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Abstract
Introduction: Non-small cell lung cancer (NSCLC) is increasingly regarded as a heterogeneous group of diseases de�ned by speci�c
gene mutations. Previous studies reported inconsistent results regarding the in�uence of epidermal growth factor receptor (EGFR)
mutations on overall survival. This study assesses the effect of EGFR mutation on overall survival, and how the effects of other
survival predictors are modi�ed by EGFR mutation status, in non-squamous NSCLC patients.

Methods: The study was based on a population-based cohort of 1534 non-squamous NSCLC patients who were registered in
northern New Zealand between 1 February 2010 and 31 July 2017. Kaplan-Meier analyses and log-rank tests were performed to
assess the overall survival among different patient groups. Cox regression survival analyses were used to explore the associations
between clinico-pathological factors and overall survival in terms of EGFR mutation status. The factors included were age at
diagnosis, sex, ethnicity, smoking status, performance status, metastasis status and site of tumour.

Results: In this cohort, 20.2% had an EGFR mutation. The median overall survival was 0.79 years and 2.81 years in EGFR mutation-
negative and mutation-positive groups respectively (log-rank p<0.0001). Metastasis status showed large and signi�cant effects on
overall survival in both EGFR mutation-negative and mutation-positive groups (hazard ratio, HR=3.6 and 3.3, respectively). In
subgroup analyses by mutation status and metastasis status, overall survival decreased with an increase in age and decrease in
performance status, and was lower in current smokers in all subgroups. In speci�c groups, females had lower survival only if
mutation-positive; Māori had lower survival compared to NZ Europeans only if the disease was metastatic; and tumour site had
signi�cant effects on overall survival only in patients without metastasis.

Conclusion: EGFR mutation status and metastasis are the main predictors for overall survival in non-squamous NSCLC patients in
northern New Zealand. The effects of age, smoking status and performance status are similar in all subgroups, but the effects of
sex, ethnicity and site of tumour vary depending on EGFR mutation and metastasis status. 

Introduction
Lung cancer is a rapidly progressive disease with a poor 5-year overall survival rate of 15.3% in New Zealand 1. Non-small cell lung
cancer (NSCLC), which accounts for 85% of all lung cancer cases 2, is a heterogeneous group of diseases, and mutation pro�les
indicate different optimal management pathways and disease prognoses 3. Detection of an epidermal growth factor receptor
(EGFR) mutation in non-squamous NSCLC patients predicts sensitivity to a targeted therapy with EGFR tyrosine kinase inhibitors
(EGFR-TKIs), such as ge�tinib and erlotinib, conferring better progression free survival (PFS) compared to chemotherapy 4−11. Lee et
al. concluded, based on the systematic review of seven major clinical trials including 1649 NSCLC patients with sensitising EGFR
mutations, that the PFS was signi�cantly prolonged in patients treated with EGFR-TKI 12.

Although clinical trials resulted in better PFS with EGFR-TKI treatment, PFS has shown discrepancies with overall survival outcomes
in both magnitude and direction in many studies, perhaps due to the confounding effects of crossover and post-trial treatments on
overall survival 13. In a review of a wider scope of 192 studies of cancer treatments, not limited to NSCLC and EGFR-TKIs,
comparing targeted as well as non-targeted therapies, there were major discrepancies in the direction and magnitude of change in
PFS and overall survival 14. Overall survival depends not only on PFS but also on post-progression survival, and uses death, a
de�nitive event at a precise date, while PFS relies on periodical assessments to detect the progression, which will be imprecise 14.
Thus, overall survival could be a more informative endpoint for patient bene�t.

Previous studies used various factors to estimate the overall survival of advanced NSCLC patients. Signi�cant predictors
commonly reported were histological type, stage of tumour, age, smoking status and performance status of patients 15−20. Some
studies integrated treatment information 18,21, and some included radiological (such as CT image features) 16 and haematological
(such as white blood cell count, haemoglobin level) 15,16 information.

