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ABSTRACT

Background Almost half of all patients with non-small-cell lung cancer (NscLC) present with stage 1v disease.
The objective of the present study was to characterize treatment patterns and survival outcomes in patients with
advanced NSCLC.

Methods We conducted alongitudinal population-level study in patients diagnosed with stage Iv NSCLC in Ontario
between 1 April 2010 and 31 March 2015, with follow-up to 31 March 2017 for overall survival and treatment sequence.
Patients were stratified as nonsquamous or squamous histology. A sub-analysis was conducted for patients with
nonsquamous histology who received targeted therapies, on the assumption that their tumours were EGFR mutation—
positive (EGFRm+). Treatment patterns were determined, and survival was calculated from date of diagnosis to death
or censoring.

Results 0Of 24,729 nscrc cases identified, stage 1v disease was diagnosed in 49.2%, histology was nonsquamous in
10,103, and EGFRm+ was assumed in 508. Median patient age ranged from 69 to 72 years for the three cohorts. For
patients with nonsquamous histology, palliative radiotherapy was the most frequently used first-line treatment
(44.4%), followed by no treatment (26.7%) and chemotherapy (14.9%). In the EGFRm+ cohort, 75.6% received gefitinib
as first- or second-line therapy, and almost half (47.4%) the 473 patients with squamous histology treated with first-
line chemotherapy received cisplatin or carboplatin with gemcitabine. Median overall survival in the nonsquamous
and squamous cohorts was 4.9 and 4.6 months respectively; it was 17.6 months for patients who were EGFRm+.

Conclusions Survival of patients with stage IV NSCLC remains poor, with the exception of patients who are EGFRm-+.
Only 14.9% of patients received first-line chemotherapy; the mainstay of treatment was palliative radiotherapy.
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BACKGROUND

Lung cancer is the most commonly diagnosed cancer in
Canada. In 2020, approximately 29,800 new cases will be
diagnosed, with an estimated 21,200 deaths!. Of the in-
dividuals diagnosed, 80%—-85% have non-small-cell lung
cancer (NSCLC), and approximately 40% are diagnosed with
stage 1v disease?. Survival for patients with stage 1v disease
is poor, with 5-year survival rates ranging from 2% to 13%3.

Guidelines for the treatment of advanced NSCLC
continue to recommend either single-agent or doublet
platinum-based chemotherapy*-%, although the iden-
tification of driver mutations and the introduction of

www.current-oncology.com

molecularly targeted therapies are changing the treatment
paradigm’. In addition, immunotherapy has emerged as an
effective treatment strategy alone or in combination with
chemotherapy. Consequently, treatment options for this
patient population have increased markedly.

To select patients who would most likely benefit from
targeted therapies, guidelines from both the U.S. National
Comprehensive Cancer Network and the American Society
of Clinical Oncology recommend testing for biomarkers
such as EGFR, ALK, BRAF, ROS1, and PD-L1 in all patients
withadvanced nonsquamous NscLc®®. First-generation epi-
dermal growth factor receptor (EGFR) tyrosine kinase inhib-
itors (TKIs) such as gefitinib and erlotinib provide short-term
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benefits®, but better therapies are needed because tumour
resistance typically emerges after afew months on-therapy.
Second-generation TKIs have been associated with modest
improvements in progression-free or overall survival (0s)
in patients positive foran EGFR mutation (EGFRm+). Osim-
ertinib, a third-generation EGFR 1K1, has been associated
with significantly longer progression-free survival than
is seen with either gefitinib or erlotinib (18.9 months vs.
10.2 months)1°.

Checkpointinhibitors are a new class ofimmunother-
apy agents that provide an effective clinical response in
some patients with lung cancer, either through the PD-1 or
PD-L1 protein'"2. As aresult, nivolumab and atezolizumab
are approved in Canada for patients with high expression
of PD-1 and PD-L1!3-15,

The objective of the present retrospective longitudinal
cohort study was to understand treatment patterns in pa-
tients with stage IvNscLC in Ontario at the population level
and the associated stage-specific survival.

