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ABSTRACT

Objectives To report characteristics, treatment and
overall survival (0S) trends, by stage and pathology,

of patients diagnosed with non-small cell lung cancer
(NSCLC) at Leeds Teaching Hospital NHS Trust in 2007—
2018.

Design Retrospective cohort study based on electronic
medical records.

Setting Large NHS university hospital in Leeds.
Participants 3739 adult patients diagnosed with incident
NSCLC from January 2007 to August 2017, followed up
until March 2018.

Main outcome measures Patient characteristics at
diagnosis, treatment patterns and 0S.

Results 34.3% of patients with NSCLC were clinically
diagnosed (without pathological confirmation). Among
patients with known pathology, 45.2% had non-squamous
cell carcinoma (NSQ) and 33.3% had squamous cell
carcinoma (SQ). The proportion of patients diagnosed

at stage | increased (16.4%—27.7% in 2010-2017);
those diagnosed at stage IV decreased (57.0%—-39.1%).
Surgery was the most common initial treatment for
patients with pathologically confirmed stage | NSCLC.
Use of radiotherapy alone increased over time in patients
with clinically diagnosed stage | NSCLC (39.1%—60.3%);
chemoradiation increased in patients with stage IlIA NSQ
(21.6%—33.3%) and SQ (24.2%—31.9%). Initial treatment
with systemic anticancer therapy (SACT) increased in
patients with stages IlIB-IV NSQ (49.0%—67.5%); the
proportion of untreated patients decreased (30.6%—
15.0%). Median OS improved for patients diagnosed with
stage | NSQ and SQ and stage IlIA NSQ over time. Median
0S for patients with stages llIB-IV NSQ and SQ remained
stable, <10% patients were alive 3 years after diagnosis.
Median 0S for clinically diagnosed stages IlIB-IV patients
was 1.2 months in both periods.

Conclusions 0S for stage | and IlIA patients improved
over time, likely due to increased use of stereotactic
ablative radiation, surgery (stage I) and chemoradiation
(stage llIA). Conversely, OS outcomes remained poor for
stage llIB-IV patients despite increasing use of SACT

Strengths and limitations of this study

» These data reflect outcomes and trends for a single
site in the UK; however, the REAL-Oncology study
represents an unselected population, which is rel-
evant to real-world practice and enables long-term
(>10 years) analyses across numerous subgroups.

» This analysis included patients with a clinical diag-
nosis of non-small cell lung cancer (NSCLC) who,
despite representing a large proportion of patients
with NSCLC, are often not captured in real-world
studies.

» Limited information on radiotherapy was available
at the time of the analysis; thus, it was not possible
to formally differentiate radiotherapy with palliative
intent from that with curative intent.

» The follow-up duration was relatively short for pa-
tients diagnosed at the end of the study period, at
7 months.

» Data on comorbidities that might have explained
why a significant proportion of patients with ad-
vanced disease did not receive any systemic anti-
cancer therapy were not available.

for NSQ. Many patients with advanced-stage disease
remained untreated.

INTRODUCTION

In the UK, lung cancer is the third most
common type of cancer and the leading cause
of cancer death.! Around 85% of patients with
lung cancer have non-small cell lung cancer
(NSCLC), which consists predominantly of
non-squamous cell carcinoma (NSQ) and
squamous cell carcinoma (SQ).? Early diag-
nosis of lung cancer can be challenging.’
Consequently, approximately two-thirds of
patients present with advanced or metastatic
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NSCLC (stages III and IV), for which treatment options
are limited and prognosis is poor;*® 5-year survival rates
for patients with metastatic disease are less than 5%."°

Surgery and radiotherapy can be used successfully in
patients diagnosed with early-stage NSCLC; adjuvant
chemotherapy is also indicated for selected patients who
have undergone resection for stage II and III disease and
can improve outcomes.” For advanced NSCLC (stages
IIIB-1V), chemotherapy with platinum-based agents has
long been the standard of care for patients with good
performance status (PS) and vascular endothelial growth
factor-targeting therapies have been used in the firstline
setting in patients with NSQ.* However, increased under-
standing of NSCLC driver mutations, such as those in the
epidermal growth factor receptor (EGFR) and anaplastic
lymphoma kinase (ALK) genes, has led to the develop-
ment of targeted therapies, including tyrosine kinase
inhibitors (TKIs). These allow for more personalised
treatment approaches in selected patients with actionable
driver mutations.”

