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Abstract
Background: Health care system–wide outcomes from routine treatment with erlotinib and gefitinib are incompletely
understood.
Objective: The aim of the study is to describe the effectiveness of erlotinib and gefitinib during the first decade of their
routine use for treating advanced epidermal growth factor receptor (EGFR) mutation-positive nonsquamous non–small cell
lung cancer in the entire cohort of patients treated in Aotearoa New Zealand.
Methods: Patients were identified, and data collated from national pharmaceutical dispensing, cancer registration, and
mortality registration electronic databases by deterministic data linkage using National Health Index numbers. Time-to-treat-

JMIR CANCER Aye et al

https://cancer.jmir.org/2025/1/e65118 JMIR Cancer 2025 | vol. 11 | e65118 | p. 1
(page number not for citation purposes)

https://cancer.jmir.org/2025/1/e65118


ment discontinuation and overall survival were measured from the date of first dispensing of erlotinib or gefitinib and analyzed
by Kaplan-Meier curves. Associations of treatment outcomes with baseline factors were evaluated using univariable and
multivariable Cox regressions.
Results: Overall, 752 patients were included who started treatment with erlotinib (n=418) or gefitinib (n=334) before October
2020. Median time-to-treatment discontinuation was 11.6 (95% CI 10.8‐12.4) months, and median overall survival was 20.1
(95% CI 18.1‐21.6) months. Shorter time-to-treatment discontinuation was independently associated with high socioeconomic
deprivation (hazard ratio [HR] 1.3, 95% CI 1.1‐1.5 compared to the New Zealand Index of Deprivation 1‐4 group), EGFR
L858R mutations (HR 1.3, 95% CI 1.1‐1.6 compared to exon 19 deletion), and distant disease at cancer diagnosis (HR 1.4,
95% CI 1.2‐1.7 compared to localized or regional disease). The same factors were independently associated with shorter
overall survival. Outcome estimates and predictors remained unchanged in sensitivity analyses.
Conclusions: Outcomes from routine treatment with erlotinib and gefitinib in New Zealand patients with advanced EGFR-
mutant nonsquamous non–small cell lung cancer are comparable with those reported in randomized trials and other health
care system–wide retrospective cohort studies. Socioeconomic status, EGFR mutation subtype, and disease extent at cancer
diagnosis were independent predictors of treatment outcomes in that setting.
Trial Registration: Australia New Zealand Clinical Trials Registry ACTRN12615000998549; https://www.anzctr.org.au/
Trial/Registration/TrialReview.aspx?id=368928&isReview=true
International Registered Report Identifier (IRRID): RR2-10.2196/51381

JMIR Cancer 2025;11:e65118; doi: 10.2196/65118
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Introduction
Lung cancer is the most common cause of cancer death in
the world today [1]. Most clinical presentations of lung cancer
are nonsquamous non–small cell lung cancer (NSCLC) [2].
Epidermal growth factor receptor (EGFR)–mutant nonsqua-
mous NSCLC was the first type of lung cancer identified with
an oncogenic driver that could be directly targeted by drug
treatment [3-5].

The treatment of advanced EGFR-mutant nonsqua-
mous NSCLC has evolved rapidly following the results
of randomized controlled trials demonstrating improved
progression-free survival. Initial randomized controlled trials
established the superiority of first-generation EGFR kinase
inhibitors, erlotinib and gefitinib, over platinum-doublet
chemotherapy [6-10]. Subsequent randomized controlled
trials established the superiority of second- and third-genera-
tion EGFR kinase inhibitors, including afatinib, dacomitinib,
osimertinib, aumolertinib, and lazertinib, over those first-
generation inhibitors [11-15]. Other randomized controlled
trials compared erlotinib or gefitinib given alone or in
combination with bevacizumab, ramucirumab, or chemother-
apy [16-20]. In the 15 aforementioned randomized controlled
trials, a total of 2257 patients with advanced EGFR-mutant
nonsquamous NSCLC were allocated erlotinib or gefitinib
monotherapy in control or experimental treatment arms. In
those erlotinib or gefitinib monotherapy treatment arms,
median progression-free survival ranged from 8.0 to 13.3
months. These clinical trial data provide a point of reference
against which real-world studies of outcomes from treatment
with erlotinib or gefitinib can be compared.

To fully understand outcomes from treatment with
erlotinib and gefitinib in the setting of routine care, large-
scale observational studies are required in addition to the
extensive data already available from randomized controlled

trials. Randomized controlled trials may have overestima-
ted the benefits [21], and underestimated the harms [22],
associated with the routine use of erlotinib and gefitinib.
Compared to participants in randomized controlled trials,
patients presenting for routine treatment with erlotinib
or gefitinib are older, are of non-Asian ethnicity, have
more comorbidities, have poorer performance status, and
more often have brain metastasis. Randomized controlled
trials have not evaluated many factors potentially impact-
ing treatment outcomes, such as socioeconomic status. To
improve their generalizability and avoid bias, observational
studies of real-world outcomes from treatment with erlotinib
and gefitinib could include all patients treated within a whole
health care system or nation rather than being limited to
those from 1 or a few institutions. To aid comparisons to
clinical trial data, those observational studies could evalu-
ate progression-free survival or proxies of progression-free
survival rather than just overall survival, which is strongly
influenced by factors other than treatment with erlotinib or
gefitinib.

Only since 2019 have large-scale nationwide or health
care system–wide studies reported real-world outcomes from
routine treatment with erlotinib and gefitinib in patients
with advanced EGFR-mutant NSCLC from Canada [23], the
United States [24], Taiwan [25,26], Poland [27], Finland [28],
and the Netherlands [29,30]. Among those aforementioned
studies, 5 studies [24-28] reported progression-free survival
or proxies of progression-free survival, such as time-to-treat-
ment failure. In those 5 studies, median progression-free
survival or its proxy ranged from 9.7 to 13.1 months. These
observational data provide a point of reference against which
other real-world studies of outcomes from treatment with
erlotinib or gefitinib can be compared.

Starting in 2010, erlotinib and gefitinib were introduced
into routine use in Aotearoa New Zealand for treating
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advanced lung cancer. The overall EGFR mutation positivity
among patients with nonsquamous NSCLC who were tested
was 22.5% in New Zealand [31]. To date, the effectiveness
of erlotinib and gefitinib in the general population of New
Zealand patients with lung cancer has not been described.
With this background, this study aimed to describe the
effectiveness of erlotinib and gefitinib during the first decade
of their routine use for the treatment of advanced EGFR-
mutant nonsquamous NSCLC in the entire cohort of patients
treated in New Zealand. The study also aimed to evaluate
associations between baseline factors and the effectiveness of
erlotinib and gefitinib in this real-world setting.

Methods
Study Design and Participants
This was a nationwide, population-based, observational,
data-linkage, retrospective cohort study that analyzed
routinely collected health and administrative electronic data.
The study group was a whole-of-population sample compris-
ing a single group of patients. Patients were eligible for
inclusion if they (1) were diagnosed with EGFR-mutant
lung cancer, (2) dispensed erlotinib or gefitinib first before
October 1, 2020, and (3) followed thereafter until death
or for at least 1 year. Patients were excluded from the
study if they had (1) erlotinib dispensed before January 1,
2014, or gefitinib dispensed before August 1, 2012, when
positive EGFR mutation test results became mandatory for
state-subsidized treatment; (2) no notification of a diagno-
sis of nonsquamous NSCLC in the New Zealand Cancer
Registry; or (3) an unactionable or unknown EGFR mutation
subtype.
Setting
From 2010 to 2020, New Zealand had a resident popula-
tion ranging from approximately 4.3 to 5.1 million people,
comprising predominately New Zealand European (70%),
Māori (17%), Asian (15%), and Pacific people (8%) [32] (the
total percent is greater than 100 because some people have
more than 1 self-reported ethnicity). New Zealand residents
were eligible for state-funded health care, including state-sub-
sidized prescription medicines. Starting in 2010, the EGFR
kinase inhibitor drugs erlotinib and gefitinib were introduced
into routine clinical use in New Zealand for lung cancer
treatment [33]. From October 1, 2010, to December 31,
2013, erlotinib was state-funded as a second-line treatment
for advanced NSCLC, initially without any requirement
for EGFR mutation testing. From August 1, 2012, gefiti-
nib was state-funded as a first-line treatment for advanced
EGFR-mutant NSCLC in New Zealand. On May 1, 2013,
the National Health Committee of the New Zealand Minis-
try of Health issued recommendations for EGFR mutation
testing in New Zealand, including testing of all patients
with nonsquamous NSCLC at diagnosis irrespective of stage
as part of standard pathology processes. From January 1,
2014, state funding for erlotinib was restricted to treating
advanced EGFR-mutant NSCLC in New Zealand. During the
first decade of routine use of erlotinib and gefitinib for lung

cancer treatment in New Zealand, from 2010 to 2020, no
other EGFR kinase inhibitor drugs were state-funded for use
in New Zealand. During the period of study, treatment with
erlotinib or gefitinib was provided by 10 public hospitals,
and EGFR mutation testing was provided by 3 pathology
laboratories in New Zealand.

