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Purpose: Reactive oxygen species modulator 1 (Romol) is a key regulator of intracellular
reactive oxygen species production. Previous studies have shown that Romol overexpression
in tumor tissue is associated with poor clinical outcomes in various clinical settings for lung
cancer treatment. The aim of the present study was to assess the predictive value of serum
Romol in patients received curative resection for lung cancer.

Methods: Serum samples were collected from patients with lung adenocarcinoma who
underwent surgical resection. Baseline serum Romol and carcinoembryonic antigen (CEA)
levels before surgery were measured. Univariate and multivariate analyses were performed to
identify whether serum Romol was associated with disease-free survival (DFS).

Results: A total of 77 samples were analyzed. Using the cut-off value of 866 pg/mL, the
population was classified into low (n = 42, 54.4%) and high (n = 35, 45.4%) Romo1 groups.
The median DFS of the high Romol group was significantly shorter than that of the low
Romol group (25.5 months vs not reached [NR], p = 0.0105). In addition, the median DFS
of patients in the high CEA (>2.9 ng/mL) group was significantly shorter than those in the
low CEA group (26.8 months vs NR, p = 0.0092). Multivariate analyses showed that both
high Romol and CEA levels were independently associated with poor DFS (hazard ratio
[HR] = 2.19; 95% confidence interval [CI]: 1.14-8.37, and HR = 2.95; 95% CI: 1.23-9.21,
respectively). Moreover, combination of these two biomarkers resulted in higher HR of 4.11
(95% CI, 1.53-14.05) for DFS than those of Romol and CEA.

Conclusion: Elevated serum Romol levels were significantly associated with early recur-
rence in patients with lung adenocarcinoma treated with surgical resection. Serum Romol
may be a promising predictive biomarker for this patient population.
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Introduction

Lung cancer is the leading cause of cancer-related deaths worldwide. Globally, it
accounted for 2.1 million new cases and 1.8 million deaths in 2018.' In Korea,
approximately 27,000 new cases and 18,000 lung cancer-related deaths were
reported in 2017.>* Adenocarcinoma is the major histologic subtype constituting
60% of all cases of non-small cell lung cancer (NSCLC).* Despite recent advances
in new treatment modalities, including targeted therapy and immunotherapy,
NSCLC still has a poor prognosis, with a 5-year survival rate of only 24%.°
Various serum proteins, such as carcinoembryonic antigen (CEA), cytokeratin 19

fragments, and squamous cell carcinoma antigen, have been studied and used as
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biomarkers to diagnose or predict the prognosis
ofNSCLC.®® However, they are not highly reliable for
the prediction of clinical outcomes, which limits their
utilization in clinical practice. Therefore, validated predic-
tive biomarkers need to be identified for better manage-
ment of patients with lung cancer.

Reactive oxygen species modulator 1 (Romol) is
a novel protein, identified for the first time in 2006. It
is located in the mitochondrial membrane and functions
as a key regulator of intracellular reactive oxygen spe-
cies (ROS) production.'” A recent study revealed that
Romol is a nonselective cation channel possessing char-
acteristics similar to those of class II viroporins.'
Previous data have demonstrated that the expression of
Romol is upregulated in various cancer cell lines, and
Romol-derived ROS plays a critical role in cancer pro-
gression and metastasis in various cancer cells.'®'*!?
Moreover, Romol increases the invasive activity of
both hepatocellular carcinoma (HCC) and breast cancer
cells via the NF-kB signaling pathway.'*'> In addition
to having important role in cancer cell proliferation,
Romol-derived ROS are associated with resistance to
cytotoxic drugs.'*'® Cumulative evidence suggest that
Romol expression has predictive and prognostic value
in patients with cancer. Elevated Romol expression in
tumor tissues was significantly associated with poor
survival outcomes and high lymph node metastasis in
with
(CRC)."” Tumor Romol overexpression was signifi-

patients surgically resected colorectal cancer
cantly associated with poor survival and vascular inva-
sion in patients with HCC who underwent curative
resection.'® In addition, high Romol expression was
significantly associated with poor clinical outcomes in
patients with NSCLC who underwent surgery or plati-
num-based chemotherapy.'®** According to recent stu-
dies, Romol was associated with early recurrence or
metastasis of lung cancer treated with radiotherapy.?'**
These results consistently support that Romol can be
a promising predictive and prognostic biomarker in var-
ious treatment settings for malignancies. However, the
clinical implications of serum Romol in patients with
cancer are still unclear.

