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ABSTRACT
Background: Results from studies addressing age-related patterns of cancer care have found evidence
of unjustified differences in management between younger and older patients.
Methods: We examined associations between age and clinical presentation, management and mortal-
ity in patients diagnosed with non-small cell lung cancer (NSCLC) between 2002 and 2016. Analyses
were adjusted for comorbidity and other factors that may have affected management decisions
and outcomes.
Results: The study population encompassed 40,026 patients with NSCLC. Stage at diagnosis did not
differ between age groups � 84. The diagnostic intensity was similar in age groups <80 years. In
patients with stage IA–IIB disease and PS 0–2, surgery was more common in the youngest age groups
and decreased with increasing age, and was rarely performed in those � 85 years. The use of stereo-
tactic body radiotherapy (SBRT) increased with age (�69 years 5.4%; �85 years 35.8%). In patients with
stage IIIA disease and PS 0–2, concurrent chemoradiotherapy was more common in younger patients
(�69 years 55.3%; �85 years 2.2%). In stage IA–IIIA disease, no major differences in treatment-related
mortality was observed. In stage IIIB–IV and PS 0–2, chemotherapy was more common in patients
<80 years. However, 58.1% of patients 80–84 years and 30.3% � 85 years received treatment. In stage
IA–IIIA, overall and cause-specific survival decreased with increasing age. No age-differences in survival
were observed in patients with stage IIIB-IV NSCLC.
Conclusion: Treatments were readily given to older patients with metastatic disease, but to a lesser
degree to those with early stage disease. Significant differences in cause specific survival were
observed in early, but not late stage disease. Our findings underscore the importance of individualized
assessment of health status and life expectancy. Our results indicate that older patients with early
stage lung cancer to a higher extent should be considered for curative treatment.
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Introduction

Results from studies addressing age-related patterns of can-
cer care have shown differences in management between
younger and older patients [1–4]. While a lower diagnostic
and treatment intensity may be justified due to a lack of
physiological reserves, comorbidity or short life expectancy,
there is a risk that management decisions are routinely made
based on high chronological age and preconceptions regard-
ing sensitivity to treatment [5–7]. It is well known that large
differences in general health status exist in the oldest age
groups with subgroups of older patients in good health who
tolerate standard treatments recommended by guidelines
[6,8,9]. Selection criteria for clinical studies often result in

lower average age in the study population than in the gen-
eral cancer population [10].

Lung cancer is predominantly diagnosed in the elderly. In
Sweden, the median age at diagnosis is 69years with only
10% of patients being younger than 60years [11]. Because of
increasing life expectancy and population aging, the subgroup
of older patients will increase in size. Between 2015 and 2050,
the proportion of the world’s population over 60 years will
nearly double from 12% to 22% and in the European region
the number of people aged 85 years and older is predicted to
rise from 19 million to 40 million between 2020 and 2050 [12].

By the use of information in a population-based lung can-
cer research database, we investigated possible associations
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between chronological age and clinical presentation, diag-
nostic intensity, treatment and mortality in patients with
non-small cell lung cancer (NSCLC).

Material and methods

Data collection

We conducted a nationwide, register-based cohort study
based on data retrieved from Lung Cancer Data Base
Sweden (LCBaSe), a research database generated by record
linkage between the National Lung Cancer Register (NLCR)
and several other high quality Swedish population-based
registers. Individual level record linkages were made possible
by the use of the national registration number, a personal
identifier assigned to all residents in Sweden. Tumors were
staged according to the 5th–8th editions of the Union for
International Cancer Control (UICC) tumor, node, metastasis
(TNM) staging systems in use during the time period
under study.

Additional individual level information was obtained from
the National Patient Register (NPR), the Swedish Cancer
Register (SCR), the social database Longitudinal Integration
Database for Health Insurance and Labour Market Studies
(LISA) and the Cause of Death Register (CDR).

For estimation of socioeconomic status, data on educa-
tional level were retrieved from LISA, a nationwide register
including continuously updated information on highest
achieved educational level for all residents aged 16 and older
[13]. Education was collapsed into three groups based on
the total number of years of schooling: low �9 years, middle
10–12 years, and high �13 years, corresponding to manda-
tory school, high school, and post-high school (college
and university).

Information on comorbidity was based on records of up
to eight discharge diagnoses retrieved from the NPR, and
from the SCR on malignancies other than lung cancer.
Comorbidity burden was estimated by the use of the
Charlson Comorbidity Index (CCI) and categorized into three
groups; no (CCI 0), mild (CCI 1-2), and severe comorbidity
(CCI 3 þ) [14].