Ethical Considerations
Ethics approval for this study was obtained from the New
Zealand Government Ministry of Health Northern B Health
and Disability Ethics Committee (reference 13/NTB/165/
AM02). As the research retrospectively analyzed routinely
collected data and did not involve direct contact with
patients, the participants were not able or required to give
informed consent by the ethics committee or governance
groups who approved the study. The study used the identi-
fiable data, which were password-protected, stored on the
secured University of Auckland managed drive, and only
accessible to the research team. The study was registered
(ACTRN12615000998549). A study protocol and results of a
validation substudy have been published [34].
Data Sources
Patients were identified, and data collated from
national electronic pharmaceutical dispensing (Pharmaceuti-
cal Information Database [PHARMs]), cancer registration
(New Zealand Cancer Registry), and mortality registration
(National Mortality Collection) databases. Individual-level
data on eligible cohort patients were compiled from these
national electronic health databases by deterministic data
linkage using each patient’s unique National Health Index
number. Additional data on eligible cohort patients were
sourced from regional laboratory test data repositories,
databases, and clinical records to determine the EGFR
mutation status. A validation substudy demonstrated the
feasibility and validity of using these national electronic
health databases as the main source of data for this study
[34].
Outcomes
The primary effectiveness outcome for this analysis was
time-to-treatment discontinuation. Prescribing guidelines
[35,36] recommend continuing daily treatment with erlotinib
or gefitinib until disease progression, as long as treatment is
safe and tolerable. In an analysis of randomized clinical trials
submitted to the Food and Drug Administration, time-to-treat-
ment discontinuation correlated well (r=0.91) with progres-
sion-free survival for patients with advanced EGFR-mutant
NSCLC treated with EGFR kinase inhibitor drugs [37].
Time-to-treatment discontinuation is also less affected by
subsequent cancer treatments and other factors that impact
overall survival. Time-to-treatment discontinuation thereby
reflects the duration of benefit from treatment with erlotinib
or gefitinib. Time-to-treatment discontinuation was defined
as the duration between the dates of the first dispensing and
the last treatment with erlotinib or gefitinib. The date of last
treatment with erlotinib or gefitinib was calculated by adding
the number of days erlotinib or gefitinib dispensed for at the
last dispensing to the date of the last dispensing, except when
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death occurred before the calculated date of last treatment, in
which case the date of last treatment was the date of death.
The secondary effectiveness outcome for this analysis was
overall survival, defined as the duration between the date of
first dispensing of erlotinib or gefitinib and death from any
cause. A validation substudy had demonstrated the feasibil-
ity and validity of these methodologies for determining the
outcomes of this study [34].
Variables
Baseline variables used for patient characterization included
age, sex, ethnicity, geographical region of residence, smoking
status, performance status, diagnosis year, NSCLC morphol-
ogy, basis of NSCLC diagnosis, disease extent at cancer
diagnosis, socioeconomic deprivation, rurality, comorbidity,
choice of erlotinib or gefitinib for initial treatment, and EGFR
mutation subtype. Socioeconomic deprivation was determined
by mapping domicile codes recorded in the New Zealand
Cancer Registry to the 2006 New Zealand Index of Depri-
vation and was categorized into deciles with 1 being the
least deprived and 10 being the most deprived [38]. Rurality
was determined using the same domicile codes applied to
Statistics New Zealand’s Urban/Rural profile [39]. Comorbid-
ity was assessed using a validated pharmacy-based comor-
bidity index for patients with cancer [40], modified for this
study as previously described [34]. Ethnicity was classified
into Asian, Māori, New Zealand European, or Pacific, and
prioritized ethnicity was used if a registration listed multiple
ethnicities (patients with more than 1 recorded ethnicity were
allocated to a single ethnic group in order of priority: Māori,
Pacific, Asian, and New Zealand European) [41]. EGFR
mutation variants were classified according to the system of
Koopman et al [42] into the following categories: (1) exon
19 deletion, (2) L858R, (3) uncommon actionable variant, (4)
exon 20 insertion, and (5) nonactionable or unknown variant.
Since EGFR mutation variant categories (4) and (5) were
unactionable with erlotinib or gefitinib, patients with those
variants were excluded from this study. A validation substudy
had demonstrated the feasibility and validity of the methodol-
ogies used for determining the variables used for this study
[34].
Literature Search
For comparing the results from this study to those
from randomized controlled trials and other retrospective
observational studies, a literature search was undertaken
using a combination of the following MeSH terms: “car-
cinoma, non-small-cell lung,” “ErbB receptors,” “erlotinib
hydrochloride,” “gefitinib,” “protein kinase inhibitors,” and
“mutation.” Observational studies were included in this
comparison if they were nationwide or health care sys-
tem–wide studies and reported progression-free survival,
or a proxy of progression-free survival, measured from
the commencement of treatment with erlotinib or gefitinib
[24-28]. Institution-based studies [43] and those not report-
ing progression-free survival or a proxy of progression-free
survival [23,29,30] were excluded from these comparisons.

Statistical Analysis
Descriptive statistics were used to analyze the demographic
profile and baseline characteristics of the retrospective cohort.
Time-to-treatment discontinuation and overall survival were
analyzed by Kaplan-Meier curves, and survival differen-
ces between subgroups were assessed using log-rank tests.
Patients with no known dates of last treatment or death were
censored at the date of last follow-up of dispensing (June 30,
2022) or survival (May 7, 2022), respectively. To assess the
robustness of estimates of time-to-treatment discontinuation
and overall survival, sensitivity analyses were carried out
in an expanded study cohort (n=885) that included patients
with no registration of nonsquamous NSCLC and those
with unknown or nonactionable EGFR mutation subtypes,
except those with exon 20 insertions. Associations between
baseline factors and time-to-treatment discontinuation or
overall survival were evaluated by univariable and multivaria-
ble Cox regression models to compute hazard ratios and their
95% CIs and P values. Baseline factors selected for univari-
able and multivariable analyses included age, sex, disease
morphology, disease extent, EGFR mutation subtype, and
initial choice of EGFR kinase inhibitor drug, which had been
identified as independent predictors of outcomes in previ-
ous studies [44,45], and ethnicity, comorbidity, socioeco-
nomic deprivation, and residential status (urban vs or rural,
and region), which had not been previously evaluated in
the New Zealand patient population. There were complete
data for all those factors for all 752 cohort patients. Smok-
ing and Eastern Cooperative Oncology Group performance
status were excluded from the univariable and multivariable
analyses due to high levels of missing data (>50%). Missing
extent of disease at cancer diagnosis and ethnicity data were
included in univariable and multivariable analyses by adding
an unknown category for each of these variables comprising
<20% and <1% of patients, respectively. Otherwise, data
were complete for all other factors for all 752 patients.
Factors were selected for multivariable analyses if they
had statistically significant associations with the outcome
of interest on univariable analysis. To assess the robustness
of the findings of multivariable analyses, sensitivity analy-
ses were carried out using less stringent criteria for factor
inclusion. Differences were considered statistically signifi-
cant when P values were less than .05. Data analyses were
performed using Stata (version 16; StataCorp LLC).