The development of immunotherapeutic agents has
transformed the NSCLC treatment landscape. Since
2015, immune checkpoint inhibitors (ICIs) targeting
the programmed death-1/programmed death ligand
1 axis have been approved in Europe and are now
recommended for first-line or second-line treatment of
patients with metastatic NSCLC.? In addition, ongoing
clinical trials are investigating neoadjuvant and adjuvant
use of ICIs for patients diagnosed at earlier stages of
NSCLC."'2 As with any new treatment, there is a need
to assess how ICIs impact patient survival in real-world
clinical practice to help inform future treatment deci-
sions, which requires an understanding of the NSCLC
landscape prior to their availability. Real-world data-
bases include a wealth of information that can be used
to complement data from clinical trials and are a valu-
able source of evidence in a rapidly changing treatment
landscape.

We report the characteristics, treatment and overall
survival (OS) trends for patients diagnosed with NSCLC at
alarge teaching hospital in England prior to routine avail-
ability of ICIs. This study, based on the REAL-Oncology
database, is part of the I-O Optimise programme, an
ongoing initiative leveraging real-world data sources to
provide insights into the evolving landscape of thoracic
malignancies, including NSCLC.'?

METHODS

Study setting

REAL-Oncology is a research partnership between
Leeds Cancer Centre (LCC), the University of Leeds
and IQVIA, using NHS oncology patient data to answer
various research questions. LCC is a major NHS cancer
centre that serves a metropolitan catchment area of 750
000 people for secondary care and over 5 million for
tertiary care.

Study design

This retrospective analysis extracted data on prescribed
chemotherapy, and pathology and radiology records that
were entered into electronic medical records (EMRs) at
the Leeds Teaching Hospitals NHS Trust as part of routine
clinical practice. The study included patients aged =18
years with an incident diagnosis of NSCLC (International
Statistical Classification of Diseases and Related Health
Problems, 10th Revision (ICD-10) code for malignant
neoplasm of the trachea (C33) or malignant neoplasm
of bronchus and lung (C34)) between January 2007 and
August 2017 at Leeds Teaching Hospital. All patients diag-
nosed by the lung multidisciplinary team were included,
including those clinically identified solely on the basis of
history, clinical examination and CT scan and those with
confirmed morphology (ie, International Classification
of Diseases for Oncology, third Edition (ICD-O-3) code
for NSCLC pathology, online supplemental appendix
table S1). Patients were excluded if their first diagnosis of
NSCLC was confirmed in another NHS hospital trust, they
had missing data on age or sex, their ICD-O-3 morphology
codes indicated small cell lung cancer (80413-80 459) or
they had a concomitant (within 5 years prior to NSCLC
diagnosis) primary tumour at the time of diagnosis,
except for non-metastatic non-melanoma skin cancers or
in situ or benign tumours. Patients with missing data on
tumour, node and metastasis (TNM) classification were
also excluded from the present analyses.

The end of follow-up was the date of death or end of
study (April 2018). The date of death was confirmed by
reconciliation of EMRs with Office for National Statis-
tics death certifications. Patient sociodemographic (age,
sex, WHO PS) and clinical characteristics (TNM stage,
tumour pathology) were extracted on/at the nearest date
to NSCLC diagnosis (index date). TNM classification at
diagnosis was recorded according to the sixth edition of
the TNM classification up to 31 December 2009, the
seventh edition from 1 January 2010° and the eighth
edition from 1 January 2017." Tumour pathology was
defined as NSQ (including adenocarcinoma and large
cell carcinoma), SQ, NSCLC not otherwise specified
(NOS), ‘other’ (neuroendocrine carcinoma and other
miscellaneous carcinoma) or ‘unconfirmed’ (clinically
diagnosed unknown pathology).

The date of initial treatment was defined as the first
instance of lung surgery, radiotherapy or systemic anti-
cancer therapy (SACT) occurring within 6 months of
diagnosis and initial treatment categories were defined
using all treatments received within a specified time
period following this date (online supplemental appendix
table S2). A line of therapy (LoT) was defined as one or
more cycles of chemotherapy or continuous oral treat-
ment for targeted agents in patients with incident stages
IIIB-IV NSCLC. An algorithm based on the sequencing
of SACT treatments received was developed to determine
first and subsequent LoTs. LoT outputs were validated by
clinicians.
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Analyses

Patient characteristics at diagnosis are described using
summary statistics. The evolution of treatment patterns
and OS over time were investigated in two subcohorts
defined by date of diagnosis: January 2007 to December
2012 and January 2013 to August 2017. Therapy received
and treatment duration are described by LoT for
advanced-stage patients using the same time periods. OS
was estimated using Kaplan-Meier methods. The propor-
tions of patients surviving to 1, 2 or 3 years after the date
of diagnosis are reported with corresponding two-sided
95% Cls. Differences in OS between time periods were
compared using log-rank hypothesis tests.

