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Abstract

Background: Lung cancer remains the most lethal cancer in the world. Several predictive and prognostic
biomarkers for non-small cell lung cancer (NSCLC) have emerged. Serum neuron-specific enolase (NSE) has been
found to be elevated in up to 70% of patients with NSCLC. Prior retrospective studies have demonstrated conflicting
results regarding the predictive and prognostic significance of baseline serum NSE in patients with metastatic NSCLC
harboring epidermal growth factor receptor (EGFR) mutations who received tyrosine kinase inhibitors (TKIs). Our
study aimed to evaluate the predictive and prognostic roles of pre-treatment serum NSE in patients with metastatic
EGFR-mutated NSCLC planned to receive gefitinib therapy. Methods: In this prospective cohort study, we enrolled
patients with known metastatic EGFR-mutated lung adenocarcinoma who presented at the Medical Oncology and
Hematological Malignancies Department, South Egypt Cancer Institute (SECI), Assiut University; during the period
from January 1st, 2021 to December 31st, 2022; and were planned to receive gefitinib therapy. Pre-treatment serum
NSE was measured. The cut-off date of our study was July 31st, 2024. Association of baseline serum NSE level with
therapy response and survival outcomes was analysed. Result: Forty eligible patients were enrolled. The median
baseline serum NSE level was 9.0 ng/ml (range 6.0 — 15.3). Patients with high pre-treatment serum NSE level (higher
than median level) were associated with significantly higher T and N clinical stages versus those with normal level
(equal or less than median level). Regarding response rates, disease control rates (DCR) were significantly higher
among those with normal serum NSE; whereas objective response rates (ORR) were similar in both groups. In terms
of survival outcomes, high pre-treatment serum NSE was associated with worse progression-free survival (PFS) and
overall survival (OS) outcomes. Conclusion: Baseline serum NSE is an independent poor predictive and prognostic
factor for patients with metastatic EGFR-mutated NSCLC receiving gefitinib therapy.
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Introduction

Globally, lung cancer ranks as the second most
common cancer in both men (after prostate cancer)
and women (after breast cancer). Furthermore, it is the
leading cause of cancer-related deaths in both sexes with
an estimated 2.2 million newly diagnosed cases and 1.8
million deaths worldwide in 2020 [1]. In Egypt, local
cancer registries consider lung cancer the fifth most
common cancer in both sexes representing about 5 % of
all newly diagnosed cancer cases in 2022. Also, it is the
fourth leading cause of cancer mortality with nearly 6,800
deaths in 2022 which constitutes about 7% of overall
cancer mortality in Egypt [2].

Non-small cell lung cancer (NSCLC) accounts for more
than 80% of all lung cancer cases; with adenocarcinoma
being the most frequent histologic subtype seen worldwide
[3]. About 55% of NSCLC cases have metastatic disease
at presentation which has an extremely poor prognosis
(only 7% relative survival rate at 5 years) [4, 5].

The epidermal growth factor receptor (EGFR) is a
trans-membrane protein that is a receptor for members
of the epidermal growth factor family (EGF family) of
extracellular protein ligands [6]. Activating epidermal
growth factor receptor (EGFR) mutations have been
identified in 10 — 60% of lung adenocarcinomas [7].
The majority of EGFR mutations results in activation
of the tyrosine kinase domain, which is associated with
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sensitivity to the small-molecule EGFR tyrosine kinase
inhibitors (TKIs); such as erlotinib, gefitinib, afatinib,
osimertinib, and dacomitinib [8].

Neuron-specific enolase (NSE) is a neuro- and
neuroendocrine-specific isoenzyme of enolase. It is
considered a useful tumor marker for tumors of neural
and neuroendocrine origin, such as neuroblastoma,
neuroendocrine tumors and small cell lung cancer (SCLC).
In addition, serum NSE was found to be elevated in up to
70% of patients with NSCLC [9]. Previous studies did not
get concordant results concerning the relation between the
pre-treatment serum NSE levels and both therapy response
and survival outcomes in patients with metastatic EGFR-
mutated NSCLC receiving gefitinib [10-15].

The aim of this study is to evaluate the predictive and
prognostic significance of baseline serum NSE level in
patients with metastatic EGFR-mutated NSCLC planned
to receive gefitinib therapy.

Materials and Methods

This current study is a prospective cohort one
conducted on patients with known metastatic EGFR-
mutated lung adenocarcinoma who presented at the
Medical Oncology and Hematological Malignancies
Department, South Egypt Cancer Institute (SECI), Assiut
University; during the period from January Ist, 2021
to December 31st, 2022; and were planned to receive
gefitinib therapy to evaluate the relation of pre-treatment
serum NSE level to the prognosis, and response to gefitinib
therapy.