The aim of this study was to investigate the potential
predictive value of Romol as a biomarker by examining
the association between serum Romo 1 level, similar to
tissue Romol expression, and clinical outcomes of patients

with lung cancer who underwent surgery.

Materials and Methods
Study Subjects and Data Collection

We collected data of patients with lung adenocarcinoma
who underwent curative surgical resection between
May 2016 and December 2017 at Kyung Hee University
Hospital, a tertiary referral hospital in South Korea.
Patients who died within one month after surgery, patients
with cancer of other type, and patients who received
neoadjuvant chemotherapy or radiotherapy were excluded
to reduce bias in the survival analysis. During the study
period, 171 patients underwent surgery for lung cancer at
our institute, including 90 patients with adenocarcinoma.
Four cases were excluded because of insufficient number
of samples, five were excluded due to unavailable survival
data, and four were excluded according to the exclusion
criteria described above. Finally, 77 patients were included
in the analysis.

All patients underwent staging workup, including chest
computed tomographic scan, brain magnetic resonance
imaging, and '®F-fluorodeoxyglucose positron emission
tomography. Pathological staging was determined accord-
ing to the 8th edition of the International Association for
the Study of Lung Cancer TNM staging system.” All
stage IIA or higher patients and high-risk stage IB patients
with poorly differentiated tumors, >4 cm tumor size, vas-
cular invasion, visceral pleural involvement, those who
underwent wedge resection, or incomplete lymph node
sampling received adjuvant chemotherapy according to
the clinical guideline. Clinical data were obtained retro-
spectively by reviewing the medical records. The study
protocol was approved by the Institutional Review Board
of the Kyung Hee University Hospital (KHUH 2017-06-
003). Written informed consent was obtained from all
study subjects. All studies were conducted in compliance
with the Declaration of Helsinki.

Sample Collection

Serum samples were obtained from the Biobank of Kyung
Hee University Hospital. According to the standardized
protocol, peripheral blood (10 mL) was collected in BD

Vacutainer SST™

tubes (BD Diagnostics, New Jersey,
USA) from the subjects using phlebotomy procedures
less than 24 h prior to the induction of anesthesia or
administration of premedication, and the specimen was
centrifuged at 1300 x g for 10 min at 4 °C. The serum
specimens were transferred to a fresh tube and stored at

—80°C until further use.
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Measurement of Romol and CEA Levels
Serum Romol and CEA levels were measured via
enzyme-linked immunosorbent assay (ELISA), using
a human Romol immunoassay kit (Wuhan EIAab
Science Co., Ltd, Wuhan, China) and electrochemilumi-
nescence immunoassay (ECLIA) using a human CEA kit
(Roche Diagnostics, Germany), respectively, according to
the manufacturer’s instructions with some modifications.
All samples were blinded to the lab technician who per-
formed the assays. All levels were determined in
duplicates.

Statistical Analyses

The cut-off for discriminating between low and high
serum Romol and CEA levels was defined as the point
with the lowest p value for disease-free survival (DFS) by
the Log rank test for all possible levels for each biomarker.
The proportions of low and high levels of these biomar-
kers in different patient groups were analyzed using the
Chi-square test or Fisher’s exact test, as appropriate.
Clinical outcomes were assessed using the DFS and over-
all survival (OS). DFS was defined as the period from
the day of surgery to recurrence or death. OS was defined
as the interval from the day of surgery to death from any
cause. Data of patients without tumor recurrence or death
were censored at the last follow-up. Correlations between
survival outcomes and clinicopathological parameters
were estimated by univariate analysis using the Log rank
test, followed by Cox proportional hazard regression ana-
lysis. Parameters with p values < 0.1 in the univariate
analysis were included for the multivariate analysis.
Kaplan-Meier method was used to estimate survival
rates. p < 0.05 was considered as statistically significant.
All analyses were performed using SPSS v.20.0 (IBM
Corporation, Armonk, NY, USA).

