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Purpose: Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-

TKIs) are standard first-line treatments for advanced EGFR-mutant non-small-

cell lung cancer (NSCLC) patients. However, factors associated with outcomes

after progression on first-line therapy are seldom investigated.

Materials andmethods: From January 2016 to December 2020, we enrolled 242

EGFR-mutant stage IIIB–IV NSCLC patients who progressed on first- or second-

generation EGFR-TKI treatments, and 206 of them receive second-line

treatments after disease progression. The factors that predict the survival

outcomes of different second-line treatments after disease progression were

evaluated. Clinical and demographic characteristics, including metastatic sites,

neutrophil-to-lymphocyte ratio (NLR) at first-line progression, and second-line

treatment regimens, and whether re-biopsied after disease progression or not,

were reviewed for outcome analysis.

Results: The univariate analysis showed that the PFS was shorted in male patients

(p =0.049), patients with ECOG performance state ≥ 2 (p =0.014), former

smokers (p =0.003), patients with brain metastasis (p =0.04), second-line
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chemotherapy or EGFR-TKIs other than osimertinib (p =0.002), and NLR ≥5.0

(p=0.024). In addition, second-line osimertinib was associated with longer OS

compared to chemotherapy and other EGFR-TKI treatment (p =0.001). In the

multivariate analysis, only second-line osimertinib was an independent predictor

of PFS (p =0.023). Re-biopsy after first-line treatment was associated with a trend

of better OS. Patients with NLR ≥5.0 at disease progression had shorter OS than

patients with NLR <5.0 (p = 0.008).

Conclusion: The benefits of osimertinib necessitate that aggressive re-biopsy

after progression on first- or second-generation EGFR-TKI treatment is merited

for appropriate second-line treatments to provide better outcomes for these

patients.
KEYWORDS

epidermal growth factor receptor-tyrosine kinase inhibitor, neutrophil-to-lymphocyte
ratio, non-small-cell lung cancer, osimertinib, re-biopsy, second-line
Highlights
• Epidermal growth factor receptor-tyrosine kinase inhibitors

(EGFR-TKIs) are standard first-line treatments for

advanced EGFR-mutant non-small-cell lung cancer

(NSCLC) patients. Factors associated with the outcomes

in NSCLC patients with disease progression on first- or

second-generation EGFR-TKI like gefitinib, erlotinib, or

afatinib, have rarely been investigated.

• We enrolled 242 patients treated with gefitinib, erlotinib, or

afatinib as first-line treatment. Upon disease progression,

only 70 (28.9%) patients underwent re-biopsy and 206

(85.1%) received second-line treatment. Outcome analysis

indicated a better outcome in patients who underwent re-

biopsy or received osimertinib as the second-line treatment

or whose neutrophil-to-lymphocyte ratio was < 5 at disease

progression on first-line treatment.

• Aggressive re-biopsy after progression on gefitinib,

erlotinib, or afatinib treatment is merited for appropriate

second-line treatment such as osimertinib to provide better

outcomes for patients.
Introduction

Lung cancer is the leading cause of mortality due to cancer in

the world, with an estimated 1.8 million deaths in 2020.(1) Non-

small-cell lung cancer (NSCLC) accounts for 80–90% of all lung

cancer cases, and more than 70% of NSCLC patients present with

locally advanced or metastatic disease (Stage III or IV) at initial

diagnosis.(2) Epidermal growth factor receptor (EGFR) mutations

are observed in 40–60% and 10–20% of NSCLC patients in Asian

and non-Asian populations, respectively.(3) For patients with
02
advanced EGFR-mutant NSCLC, EGFR-tyrosine kinase inhibitors

(TKIs) are the standard first-line treatment. TKIs have been

reported to show a higher response rate and longer progression-

free survival (PFS) compared to conventional chemotherapy.(4–6)

Osimertinib, a third-generation ECGR-TKI, is the preferred

treatment recommended in NCCN guidelines.(7) However, in the

FLAURA study, osimertinib did not demonstrate an overall survival

(OS) benefit in Asian population subgroups and patients with the

L858R mutation compared to first-generation EGFR-TKI.(8, 9) In

addition, osimertinib may not be available or affordable in some

countries due to its relatively high cost.

