence intervals. Adj. HR: adjusted HR; CI: confidence interval; HR: hazard ratio.
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[23, 24]. For example, lower FEV1, as seen in the Spanish study in
men, is associated with increased cardiovascular and all-cause
mortality [3]. These findings imply that women are overall better
candidates for surgical treatments which could be related to the
long-term survival as well.

Studies have shown that increasing the resection rates for lung
cancer improves cancer survival and the overall surgical rate in
the present study is considerably lower than suggested, for exam-
ple, by a study from the UK [25]. While efforts should be made to
address gender-specific differences in surgical treatment, a key
step in improving cancer outcomes in Finland should be efforts
aimed at offering surgery to more patients of both genders.
Although there has been a trend in increasing use of surgery for
lung cancer [11], the 13.8% rate in the later study period still
leaves room for improvement.

These registry-based data could, unfortunately, not quantify
the effects of lifestyle and socio-economic factors on long-term
survival after lung cancer surgery. Socio-economic inequalities
associated with smoking exist in lung cancer mortality in many
European countries [26]. In Denmark, the number of smoked cig-
arettes and high-risk alcohol intake have been associated with
decreased early survival in stage I lung cancer [27]. In early-stage
disease, continued smoking increases the risk of all-cause mortal-
ity and disease recurrence, as well [28]. A striking difference in
lung cancer mortality between men and women of low educa-
tional level exists in Finland [26] and Finnish males have been
shown to consume more both cigarettes and alcohol [29]. As
women are more often non-smokers and less affected by low
socio-economic status, they less often face the increased prema-
ture mortality related to these factors. Before these multiple
patient-related and socio-economic factors can be reliably ad-
justed for, it is difficult to answer the question of what the poten-
tial role and differences in tumour biology are between men and
women.

Limitations

The first strength of this study is the large nationwide
population-based design. Nationwide inclusion of all surgical
lung cancer patients with good matching of cofounders enabled
us to evaluate the survival differences between sexes reliably. The
second strength is the complete follow-up data. The obligatory
and nationwide registry data with ability to link cancer patients
between registries due to permanent identity numbers of all
Finnish citizens enabled follow-up without losses. There are,
however, several limitations in the present study. A potential bias
could be the inclusion of small-cell lung cancer cases; these,
however, were included because the number from the registries
used to calculate for surgical resection rates i.e. the number of
newly diagnosed lung cancer cases nationwide includes all histo-
logic subtypes of primary lung cancer. The number of operated
small-cell lung cancer cases, however, was under 3% (Table 1)
and analyses with these cases excluded did not alter the results
nor the conclusions (data not shown). A weakness is the lack of
standard tumour, node and metastasis (TNM) stage classification.
The staging used by the Finnish Cancer Registry is less granular
compared to the detailed TNM classification, but is not likely to
influence sexes differently, as it still differentiates between local
and advanced stages. Furthermore, the present registry has the
inherent limitations in evaluating the role of underlying causes
for sex-related difference in mortality such as smoking, severity

of comorbidities and tumour biology. Specific subgroup survival
analyses or, for example, progression-free survival differences
cannot be performed from these registry-based data and would
require reviewing individual patient records.

CONCLUSIONS

In conclusion, our study showed that female gender was associ-
ated with a more favourable short- and long-term outcomes af-
ter surgery for lung cancer. In addition, women also have a
higher resection rate than men. These differences in access to
surgical treatment should warrant a re-evaluation of the treat-
ment pathways in lung cancer to mitigate sex differences. Further
studies and in clinical practice vigilant follow-up after surgery are
suggested also to identify non-cancer-related co-morbidities as
well as socio-economic factors as possible intervention targets in
order to further improve the overall survival in these patients.
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