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Objective: The aim of this study was to investigate the correlation between the efficacy of
epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) and circulating tumor
cell (CTC) levels in patients with advanced non-small cell lung cancer (NSCLC). The efficacy
of EGFR-TKIs in reducing CTC counts in patients with advanced NSCLC was studied.
Patients and methods: A total of 66 patients with advanced NSCLC were enrolled and
divided into two groups (those with high CTC counts and those with low CTC counts) based
on the patients” median CTC counts. All the patients were treated with an EGFR-TKI, and the
treatment efficacy and prognoses were compared.

Results: The treatment efficacies were 53.3% (16/30) and 27.8% (10/36) for the low CTC group
and high CTC group, respectively, and this difference was statistically significant (P<<0.05). The
median overall survival was 22.8 months (95% confidence interval [CI]: 18.9-26.8 months) for
the low CTC group and 18.3 months (95% CI: 2.9-8.2 months) for the high CTC group. The
median progression-free survival was 11.5 months (95% CI: 8.1-15 months) and 5.6 months
(95% CI: 2.9-8.2 months) for the low and high CTC groups, respectively, and the difference
was statistically significant (P<<0.05).

Conclusion: The CTC count can be used as an index for predicting the EGFR-TKI effect on
patients with advanced NSCLC. Efficacy and prognosis of EGFR-TKI treatment and CTC count
were considered important, and the CTC count could be used to predict the efficacy of EGFR-
TKI treatment and prognosis of advanced NSCLC. The change in CTC expression levels can
be used as an index for evaluating the prognosis of patients with advanced NSCLC.
Keywords: non-small cell lung cancer, circulating tumor cells, EGFR-TKI

Introduction

Lung cancer is the leading cause of cancer deaths worldwide, and non-small cell
lung cancer (NSCLC) accounts for 85% of all lung cancer cases.! Surgical treatment
can obviously extend the survival time of patients with early-stage lung cancer.
However, the early symptoms of lung cancer can hardly be noticed, without distinc-
tive manifestation. Most patients are in locally advanced stage or have distant metas-
tasis to the brain, bone, adrenal gland, liver, etc., at the time of initial diagnosis. If
surgery cannot be conducted, the prognosis will be poor. The 5-year survival rate of
patients with stages I-IITA lung cancer after excision is only 30%-40%.? The overall
5-year survival rate is <15%. Most patients die of recurrence of lung cancer and
distant metastasis.’
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As molecular targeted cancer therapy has improved,
treatment for advanced NSCLC may involve new
approaches. Epidermal growth factor receptor (EGFR)
is the most studied cancer therapeutic target, and EGFR
tyrosine kinase inhibitors (EGFR-TKIs) are an important
option for targeting EGFR in treating cancer. Currently,
EGFR-TKI is a first-line treatment option for patients
with advanced NSCLC with EGFR mutations, but drug
resistance limits the use of these compounds. Meanwhile,
the detection of tumor and the monitoring of therapeutic
process depend on imageological examination and serum
tumor marker examination. However, the tumor size
indicated by imaging is not in conformity with the grade
malignancy or invasion and metastasis ability.* Currently,
a specific tumor marker with high sensitivity, which can
dynamically evaluate the EGFR-TKI effect and timely find
the recurrence and metastasis of tumor, is lacking. There-
fore, a method that can dynamically evaluate the EGFR-
TKI effect, extend the survival time, and avoid excessive
or delayed treatment is needed.

Cancer prognosis is related to tumor metastases that are
believed to arise from circulating tumor cells (CTCs) that
move into the peripheral blood.** In addition, CTC counts
are reported to be closely linked to lung cancer outcomes.*’
In recent years, a minimally invasive approach was used to
assess the efficacy of chemotherapy before and during cancer
treatment, and CTC counts were found to be correlated
with the efficiency of chemotherapy treatment in advanced
NSCLC.? However, in the field of EGFR-TKI therapy, no
final conclusion has yet been reached on whether CTC count
is effective in the evaluation and prognosis of EGFR-TKI
effect. Therefore, we used CTCs as the research object,
which were derived from the peripheral blood of patients
with advanced NSCLC receiving EGFR-TKI treatment, and
explored CTC count for evaluating the EGFR-TKI effect and
prognosis in advanced NSCLC.