Results
The assembly of the retrospective cohort and compilation
of study data from national electronic health databases was
carried out as shown in Figure 1. From the PHARMs, 1336
patients were identified who had been dispensed erlotinib
or gefitinib first between October 1, 2010, and Septem-
ber 30, 2020. A total of 418 of those patients were exclu-
ded because they were first dispensed erlotinib or gefitinib
before positive EGFR mutation test results became man-
datory for access to state-subsidized erlotinib or gefitinib
in New Zealand, leaving 918 potentially eligible patients.
From the New Zealand Cancer Registry, 16,516 patients

JMIR CANCER Aye et al

https://cancer.jmir.org/2025/1/e65118 JMIR Cancer 2025 | vol. 11 | e65118 | p. 4
(page number not for citation purposes)

https://cancer.jmir.org/2025/1/e65118


were identified with notifications of nonsquamous NSCLC
diagnoses made between January 1, 2010, and December 30,
2020. Of the 918 potentially eligible patients, 63 did not have
notifications of diagnoses of nonsquamous NSCLC recorded
in the New Zealand Cancer Registry and were excluded,
leaving 855 potentially eligible patients. Dates and causes
of death and hospitalizations and full dispensing informa-
tion for erlotinib, gefitinib, and concomitant medications
were compiled on those patients from the National Mortality
Collection, National Minimum Dataset (Hospital Events), and
PHARMs, respectively. EGFR mutation test results, smoking

status, and Eastern Cooperative Oncology Group perform-
ance status were then compiled from regional laboratory
test data repositories, databases, and clinical records. Of
855 potentially eligible patients, 103 patients had unaction-
able or unknown EGFR mutation variants, including 33
patients with EGFR exon 20 insertions, and were excluded.
Finally, 752 patients remained, who had been diagnosed with
EGFR-mutant nonsquamous NSCLC with actionable EGFR
mutation variants, and had started treatment with erlotinib or
gefitinib prior to October 2020 for inclusion in this study.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the assembly of the cohort and data collation. EGFR: epidermal
growth factor receptor.

The baseline characteristics of the retrospective 752 patient
cohorts are shown in Table 1. Their mean age was 67 (SD

12) years, and 67% (n=504) were female. About one-quarter
were Asian, half New Zealand European, one-quarter Pacific
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or Māori, and 1.1% (n=8) had other or unknown ethnicity.
Most had adenocarcinoma and EGFR exon 19 deletions or
L858R mutations. The extent of disease at cancer diagnosis
was available for only 604 (80.3%) patients, most of whom
had distant disease at cancer diagnosis. Smoking status was

available for only 301 (40.1%) patients, most of whom were
nonsmokers. Performance status was available for only 273
(36.6%) patients, most of whom had limited performance
status.

Table 1. Patient characteristics (N=752).
Values, n (%)

Age (years)a

<65 318 (42.3)
65+ 434 (57.7)

Sex
Male 248 (33)
Female 504 (67)

Ethnicity
Asian 190 (25.3)
Māori 73 (9.7)
New Zealand European 392 (52.1)
Pacific 89 (11.8)
Other and unknown 8 (1.1)

Region
Northern 355 (47.2)
Midland 103 (13.7)
Others 294 (39.1)

Smoking
Ex-smoker 108 (14.4)
Nonsmoker 160 (21.3)
Current smoker 33 (4.4)
Unknown 451 (59.9)

ECOGb performance status
Fully active (0) 124 (16.5)
Limited (1-4) 151 (20.1)
Unknown 477 (63.4)

Diagnosis year
2010‐2013 120 (16)
2014‐2016 285 (37.9)
2017‐2020 347 (46.1)

Morphology
Adenocarcinoma 662 (88)
Unspecified and other 90 (12)

Basis of diagnosis
Histology 459 (61)
Cytology 275 (36.6)
Other 18 (2.4)

Extent
Localized or regional 136 (18.1)
Distant 468 (62.2)
Unknown 148 (19.7)

Deprivation
NZDepc 1‐4 305 (40.6)
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Values, n (%)

NZDep 5‐7 218 (29)
NZDep 8‐10 229 (30.5)

Rurality
Urban 652 (86.7)
Rural 100 (13.3)

Comorbidity
No 190 (25.3)
Yes 562 (74.7)

EGFRd type
Exon 19 del 424 (56.4)
Exon 21 L858R 256 (34)
Uncommon or actionable 72 (9.6)

EGFR-TKIe

Gefitinib 334 (44.4)
Erlotinib 418 (55.6)

aMean age 67 (SD 12, range 24‐92) years.
bECOG: Eastern Cooperative Oncology Group.
cNZDep: New Zealand Index of Deprivation.
dEGFR: epidermal growth factor receptor.
eTKI: tyrosine kinase inhibitor.

At the date of the last dispensing follow-up (June 30, 2022),
treatment with erlotinib and gefitinib had been discontin-
ued in 724 (96.3%) patients and was continuing in 28
(3.7%) patients. Treatment was discontinued prior to death
in 618 patients and at the time of death in 103 patients.
Median time-to-treatment discontinuation was 11.6 (95% CI
10.8-12.4) months. The 1-, 2-, and 5-year rates of treatment
continuation were 47.3% (95% CI 34.7%-50.9%), 17.4%
(95% CI 14%-20.2%), and 3.4% (95% CI 2.2%-5.1%),
respectively. Sensitivity analysis in an expanded study cohort
(n=885) gave similar results for median time-to-treatment
discontinuation (11.1, 95% CI 10.1-11.8 months). Univari-
able analysis (Table 2) showed that shorter time-to-treat-
ment discontinuation was associated with socioeconomic

deprivation, EGFR L858R mutations, distant disease at
cancer diagnosis, and adenocarcinoma morphology. The
initial choice of EGFR kinase inhibitor (erlotinib or gefi-
tinib), age, sex, ethnicity, geographical region, year of
diagnosis, basis of diagnosis, rurality, and comorbidity
were not associated with time-to-treatment discontinuation
on univariable analysis. Multivariable analysis showed that
shorter time-to-treatment discontinuation was independently
associated with socioeconomic deprivation, EGFR L858R
mutations, and distant disease at cancer diagnosis (Table
2). Sensitivity analyses using less stringent criteria for
factor inclusion identified the same independent predictors
of time-to-treatment discontinuation (Table S3 in Multimedia
Appendix 1).

Table 2. Univariable and multivariable analysis of time-to-treatment discontinuation.
Univariable analysis Multivariable analysis
HRa (95% CI) P value HR (95% CI) P value

EGFRb-TKIc

Gefitinib 1.1 (1.0‐1.3) .07 —d —
Erlotinib 1.0 (—) — — —

Age (years)
<65 1.0 (0.9‐1.2) .63 — —
65+ 1.0 (—) — — —

Sex
Male 1.0 (0.8‐1.1) .74 — —
Female 1.0 (—) — — —

Ethnicity
Asian 0.9 (0.7‐1.0) .14 — —
Māori 1.1 (0.9‐1.4) .37 — —
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Univariable analysis Multivariable analysis
HRa (95% CI) P value HR (95% CI) P value

New Zealand European 1.0 (—) — — —
Pacific 1.0 (0.8‐1.2) .76 — —
Other and unknown 0.8 (0.4‐1.7) .58 — —

Region
Northern 1.0 (—) — — —
Midland 1.1 (0.9‐1.4) .45 — —
Others 1.0 (0.9‐1.2) .95 — —

Diagnosis year
2010‐2013 1.0 (0.8‐1.2) .92 — —
2014‐2016 0.9 (0.8‐1.1) .17 — —
2017‐2020 1.0 (—) — — —

Morphology
Adenocarcinoma 1.0 (—) — 1.0 (—) —
Unspecified and other 0.8 (0.6‐1.0) .04 0.9 (0.7‐1.1) .25

Basis of diagnosis
Histology 1.0 (—) — — —
Cytology 1.1 (0.9‐1.3) .29 — —
Other 0.9 (0.5‐1.4) .58 — —

Extent
Localized or regional 1.0 (—) — 1.0 (—) —
Distant 1.5 (1.2‐1.8) <.001 1.4 (1.2‐1.7) .001
Unknown 0.9 (0.7‐1.1) .38 0.9 (0.7‐1.1) .33

Deprivation
NZDepe 1‐4 1.0 (—) — 1.0 (—) —
NZDep 5‐7 1.2 (1.0‐1.5) .02 1.2 (1.0‐1.4) .06
NZDep 8‐10 1.3 (1.1‐1.6) .004 1.3 (1.1‐1.5) .005

Rurality
Urban 1.0 (—) — — —
Rural 1.1 (0.9‐1.4) .39 — —

Comorbidity
No 1.2 (1.0‐1.4) .11 — —
Yes 1.0 (—) — — —

EGFR type
Exon 19 deletion 1.0 (—) — 1.0 (—) —
Exon 21 L858R 1.3 (1.1‐1.5) .001 1.3 (1.1‐1.6) <.001
Uncommon or actionable 1.2 (0.9‐1.6) .17 1.3 (1.0‐1.6) .07

aHR: hazard ratio.
bEGFR: epidermal growth factor receptor.
cTKI: tyrosine kinase inhibitor.
dNot applicable.
eNZDep: New Zealand Index of Deprivation.

