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Summary

Background: Non-small cell lung cancer (NSCLC) in young adults is a rare but devastating illness with significant socioeco-
nomic implications, and studies of this patient subgroup are limited.
Aim: This study employed the National Lung Cancer Audit to compare the clinical features and survival of young adults
with NSCLC with the older age groups.
Design: A retrospective cohort review using a validated national audit dataset.
Methods: Data were analysed for the period between 1 January 2004 and 31 December 2011. Young adults were defined as
between 18 and 39 years, and all others were divided into decade age groups, up to the 80 years and above group. We per-
formed logistic and Cox regression analyses to assess clinical outcomes.
Results: Of a total of 1 46 422 patients, 651 (0.5%) were young adults, of whom a higher proportion had adenocarcinoma
(48%) than in any other age group. Stage distribution of NSCLC was similar across the age groups and 71% of young patients
had stage IIIb/IV. Performance status (PS) was 0–1 for 85%. Young adults were more likely to have surgery and chemotherapy
compared with the older age groups and had better overall and post-operative survival. The proportion with adenocarcin-
oma, better PS and that receiving surgery or chemotherapy diminished progressively with advancing decade age groups.
Conclusion: In our cohort of young adults with NSCLC, the majority had good PS despite the same late-stage disease as older
patients. They were more likely to have treatment and survive longer than older patients.

Introduction

The median age of presentation of lung cancer in England is 72
years and only �1–2% of people are younger than 40 years of

age at diagnosis.1 There has been one large study of 2775
younger patients based on the surveillance epidemiology and
end results (SEER) programme in USA, but the clinical data were
relatively limited.2 The majority of studies have been small
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scale (range 22–115), single centre, retrospective case note re-
views1,3–8; although one study from Shanghai did compare clin-
ical features and outcomes for 652 adults drawn from 175
hospitals in the surrounding area.9 Cancer Registries may be
more representative of the whole population, but they often
lack clinical details such as performance status (PS) and co-mor-
bid illness.5,10,11 Some studies have reported a poorer prognosis
in young adults,4,7,12 without a clear explanation, whilst others
have reported an equivalent prognosis to older patients follow-
ing surgery.6,13,14

This study aimed to employ the previously validated English
National Lung Cancer Audit dataset (NLCA)15 to describe the
sociodemographic and clinical features, as well as treatment
and survival data for patients aged 18–39 years, and to compare
these features with those of older patients.

Methods

Data from NLCA for all adult patients with primary lung cancer
first presenting to their National Health Service (NHS) hospital
between 1 January 2004 and 31 December 2011 were used. No
formal ethical approval was required as all data are anonymous.
Patients aged 18 to 39 years (inclusive) at diagnosis were
grouped together and the remainder of the cohort divided into
10-year age groups at diagnosis, up to those aged 80 years and
older. We excluded those patients with carcinoid tumours,
mesothelioma and small cell lung cancer from all analyses.

We compared the young adult group with the older groups
for the following key clinical features: sex, histological subtype,
World Health Organisation PS (as a marker of physical fitness)
and stage at presentation (Union for International Cancer
Control versions 6 and 7). Patients with systematized nomen-
clature of medicine (SNOMED) codes representing unknown
type of lung cancer and those missing codes were grouped with
non-small cell lung cancer (NSCLC).16 The histological subtype
of NSCLC was based on SNOMED codes where recorded and fol-
lowed the categories defined in the NLCA data manual.17

The NLCA was linked to hospital episode statistics (HES)
allowing the calculation of the Charlson co-morbidity Index for
every patient.18 This creates a weighted score of co-morbid dis-
ease that has been validated in cohorts of men and women with
both malignant and non-malignant diseases. We derived the
Townsend quintile for socioeconomic deprivation for each pa-
tient, from the lower super output area based on the residential
postcode of each patient. Quintile 1 is most affluent, and quin-
tile 5 is the least affluent.

