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Purpose: Lung cancer is the leading cause of cancer-related mortality and non-small-cell
lung cancer (NSCLC) accounts for 80-90% of all lung cancers. However, biomarkers to
predict the prognosis of NSCLC patients upon treatment with tyrosine kinase inhibitors
remain unreliable. Different types of EGFR mutations can help predict the efficacy of
tyrosine kinase inhibitor (TKI) treatment among advanced NSCLC patients harboring
them. However, survival varies among individuals harboring the same mutation after targeted
therapy. This study aimed to investigate the value of serum tumor markers (STMs) and
EGFR mutations in the prognostic assessment of progression-free survival (PFS) in
advanced-stage EGFR-mutated NSCLC.

Patients and Methods: A retrospective clinical review was performed on 81 NSCLC
patients harboring EGFR mutations and for whom STM data, measured before commence-
ment of first-line treatment with tyrosine kinase inhibitors, were available. Associations
among EGFR mutations, STMs, baseline clinical features, and PFS were analyzed. Kaplan
—Meier method was used to plot survival curves, and Cox logistic regression models were
used to identify independent prognostic factors.

Results: Exon 19 deletion (19-del) in EGFR, negative neuron-specific enolase (NSE),
negative pro-gastrin-releasing peptide precursor (ProGRP) value, and “never smoking”
status were significantly associated with improved PFS (P=0.007, P=0.001, P<0.001,
and P<0.001, respectively). Multivariate Cox analysis revealed that 19-del in EGFR,
never smoking, negative ProGRP value, and negative NSE were independent predictors
of PFS.

Conclusion: This study demonstrated that 19-del in EGFR may predict longer PFS in
advanced-stage EGFR-mutated NSCLC treated with TKIs. Additionally, longer PFS can be
predicted by serum tumor markers with negative ProGRP value, negative NSE value before
initial treatment, and “never smoking.” Therefore, in addition to the EGFR mutation type and
smoking status, physicians can also prognosticate the PFS of tyrosine kinase inhibitors
treatment according to the values of ProGRP and NSE before treatment.

Keywords: non-small-cell lung cancer, serum tumor markers, prognosis, progression-free
survival
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Introduction
Lung cancer ranks first among cancer-related deaths
worldwide. About 1.7 million people die of lung cancer
every year, posing a major threat to public health.' Based
on its biological characteristics, lung cancer is classified
into non-small-cell lung cancer (NSCLC) and small-cell
lung cancer (SCLC). NSCLC accounts for almost
80-90% of all lung cancers. Most NSCLC patients pre-
sent with advanced disease.” Approximately 40% of
Asian NSCLC patients harbor epidermal growth factor
receptor (EGFR) mutations; this prevalence is >20% for
non-Asian patients. Furthermore, the mutation rate is
alarmingly high among women (61.1%) and never-
smokers (60.7%).>* In the past few decades, treatment
modalities for inoperable metastatic NSCLC patients
have developed from traditional therapy, such as cyto-
toxic chemotherapy and radiotherapy, to precision ther-
apy. Particularly, tyrosine kinase inhibitors (TKIs) have
emerged as first-line treatment agents for patients harbor-
ing exon 19 deletions (19-del) or exon 21 substitution
(Leu858Arg) and diagnosed as advanced inoperable
NSCLC.? TKI treatment has not only markedly improved
the objective response rates (ORR), progression-free sur-
vival (PFS), and overall survival (OS), but also improved
the quality of life of patients with advanced lung adeno-
carcinoma, with fewer side effects.®®

