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Aim: Data about the relationship between oxidative stress and cancer pathogenesis has been increased
in recent years. Thiol and disulphide play an important role in cell signal mechanisms, antioxidant
protection, and detoxification. In this study, we aimed to evaluate the role of Thiol-Disulphide homeo-
stasis (TDH) in colorectal cancer (CRC) by using a new method.
Material and Method: The patients (pts) who diagnosed with CRC and healthy control subjects were
included to study. Serum samples for the thiol-disulphide test were obtained at the time of diagnosis.
TDH tests were measured by the automated spectrophotometric method by describing Erel and Nese-
lio�glu. Thiol-disulphide homeostasis was also evaluated according to tumor stage and localization.
Results: Eighty-eight pts with CRC and 110 control were enrolled. Native thiol (NT), disulphide and total
thiol (TT) levels were significantly lower in patients compared with the control arm (Median NT: 402
e424, p¼ 0.003; median Disulphide 18.7e21, p¼ 0.011; median TT: 437e467, p¼ 0.001). Thiol/disul-
phide balance was also maintained (p¼ 0.149). TT and NT levels were not differed according to tumor
localization whereas disulphide level was significantly higher in left-sided tumors than right-sided (19.9
e13.07 respectively, p¼ 0.007). In addition, disulphide/NT ratio was also significantly higher in left-sided
than right-sided (0.1e0.12 respectively, p¼ 0.015). Thus, the balance of dynamic TDH is disrupted in
favor of disulphide between left-sided and right-sided tumor. There was also no significant difference
between thiol-disulphide levels and tumor stage whereas thiol level tends to lower in stage 4 disease
(p¼ 0.7).
Conclusion: This is the first trial that evaluates the relationship with dynamic TDH and CRC according to
tumor stage and localization. Thiol and disulphide may play an important role in the pathogenesis of
CRC.

© 2019 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Colorectal cancer (CRC) is the third frequent cancer type
worldwide and also one of the leading causes of cancer-related
death. In 2019, estimated numbers of newly diagnosed with CRC
and CRC-related deaths are nearly 101.420 and 51.020 at United
States of America (USA), respectively.1 Many factors are implicated
for the development of colon cancer including genetic

predisposition, cigarette, high amount fat diet, obesity, and also
reactive oxidative stress (ROS).

Under the normal physiological condition, oxygen-free radicals
and antioxidant defense systems are underbalanced. When this
balance diminishes, the situation of the oxidative stress can occur. It
is well known that low amounts of ROS have beneficial effects on
several physiological processes whereas the high amount of ROS
can cause oxidative tissue damage and the other several harmful
effects.2 Many exogenous and endogens factors including inflam-
mation, ischemia, infection, ultraviolet radiation, drugs, alcohol,
and smoking can increase the production of ROS.

Thiols are essential and potent anti-oxidant molecules. It con-
tains organic components including hydrogen and sulfhydryl group
that plays an essential role in decreasing to ROS. Thiols can undergo
oxidation reaction and form disulphide bonds. Later, the formed
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Aim: The metastatic pattern of non-small cell lung cancer (NSCLC) has been described in several studies.
Frequent metastatic sites are lung, liver, bone, surrenal, and brain. Hypotheses were speculated to explain
the tendency of specific sites. Over-expression of EGFR alters the biology and tumoral behavior. The
mutations of EGFR mainly occur in exon 19, and 21and could lead the way through the tumor growth and
metastasis. We try to elucidate the relationship between EGFR mutation and metastatic pattern.
Material and Method: In this retrospective nested case-control study, one hundred and five patients
diagnosed with lung adenocarcinoma included who had EGFR mutation status and imaging studies at
the time of diagnosis.
Results: The metastatic pattern was not different between EGFR mutant and wild type patients. There
was no statistical difference in terms of survival between EGFR mutant and wild type patients (p¼ 0.25).
The OS according to the organ metastasis between EGFR mutant and wild type group was not significant
except liver. The EGFR mutant patients with liver metastasis had better survival compared with wild type
patients (p¼ 0.04). Also, the multiplicity and solidarity of the metastatic tumors were compared in
metastatic organs. There was no significant difference between groups. The subsequent EGFR mutation
type was not related to the metastatic pattern.
Conclusion: The incidence of the metastatic sites was not different between EGFR mutant and wild type
patients in our study. In contrast to the literature, liver metastasis found to be related to improved OS.