We performed multivariate logistic regression to assess the
likelihood of receiving each treatment modality across the dif-
ferent age groups. Patients in their 70s were used as the refer-
ence group. The definitions of having had radiotherapy and
chemotherapy were based on the recording of these treatments
in the patients’ NLCA record. To determine surgical treatment,
we identified patients in HES with an Office of Population
Censuses and Surveys classification of Interventions (OPCS-4)
code consistent with potentially curative surgery, as described
by Powell et al.19

We assessed survival from the date of diagnosis as recorded
in the NLCA database. In the absence of a diagnosis date, we
used the date of their first hospital appointment to derive a sur-
rogate date. This was done by calculating the median number of
days for the whole cohort between each patient’s date of first
appointment and their date of diagnosis and interpolating a
surrogate date of diagnosis. Only 4981 patients (3%) did not
have an existing diagnosis date. An end date was generated

using either the date of death (obtained from the Personal
Demographics Service), or the date the dataset was down-
loaded, which was 31 December 2011. Cox regression analysis
was used to calculate unadjusted hazard ratios for mortality in
each age group referenced to patients in the 70- to 79--year
group, and a multivariate model constructed to adjust for the
key clinical features.

Results

There were a total of 1 76 638 patients seen at English NHS
Trusts between 1 January 2004 and 31 December 2011 (first ap-
pointment). We excluded 1500 patients (0.8%) for whom the end
date was prior to the start date and 14 patients who were
younger than 18 years of age, leaving a total of 1 75 124 patients.
The 18- to 39-year group comprised 810 patients, 0.5% of the
total. Within this group of young adults, 11 (1%) had proven
mesothelioma, 47 (6%) had small cell lung cancer and 101 (12%)
had carcinoid tumours. These tumour groups were then
excluded, leaving 651 young adults and an overall cohort of 1 46
422 patients with NSCLC.

Key clinical features

Table 1 illustrates the key clinical features by age group. The sex
ratio in the young adult group was 1.3 male to female, similar to
that for the whole cohort (1.4–1). The proportion of individuals
with adenocarcinoma reduced with increasing age: 30%, in the
18–39 group and 19% in the 70–79 group (v2 test P< 0.001). The
proportion of individuals with squamous cell carcinoma
increased with age: 8% in the 18- to 39-year-old group compared
with 22% in the 70–79 group (v2 test P< 0.001).

The PS at diagnosis was missing in 37% of the young group,
but was recorded as 0 or 1 in 85% of the remainder. Only 9 pa-
tients were recorded with a PS of 4 (2%), compared with 2381
(6%) of the patients aged 70–79 years with PS recorded. The pro-
portion of patients with a Charlson Index of zero (no recorded
co-morbid illness in HES), declined from 55% in the young adult
group to 31% in patients aged 70–79 years. Table 2 illustrates the
co-morbid diseases recorded in HES at the point of diagnosis in
our young adults; and although more than half had no co-mor-
bid disease recorded, and 200 (31%) had metastatic disease from
their lung cancer; a further 47 (7%) patients had another solid
organ tumour prior to their lung cancer diagnosis. There were a
handful of adults with conditions ranging from peptic ulcer dis-
ease, to stroke and diabetes. Data on socioeconomic status were
missing in 11–13% of patients across all age groups (Table 1). In
those with data, a third of young adult patients were from the
least affluent socioeconomic quintile, whilst only 11% were
from the most affluent. In contrast, 24% of patients aged 70–79
years at diagnosis were from the least affluent, and 16% were
from the most affluent quintile (v2 test P< 0.001).

Our results showed 260 (40%) young adult patients did not
have stage at diagnosis recorded in the NLCA dataset. Of the re-
maining 391 patients, 279 (71%) had stage 3b or stage 4 disease,
and only 57 (15%) had stage I or II disease (Table 1).

