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Purpose: To investigate the association between level of serum ferritin (SF) and epidermal
growth factor receptor (EGFR) mutations and to analyse the impact of SF level on survival
times in advanced non-small-cell lung cancer (NSCLC) patients taking EGFR tyrosine
kinase inhibitors (EGFR-TKIs).

Methods: A total of 301 patients who were admitted to the Chinese PLA general hospital
from August 2015 to August 2017 were enrolled. The association between tumour markers,
including SF, CEA, and EGFR mutation, and their impact on the prognosis of patients taking
EGFR-TKIs was investigated.

Results: In all patients, the percentage of patients with EGFR mutations was 52.5% (158/
301). EGFR mutations were more likely to be detected in younger (<60 years old), adeno-
carcinoma patients, non-smokers, women, CEA>5 pg/L and serum ferritin >129 pg/L for
females or >329 pg/L for males (p<0.05). Increased serum ferritin was an independent factor
for predicting EGFR mutations (odds ratio (OR)=4.593, 95% CI (2.673-7.890); P <0.001),
and an area under curve (AUC) of 0.711 was shown to predict EGFR mutations with a
sensitivity of 81.7% and a specificity of 65.2% in women. Sensitivity increased to 91.1%
when combining SF and CEA in all patients. SF was also an independent factor (HR=3.531,
95% CI (2.288-5.448); P<0.001) for predicting progression-free survival (PFS) of patients
on EGFR-TKIs, analysed by a Cox proportional hazard model, as PFS was shorter in patients
with higher SF (15.0 mo. (SF < 129 pg/L for females or <329 for males) vs 10.0 mo. (129—
258 ng/L for females or 329-658 pg/L for males) vs 7.3 mo. (>258 pg/L (>258 pg/L for
females or >658 pg/L for males) p<0.001).

Conclusion: SF was a significant predictor of EGFR mutation with moderate diagnostic
accuracy, and combining SF and CEA increased the diagnostic sensitivity and specificity for
EGFR mutations. SF was also useful for predicting survival in EGFR-TKIs.
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Introduction

Lung cancer is the leading cause of cancer-related mortality and morbidity world-
wide, with 154,050 related-deaths in America every year.'! Non-small cell lung
cancer accounts for more than 80% of these cases. Although the 5-year relative
survival rate of lung cancer in all stages remains at only 18%, precise molecular-
targeted treatment significantly promotes the overall survival of lung cancer
patients, especially for NSCLC.>” EGFR-TKI is the most common targeted therapy
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for advanced NSCLC. Tissue biopsy was regarded as a
“standard procedure” for molecular detection to choose the
proper therapy and predict the prognosis. However,
tumour tissue is often not available due to the invasiveness
of the procedure and the failure to get enough tumour
tissue for further detection of gene variations.* Non-inva-
sive biomarkers to predict the status of EGFR mutation
and prognosis are warranted. Previous studies have
demonstrated the relationship between EGFR gene muta-
tion and serum CEA level in patients with lung adenocar-
cinomas, and the rate of EGFR alteration is increased as
the serum CEA level increases.”® Many tumour biomar-
kers, including serum CEA, CYFRA21-1 and NSE levels,
are also related to the efficacy of EGFR-TKIs.%®
However, the diagnostic value of non-invasive biomarkers
for EGFR mutations remains unclear. In the current retro-
spective study, the value of serum ferritin in diagnosing
EGFR variations and predicting progression-free survival
and overall survival in patients receiving first-line EGFR-
TKIs was investigated.

Materials And Methods

Patients

A total of 589 advanced NSCLC patients seen between
August 2015 and August 2017 comprised the current retro-
spective study population. The inclusion criteria were as
follows: 1) having a new diagnosis of NSCLC and not
receiving any anticancer therapy before; 2) undergoing the
detection of EGFR mutation in tumour tissue by next-
generation sequencing; 3) having complete case and fol-
low-up data; and 4) the patient or a family member signing
informed consent for the publication of case details.
Among the 589 patients, all of these criteria were met in
301 patients. Therefore, we selected 301 patients for this
study. The research was approved by the ethics committee
of the Chinese PLA general hospital, and patients’
informed consent allowed their clinical data to be used
for research purposes.

The clinical data of these patients are summarized in
Table 1. This study included 150 females and 151 males,
with a mean age of 60 years. One hundred and sixty-eight
patients were never-smokers, while the remaining 133
patients were former or current smokers. Patients with
adenocarcinoma accounted for 79% (238/301), and 59%
of patients had distant organ metastasis. The Eastern
Cooperative Oncology Group (ECOG) score of every
patient was no more than 2 points.