At the date of last survival follow-up (May 7, 2022), 614
(81.6%) patients had died, and 138 (18.4%) patients were
alive. Median overall survival was 20.1 (95% CI 18.1-21.6)
months. The 1-, 2-, and 5-year overall survival rates were
69.2% (95% CI 65.8%-72.4%), 43% (95% CI 37.4%-43.5%),
and 13.9% (95% CI 11.2%-17%), respectively. Sensitivity
analysis in an expanded study cohort (n=885) gave similar
results for median overall survival (19.4, 95% CI 17.8-21.2

months). Univariable analysis (Table 3) showed shorter
overall survival in association with socioeconomic depriva-
tion, EGFR L858R mutations, distant disease at cancer
diagnosis, initial choice of EGFR kinase inhibitor of gefitinib
(vsversus erlotinib), age >65 years, non-Asian ethnicity,
residence outside the Northern or Midlands regions, and
adenocarcinoma morphology. Sex, diagnosis year, basis of
diagnosis, rurality, and comorbidity were not associated
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with overall survival on univariable analysis. Multivariable
analysis showed that shorter overall survival was independ-
ently associated with socioeconomic deprivation, EGFR
L858R mutations, distant disease at cancer diagnosis, and

non-Asian or non-Pacific ethnicities (Table 3). Sensitivity
analyses using less stringent criteria for factor inclusion
identified the same independent predictors of overall survival
(Table S4 in Multimedia Appendix 1).

Table 3. Univariable and multivariable analysis of overall survival.
Univariable analysis Multivariable analysis
HRa (95% CI) P value HR (95% CI) P value

EGFRb-TKIc

Gefitinib 1.2 (1.0‐1.4) .02 1.2 (1.0‐1.4) .10
Erlotinib 1.0 (—d) — 1.0 (—) —

Age (years)
<65 0.9 (0.7‐1.0) .048 0.9 (0.7‐1.0) .14
65+ 1.0 (—) — 1.0 (—) —

Sex
Male 1.1 (0.9‐1.3) .48 — —
Female 1.0 (—) — — —

Ethnicity
Asian 0.7 (0.5‐0.8) <.001 0.7 (0.6‐0.9) <.001
Māori 1.2 (0.9‐1.5) .26 1.3 (1.0‐1.7) .05
New Zealand European 1.0 (—) — 1.0 (—) —
Pacific 0.8 (0.6‐1.0) .06 0.8 (0.6‐1.0) .046
Other and unknown 0.5 (0.2‐1.3) .15 0.5 (0.2‐1.3) .16

Region
Northern 1.0 (—) — 1.0 (—) —
Midland 1.2 (0.9‐1.5) .18 1.1 (0.8‐1.4) .57
Others 1.4 (1.1‐1.6) <.001 1.2 (1.0‐1.5) .06

Diagnosis year
2010‐2013 1.2 (0.9‐1.4) .24 — —
2014‐2016 1.0 (0.8‐1.2) .82 — —
2017‐2020 1.0 (—) — — —

Morphology
Adenocarcinoma 1.0 (—) — 1.0 (—) —
Unspecified and other 0.7 (0.6‐1.0) .02 0.9 (0.7‐1.2) .4

Basis of diagnosis
Histology 1.0 (—) — — —
Cytology 1.1 (0.9‐1.3) .41 — —
Other 1.4 (0.9‐2.3) .16 — —

Extent
Localized or regional 1.0 (—) — 1.0 (—) —
Distant 1.7 (1.4‐2.2) <.001 1.8 (1.4‐2.2) <.001
Unknown 1.0 (0.8‐1.3) .98 1.0 (0.7‐1.3) .82

Deprivation
NZDepe 1‐4 1.0 (—) — 1.0 (—) —
NZDep 5‐7 1.4 (1.2‐1.7) .001 1.3 (1.1‐1.6) .006
NZDep 8‐10 1.4 (1.1‐1.7) .001 1.4 (1.1‐1.7) .004

Rurality
Urban 1.0 (—) — — —
Rural 1.2 (1.0‐1.5) .11 — —

Comorbidity
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Univariable analysis Multivariable analysis
HRa (95% CI) P value HR (95% CI) P value

No 1.0 (0.9‐1.3) .67 — —
Yes 1.0 (—) — — —

EGFR type
Exon 19 deletion 1.0 (—) — 1.0 —
Exon 21 L858R 1.4 (1.2‐1.6) <.001 1.5 (1.2‐1.7) <.001
Uncommon or actionable 1.3 (1.0‐1.7) .09 1.2 (0.9‐1.6) .18

aHR: hazard ratio.
bEGFR: epidermal growth factor receptor.
cTKI: tyrosine kinase inhibitor.
dNot applicable.
eNZDep: New Zealand Index of Deprivation.

For the purpose of comparison of the results from this
study to the existing literature, our literature search identi-
fied 15 randomized controlled trials and 5 nationwide or
health care system–wide retrospective observational studies.
These randomized controlled trials showed that the median
progression-free survival for erlotinib and gefitinib monother-
apy treatment arms ranged from 8.0 to 13.3 months (Table
S1 in Multimedia Appendix 1). The retrospective observatio-
nal studies showed that the median progression-free survival,
or its proxy, ranged from 9.7 to 13.1 months, and the
median overall survival ranged from 17.5 to 23.9 months
(Table S2 in Multimedia Appendix 1). Our study reports
the results following the RECORD (Reporting of Studies
Conducted Using Observational Routinely-Collected Health
Data) statement checklist (Table S5 in Multimedia Appendix
1).

Discussion
Principal Findings and Comparison to
Prior Work
The outcomes from treatment with erlotinib and gefitinib
in this study of 752 patients with advanced EGFR-mutant
nonsquamous NSCLC, treated between 2010 and 2020 in
New Zealand, corresponded with those reported in random-
ized controlled trials and in other large-scale health care
system–wide retrospective cohort analyses. The median
time-to-treatment discontinuation of 11.6 months found in
this study paralleled the median progression-free survival
values reported for erlotinib and gefitinib monotherapy
treatment arms of 15 randomized controlled trials [6-20],
which ranged from 8.0 to 13.3 months (Table S1 in Multi-
media Appendix 1). It also paralleled the median progression-
free survival values, or its proxy, reported in other nationwide
or health care system–wide observational studies of similar
patient groups from elsewhere [24-28] (range of median
progression-free survival or proxy 9.7 to 13.1 months; Table
S2 in Multimedia Appendix 1). The median overall survival
of 20.1 months found in this study was also within the range
reported in other nationwide or health care system–wide
observational studies of similar patient groups [24-28] (range
of median overall survival 17.5 to 23.9 months; Table S2 in

Multimedia Appendix 1). In this way, this retrospective study
has confirmed that the therapeutic benefits expected from
erlotinib and gefitinib had been conveyed into the setting of
routine care in New Zealand.