Treatment

Surgical resection was performed in 134 (21%) of the young
adult patients, of whom 63 also received chemotherapy, 11
radiotherapy and 10 trimodality treatment. Chemotherapy
alone was given to 232 (36%) young patients with NSCLC, radio-
therapy alone to 36 (6%) and combination chemo-radiotherapy
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to 122 (17%). A total of 147 patients (23%) in the young adult co-
hort had no treatment information recorded, compared with 22
600 (44%) of the 70- to 79-year-old group.

Table 3 shows the relationship between the age of a patient
and the treatment they received. Young adults with NSCLC
were more likely to have both surgery and chemotherapy than
those aged 70–79 years (adjusted OR 1.66, 95% CI 1.32, 2.09; and
3.96, 95% CI 3.33, 4.70, respectively). There was no clear vari-
ation in the use of radiotherapy across the age groups.

Survival

Cox regression analyses revealed young adults with NSCLC had
a lower overall mortality than patients from all other age groups
(Table 4). Young adults who had surgery were half as likely to
die compared with those aged 70–79 years treated surgically
(adjusted HR 0.49, CI 0.36, 0.67). When patients with presumed
NSCLC were excluded, the survival benefit for those with proven

NSCLC who had surgery was reduced, but no worse than those
aged 70–79 years.

Discussion
Principal findings

We have found differences in clinical features between young
adults with NSCLC and older patients with some progressive
trends with increasing age. We found a higher proportion of
young adults had adenocarcinoma, and significantly fewer had
squamous cell carcinoma. A higher proportion of patients had
late stage disease at diagnosis but the PS and level of co-mor-
bidity was more favourable. Young adults with NSCLC were 66%
more likely to have surgery compared with older patients and
almost four times as likely to have chemotherapy. The likeli-
hood of receiving radiotherapy was approximately equal
amongst all patients, which may reflect the use of radiotherapy
in palliative as well as potentially curative treatment regimens

Table 1 Distribution of key clinical features across the age groups (N¼1 46 422)

Age (years) 18–39 40–49 50–59 60–69 70–79 >80 years

N % N % N % N % N % N %

Sex
Male 364 56 1919 52 8 630 56 22 749 58 30 470 59 19 669 55
Female 287 44 1795 48 6 914 44 16 272 42 21 079 41 16 274 45

Histological subtype
AdenoCa 194 48 1114 43 4 251 38 9 116 34 9 864 31 4 524 31
Squamous cell 51 13 495 19 2 848 26 8 593 32 11 124 35 5 158 35
NSCLC NOS 138 34 937 36 3 777 34 8 684 32 10 043 32 4 701 32
Ca in situ 0 14 0.5 38 0.3 80 0.3 105 0.3 105 0.7
Mixed 1 0.2 13 0.5 56 0.5 128 0.5 140 0.4 59 0.4
Others 17 4 23 1 78 0.7 122 0.5 141 0.4 141 1
Missing 250 1118 4 496 12 298 20 132 21 255

Stage
I 37 9 280 10 1 329 11 4 218 14 5 939 15 3 756 14
II 20 5 148 5 709 6 2 123 7 2 774 7 1 829 7
IIIA 35 9 276 10 1 191 10 3 290 11 4 541 11 2 859 11
IIIB&IV 279 71 1874 68 8 011 66 18 956 62 23 571 59 16 161 60
Uncertain 20 5 179 6 861 7 2 221 7 3 147 8 2 369 9
Missing 260 957 3 443 8 213 11 577 8 969

PS
0 216 52 1062 42 3 927 35 7 806 27 6 460 17 2 168 8
1 136 33 911 36 4 183 38 10 676 37 12 714 34 6 045 23
2 25 6 317 12 1 685 15 5 261 19 8 543 23 6 676 26
3 27 7 185 7 1 000 9 3 606 13 7 507 20 8 202 32
4 9 2 64 3 346 3 1 135 4 2 381 6 2 887 11
Missing 238 1175 4 403 10 637 13 944 9 965