To comply with patient confidentiality requirements,
data outputs relating to groups of fewer than five patients
were masked. In some circumstances, data relating to
larger patient subgroups were also masked to avoid
extrapolation of counts of fewer than five patients.

Patient and public involvement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our research.

RESULTS

Patients

Overall, 4225 patients diagnosed with NSCLC between
January 2007 and August 2017 were included in the study.
Of these, 486 were excluded because of missing TNM
staging information, resulting in an analysis cohort of 3739
patients. Patients had a median (IQR) age of 73 (65-80)
years and were evenly split by sex (table 1). Pathology
findings were available for 2458 patients (65.7%), with
the remaining 1281 (34.3%) being clinically diagnosed
without pathological confirmation. Where pathology was
available, NSQ was the most frequent subtype (45.2%),

Table 1 Demographic and clinical characteristics of full patient population*
Clinically diagnosed
All NSCLC NSQ SQ NSCLC NOS Other NSCLC  unknown pathology

All stages N=3739 n=1112 n=819 n=439 n=88 n=1281
Age, years

Mean (SD) 72.3 (10.9) 68.6 (11.0) 70.8 (9.4) 68.9 (10.6) 70.1 (10.7) 78.0 (9.3)

Median (Q1-Q3) 73 (65-80) 69 (62-77) 71 (64-77) 69 (63-77) 71 (63-78) 79 (72-85)

Range 18-101 31-101 33-96 18-92 42-91 43-99
Male, n (%) 1881 (50.3) 519 (46.7) 505 (61.7) 220 (50.1) 49 (55.7) 588 (45.9)
TNM stage, n (%)

| 717 (19.2) 223 (20.1) 127 (15.5) 30 (6.8) 19 (21.6) 318 (24.8)

Il 434 (11.6) 113 (10.2) 132 (16.1) <40 (<9.1) <13 (<14.8) 137 (10.7)

A 469 (12.5) 110 (9.9) 164 (20.0) 54 (12.3) 8(9.1) 133 (10.4)

1B 337 (9.0) 89 (8.0 117 (14.3) <55 (<12.3) <5 (<6.0) 77 (6.0)

IV 1782 (47.7) 577 (51.9) 279 (34.1) 263 (59.9) 47 (53.4) 616 (48.1)
Pathology, n (%)

Adenocarcinoma 1019 (27.3) 1019 (91.6) 0 0 0 0

SQ 819 (21.9) 0 819 (100.0) 0 0 0

NSCLC NOS 439 (11.7) 0 0 439 (100.0) 0 0

Large cell carcinoma 93 (2.5) 93 (8.4) 0 0 0 0

Other NSCLC 88 (2.4) 0 0 0 88 (100.0) 0

Clinically diagnosed, 1281 (34.3) 0 0 0 1281 (100.0)

unknown pathology
WHO performance score, n (%)

0 292 (7.8) 149 (13.4) 70 (8.6) 38 (8.7) 12 (13.6) 23(1.8)

1 1031 (27.6) 445 (40.0) 319 (39.0) 144 (32.8) 37 (42.2) 86 (6.7)

2 758 (20.3) 230 (20.7) 230 (28.1) 80 (18.2) 25 (28.4) 193 (15.1)

3 933 (25.0) 154 (13.9) 118 (14.4) 97 (22.1) <15 (<17.0) 553 (43.2)

4 372 (10.0) 39 (3.5) 16 (2.0) 26 (5.9) 0 291 (22.7)

Missing 353 (9.4) 95 (8.5) 66 (8.1) <55 (<12.5) <5 (<5.7) 135 (10.5)

*For some categories including low numbers of patients, data have been masked to conceal patient identities. Includes six patients diagnosed in

2006.

NOS, not otherwise specified; NSCLC, non-small cell lung cancer; NSQ, non-squamous cell carcinoma; Q, quartile; SQ, squamous cell carcinoma; ;

TNM, tumour, node and metastasis.
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Figure 1 TNM stage at non-small cell lung cancer incident diagnosis, by year of diagnosis. 'Diagnosed up to 31 August 2017.

TNM, tumour, node and metastasis.

followed by SQ (33.3%), NOS (17.9%) and ‘other’
NSCLC (3.6%; table 1).