Although the disease outcome may signi�cantly be different depending on the EGFR mutation status, there has been limited
research that investigated the overall survival of advanced NSCLC patients with a focus on the EGFR mutation status 20−22. To our
knowledge, only one Taiwanese study presented separate nomograms for predicting 1-year and 2-year overall survival in EGFR
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mutation-positive and -negative patients 21. These models indicated signi�cant differences in 1-year and 2-year overall survival in
the two groups, with most other predictors having similar effects.

No studies have been done in a New Zealand context regarding factors affecting overall survival in NSCLC patients based on EGFR
mutation status. We therefore explored the associations of demographic and clinico-pathological factors with overall survival in a
population-based series of New Zealand patients with non-squamous NSCLC and compared the associations and overall survival
outcomes between EGFR mutation-positive and -negative patients.

Methods

Patient data
This study was based on all non-squamous NSCLC patients registered in northern New Zealand, which includes four contiguous
district health board (DHB) regions, from 1 February 2010 to 31 July 2017 (total population 3815). We identi�ed eligible patients
from the New Zealand Cancer Registry (NZCR), and extracted information on age, sex, ethnicity, date of diagnosis, morphology, site
and extent of the disease. The NZCR is a national population-based cancer registry that registers all primary cancers (excluding
squamous and basal cell skin cancers) diagnosed in New Zealand 23. We then linked the data using the national health index (NHI)
to individual patient medical records to obtain information on smoking status and performance status and to update the date of
death data, and to the TestSafe database to obtain EGFR mutation test results. TestSafe is a laboratory and radiology results
sharing service, contributed to by the DHBs in northern New Zealand 24.

EGFR mutations were tested by the Roche Cobas® real-time PCR test 25 and/or Agena MassARRAY OncoFOCUS™ 26. The
performance of these two tests had been validated in our previous study 27. EGFR mutations that are sensitive to EGFR-TKIs (i.e.
LREA (exon 19 deletion), L858R, G719X, L861Q) 28 were regarded as EGFR mutation positive in this study. If the test was repeated
giving different results, the positive result was taken.

The ethical approval for this research had been obtained from the Northern B Health and Disability Ethics Committee, New Zealand.

Statistical analysis
The analysis included 1534 eligible patients derived from the cohort of 3815 non-squamous NSCLC patients (Fig. 1). Excluded were
patients diagnosed by death certi�cate, autopsy or an unknown method (261), those not tested for EGFR mutation (1861), and
those with missing data on performance status or smoking information (159).

All the relevant patient demographic and clinico-pathological factors available in our dataset were included in the analysis such as
age at diagnosis, gender, ethnicity, smoking status, performance status, metastasis status, tumour site, and mutation status.
Performance status was measured by the Eastern Cooperative Oncology Group (ECOG) score of 0–5: the lower the score, the better
the performance 29. Disease extent was categorised into disease with metastasis (labelled ‘met1’ in graphs) involving those with
distant metastasis of the disease at diagnosis, and disease without metastasis (met0) involving those with local tumours, regional
spread, or unknown extent of the disease. The associations between each factor and EGFR mutation status were investigated using
chi-squared tests.

Overall survival was measured from the date of diagnosis to the date of death with the 31st of May 2018 as a censored date for
surviving patients. A Kaplan-Meier analysis was performed to estimate the overall survival of the patient cohort. Log-rank tests were
observed to determine the differences in overall survival among different subgroups of patients.

Multivariable Cox proportional hazards regression analyses were performed to assess the associations of demographic and clinico-
pathological factors with overall survival. In post-hoc proportional hazards (PH) assumption test for the whole cohort analysis, the
assumptions were not met for mutation and metastasis variables. Therefore, analyses were performed in two subgroups de�ned by
EGFR mutation status (mutation 1 & 0), as well as for four subgroups de�ned by EGFR mutation status (mutation 1 & 0) and
metastasis status (met 1 & 0). Although the PH assumptions remained unmet in the mutation-negative model, there was little
change in effect estimates with analysis containing interactions with time 30,31, thus we present the simpler analysis without time
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varying covariates. The HRs were compared using the ratios of the two HRs 32. The effects were shown in terms of hazard ratios
(HRs) with their 95% con�dence intervals. A p-value of 0.05 two-sided was regarded as the level of statistical signi�cance in this
study. Statistical analyses were done using Stata 16.