Charlson Index
0 360 55 1882 51 6 944 45 14 553 37 15827 31 10 697 30
1 51 8 451 12 2 432 16 7 750 20 10858 21 7 418 21
2–3 52 8 253 7 1 470 9 5 660 15 10148 20 7 681 21
4þ 188 29 1128 30 4 698 30 11 058 28 14716 29 10 147 28

Socioeconomic status
1 (affluent) 64 11 408 13 1 829 14 5 325 15 7072 16 5 410 17
2 85 15 506 16 2 273 17 6 187 18 8669 19 6 443 20
3 107 19 598 18 2 450 18 6 781 20 8977 20 6 778 21
4 125 22 708 22 3 053 23 7 658 22 9484 21 6 869 21
5 185 33 1023 32 3 882 29 8 427 25 10826 24 6 499 20
Missing 85 471 2 057 4 643 6521 3 944

Total 651 3714 15 544 39 021 51549 35 943

N, number; %, percentage excluding missing. Histology; Ca in situ, carcinoma in situ; Mixed¼mixed tumour (malignant); Others, large cell carcinoma and

carcinosarcoma.
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as data recorded in the NLCA cannot reliably differentiate treat-
ment intent.

Mortality was less in the young adult group overall, and this
survival advantage was maintained in those who had surgery,
even if no histology was recorded pre-surgical resection.

Our data confirm previously published evidence that adeno-
carcinoma is more common in this young adult group and squa-
mous cell carcinoma less common.1,2,5,8,11,12,20,21 This may
reflect both a lower smoking prevalence22 and duration of ex-
posure to tobacco smoke in this age group, thereby reducing the
proportion of tumour types most closely linked with smoking.23

There is evidence that the incidence of adenocarcinoma is ris-
ing overall,24,25 with an increase in younger women (15–49
years).10

Strengths and limitations

The strength of our study lies in the large cohort of patients
aged between 18 and 39 years, drawn from a validated, contem-
porary national cohort of unselected patients with lung can-
cer.15 The NLCA includes robust clinical and demographic data
(enhanced by linkage with HES), which can be used to assess po-
tential inequalities in patient care and survival based on age.

A limitation of the NLCA is that a number of data fields have
missing data, although the proportion of missing data fields
was similar across the age groups studied. The proportion of
missing data has decreased progressively over time and the
quality of the dataset is improving each year.26,27 Despite this
limitation, our cohort of 651 young adult patients with NSCLC is

Table 3 Results of logistic regression analyses examining the influence of age on treatment modality received for patients with NSCLC (N¼ 1 46
422)

Unadjusted Adjusted

Total N N* % OR 95% CI P-value OR 95% CI P-value

Surgery <0.001 <0.001
18–39 651 134 21 1.43 (1.18–1.74) 1.66 (1.32–2.09)
40–49 37 14 764 21 1.43 (1.32–1.56) 1.59 (1.44–1.77)
50–59 15 544 3 064 20 1.36 (1.30–1.42) 1.43 (1.35–1.52)
60–69 39 021 7 659 20 1.35 (1.31–1.40) 1.33 (1.27–1.39)
70–79 51 549 7 864 15 1 1
>80 35 943 1 922 5 0.31 (0.29–0.33) 0.34 (0.32–0.36)

Chemotherapy <0.001 <0.001
18–39 651 397 61 4.99 (4.26–5.85) 3.96 (3.33–4.70)
40–49 3 714 2 165 58 4.46 (4.17–4.78) 3.63 (3.37–3.91)
50–59 15 544 8 279 53 3.64 (3.50–3.78) 3.09 (2.96–3.22)
60–69 39 021 16 586 43 2.36 (2.29–2.43) 2.16 (2.09–2.22)
70–79 51 549 12 287 24 1 1
>80 35 943 1 884 5 0.17 (0.30–0.31) 0.19 (0.18–0.20)