Over the study period, 717 patients (19.2%) were
diagnosed with stage I disease, 434 (11.6%) with stage
IT and 806 (21.6%) with stage III; almost half of patients
(47.7%) were diagnosed with stage IV disease. TNM clas-
sification evolved during the study period, which might
have contributed to some of the changes observed over
time in the stage distribution at diagnosis. However, over
the period when the seventh TNM classification was used
(2010-2016), the proportion of patients diagnosed with
stage I disease increased from 16.4% in 2010 to 24.8% in
2016 (figure 1), while diagnoses of stages IIIA and IIIB
NSCLC remained stable over time. There was an overall
reduction in the proportion of patients diagnosed at
stage IV, from 57.0% in 2010 to 45.0% in 2016.

Treatments

Over the study period, 2337 patients (62.5%) received
an initial treatment within 6 months after diagnosis.
As expected, treatment rates declined with increasing
disease stage, from 78.2% for patients diagnosed with
stage I disease to 49.8% for those diagnosed with stage
IV. The proportion of patients with early-stage (stages I—
IITA) NSCLC who did not receive treatment decreased
over time; 21.2% of patients with stages I-IITA disease
remained untreated 6 months after diagnosis in 2013—
2017 compared with 32.3% in 2007-2012 (data not
shown). The proportion of patients with stage IV disease
remaining untreated decreased among those with NSQ),

while no changes were observed among those with SQ
(figure 2).

Initial treatments over time (stages I-1V)

Figure 2 shows the evolution of initial treatments by TNM
stage between 2007-2012 and 2013-2017 in patients with
NSQ and SQ and in those who were clinically diagnosed.
Over the study period, patients diagnosed with patho-
logically confirmed stage I disease were most commonly
treated with curative surgery alone or, to a lesser extent,
curative radiotherapy alone. The proportion receiving
surgery alone as initial treatment increased between
2007-2012 and 2013-2017; conversely, the proportion
receiving radiotherapy alone decreased. Among patients
with clinically diagnosed stage I disease, the proportion
receiving radiotherapy increased between 2007-2012 and
2013-2017 (from 39.1% to 60.3%; figure 2).

For patients with pathologically confirmed stage II
disease, there was no notable difference in the use of
surgery (alone or with adjuvant therapy) between 2007—
2012 and 2013-2017. In 2013-2017, among patients with
NSQ and SQ, respectively, 37.3% and 29.7% received
surgery alone and 21.6% and 17.6% received surgery
associated with (neo)adjuvant therapy (mostly adju-
vant SACT). Radiotherapy alone was the most common
treatment for patients with clinically diagnosed stage II
disease, with 30.9% treated in 2007-2012 compared with
45.5% in 2013-2017.

Among the patients diagnosed with pathologically
confirmed stage IIIA disease, the proportion receiving
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Figure 2 Initial treatment by TNM stage and time period (2007-2012 vs 2013-2017) in patients with NSQ, SQ or CDUP*".
*Time periods for receipt of initial treatment are based on the date of diagnosis during two consecutive time periods (January
2007-December 2012 and January 2013-August 2017). "Where analytical groups included fewer than five patients, percentages
are not shown as labels. CDUP, clinically diagnosed with unknown pathology; NSQ, non-squamous cell carcinoma; RT,
radiotherapy; SACT, systemic anticancer therapy; SQ, squamous cell carcinoma; TNM, tumour, node and metastasis.

SACT plus concurrent radiotherapy (chemoradiation)
increased to around one-third in 2013-2017. Some differ-
ences in the use of surgery were observed according to
histology. In 2013-2017, one-third of patients with NSQ
received surgery (surgery alone, 12.3%; surgery asso-
ciated with adjuvant therapy, 17.5%), and only around
15% of patients with SQ disease received surgery (mostly
surgery alone).

For patients diagnosed with stage IIIB or IV NSQ), initial
treatment with SACT (with or without radiotherapy)
increased between 2007-2012 and 2013-2017, largely as
the proportion of untreated patients decreased; it is likely
that some patients with stage IIIB disease received chemo-
radiation with curative intent. Treatment of patients with
stage IIIB or IV SQ disease remained similar between the
two time periods.