EGFR mutation subtype was an independent predictor of
outcomes from treatment with erlotinib and gefitinib in this
study. Study patients were stratified according to whether
their tumors had exon 19 deletions (56%), L858R mutations
(34%), or other actionable EGFR mutations (10%). Compared
to those with exon 19 deletions, study patients with L858R
mutations had 30% and 50% increased risks of treatment
discontinuation and death, respectively, after commencing
treatment with erlotinib or gefitinib. This finding is con-
sistent with those of previous studies exploring outcomes
from erlotinib or gefitinib in similar patient groups [45].
EGFR mutation subtype may have impacted upon treat-
ment outcomes in this study via the higher pharmacologi-
cal potency of erlotinib and gefitinib for inhibiting exon 19
deletion EGFR oncoproteins compared to those associated
with L858R or other EGFR mutations [46,47].

Socioeconomic deprivation was an independent predictor
of outcomes from treatment with erlotinib and gefitinib in
this study. Study patients were stratified into groups with low
(41%), intermediate (29%), or high socioeconomic depriva-
tion (30%) based on their residential area. Compared to
the study patients from high socioeconomic areas, those
from low socioeconomic areas had 30% and 50%, and
those from intermediate socioeconomic areas had 20% and
30%, increased risks of treatment discontinuation and death,
respectively, after commencing treatment with erlotinib or
gefitinib. People from low socioeconomic areas are known
to have poorer outcomes from lung cancer due to more
limited access to screening and diagnostic services that lead
to delayed diagnoses and more advanced disease at pre-
sentation [48]. However, few previous studies have evalu-
ated the impacts of socioeconomic deprivation on outcomes
from treatment with erlotinib, gefitinib, or other systemic
anticancer therapies in patients with EGFR-mutant or other
forms of advanced lung cancer. A pooled analysis of SWOG
Cancer Research Network clinical trials showed significant
associations between socioeconomic deprivation and lower
progression-free survival, including in a subgroup of 1307
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patients with stage IV NSCLC treated with various plati-
num-based chemotherapy regimens in randomized clinical
trials [49]. Socioeconomic deprivation may have impacted
treatment outcomes in this study by limiting access to
health care during treatment with erlotinib and gefitinib,
directly via other yet to be defined mechanisms or indirectly
through correlated predictive factors not accounted for in
the multivariable analyses, such as smoking and perform-
ance status. Future studies should more closely evaluate the
impacts of socioeconomic deprivation on outcomes from the
treatment of advanced lung cancer.

Disease extent at cancer diagnosis was an independent
predictor of outcomes of treatment with erlotinib and gefitinib
in this study. Study patients were stratified according to
whether they had localized or regional (18%), distant (62%),
or unknown extent of disease (20%) at the time of notifica-
tion of their diagnosis of nonsquamous NSCLC to the New
Zealand Cancer Registry. Compared to those with localized
or regional disease extent, study patients with distant disease
at diagnosis had 40% and 80% increased risks of treat-
ment discontinuation and death, respectively, after commenc-
ing treatment with erlotinib or gefitinib. This finding was
consistent with previous studies demonstrating the negative
impacts of distant metastasis on outcomes from treatment
with erlotinib and gefitinib in similar patient groups [44].

Ethnicity was an independent predictor of overall survival,
but not of time-to-treatment discontinuation, in this study.
Study patients were categorized as Asian (25%), Māori
(10%), New Zealand European (52%), Pacific (12%),
or unknown or other ethnicity (1%). Time-to-treatment
discontinuation was unchanged among these different ethnic
groups when compared to New Zealand European group.
However, the risk of death was reduced by 20% and 30%,
respectively, in the Pacific and Asian groups but unchanged
in the other groups compared to New Zealand European.
Overall survival may have been impacted by ethnicity in
this study independently of the effectiveness of treatment
with erlotinib or gefitinib. Ethnicity may have impacted

overall survival indirectly through correlated factors, such as
smoking status, that vary between ethnic groups and influence
the risk of death [50].
Strengths and Limitations
The strengths of this study include its large population-based
sample, internal validity, national generalizability, and unique
patient cohort. Only 4 similar analyses [25-28] have included
all patients treated in an entire country as far as we are aware.
Limitations of the study include those inherent in retrospec-
tive study designs or in the use of routinely collected data.
The variables available for analysis were limited to those
collected routinely during pharmaceutical dispensing and
cancer and mortality registration. Some important variables
were unavailable or incomplete, such as smoking status,
performance status, and clinical stage of disease at the time
of commencing treatment with erlotinib and gefitinib, and
therefore could not be included in the multivariable analy-
sis. Socioeconomic deprivation was determined by residen-
tial area rather than at an individual level, which may have
introduced bias. The study did not evaluate the impact of
treatments other than erlotinib and gefitinib, which may
have influenced overall survival. Safety outcomes were not
included in this analysis but will be the subject of subsequent
reports.
Conclusions
Outcomes from treatment with erlotinib and gefitinib in this
New Zealand cohort of patients with advanced EGFR-mutant
nonsquamous NSCLC were comparable to those reported
in randomized controlled trials and other large-scale health
care system–wide retrospective cohort studies. This nation-
wide study thereby demonstrated that the therapeutic benefits
expected from erlotinib and gefitinib had been achieved in
the setting of routine care in New Zealand. In that setting,
socioeconomic status, EGFR mutation subtype, and disease
extent at cancer diagnosis were independent predictors of
treatment outcomes.

Acknowledgments
The authors thank the patients and their families for contributing to this study. This study has been funded by the Health
Research Council of New Zealand project (grant 19-450).
Data Availability
The datasets generated and analyzed during this study are not publicly available due to patient information being identifiable
but are available from the corresponding author on reasonable request. For ethics queries, please contact the Health and
Disability Ethics Committees at hdecs@health.govt.nz.
Authors’ Contributions
PSA, JB, GL, LC, MA, BL, SD, DH, STT, ME, PH, and MJM were involved in conceptualization and funding acquisition.
PSA and MJM were involved in validation, writing original draft, and visualization. GL, LC, ME, BL, SD, DH, BM, EB, JW,
RL, MA, and MJM were involved in data curation and supervision. JB, GL, and PH were involved in supervision. PSA, STT,
and ME were involved in formal analysis and methodology. All authors reviewed and edited the manuscript.
Conflicts of Interest
None declared.
Multimedia Appendix 1

JMIR CANCER Aye et al

https://cancer.jmir.org/2025/1/e65118 JMIR Cancer 2025 | vol. 11 | e65118 | p. 11
(page number not for citation purposes)

https://cancer.jmir.org/2025/1/e65118


Supplementary materials.
[PDF File (Adobe File), 801 KB-Multimedia Appendix 1]
References
1. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality

worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229-263. [doi: 10.3322/caac.21834] [Medline:
38572751]

2. Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung cancer. Lancet. Aug 7, 2021;398(10299):535-554. [doi:
10.1016/S0140-6736(21)00312-3] [Medline: 34273294]

3. Lynch TJ, Bell DW, Sordella R, et al. Activating mutations in the epidermal growth factor receptor underlying
responsiveness of non-small-cell lung cancer to gefitinib. N Engl J Med. May 20, 2004;350(21):2129-2139. [doi: 10.
1056/NEJMoa040938] [Medline: 15118073]

4. Paez JG, Jänne PA, Lee JC, et al. EGFR mutations in lung cancer: correlation with clinical response to gefitinib therapy.
Science. Jun 4, 2004;304(5676):1497-1500. [doi: 10.1126/science.1099314] [Medline: 15118125]

5. Pao W, Miller V, Zakowski M, et al. EGF receptor gene mutations are common in lung cancers from “never smokers”
and are associated with sensitivity of tumors to gefitinib and erlotinib. Proc Natl Acad Sci U S A. Sep 7,
2004;101(36):13306-13311. [doi: 10.1073/pnas.0405220101] [Medline: 15329413]

6. Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or chemotherapy for non-small-cell lung cancer with mutated
EGFR. N Engl J Med. Jun 24, 2010;362(25):2380-2388. [doi: 10.1056/NEJMoa0909530] [Medline: 20573926]

7. Mitsudomi T, Morita S, Yatabe Y, et al. Gefitinib versus cisplatin plus docetaxel in patients with non-small-cell lung
cancer harbouring mutations of the epidermal growth factor receptor (WJTOG3405): an open label, randomised phase 3
trial. Lancet Oncol. Feb 2010;11(2):121-128. [doi: 10.1016/S1470-2045(09)70364-X] [Medline: 20022809]