Treatment And Follow-Up

According to the results of gene mutation testing with
tumour tissue, patients with EGFR mutations were given
a first-line EGFR-TKI, including gefitinib, erlotinib or
icotinib, while patients without mutations received che-
motherapy according to the guidelines’ suggestions.
Follow-up was begun on the day of treatment and finished
on the last day of follow-up or when the patient died. The
methods of follow-up were conducted mainly by hospital
visits and by telephone. The overall survival (OS) was
calculated from the first day of treatment to the last day
of follow-up or to patient death. The progression-free
survival (PFS) was the period from the beginning of treat-
ment to the day when progressed diseases were discovered
for the first time. All of these were calculated in months.
The last follow-up visit occurred in April 2019.

Statistical Methods

SPSS 22.0 statistical analysis software package (Chicago,
USA) was applied for data analysis. The y2 test was adopted
for comparison of categorical variables and the diagnostic
accuracies of markers. For the combinations of 2 markers,
the test was considered positive if either or both exceeded the
cutoff value. The Kaplan—-Meier method was used to analyse
the survival rate; the log rank test was applied for single-
factor analysis; the Cox proportional hazard model was
employed for multiple-factor analysis; and logistic analysis
was used to analyse the relationship between EGFR gene
mutation and multiple factors. P < 0.05 was regarded as
statistically significant.

Results
Correlation Between Clinicopathological
Factors And EGFR Mutations

Based on the results of the initial detection of EGFR gene
mutations, a positive result was found in 158 patients
(52.50%). In total, 84 EGFR mutation-positive patients
(53.2%) were less than 60 years old; 104 female patients and
54 male patients were found to have EGFR mutations; 140 of
them (88.61%) had adenocarcinomas, 10 (6.32%) had squa-
mous carcinomas, 109 (69.00%) had never smoked, 49
(31.00%) were smoking or had ever smoked, and 149
(94.30%) had stage IV disease. The remaining patients had
stage IIIB disease. According to the comparisons between
EGFR-mutated and wild-type groups in terms of clinicopatho-
logical factors, patients aged less than 60 years, females, those
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with adenocarcinoma, and nonsmokers were prone to EGFR
mutations (Table 1).

Relationship Between Tumour Markers
And EGFR Mutations

Within 1-2 weeks before initial treatment, all these patients
underwent conventional detection of tumour biomarkers,
including CEA, neuron-specific enolase (NSE), cytokeratin
(Cyfra21-1) and serum ferritin. The results showed that the
level of CEA in EGFR-mutated patients was increased
more frequently (P<0.05), whereas changes in SCC and
Cyfra21-1 levels demonstrated no difference between
patients with and without EGFR mutations. In all, 118
patients (74.7%) with EGFR mutations demonstrated an
abnormal elevated serum ferritin level, which was more
than that 53 patients (37.1%) in the wild-type group
(Table 2). It was shown that EGFR mutation was

significantly associated with an elevated level of serum
ferritin at the time of initial diagnosis of lung cancer
(p<0.001). The rates of EGFR mutation in advanced
NSCLC patients with CEA level <5, 5-20, and >20 pg/L
41.52%, 54.79%, and 62.39%,
(P=0.008). For patients with higher serum ferritin, the

were respectively
rates of EGFR mutation were also increased with increasing
ferritin levels (females: 38.8%, 83.9% and 84.4% for ferri-
tin < 129, 129-258, >258 pg/L, p<0.001; males: 25.9%,
47.7% and 48.1% for ferritin <329, 329-658, >658 pg/L,
p=0.014). Logistic regression analysis was performed on
the clinicopathological factors that probably influenced
EGFR mutation prediction, to analyse the correlation
between EGFR mutation and the levels of serum ferritin
and CEA, and the results suggested that serum ferritin and
CEA levels were 2 independent factors in predicting the
status of EGFR gene mutation (Table 3).

Table | Comparison Of Clinicopathologic Features Between Wild-type EGFR And Mutant EGFR Advanced NSCLC Patients

Variable Mutant EGFR Wide-Type EGFR x2 P-Value

Age (years) 9.294 0.002
<60 84 51
260 74 92

Sex 34.009 <0.001
Male 54 97
Female 104 46

Histology 20.827 <0.001
Adenocarcinoma 140 98
Squamous carcinoma 10 35
Others 8 10