Results

Patient characteristics
Of the 1534 non-squamous NSCLC patients, 310 (20.2%) had EGFR mutations (Table 1). Patients were predominantly 70–79 years
old (33.8%), females (55.9%), of NZ European ethnicity (58.6%) followed by NZ Māori (14.9%), and ex-smokers (51.8%). Most
frequently, patients had performance status 0 (44.8%), no metastasis (53%), and an upper lobe tumour (51.8%).
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Table 1
Demographic, clinical and pathological characteristics of patients with non-squamous NSCLC

    Total EGFR mutation (-) EGFR mutation (+)  

    N (%) N (%) N (%) p-value

Total   1534 (100) 1224 (100) 310 (100)  

Age at diagnosis       0.131

  < 50 year 100 (6.52) 76 (6.21) 24 (7.74)  

  50–59 year 252 (16.43) 200 (16.34) 52 (16.77)  

  60–69 yr 483 (31.49) 404 (33.01) 79 (25.48)  

  70–79 year 519 (33.83) 405 (33.09) 114 (36.77)  

  >=80 year 180 (11.73) 139 (11.36) 41 (13.23)  

Gender       < 0.001

  Male 677 (44.13) 575 (46.98) 102 (32.9)  

  Female 857 (55.87) 649 (53.02) 208 (67.1)  

Ethnicity       < 0.001

  NZ European 899 (58.6) 765 (62.5) 134 (43.23)  

  NZ Maori 228 (14.86) 208 (16.99) 20 (6.45)  

  Paci�c 170 (11.08) 124 (10.13) 46 (14.84)  

  Asian 217 (14.15) 114 (9.31) 103 (33.23)  

  Other & Unknown 20 (1.3) 13 (1.06) 7 (2.26)  

Smoking status       < 0.001

  Current smoker 361 (23.53) 334 (27.29) 27 (8.71)  

  Ex-smoker 794 (51.76) 686 (56.05) 108 (34.84)  

  Non-smoker 379 (24.71) 204 (16.67) 175 (56.45)  

Performance status       0.059

  PS0 687 (44.78) 530 (43.3) 157 (50.65)  

  PS 1 566 (36.9) 461 (37.66) 105 (33.87)  

  PS 2–5 281 (18.32) 233 (19.04) 48 (15.48)  

Distant metastasis       0.033

  Non-distant 813 (53) 632 (51.63) 181 (58.39)  

  Distant 721 (47) 592 (48.37) 129 (41.61)  

Site         0.15

  Main bronchus 70 (4.56) 62 (5.07) 8 (2.58)  

  Upper lobe 794 (51.76) 635 (51.88) 159 (51.29)  

  Middle lobe 87 (5.67) 65 (5.31) 22 (7.1)  

  Lower lobe 399 (26.01) 310 (25.33) 89 (28.71)  
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    Total EGFR mutation (-) EGFR mutation (+)  

  Overlapping or unspeci�ed 184 (11.99) 152 (12.42) 32 (10.32)  

Mutation status        

  Negative 1224 (79.79)      

  Positive 310 (20.21)      

For the patients without EGFR mutation, 53% were females, 9.3% were Asians, and 16.7% were non-smokers (Table 1). As for the
patients with EGFR mutation, 67% were females, 33% were Asians, and 56.5% were non-smokers. The distributions of other factors
were similar in both groups, such as age, performance status, metastasis, and tumour site. The associations of EGFR mutation
status with sex, ethnicity, smoking status and metastasis status were statistically signi�cant (Table 1).

Overall survival by mutation status and metastasis
The median overall survival time was 1.1 (95%CI: 0.97–1.24) years in the whole cohort (Fig. 2A). Both EGFR mutation status and
metastasis status had large effects on overall survival estimates as shown in Kaplan-Meier curves: log rank test p < 0.0001; median
survival time in years (95%CI): mu0,met1 = 0.38 (0.34–0.42); mu1,met1 = 1.39 (0.85–1.79); mu0,met0 = 2.31 (1.92–2.81); and
mu1,met0 = 4.28 (3.82–7.16) (Fig. 2B). Cox regression analyses adjusting for other factors con�rms the varying overall survival
outcomes based on the EGFR mutation status and metastasis status (Fig. 3).