METHODS
Study Design

This retrospective longitudinal cohort study considered
patients with stage 1v NscLC diagnosed in Ontario between
1 April 2010 and 31 March 2015, with follow-up to March
2017. The code C34 in the International Classification of
Diseases for Oncology, 3rd edition (icD), was used to identify
cases with a diagnosis of NscLC in the Ontario Cancer Reg-

istry; histologic subtypes were determined from relevant
morphology codes!S. Patients with a second primary cancer
3 years before or after the NscLcC diagnosis, patients who
diedless than 2 weeks after their NscLC diagnosis, and those
who did not have a valid oHIP (Ontario Health Insurance
Plan) number or ICES key number were excluded. Patients
were then stratified by disease stage (those with an un-

known stage were excluded). Patients with stage 1vdisease
were further stratified into nonsquamous and squamous
histologies (icD codes 80703-80783). A subgroup analysis
explored endpoints in the EGFRm+ group (identified by
receipt of a targeted therapy such as gefitinib, afatinib, or
erlotinib), regardless of stage at diagnosis. No other agents
were funded for EGFRm+ cases by the Ontario public health
system, and therefore EGFRm-+ cases in which other agents
were used were excluded from the analysis. Treatment pat-

terns were reported up to the end of third-line treatment.

Data Sources

Ontario is thelargest Canadian province, with a population
of 14 million, and it provides publicly funded health care
services through the oHIP, with patient-level data accessible
through theices Data and Analytic Services. For our study, a
cohort of patients with stage 1vNscLC was created, and each
individual patient in the cohort was linked to applicable
health administrative datasets to obtain data relating to
the trajectory of their care through the health system over
time. Linkages were made to 12 provincial or national data-
sets: Activity Level Reporting (ALR), the Continuing Care
Reporting System, the Home Care Database, the Hospital
Discharge Abstract Database, the National Ambulatory

Care Reporting System, the National Rehabilitation Report-
ing System, the New Drug Funding Program, the Ontario
Cancer Registry, the Ontario Drug Benefit (0DB) Program,
the oHIP Schedule of Benefits, the Ontario Mental Health
Reporting System, and the Registered Persons Database.
Systemic treatment data for oral treatments were obtained
from ALR, the New Drug Funding Program, and the oDs for-
mulary. Intravenous systemic chemotherapies, which are
newer and expensive, are funded by Ontario Health (Cancer
Care Ontario) [0H(cco0)] through the New Drug Funding
Program, provided that patients meet eligibility criteria.
Datarelated to older systemic therapies, particularly older
intravenous chemotherapy agents and all radiotherapy are
recorded in ALR. The oDB formulary includes all oral anti-
cancer drugs and a wide range of supportive care drugs (for
example, analgesics and antiemetics) prescribed to patients
65 years of age and older. Information about cancer clinic
visits was collected through a combination of the ALR and
the National Ambulatory Care Reporting System datasets.
The oHIP database includes data about physician visits and
medical or diagnostic procedures. Inpatient rehabilitation
admissions for respiratory and exercise rehabilitation are
reported in the National Rehabilitation Reporting System.
The Registered Persons Database contains demographic
information for all individuals registered with oHip (for
example, date of birth, date of death).

All outcomes are reported at an aggregate level. Comor-
bidity data were collected using two methods: score on the
Charlson comorbidity index, which includes 17 conditions
tracked using International Statistical Classification of Dis-
eases and Related Health Problems diagnostic codes during
inpatient hospitalizations for the 5 years before the NscLC
diagnosis'’, and the Johns Hopkins (Baltimore, MD, U.S.A.)
Aggregated Diagnosis Groups (ADGs), which include 32
conditions derived from diagnostic codes recorded during
outpatient health system encounters 2 years before the Ns-
cLc diagnosis'®. The ADGs were also assigned to a simplified
morbidity category called “predicted resource utilization
bands.” Amean score of 0 indicates no comorbidities; how-
ever, the higher the mean score, the more likely the patient
is to incur high resource utilization or to die.

Ethics

This study obtained approval from the Research Ethics
Board at Sunnybrook Health Sciences Centre.