The inclusion eligibility criteria included patients
with histopathologically confirmed diagnosis of lung
adenocarcinoma harboring EGFR mutations and planned
to receive anti-EGFR TKI therapy with gefitinib. All
patients were at least 18 years old; and had Eastern
Cooperative Oncology Group (ECOG) performance
status score of 0 — 2 [16]. They all had clinical stage IV
(metastatic) disease; and were treatment-naive, or had
received only one prior line of chemotherapy.

Patients with other synchronous primary cancers; those
who had previously received anti-EGFR TKI therapy, or
>2 previous lines of chemotherapy; and those who refused
to be enrolled in the study, or withdrew their written
consent during the study were excluded.

Serum NSE was measured for all patients before
starting treatment with gefitinib using enzyme-linked
immunosorbent assay (ELISA) technique. Serum NSE
levels less than or equal median have been referred to
as “Normal serum NSE”’; whereas levels higher than
median have been considered as “High serum NSE”. The
patients were stratified into two main groups according
to their baseline serum NSE level (normal versus high
serum NSE).

All patients received gefitinib at the standard approved
dose of 250 mg orally once a day. Treatment was continued
until disease progression, unacceptable toxicity, or
study cut-off date. Therapy-related adverse events were
evaluated and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE Version 5.0) system [17]. Patients
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were assessed clinically and radiologically every 3 months
during the course of gefitinib therapy. Response to therapy
was evaluated using the Response Evaluation Criteria in
Solid Tumors version 1.1 (RECIST 1.1) [18].

Primary endpoints were objective response rate
(ORR), disease control rate (DCR), and progression free
survival (PFS). The secondary endpoints were overall
survival (OS), and safety profile. ORR is defined as the
proportion of patients that achieved complete response
(CR) or partial response (PR) to therapy; whereas DCR
describes the proportion of patients that achieved CR, PR,
or stable disease (SD) to therapy [19]. PFS is defined as the
time from start of treatment until tumor progression, death,
or last follow-up; whichever comes first; whereas OS is
defined as the time from start of treatment until death, or
last follow-up; whichever comes first [20]. Patients with
missed follow-up or who are still alive at the time of study
cut-off have been censored.

For statistical analysis, Statistical Package for the
Social Sciences (SPSS) version 26.0 was used. Categorical
variables were presented as frequency and percentage; and
compared using the chi-square test or Fisher’s exact test
when appropriate. Continuous variables were reported as
mean =+ standard deviation (SD) if normally distributed,
or median and range if not normally distributed. These
variables were compared with the use of parametric
Student’s t-test or non-parametric Mann-Whitney U test.
Survival curves were estimated with the Kaplan-Meier
method and compared using the log-rank test to analyze
the progression-free survival (PFS) and overall survival
(OS) rate of the patients. For multivariate analysis, the
adjusted hazard ratios (HRs) and corresponding 95% CI
for PFS and OS were estimated with the Cox proportional
hazard regression model. P-value (two-sided) of less than
0.05 has been considered statistically significant. The cut-
off date of our study was July 31, 2024.

Results

During the period of two years (from January 1st,
2021 to December 3 1st, 2022), 206 patients with NSCLC
were assessed. Of those, 77 patients had metastatic lung
adenocarcinoma with activating EGFR gene mutations.
Thirty seven patients were excluded (29 received erlotinib;
4 received osimertinib; 2 refused therapy; and 2 died
before assessment). Finally, 40 patients were subjected to
final analysis (the normal serum NSE group: 23 patients;
and the high serum NSE group: 17 patients).

Baseline characteristics

The mean age of our patients was 57.4 years; with
about 65% of them aged less than 65 years. Eighteen (45%)
patients were males. The median body mass index (BMI)
was 27.6 kg/m2 (range; 21.4 — 34); with approximately
62.5% of patients being overweight (BMI 25.0 — 29.9),
or obese (BMI >30). Twenty-seven patients (67.5%) had
ECOG performance status score of 0 to 1. About 40% of
the enrolled patients had a history of smoking. Thirteen
patients (32.5%) had multi-comorbidities {defined as the
presence of 2 or more long-term health conditions} [21].

As regards presenting symptoms, 24 patients had



persistent cough; 24 patients had difficulty of breathing;
11 patients presented with hemoptysis; 9 patients
presented with chest pain; whereas 11 patients presented
with symptoms of metastases. Concerning tumor site,
19 patients (47.5%) had tumors in the right lung; and 21
patients (52.5%) had tumors in the left lung.