Smoking status 23.402 <0.001
Never 109 59
Current/former 49 84

Pathologic stage 0.001 0.970
11IB 9 8
1\ 149 135

No. of metastasis site 2.178 0.336
0 51 53
| 47 32
>| 60 58

Metastasis of brain 1.476 0.224
Yes 39 27
No 119 16

ECOG scores 0.177 0915
0 139 128
| 14 I
2 5 4
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Table 2 Status Of EGFR Mutation And Tumor Biomarkers

Tumor Mutant | Wide- x* P-
Biomarker Type Value
CEA (ug/L) 9.360 | 0.002
<5 49 69
25 109 74
Cyfra2l-I (ug/L) 1.849 | 0.204
<4 76 80
24 82 63
NSE (ug/L) 0.814 | 0.408
<24 93 87
224 65 56
Serum ferritin (ug/L)
Male 7.358 | 0.007
<329 21 60
2329 33 37
Female 31.960 | <0.001
<129 19 30
2129 85 16

Diagnostic Value Of Serum Ferritin And
Serum CEA For EGFR Mutations

The sensitivity, specificity and positive predictive values
of each single biomarker and the combination of the 2
markers to distinguish EGFR-mutated from wild-type
patients are summarized in Table 4. The optimal cutoff
values of serum ferritin were 129.0 pg/L for females and
329.0 pg/L for males, while those of CEA were 5 pg/L for
females and males. The AUC for serum ferritin was 0.690
(95% CI: 0.630-0.751, P=0.031), with a sensitivity of
74.7% and a specificity of 62.9%. In the subgroup of
females, the AUC for serum ferritin was increased to
0.711 (95% CI: 0.617-0.804, P=0.048), with a sensitivity
of 81.7% and a specificity of 65.2%. For male patients, the
AUC for ferritin was decreased to 0.637 (95% CI: 0.543—
0.730, P=0.048), with a sensitivity of 61.1% and a speci-
ficity of 61.9%. The AUC for CEA was 0.586 (95% CI:
0.522-0.651, P=0.033), with a sensitivity of 69.0% and a
specificity of 48.3%, while it improved to 0.624, with a
sensitivity of 68.3% and specificity of 56.5%, in the
female group, and it decreased to 0.574, with a sensitivity
of 70.4% and specificity of 44.3%, in the male group.
When CEA and serum ferritin were combined, the sensi-
tivity increased to 91.1% under the condition that the two
biomarkers were detected together.

Influence Of Serum Ferritin Level On The
Survival Time Of NSCLC Patients
Receiving EGFR-TKIs

A total of 158 patients with EGFR mutations received
EGFR-TKIs as the initial treatment. One hundred and
eighteen patients showed an increase in serum ferritin
level, and 109 patients had an elevated level of CEA.
The survival curve of the patients with 3 levels of serum
ferritin showed that the progression-free survival (PFS)
time of patients with lower pretreatment ferritin level
was significantly better (15.0 mo. [ferritin < 129 pg/L for
females or <329 for males] vs 10.0 mo. [129-258 ng/L
for females or 329-658 pg/L for males] vs 7.3 mo.
[>258 pg/L for females or >658 pg/L for males],
p<0.001) (Figure 1). The PFS of patients with higher
CEA was also shorter than that of patients with lower
CEA (12.0 mo. vs 9.6 mo., p=0.013) (Figure 2). As
demonstrated by the Cox proportional hazard model ana-
lysis, female sex (HR = 0.506; p<0.001), decreased serum
ferritin (HR = 0.284; p<0.001) and lower serum CEA (HR
= 0.647; p<0.001) were independent factors affecting PFS
in NSCLC patients. None of the factors showed a correla-
tion with overall survival.

Discussion

Molecular targeted therapy has improved the overall sur-
vival of advanced NSCLC patients with gene mutations.*>
EGFR mutation is the most common target in precise
treatments, accounting for 50-60% in Asian advanced
NSCLC patients.” Undoubtedly, EGFR mutations, whether
detected in tumour tissue or liquid samples, predict the
prognosis of advanced NSCLC patients taking EGFR-
TKIs.>'%!" However, adequate tissue samples for the
detection of EGFR mutations are not often available,'*'?
especially in patients with advanced disease. It has been
reported that circulating tumour DNA (ctDNA) and circu-
lating tumour cells (CTCs) from peripheral circulation
used for analysis of gene variation, known as liquid biop-
sies, are alternative non-invasive methods for molecular
diagnosis and treatment monitoring.'* Despite easy access
and relatively high sensitivity, standardized and generally
accepted methods are needed to cover the clinical needs.
For example, molecular analysis based on CTCs requires a
specific, microfluidic-based device to collect and identify
the real ones, which remains a challenge.15 16 For ctDNA,
a variety of technologies are available to analyse variations
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Table 3 Prediction Of Factors Associated With The Incidence Of EGFR Mutation With Logistic Analysis