In patients treated with first- or second-generation EGFR-TKIs,

such as gefitinib, erlotinib, and afatinib, disease progression

inevitably occurred after a median time of 10 to 14 months. Of

these patients, approximately 50% developed EGFR T790M as the

resistance mechanism, which could be effectively treated with

osimertinib as a subsequent-line treatment.(10) Nevertheless, the

detection of EGFR T790M or other resistance mechanisms for the

next line of treatment relies on re-biopsy of the tissue or liquid

biopsy. The ESMO guidelines recommend switching to platinum-

based doublet chemotherapy for patients who cannot undergo

tissue biopsy or for those in whom the T790M mutation is

not detected.(11)

Previous studies reported that approximately 70% of patients

received subsequent treatment after progressing on first- or second-

generation EGFR-TKI treatment. Although the re-biopsy rate

(tissue or liquid) was 85–87% after disease progression, only 30–

46% of patients tested positive for the T790M mutation and

received osimertinib treatment.(12, 13) A retrospective, real-world

study from Greece showed a T790M positivity rate of 21.9% (based

on cobas® molecular testing of plasma and/or tissue biopsy), which

may compromise the clinical outcome due to the lack of subsequent

osimertinib therapy.(14) However, in patients with the T790M

mutation, no statistically significant OS benefit was observed for

osimertinib compared to platinum–pemetrexed chemotherapy.(10)
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Data on factors related to the safety and efficacy of different second-

line treatments and their impacts on the prognosis of EGFR-mutant

NSCLC are limited. The aim of this study was to investigate the

factors associated with the efficacy and prognosis in EGFR-mutant

NSCLC patients who received second-line treatment after

progression on first- or second-generation EGFR-TKIs.
Materials and methods

Patient selection and data collection

This was a multicenter, retrospective study that included a

medical center and three regional hospitals in Taiwan. Between

January 2016 and December 2020, patients fulfilled the following

criteria were enrolled in the study: 1) a diagnosis of locally advanced

or metastatic (Stage IIIb–IV) EGFR-mutant NSCLC; 2) first- or

second-generation EGFR-TKI including gefitinib, erlotinib, or

afatinib administered as the first-line treatment; and 3) confirmed

disease progression on first-line EGFR-TKI treatment. Patients who

switched to another anti-cancer drug or regimen due to intolerance

or reasons other than disease progression were excluded. This study

was approved by the Institutional Review Boards of all

participating institutions.

Demographic and clinical data related to lung cancer were

collected, including age, sex, smoking status, cancer staging at

diagnosis, initial metastatic sites, EGFR mutation subtype, the

type of EGFR-TKI therapy, Eastern Cooperative Oncology

Group- Performance Status (ECOG PS) score, neutrophil-to-

lymphocyte ratio (NLR) at disease progression on first-line

treatment, whether or not re-biopsied after disease progression on

first-line and subsequent treatment regimens (including

osimertinib, other EGFR-TKIs, and different chemotherapeutic

drugs). Other EGFR-TKIs include those patients with treatment

beyond progression or switched to TKIs other than osimertinib, or

those who have declined or are contraindicated to chemotherapy.

NLR was obtained after disease progression on the first-line

treatment, which was calculated by dividing the number of

neutrophils by number of lymphocytes from peripheral blood

sample. PFS was defined as the period calculated from the

initiation of a single treatment to disease progression or death.

The OS was defined as the period calculated from the initiation of

the first-line EGFR-TKI treatment to date of death.
Statistical analysis

Efficacy and prognosis were analysed for all patients who received

afatinib, erlotinib, or gefitinib as first-line treatment and osimertinib,

other EGFR-TKIs, or chemotherapeutic drugs as second-line therapy.