Statistical Methods

Descriptive statistics are used to summarize patient
characteristics and treatment patterns. Single-agent and
doublet or combination chemotherapy regimens are both
reported as “chemotherapy.” Radiotherapy was assumed
to be palliative. Chemoradiotherapy was recategorized as
chemotherapy. Patients who received targeted therapies
such as afatinib, erlotinib, or gefitinib were categorized as
EGFRm+, being that those agents were the only targeted
agents funded in the Ontario public system at the time
of analysis. Patients were categorized as having had no
treatment ifno treatment was reported or if the patient died
beforereceiving any treatment. The time from the stop date
of first- or second-line treatment to the start of second- or
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third-line treatment was set at 6 weeks or more based on
consensus for the analysis plan. The Kaplan-Meier method
was used to calculate os from the date of diagnosis to the
date of death or to the last date of follow-up, and results
were stratified by the type of first-line treatment used for
stage Ivnonsquamous or squamous disease. The log-rank
test identified differences in 0s between the treatment or
tumour histology type groups.

RESULTS

Cohorts and Baseline Characteristics

Based on the relevant icb diagnostic codes, 24,729 indi-
viduals were diagnosed with NscLc. Of that group, 49.2%
(n = 12,159) had stage 1v disease, with 83.1% (n = 10,103)
having nonsquamous histology, 16.9% (n = 2056) having
squamous histology, and 508 being classified as EGFRm+.
AsTable1shows, median age was comparable for all groups
and ranged from 69 to 72 years. A greater proportion of
men had squamous histology (65.1%) than nonsquamous
histology (50.7%). Inline with the published literature, the
EGFRm+ group contained a higher proportion of women
(61.2%). Mean score on the Charlson comorbidity index
ranged from 0.6 to 1.2 in the groups. Although that score

was lowest in the EGFRm+ population, the ADG score was
comparable for all groups, ranging from 7.5 to 8.1. About
95% of each cohort showed a moderate to very high level
ofhealth careresource utilization in the 2 years before the
NscLc diagnosis, suggesting that they were “sicker” patients.
Ofall patients with stage IV disease and of those with non-
squamous histology, 44.3% and 43.6% respectively were
categorized into the two lowest income quintiles; fewer
patients in the EGFRm+ group (38.2%) were so categorized.
Notably, patients with squamous histology had the highest
health care resource utilization and were categorized into
the lowest income quintiles.

Treatment Patterns
Nonsquamous Histology

Table 11 shows that almost 15% of patients with stage 1v
nonsquamous NSCLC received first-line chemotherapy, a
percentage that increased slightly to 19% in the second
and third lines. In the first line, the greatest percentage
of patients received either no treatment (26.7%) or pal-
liative radiotherapy (44.4%). Of the 1506 patients with
nonsquamous histology who were treated with first-line
chemotherapy, 1074 (71.3%) received platinum-based
doublet chemotherapy: cisplatin or carboplatin with either

TABLE I Baseline characteristics for patients with stage IV non-small-cell lung cancer

Variable Patient cohort
Overall Nonsquamous Squamous EGFR
mutation—positive

Patients (n) 12,159 10,103 2,056 508
Age (years)

Median 69 69 72 70

IQR 62-77 61-77 64-79 63-77
Sex [n (%)]

Women 5,694 (46.8) 4,976 (49.3) 718 (34.9) 308 (61.2)

Men 6,465 (53.2) 5,127 (50.7) 1,338 (65.1) 195 (38.8)
Mean score on the CCl 1.0+1.5 0.9+1.5 1.2+1.7 0.6+1.2
Mean ADGs? (n) 7.6+3.7 7.5+3.6 7.8+3.7 8.1+3.4
Predicted RUB [n (%)]

Non users 216 (1.8) 182 (1.8) 34 (1.7) 1-5b

Healthy users 153 (1.3) 131 (1.3) 22 (1.1) 1-5P
Resource utilization [n (%)]

Low 487 (4.0) 425 (4.2) 62 (3.0) 13 (2.6)

Moderate 4,984 (41.0) 4,215 (41.7) 769 (37.4) 210 (41.7)

High 3,556 (29.2) 2,931 (29.0) 625 (30.4) 174 (34.6)

Very high 2,763 (22.7) 2,219 (22.0) 544 (26.5) 98 (19.5)
Census-based income quintile® [n (%)]