Radiotherapy <0.001 <0.001
18–39 651 149 23 0.81 (0.67–0.97) 0.87 (0.72–1.05)
40–49 3714 1 094 29 1.13 (1.05–1.22) 1.11 (1.03–1.20)
50–59 15 544 4 637 30 1.15 (1.11–1.20) 1.11 (1.06–1.15)
60–69 39021 11 123 29 1.08 (1.05–1.11) 1.04 (1.01–1.07)
70–79 51 549 13 842 27 1 1
>80 35 943 7 628 21 0.73 (0.71–0.75) 0.79 (1.08–1.13)

N, number; N*, number of patients who had treatment within each group; OR, odds ratio; %, percentage who had treatment within each age group; Adjusted OR, ad-

justed for sex, stage, PS, Townsend quintile and Charlson Index.

Table 2 Co-morbid disease recorded in HES for young adults with
NSCLC (N¼ 651)

CI score Conditions included in Charlson Index N %

1 Myocardial infarction/heart failure 2 0.3
1 Cerebrovascular disease 5 0.8
1 Chronic pulmonary disease 47 7
1 Dementia 0
1 Peptic ulcer disease 2 0.3
1 Diabetes mellitus 9 1.4
1 Peripheral vascular disease 2 0.3
1 Connective tissue disease 2 0.3
1 Mild liver disease 3 0.5

2 Any tumour (not including lung) 47 7
2 Haematological malignancy 13 2
2 Diabetes mellitus with complications 2 0.3
2 Hemiplegia 2 0.3
2 Moderate/severe renal failure 1 0.2

3 Moderate/severe liver disease 0

6 AIDS 1 0.2
6 Metastatic solid tumour 200 31

No disease recorded in HES 355 55
Total patients 651

CI score, score assigned to individual disease; N, number of patients with each

condition; %, percentage.
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the third largest described in the literature and has more com-
prehensive clinical data.

Comparison with other studies

There is very little published literature on lung cancer in a
young adult population, and these studies are usually small,
retrospective case series in one medical institution.1,3–7 Unlike
the paper from Liu et al.28 our data are not restricted to one
histological subtype, nor to one treatment modality, or one
medical institution. Retrospective studies have confirmed the
low rate of early stage disease in the young adult group demon-
strated here.4,7,8,28 Lara et al.29 reported 80% of their cohort,
adults <50 years of age with NSCLC from the California Registry,
had stage 3 or 4 disease. Late stage at diagnosis could be attrib-
uted to young adults taking longer to present and being more
likely to be symptomatic at diagnosis.30,31 Unfortunately data
regarding time from symptoms to presentation and diagnosis
are not available in the NLCA. The proportion of patients with-
out evidence of treatment appears high (23%), but it may reflect
inconsistent data entry into the NLCA dataset, in addition to
late stage at presentation. Green et al.7 described a population
with a similar high proportion of late stage disease, and the rate
of ‘no treatment’ was 42%.

We found evidence that mortality was better in the young
adult group overall, in contrast to some published data,4,7,12,30

but in keeping with others.1,2,28,29,31 Bourke et al.8 published a
multicentre retrospective study looking at variation in clinical
features, treatment received and survival in young adult pa-
tients in Chicago, Israel and northern Italy. Young adult pa-
tients were compared in three distinct geographical areas, and

variation found in survival which was likely to be a reflection of
stage of disease at diagnosis. Within the Chicago cohort (n¼ 83),
only 7% were stage I, compared with 16% of the cohort in Israel
(N¼ 43). Five-year survival in Chicago was 8% compared with
25% in the Israeli young adult group. Only 5% of our patients
had stage I disease. Five-year survival for our cohort is not yet
available, but the results of Cox regression found no increased
rate of mortality in the young compared with older patients.
The largest cohort of young adult patients was described using
data from the SEER programme2 in 2010. This cohort of 2775
young adults demonstrated similar features to our English co-
hort, with an increased proportion of adenocarcinoma, and
reduced squamous cell carcinomas. Stage 4 disease was present
in 58%, compared with 36% in our cohort (with stage recorded).
Five-year overall survival was better in the young adult cohort
in SEER, which is in keeping with our results of overall mortal-
ity. In contrast to our linked dataset from the NLCA and HES,
the SEER programme does not record information on PS, co-
morbidity and treatment.