Lung cancer patients harboring EGFR mutations trea-
ted with TKIs report different clinical characteristics and
different prognoses. With the increasing application of
targeted therapy for treating NSCLC patients harboring
EGFR mutations, evidence indicates that sex, performance
status, ethnicity, brain metastasis, and EGFR mutation type
may have independent prognostic values in EGFR-mutant
NSCLC.%° However, better biomarkers are warranted to
predict the prognosis of NSCLC patients treated with
TKIs. Serum tumor markers (STMs) are not only helpful
for the diagnosis of lung cancer but are also of great
significance to the prognosis of cancer and follow-up
surveillance.'®'" Clinical studies have reported that pro-
gastrin-releasing peptide precursor (ProGRP), carcinoem-
bryonic antigen (CEA), neuron-specific enolase (NSE), the
soluble fragment of cytokeratin 19 (CYFRA 21-1), and
squamous cell carcinoma (SCC) antigen are optimal mar-
kers for managing lung cancer.® ProGRP and NSE are
usually considered diagnostic and prognostic tumor mar-
kers for SCLC.'>!3 However, elevated ProGRP and NSE
some NSCLC

levels have also been reported in

patients.'*'> However, the prognosis of STMs for targeted
therapy remains controversial. In particular, it has not been
reported whether baseline serum ProGRP can be used as
a predictive marker for first-line TKIs therapy for EGFR
mutated NSCLC. Therefore, in this study, we aimed to
evaluate the predictive and prognostic values of plasma
ProGRP and NSE before treatment for NSCLC-positive
first-line EGFR-TKIs.

Patients and Methods

Patients

Eighty-one advanced NSCLC patients receiving first-line
TKI (erlotinib 150 mg per day or gefitinib 250 mg per day)
treatment at the Anhui Medical University-affiliated
Chaohu Hospital between June 2016 and November 2019
were enrolled. A total of 271 patients with advanced
NSCLC were recruited in this study, of which 118 cases
were found with EGFR mutations; patients without treat-
ment or treated with chemotherapy were excluded. Eighty-
six patients were treated with TKIs as first-line treatment,
of which five cases were not included in the statistics due
to incomplete follow-up data. Most patients had adenocar-
cinoma (73/81); only two had SCC, five had adenosqua-
mous carcinoma, and one had NSCLC but not otherwise
specified (NOS).

Inclusion criteria: (I) histologically confirmed stage IV
NSCLC according to the 7th American Joint Committee
on Cancer (AJCC) staging manual; (II) harboring either
the exon 19-del or/and 21-L858R mutations in EGFR,
detected through polymerase chain reaction (PCR); (III)
receiving first-line EGFR-TKI treatment; (IV) subjected to
STM measurement, including ProGRP, CEA, NSE,
CYFRA 21-1, CA72-4, and SCC, in plasma samples
collected before treatment with first-generation EGFR-
TKIs. All the patients in the group with NSCLC were
diagnosed by experienced clinicians based on their histo-
pathology results, imaging, and other examinations, in
accordance with international guidelines.

Exclusion criteria: Severe liver and kidney damage or
autoimmune diseases, cardiovascular diseases, thrombus
and hemorrhagic diseases, uncontrolled infectious diseases
in the past 2 weeks, recent anti-tumor therapy such as
chemotherapy or radiotherapy, no blood routine liver and
renal function tests before EGFR-TKI therapy, and life
expectancy <3 months.

The primary study endpoint was PFS, determined from
the first day when patients start receiving EGFR-TKI
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treatment to the day the tumor progressed or the last
follow-up date. The tumor response after EGFR-TKI treat-
ment was evaluated according to RECIST vl.1 criterion.
ORR is defined as the total number of patients in partial
and complete remission divided by the total number of
patients receiving TKI treatment. The Ethics Committee of
the Anhui Medical University-affiliated Chaohu Hospital
approved the study (201,601-kyxm-01). Further, the study
was conducted in accordance with the principles of the
Declaration of Helsinki. We obtained informed consent
from all patients before participating in the study.

Methods

STM Measurement

We obtained the following data from medical records: age,
sex, type of EGFR mutation, smoking status, pathological
type, Cooperative Oncology Group Performance Status
(ECOG PS) of 0, 1, or 2, and STMs before treatment.
Blood samples of tumor markers were obtained by periph-
eral venipuncture before TKI treatment. We define the
following threshold as the upper limit of the reference
range: ProGRP, 85.7 pg/mL; CEA, 5 ng/mL; NSE, 24.0
ng/mL; CYFRA 21-1, 3.3 ng/mL; CA72-4, 5.6 U/mL; and
SCC, 2.5 ng/mL. Therefore, when the value of the tumor
marker exceeds these thresholds, it is considered to be
positive; when the contrary is the case, it is negative.
STMs were measured using a commercial electrochemilu-
minescence immunoassay on the Roche Modular E601
system (Roche Diagnostics, Shanghai, China). The refer-
ence threshold for STM elevation was provided by the
manufacturer.