Predictors of overall survival in the whole cohort
The survival analysis using the whole cohort included 1534 patients (Table 2). The signi�cant predictors for lower survival were
older age, NZ Māori (compared to NZ European), current smoker (compared to non-smoker), poorer performance status, presence of
metastasis and being mutation-negative.
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Table 2
Multivariable Cox regression analysis comparing the effects of predictors on overall survival based on EGFR mutation status

    Overall   Mutation(-)   Mutation(+)

Number 1534       1224       310    

Factors HR (95%CI)     HR (95%CI)     HR (95%CI)  

Age at diagnosis                      

  < 50 year 0.83 (0.63–
1.09)

    0.84 (0.62–1.13)   0.91 (0.46–1.82)

  50–59 year 0.83 (0.68-1.00) *   0.79 (0.64–
0.97)

*   0.95 (0.56–1.62)

  60–69 yr Ref                    

  70–79 year 0.99 (0.85–
1.16)

    0.98 (0.83–1.15)   1.04 (0.66–1.66)

  >=80 year 1.47 (1.19–
1.81)

***   1.49 (1.19–
1.88)

***   1.65 (0.93–2.93)

Gender                      

  Male Ref                    

  Female # 0.94 (0.83–
1.07)

    0.89 (0.77–1.02)   1.53 (1.06–
2.20)

*

Ethnicity                      

  NZ European Ref                    

  NZ Maori 1.20 (1.00-1.43) *   1.21 (1.00-1.45) *   1.38 (0.69–2.77)

  Paci�c 1.11 (0.91–
1.36)

    1.12 (0.89–1.40)   1.32 (0.80–2.15)

  Asian 0.92 (0.74–
1.15)

    0.84 (0.64–1.10)   1.21 (0.76–1.93)

  Other & Unknown 0.82 (0.42–
1.58)

    0.81 (0.38–1.72)   1.00 (0.24–4.21)

Smoking status                      

  Current smoker Ref                    

  Ex-smoker 0.90 (0.77–
1.05)

    0.89 (0.76–1.05)   1.19 (0.62–2.28)

  Non-smoker 0.77 (0.63–
0.94)

**   0.77 (0.61–
0.96)

*   0.89 (0.45–1.76)

Performance status                      

  PS0 Ref                    

  PS 1 1.49 (1.29–
1.72)

***   1.51 (1.30–
1.77)

***   1.42 (0.95–2.13)

  PS 2–5 2.74 (2.31–
3.25)

***   2.69 (2.23–
3.23)

***   3.47 (2.11–
5.71)

***

Metastasis                      

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; # indicates the factors that show signi�cant differences in the ratios of the two HRs 31

between EGFR mutation-negative and -positive models.
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    Overall   Mutation(-)   Mutation(+)

  No Ref                    

  Yes 3.58 (3.12–
4.10)

***   3.59 (3.10–
4.16)

***   3.29 (2.31–
4.68)

***

Site                        

  Main bronchus 1.24 (0.94–
1.63)

    1.30 (0.98–1.73)   0.64 (0.19–2.12)

  Upper lobe Ref                    

  Middle lobe 0.90 (0.69–
1.19)

    0.89 (0.66–1.21)   1.20 (0.62–2.31)

  Lower lobe # 0.94 (0.80–
1.09)

    0.88 (0.75–1.04)   1.41 (0.96–2.07)

  Overlapping or
unspeci�ed #

1.17 (0.97–
1.40)

    1.10 (0.90–1.34)   1.97 (1.18–
3.30)

**

Mutation status                      

  Negative Ref                    

  Positive 0.48 (0.40–
0.57)

***   -       -    

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; # indicates the factors that show signi�cant differences in the ratios of the two HRs 31

between EGFR mutation-negative and -positive models.