Patterns of SACT use in advanced NSCLG (stages 11IB-1V)

Of the 2119 patients diagnosed with stages IIIB-IV NSCLC
during the study period, 648 (30.6%) received a first
LoT, 223 (10.5%) received a second LoT and 60 (2.8%)
received a third LoT. Similar proportions of patients with
stages IIIB-IV NSQ and SQ received a first LoT (45.0%
and 45.5%, respectively). Higher proportions of patients
with stage IIIB or IV NSQ received second and third
LoTs (17.9% and 5.6%, respectively) compared with SQ
NSCLC (13.6% and 2.8%, respectively).

The most common first LoT regimens for patients
with stages IIIB-IV NSCLC were platinum-based chemo-
therapy doublets; in 2007-2012, carboplatin plus gemcit-
abine was the most common (39.9% of treated patients;
data not shown); in 2013-2017, carboplatin plus peme-
trexed was the most common (28.7% of treated patients;
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Table 2 First-line and second-line SACT in patients with stages IlIB-IV NSQ or SQ carcinoma*

NSQ sQ
First-line SACTT 2007-2012 2013-2017 2007-2012 2013-2017
Patients receiving first-line SACT, N 139 161 104 76
Platinum-based chemotherapy, n (%)% 109 (78.4) 119 (73.9) 97 (93.3) 73 (96.1)
Carboplatin based 93 (66.9) 78 (48.4) 88 (84.6) 68 (65.4)
Cisplatin based 11 (7.9) 33 (20.5) 9 (8.7) <5
Pemetrexed included 58 (41.7) 107 (77.0) <5 <5
Non-platinum-based chemotherapy, n (%) <5 0 <5 <5
TKI, n (%) 17 (12.2) 34 (21.1) 0 <5
Anti-PD-1/PD-L1 checkpoint inhibitors, n (%) 0 <5 0 <5
Clinical trial—unknown treatment, n (%) 8 (5.8) <5 5(4.8) 0
Second-line SACT§ 2007-2012 2013-2018 2007-2012 2013-2018
Patients receiving second-line SACT, N 53 66 31 23
Platinum-based therapy, n (%)+ <5 13 (19.7) 5(16.1) 8 (34.8)
Non-platinum-based chemotherapy, n (%) <5 7 (10.6) <5 <5
TKI, n (%) 47 (88.7) 31 (47.0) 23 (74.2) 6 (26.1)
Anti-PD-1/PD-L1 checkpoint inhibitors, n (%) 0 10 (15.2) 0 5(21.7)
Clinical trial—unknown treatment, n (%) 0 <5 0 0

*For some categories including low numbers of patients, data have been masked to conceal patient identities.

TTime periods for receipt of initial SACT are based on the date of diagnosis: January 2007-December 2012 and January 2013-August 2017.
FPlatinum based is defined as any regimen including a platinum agent (monotherapy or in combination) and is further defined as ‘carboplatin
based’, ‘cisplatin based’ (including regimens in which carboplatin and cisplatin were both used) and ‘pemetrexed included’ (any platinum-

based regimen also including pemetrexed).

§Time periods for receipt of second-line SACT are based on the start date for second-line treatment: January 2007-December 2012 and

January 2013-April 2018.

NSQ, non-squamous cell carcinoma; PD-1, programmed death-1; PD-L1, programmed death ligand 1; SACT, systemic anticancer therapy;

SQ, squamous cell carcinoma; TKI, tyrosine kinase inhibitor.

table 2). The proportions of patients with NSQ receiving
cisplatin-based and pemetrexed-based regimens increased
between 2007-2012 and 2013-2017 (table 2).

Among 119 patients with NSQ receiving a second LoT,
the most common treatment was a TKI (65.5%); however,
use of TKIs in second line decreased over time. Among
54 patients with SQ receiving a second LoT, the most
common treatment was also a TKI (53.7%); use of TKIs
in second line also decreased over time in this subcohort,
concomitant with an increase in use of platinum-based
chemotherapies. Given the late introduction of ICIs with
respect to the study cohort (January 2017), a relatively
small proportion of patients with stages IIIB-IV NSQ
and SQ received second-line treatment with an ICI in

2013-2018.

Duration of SACT treatment (stages llIB-IV)
For patients with stages IIIB-IV NSCLC who received
firstline platinum-based chemotherapy, treatment dura-
tion was similar over the analysis period. In 2013-2017,
the median (IQR) treatment duration was 2.8 (1.4-3.2)
months for patients with NSQ and 2.2 (1.4-2.8) months
for patients with SQ.

Among the small number of patients with stages IIIB—
IV NSQ who received a TKI in the first line, median

treatment durations were consistent over time at around
5 months. For patients with stages IIIB-IV NSCLC who
received a second LoT, the median (IQR) treatment
duration for those treated in 2013-2018 was 2.5 (1.4-5.4)
months for those with NSQ and 2.1 (1.4-2.4) months for
those with SQ.