Based on the 8" edition of the primary tumor, lymph
nodes, and distant metastasis (TNM) staging system of
NSCLC [22], 16 patients (40%) had T1/2 disease; whereas
24 patients (60%) had T3/4 disease. Twelve patients (30%)
had NO/1 disease; in contrast to 28 patients (70%) who
presented with N2/3 disease. Referring to M stage, only
9 patients (22.5 %) had M1a/1b disease; while the other
31 patients (77.5%) presented with M1c disease.

Regarding sites of metastases and number of
metastatic organs, 17 patients (42.5%) had metastases
in only one organ; compared with 23 patients (57.5%)
who had metastases in two or more organs. Synchronous
oligometastases {defined as a maximum of 5 metastases
in less than or equal 3 organs} [23] were present in only 7
patients (17.5%); in contrast to the remaining 23 patients
(82.5%) who presented with synchronous polymetastatic
disease.

Pointing to tumor pathologic characteristics, 25
patients (62.5%) had tumors of grade 1 or 2; whereas
15 patients (37.5%) had grade 3 tumors. Necrosis was
absent or rare in 21 patients (52.5%); and extensive in 19
patients (47.5%). Hemorrhage was evident in pathological
examination of 22 cases (55%). High mitotic index was
found in 21 cases (52.5); in contrast to low mitotic index
in 19 cases (47.5%).

Twenty-nine patients (72.5%) had EGFR exon 19
deletion; whereas 11 patients (27.5%) had EGFR exon
21 L858R activating mutation. As regards pre-treatment
serum NSE, the mean level (= SD) was 9.28 ng/mL
(= 2.22); whereas the median level was 9.0 ng/mL with
arange from 6.0 to 15.3 ng/mL.

Fifteen cases (37.5%) had received first-line
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chemotherapy before starting Gefitinib therapy. Of these
cases, 9 patients received Gemcitabine plus Platinum agent
(Cisplatin or Carboplatin) regimen; whereas 6 patients
received paclitaxel plus platinum agent regimen. As
regards response to prior first-line chemotherapy at first
assessment, 10 cases of the 15 patients achieved partial
response (PR), or stationary disease (SD); in contrast to
the remaining 5 cases who developed progressive disease
(PD) at their first assessment.

Correlation between NSE level and other clinico-
pathological characteristics

The clinico-pathological characteristics of the two
groups of patients (normal versus high baseline serum
NSE level) were similar except for T and N clinical
stages which were significantly higher in the high serum
NSE group (p= 0.003 for T stage; p= 0.041 for N stage)
(Table 1).

Response rates

According to the RECIST 1.1, the outcomes of
gefitinib therapy among the enrolled patients in this study
were CR: 0.0% (0/40); PR: 37.5% (15/40); SD: 52.5%
(21/40); PD: 10% (4/40); ORR: 37.5% (15/40); DCR: 90%
(36/40). No statistically significant association was found
between pre-treatment serum NSE and ORR of Gefitinib
therapy (p= 0.187) whereas normal pre-treatment serum
NSE was associated with statistically significant higher
DCR with gefitinib therapy (p= 0.026).

Survival outcomes

Concerning PFS, the median PFS was 17.4 months
(95% CI: 12.6 — 22.1) for all patients; 38.8 months (95%
CI: 14.1 — 63.5) among those in the normal serum NSE
group; and 13.5 months (95% CI: 7.3 — 19.7) in those with
high serum NSE level (p= 0.005) (Figure 1).

Regarding OS, the median OS was 31.0 months (95%
CI: 19.5 — 42.5) for all patients; 41.7 months (95% CI:
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Figure 1. Kaplan-Meier Curve Showing Relation between Serum NSE and PFS
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Table 1. Correlation between Serum NSE and Patient Characteristics

Characteristic Normal serum NSE [n= 23] High serum NSE [n=17] P-value
Number Percentage Number Percentage

Age
<65 years [n=26] 16 69.6 10 58.8 0.481
>65 years [n= 14] 7 304 7 41.2

Sex
Male [n= 18] 10 435 8 47.1 0.822
Female [n=22] 13 56.5 9 52.9

BMI
Underweight/ Normal Weight [n= 15] 7 30.4 8 47.1 0.283
Overweight/Obese[n= 25] 16 69.6 9 52.9