Analyses for Immunohistochemistry and
EGFR Gene Mutations

The histopathological types and malignant degrees of
NSCLCs were judged by experienced pathologists accord-
ing to the immunohistochemical markers. During immu-
judged the
pathological types according to the following immune
TTF-1, NAP-A, CK, CK, Ki67 (Maixin,
Fuzhou, China), which were used to classify the tumors

nohistochemical analysis, pathologists

markers:

into adenocarcinoma, SCC, adenosquamous carcinoma,
large cell carcinoma, and other rare types.

Tumor EGFR mutations were detected by fiberoptic
bronchoscopy, percutaneous lung puncture, or metastatic
lymph node biopsy. In the absence of the above tissues,
EGFR mutations can also be detected using the cytological

samples of serous effusion. PCR (Next Seq CNS500,
[lumina, USA) was used to analyze the existence/absence
of EGFR gene mutation. If no exon mutation was detected,
the mutation was identified as “EGFR wild type,” whereas
if any exon mutation is detected, it was identified as
“EGFR mutation.”

Statistical Analysis

We used SPSS version 22.0 software (SPSS Inc., Chicago,
IL, USA) to analyze the P values of the tumor markers
studied. The Kaplan—Meier method was used to estimate
the PFS distribution, and Cox proportional hazard regres-
sion analyses were performed for univariate and multi-
variate survival analyses. Variables with P < 0.1 in the
univariate analysis were incorporated into the multivariate
analysis. P < 0.05 was considered statistically significant.

Results

Patient Characteristics

The clinical characteristics of the 81 patients diagnosed
with advanced NSCLC are listed in Table 1. The median
age of the cohort was 65 years (range, 39-85 years), and 44
(54.3%) patients were females. Fifty-nine (72.8%) patients
were never-smokers. Most of the patients were diagnosed
with adenocarcinoma (73/81), and just eight had other types
of NSCLC. The median PFS of the cohort was 12.9 months.
Forty-four patients (54.3%) harbored a del-19 and 37
(45.7%) harbored an L858R mutation. Patients with ele-
vated ProGRP (40.7% vs. 59.3%), CEA (74.1% vs. 25.9%),
NSE (38.3% vs. 61.7%), CYFRA 21-1 (65.4% vs. 34.6%),
CA 724 (19.8% vs. 80.2%), and SCC (8.6% vs. 91.4%)
showed no correlation with EGFR mutation status (data not
shown).