8. Zhou C, Wu YL, Chen G, et al. Erlotinib versus chemotherapy as first-line treatment for patients with advanced EGFR
mutation-positive non-small-cell lung cancer (OPTIMAL, CTONG-0802): a multicentre, open-label, randomised, phase
3 study. Lancet Oncol. Aug 2011;12(8):735-742. [doi: 10.1016/S1470-2045(11)70184-X] [Medline: 21783417]

9. Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus standard chemotherapy as first-line treatment for European
patients with advanced EGFR mutation-positive non-small-cell lung cancer (EURTAC): a multicentre, open-label,
randomised phase 3 trial. Lancet Oncol. Mar 2012;13(3):239-246. [doi: 10.1016/S1470-2045(11)70393-X] [Medline:
22285168]

10. Wu YL, Zhou C, Liam CK, et al. First-line erlotinib versus gemcitabine/cisplatin in patients with advanced EGFR
mutation-positive non-small-cell lung cancer: analyses from the phase III, randomized, open-label, ENSURE study. Ann
Oncol. Sep 2015;26(9):1883-1889. [doi: 10.1093/annonc/mdv270] [Medline: 26105600]

11. Park K, Tan EH, O’Byrne K, et al. Afatinib versus gefitinib as first-line treatment of patients with EGFR mutation-
positive non-small-cell lung cancer (LUX-Lung 7): a phase 2B, open-label, randomised controlled trial. Lancet Oncol.
May 2016;17(5):577-589. [doi: 10.1016/S1470-2045(16)30033-X] [Medline: 27083334]

12. Wu YL, Cheng Y, Zhou X, et al. Dacomitinib versus gefitinib as first-line treatment for patients with EGFR-mutation-
positive non-small-cell lung cancer (ARCHER 1050): a randomised, open-label, phase 3 trial. Lancet Oncol. Nov
2017;18(11):1454-1466. [doi: 10.1016/S1470-2045(17)30608-3] [Medline: 28958502]

13. Soria JC, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated EGFR-mutated advanced non-small-cell lung cancer. N
Engl J Med. Jan 11, 2018;378(2):113-125. [doi: 10.1056/NEJMoa1713137] [Medline: 29151359]

14. Lu S, Dong X, Jian H, et al. AENEAS: a randomized phase III trial of aumolertinib versus gefitinib as first-line therapy
for locally advanced or metastatic non-small-cell lung cancer with EGFR exon 19 deletion or L858R mutations. J Clin
Oncol. Sep 20, 2022;40(27):3162-3171. [doi: 10.1200/JCO.21.02641] [Medline: 35580297]

15. Cho BC, Ahn MJ, Kang JH, et al. Lazertinib versus gefitinib as first-line treatment in patients with EGFR-mutated
advanced non-small-cell lung cancer: results from LASER301. J Clin Oncol. Sep 10, 2023;41(26):4208-4217. [doi: 10.
1200/JCO.23.00515] [Medline: 37379502]

16. Seto T, Kato T, Nishio M, et al. Erlotinib alone or with bevacizumab as first-line therapy in patients with advanced non-
squamous non-small-cell lung cancer harbouring EGFR mutations (JO25567): an open-label, randomised, multicentre,
phase 2 study. Lancet Oncol. Oct 2014;15(11):1236-1244. [doi: 10.1016/S1470-2045(14)70381-X] [Medline: 25175099]

17. Nakagawa K, Garon EB, Seto T, et al. Ramucirumab plus erlotinib in patients with untreated, EGFR-mutated, advanced
non-small-cell lung cancer (RELAY): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. Dec
2019;20(12):1655-1669. [doi: 10.1016/S1470-2045(19)30634-5] [Medline: 31591063]

18. Saito H, Fukuhara T, Furuya N, et al. Erlotinib plus bevacizumab versus erlotinib alone in patients with EGFR-positive
advanced non-squamous non-small-cell lung cancer (NEJ026): interim analysis of an open-label, randomised,
multicentre, phase 3 trial. Lancet Oncol. May 2019;20(5):625-635. [doi: 10.1016/S1470-2045(19)30035-X] [Medline:
30975627]

JMIR CANCER Aye et al

https://cancer.jmir.org/2025/1/e65118 JMIR Cancer 2025 | vol. 11 | e65118 | p. 12
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=cancer_v11i1e65118_app1.pdf
https://jmir.org/api/download?alt_name=cancer_v11i1e65118_app1.pdf
https://doi.org/10.3322/caac.21834
http://www.ncbi.nlm.nih.gov/pubmed/38572751
https://doi.org/10.1016/S0140-6736(21)00312-3
http://www.ncbi.nlm.nih.gov/pubmed/34273294
https://doi.org/10.1056/NEJMoa040938
https://doi.org/10.1056/NEJMoa040938
http://www.ncbi.nlm.nih.gov/pubmed/15118073
https://doi.org/10.1126/science.1099314
http://www.ncbi.nlm.nih.gov/pubmed/15118125
https://doi.org/10.1073/pnas.0405220101
http://www.ncbi.nlm.nih.gov/pubmed/15329413
https://doi.org/10.1056/NEJMoa0909530
http://www.ncbi.nlm.nih.gov/pubmed/20573926
https://doi.org/10.1016/S1470-2045(09)70364-X
http://www.ncbi.nlm.nih.gov/pubmed/20022809
https://doi.org/10.1016/S1470-2045(11)70184-X
http://www.ncbi.nlm.nih.gov/pubmed/21783417
https://doi.org/10.1016/S1470-2045(11)70393-X
http://www.ncbi.nlm.nih.gov/pubmed/22285168
https://doi.org/10.1093/annonc/mdv270
http://www.ncbi.nlm.nih.gov/pubmed/26105600
https://doi.org/10.1016/S1470-2045(16)30033-X
http://www.ncbi.nlm.nih.gov/pubmed/27083334
https://doi.org/10.1016/S1470-2045(17)30608-3
http://www.ncbi.nlm.nih.gov/pubmed/28958502
https://doi.org/10.1056/NEJMoa1713137
http://www.ncbi.nlm.nih.gov/pubmed/29151359
https://doi.org/10.1200/JCO.21.02641
http://www.ncbi.nlm.nih.gov/pubmed/35580297
https://doi.org/10.1200/JCO.23.00515
https://doi.org/10.1200/JCO.23.00515
http://www.ncbi.nlm.nih.gov/pubmed/37379502
https://doi.org/10.1016/S1470-2045(14)70381-X
http://www.ncbi.nlm.nih.gov/pubmed/25175099
https://doi.org/10.1016/S1470-2045(19)30634-5
http://www.ncbi.nlm.nih.gov/pubmed/31591063
https://doi.org/10.1016/S1470-2045(19)30035-X
http://www.ncbi.nlm.nih.gov/pubmed/30975627
https://cancer.jmir.org/2025/1/e65118


19. Hosomi Y, Morita S, Sugawara S, et al. Gefitinib alone versus gefitinib plus chemotherapy for non-small-cell lung
cancer with mutated epidermal growth factor receptor: NEJ009 study. J Clin Oncol. Jan 10, 2020;38(2):115-123. [doi:
10.1200/JCO.19.01488] [Medline: 31682542]

20. Noronha V, Patil VM, Joshi A, et al. Gefitinib versus gefitinib plus pemetrexed and carboplatin chemotherapy in EGFR-
mutated lung cancer. J Clin Oncol. Jan 10, 2020;38(2):124-136. [doi: 10.1200/JCO.19.01154] [Medline: 31411950]

21. Cramer-van der Welle CM, Peters BJM, Schramel FMNH, et al. Systematic evaluation of the efficacy-effectiveness gap
of systemic treatments in metastatic nonsmall cell lung cancer. Eur Respir J. Dec 2018;52(6):1801100. [doi: 10.1183/
13993003.01100-2018] [Medline: 30487206]

22. Novello S, Capelletto E, Cortinovis D, et al. Italian multicenter survey to evaluate the opinion of patients and their
reference clinicians on the “tolerance” to targeted therapies already available for non-small cell lung cancer treatment in
daily clinical practice. Transl Lung Cancer Res. Jun 2014;3(3):173-180. [doi: 10.3978/j.issn.2218-6751.2014.06.10]
[Medline: 25806297]