Overall survival

0S over time (stages |, Il and llla)

For patients with stage INSQ, median (IQR) OS from diag-
nosis was 55.3 (24.8-98.5) months for those diagnosed in
2007-2012 and was not reached (NR; 34.2 months—NR)
for those diagnosed in 2013-2017; median OS increased
among patients with stage I SQ (from 37.3 (18.5-66.8) to
51.1 (32.6-NR) months) (figure 3A, online supplemental
appendix table S3). Median (IQR) OS for patients with
stage I NSCLC without pathological diagnosis increased
slightly from 16.7 (5.8-33.1) to 20.9 (8.0-40.3) months
between 2007-2012 and 2013-2017, respectively.

Median (IQR) OS for patients with stage II NSQ was
34.3 (10.6-80.0) months for those diagnosed in 2007-
2012 and 26.4 (10.2-58.0) months for those diagnosed
in 2013-2017; in patients with stage II SQ, the respec-
tive median OS was 17.2 (8.6-58.2) and 19.9 (7.2-53.9)
months (figure 3B, online supplemental appendix table
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S3). For patients without pathological diagnosis and stage
IT disease, median (IQR) OS increased slightly from 8.9
(2.9-16.8) to 11.3 (5.4-26.9) months, respectively, over
the same periods.

Among patients with stage IIIA NSQ, median (IQR)
OS increased from 9.9 (6.5-38.6) months for those
diagnosed in 2007-2012 to 24.0 (10.6-NR) months for
those diagnosed in 2013-2017; median (IQR) OS also
increased among patients with stage IIIA SQ (from 10.7
(4.4-21.1) to 14.5 (8.4-36.0) months) (figure 3C, online
supplemental appendix table S3). Significant improve-
ment in l-year OS was observed in patients with NSQ,
which increased from 45% (33%—61%) to 74% (63%-—
87%). Median (IQR) OS among patients with stage ITIA
NSCLC without confirmed pathology remained low over
the study period at around 5 months.

0S over time (stages IlIB-1V)
Median OS and landmark OS rates for patients with stages
IIIB-IV NSQ or SQ were similar for those diagnosed in

2007-2012 and 2013-2017, with no notable changes over
time (figure 3D, online supplemental appendix table S3).
During both periods, less than 10% of patients with stages
IIIB-IV NSQ or SQ were alive 3 years after diagnosis.
Median OS for clinically diagnosed patients with stages
IIIB-IV NSCLC was 1.2 months for both time periods
(figure 3D, online supplemental appendix table S3).

DISCUSSION

These data from the REAL-Oncology database, part of
I-O Optimise, provide insight into NSCLC management
prior to the reimbursement of immunotherapies in the
UK. Over the analysis period (2007-2017, with follow-up
to 2018), most patients with NSCLC in this database
were diagnosed with advanced disease. This is consistent
with the overall proportion of patients with NSCLC and
available TNM staging diagnosed in England in 2017, of
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whom around 50% had stage IV disease,'® and with real-
world evidence across Europe from the same period.'” '*

Nevertheless, in our analysis, there was an 11.6%
increase in the proportion of patients diagnosed with stage
I NSCLC over 2010-2017. The Cancer Reform Strategy,
implemented in England in 2007, aimed to build on
advances made following the introduction of the NHS
Cancer Plan in 2000," which was designed to close the
survival gap for patients with cancer in England compared
with those in countries with similar healthcare systems.
The strategy further aimed to improve cancer prevention,
early diagnosis and patient management and led to the
establishment of the National Cancer Equality Initiative
(2008)*" and the National Awareness and Early Diag-
nosis Initiative (NAEDI)?' in collaboration with Cancer
Research UK (2008).* Consequently, the increased
proportion of patients diagnosed with stage I NSCLC in
the present analysis may partly reflect the impact of these
reforms on cancer diagnosis in England during the study
period. Notably, the proportion of patients diagnosed
with early-stage NSCLC in the REAL-Oncology database
was slightly higher than that reported for all lung cancers
in the 2017 National Audit for England (20% diagnosed
at stage I; 8% at stage IT)."°