Results

Patients’ Characteristics

During the last follow-up, 32 patients showed recurrence,
and 13 patients died. Forty-five patients had no recurrence
and were alive, while 19 were alive with recurrent lung
cancer. Among 32 patients with recurrence, one had
a single lung nodule, two had metastatic mediastinal
lymph node, three had brain metastasis, five had malignant
pleural effusion, six had bone metastasis (spine and
femur), seven had intra-abdominal metastasis (liver and
adrenal gland), and eight had metastasis in two or more

organs. One patient with a single lung metastasis under-
went surgical resection followed by platinum-based che-
motherapy. Patients with brain or bone metastases received
palliative radiotherapy for the corresponding lesions, fol-
lowed by systemic treatment. Among the recurrence cases,
11 were epidermal growth factor receptor (EGFR)-positive
and treated with EGFR-tyrosine kinase inhibitors. The
remaining 21 patients were treated with either platinum-
based doublet (n=18) or platinum-based doublet plus
immunotherapy (n=3). The median follow-up period of
the population was 38.2 months (range, 3.3—-66.0 months).
The clinical characteristics of the study population are
summarized in Table 1. All subjects were from Korea, and
their median age was 68 years (range, 45-82 years).
Among them, 29 (37.7%) patients were aged >70 years,
46 (59.7%) patients were female, and 67 (87.0%) were
non-smokers. Sixty-eight (88.3%) patients had an Eastern
Cooperative Oncology Group performance status (ECOG
PS) of 0 or 1. Fifty-five (71.4%) patients had stage I or II
disease and 22 (28.6%) had stage IIIA disease. Sixty-seven
(87.0%) patients had cancer with well or moderate differ-
entiation. Thirty-five and 2 patients had EGFR-mutated
and ALK-translocated cancer, respectively. Most patients
in this population (67/77, 87.0%) underwent lobectomy.

Association Between Levels of Romoll
and CEA, and Clinicopathological

Parameters

The median Romol and CEA levels of the overall study
population were 516 pg/mL (range, 30-2,396) and 2.6 ng/
mL (range 0.5-5.5), respectively. To evaluate which clin-
icopathological parameters were associated with Romol
and CEA levels, we compared their median levels between
groups for each parameter. The median Romol level was
significantly higher in patients with advanced-stage dis-
case than in those with early-stage disease (p=0.0459,
Table 1). In addition, the median CEA level was signifi-
cantly high in patients with advanced disease (p=0.0003)
and poorly differentiated tumor (p=0.0433, Supplementary
Table 1).

The optimal cut-off value for low and high Romol
levels was determined to be 866 pg/mL by the Log rank
test. Similarly, the cut-off for CEA levels was determined
as 2.9 ng/mL. Using these cut-offs, 42 (54.6%) patients
were allocated to the low Romol group, 35 (45.4%)
patients were allocated to the high Romol group, and 34
(44.2%) and 43 (55.8%) patients were allocated to the low
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Table | Serum Romol Levels According to Clinicopathological

Parameters
No. of Serum Romol | p-value
Patients (%) (pg/mL)*

All 77 (100) 500 (236-960)

Age
<70 48 (62.3) 508 (229-905) 0.7335
270 29 (37.7) 488 (240-962)

Sex
Male 31 (40.3) 536 (246-962) 0.5800
Female 46 (59.7) 469 (216-960)

Smoking history 0.6413
Never 67 (87.0) 468 (221-942)
Ever 10 (13.0) 498 (209-884)

ECOG PS 0.6847
0.1 68 (88.3) 516 (214-911)
2 9 (11.7) 540 (304-834)

Stage 0.0459
I 55 (71.4) 450 (226-960)
A 22 (28.6) 744 (451-987)

T stage 0.7824
TI-2 67 (87.0) 536 (246-940)
T34 10 (13.0) 549 (337-837)

N stage 0.0944
NO 57 (70.0) 456 (240-842)
=N| 20 (30.0) 736 (442-975)

Differentiation
Well/moderate 67 (87.0) 520 (246-972) 0.1457
Poor 10 (13.0) 275 (210-550)

EGFR mutationt
Negative 40 (53.3) 446 (216-802) 0.1964
Positive 35 (46.7) 536 (340-975)

ALK translocationt
Negative 40 (95.2) 472 (232-940) 0.2593
Positive 2 (4.8) 906 (850-962)

Surgical technique
Lobectomy 67 (87.0) 464 (226-940) 0.1068
Segmentectomy 10 (13.0) 843 (802-1,078)

Notes: *Presented as the median (interquartile range). tAnalysis after excluding
two ALK-positive patients. tAnalysis after excluding 35 EGFR-positive patients.
Abbreviations: Romol, reactive oxygen species modulator |; ECOG PS, Eastern
Cooperative Oncology Group performance status; T, tumor; N, lymph node; EGFR,
epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

and high CEA groups, respectively. We compared the
distribution of patients according to the Romol and CEA
groups. As shown in Table 2, high Romol was signifi-
cantly associated with advanced stage (p=0.0113), poorly

differentiated cancer (p=0.0369), and EGFR-wild type
tumor (p=0.0212). Similarly, high CEA level was signifi-
cantly associated with advanced stage (p=0.0006) and
poorly differentiated tumor (p=0.0197, Supplementary
Table 2).