Variable

SE

OR

95% CI For OR

P-Value

Year
< 60
260

0.284

0.548

0.314-0.956

—0.601

0.034

Sex
Female
Male

0.464

0.281

0.113-0.698

—1.268

0.006

Histology

Adenocarcinoma

Non-adenocarcinoma

0.449

2.532

1.050-6.105

0.929

0.039

Smoking status
Never

Current/former

0.466

1.215

0.488-3.028

0.195

0.676

CEA (ug/L)
<5
5

0.288

2.043

1.162-3.593

0.714

0.013

Serum ferritin (ug/L)
Male
<329
2329
Female
<129
=129

0.276

4.593

2.673-7.890

1.524

<0.001

Table 4 Sensitivity, Specificity And Positive Predictive Value For CEA And Serum Ferritin To Diagnose EGFR Mutation

Assay Sensitivity (%) Specificity (%) Positive Predictive Value (%) Negative Predictive
Value (%)
CEA(=5pg/L)
Total 69.0(109/158) 48.3(69/143) 60.0(109/183) 58.5(69/118)
Male 70.4(38/54) 44.3(43/97) 41.3(38/92) 72.9(43/59)
Female 68.3(71/104) 56.5(26/46) 78.0(71/91) 44.1(26/59)
Serum ferritin (male: 2329pg/L; female: 2129ug/L)
Total 74.7(118/158) 62.9(90/143) 69.0(118/171) 69.2(90/130)
Male 61.1(33/54) 61.9(60/97) 47.1(33/70) 74.1(60/81)
Female 81.7(85/104) 65.2(30/46) 84.2(85/101) 65.3(30/49)
CEA in joint with serum ferritin
Total 91.1(144/158) 30.1(43/143) 58.8(144/245) 75(42/56)
Male 88.9(48/54) 26.8(26/97) 40.3(48/119) 81.3(26/32)
Female 92.3(96/104) 34.8(17/46) 76.2(96/126) 66.7(16/24)

in ctDNA, including the amplification-refractory mutation
system (ARMS), next-generation sequencing (NGS), and
digital PCR platforms. Multiple studies have shown that
the sensitivity of different methods varies from 10% to

0.01%,"""” which limits the utility of liquid biopsy, as

does the lack of standardization of these techniques.

Therefore, it is urgently needed to find a more accessible

and valuable way to predict EGFR mutation.
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Figure | The progression-free survival (PFS) of patients receiving EGFR-TKI presented by Kaplan—Meier survival curve around a threshold of SF level < 129ug/L, 129-258pg/L and

>258ug/L for female and level < 329ug/L, 329-658pg/L and >658pg/L for male.
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Figure 2 The progression-free survival (PFS) of patients receiving EGFR-TKI presented by Kaplan—Meier survival curve around a threshold of CEA level = Spg/L.

Previous research has mentioned that tumour biomar-
kers are associated with EGFR mutations. CEA is the
product of the CEACAMS gene, and abnormally elevated
CEA levels have been found in almost 30-70% of patients
with NSCLC, especially in adenocarcinoma and advanced-
stage carcinoma.’*?! It has been reported that the rate of
EGFR gene alterations was higher in the group of patients

with increased serum CEA level.® The possible explana-
tion for these results is that activation of the downstream
signalling pathway of EGFR promotes anti-apoptosis,
leading to the enhanced expression level of CEA due to
EGFR mutation.®’ Our research also demonstrated that the
percentage of EGFR mutations increased as serum CEA
level increased (41.52%, 54.79%, and 62.39% for CEA
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<5, 5-20, and >20 pg/L, p=0.008), which was consistent
with previous studies.’

The present study also showed that another tumour marker,
SF, was correlated with EGFR mutation. To our knowledge,
this is the first study to demonstrate the relationship between
SF and EGFR mutation in NSCLC. According to the different
cut-off points measured by the ROC curve in the subgroups of
females and males, the rates of EGFR mutation were 38.8%,
83.9% and 84.4% with SF < 129, 129-258, >258 ug/L
(p<0.001) for female patients, respectively, while they were
25.9%, 47.7% and 48.1% (p=0.014) with SF <329, 329-658,
>658 ng/L in the group of male patients. As a useful biomarker
to distinguish multiple cancers from healthy controls, SF has
been shown to be significantly higher in cancer patients, parti-
cularly in advanced cancer stages and grades.”*** However, no
previous study has tested the relationship between serum ferri-
tin level and EGFR mutation in advanced NSCLC. This study
showed that elevated serum ferritin was correlated with EGFR
mutation, since the rate of EGFR mutation was higher as the
level of SF increased. The potential mechanism remains
unknown, but it might be that EGFR mutation enhances the
synthesis and release of ferritin or impacts the clearing ability
of SF through the activation of downstream molecules more
than wild-type EGFR. And Wang et al proved that activation of
EGFR increased the cell surface transferrin receptor 1 (TfR1)
expression, which was required for cellular iron import.**