Smoking history was based on self-reported information
at time of diagnosis retrieved from the NLCR and recorded
as smoker (current smoker), former smoker (no smoking dur-
ing the last year) and nonsmoker (never smoked on a regular
basis).

Performance status (PS) was assessed and recorded in the
NLCR by the treating physician based on the Eastern
Cooperative Oncology Group (ECOG)/World Health
Organization (WHO) performance scale [15].

Date and cause of death were available in the CDR, a
register with high completeness [16] that includes data on
main and contributing causes of death.

Since information on date of start of treatment was
unavailable, periprocedural mortality was assessed in relation
to date of diagnosis. Because of differences between the
treatment modalities in duration and expected peaks in mor-
tality, we chose to set different time limits for periprocedural
mortality: within 90 days of surgery and 120 days of

stereotactic body radiotherapy (SBRT), radiotherapy and con-
current chemoradiotherapy. Since data on SBRT was not
reported during the early part of the study period, these
analyses were restricted to the years 2012–2016. We also
excluded data from previous years on the other treatment
modalities to be able to present relevant comparisons in a
modern curative setting.

Statistical methods

Demographic and clinical characteristics, diagnostic intensity
and treatment modalities of patients diagnosed with non-
small cell lung cancer in Sweden 2002–2016 were described
by predefined age groups (�69, 70–74, 75–79, 80–84, and
�85 years). In a subsequent step, logistic regression models
were used to examine whether initial treatment differed by
age groups and clinical subgroups (stratified by stage at
diagnosis and restricted to patients with PS 0–2), adjusted
for sex, educational level, smoking history, stage at diagnosis,
CCI, PS, histopathology, region and year of diagnosis, with
results presented as adjusted OR. In a final step, cause-spe-
cific and overall mortality were compared between age
groups. Survival time was calculated as the time interval
between the date of lung cancer diagnosis and date of
death, or emigration or end of follow-up (31
December 2016).

All tests were two-sided, and a 5% level was considered
statistically significant. Statistical analyses were performed
using R version 3.5.0.

Research ethics

The study was approved by the Research Ethics Board in
Stockholm (2012/1162-31-4; 2016/1137-32; 2017/2026-32;
2017-445-32).

Results

Demographics and clinical characteristics

We identified a total of 52,274 patients diagnosed with lung
cancer between 2002 and 2016. Following exclusion of
small-cell lung cancer (n¼ 7137), missing histopathology
specimens (n¼ 2633), unclassified cancer subtypes
(n¼ 1184), carcinoids (n¼ 986), other rare histopathology
(n¼ 204) and missing data (n¼ 104), 40,026 patients with
non-small cell lung cancer remained for analysis. In the final
population under study, 48.6% of patients were 69 years or
younger at diagnosis, 19.7% between 70 and 74 years, 16.6%
between 75 and 79 years, 10.8% between 80 and 84 years
and 4.3% 85 years or older. Demographic and clinical charac-
teristics are presented in Table 1.

In all age groups �70 years, the majority of patients were
men. In the youngest age group �69 years, the proportion
of women was higher than men. The highest achieved level
of education differed markedly between age groups; a low
level of education was more common in the oldest cohorts.
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A history of being never smokers was more common in the
oldest age group.

As expected, the comorbidity burden as assessed by CCI
was considerably lower in the youngest compared to older
age groups. Similarly, the WHO Performance Status score dif-
fered markedly by age. Almost a third of patients in age
group �69 years had a PS score of 0 compared to only to
4.8% in patients 85 years or older. Conversely, a high PS
score of 3–4, and, therefore, unfit for therapy, was more
common in the oldest cohort.

Adenocarcinomas were more common in younger patients,
while the opposite was seen for squamous cell carcinoma.
The distribution of large cell and adenosquamous cell carcino-
mas did not differ between age groups. There were no age-
related differences in stage at diagnosis in patients � 84years
of age. The proportion of patients with early stage disease
(IA–IIB) was lower in the age group �85years.

Diagnostic intensity and multidisciplinary
team assessment

Diagnostic work-up with bronchoscopy, endobronchial ultra-
sound (EBUS), computed tomography (CT) thorax, ultrasound
(US) or CT abdomen, thoracoscopy and positron emission
tomography (PET), assessment in a multidisciplinary team
setting and testing for epidermal growth factor receptor
(EGFR) mutations in adenocarcinomas were evenly performed

across all age groups below 80 years, but were less common
in patients �80 years especially in those � 85 years.
Compared to younger patients, a higher proportion of
patients � 80 years were diagnosed with thoracocentesis, in
the oldest cohort � 85 years one third of patients underwent
this procedure (Table 2).