Predictors of overall survival in different EGFR mutation groups
The analysis for the EGFR mutation-negative group included 1224 patients (Table 2). The signi�cant predictors for lower survival
were older age, NZ Māori (compared to NZ European), current smoker (compared to non-smoker), poorer performance status, and
presence of metastasis.

The analysis for EGFR mutation-positive group included 310 patients (Table 2). The signi�cant predictors for lower survival were
female, poorer performance status, metastasis, and overlapping or unspeci�ed tumour site (compared to upper lobe).

Comparison of the HRs of factors between EGFR mutation-positive and -negative groups 32 showed signi�cant differences for
female and tumour site (lower lobe and overlapping or unspeci�ed tumours) (Table 2).

Predictors of overall survival in different EGFR mutation and metastasis
groups
Table 3 shows the detailed subgroup analyses in terms of both EGFR mutation and metastasis groups. The effects of factors in
EGFR mutation-positive and -negative groups were mostly consistent for metastatic and non-metastatic groups. The only distinct
�ndings were that Māori patients with metastasis had signi�cantly lower survival in both EGFR mutation groups; and the
association between tumour sites (main bronchus, lower lobe, and overlapping sites) and overall survival became signi�cant for
patients without metastasis.
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Table 3
Multivariable Cox regression analysis comparing the effects of predictors on overall survival based on EGFR mutation status and

metastasis status

    Without metastasis   With metastasis

    Mutation(-)   Mutation(+)   Mutation(-)   Mutation(+)

Number 632       181       592       129    

Factors HR (95%CI)     HR (95%CI)     HR (95%CI)     HR (95%CI)  

Age at
diagnosis

                             

  < 50 year 1.06 (0.64–
1.75)

    0.82 (0.18–
3.81)

    0.78 (0.53–
1.14)

    1.07 (0.45–
2.53)

 

  50–59 year 0.90 (0.63–
1.30)

    0.66 (0.23–
1.88)

    0.71 (0.55–
0.92)

**   1.18 (0.61–
2.30)

 

  60–69 yr Ref               Ref            

  70–79 year 1.00 (0.77–
1.32)

    1.17 (0.58–
2.39)

    0.98 (0.79–
1.21)

    1.08 (0.56–
2.10)

 

  >=80 year 1.67 (1.18–
2.37)

**   1.75 (0.71–
4.37)

    1.46 (1.07-
2.00)

*   1.54 (0.69–
3.43)

 

Gender                              

  Male Ref               Ref            

  Female 0.76 (0.61–
0.95)

*   1.47 (0.79–
2.74)

    0.98 (0.82–
1.18)

    1.36 (0.85–
2.17)

 

Ethnicity                              

  NZ
European

Ref               Ref            

  NZ Maori 0.99 (0.72–
1.35)

    0.45 (0.10–
2.02)

    1.38 (1.09–
1.76)

**   2.41 (1.00-
5.82)

*

  Paci�c 0.86 (0.58–
1.28)

    1.60 (0.72–
3.57)

    1.27 (0.95–
1.68)

    1.14 (0.57–
2.27)

 

  Asian 0.73 (0.47–
1.15)

    0.82 (0.39–
1.69)

    0.91 (0.66–
1.27)

    1.31 (0.68–
2.53)

 

  Other &
Unknown

0.60 (0.15–
2.47)

    1.15 (0.24–
5.56)

    0.94 (0.39–
2.31)

    n/a    

Smoking status                              

  Current
smoker

Ref               Ref            

  Ex-smoker 0.94 (0.72–
1.22)

    0.36 (0.12–
1.12)

    0.86 (0.70–
1.05)

    2.06 (0.86–
4.92)

 

  Non-smoker 1.00 (0.67–
1.49)

    0.47 (0.15–
1.42)

    0.71 (0.54–
0.93)

**   1.26 (0.50–
3.23)

 

Performance
status

                             

  PS0 Ref               Ref            

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; # The lower lobe factor shows a signi�cant difference in the ratios of the two HRs 31

between EGFR mutation-negative and -positive models for patients without metastasis.
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    Without metastasis   With metastasis

  PS 1 1.36 (1.07–
1.73)

**   1.51 (0.81–
2.83)

    1.51 (1.23–
1.85)