23. Lau SC, Chooback N, Ho C, Melosky B. Outcome differences between first- and second-generation EGFR inhibitors in
advanced EGFR mutated NSCLC in a large population-based cohort. Clin Lung Cancer. Sep 2019;20(5):e576-e583.
[doi: 10.1016/j.cllc.2019.05.003] [Medline: 31178389]

24. Li YL, Appius A, Pattipaka T, Feyereislova A, Cassidy A, Ganti AK. Real-world management of patients with
epidermal growth factor receptor (EGFR) mutation-positive non–small-cell lung cancer in the USA. PLoS ONE.
2019;14(1):e0209709. [doi: 10.1371/journal.pone.0209709]

25. Hsieh YY, Fang WT, Lo YW, Chen YH, Chien LN. Comparing the effectiveness of different EGFR-TKIs in patients
with EGFR mutant non-small-cell lung cancer: a retrospective cohort study in Taiwan. Int J Cancer. Aug 15,
2020;147(4):1107-1116. [doi: 10.1002/ijc.32841] [Medline: 31854456]

26. Chen PY, Wang CC, Hsu CN, Chen CY. Association of EGFR tyrosine kinase inhibitor treatment with progression-free
survival among Taiwanese patients with advanced lung adenocarcinoma and EGFR mutation. Front Pharmacol.
2021;12:720687. [doi: 10.3389/fphar.2021.720687] [Medline: 34434112]

27. Pluzanski A, Krzakowski M, Kowalski D, Dziadziuszko R. Real-world clinical outcomes of first-generation and second-
generation epidermal growth factor receptor tyrosine kinase inhibitors in a large cohort of European non-small-cell lung
cancer patients. ESMO Open. Nov 2020;5(6):e001011. [doi: 10.1136/esmoopen-2020-001011] [Medline: 33148621]

28. Manninen O, Puuniemi L, Iivanainen S, Arffman M, Kaarteenaho R, Koivunen JP. Treatment outcomes of non-small
cell lung cancers treated with EGFR tyrosine kinase inhibitors: a real-world cohort study. Acta Oncol. Dec 2,
2023;62(12):1854-1861. [doi: 10.1080/0284186X.2023.2274481]

29. Gijtenbeek RGP, Damhuis RAM, Groen HJM, van der Wekken AJ, van Geffen WH. Nationwide real-world cohort study
of first-line tyrosine kinase inhibitor treatment in epidermal growth factor receptor-mutated non-small-cell lung cancer.
Clin Lung Cancer. Nov 2020;21(6):e647-e653. [doi: 10.1016/j.cllc.2020.05.019] [Medline: 32636159]

30. Gijtenbeek RGP, Damhuis RAM, van der Wekken AJ, Hendriks LEL, Groen HJM, van Geffen WH. Overall survival in
advanced epidermal growth factor receptor mutated non-small cell lung cancer using different tyrosine kinase inhibitors
in the Netherlands: a retrospective, nationwide registry study. Lancet Reg Health Eur. Apr 2023;27:100592. [doi: 10.
1016/j.lanepe.2023.100592] [Medline: 36817181]

31. Aye PS, McKeage MJ, Tin Tin S, Khwaounjoo P, Elwood JM. Population-based incidence rates and increased risk of
EGFR mutated non-small cell lung cancer in Māori and Pacifica in New Zealand. PLOS ONE. 2021;16(5):e0251357.
[doi: 10.1371/journal.pone.0251357] [Medline: 33961689]

32. StatsNZ. URL: https://www.stats.govt.nz [Accessed 2025-01-07]
33. McKeage M, Elwood M, Tin Tin S, et al. EGFR mutation testing of non-squamous NSCLC: impact and uptake during

implementation of testing guidelines in a population-based registry cohort from Northern New Zealand. Target Oncol.
Oct 2017;12(5):663-675. [doi: 10.1007/s11523-017-0515-4] [Medline: 28699084]

34. Aye PS, Barnes J, Laking G, et al. Erlotinib or gefitinib for treating advanced epidermal growth factor receptor mutation-
positive lung cancer in Aotearoa New Zealand: protocol for a national whole-of-patient-population retrospective cohort
study and results of a validation substudy. JMIR Res Protoc. Jul 2, 2024;13:e51381. [doi: 10.2196/51381] [Medline:
38954434]

35. Prescribing information Tarceva (erlotinib) tablets. U.S. Food & Drug Administration. 2016. URL: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2016/021743s025lbl.pdf [Accessed 2025-01-16]

36. Prescribing information Iressa (gefitinib) tablets. U.S. Food & Drug Administration. 2021. URL: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2021/206995s004lbl.pdf [Accessed 2025-01-16]

37. Blumenthal GM, Gong Y, Kehl K, et al. Analysis of time-to-treatment discontinuation of targeted therapy,
immunotherapy, and chemotherapy in clinical trials of patients with non-small-cell lung cancer. Ann Oncol. May 1,
2019;30(5):830-838. [doi: 10.1093/annonc/mdz060] [Medline: 30796424]

JMIR CANCER Aye et al

https://cancer.jmir.org/2025/1/e65118 JMIR Cancer 2025 | vol. 11 | e65118 | p. 13
(page number not for citation purposes)

https://doi.org/10.1200/JCO.19.01488
http://www.ncbi.nlm.nih.gov/pubmed/31682542
https://doi.org/10.1200/JCO.19.01154
http://www.ncbi.nlm.nih.gov/pubmed/31411950
https://doi.org/10.1183/13993003.01100-2018
https://doi.org/10.1183/13993003.01100-2018
http://www.ncbi.nlm.nih.gov/pubmed/30487206
https://doi.org/10.3978/j.issn.2218-6751.2014.06.10
http://www.ncbi.nlm.nih.gov/pubmed/25806297
https://doi.org/10.1016/j.cllc.2019.05.003
http://www.ncbi.nlm.nih.gov/pubmed/31178389
https://doi.org/10.1371/journal.pone.0209709
https://doi.org/10.1002/ijc.32841
http://www.ncbi.nlm.nih.gov/pubmed/31854456
https://doi.org/10.3389/fphar.2021.720687
http://www.ncbi.nlm.nih.gov/pubmed/34434112
https://doi.org/10.1136/esmoopen-2020-001011
http://www.ncbi.nlm.nih.gov/pubmed/33148621
https://doi.org/10.1080/0284186X.2023.2274481
https://doi.org/10.1016/j.cllc.2020.05.019
http://www.ncbi.nlm.nih.gov/pubmed/32636159
https://doi.org/10.1016/j.lanepe.2023.100592
https://doi.org/10.1016/j.lanepe.2023.100592
http://www.ncbi.nlm.nih.gov/pubmed/36817181
https://doi.org/10.1371/journal.pone.0251357
http://www.ncbi.nlm.nih.gov/pubmed/33961689
https://www.stats.govt.nz
https://doi.org/10.1007/s11523-017-0515-4
http://www.ncbi.nlm.nih.gov/pubmed/28699084
https://doi.org/10.2196/51381
http://www.ncbi.nlm.nih.gov/pubmed/38954434
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/021743s025lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/021743s025lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/206995s004lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/206995s004lbl.pdf
https://doi.org/10.1093/annonc/mdz060
http://www.ncbi.nlm.nih.gov/pubmed/30796424
https://cancer.jmir.org/2025/1/e65118


38. Salmond C, Crampton P, Atkinson J. NZDep2006 Index of Deprivation. Department of Public Health, University of
Otago; 2007. URL: https://www.otago.ac.nz/wellington/otago020348.pdf [Accessed 2025-01-11]

39. An urban/rural profile. Statistics New Zealand. URL: https://datafinder.stats.govt.nz/layer/120965-urban-rural-2025/
[Accessed 2025-01-11]

40. Sarfati D, Gurney J, Stanley J, Lim BT, McSherry C. Development of a pharmacy-based comorbidity index for patients
with cancer. Med Care. Jul 2014;52(7):586-593. [doi: 10.1097/MLR.0000000000000149] [Medline: 24926705]