Association Between Baseline STMs and
EGFR-TKI Treatment Outcomes

The response of patients with different baseline STMs and
their characteristics are presented in Table 2. There was no
significant correlation between age, sex, smoking status, or
ECOG score and treatment response. Furthermore, the base-
line ProGRP, NSE, CYFRA 21-1, CA 724, and SCC were
not significantly associated with treatment outcomes.
However, patients with elevated CEA levels and EGFR 19-
del mutation presented better responses than those with nor-
mal CEA levels and EGFR 21- L858R. The ORR for patients
with elevated CEA levels and normal CEA levels were 81.7
vs. 33.3% (P<0.001) after first-line EGFR-TKI treatment.
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Table | Clinical Characteristics of the 8| Patients Table | (Continued).
Characteristics N ) Characteristics N (%)
Age (years)
Median(range) 65(39-85) Treatment response
<65 42(51.9) CR 1(-2)
>65 39(48.1) PR 55(679)
SD 25(30.9)
Sex Abbreviations: NSCLC, non-small-cell lung cancer; NOS, no otherwise specified;
Male 37(45~7) EGFR, epidermal growth factor receptor; ECOG, Eastern Cooperative Oncology
Female 44(54.3) Group performance status; ProGRP, pro-gastrin-releasing peptide; CEA, carcinoem-
bryonic antigen; NSE, neuron-specific enolase; CYFRA 2I-I, cytokeratin |9 frag-
Smoking ment; CA 72—4, carbohydrate antigen 72—4; SCC, squamous cell carcinoma antigen;
CR, complete response; PR, partial response; SD, stable disease; TKI, tyrosine
Ever 22(27.2) kinase inhibitor.
Never 59(72.8)
Histology .
Ad & Furthermore, after the first-line EGFR-TKI treatment, the
enocarcinoma 73(90.1)
Squamous cell carcinoma 2(2.5) ORR for patients with EGFR 19-del mutation and EGFR
Adenosquamous carcinoma 5(6.2) 21- L858R were 80.4 vs. 54.3% (P=0.033), respectively.
NSCLC, NOS 1(1.2)
EGFR Survival and Prognostic Factors
19-Del 44(43) Univariate and multivariate analyses were used to identify
21-L858R 37(45.7) o i e
the predictive and prognostic value of clinical features and
ECOG the pre-therapeutic STMs in the EGFR-mutant NSCLC
g_; iZE:ZT; patients treated with EGFR-TKIs as first-line therapy.
: Univariate logistic regression analysis indicated that
ProGRP patients in the EGFR 19-del mutation, normal NSE, nor-
zevate‘lj iz(:g? mal ProGRP, and never smoking groups had significantly
orma 693 longer PFS (Figures 1-4). The median PFS of patients
CEA with exon 19-del mutation was significantly longer than
'E\:evate‘lj Z?(;:';) that of patients with exon 21-L858R mutation after first-
erme @9 line TKI treatment (16.1 vs. 7.5 months; P=0.007, Figure
NSE 1). The median PFS of patients with normal NSE value
Elevated 31(38.3) was significantly longer than that of patients with elevated
N | 50(61.7 .
orma (61.7) NSE levels (16.1 vs. 7.0 months; P=0.001, Figure 2). The
CYFRA 21-1 median PFS of patients with normal ProGRP value was
Elevated 53(654) significantly longer than that of patients with elevated
Normal 28(34) ProGRP levels (16.1 vs. 7.1 months; P<0.001, Figure 3).
CAT72-4 The median PFS of never smoking patients were signifi-
Elevated 16(19.8) cantly longer than that of ever smoking ones (14.7 vs. 6.9
Normal 65(80.2) months; P<0.001, Figure 4). However, other STMs, such
scc as age, sex, and ECOG score, were not associated with
Elevated 7(8.6) PFS (Table 3).
Normal 74014 On multivariate Cox regression analysis, EGFR muta-
EGFR-TKI tions remained an independent predictor of PFS among
Gefitinib 62(76.5) patients treated with first-line EGFR-TKIs (Hazard ratio
Erlotinib 19(23.5) [HR], 1.832; 95% CI, 1.061-3.160; P =0.03), along with
(Continued) baseline ProGRP (HR, 2.462; 95% CI, 1.338-4.531;
13610 submityour manuseript Cancer Management and Research 2020:12
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Table 2 Disease Response Associated with Clinical 9
Characteristics = 100- — EGFR 19-del
2 — EGFR 21-L858R
Characteristics N Response (N) P E 80+
(7]
CR PR SD 8 60
&
Age (years) 0.579 S 404
<65 42 0 29 13 »
(7]
>65 39 [ 26 12 £ 207
2 0
Sex 0326 = o 10 20 30 40 50
Male 37 0 23 14 . .
Ferale 44 | 1 0 Number at risk Time(months)
Smoking 0.426 EGFR 19-del 46 28 17 11 6
Ever 22 0 13 9
Never 59 | 0 6 EGFR 21-L858R 35 15 4 2 2
EGFR 0.033 Figure | Kaplan—Meier curves for each patient group classified according to EGFR
19-Del 46 | 36 9 mutation.
21-L858R 35 0 19 16
ECOG 0.786 S
0-1 55 [ 37 17 H 100 — Normal NSE
2-3 26 |0 18 |8 2 g0 — Elevated NSE
?
ProGRP 0.574 ®
o 601
Elevated 33 0 24 9 &
Normal 48 [ 30 6 & 40-
(7]
CEA <0001 8 204 520,001
Elevated 60 [ 48 ¥ 3 I
> 0
& T T T T 1
Normal 21 0 7 14 0 10 20 30 40 50
NSE 0.300 Number at risk Time(months)
Elevated 31 0 24 7
Normal 50 | 3] 18 Nomal NSE 59 38 20 12 7
CYFRA 21-1 0.399 Elevated NSE 22 5 1 1 1
Elevated 53 | 38 14
Normal 28 0 17 1 Figure 2 Kaplan—Meier curves for each patient group classified according to NSE
levels.
CA72-4 0.424
Elevated l6 0 3 3 P =0.004), baseline NSE (HR, 2.169; 95% CI, 1.215—
Normal 65 I 42 2 3.873; P=0.009), and smoking status (Table 4, HR,
scc 0.284 0.351; 95% CI, 0.191-0.643; P=0.001).
Elevated 7 0 3
N | 74 | 52 21 H H
erma Discussion
EGFR-TKI 0.466 In this study, we evaluated the predictive and prognostic
Gefitinib 62 ' 40 21 values of ProGRP and NSE in plasma before treatment of
- 9 . .
Erlotinib ! 0 '3 NSCLC with first-line EGFR-TKIs. We found that 19-del