PS (ECOG)
0-1 [n=27] 15 65.2 12 70.6 0.72
2 [n=13] 8 34.8 5 29.4

Smoking status
Never [n=24] 16 69.6 8 47.1 0.151
Ever [n= 16] 7 30.4 9 52.9

Multi-comorbidity
No [n=27] 16 69.6 11 64.7 0.746
Yes [n=13] 7 30.4 6 353

Site
Right lung [n=19] 11 47.8 8 47.1 0.962
Left lung [n=21] 12 52.2 9 52.9

Stage
T stage
T1/2 [n=16] 14 60.9 2 11.8 0.003
T3/4 [n=24] 9 39.1 15 88.2

N stage
NO/1 [n=12] 10 43.5 2 11.8 0.041
N2/3 [n= 28] 13 56.5 15 88.2

M stage
Mla/lb [n=9] 8 34.8 1 59 0.054
Mlc [n=31] 15 65.2 16 94.1

Number of metastatic organs
1 organ [n=17] 11 47.8 6 353 0.428
>2 organs [n= 23] 12 52.2 9 64.7

Type of metastases
Oligometastases [n= 7] 4 17.4 3 17.6 0.987
Polymetastases [n= 33] 19 82.6 14 82.4

EGFR mutation genotyping
Exon 19 deletion [n=29] 15 65.2 14 82.4 0.297
Exon 21 L858R mutation [n=11] 8 34.8 3 17.6

Pathology report

Grade
Grade 1/2 [n=24] 15 65.2 9 52.9 0.433
Grade 3 [n=16] 8 34.8 8 47.1

Necrosis
Absent/Rare [n=21] 13 56.5 8 47.1 0.554
Extensive [n=19] 10 43.5 9 52.9

Abbreviations: NSE, neuron-specific enolase; BMI, body mass index; PS, performance status; ECOG, Eastern Cooperative Oncology Group;
EGFR, epidermal growth factor receptor; PR, partial response; SD, stationary disease; PD, progressive disease.

2630 4sian Pacific Journal of Cancer Prevention, Vol 26



Table 1. Continued

DOI:10.31557/APJCP.2025.26.7.2627
Serum NSE and Gefitinib in NSCLC

Characteristic Normal serum NSE [n= 23] High serum NSE [n= 17] P-value
Number Percentage Number Percentage
Hemorrhage
Absent [n= 18] 12 52.2 6 353 0.289
Present [n=22] 11 47.8 11 64.7
Mitotic index
Low [n=19] 12 52.2 7 41.2 0.491
High [n=21] 11 47.8 11 58.8
Previous chemotherapy
No [n=25] 15 65.2 10 58.8 0.68
Yes [n=15] 8 34.8 7 41.2
Response to chemotherapy at first assessment
PR/SD [n= 10] 6 of 8 75 4 of 7 57.1 0.608
PD [n=5] 20f8 25 30of7 42.9

Abbreviations: NSE, neuron-specific enolase; BMI, body mass index; PS, performance status; ECOG, Eastern Cooperative Oncology Group;
EGEFR, epidermal growth factor receptor; PR, partial response; SD, stationary disease; PD, progressive disease.

Table 2. Univariate/Multivariate Analysis of PFS

Covariate Univariate (for unadjusted HRs) Multivariate (for adjusted HRs)

HR 95% CI P-value HR 95% CI P-value
Serum NSE 2.8 1.33-5.88 0.007 3.03 1.37-6.73 0.006
Grade 23 1.07-4.92 0.032 0.46 0.15-1.38 0.166
Necrosis 2.85 1.30-6.25 0.009 0.91 0.22-3.70 0.893
Hemorrhage 2.84 1.27-6.35 0.011 1 0.32-3.12 0.994
Mitotic index 3.68 1.61-8.41 0.002 7.42 1.47-37.48 0.015

Abbreviations: PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; NSE, neuron-specific enolase.

28.2 —55.1) for those with normal serum NSE level; 25.4
months (95% CI: 15.1 — 35.6) among those with high

CI: 1.37-6.73; p=0.006) {Table 2}; and OS (HR=2.37;
95% CI: 1.03 — 5.44; p=0.041) (Table 3).

serum NSE level (p=0.019) (Figure 2).