Treatment intensity

Stage IA–IIB
In patients with PS 0–2 and stage IA-IIB disease, surgery was
more commonly performed in younger age groups with a
marked decrease in patients � 80 years. In contrast, the use
of SBRT increased with age (Table 3).

These marked differences remained in multivariable analy-
ses following adjustments for potentially modifying factors
including sex, educational level, time period, CCI, smoking
history, stage at diagnosis, performance status and histology.
Compared to the youngest age group (� 69 years), the likeli-
hood for surgery versus SBRT in patients between 70 and
74 years was lower (OR 0.41 (CI 0.33–0.55) and aOR 0.58
(0.45–0.74)), estimates that decreased further with increasing
age (75–79 years – OR 0.22 (CI 0.18–0.27); aOR 0.33
(CI 0.26–0.43); 80–84 years – OR 0.07 (CI 0.06–0.09); aOR
0.09 (CI 0.07–0.12); �85 years – OR 0.01 (CI 0.01–0.02); aOR
0.01 (CI 0.01–0.02)) (data not shown).

Table 1. Demographic and clinical characteristics of patients diagnosed with non-small cell lung cancer in Sweden 2002–2016 by age groups.

�69 years 70–74 years 75–79 years 80–84 years �85 years Total
n (%) N (%) n (%) N (%) n (%) n (%)

All cases 19,472 (100) 7866 (100) 6651 (100) 4313 (100) 1724 (100) 40,026 (100)
Sex
Male 9454 (48.6) 4260 (54.2) 3695 (55.6) 2420 (56.1) 911 (52.8) 20,740 (51.8)
Female 10,018 (51.4) 3606 (45.8) 2956 (44.4) 1893 (43.9) 813 (47.2) 19,286 (48.2)

Level of education
Low 6773 (34.8) 3663 (46.6) 3494 (52.5) 2378 (55.1) 884 (51.3) 17,192 (43.0)
Middle 9001 (46.2) 2948 (37.5) 2188 (32.9) 1331 (30.9) 485 (28.1) 15,953 (39.9)
High 3497 (18.0) 1116 (14.2) 827 (12.4) 499 (11.6) 195 (11.3) 6134 (15.3)
N/A 201 (1.0) 139 (1.8) 142 (2.1) 105 (2.4) 160 (9.3) 747 (1.9)

Charlson Comorbidity Index
CCI 0 12,362 (63.5) 3879 (49.3) 3010 (45.3) 1798 (41.7) 698 (40.5) 21,747 (54.3)
CCI 1-2 4597 (23.6) 2638 (33.5) 2357 (35.4) 1628 (37.7) 676 (39.2) 11,896 (29.7)
CCI 3þ 2513 (12.9) 1349 (17.1) 1284 (19.3) 887 (20.6) 350 (20.3) 6383 (15.9)

Smoking history
Current smoker 10,467 (53.8) 3276 (41.6) 2247 (33.8) 1106 (25.6) 250 (14.5) 17,346 (43.3)
Former smoker 6849 (35.2) 3803 (48.3) 3484 (52.4) 2395 (55.5) 939 (54.5) 17,470 (43.6)
Never smoker 1820 (9.3) 666 (8.5) 797 (12.0) 711 (16.5) 460 (26.7) 4454 (11.1)
N/A 336 (1.7) 121 (1.5) 123 (1.8) 101 (2.3) 75 (4.4) 756 (1.9)

WHO performance status
0 5636 (28.9) 1645 (20.9) 989 (14.9) 398 (9.2) 82 (4.8) 8750 (21.9)
1 7766 (39.9) 3100 (39.4) 2452 (36.9) 1361 (31.6) 414 (24.0) 15,093 (37.7)
2 3471 (17.8) 1619 (20.6) 1578 (23.7) 1159 (26.9) 473 (27.4) 8300 (20.7)
3 1498 (7.7) 920 (11.7) 1025 (15.4) 870 (20.2) 486 (28.2) 4799 (12.0)
4 535 (2.7) 311 (4.0) 360 (5.4) 311 (7.2) 163 (9.5) 1680 (4.2)
N/A 566 (2.9) 271 (3.4) 247 (3.7) 214 (5.0) 106 (6.1) 1404 (3.5)

Histopathology
Adenocarcinoma 12,255 (62.9) 4531 (57.6) 3592 (54.0) 2280 (52.9) 972 (56.4) 23,630 (59.0)
Squamous cell 4290 (22.0) 2205 (28.0) 2021 (30.4) 1338 (31.0) 486 (28.2) 10,340 (25.8)
Large cell 2712 (13.9) 1035 (13.2) 961 (14.4) 645 (15.0) 248 (14.4) 5601 (14.0)
Adenosquamous 215 (1.1) 95 (1.2) 77 (1.2) 50 (1.2) 18 (1.0) 455 (1.1)