Abbreviations: EGFR, epidermal growth factor receptor; ECOG, Eastern
Cooperative Oncology Group performance status; ProGRP, pro-gastrin-releasing
peptide; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; CYFRA
21-1, cytokeratin 19 fragment; CA 72—4, carbohydrate antigen 72—4; SCC, squa-
mous cell carcinoma antigen; CR, complete response; PR, partial response; SD,
stable disease.

in EGFR, never smoking, negative ProGRP value, and
negative NSE were significantly associated with better
PFS among NSCLC patients with EGFR driving gene
positive mutations treated with first-line TKIs.
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% 1004 — Normal ProGRP

£ — Elevated ProGRP

S 80-

(]

3 60-

“w

& 401

2

© 204 P<0.001

<]

2

n- o T T T T 1

1] 10 20 30 40 50

Number at risk Time(months)
Normal ProGRP 48 32 19 13 8
Elevated ProGRP 33 11 2 0 0

Figure 3 Kaplan—Meier curves for each patient group classified according to Pro-
GRP levels.

= 1004 — Never smoking
£ — Ever smoking
£ 80-
(7]
3 604
b
& 401
2
@ 204
2 P<0.001 ;
¥ 0
n_ T T T T 1
0 10 20 30 40 50
Number at risk Time(months)
Never smoking 59 38 20 12 7
Ever smoking 22 5 1 1 1

Figure 4 Kaplan—Meier curves for each patient group classified according to
smoking status.

Personalized therapy for NSCLC, guided by targeted dri-
ver genes, has already been initiated, especially among indi-
viduals with molecular subtypes, including EGFR mutations
and ALK mutations. In-frame 19-del and point mutations of
exon 21 (Leu858Arg) are the two most common activating
mutations, together accounting for >90% of known activating
EGFR mutations.'® Concurrent with our results, most previous
studies have reported that NSCLC patients harboring 19-del
have a more favorable response rate and survival than those
with exon 21 L858R mutations.™'”'® Furthermore, a previous
meta-analysis revealed that smokers, male patients, and
patients with EGFR exon 21 L858R mutations are potentially
associated with poor PFS compared to non-smokers, female
patients, and patients harboring EGFR 19-del upon treatment
with EGFR-TKIs.”