At the time of our analysis, no national lung cancer
screening programme existed in the UK. However, a
pilot programme originally funded by NAEDI began in
Leeds in 2011 aiming to assess lung cancer outcomes
in response to a range of public health interventions.”
Consequently, between 2008-2010 and 2013-2015, there
was an 80.8% increase in community referrals for chest
X-rays and a significant stage shift in diagnosis, with an
8.8% increase in patients diagnosed at stages I and IT and
29.3% reduction in those diagnosed at stages IIT and IV.**
While these results are promising, lack of a concurrent
control population over the same period meant that the
relative contribution of other factors impacting diagnosis
could not be determined. Final results from the NELSON
Study reported a significant reduction in 10-year mortality
from lung cancer among male smokers who received
regular CT screening compared with those who did not.**
Similarly, the large US National Lung Screening Trial
reported a 20% decreased risk of death from lung cancer
among high-risk individuals screened with CT compared
with those screened with radiography.” These find-
ings support the introduction of a UK-wide lung cancer
screening programme, which could decrease the number
of patients diagnosed with advanced NSCLC. In addition
to the impact of screening, transition from the sixth to
the seventh edition of TNM classification for NSCLC in
2010 is likely to have impacted tumour staging at diag-
nosis,” as reported in Sweden and Denmark over the
same period based on national registries data (Ekman et
al’’). Specifically, in the seventh edition, tumour size cut-
offs for the T descriptor were revised and the importance
of pleural effusions and mediastinal invasion for the M
descriptor was acknowledged, resulting in the upstaging
of some tumours and the downstaging of others.

Consistent with National Audit data from England and with
real-world evidence from Europe, the largest proportion of
patients with available pathological data in the REAL-Oncology
database had NSQ, mostly adenocarcinoma.'® ' ** Our data-
base also allowed the identification of clinically diagnosed
patients who accounted for 34% of the analysis population and
tended to be older and have higher PS compared with those
with confirmed pathology.®’ These patients were either not
deemed suitable for treatment or had an early stage peripheral
tumour invisible on bronchoscopy and compromised respira-
tory function; therefore, biopsy confirmation was not justified
in either case. Our findings are consistent with an Interna-
tional Cancer Benchmarking Partnership study showing that
the rate of clinical diagnosis (ie, no pathological confirmation)
for lung cancer over 2004-2007 was higher in the UK (26.0%)
compared with Australia (14.4%), Canada (18.2%), Denmark
(13.5%), Norway (10.1%) and Sweden (5.2%).” Although the
National Lung Cancer Audit in England set a target of 75% for
pathological confirmation, there remains wide variation. For
example, Khakwani et alfound that the rates of pathologically
confirmed lung cancer in England varied widely according
to age, sex, PS, comorbidity and the method of referral to a
specialist. The two most important patient features were age
and PS, with less than 50% of patients aged =75 years with PS
>2 having a pathological confirmation.”’

Around 60% of analysed patients received at least one
treatment, consistent with the 2017 National Audit (59%)
for all lung cancers in England.”® The initial treatment
rate declined sequentially with increasing disease stage,
a pattern previously observed in Europe.'” There was a
notable increase in the proportion of patients with stage
I NSCLC who received surgery alone, possibly due to the
aforementioned pilot programme in Leeds during that
time. In England and Wales, the proportion of patients
undergoing resection for histologically confirmed
NSCLC increased from 14% in 2008 to 22% in 2012. This
may reflect both improvements in earlier diagnosis and
changes in surgical practice.”” **°

The proportion of patients with clinically diagnosed
NSCLC receiving radiotherapy alone increased markedly,
concomitant with a decrease in the proportion of untreated
patients. This may reflect the increased use of stereotactic
body radiation therapy as an alternative to surgery for
patients with early-stage disease and contraindications for
surgery. There was also a notable increase in the use of
chemoradiation for patients with stage IIIA NSCLC over
the study period, similar to reports from other European
population-based studies.'” ** This followed the publication
of data from several clinical trials, as well as a meta-analysis,
demonstrating a significant survival benefit with concom-
itant versus sequential chemoradiation for patients with
locally advanced NSCLC.”” Additionally, advances in staging
procedures, such as the use of positron emission tomog-
raphy (PET)-CT, have enabled the identification of stage III
patients with low nodal involvement who may benefit from
chemoradiation.™