Stage at diagnosis
IA–IIB 4659 (23.9) 2158 (27.4) 1696 (25.5) 1058 (24.5) 333 (19.3) 9904 (24.7)
IIIA 1709 (8.8) 778 (9.9) 666 (10.0) 449 (10.4) 150 (8.7) 3752 (9.4)
IIIB–IV 12,891 (66.2) 4826 (61.4) 4152 (62.4) 2709 (62.8) 1171 (67.9) 25,749 (64.3)
N/A 213 (1.1) 104 (1.3) 137 (2.1) 97 (2.2) 70 (4.1) 621 (1.6)

WHO: World Health Organization.
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Stage IIIA
In patients with PS 0–2 and stage IIIA disease, combined
treatment with concurrent chemoradiotherapy was more
commonly given to younger patients. Radiotherapy alone
was provided to the same extent regardless of age. Surgery
was mainly performed in patients �74 years (Table 3).

Compared to age groups �69years, the likelihood of
receiving curative versus non-curative treatment (concurrent

chemoradiotherapy or surgery or SBRT versus chemotherapy
or radiotherapy alone or other treatment or no active treat-
ments) was lower for patients 70–74 years (OR 0.53 (CI
0.44–0.64); aOR 0.71 (CI 0.57–0.88)), with estimates decreasing
further with increasing age (75–79 years – OR 0.26 (CI
0.21–0.31); aOR 0.38 (CI 0.30–0.47), 80–84 years – OR 0.13 (CI
0.10–0.16); aOR 0.20 (CI 0.15–0.27) and �85years – OR 0.02
(CI 0.01–0.04); aOR 0.03 (CI 0.02–0.07)) (data not shown).

Table 2. Diagnostic intensity and multidisciplinary team assessment in patients diagnosed with non-small cell lung cancer in Sweden 2002–2016 by
age groups.a

�69 years 70–74 years 75–79 years 80–84 years � 85 years Total
n (%) n (%) n (%) n (%) n (%) n (%)

Bronchoscopy
No 4370 (22.4) 1982 (25.2) 1802 (27.1) 1391 (32.3) 854 (49.5) 10,399 (26.0)
Yes 15,036 (77.2) 5856 (74.4) 4820 (72.5) 2897 (67.2) 849 (49.2) 29,458 (73.6)
N/A 66 (0.3) 28 (0.4) 29 (0.4) 25 (0.6) 21 (1.2) 169 (0.4)

Bronchoscopy EBUSb

No 7921 (64.5) 3384 (62.5) 2706 (61.9) 1742 (61.5) 613 (50.6) 16,366 (62.7)
Yes 1430 (11.7) 647 (11.9) 452 (10.3) 223 (7.9) 62 (5.1) 2814 (10.8)
N/A 2922 (23.8) 1387 (25.6) 1211 (27.7) 869 (30.7) 536 (44.3) 6925 (26.5)

CT thorax
No 291 (1.5) 154 (2.0) 151 (2.3) 150 (3.5) 161 (9.3) 907 (2.3)
Yes 19,130 (98.2) 7692 (97.8) 6475 (97.4) 4149 (96.2) 1550 (89.9) 38,996 (97.4)
N/A 51 (0.3) 20 (0.3) 25 (0.4) 14 (0.3) 13 (0.8) 123 (0.3)

Mediastinoscopy
No 17,757 (91.2) 7311 (92.9) 6259 (94.1) 4154 (96.3) 1692 (98.1) 37,173 (92.9)
Yes 1573 (8.1) 498 (6.3) 342 (5.1) 120 (2.8) 11 (0.6) 2544 (6.4)
N/A 142 (0.7) 57 (0.7) 50 (0.8) 39 (0.9) 21 (1.2) 309 (0.8)

US/CT upper abdomen
No 1619 (8.3) 787 (10.0) 744 (11.2) 543 (12.6) 404 (23.4) 4097 (10.2)
Yes 17,760 (91.2) 7037 (89.5) 5864 (88.2) 3739 (86.7) 1295 (75.1) 35,695 (89.2)
N/A 93 (0.5) 42 (0.5) 43 (0.6) 31 (0.7) 25 (1.5) 234 (0.6)

Thoracocentesis
No 17,190 (88.3) 6877 (87.4) 5710 (85.9) 3535 (82.0) 1220 (70.8) 34,532 (86.3)
Yes 2127 (10.9) 930 (11.8) 893 (13.4) 746 (17.3) 483 (28.0) 5179 (12.9)
N/A 155 (0.8) 59 (0.8) 48 (0.7) 32 (0.7) 21 (1.2) 315 (0.8)