1 (lowest) 2,713 (22.4) 2,207 (22.0) 506 (24.8) 98 (19.6)

2 2,650 (21.9) 2,175 (21.6) 475 (23.3) 93 (18.6)

3 2,381 (19.7) 1,985 (19.7) 396 (19.4) 103 (20.6)

4 2,295 (19.0) 1,938 (19.3) 357 (17.5) 104 (20.8)

5 (highest) 2,057 (17.0) 1,749 (17.4) 308 (15.1) 101 (20.2)

2 Johns Hopkins, Baltimore, MD, U.S.A.
b Value less than 5 suppressed because of data use agreement.
¢ Excludes patients with unknown income quintile values.

IQR = 25%-75% interquartile range; CCl = Charlson comorbidity index; ADG = Aggregated Diagnosis Groups; RUB = resource utilization band.
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TABLE Il  Treatment distribution by line of therapy, stratified by histology

Treatment Histology group [n (%)]
Nonsquamous Squamous
First line Second line Third line First line Second line
(n=10,103) (n=7,238) (n=3,467) (n=2,056) (n=1,469)

Chemoradiation 1,110 (11.0) 469 (6.5) 199 (5.7) 234 (11.4) 59 4.0

Chemotherapy 1,506 (14.9) 1,434 (19.8) 663 (19.1) 239 (11.6) 209 (14.2)

Radiotherapy 4,483 (44.4) 1,168 (16.1) 532 (15.3) 1,029 (50.0) 245 (16.7)

Targeted therapy 305 (3.0) 323 (4.5) 210 (6.1) 15 (1.0)

554 (26.9)?

No treatment 2,699 (26.7) 3,844 (53.1) 1,863 (53.7) 941 (64.1)
2 Results merged. One treatment type with a value <6 required suppression because of the data use agreement.
gemcitabine (51.3%), pemetrexed (20.3%), or paclitaxel £0.35
(15.1%). Of the 1434 patients with nonsquamous histology 60.0% =
treated with second-line chemotherapy, pemetrexed was i 497%
the most frequently prescribed treatment (44.4%). Of the "
663 patients with nonsquamous histology treated with 40.0%
third-line chemotherapy, 56.6% received pemetrexed. Of
patients with nonsquamous histology, 3.0% received an 20.0%

. . . - 24.6% 23.5%
EGFRTKIin the firstline, and proportionately more received
such an agent in the second and third lines (4.5% and 20.0% e
6.1% respectively). o 11:8% 10.6%
10.0% B 6.6%
EGFRm+ Population ]
0.0% — !

Although 305 patients with stage Ivnonsquamous disease : L2 L2
received first-line targeted therapy, the subgroup analys1s m Chemotherapy mTargeted therapy wRadiotherapy — mNo treatment

of patients classified EGFRm+ was expanded to include all
patients with nonsquamous histology, regardless of stage
at diagnosis, who received targeted therapy (n = 508).
Gefitinib was the most frequently used agent; the distri-
bution of first-line gefitinib, erlotinib, and afatinib in the
expanded cohortwas 75.6%, 19.7%, and 4.7% respectively.
Figure 1 presents the various types of treatments received
in the second (n =501) and third lines (n = 302). Of the 249
patients who did not receive any second-line treatment
(49.7%), most died before receiving treatment (n = 197). For
those who did receive additional therapy, chemotherapy
was the treatment most frequently received in both the
second line (24.6%) and third line (23.5%).

Squamous Population

Only 239 of the 2056 patients with squamous histology
(11.6%) were treated with first-line chemotherapy (Table 11),
and of those 239, 120 received cisplatin or carboplatin with
gemcitabine. In the 209 patients treated with second-line
chemotherapy, docetaxel was the most frequently used
treatment (30.0%). Third-line treatment information was
not analyzed.