Patients and methods

Patient population

This was a prospective phase II study, and 66 patients diag-
nosed with advanced NSCLC from October 2012 to May 2014
at the Yunnan Cancer Hospital were enrolled. Patients were
required to be at least 18 years old and have an Eastern Coop-
erative Oncology Group Performance Status (PS) score of
=3, histologically or cytologically confirmed non-squamous
stage I1IB NSCLC with pleural effusion or stage IV NSCLC,
adequate organ function, and no history of prior systemic treat-
ment of lung cancer. In this study, all of the 66 patients were

EGFR 19 exons or L858R exons mutation positive through
EGFR gene mutation detected. But the anaplastic lymphoma
kinase and KRAS mutations were not detected in the study.
Patients with significant vascular disease or any serious car-
diac condition were excluded. The study was approved by the
Ethics Committee of Yunnan Cancer Hospital, and written
informed consent was obtained from all the enrolled patients
prior to any interventions. The CTC count was detected, and
all the procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards.

Patient treatments

Patients were treated with one of the three EGFR-TKIs:
gefitinib (250 mg/day, orally), erlotinib (150 mg/day, orally),
or icotinib hydrochloride (125 mg thrice daily, orally).
Therapy was continued for at least 1 month. The longest
treatment course was 28 months, and the average course
was 8 months.

Sample collection and CTC

measurements

Blood was collected from patients prior to treatment and
testing within 2 h after collection. Then, CTC count was mea-
sured according to the protocol. Briefly, mouse antihuman
antibodies CD45-PC5, CK18-fluorescein isothiocyanate, and
EGFR-phycoerythrin in addition to NH4Cl, hemolysin, Per-
coll, and FACS™ Permeabilizing Solution 2 (Perm 2, 10x)
reagents and a flow cytometry (EPICS XL) machine were
purchased from Beckman Coulter. First, 20 uL of CD45-PCS5,
20 uL of EGFR-phycoerythrin, and 20 uL. CK18-fluorescein
isothiocyanate were added to 100 uL of heparinized whole
blood, and blood samples were kept at room temperature for
30 min in a dark room. Then, NH,Cl and hemolysin were
added to lyse the cells. Cells in the samples were counted
using a FACS machine after 15 min. CD45-CK18+ cells
were considered CTCs. Counting was made per milliliter of
blood. Cells were considered CTCs if they were negative for
CD45 and presented with hyperchromatic nucleus, irregular
shape, and high cytoplasm—nucleus ratio (>0.5).° Positive
results for peripheral blood micrometastases were defined
as CTCs =5/7.5 mL.

Efficacy evaluation
To evaluate the efficacy of clinical treatment, the World Health
Organization’s response assessment standards were used. '
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Complete response (CR), partial response (PR), stable disease
(SD), and disease progression (PD) were the categories of
responses. CR and PR outcomes were considered results
of effective treatment, and CR, PR, and SD outcomes were
considered as having the disease under control. Progression-
free survival (PFS) was calculated from the first day of
treatment until the date of PD, and overall survival (OS)
was calculated from the first day of treatment until the
date of death.

Statistical analysis

All analyses were conducted using SPSS software (Version
16.0; SPSS, Inc., Chicago, IL, USA). Individual variables
were assessed using a paired rank sum test. Kaplan—Meier,
log rank, and Cox multivariate regression analyses were
used for survival analysis. P<<0.05 was considered statisti-
cally significant.

Results
Correlation between CTC count and

clinical factors

Patient characteristics are reported in Table 1. There were
40 males and 26 females, and the median age was 61 years
(range, 41-78 years). Histologically, there were 58 patients
with adenocarcinoma and 8 patients with squamous cell
carcinoma. As per TNM staging, there were 4 cases of stage
I1IB disease and 62 cases of stage IV disease. There were
44 cases with PS scores 0—1 and 22 cases with PS scores =2.
We observed no significant association between CTC count

Table | Correlation between CTC count and clinical factors in
patients with advanced NSCLC

Clinical factors n CTC(xts) t P-value

Gender 2573 0.1
Male 40  133.9£249.6
Female 26 19.3%21.5

Age (years) 1.523  0.13
=60 26  101.6+253.3
<60 40  80.4%163.1

Histologic type 0.838 0.39
Squamous cell carcinoma 8 92.8+168.8
Adenocarcinoma 58  116.6+208.6

Clinical stage 0795 043
1B 4 21.5£5.5
v 62 93.11£207.6

PS score 1.351 0.18
0-I 44 93.5£217.3
=2 22 792171

Abbreviations: CTC, circulating tumor cell; NSCLC, non-small cell lung cancer;
PS, performance status; s, standard deviation.

and sex, age, histologic type, clinical stage, or PS score in
any enrolled subject (P>0.05; Table 1).