Thoracoscopy
No 19,020 (97.7) 7689 (97.7) 6513 (97.9) 4240 (98.3) 1693 (98.2) 39,155 (97.8)
Yes 295 (1.5) 114 (1.4) 85 (1.3) 36 (0.8) 8 (0.5) 538 (1.3)
N/A 157 (0.8) 63 (0.8) 53 (0.8) 37 (0.9) 23 (1.3) 333 (0.8)

Transthoracal biopsy
No 14,457 (74.2) 5505 (70.0) 4543 (68.3) 2993 (69.4) 1318 (76.5) 28,816 (72.0)
Yes 4853 (24.9) 2304 (29.3) 2059 (31.0) 1283 (29.7) 383 (22.2) 10,882 (27.2)
N/A 162 (0.8) 57 (0.7) 49 (0.7) 37 (0.9) 23 (1.3) 328 (0.8)

CT/MRI brainc

No 9653 (71.3) 4285 (73.1) 3606 (75.4) 2384 (77.4) 1100 (83.7) 21,028 (73.6)
Yes 3663 (27.1) 1484 (25.3) 1103 (23.1) 660 (21.4) 192 (14.6) 7102 (24.9)
N/A 214 (1.6) 94 (1.6) 75 (1.6) 36 (1.2) 23 (1.7) 442 (1.5)

Other
No 14,222 (73.0) 6146 (78.1) 5328 (80.1) 3493 (81.0) 1404 (81.4) 30,593 (76.4)
Yes 4856 (24.9) 1581 (20.1) 1191 (17.9) 736 (17.1) 269 (15.6) 8633 (21.6)
N/A 394 (2.0) 139 (1.8) 132 (2.0) 84 (1.9) 51 (3.0) 800 (2.0)

PET scanc

No 6972 (51.5) 2974 (50.7) 2669 (55.8) 2078 (67.5) 1082 (82.3) 15,775 (55.2)
Yes 6361 (47.0) 2804 (47.8) 2040 (42.6) 966 (31.4) 209 (15.9) 12,380 (43.3)
N/A 197 (1.5) 85 (1.4) 75 (1.6) 36 (1.2) 24 (1.8) 417 (1.5)

EGFR testd

No 2667 (40.1) 1151 (40.6) 889 (42.1) 645 (48.9) 355 (56.9) 5707 (42.1)
Yes 3855 (57.9) 1611 (56.8) 1156 (54.7) 630 (47.8) 249 (39.9) 7501 (55.4)
N/A 132 (2.0) 73 (2.6) 68 (3.2) 43 (3.3) 20 (3.2) 336 (2.5)

Multidisciplinary team assessment
No 5713 (29.3) 2295 (29.2) 2223 (33.4) 1717 (39.8) 809 (46.9) 12,757 (31.9)
Yes 13,020 (66.9) 5246 (66.7) 4103 (61.7) 2357 (54.6) 787 (45.6) 25,513 (63.7)
N/A 739 (3.8) 325 (4.1) 325 (4.9) 239 (5.5) 128 (7.4) 1756 (4.4)

EBUS: endobronchial ultrasound; CT: computed tomography; US: ultrasound; MRI: magnetic resonance imaging; PET: positron emission tomography; EGFR: epi-
dermal growth factor receptor.
aSome patients underwent multiple diagnostic modalities.
bData available for 2008–2016.
cData available for 2007–2016.
dData available for 2012–2016, only adenocarcinomas.
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Stage IIIB–IV
In patients with PS 0–2 and advanced stage IIIB–IV disease,
chemotherapy and other systemic therapies were more com-
mon in patients below 80 years of age. However, treatments
were given also in the oldest age groups (80–84 years 58.1%;
�85 years 30.3%). Radiotherapy was given to the same
extent regardless of age. Few patients were eligible for con-
current chemoradiotherapy, but it was used to the same
extent in all age groups <80 years (Table 3).

Treatment associated mortality

In early stage IA–IIB disease, the all-cause mortality within
90 days following surgery and 120 days following SBRT was
slightly higher in age groups � 75 years, but was generally
low (Table 4).

In stage IIIA disease, the all-cause mortality within 120days
after diagnosis was higher in the group receiving radiotherapy
alone versus concurrent chemoradiotherapy, but without sig-
nificant differences between age groups (Table 4).