© 2019 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Several studies have been described as the metastatic pattern of
non-small cell lung cancer (NSCLC). The most frequent metastatic
sites are lung, liver, bone, surrenal, and brain. Hypotheses were
speculated to explain the tendency of specific sites.1,2 In the first
theory, Paget tried to explain the metastatic spread with hospitable
environmental factors.3 The secondary theory suggested for
vascular and lymphatic flow pattern by Ewing.4 Multiple properties
acquired by tumors for metastatic spread, numbers, and sites.
These features might reflect tumor development.5

New discovered factors for the development metastasis are

driver mutations which determine the tumoral behavior. The
epidermal growth factor receptor (EGFR) regulates the signal
transducing through the nucleus, which is responsible for DNA
synthesis and cell proliferation. Over-expression of EGFR alters the
biology and tumoral behavior. EGFR mutations mainly occur in
exon 19 and 21. The mutations of EGFR could lead the way through
the tumor growth, and metastasis.6 Also, after the discovery of the
tyrosine kinase inhibitors (TKIs) the mutations related to treatment
response and survival.7e9 The EGFRmutant tumors reported having
increased progression-free survival and overall survival when
compared with EGFR wild type and KRAS mutant tumors.8,10,11The
amplification in human epidermal growth factor receptor-2 (HER-
2) in EGFR/ERB pathway alters the tumor biology in breast cancer.12

Some studies showed that EGFR mutant lung cancer might have
more frequent brain metastases.13e17

This study tries to compare the effect of EGFR mutation on the
metastatic sites of the lung adenocarcinoma.
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2. Material and Methods

2.1. Patient selection

In this retrospective nested case-control study, 1085 lung cancer
patient records between 2013 and 2019 were retrospectively
analyzed. Nine hundred and eighty patients excluded due to non-
adenomatous histology, lost follow-up and lack of EGFR testing.
One hundred and five patients included in this study who had EGFR
mutation status and imaging studies at the time of diagnosis. The
patients who harbored ROS-1, ALK were excluded (Fig. 1). The EGFR
testing was heterogenous among the study population. Although
some patients had RAS, C-KIT and other mutations; this data was
ignored lack of next generation sequencing for whole study pop-
ulation. The age, gender, smoking period, and stages of the patients
were recorded.

2.2. Statistical analysis

The association between pre-treatment EGFR mutation status,
metastatic sites, and other clinical categorical parameters were
evaluated with Pearson's chi-square test. The numerical data of age
and cumulative smoking time of the patients were compared be-
tween EGFR groupswith theMann-Whitney U test. A p-value <0.05
was determined to be statistically significant.

2.3. Ethics

The study was approved by the ethics committee at Afyonkar-
ahisar Health Sciences University Faculty of Medicine and carried
out by the Declaration of Helsinki principles and all applicable
regulations.

3. Results

Out of 105 patients, 27 patients were EGFR mutant, while 78
patients were EGFR wild type. The median age of the two groups
was 64 years. The genders of the patients due to EGFR mutations
were not significantly different between groups. Also, smoking

status was not different between groups. The metastatic pattern at
the time of diagnosis was not different between groups (Table 1)
(Graph 1). Also, the multiplicity and solidarity of the metastatic
tumors were compared in metastatic organs. There was no signif-
icant difference between groups. The subsequent EGFR mutation
type was not related to the metastatic pattern (Table 2).

Sixty-six percent of the EGFRmutant patient received anti-EGFR
tyrosine kinase inhibitors (TKIs). Most of the patients who harbor
EGFR mutation treated with TKIs on the second-line (77.8%). The
patients who had not received TKIs mostly harbored untreatable
EGFR mutations. Two patients had concurrent ALK rearrangement
and received anti-ALK TKIs before anti-EGFR treatment. Only one
patient had treated with immunotherapy in the whole study pop-
ulation who harbored EGFR mutation.

There was no statistical difference in terms of survival between
EGFR mutant and wild type patients (p¼ 0.25) (Fig. 2). The median
OS was 14 and 13 months, respectively.

The similarity between groups in terms of OS remained even
when the untargeted EGFR mutations excluded (p¼ 0.17). The pa-
tients who harbored targetable (exon 19 and 21) significantly had
an improved OSwhen compared with insignificant EGFRmutations
(exon 17,20,23). (p¼ 0.02).

The OS according to the organ metastasis between EGFR mutant

Fig. 1. Study flow diagram.

Table 1
The demographic and metastatic pattern of the groups according to the EGFR
mutation.

EGFR mutant (n:27) EGFR WT (n:78) P value

Age (Years) 64* 64* 0.64
Gender (Male/Female) 18/9 62/16 0.17
Smoking Status (Yes/No) 14/12 56/12 0.07
Lung 13/27 (48%) 28/78 (35%) 0.26
Liver 4/27 (14%) 9/78 (11%) 0.65
Bone 11/27 (40%) 33/78 (42%) 0.88
Brain 5/27 (18%) 14/78 (17%) 0.94
Adrenal 5/27 (18%) 13/78 (16%) 0.82
Lymph node 25/27 (92%) 75/78 (96%) 0.45
Pleura 7/27 (25%) 17/78 (21%) 0.66

*: Median values, WT: Wild Type.
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and wild type group was not significant except liver. The
EGFR mutant patients with liver metastasis had better survival
comparedwithwild type patients (p¼ 0.04) (Fig. 3). Themedian OS
in EGFR mutant and wild type patients was 14 and 2 months,
respectively.