The medians (ranges) of continuous variables with non-normal

distributions are reported, whereas the frequencies (percentages) of

categorical variables are reported. The Kruskal–Wallis test was used

to compare continuous variables between different groups. The chi-

square and Fisher’s exact tests were used to compare the efficacy

between different subgroups. The median time to PFS or OS was
Frontiers in Oncology 03
calculated using the Kaplan–Meier method. Univariate and

multivariate Cox regression analyses were used to evaluate the

effects of clinical factors, including different first-line and second-

line treatments, on PFS and OS of the patients. Hazard ratios (HR)

with 95% confidence interval (95% CI) were calculated. All statistical

analyses were performed using SPSS 25.0 and R 3.6.0 software. The

level of statistical significance was set at p < 0.05.
Results

A total of 242 patients were enrolled in this study. Table 1 shows

the demographic characteristics of the enrolled population. The

median age was 66 years (range = 36 to 90 years). A higher

proportion of the patients were female (51.5%), had never smoked

(72.0%), and had a ECOG PS score of 0–1 (81.0%). Most patients had

stage IV (88.4%) disease at diagnosis with < 3metastatic sites (87.6%).

In the case of metastases, 28.1% of the patients showed brain

metastases and 12.8% liver metastases. An NLR of ≥5 was observed

in 27.3% of all patients at disease progression on first-line treatment.

The median PFS and OS of the whole cohort were 19.1 (95%

confidence interval [CI] = 17.7–20.5) months and 29.6 (95%CI = 27.1–

32.1) months, respectively (Supplementary Figure 1). PFS and OS were

better in patients that received afatinib as the first-line treatment (14.3

months and 34.1 months, respectively) than in those that received

gefitinib (11.9 months and 25.8 months, respectively) or erlotinib (10.8

months and 26.7 months, respectively; Supplementary Figure 2).

Upon disease progress, 206 (85.1%) out of the 242 patients

received second-line treatment, including 18 (8.7%) received

osimertinib, 26 (12.6%) received EGFR-TKIs other than

osimertinib, and 162 (78.6%) received chemotherapy. The

survival outcomes of the second-line treatment are shown in

Table 2. The median PFS and OS of the whole cohort were 5.03

(95% confidence interval [CI] = 4.47–5.60) months and 14.4 (95%

CI = 12.80–16.0) months, respectively. A better PFS and OS were

observed in patients who received second-line therapy than in those

that did not (PFS 17.1 versus 12.4 months, p = 0.015; Figure 1A, and

OS 30.4 versus 21.6 months, p = 0.032 for OS; Figure 1B).

The univariate analysis (Table 3) showed that the PFS was

shorter in male patients (1.3, 95% CI 1.0 - 1.78, p =0.049), patients

with ECOG performance state ≥ 2 (HR 1.59, 95% CI 1.1 - 2.33,

p =0.014), former smokers (1.79, 95% CI 1.23 - 2.63, p =0.003),

patients with brain metastasis (HR 1.4, 95% CI 1.02-1.93, = 0.04),

second-line with other EGFR-TKI or chemotherapy (HR 1.54, 95%

CI 1.06-2.24, p =0.021). A NLR ≥5.0 was also associated with a

shorter PFS (HR 1.45, 95% CI 1.05-2.01, p=0.024, Figure 2A), but

not for OS (Figure 2B). Compared to second-line osimertinib, as

shown in Figure 3, other EGFR-TKIs or chemotherapy was

associated with a lower PFS (HR 1.54, 95% CI 1.06-2.24,

p =0.021) and OS (HR 3.47, 95% CI 1.61-7.50, p =0.023). In the

multivariate analysis, only second-line osimertinib was an

independent predictor of better PFS (HR 2.74, 95% CI 1.32-5.69,

p =0.007). OS was marginally longer in patients who underwent re-

biopsy than in those that did not (19.33 versus 16.42 months,

hazard ratio [HR] = 0.69, 95% CI = 0.48–1.0, p = 0.059; Figure 4B),

but no significant difference for PFS (Figure 4A).
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Table 4 shows the univariate and multivariate analyses for the