Overall and cause-specific mortality

In stage IA–IIB and IIIA disease, overall and cause-specific sur-
vival decreased with increasing age (Figure 1). In advanced
stage disease, IIIB–IV, there were no significant age-related
differences in overall or cause-specific survival. In separate
analyses of patients with PS 0–2 and stage IIIB–IV disease
receiving chemotherapy, there were no significant differen-
ces in cumulative cause-specific survival (Figure 2).

Discussion

Summary of results

The challenge of cancer management in older populations
has so far received limited attention. The aim of this nation-
wide study was to examine clinical presentation, manage-
ment and survival in older patients with NSCLC. An
improved understanding of age-related patterns of care and
evidence of medically unjustified deviations from guidelines
is important to avoid undertreatment of older patients. This
is of special importance in light of ongoing population aging

Table 3. Treatment modality in patients diagnosed with non-small cell lung cancer in Sweden 2002–2016 with performance status 0–2 by age groups and stage
at diagnosis.a

�69 years 70–74 years 75–79 years 80–84 years �85 years Total
n (%) n (%) n (%) n (%) n (%) n (%)

Stage IA–IIB, WHO PS 0–2
Planned surgery
No 630 (14.0) 493 (24.0) 553 (35.4) 580 (63.4) 241 (92.7) 2497 (26.8)
Yes 3875 (85.8) 1555 (75.6) 997 (63.8) 326 (35.6) 16 (6.2) 6769 (72.7)
N/A 11 (0.2) 9 (0.4) 12 (0.8) 9 (1.0) 3 (1.2) 44 (0.5)

Stereotactic body radiotherapy
No 674 (20.7) 344 (21.9) 291 (24.6) 187 (27.5) 72 (35.8) 1568 (22.8)
Yes 175 (5.4) 169 (10.8) 206 (17.4) 202 (29.7) 72 (35.8) 824 (12.0)
N/A 2402 (73.9) 1055 (67.3) 685 (58.0) 290 (42.7) 57 (28.4) 4489 (65.2)

Radiotherapy
No 4036 (89.4) 1709 (83.1) 1158 (74.1) 493 (53.9) 91 (35.0) 7487 (80.4)
Yes 432 (9.6) 317 (15.4) 383 (24.5) 408 (44.6) 163 (62.7) 1703 (18.3)
N/A 48 (1.1) 31 (1.5) 21 (1.3) 14 (1.5) 6 (2.3) 120 (1.3)

Stage IIIA, WHO PS 0–2
Planned surgery
No 1227 (75.6) 556 (79.9) 488 (87.5) 347 (95.9) 104 (95.4) 2722 (81.3)
Yes 384 (23.7) 136 (19.5) 64 (11.5) 10 (2.8) 2 (1.8) 596 (17.8)
N/A 11 (0.7) 4 (0.6) 6 (1.1) 5 (1.4) 3 (2.8) 29 (0.9)

Concurrent chemoradiotherapy
No 523 (43.5) 290 (51.5) 262 (59.8) 208 (73.0) 88 (94.6) 1371 (53.1)
Yes 665 (55.3) 263 (46.7) 163 (37.2) 70 (24.6) 2 (2.2) 1163 (45.1)
N/A 14 (1.2) 10 (1.8) 13 (3.0) 7 (2.5) 3 (3.2) 47 (1.8)

Radiotherapy
No 817 (50.4) 370 (53.2) 287 (51.4) 175 (48.3) 59 (54.1) 1708 (51.0)
Yes 737 (45.4) 282 (40.5) 244 (43.7) 174 (48.1) 46 (42.2) 1483 (44.3)
N/A 68 (4.2) 44 (6.3) 27 (4.8) 13 (3.6) 4 (3.7) 156 (4.7)

Stage IIIB–IV, WHO PS 0–2
Chemotherapyb

No 1332 (12.6) 553 (15.6) 681 (24.0) 640 (40.1) 382 (66.2) 3588 (18.7)
Yes 9158 (86.4) 2936 (82.6) 2117 (74.6) 928 (58.1) 175 (30.3) 15,314 (79.9)
N/A 104 (1.0) 64 (1.8) 39 (1.4) 30 (1.9) 20 (3.5) 257 (1.3)

Concurrent chemoradiotherapy
No 6516 (61.5) 2394 (67.4) 1880 (66.3) 1079 (67.5) 419 (72.6) 12,288 (64.1)
Yes 818 (7.7) 235 (6.6) 150 (5.3) 45 (2.8) 8 (1.4) 1256 (6.6)
N/A 3260 (30.8) 924 (26.0) 807 (28.4) 474 (29.7) 150 (26.0) 5615 (29.3)

Radiotherapy
No 8436 (79.6) 2860 (80.5) 2300 (81.1) 1242 (77.7) 441 (76.4) 15,279 (79.7)
Yes 2036 (19.2) 626 (17.6) 504 (17.8) 329 (20.6) 116 (20.1) 3611 (18.8)
N/A 122 (1.2) 67 (1.9) 33 (1.2) 27 (1.7) 20 (3.5) 269 (1.4)

WHO PS: World Health Organization performance score.
aSome patients underwent multiple treatment modalities.
bAlso including other systemic therapies.
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and the introduction of lung cancer screening that will fur-
ther increase the incidence of potentially curable stage
IA–IIB cancers.