Moreover, multivariate analysis using the Cox
proportional hazards regression model confirmed
that pre-treatment serum NSE levels are significant
independent predictive factors for PFS (HR= 3.03; 95%
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Figure 2. Kaplan-Meier Curve Showing Relation between Serum NSE and OS
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To the best of our knowledge, this study is the first one
in Africa and the Middle East that specifically investigated
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Table 3. Univariate/Multivariate Analysis of OS

Covariate

Univariate (for unadjusted HRs)

Multivariate (for adjusted HRs)

HR 95% CI P-value HR 95% CI P-value
Serum NSE 2.4 1.13-5.09 0.023 2.37 1.03-5.44 0.041
Grade 2.52 1.13-5.62 0.024 0.59 0.18—-1.89 0.373
Necrosis 3.13 1.37-7.13 0.007 1.19 0.27-5.30 0.825
Hemorrhage 2.93 1.27-6.75 0.012 0.96 0.31-3.04 0.948
Mitotic index 4 1.64-9.75 0.002 4.85 0.88 —26.71 0.07

Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence interval; NSE, neuron specific enolase.

the role of serum NSE in NSCLC. This prospective study
enrolled 40 patients with metastatic EGFR-mutated lung
adenocarcinoma planned to receive gefitinib therapy.
Analysis of the relation between the clinico-pathologic
criteria of the patients and their baseline serum NSE level
demonstrated that those with high pre-treatment serum
NSE level are associated with statistically significant
higher T and N clinical stages. These findings are partially
in agreement with the study by Yu D. et al., which stated
that high serum NSE is associated with higher T clinical
stage; but did not find any significant association between
serum NSE level and N clinical stage [9]. This may be
explained by the fact that NSE is an enzyme that has
a major role in aerobic glycolysis which helps cells to
proliferate quickly [24]; and hence high serum NSE
concentrations are associated with higher T and N clinical
stages.

Referring to treatment outcomes based on pre-
treatment serum NSE level, this study declared that
there is no statistically significant association between
pre-treatment serum NSE level and ORR of Gefitinib
therapy which is in concordance with the study by Yan P.
et al., [25]. In addition, DCR of Gefitinib is significantly
higher in patients with normal pre-treatment serum NSE
level which was also concluded by Wang Y et al. [12].
Conversely, the above results are not in concordance
with the study by Zhaio XM et al. [15]; which found that
there is no significant difference in response to therapy
with EGFR TKIs (including gefitinib) in patients with
metastatic NSCLC based on the baseline serum NSE .

As regards survival outcomes, the median PFS
of patients with high baseline serum NSE levels is
approximately 25 months shorter than those with
normal baseline levels. Also, the median OS of patients
with high pre-treatment serum NSE levels is nearly 16
months shorter than those with normal pre-treatment
levels. According to the above data, we demonstrated
statistically significant improvement in both PFS, and
OS among patients with normal pre-treatment serum
NSE level. Moreover, multivariate cox regression
analysis confirmed that baseline serum NSE level is an
independent prognostic parameter for both PFS and OS of
our study population. These findings are consistent with
the studies by Yan P. et al.; Inomata M. et al.; Koung Jin
Suh et al.; which all reported that pre-treatment serum
NSE level has a statistically significant independent
association with survival outcomes [25-27]. Contrary
to our results, the study by Zhaio XM et al. [15]; which
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did not find significant differences in both PFS and OS
outcomes based on the baseline serum NSE in patients
with advanced NSCLC with EGFR-sensitive mutations
who received gefitinib. Also, Fiala O et al. [14]; declared
that high serum NSE is a strong independent predictive
factor for short PFS of patients with NSCLC treated with
EGFR-TKIs; whereas OS outcomes are similar in both
groups of patients (normal versus high serum NSE) [14].
Our findings may be because NSE promotes rapid growth
and proliferation of tumor cells which may contribute to
the increased aggressiveness of tumors and their poor
response to therapy [24]. In addition, NSCLC with high
serum NSE may be associated with small cell component
which is associated with poor prognosis [28].

Immunohistochemical (IHC) staining of the tumor
specimens for NSE was not performed based on the
evidence from the studies by Inomata M. et al., and by
Tiseo et al., and other similar studies which concluded
that there is no significant association between the plasma
NSE levels and the findings of IHC [26, 29].

The relatively small sample size is one of the
limitations of our study. In addition, it is dependent on a
single institute experience. In the future, we recommend
further studies on a larger scale with larger sample
size including the experience of multiple institutions.
Furthermore, analysis of the association between serum
NSE and response to systemic therapies other than TKIs
(e.g., anaplastic lymphoma kinase (ALK) inhibitors; and
immune checkpoint inhibitors) may be considered.

In conclusion, this prospective study demonstrated
that baseline serum NSE is an independent predictive
and prognostic factor for patients with metastatic EGFR-
mutated NSCLC receiving gefitinib therapy.
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