41. Ethicity data protocols: HISO 10001:2017 version 1.1. Health New Zealand: Te Whatu Ora. 2017. URL: https://www.
tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/HISO-10001-2017-Ethnicity-
Data-Protocols.pdf [Accessed 2025-01-11]

42. Koopman B, Cajiao Garcia BN, Kuijpers CCHJ, et al. A nationwide study on the impact of routine testing for EGFR
mutations in advanced NSCLC reveals distinct survival patterns based on EGFR mutation subclasses. Cancers (Basel).
Jul 20, 2021;13(14):3641. [doi: 10.3390/cancers13143641] [Medline: 34298851]

43. Inoue A, Yoshida K, Morita S, et al. Characteristics and overall survival of EGFR mutation-positive non-small cell lung
cancer treated with EGFR tyrosine kinase inhibitors: a retrospective analysis for 1660 Japanese patients. Jpn J Clin
Oncol. May 2016;46(5):462-467. [doi: 10.1093/jjco/hyw014] [Medline: 26977054]

44. Lin JJ, Cardarella S, Lydon CA, et al. Five-year survival in EGFR-mutant metastatic lung adenocarcinoma treated with
EGFR-TKIs. J Thorac Oncol. Apr 2016;11(4):556-565. [doi: 10.1016/j.jtho.2015.12.103] [Medline: 26724471]

45. Lee CK, Wu YL, Ding PN, et al. Impact of specific epidermal growth factor receptor (EGFR) mutations and clinical
characteristics on outcomes after treatment with EGFR tyrosine kinase inhibitors versus chemotherapy in EGFR-mutant
lung cancer: a meta-analysis. J Clin Oncol. Jun 10, 2015;33(17):1958-1965. [doi: 10.1200/JCO.2014.58.1736] [Medline:
25897154]

46. Mulloy R, Ferrand A, Kim Y, et al. Epidermal growth factor receptor mutants from human lung cancers exhibit
enhanced catalytic activity and increased sensitivity to gefitinib. Cancer Res. Mar 1, 2007;67(5):2325-2330. [doi: 10.
1158/0008-5472.CAN-06-4293] [Medline: 17332364]

47. Carey KD, Garton AJ, Romero MS, et al. Kinetic analysis of epidermal growth factor receptor somatic mutant proteins
shows increased sensitivity to the epidermal growth factor receptor tyrosine kinase inhibitor, erlotinib. Cancer Res. Aug
15, 2006;66(16):8163-8171. [doi: 10.1158/0008-5472.CAN-06-0453] [Medline: 16912195]

48. Johnson AM, Hines RB, Johnson JA, Bayakly AR. Treatment and survival disparities in lung cancer: the effect of social
environment and place of residence. Lung Cancer. Mar 2014;83(3):401-407. [doi: 10.1016/j.lungcan.2014.01.008]
[Medline: 24491311]

49. Unger JM, Moseley AB, Cheung CK, et al. Persistent disparity: socioeconomic deprivation and cancer outcomes in
patients treated in clinical trials. J Clin Oncol. Apr 20, 2021;39(12):1339-1348. [doi: 10.1200/JCO.20.02602] [Medline:
33729825]

50. Blakely T, Fawcett J, Hunt D, Wilson N. What is the contribution of smoking and socioeconomic position to ethnic
inequalities in mortality in New Zealand? Lancet. Jul 1, 2006;368(9529):44-52. [doi: 10.1016/S0140-6736(06)68813-2]
[Medline: 16815379]

Abbreviations
EGFR: epidermal growth factor receptor
HR: hazard ratio
NSCLC: non–small cell lung cancer
PHARMs: Pharmaceutical Information Database
RECORD: Reporting of Studies Conducted Using Observational Routinely-Collected Health Data

Edited by Naomi Cahill; peer-reviewed by Harissa H Hasbullah, Ronald A M Damhuis; submitted 06.08.2024; final revised
version received 24.11.2024; accepted 25.11.2024; published 03.03.2025

Please cite as:
Aye PS, Barnes J, Laking G, Cameron L, Anderson M, Luey B, Delany S, Harris D, McLaren B, Brenman E, Wong J,
Lawrenson R, Arendse M, Tin Tin S, Elwood M, Hope P, McKeage MJ
Treatment Outcomes From Erlotinib and Gefitinib in Advanced Epidermal Growth Factor Receptor–Mutated Nonsquamous
Non–Small Cell Lung Cancer in Aotearoa New Zealand From 2010 to 2020: Nationwide Whole-of-Patient-Population
Retrospective Cohort Study
JMIR Cancer 2025;11:e65118
URL: https://cancer.jmir.org/2025/1/e65118
doi: 10.2196/65118

JMIR CANCER Aye et al

https://cancer.jmir.org/2025/1/e65118 JMIR Cancer 2025 | vol. 11 | e65118 | p. 14
(page number not for citation purposes)

https://www.otago.ac.nz/wellington/otago020348.pdf
https://datafinder.stats.govt.nz/layer/120965-urban-rural-2025/
https://doi.org/10.1097/MLR.0000000000000149
http://www.ncbi.nlm.nih.gov/pubmed/24926705
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/HISO-10001-2017-Ethnicity-Data-Protocols.pdf
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/HISO-10001-2017-Ethnicity-Data-Protocols.pdf
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/HISO-10001-2017-Ethnicity-Data-Protocols.pdf
https://doi.org/10.3390/cancers13143641
http://www.ncbi.nlm.nih.gov/pubmed/34298851
https://doi.org/10.1093/jjco/hyw014
http://www.ncbi.nlm.nih.gov/pubmed/26977054
https://doi.org/10.1016/j.jtho.2015.12.103
http://www.ncbi.nlm.nih.gov/pubmed/26724471
https://doi.org/10.1200/JCO.2014.58.1736
http://www.ncbi.nlm.nih.gov/pubmed/25897154
https://doi.org/10.1158/0008-5472.CAN-06-4293
https://doi.org/10.1158/0008-5472.CAN-06-4293
http://www.ncbi.nlm.nih.gov/pubmed/17332364
https://doi.org/10.1158/0008-5472.CAN-06-0453
http://www.ncbi.nlm.nih.gov/pubmed/16912195
https://doi.org/10.1016/j.lungcan.2014.01.008
http://www.ncbi.nlm.nih.gov/pubmed/24491311
https://doi.org/10.1200/JCO.20.02602
http://www.ncbi.nlm.nih.gov/pubmed/33729825
https://doi.org/10.1016/S0140-6736(06)68813-2
http://www.ncbi.nlm.nih.gov/pubmed/16815379
https://cancer.jmir.org/2025/1/e65118
https://doi.org/10.2196/65118
https://cancer.jmir.org/2025/1/e65118


© Phyu Sin Aye, Joanne Barnes, George Laking, Laird Cameron, Malcolm Anderson, Brendan Luey, Stephen Delany,
Dean Harris, Blair McLaren, Elliott Brenman, Jayden Wong, Ross Lawrenson, Michael Arendse, Sandar Tin Tin, Mark
Elwood, Philip Hope, Mark James McKeage. Originally published in JMIR Cancer (https://cancer.jmir.org), 03.03.2025.
This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work, first published in JMIR Cancer, is properly cited. The complete bibliographic information, a link to the original
publication on https://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR CANCER Aye et al

https://cancer.jmir.org/2025/1/e65118 JMIR Cancer 2025 | vol. 11 | e65118 | p. 15
(page number not for citation purposes)

https://cancer.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://cancer.jmir.org/
https://cancer.jmir.org/2025/1/e65118

	Treatment Outcomes From Erlotinib and Gefitinib in Advanced Epidermal Growth Factor Receptor–Mutated Nonsquamous Non–Small Cell Lung Cancer in Aotearoa New Zealand From 2010 to 2020: Nationwide Whole-of-Patient-Population Retrospective Cohort Study
	Introduction
	Methods
	Study Design and Participants
	Setting
	Ethical Considerations
	Data Sources
	Outcomes
	Variables
	Literature Search
	Statistical Analysis

	Results
	Discussion
	Principal Findings and Comparison to Prior Work
	Strengths and Limitations
	Conclusions