Survival

In the overall cohort of 12,159 patients with stage ivdisease,
11,509 deaths occurred, and 650 patients were censored.
The median 0s (mos) for all patients with stage 1v disease
was 4.8 months [95% confidence interval (cI): 4.7 months
to 5.0 months]. For patients with nonsquamous and squa-
mous histology [Figure 2(A)], the mos was 4.9 months (95%
CI: 4.7 months to 5.0 months) and 4.6 months (95% cI: 4.4

FIGURE 1 Treatment distribution in the second line (2L) and third line
(3L) for patients with a positive EGFR mutation status.

months to 5.1 months) respectively. At 5 years, 3.7% of
patients with stage 1v disease overall, 3.7% of those with
nonsquamous histology, and 3.5% of those with squamous
histology were still alive.

In the cohort of 8608 patients with nonsquamous
histology, 8172 deaths occurred, and 436 patients were
censored [Figure 2(B)]. Those who received an EGFR TKI
had the best median survival at 17.6 months (95% cr1: 15.8
months to 20.2 months), followed by those treated with
chemotherapy (12.1 months; 95% c1: 11.4 months to 12.8
months) and radiotherapy (3.9 months; 95% c1: 3.8 months
to 4.1 months). Patients who received no active treatment
had the poorest survival, at a median of 2.2 months (95%
cr: 2.1 months to 2.3 months). Of the patients with non-
squamous histology, 12.9% of those who received targeted
therapy, 5.2% of those who received chemotherapy, 2.7%
ofthose who received radiotherapy, and 2.4% of those who
received no treatment were still alive at 5 years.

Inthe cohort of 1704 patients with squamous histology,
1648 deaths occurred, and 56 patients were censored [Fig-
ure 2(C)]. Those who received chemotherapy had the best
survival, atamedian of 11.1 months (95% c1: 9.6 months to
12.4 months), followed by those treated with radiotherapy
(3.9 months; 95% cI: 3.6 months to 4.1 months). Patients
who received no active treatment had the poorest surviv-
al, at a median of 2.3 months (95% cI: 2.0 months to 2.6
months). Of the patients with squamous histology, 5.9%
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FIGURE 2 Overall survival curves. (A) In stage IV nonsquamous and squamous disease. (B) In nonsquamous disease stratified by patient’s first-line
treatment. (C) In squamous disease stratified by patient’s first-line treatment. (D) In patients with a positive EGFR mutation status.

of those who received chemotherapy, 2.0% of those who
received radiotherapy, and 2.6% of those who received no
treatment were still alive at 5 years.

In the cohort of patients classified EGFRm+ who were
stage 1v at diagnosis and who received first-line targeted
therapy, 0s from initial treatment was 17.6 months [Fig-
ure 2(D)]. In patients who survived and received second-
line treatment, mos at initiation of second-line treatment
was 5.3 months (95% cI: 4.2 months to 6.8 months).

DISCUSSION

Our retrospective study provides a population-based
real-world perspective about how patients with stage 1v
lung cancer were managed in Ontario. The study period
provided data concerning some of the more recent practice
changes affecting lung cancer and also sufficient time to
assess the survival associated with those treatments. Im-
portantly, the study timeframe pre-dates the introduction
ofimmunotherapy and the newer targeted treatments that
are transforming NSCLC management. Payers in publicly
funded health care systems increasingly require infor-
mation about the clinical benefit, cost-effectiveness, and

potential budget impacts of new cancer treatments. By
understanding real-world treatment patterns, estimating
the economic burden of the new immuno-oncology or
targeted agents for advanced NscLC will be easier.

One of the key observations from our study is that only
a small proportion of patients received any active treat-
ment, and only about one quarter received systemic thera-
py. The fact that most patients with stage 1v NSCLC received
no active treatment has been observed by others!9-2%, The
percentage varies by country, with the rate of no treatment
ranging from as high as 50% in Ireland'® and 43% in Scot-
land?° to as low as 20% in the United States?!. Our rate of
no treatment (no systemic or palliative radiotherapy) was
26.7% for nonsquamous and 26.9% for squamous NSCLC.
The reasons for those low rates of active treatment are not
fully explained by the administrative data and might be
hypothesized to reflect the older median age of our study
cohort compared with clinical trial cohorts. Others have
noted that elderly patients are less likely to be considered
for systemic therapy for NscLc?8. Patients in our cohort had
several comorbidities, judging from their high (29.2%) or
very high (22.7%) resource utilization and their high me-
dian ADG score of 7.6 + 3.7, reflecting high use of outpatient
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health care services in the 2 years preceding their diag-
nosis. Many patients also resided in lower-income areas,
which might have resulted in barriers to care access even
in a publicly funded health care system.