predictors of OS. Patients with NLR ≥5.0 had shorter OS than

patients with NLR <5.0 (12.3 versus 14.5 months, HR =1.66, 95% CI

1.14-2.42, p = 0.008; Figure 2A). No significant associations were

found between survival outcomes (PFS and OS) with ECOG PS, no

metastasis sites, mutation type, and time of diagnosis.
Discussion

In this multicenter retrospective study, we investigated the

factors associated with survival outcomes of second-line

treatments for EGFR-mutant NSCLC in patients with disease

progression on first- or second-generation EGFR-TKI in Taiwan.

Our study showed that PFS was shorter in male gender, ECOG

status ≥2, former smoking, brain metastasis, second-line

chemotherapy or EGFR-TKIs other than osimertinib, and NLR

≥5.0. The multivariate analysis indicated osimertinib as the second-

line treatment was an independent predictor of PFS. These results

suggest that the benefits of osimertinib necessitates that aggressive

re-biopsy after progression on first- or second-generation EGFR-

TKI treatment is merited for appropriate second-line treatments to

provide better outcomes for these patients.

EGFR-TKI therapy is the standard treatment for patients with

advanced EGFR-mutated NSCLC; it has a higher response rate and
Frontiers in Oncology 04
provides better symptom control and quality of life improvements

compared to conventional chemotherapy or immunotherapy.(15, 16)

However, disease progression with acquired resistance is inevitable

and tissue re-biopsy or liquid biopsy is recommended for the guide of

second-line treatment. Nevertheless, the re-biopsy rate after disease

progression on first-line EGFR-TKI is variable in real-world studies,

ranging from 60% to 90%.(17–20) The low re-biopsy rate (28.9%) in

this study is likely due to osimertinib not been reimbursed by the

National Institutes of Health (NIH) of Taiwan until early 2020. This

might have led to fewer patients consenting to re-biopsy and reduced

clinicians’ willingness to perform it, since most patients may not be

able to afford osimertinib as a subsequent treatment even when the

outcome is positive for the t790M mutation. However, PFS and OS

were significantly longer in those patients receiving osimertinib as a

second-line treatment than in those who received other treatments or

did not receive any subsequent treatment. This result is comparable

to or even better than the results of previous retrospective real-world

studies, which showed a PFS of 9.4 to 10.1 months and OS of 24 to

47.3 months for osimertinib as a second-line or subsequent

treatment.(21–23) The better PFS and OS in this study may be due

to the relatively small number of patients and the focus on only those

treated with osimertinib as the second-line therapy.

For NSCLC patients without the T790M mutation, platinum-

based chemotherapy is the recommended second-line therapy after

progression on first- and second-generation EGFR-TKIs.(24)
TABLE 1 Baseline characteristics of patients enrolled in this study.

Characteristic Population (N=242) Characteristic Population (N=242)

Age at diagnosis, median (range) 66 (36, 90)

Gender Brain metastasis at diagnosis 68 (28.1%)

Male 117 (48.5%) Liver metastasis at diagnosis 31 (12.8%)

Female 125 (51.5%) Metastatic sites

Smoking status 0 38 (15.7%)

Current smoker 34 (14.0%) 1 96 (39.7%)

Former smoker 34 (14.0%) 2 78 (32.2%)

Never smoked 174 (72.0%) ≥3 30 (12.4%)

Staging at diagnosis Neutrophil-to-lymphocyte ratio (NLR) at progression (n =188)

Stage III 28 (11.6%) <5 133 (70.7%)

Stage IV 214 (88.4%) ≥5 55 (29.3%)

ECOG Performance Status First-line EGFR-TKI

0–1 196 (81.0%) Gefitinib 70 (28.9%)

2–4 46 (19.0%) Erlotinib 50 (20.7%)

EGFR Mutation Afatinib 122 (50.4%)

Exon 19 deletion 109 (45.0%) Second-line regimen (n =206)

L858R mutation 120 (49.6%) Osimertinib 18 (8.7%)

Uncommon mutations 13 (5.4%) Other EGFR-TKIs 26 (12.6%)

Re-biopsy after 1st-line progression 70 (28.9%) Chemotherapy 162 (78.6%)

Re-biopsy after 2nd-line progression 30 (11.5%)
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TABLE 2 Analysis of lines of treatment and outcomes of patients on second-line treatment (n =206).