Table 3 Univariate Analysis of PFS

Characteristics N PFS (Median, Month) P

Age (years) 0.532
<65 42 8.8
>65 39 14.7

Sex 0.716
Male 37 83
Female 44 14.7

Smoking <0.001
Ever 22 6.9
Never 59 14.7

EGFR 0.007
19-Del 46 16.1
21-L858R 35 75

ECOG 0.675
0-1 55 12.4
2-3 26 13.4

ProGRP <0.001
Elevated 33 7.1
Normal 48 16.1

CEA 0.156
Elevated 60 12.7
Normal 21 13.6

NSE 0.001
Elevated 31 7.0
Normal 50 16.1

CYFRA 21-1 0.112
Elevated 53 12.4
Normal 28 13.1

CA72-4 0.240
Elevated 16 7.6
Normal 65 13.1

SCC 0.876
Elevated 7 14.7
Normal 74 1.5

EGFR-TKI 0.923
Gefitinib 62 8.8
Erlotinib 19 13.6

Abbreviations: PFS, Progression-free survival; EGFR, epidermal growth factor recep-
tor; ECOG, Eastern Cooperative Oncology Group performance status; ProGRP, Pro-
gastrin-releasing peptide; CEA, carcinoembryonic antigen; NSE, neuron-specific eno-
lase; CYFRA 21-1, cytokeratin 19 fragment; CA 724, carbohydrate antigen 72—4;
SCC, squamous cell carcinoma antigen; TKI, tyrosine kinase inhibitor.

Adverse treatment results associated with exon 21
mutations may be attributed to or confused by the higher

incidence of concomitant mutations. A previous study
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Table 4 Univariate and Multivariate Analysis of PFS

Factors Univariate Multivariate

X P HR (95% CI) P
EGFR 7.264 0.007 1.832(1.061-3.160) 0.03
ProGRP 12.954 <0.001 2.462(1.338-4.531) 0.004
NSE 10.151 0.001 2.169(1.215-3.873) 0.009
Smoking 13.436 <0.001 0.351(0.191-0.643) 0.001

Abbreviations: PFS, progression-free survival; EGFR, epidermal growth factor
receptor; ProGRP, progastrin-releasing peptide; NSE, neuron-specific enolase; HR,
hazard ratio; Cl, confidence interval.

showed that 69% and 41% of patients harbored an EGFR
exon 21 mutation and 19-del mutation, respectively (P =
0.04)." Conversely, a retrospective clinical study by Xue

et al'’

reported no significant differences in response rate
and PFS between patients with 19-del and those with an
L858R mutation after

Therefore, prognostic evaluation based only on gene muta-

exon 21 icotinib treatment.
tion types is not adequate. Further studies are required to
evaluate more biomarkers for comprehensive prognostic
evaluation of NSCLC.

Plasma ProGRP and NSE levels have long been con-
sidered for the diagnosis of SCLC, with 60—70% sensitiv-
ity and 96-97% specificity.'>***' However, high serum
ProGRP and NSE levels were also observed among
NSCLC patients, especially those with large cell neuroen-
docrine carcinoma and NSCLC with neuroendocrine
manifestations.'>?! Although the present data are contro-
versial, most studies have reported that serum NSE is an
independent prognostic factor in advanced NSCLC, con-
current with our findings. In the era of chemotherapy as
first-line treatment, elevated serum NSE levels may serve
as an independent factor for the poor prognosis of NSCLC,
being potentially associated with greater aggressiveness of
NSCLC.'"%*%* Suh reported that baseline serum NSE
levels are an independent predictive marker among EGFR-
mutant NSCLC patients treated with first-line EGFR-
TKIs; however, ProGRP was not discussed in their
research.”* ProGRP is a signal peptide produced by
SCLC cells. A previous meta-analysis reported that
ProGRP has a higher specificity and similar differentiation
potential in diagnosing SCLC compared to NSE.*
However, only a few studies have investigated whether
baseline serum ProGRP serves as a predictive marker for
EGFR-mutant NSCLC treated with TKIs. This study
reported that positive ProGRP and NSE values measured
before initial treatment may predict poor PFS, both being
independent prognostic factors of PFS. A previous study

reported no significant association between STMs at base-
line and OS;% however, these results are different from the
present endpoint PFS only associated with the duration of
prognosis, whereas OS was associated with not only initial
treatment but also advanced treatment. Because of the
great difference in the mode of second-line treatment, OS
was not considered the focus of this study. Furthermore,
the treatment modality included both chemotherapy and
EGFR-TKIs as first-line treatment, which is different from
that in this study wherein patients were treated with only
EGFR-TKIs. Inomata reported that higher NSE levels are
associated with poor prognosis; however, association
between serum ProGRP levels and survival was not
observed.”” Their selection criteria were both treatment
with TKIs as first-line therapy among 34 (82.9%) patients
and as second-line therapy among seven (17.1%) patients,
which were different from those in this study. Herein, no
significant association was noted between other STMs at
baseline and PFS. Although a meta-analysis reported the
powerful predictive value of CYFRA 21-1 in NSCLC, it
includes different treatment modes, different stages, and
even different pathological types.”®