CTC count and EGFR-TKI treatment

efficacy

CTC counts are reported in Table 2. In this study, the CTC
expression value of the patients was 21.5-168. Based on our
experimental data, according to the statistical method, 68.5,
the median of CTC expression values of all patients, was
used as the demarcation point. Patients with CTC expression
values higher than the median were classified into high CTC
expression group, and those with CTC expression values
lower than the median were classified into low CTC expres-
sion group. The low CTC expression group had a response
rate (RR) 0of 53.3% (16/30) and a disease control rate (DCR)
of 80% (24/30). The high CTC expression group had an RR
0f 27.8% (10/36) and a DCR of 44.4% (16/36). The differ-
ence between the two groups was statistically significant
(P<0.05). Treatment efficacy for each group is listed in
Table 2. Efficacy was significantly higher in the low CTC
group than in the high CTC group (Table 2).

CTC counts before and after EGFR-TKI

treatment

Of the 66 patients, 40 patients were effectively treated
(CR + PR + SD patients), and CTC count in these patients
was significantly different before and after treatment. The
difference was statistically significant (P=0.009). How-
ever, treatment was not effective in the other 26 patients
(patients with PD), and CTC count in these patients was not
significantly different between before and after treatment
(Table 3). The difference was not statistically significant
(P=0.078; Table 3).

Association between CTC count and

survival

The median OS was 20.6 months (95% confidence interval
[CI]: 17.9-23.4 months), and 1- and 3-year survival rates
were 61.8% and 13.5%, respectively. The median OS was
22.8 months (95% CI: 18.9-26.8 months) in the low CTC
group and 18.3 months (95% CI: 14.8-21.9 months) in
the high CTC group. In the low CTC group, the l-year
survival rate was 64.7%, and that in the high CTC group
was 56.2%. The 3-year survival rates were 20.6% in the
low CTC group and 6.2% in the high CTC group. These
survival differences were statistically significant (P=0.01;
Figure 1). The total median PFS was 8.6 months (95% CI:
6.3—10.9 months), and the median PFS times were 11.5 months
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Table 2 Correlation between CTC count and efficacy of EGFR-TKI

Group n CTC count (x *s) CR PR SD PD RR (%) X* P-value DCR X? P-value
Low count group 30 21.5483 2 14 8 6 533 11.47  0.007 80 8.665  0.003
High count group 36 118.3£168 0 10 6 20 27.8 44.4

Abbreviations: CR, complete response; CTC, circulating tumor cell; DCR, disease control rate; EGFR, epidermal growth factor receptor; PD, progressive disease; PR,

partial response; RR, response rate; SD, stable disease; TKI, tyrosine kinase inhibitor; s, standard deviation.

(95% CI: 8.1-15 months) and 5.6 months in the low CTC
group and high CTC group (95% CI: 2.9-8.2 months),
respectively. These differences were statistically significant
(P=0.005; Figure 2). After treatment with EGFR-TKI, the
RRs were 42.9% and 35.5% in the EGFR 19 exon mutation
patients and EGFR L858R mutation patients, respectively,
and there was no statistical difference (P=0.21) between the
two groups. Furthermore, the DCR rates were 60% in both
the groups, with no statistical difference between the two
groups (P=0.54; Table 4).

Discussion

CTCs were first described based on their similarity to cancer
cells.” During malignant proliferation and development,
tumor cells may be modified at the DNA or protein level
to alter cellular phenotypes via epithelial-mesenchymal
transition and invade the peripheral circulation to form
metastatic CTCs."!

Chemotherapy is the mainstay treatment for advanced
NSCLC, but RRs are poor. Research indicates that CTC
counts negatively correlate with treatment efficacy.® Oral
EGFR-TKI treatment is an alternative option for patients with
advanced NSCLC with unsuccessful primary chemotherapy.
In tumor cells, EGFR is often mutated or overexpressed,
resulting in tumor cell apoptosis inhibition and tumor growth
promotion.'? Thus, EGFR-TKIs counteract this by blocking
EGFR expression and promoting apoptosis.'*> Because
EGFR-TKI treatment increases PFS and OS times in patients
with EGFR mutations, EGFR-TKI is a first-line treatment
for patients with advanced NSCLC with EGFR mutations.
However, drug resistance limits the use of EGFR-TKIs,

Table 3 Changes in CTC count before and after EGFR-TKI
treatment

Group n Before After t P-value
treatment treatment

Effective 40 19.4£20.1 14.8+£12.3 246  0.009

Noneffective 26 195.4+292.9 107.6+227 1.55  0.078

Abbreviations: CTC, circulating tumor cell; EGFR, epidermal growth factor
receptor; TKI, tyrosine kinase inhibitor.
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Figure | Correlation between CTC count and survival in patients with advanced
NSCLC.

Abbreviations: CTC, circulating tumor cell; EGFR, epidermal growth factor
receptor; NSCLC, non-small cell lung cancer; OS, overall survival; TKI, tyrosine
kinase inhibitor.
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after EGFR-TKI therapy
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Figure 2 Correlation between CTC count and PFS in patients with advanced
NSCLC.