Subgroups

PFS OS

N No. of
events Median 0.95

LCL
0.95
UCL

P-
value N No. of

events Median 0.95
LCL

0.95
UCL

P-
value

Whole cohort 206 195 5.03 4.47 5.60 205 132 14.40 12.80 16.00

Age

<65 years 68 63 5.03 3.58 6.48 0.510 96 53 22.70 14.68 30.72 0.052

≥65 years 138 132 5.00 4.44 5.56 109 79 13.53 12.37 14.70

Sex

Female 96 88 5.13 3.73 6.54 0.047 96 53 15.87 11.94 19.79 0.098

Male 110 107 5.00 4.44 5.56 109 79 13.86 12.47 15.27

ECOG

0-1 171 161 5.07 4.36 5.78 0.013 170 111 14.23 12.51 15.96 0.957

≥2 35 34 4.33 2.88 5.79 35 21 15.03 9.04 21.03

Smoking status

Never smoker 139 128 5.13 4.58 5.69 0.009 138 88 14.40 12.61 16.19 0.407

Current 32 32 4.20 2.98 5.42 32 20 13.23 11.75 14.71

Former 35 35 3.77 1.68 5.85 35 24 15.77 10.60 20.93

Metastatic site

<3 177 166 4.93 4.37 5.50 0.817 177 118 13.93 12.70 15.17 0.329

≥3 29 29 5.60 4.28 6.92 28 14 17.23 15.90 18.57

Re-biopsy after first-line progression

No 136 129 6.20 3.73 13.20 0.187 135 92 16.42 12.47 17.67 0.054

Yes 70 66 8.13 4.40 16.30 70 40 19.33 12.74 22.46

Brain Metastasis

No 150 142 5.10 4.31 5.89 0.038 150 96 14.40 12.38 16.42 0.527

Yes 56 53 4.20 2.94 5.46 55 36 14.10 10.20 18.00

Liver Metastasis

No 177 167 5.03 4.39 5.68 0.849 176 118 14.23 12.42 16.04 0.390

Yes 29 28 5.00 3.36 6.64 29 14 22.70 7.32 38.08

Neutrophil-to-lymphocyte ratio (5.0)

< 5.0 133 124 5.10 4.14 6.06 0.023 132 83 14.53 13.30 15.78 0.112

≥ 5.0 55 53 4.87 3.80 5.93 55 38 12.30 9.94 14.66

Second-line treatment

EGFR-TKI (others) 26 24 2.67 0.00 4.70 0.053 25 15 13.27 1.00 21.30 <0.001

Chemotherapy 162 156 5.00 4.70 6.60 0.123 159 108 14.27 27.90 35.30 0.021

EGFR-TKI (Osimertinib) 18 12 11.50 4.00 13.00 18 7 37.50 48.00 82.50

Second-line treatment

EGFR-TKI (others) +
chemotherapy

188 180 4.87 4.30 5.50 0.002 184 123 14.27
13.30 32.50

0.001

EGFR-TKI (Osimertinib) 18 12 11.50 3.90 19.10 18 7 37.50 38.70 82.50
F
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*p < 0.05; PFS, progression-free survival; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitors; BSC, best supportive care.
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A B

FIGURE 1

(A) Progression-free survival (PFS) and (B) overall survival (OS) in those who received second-line treatment after first-line treatment, and in those
who did not*. (* reference).
TABLE 3 Uni and multivariate Cox regression analysis for predictor of PFS on second-line treatment (n =206).