Surgical case series with between 20 and 110 young adult pa-

tients3,6,13,14 have shown no adverse survival in the young

adults, which is in keeping with our findings (n¼ 134 with re-
sected NSCLC). Duan et al.32 performed a retrospective case note

review of 68 patients with primary lung cancer aged <30 years,

and reported a 5-year survival of 31%, and in those who had rad-

ical surgery it was 36%.
We also found that young adults with NSCLC were slightly

more likely to come from less affluent areas, which may be im-
portant, given Lara et al.29 described more affluent status was a
marker of good prognosis. Individuals from deprived back-
grounds are often hard to reach in terms of engaging with

Table 4 Results of Cox regression analyses assessing overall survival by age group (n¼ 1 46 422); and also the subgroup who had surgery (n¼ 21
407), and then those with proven NSCLC who had surgery (n¼ 17 544).

Unadjusted Adjusted

Total N N* % HR 95% CI P-value HR 95% CI P-value

All cases (n¼ 1 46 422) <0.001 <0.001
18–39 651 406 62 0.44 (0.40–0.49) 0.43 (0.39–0.47)
40–49 3 714 2 833 76 0.67 (0.64–0.69) 0.68 (0.65–0.71)
50–59 15 544 12 645 81 0.77 (0.76–0.79) 0.80 (0.78–0.82)
60–69 39 021 32 195 83 0.83 (0.82–0.84) 0.88 (0.87–0.89)
70–79 51 549 45 025 87 1 1
>80 35 943 33 350 93 1.3 (1.28–1.32) 1.14 (1.12–1.16)

All cases who had surgery (n¼ 21 407) <0.001 <0.001
18–39 134 41 31 0.46 (0.34–0.63) 0.49 (0.36–0.67)
40–49 764 298 39 0.61 (0.54–0.69) 0.62 (0.55–0.69)
50–59 3 064 1 347 44 0.73 (0.69–0.78) 0.72 (0.68–0.77)
60–69 7 659 3 367 44 0.77 (0.73–0.80) 0.78 (0.74–0.81)
70–79 7 864 4 100 52 1 1
>80 1 922 1 164 61 1.4 (1.31–1.49) 1.38 (1.29–1.47)

Proven NSCLC who had surgery (n¼ 17544) <0.001 <0.001
18–39 78 27 35 0.61 (0.41–0.88) 0.61 (0.41–0.89)
40–49 580 241 42 0.71 (0.62–0.81) 0.69 (0.61–0.79)
50–59 2 501 1 064 43 0.74 (0.69–0.80) 0.72 (0.67–0.78)
60–69 6 369 2 703 42 0.77 (0.73–0.81) 0.77 (0.73–0.82)
70–79 6 489 3 251 50 1 1
>80 1 527 856 56 1.29 (1.20–1.39) 1.31 (1.21–1.40)

n, number; N*, number in each age group who had died; %, percentage; HR, hazard ratios; Adjusted HR, adjusted for sex, PS, stage, Townsend quintile and Charlson

Index.
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health services and will be more likely to present with late-
stage disease.

Conclusion

Our research has shown that young adult patients with NSCLC
in England are more likely to have adenocarcinoma. They are
less likely to have early-stage disease at presentation, but have
less co-morbidities and a better PS at diagnosis than older pa-
tients. We have shown these young adults are more likely to
have surgery and chemotherapy than older patients, and they
are less likely to die. There was a progressive trend in the differ-
ences according to age rather than the young adult patients rep-
resenting a unique or idiosyncratic group.
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