Association Between Levels of Romol
and CEA, and Clinical Outcomes

Survival analysis results with respect to clinicopathological
parameters are summarized in Table 3. Median DFS for all
study subjects was 40.8 months (range, 8.2—58.5 months). In
the univariate analysis, patients with advanced stage
(»=0.0003) and EGFR-wildtype (p=0.0382) showed signifi-
cantly shorter DFS. In addition, high Romol expression
(25.5 vs not reached [NR], p=0.0105) and high CEA (26.8
vs.NR, p=0.0092) were significantly associated with poor
DFS. Multivariate analysis showed that advanced stage
(hazard ratio [HR] = 2.52, 95% confidence interval [CI]:
1.09-5.86), high Romol level (HR = 2.19, 95% CI: 1.14—
8.37), and high CEA level (HR =2.95, 95% CI: 1.23-9.21)
were independently associated with poor DFS. Kaplan-Meier
survival curves showed that patients with high Romol and
high CEA levels were likely to have poor survival in terms of
DFS (Figures 1A and B). To evaluate different predictive
values of serum Romol according to different characteris-
tics, we further analyzed and compared HRs stratified by
clinicopathological parameters. As summarized in
Supplementary Table 3, high Romol level was significantly
associated with shorter DFS in the younger age (HR=4.25),
female sex (HR=2.62), good ECOG PS (HR=2.70), early
stage (HR=4.04), well-to-moderately differentiated tumor
(HR=2.85), EGFR-mutant tumor (HR=3.54), and lobectomy
(HR=2.91) groups.

We then performed an exploratory analysis of OS. Due

to the relatively short follow-up period, we compared the
4-year survival rate (4-YSR) instead of the median OS
between groups. Survival analysis results for OS are sum-
marized in Supplementary Table 4. The 4-YSR for all

study subjects was 78.4%. Univariate analysis showed
that old age, advanced stage, and EGFR-wild type were
significantly associated with poor OS (all p<0.05). In
addition, high Romo1 and high CEA levels showed a non-
significant trend of association with poor OS (p=0.0617
and p=0.0584, respectively). Multivariate analysis showed
that advanced stage (HR = 3.69, 95% CI: 1.18-15.10)
were independently associated with poor OS. High
Romol (HR = 2.47, 95% CI: 0.89-11.71) and high CEA
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Table 2 Distribution of Patients According to Different Serum Romol Levels

No. of Patients (%) Serum Romol (pg/mL) p-value
Low (< 866) High (=866)

All 77 (100) 42 (54.6) 35 (45.4)

Age 0.1831
<70 48 (62.3) 29 (60.4) 19 (39.6)
270 29 (37.7) 13 (44.8) 16 (55.2)

Sex 0.1562
Male 31 (40.3) 20 (64.5) 10 (35.5)
Female 46 (59.7) 22 (47.8) 24 (52.2)

Smoking history 0.1268
Never 67 (87.0) 39 (58.2) 28 (58.2)
Ever 10 (13.0) 3 (30.0) 7 (70.0)

ECOG PS 0.5814
0.1 68 (88.3) 36 (52.9) 32 (47.1)
2 9 (11.7) 6 (66.7) 3(333)

Stage 0.0113
L 55(71.4) 35 (63.6) 20 (36.4)
A 22 (28.6) 7 (31.8) 15 (68.2)

T stage 0.1292
TI-2 67 (87.0) 35 (49.2) 32 (50.8)
T34 10 (13.0) 7 (70.0) 3 (30.0)

N stage 0.8147
NO 57 (70.0) 32 (56.1) 25 (43.9)
=N| 20 (30.0) 10 (50.0) 10 (50.0)

Differentiation 0.0369
Well/moderate 67 (87.0) 40 (59.7) 27 (40.3)
Poor 10 (13.0) 2 (20.0) 8 (80.0)

EGFR mutation* 0.0212
Negative 40 (53.3) 9 (33.3) 18 (66.7)
Positive 35 (46.7) 22 (62.9) 13 (37.1)

ALK translocationt 0.4921
Negative 40 (95.2) 30 (48.4) 32 (51.6)
Positive 2 (4.8) 2 (100) 0 (0)

Surgical technique 0.3323
Lobectomy 67 (87.0) 35 (52.2) 32 (47.7)
Segmentectomy 10 (13.0) 7 (70.0) 3 (30.0)

Notes: *Analysis after excluding two ALK-positive patients. tAnalysis after excluding 35 EGFR-positive patients.