The differences between age groups in the distribution by
sex and histology observed in our study are likely to reflect
historical trends in smoking habits. We found no age-related
differences in stage at diagnosis in patients below 84years of
age. Diagnostic intensity was similar across age groups, except
in patients � 80years, an age group with a generally higher
comorbidity burden and lower PS. As expected, younger
patients with early stage disease were to a higher extent
accepted for curative treatment compared to older patients.
Post-treatment mortality was slightly higher in the older
patient groups. In early, but not late stage disease, older age
was associated with both lower all-cause and cause specific
survival indicating possible underuse of curative treatments.
No excess mortality was observed in older patients with stage
IIIB–IV disease that received treatment, findings which suggest
tolerance to treatment and careful patient selection.

Comparisons to previous studies

Because of strict inclusion and exclusion criteria, clinical studies
evaluating lung cancer treatment strategies commonly exclude
older patients [17]. As a result clinicians often de-escalate treat-
ment to lower the risk of side effects and complications [18].
Following treatment decisions based on pulmonary function,
heart disease, and comorbidity, a previous study on the role of
surgery found similar complication and mortality rates in older
(�75 years) and younger patients, indicating that a higher pro-
portion of older patients could be offered surgery [19].

SBRT has been estimated to achieve local control rates
approximating 90–95% [20] and there is evidence that use of
SBRT in elderly with early stage lung cancer is associated
with improved overall survival [21]. To the best of our know-
ledge, no prospective randomized study has been conducted
to compare the effects and safety of surgery and SBRT in the
elderly. A retrospective register-based study comparing dif-
ferent treatment modalities in older patients found the low-
est periprocedural mortality following SBRT, but the best

Table 4. Mortality following start of treatment in IA-IIIA NSCLC patients diagnosed 2012–2016.

�69 years 70–74 years 75–79 years 80–84 years �85 years Total
event/N (%) event/N (%) event/N (%) event/N (%) event/N (%) event/N (%)

Stage IA–IIB:
Surgery
90 days mortality 53/3785 (1.4) 28/1569 (1.8) 22/1015 (2.2) 9/331 (2.7) 0/16 (0) 112/6586 (1.6)

Stereotactic body radiotherapy
120 days mortality 3/181 (1.7) 5/176 (2.8) 8/214 (3.7) 7/207 (3.4) 1/73 (1.4) 24/851 (2.8)

Radiotherapy
120 days mortality 17/105 (16.2) 14/106 (13.2) 20/156 (12.8) 27/206 (13.1) 13/105 (12.4) 91/678 (13.4)

Stage IIIA:
Surgery
90 days mortality 6/388 (1.5) 5/138 (3.6) 1/64 (1.6) 0/9 (0) 0/2 (0) 12/602 (2.0)

Stereotactic body radiotherapy
120 days mortality 1/24 (4.2) 1/14 (7.1) 0/26 (0) 2/6 (33.3) 0/2 (0) 4/72 (5.6)

Radiotherapy
120 days mortality 15/57 (26.3) 18/53 (34.0) 24/93 (25.8) 21/99 (21.2) 14/47 (29.8) 92/349 (26.4)

Concurrent chemoradiotherpy
120 days mortality 57/893 (6.4) 24/340 (7.1) 17/213 (8.0) 9/115 (7.8) 1/5 (20.0) 108/1566 (6.9)

Figure 1. Cumulative overall and cause-specific survival in patients with non-small cell lung cancer and performance status 0–2 diagnosed in Sweden 2002–2016,
by age group and stage at diagnosis.
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overall and disease-specific survival after surgery with lobec-
tomy. However, following propensity-matched analysis, SBRT
outcomes were not statistically different from those of lobec-
tomy, suggesting that both treatment modalities are pos-
sible. In the same study, palliative treatments with
conventional radiation or mere observation were associated
with poor survival [18]. Based on the results from another
study, it was recommended that elderly patients with early
stage lung cancer should undergo surgery or SBRT, with
SBRT as the treatment of choice in patients with severe
comorbidity [22]. The development of minimal invasive surgi-
cal techniques may increase older patients’ eligibility for sur-
gery. In our study, patients with early stage disease, aged 80
or older and with a good performance score were to a lesser
extent given treatments with a curative intent and had a sig-
nificantly lower cause-specific survival. Thus, our findings fur-
ther support the notion of the presence of undertreatment
of elderly patients with early stage disease.