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value Adjusted HR (95% CI) P value

Age

<65 years old Ref Ref

≥65 years old 1.11 (0.82 - 1.49) 0.512

Sex

Female Ref Ref

Male 1.3 (1.0 - 1.78) 0.049* 3.37 (0.68 - 16.61) 0.136

ECOG PS

0-1 Ref Ref

≥2 1.59 (1.1 - 2.33) 0.014* 0.46 (0.09 - 2.36) 0.352

Smoking status

Never smoker Ref Ref

Current smoker 1.19 (081 - 1.77) 0.369 —

Former smoker 1.79 (1.23 - 2.63) 0.003* 2.8 (.36 - 20.97) 0.329

Metastatic sites

<3 Ref Ref

≥3 0.97 (0.65 - 1.45) 0.87 —

Re-biopsy after 1st-line progression

No Ref Ref

Yes 0.82 (0.61 - 1.1) 0.190 —

Brain Metastasis

No Ref Ref

Yes 1.4 (1.02 -1.93) 0.04* 1.52 (0.42 - 5.58) 0.529

Liver Metastasis

No Ref Ref

Yes 1.04 (0.69 - 1.6) 0.850

(Continued)
F
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Nevertheless, a randomised phase 2 trial of 96 patients in Korea

concluded that the outcomes of pemetrexed therapy for NSCLC

patients with disease progression after first-line EGFR-TKI were not

improved by adding cisplatin.(25) Thus, which chemotherapeutic

regimen was optimal as the treatment standard was unclear. Our

study found that different chemotherapeutic regimens resulted in

similar PFS and OS. A previous meta-analysis, which included one

randomised controlled trial and three retrospective studies, showed

that second-line treatment with pemetrexed chemotherapeutic

regimens provided significantly longer PFS and OS than non-

pemetrexed chemotherapeutic regimens.(26) However, this meta-

analysis was greatly limited by the small sample size; therefore, its

results should be interpreted cautiously. Additional well-designed

prospective studies are warranted to resolve this controversial issue.

There is increasing evidence that NLR, a surrogate of inflammatory

and immunologic indicators, is an independent predictor of poor

prognosis in cancer patients, including those with NSCLC.(27, 28) A

retrospective study of 190 metastatic NSCLC patients receiving EGFR-

TKIs indicated that a higher NLR was associated with poor
Frontiers in Oncology 07
prognosis.(27) Recently, a pooled analysis of two phase III NSCLC

clinical trial datasets also indicated that a higher baseline NLR (≥3.8)

was associated with worse PFS (HR = 1.37, p = 0.0004) and OS (HR =

1.65, p < 0.0001).(28) Our results are in agreement with these previous

findings. NLR is an easily accessible and effective prognostic biomarker

for NSCLC patients. However, the specific mechanism of its prognostic

value is not clear. Further well-designed studies are required to modify

the prognostic role of NLR in lung cancer patients.

One of the limitations of this study is that the retrospective

nature of real-world, population-based settings tend to generate

selection bias when the study population is examined using different

patient characteristics. For example, patients with good

performance status and an easily accessible tumor site are more

likely to receive re-biopsy or second-line treatment, whereas those

with rapid disease progression or an unavailable tumor site (such as

progression with brain metastases) are less likely to undergo re-

biopsy or subsequent treatment. In addition, liquid biopsy is not

covered by Taiwan’s NIH; therefore, only some patients being able

to afford the test and further treatment could affect survival
TABLE 3 Continued

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value Adjusted HR (95% CI) P value

Second-line treatment

EGFR-TKI (osimertinib) Ref Ref

EGFR-TKI (others) 2.64 (1.28 - 5.42) 0.008 2.45 (0.99 - 6.09) 0.053

Chemotherapy 2.68 (1.45 - 4.97) 0.002 1.86 (0.85 - 4.07) 0.123

Second-line treatment

EGFR-TKI (osimertinib) Ref Ref

EGFR-TKI (others) + chemotherapy 1.54 (1.06 - 2.24) 0.021 2.74 (1.32 - 5.69) 0.007*