Clinical practice guidelines for advanced (stage 1v)
NSscLC from OH(ccO) recommend platinum-based doublet
chemotherapy as the standard of care for newly diagnosed
patients who do not have an actionable mutation®. For those
with amutation that can be targeted (such as EGFR, ALK, or
ROSI), a k1 is the standard of care*. Our study found that
only 28.9% (n = 2921) of patients with nonsquamous NSCLC
received any type of first-line systemic therapy. Most of the
systemic therapywas chemotherapy, only 3.0% of which was
attributable to EGFr-targeted therapies, reflecting the fund-
ing status of those agents at the time of treatment. When
chemotherapy was used, it was a platinum-based doublet
in 71.3% of cases. For the 19.8% of patients with nonsqua-
mous histology who received second-line chemotherapy
(n =1438), pemetrexed was used as a single agent in 44.4%
of cases. In an earlier study, Sacher and colleagues?? also
observed a low rate of chemotherapy use in 8113 Ontario
patients with metastatic NScLC during 2005-2009. Only 24%
of their cohort received first-line chemotherapy, with 89%
of that group receiving platinum-based doublet chemother-
apy, 41% of whom received second-line pemetrexed. Their
results, coupled with findings in our study, suggest that,
during the period from 2005 to 2015, the initial treatment
approach to metastatic NscLC did not change significantly.

The stigma associated with a diagnosis of lung cancer
might lead patients to be passive about accepting treat-
ment, and their physicians might have a negative bias
toward the treatment of lung cancer. Vinod and colleagues
in Australia®* reported that differences between “guide-
line recommended no treatment” and “multidisciplinary
meeting no treatment” were largely attributable to patient
comorbidities and clinical factors, but that differences be-
tween “multidisciplinary meeting no treatment” and “ac-
tual no treatment” were attributable to patient preference
and declining performance status. In Ontario, rurality and
distance to health care institutions that provide systemic
chemotherapy administration could be a factor contribut-
ing to low first-line treatment rates.

A few limitations of this study can be noted. The ad-
ministrative databases do not collect certain data elements
that might clarify the reasons for no active treatment, such
as performance status, weight loss, and clinical disease
characteristics (such as tumour size and location) that
might also have prognostic significance. Another limit-
ation is the possibility that the use of targeted therapies
might be underreported, given that data for the use of
oral therapy has been underreported in the ALR database,
and the oDB reimburses patients for the use of such agents
only if they are 65 years of age or older, or receiving social
assistance. Younger patients have to pay for oral therapies
through private insurance or out of pocket, and so the rel-
evant utilization information is not available in provincial
administrative databases.

In our study, osin the stage Ivnonsquamous and squa-
mous populations remained poor (the mos being 4.9 and
4.6 months respectively), and only 3.7% survived 5 years.
Sacher and colleagues?? stratified their metastatic NSCLC

cohort by whether they received first-line chemotherapy.
For those treated with first-line chemotherapy in our
study (n = 1944), the mos was 8.2 months compared with
12.1 months. Both values fall within the 8- to 12-month
range that Leighl reported in a 2012 overview of first-line
chemotherapy results?’. Nonetheless, in our study, patients
who received first-line targeted therapies experienced the
longest survival.

CONCLUSIONS

Our study underscores the need for new and effective
therapies, with limited toxicities, that can be prescribed
to most patients. Immunotherapies and agents that tar-
get various actionable mutations are showing promising
results, with less toxicity than chemotherapy and longer
progression-free survival and o0s. In estimating the propor-
tion of patients who could benefit from the new therapies,
it will be useful to know the proportion of patients who
would qualify for active treatment. In our study period, that
proportion was remarkably low. Less-toxic therapies will be
more acceptable to patients, and improved treatment out-
comes will overcome therapeutic nihilism and encourage
more physicians to refer patients for treatment. Periodic up-
dates of practice patterns will be necessary to observe the
rate of uptake of new therapies and to provide data about
real-world clinical effectiveness and economic impact.
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