To explore the value of serum CEA and ferritin for EGFR
mutation prediction, both univariate and multivariate analyses
were applied, indicating that the serum CEA and ferritin levels
were associated with EGFR mutation (higher serum CEA or
ferritin level predicted a higher incidence of EGFR gene muta-
tion). The result that CEA was predictive which was similar to
the finding of Shoji that higher CEA was independently corre-
lated with EGFR gene mutation, with an OR of 4.70
(p=0.036),” while this was the first study to illustrate that higher
serum ferritin was independently associated with the incidence
of EGFR mutation, with an OR 0f 4.593 (p<0.001). Moreover,
a deep exploration into the diagnostic value of higher CEA (=5
ng/L) for EGFR mutation showed an AUC of 0.586 (95% CI:
0.522-0.651, P=0.033), with a sensitivity of 69.0% and a
specificity of 48.3%, which was similar to previous findings
by Gao.?° For serum ferritin, the cut-off points were different in
the subgroup of men (329 pg/L) and women (129 pg/L): the
AUC was 0.711, with a sensitivity of 81.7% and a specificity of
65.2%, for females, which were better than those in male
patients, where the AUC was 0.637, with a sensitivity of
61.1% and a specificity of 61.9%. The final sensitivity
increased to 91.1% if serum ferritin was combined with

CEA. The combination of serum ferritin and CEA can make
the prediction of EGFR mutation more accurate.

Several studies have reported the relationship between
tumour markers and the effect of NSCLC therapy, including
EGFR-TKIs. CEA level has been demonstrated to be asso-
ciated with the prognosis of patients on EGFR-TKIs and other
treatments for NSCLC.”*>%° In our study, a higher CEA level
was associated with a poor outcome of EGFR-TKI (9.6 mo. vs
12.0 mo., HR: 1.594, p=0.013), which was consistent with
some previous results. While SF was demonstrated to be
correlated with the prognosis of patients taking an EGFR-
TKI as first-line therapy, the PFS was increasingly shorter as
the ferritin level increased (15.0 mo. vs 10.0 mo. vs 7.3 mo.
with ferritin level 1 [<129 pg/L for females and < 329 pg/L for
males], level 2 [129 pg/L -258 pg/L for females, 329 pg/L -
658 ug/L for males], and level 3 [>258 pg/L for females and
>658 ug/L for males]). Little is known about the relationship
between ferritin and the prognosis of patients taking EGFR-
TKIs. The VeriStrat system, a serum- or plasma-based assay,
makes detections by mass spectrometry based on protein
signature and has been reported to be prognostic for patients
on EGFR-TKIs.?”*® Fidler et al proved that SF was associated
with the results of the VeriStrat system, but a relationship
between SF and EGFR-TKI was not demonstrated.”’ Our
Cox proportional hazard model showed that the higher level
of SF was an independent factor impacting the PFS for
NSCLC patients receiving EGFR-TKIs (HR = 3.531;
P<0.001).

To summarize, our research revealed an association
between the expression level of serum ferritin and EGFR
mutation. NSCLC patients with high serological levels of
serum ferritin exhibited a higher rate of EGFR mutations.
Moreover, SF was proven to be an effective tumour bio-
marker to distinguish between patients with and without
EGFR mutations. In advanced female NSCLC patients,
serum ferritin exhibited an AUC of 0.711, with a sensitiv-
ity of 81.7% and a specificity of 65.2%. When combining
SF and CEA, the sensitivity increased to 91.1%, which
provides a simpler and more accessible way to diagnose
the status of EGFR mutation when tissue biopsy is not
available. However, these findings need to be confirmed in
a large number of patients, and the potential mechanism
for the relationship between the expression of SF and CEA
and EGFR mutation needs further exploration. Moreover,
for those patients receiving EGFR-TKIs, SF was also a
good predictor for survival time. Patients with decreased
SF levels responded more effectively to EGFR-TKIs, and

Cancer Management and Research 2019:11

submit your manuscript

8841

Dove


http://www.dovepress.com
http://www.dovepress.com

Wu et al

Dove

the proper patients for EGFR-TKIs can be selected accord-
ing to the level of SF.
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