***   1.33 (0.76–
2.31)

 

  PS 2–5 3.11 (2.29–
4.22)

***   2.71 (0.99–
7.39)

*   2.47 (1.94–
3.13)

***   3.67 (1.97–
6.85)

***

Site                              

  Main
bronchus

2.77 (1.67–
4.60)

***   n/a       1.11 (0.79–
1.57)

    0.66 (0.19–
2.28)

 

  Upper lobe Ref               Ref            

  Middle lobe 0.81 (0.47–
1.38)

    1.04 (0.40–
2.70)

    0.94 (0.64–
1.37)

    1.10 (0.40–
3.02)

 

  Lower lobe
#

0.75 (0.58–
0.96)

*   1.77 (0.98–
3.18)

    1.02 (0.81–
1.29)

    1.09 (0.65–
1.83)

 

  Overlapping
or
unspeci�ed

1.55 (0.99–
2.42)

    2.57 (1.00-
6.62)

*   1.07 (0.85–
1.35)

    1.69 (0.84–
3.37)

 

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; # The lower lobe factor shows a signi�cant difference in the ratios of the two HRs 31

between EGFR mutation-negative and -positive models for patients without metastasis.

Discussion
Our study demonstrated that EGFR mutation positivity is predictive for better overall survival. The median overall survival improved
from 0.79 years in EGFR mutation-negative group to 2.81 years in EGFR mutation-positive group. This �nding supports our earlier
New Zealand study, which showed gains in overall survival in EGFR mutation-positive group compared to EGFR mutation-negative
group and the group of patients who were untested for EGFR mutation 33. The current study adds better understanding of
determinants of overall survival in non-squamous NSCLC patients with different EGFR mutation status.

We found the extent of the disease (presence of metastasis or not) was the other major determinant of overall survival in addition
to EGFR mutation status. These two factors are largely independent, so median overall survival increases from 0.38 years in
metastatic EGFR-negative, to 1.39 years in metastatic EGFR-positive, 2.31 years in non-metastatic EGFR-negative, and 4.28 years in
non-metastatic EGFR-positive cancers.

Within these four groups of cancers (based on metastasis status and EGFR mutation status), the effects of most other factors are
similar. Performance status showed large and signi�cant effects, which are similar in all four groups. Overall survival is diminished
in those over 80 years, with similar effects in the four groups, while at ages up to 79 age has little effect on overall survival. There is
some evidence that sex may modify the EGFR mutation effect on overall survival; females had signi�cantly better overall survival
for EGFR-positive disease with no metastasis, but equivalent overall survival for EGFR-negative metastatic disease. However,
females had worse overall survival for EGFR-positive disease, either metastatic or not, although the differences in overall survival
were not statistically signi�cant. With regard to ethnicity, no differences were seen for non-metastatic disease, but for metastatic
disease, both EGFR-negative and EGFR-positive, overall survival was signi�cantly lower in Māori patients.

Our �nding of age at diagnosis, smoking status and performance status being signi�cantly associated with survival in both EGFR
mutation groups was consistent with that of a Taiwanese study of overall survival of advanced NSCLC patients 21. However, in the
Taiwanese study, being female was associated with better survival in both EGFR mutation groups.

Ethnicity was studied speci�cally in this New Zealand study. Māori, the indigenous people in New Zealand, and Paci�c people have
a higher incidence of lung cancer and poorer survival, compared to the New Zealand European population 34. This study found that
the survival of Māori patients was signi�cantly lower in the metastatic group, and it was more profound in the EGFR mutation-
positive group. The survival of Paci�c patients was also lower than that of New Zealand Europeans, but this association was non-
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signi�cant. EGFR mutation is less prevalent in Māori patients and the bene�t of treatment with EGFR-TKI appears to be more
limited. However, on a population basis, as lung cancer incidence in total is higher in Māori, the numbers of mutation-positive Māori
patients who may bene�t, expressed as a proportion of the population, could be higher than that of mutation-positive non-Māori
patients. Thus, the survival disparity between different ethnic groups indicates an area to address in improving overall survival of
NSCLC patients.