The prognostic and predictive values of pre-treatment
CEA and CYFRA 21-1 serum levels were assessed among
advanced NSCLC patients treated with gefitinib or erloti-
nib. Furthermore, Jung et al*’ reported that pre-treatment
CEA and CYFRA 21-1 serum levels could predict survi-
val among advanced NSCLC patients with unknown
EGFR mutation status treated with TKIs, while EGFR
mutation status was subsequently identified as a strong
predictor for PFS and OS when treated with TKIs.

The major reason underlying the difference between
the survival rates of the elevated ProGRP and NSE groups
may be tumor heterogeneity. Previous studies reported that
2-10% of patients harbored a mixture of small-cell and
non-small-cell tumors, as revealed through the histological
features of all pulmonary biopsies and pulmonary
resections.’*! Although NSCLC cases with elevated
serum NSE levels had higher chemotherapeutic ORR,
a higher ORR to cytotoxic drugs did not improve patient
survival.***? Lung adenocarcinoma and SCLC cells might
harbor a common precursor for alveolar type II cells.**3*
In one case, the SCLC component was dominant among
NSCLC patients after EGFR-TKI treatment, displaying an
elevation in pre-treatment plasma ProGRP levels.”’ In
another case, small-cell transformation and metastasis to
the breast occurred in a lung adenocarcinoma patient after
EGFR-TKI treatment, accompanied by an elevation in
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serum NSE level.®>® In both cases mentioned above, the
patients were diagnosed with adenocarcinoma after initial
biopsy and did not present a neuroendocrine component.
Oya®® reported that ProGRP and NSE can predict SCLC
transformation after observing chemotherapeutic resis-
tance to ALK-TKIs even when the serum NES and
ProGRP levels were within reference limits upon diagno-
sis. Notwithstanding extensive tumor heterogeneity, an
initial diagnosis is inadequate. Previous studies have
reported some patients being initially diagnosed with
but

a mixed tumor cell population upon surgery or autopsy,’

small-cell ~carcinoma subsequently  presenting
probably owing to the small size of the biopsy samples.
For most patients with stage IV cancer, surgical gross
specimens are lacking, and multiple biopsies are per-
formed to obtain a sufficient amount of tissue. The present
results potentially help define NSCLC with positive
ProGRP and NSE values as prone to TKI resistance and
SCLC transformation. Assessment of NSCLC heterogene-
ity potentially requires biopsy from multiple sites.
However, considering the poor performance of patients
with advanced lung cancer, this is frequently unrealistic.*’

This study has some limitations. First, this study had
a relatively small cohort size, was single-centered, and had
a retrospective design. Furthermore, we did not investigate
the prognostic value of STMs for OS because patients
received different modes of treatment after disease pro-
gression. Also, this study does not account for all potential
prognostic factors such as ctDNA and brain metastases
because the record was not complete. In addition, there
was no stratified analysis of the rising degree of STMs in
this study. Hence, these results should be interpreted care-
fully and larger sample based prospective studies are war-

ranted for further exploration.

Conclusions

This study showed that EGFR mutation type, baseline serum
NSE and ProGRP levels, and smoking status are indepen-
dent predictive markers of first-line EGFR-TKI treatment
among EGFR-mutant NSCLC patients. Measurement of
serum NSE and ProGRP levels before EGFR-TKI treatment
could help clinicians predict the PFS upon administration of
first-line EGFR-TKI therapy. Further studies are required to
indicate whether new treatment strategies are needed for
patients with EGFR mutations associated with elevated
baseline NSE and ProGRP levels.
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