NLR

<5 Ref Ref

≥5 1.45 (1.05 - 2.01) 0.024* 2.95 (0.61 - 14.37) 0.180
fron
*p < 0.05; PFS, progression-free survival; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitors.
A B

FIGURE 2

(A) Progression-free survival (PFS) and (B) overall survival (OS) of patients with a neutrophil-to-lymphocyte ratio (NLR) below 5.0 and those with an
NLR above 5.0.
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A B

FIGURE 4

(A) Progression-free survival (PFS) and (B) overall survival (OS) of patients who underwent or did not undergo* re-biopsy after first-line progression
(*reference group).
A B

FIGURE 3

(A) Progression-free survival (PFS) and (B) overall survival (OS) of patients after second-line treatment with EGFR-TKI (osimertinib) versus treatments
with chemotherapy or other EGFR-TKI (*reference group).
TABLE 4 Uni and multivariate Cox regression analysis for predictor of OS on second-line treatment (n =206).

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value Adjusted HR (95% CI) P value

Age

<65 years old Ref Ref

≥65 years old 1.46 (0.99 - 2.14) 0.054 —

Sex

Female Ref Ref

Male 0.86 (0.72 - 1.03) 0.10 —

ECOG PS

0-1 Ref Ref

≥2 1.01 (0.63 - 1.63) 0.957 —

Smoking status

Never smoker Ref Ref

Current smoker 0.86 (0.52 - 1.43) 0.586 —

Former smoker 1.29 (0.82 - 2.02) 0.279 —

(Continued)
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outcomes. Furthermore, the sample size in this study was relatively

small, which may also introduce bias and limit the possibility of

highlighting general implications. Finally, we did not include

patients with acquired T790M mutation after re-biopsy as an

endpoint, so the information on the treatment for patients with

acquired T790M mutation after re-biopsy and the reasons for

patients not receiving re-biopsy were not available in the present

study. However, it is reasonable according to the statement from

American Society of Clinical Oncology (29), which indicated that

the key elements of framework are the clinical benefits (e.g., hazard

ratio for death, overall survival, and progression-free survival).

Conclusion

The results of this study indicated PFS was shorter in male gender,

ECOG status ≥2, former smoking, brain metastasis, second-line with

EGFR-TKI other than osimertinib or chemotherapy, and NLR ≥5.0.

Osimertinib as the second-line treatment was an independent predictor

of PFS. These results suggest that the benefits of osimertinib

necessitates that aggressive re-biopsy after progression on first- or
Frontiers in Oncology 09
second-generation EGFR-TKI treatment is merited for appropriate

second-line treatments to provide better outcomes for these patients.
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TABLE 4 Continued

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value Adjusted HR (95% CI) P value

Metastatic sites

<3 Ref Ref

≥3 0.76 (0.44 - 1.32) 0.331 —

Re-biopsy after 1st-line progression

No Ref Ref

Yes 0.69 (0.48 - 1.0) 0.059 —

Brain Metastasis

No Ref Ref

Yes 1.13 (0.77 - 1.67) 0.528 —

Liver Metastasis

No Ref Ref

Yes 0.78 (0.45 - 1.37) 0.394 —

Second-line treatment

EGFR-TKI (osimertinib) Ref Ref

EGFR-TKI (others) 3.9 (1.59 - 9.6) 0.003 —

Chemotherapy 3.47 (1.61 - 7.5) 0.002 —

Second-line treatment

EGFR-TKI (osimertinib) Ref Ref

EGFR-TKI (others) + chemotherapy 3.47 (1.61 – 7.5) 0.023 —

NLR

<5 Ref Ref

≥5 1.37 (0.93 - 2.01) 0.114 —
*p < 0.05; PFS, progression-free survival; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitors.
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