The primary site of tumour was an important predictor of overall survival in the patients without metastasis in our study. It supports
the �ndings of previous studies, which reported that upper lobe tumours were associated with better survival compared to those
located in other sites of the lung 17,35. Our study also revealed an association between tumours in the main bronchus and poorer
overall survival compared to the upper lobe tumours. For this association between tumour site and overall survival, the EGFR
mutation status did not seem to play a signi�cant role.

Our analysis adds knowledge to existing evidence of survival bene�ts in EGFR mutation-positive NSCLC patients. A previous meta-
analysis of 19 published studies concluded that EGFR mutation itself was not a prognostic indicator, based on their �nding of
similar post-operative disease free survival in resected NSCLC patients 22. Yet, in advanced stage patients who were treated with
EGFR-TKIs, EGFR mutation was predictive for progression free survival 13, implying that the survival bene�ts are attributable to
treatment following the detection of EGFR mutation. Conversely, previous major randomised controlled clinical trials showed no
signi�cant differences in overall survival between EGFR-TKI therapy versus chemotherapy in EGFR mutation-positive patients 14,33.
Our study con�rms the improved overall survival in EGFR mutation-positive patients and reports the effects of various predictive
factors on overall survival.

Our study included a total population-based cohort of non-squamous NSCLC in northern region of New Zealand, which contributes
about 40% of New Zealand population. Our data had less than 10% missing data on smoking status and performance status. Yet,
we considered possible limitations of our study. Although our cohort included a considerably large number of patients (n = 1534),
the EGFR mutation was positive in 20% of patients (n = 310), which limits the power of subgroup analyses. The EGFR mutation
information was based on the patient population tested for EGFR mutation where testing was incomplete – the testing rate was
65% among eligible non-squamous NSCLC based on the same region data in 2014, and attributable to patient selection bias 36. We
plan to assess the changes when testing becomes more complete in the future.

We conducted Cox regression analyses separately based on EGFR mutation status. We performed further separate analyses based
on metastasis status to improve compliance with proportional hazards assumptions. We kept the same factors in both EGFR
mutation-positive and -negative models for comparison purposes. EGFR mutation has been proven to be more common in female,
Asian, non-smoker and adenocarcinoma lung cancer patients internationally 37−39. In New Zealand, our previous study showed that
EGFR mutation was more prevalent in female, in Asian and Paci�ca compared to New Zealand European, and in non-smokers
compared to current smokers 33,36. Considering statistical signi�cance of the factors and interactions between factors may be
necessary for developing survival predictive models in the future.

Conclusion
We have shown that EGFR mutation status is the signi�cant predictor for overall survival in our cohort of non-squamous NSCLC
patients in New Zealand. In the four patient groups de�ned by EGFR mutation and metastasis, age, smoking status and
performance status had similar effects, while reduced overall survival was seen in Māori in patients with metastasis. Reduced
overall survival was also seen, although non-signi�cant, in females only if EGFR mutation-positive, and in most subgroups of
Paci�ca. Overall survival depends signi�cantly on the site of tumour only in patients without metastasis.
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Figure 1

Patient inclusion and exclusion �owchart

Figure 2

Kaplan-Meier observed survival curves showing overall survival estimates A) in terms of EGFR mutation status (mu0 & mu1); log-
rank test for equality of survivor functions of the two groups p<0.0001; median survival time in years (95%CI): mu0 = 0.79 (0.74-
0.93); mu1 = 2.81 (2.48-3.77); B) in terms of EGFR mutation status (mu0 & mu1) and metastasis status (met0 & met1); log-rank test
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p<0.0001; median survival time: mu0,met1 = 0.38 (0.34-0.42); mu1,met1 = 1.39 (0.85-1.79); mu0,met0 = 2.31 (1.92-2.81); and
mu1,met0 = 4.28 (3.82-7.16).

Figure 3

Cox regression curves showing subgroup analyses of overall survival in terms of EGFR mutation status (mu0 & mu1) and
metastasis status (met0 & met1). The factors adjusted were age at diagnosis, gender, ethnicity, smoking status, ECOG performance
status, and tumour site.