The observed changes in treatment patterns among
patients with stages I-IIJA NSCLC in the REAL-Oncology
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database were mirrored by changes in survival. Survival
outcomes for patients diagnosed with stage I NSCLC tended
to improve over time. Again, the pilot screening programme
in Leeds and/or the increase in surgical interventions
among patients with NSQ and SQ and in radiotherapy use
in patients who were clinically diagnosed could have driven
these improvements. These findings are consistent with
marginal improvements in survival among patients diag-
nosed with early-stage NSCLC in England during the period
of our study.” Additionally, this may reflect the effects of
super staging, with the introduction of PET scanning and
endoscopic sampling of lymph nodes.” Improved survival
outcomes for patients diagnosed with stage IIIA NSCLC may
be related to the increased use of surgery with SACT or radio-
therapy and chemoradiation during the latter diagnostic
period. Furthermore, transition to the seventh edition of
TNM classification for NSCLC in 2010 may have influenced
subsequent treatment allocations and survival outcomes for
some patients.26

Changes in the recommended management of
advanced NSCLC in Europe from 2005, including the use
of pemetrexed as maintenance therapy in the firstline
setting for platinum-treated NSQ patients and the advent
of new TKIs for patients with EGFR and ALK mutations,
likely influenced the observed treatment patterns.* *!
Additionally, during the course of our study, some patients
with advanced NSCLC in England were granted access to
ICIs via the Early Access to Medicines Scheme,*” ** which
is reflected by the small proportions of patients who
received these treatments. Nevertheless, despite changes
in treatment patterns, there was little change in survival
outcomes for patients with advanced NSCLC during the
analysis period; the prognosis for these patients, particu-
larly those with SQ, remained poor. Indeed, less than 10%
of patients diagnosed with advanced NSCLC remained
alive 3 years after diagnosis. This is in contrast to reports of
temporal improvements in OS among patients with stage
IIIB/IV NSCLC based on registry data from Sweden and
Denmark over 2005-2015 (Ekman et a’), and a recent
study showing a decline in mortality due to NSCLC in the
USA over 2018-2016.** While previous real-world studies
have demonstrated similarly poor survival outcomes for
patients with stages IT[B and IV NSCLC,"”** survival rates
for patients with advanced lung cancer in the UK have
historically been low compared with other developed
countries. This has led to the implementation of several
healthcare reforms and initiatives since 2000, which have
so far made only limited progress at closing this survival
gap, as reflected here.”*

Despite some improvements in patient outcomes over
time, real-world estimates of OS among patients with
stage IIIB/IV NSCLC are often below those reported
in randomised controlled trials (RCTs). In a systematic
review of 23 RCTs published over 2001-2010 comparing
first-line chemotherapy for patients with stage IIIB/IV
NSCLC, median OS was 6.2—11.8 months for those with
SQ, 7.5-11.8 months for NSQ and 21.6-30.9 months for
EGFR+NSCLC."” These values are substantially higher

than the median OS reported here for patients with
advanced disease. Notably, median patient age was lower
in the RCTs at 56-67 years (vs 73 years in our analysis)
and the majority of patients had a PS of 1 (vs 35.4% of
patients with a PS 0-1 in our analysis). Thus, real-world
data from patients treated in routine clinical practice are
important to supplement clinical trial data, which may
overestimate real-world outcomes.*

The REAL-Oncology database represents an unselected
population, which is relevant to real-world practice and
enables robust analyses across numerous subgroups over
a long timeframe (>10 years). Furthermore, this data
source allowed the identification of clinically diagnosed
patients, a population not often captured and repre-
senting here more than one-third of patients with NSCLC.
However, the current study includes only data from Leeds
trust and may not be representative of clinical practice
elsewhere in England. Additionally, limited information
was available regarding radiotherapy at the time of this
analysis (date of administration, dose and type of radio-
therapy) and it was therefore neither possible to formally
differentiate palliative radiotherapy from radiotherapy
with curative intent nor to identify the use of stereotactic
ablative radiotherapy (SABR) in early-stage patients.
However, the increased use of radiotherapy over time in
early-stage patients with clinically diagnosed NSCLC was
almost certainly due to SABR, which was available in our
centre from May 2009. It is hoped that improvements
to the algorithm used and the subsequent availability of
more detailed data regarding radiotherapy will address
this limitation. It is also acknowledged that the follow-up
duration was relatively short, at 7 months, for patients
diagnosed at the end of the study period. Finally, data on
biomarkers and comorbidities were not available.

Our findings provide valuable insight into the real-
world treatment and survival outcomes for patients in the
preimmunotherapy era in Leeds and demonstrate that,
irrespective of changes in treatment patterns and against
a background of policy reforms, long-term survival for
patients diagnosed with metastatic NSCLC remains poor.
Future analyses from the REAL-Oncology database will
help evaluate the impact of new TKIs and ICIs on OS for
patients with NSCLC.
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