Abbreviations: CTC, circulating tumor cell; EGFR, epidermal growth factor
receptor; NSCLC, non-small cell lung cancer; PFS, progression-free survival;
TKI, tyrosine kinase inhibitor.
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Table 4 Different mutation state of EGFR showing the different curative effect of EGFR-TKI

Group n CTC count (x £s) CR PR SD PD RR (%) X* P-value DCR X? P-value
EGFR 19 exons 35 98.5%I121.1 2 13 6 14 42.9 438 021 60 217 054
EGFR L858R exons 31 108.2+141.3 0 I 8 12 355 61.3

Abbreviations: CR, complete response; CTC, circulating tumor cell; DCR, disease control rate; EGFR, epidermal growth factor receptor; PD, progressive disease;
PR, partial response; RR, response rate; SD, stable disease; TKI, tyrosine kinase inhibitor; s, standard deviation.

and the amplification of T790M, a point mutation in EGFR
exon 20, is believed to mediate this resistance. This mutation
can increase the affinity between EGFR and ATP. Because of
this, reversible TKIs cannot easily inhibit the phosphorylation
of the EGFR and mesenchymal—epithelial transition (MET)
tyrosine kinase growth factor receptor families. Hepatocyte
growth factor receptor is an MET family receptor tyrosine
kinase, and it is relevant to cellular proliferation. MET gene
amplification can activate the ErbB3/PI3K/AKT signaling
pathway and elicit resistance to EGFR kinase inhibitors.'*
Thus, knowing whether EGFR-TKIs will be efficacious is
important for treatment and disease prognosis.

Recently, CTC measurements and peripheral blood gene
expression data have been used to guide chemotherapy.
Tumor cells can be found in peripheral blood, body fluids,
and pleural effusions, and as such, CTCs can serve as proxies
for cancerous tissues to test tumor-associated gene or protein
expression. However, CTC genomic testing as a replacement
for solid tumor genomic detection is unclear. Punnoose et al'®
reported that genomic expression in CTCs in EGFR-TKI-
treated patients with NSCLC was highly consistent with
genomic expression in primary tumor tissue. Maheswaran
et al'® reported that EGFR, EGFR T790M, MET, and other
gene mutations in CTCs can be used to evaluate treatment
efficacy and prognosis in patients with NSCLC.

There are very few CTCs in the blood of patients with
advanced NSCLC, especially during early stages. For this
reason, it is very important to establish an accurate, reliable,
and reproducible technical method for detecting CTCs from
peripheral blood. Common CTC detection methods include
Cell Search™ systems, reverse transcription polymerase
chain reaction, CTC chip, and flow cytometry. These tech-
nologies can significantly improve detection sensitivity and
specificity of CTC testing. Flow cytometry is a high-speed
cell analysis and sorting technology, which uses fluorescent
antibodies to stain and analyze tumor cells. Flow cytometry
can perform multiparameter analysis of the same cell, which
may reveal physical and chemical characteristics of the cells.
Because it is simple, reliable, and fast, flow cytometry was
selected as the main method for the detection of CTCs.

In this study, CTCs from the peripheral blood of patients
with advanced NSCLC were counted using flow cytom-
etry. Data indicate that EGFR-TKIs were more efficacious
for patients with low CTC counts, and better DCRs were
achieved in these patients. CTC counts obtained before and
after treatment did not differ significantly. These data agree
with the published reports that support the use of CTC counts
for predicting treatment outcomes. !¢

Significantly longer median overall, 1-year, and 3-year
survival rates are reported in this study for the low CTC group
than for the high CTC group (P=0.01). The median PFS was
also significantly higher in the low CTC group (P=0.005).
These data were explained by a greater therapeutic efficacy
using EGFR-TKIs and better disease control. This is why CTC
counts are closely related to the prognosis of patients with
advanced NSCLC treated with EGFR-TKI therapy. As such,
CTC counts may be used for making treatment decisions. Our
study sample size was small, and therefore further studies with a
large sample size are needed to confirm these results. CTC can
also be used as a carrier line for genomic testing to confirm that
CTCs can serve as predictors for the efficacy and prognosis of
EGFR-TKI therapy in patients with advanced NSCLC.

Conclusion

The CTC level can be used as an index for predicting the
EGFR-TKI effect in patients with advanced NSCLC. Efficacy
and prognosis of EGFR-TKI treatment and CTC count were
considered important, and the CTC count could be used to
predict the efficacy of EGFR-TKI treatment and prognosis of
advanced NSCLC. The change in CTC expression levels can
be used as an index for evaluating the prognosis of patients
with advanced NSCLC.
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