The role of concurrent chemoradiotherapy in older
patients with locally advanced lung cancer remains debated.
A Japanese study including patients 70 years or older was
discontinued prematurely because of a clinically significant
benefit of concurrent chemoradiotherapy over radiotherapy
alone [23]. In a Dutch study, patients 75 years and older with
stage III cancer were less frequently treated with concurrent
chemoradiotherapy and had poorer general overall survival.
Data on cause specific survival were not available, but com-
parisons within groups receiving treatment showed compar-
able survival rates [24]. A Danish study found no survival
benefit of concurrent chemoradiotherapy in patients
�70 years [25]. In our study, the proportion of patients
80 years or older with stage IIIA disease and PS 0–2 receiving
concurrent chemoradiotherapy was low, indicating a high

level of patient selection. No significant differences in mortal-
ity were observed in age groups �70 years, suggesting that
treatment safety and efficacy is possible also in selected
older patients.

Several studies have demonstrated similar survival bene-
fits of chemotherapy in older compared to younger patients
with metastatic disease [26], but there is evidence that eld-
erly are less often offered systemic treatment [27].
Performance status, a simple scoring system predicting toler-
ability, has been found to improve patient selection [26]. The
use of geriatric assessment tools may have a predictive role
for chemotherapy-associated toxicity and can be used to fur-
ther improve risk stratification [28]. Studies have shown that
even the oldest �80 years may benefit from treatment [29].
Novel treatment options such as targeted therapies and
checkpoint inhibitors may offer a more favorable toxicity and
thus enable treatment to a higher degree in older lung can-
cer patients [30].

Although multidisciplinary team assessments are likely to
improve adherence to clinical guidelines, the effect on sur-
vival remains debated [31–33]. In our study, a PS 0–2 was
found in 67.7% and 56.2% in patients 80–84 years and
�85 years, respectively, while only 54.6% and 45.6% were
discussed in a multidisciplinary team setting. Standardized
evaluation of all potentially treatable patients should be a
priority in national cancer strategies.

Strengths and limitations

Strengths of our study included the use of information from
several high-quality population-based registers encompassing
more than 95% of all lung cancer patients diagnosed during
the time period under study. The data included individual
level information on smoking history, educational level, per-
formance status and comorbidity, reducing the potential
confounding influences of co-existing disease. In earlier stud-
ies addressing age-related patterns of care, the definition of
old patients has often been set to age �70 years [8,9,34],
and only a few studies to date have investigated lung cancer
management in the oldest old [35,36].

Limitations included the absence of information on
patient related factors such as social situation, lifestyle,
health awareness, and beliefs as well as health care seeking
behavior. Information on smoking history was based on self-
report and thus subject to misclassification due to misreport-
ing or recall bias. Assessment of comorbidity was based on
information on medical conditions requiring medical care.
Since no data were available on lung function or exercise
capacity, the burden of concomitant disease is likely to have
been underestimated. The TNM Classification of Malignant
Tumors was revised 2010, but is likely to have affected classi-
fication of tumor stage in a similar was across all age groups.
Also, no data were available on completion of treatment,
toxicity or treatments beyond first line. Furthermore, because
of lack of data, we were unable to correctly characterize
patients that died shortly after diagnosis or start of treat-
ment. In the oldest age group, the accuracy of cause-specific

Figure 2. Cumulative cause-specific survival in patients diagnosed with non-
small cell lung cancer stage IIIB–IV in Sweden 2002–2016 with performance sta-
tus 0–2 receiving chemotherapy or other systemic therapies, by age group.
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survival may have been affected by misclassification of cause
of death.

Conclusion

We found no age-related differences in stage at diagnosis in
patients �84 years diagnosed with non-small cell lung can-
cer. Diagnostic intensity was similar in patients up to age 80,
but decreased thereafter. While treatment appears to be
readily given also to older patients with metastatic disease,
the use of curative treatment with surgery or SBRT in early
stage lung cancer was less common in the oldest age
groups. Significant differences in cause specific survival were
observed in early, but not late stage disease. Taken together,
our findings further underscore the importance of correctly
assessing health status and life expectancy to avoid unjusti-
fied undertreatment of older patients. Our results indicate
that older patients with early stage lung cancer to a higher
extent should be considered for curative treatment.
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