4. Discussion

Our study showed no difference between the metastatic pattern
of the lung adenocarcinoma according to the EGFR mutation. Also,
the type of EGFR mutation has not related to the spread of the
primary tumor. Although some studies reported an elevation in the
incidence of the lung and brain metastases in EGFR mutant popu-
lation when compared with EGFR wild type group, our study failed
to show a relationship between these groups.18 The difference of
metastasis characteristics of the lung adenocarcinoma was
described by case reports which showed the miliary spread of the
tumor which had exon 19 deletions in EGFR gene.19 Sekin et al.
showed the EGFRmutations in exon 19might have a relationship in
smaller and multiple brain metastases.20 Some other studies
recurrently reported small, military metastasis of EGFR mutated
tumors in lung cancer.18,20,21 The solidarity of the metastases was
also compared across groups in our study, but no significant dif-
ference was observed. The racial and genetic differences between
these study populations may alter the study results. Although the
smoking status was not different between groups, Kirsten rat sar-
coma viral oncogene homolog (K-RAS) mutation status was un-
known. It is known that the tumors are harboring K-RAS mutation
significantly aggressive.8,10,11,22 The study, which compared the
bone and brain metastasis between EGFR and K-RAS mutant pa-
tients, showed no difference.22 In a different study, the metastatic
pattern of the EGFR, K-RAS, anaplastic lymphoma kinase (ALK) and
triple negative patients was not different across groups.12 Most
reported results from the Asian population, which may differ in
Caucasian ethnicity. In all these studies, the targetable driver EGFR
mutations were evaluated. It is still unclear the insignificant EGFR
mutations affecting the metastatic patterns of the lung
adenocarcinoma.

In our study, we found no difference in terms of OS between
EGFR mutant and wild type patients. Although some studies

Graph 1. The percentage of metastatic organs due to EGFR mutation status.

Table 2
The metastatic locations of the tumors due to the type of EGFR mutations.

EGFR mutation Exon 19 Exon 21 Insignificant P value

Lung 2/5 4/8 4/5 0.40
Liver 1/5 2/8 1/5 0.96
Bone 3/5 4/8 1/5 0.40
Brain 2/5 0/8 1/5 0.16
Adrenal 1/5 1/8 1/5 0.91
Lymph node 5/5 6/8 5/5 0.24
Pleura 3/5 2/8 0/5 0.10

Fig. 2. The OS of the patients according to the EGFR mutations.
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showed significant survival differences with the treatment of anti-
EGFR agents, our study showed no difference between groups.18,23

The possible explanation the insignificant results were high
smoking ratio among EGFR mutant group, the unavailability of ALK
and ROS-1 mutation results in most of the patients, and frequent
second line anti-EGFR treatment selection. Two of the EGFRmutant
patients had concurrent ALK mutations, which might result in
resistance to treatment with anti-EGFR TKIs.24 Also, KRAS mutation
status was uncertain between groups. The high smoking ratio in
EGFR mutant group might be responsible for concurrent KRAS
mutations which were reported to be related with anti-EGFR TKIs
resistance.25

The current literature reports the liver metastasis-related to
poorer outcomes and decreased survival in NSCLC with EGFR mu-
tations.26,27 Tsu et al. also reported decreased survival in patients
with liver metastasis. Despite the other results, we found better
survival in metastatic liver patients. The difference from the current
literature may be related to study populations features. The high
smoking ratio among EGFR mutant group and untreatable EGFR
mutations have a role in OS difference in patients with liver
metastasis. There are several studies which address the bone and
brain metastasis in NSCLC related with worse OS. The two meta-
static sites were considered to be independent risk factors.
Skeletal-related events such as fractures and spinal cord
compression may be related to worse outcomes in this patient
group.28e30 In a study which compared NSCLC EGFR mutant, wild
type, and KRASmutant patients, Hendriks et al. found no difference
between metastasis patterns of the groups. Interestingly the OS of
the groups were different after bone metastasis occurs. The EGFR
mutant patients had a better OS when compared with wild type
and KRAS mutant patients.22 The discovery of the second line anti-
EGFR agents such as osimertinib increased the control rates of the
brain metastasis.31 In our study, we found no difference between
EGFR wild type and mutant patients in terms of OS who had brain
and bone metastasis. The similarity of OS in brain metastasis might
be related to the use of first-generation anti-EGFR agents. No

patients received osimertinib or two lines of anti-EGFR therapies.

4.1. Study limitations

Our study was a retrospective nested case-control study which
made data quality low. Also, the high smoking status in the EGFR
mutant group may affect survival. The KRAS, ALK, and ROS-1 mu-
tation status were un available in most of the patients, which were
a limiting factor. Although the EGFR tyrosine kinase inhibitors were
not evaluated across EGFR mutated patients, second generation
anti-EGFR agents were not available in the selected patient popu-
lation, which did not affect the central nervous system disease
control and survival.

5. Conclusion

The incidence of the metastatic sites was not different between
EGFR mutant and wild type patients in our study. In contrast to the
literature, liver metastasis found to be related to improved OS.
Although some studies reported the effect of tumoral behavior with
targetable EGFR mutations, further studies needed to evaluate
different types of mutations in NSCLC.
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