Abbreviations: Romol, reactive oxygen species modulator |; ECOG PS, Eastern Cooperative Oncology Group performance status; T, tumor; N, lymph node; EGFR,

epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

(HR = 2.39, 95% CI: 0.91-8.25) levels tended to be
associated with short OS. Kaplan-Meier survival curves
showed that patients with high Romol and high CEA
levels were likely to have poor OS (Supplementary

Figure 1).

Combination of Two Biomarker for the
Prediction of DFS

Both high Romol and CEA levels were associated with
poor DFS, and we further investigated the effectiveness of
the combination of two biomarkers for the prediction of

OncoTargets and Therapy 2021:14

5101

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=336399.docx
https://www.dovepress.com/get_supplementary_file.php?f=336399.docx
https://www.dovepress.com
https://www.dovepress.com

Chang et al

Dove

Table 3 DFS Analysis Results According to Clinicopathological Parameters of All Study Subjects

No. of Median DFS Univariate Multivariate
Patients (%) (Months)
HR (95% CI) p-value* | HR (95% CI) p-valuet
All 77 (100.0) 40.8
Age 0.8614 NA
<70 48 (62.3) 40.8 Reference
270 29 (37.7) 31.2 1.07 (0.52-2.18)
Sex 0.0992 0.1817
Male 31 (40.3) 46.4 Reference Reference
Female 46 (59.7) 28.7 1.92 (0.89-4.15) 1.87 (0.75-4.67)
Smoking history 0.2568 NA
Never 67 (87.0) 45.1 Reference
Ever 10 (13.0) 35.8 1.7 (0.69-4.51)
ECOG PS 0.4789 NA
0.1 68 (88.3) 41.8 Reference
2 9 (11.7) 36.1 1.2 (0.41-3.25)
Stage 0.0003 0.0312
I, 1 55 (71.4) NR Reference Reference
A 22 (28.6) 20.7 3.68 (1.80-7.52) 2.52 (1.09-5.86)
T stage 0.3340 NA
TI-2 67 (87.0) NR Reference
T34 10 (13.0) 40.8 1.65 (0.60-4.58)
N stage 0.0817 0.2770
NO 57 (70.0) NR Reference Reference
=N|I 20 (30.0) 26.8 2.18 (0.91-5.25) 0.50 (0.14-1.75)
Differentiation 0.2690 NA
Well/moderate 67 (87.0) NR Reference
Poor 10 (13.0) 40.8 1.66 (0.68-4.04)
EGFR mutation} 0.0382 0.8104
Negative 40 (53.3) 25.5 1.88 (1.01-5.21) 1.12 (0.45-2.76)
Positive 35 (46.7) NR Reference Reference
Surgical technique 0.2371 NA
Lobectomy 67 (87.0) 46.4 Reference
Segmentectomy 10 (13.0) 36.9 1.8 (0.68-4.75)
Romol level 0.0105 0.0305
Low 42 (54.6) NR Reference Reference
High 35 (45.4) 25.5 2.30 (1.21-5.98) 2.19 (1.14-8.37)
CEA level 0.0092 0.0320
Low 34 (44.2) NR Reference Reference
High 43 (55.8) 26.8 291 (1.30-6.50) 2.95 (1.23-9.21)
Risk group 0.0017 0.0079
Low 27 (35.1) NR Reference Reference
High 50 (64.9) 21.3 3.34 (1.57-7.09) 4.11 (1.53-14.05)

Notes: *Univariate analysis p-value by Log rank test. tMultivariate analysis p-value by Cox proportional hazard regression.
Abbreviations: HR, hazard ratio; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; T, tumor; N, lymph node; EGFR, epidermal
growth factor receptor; ALK, anaplastic lymphoma kinase; Romol, reactive oxygen species modulator I; CEA, carcinoembryonic antigen; NA, not applicable.
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DFS. We divided our study population into two groups:
the high-risk group, which included patients with high
levels of both biomarkers simultaneously; and the low-
risk group, which was defined by the population other
than the high-risk group. As shown in Table 3, 27
(35.1%) and 50 (64.9%) patients were allocated respec-
tively to the two groups. Univariate analysis showed that
the median DFS was significantly shorter in the high-risk
group than in the low-risk group (21.3 vs NR, p=0.0017).
Multivariate analysis showed that the high-risk group was
independently associated with poor DFS (HR=4.11, 95%
CI: 1.53-14.05). Kaplan-Meier survival curves showed
that patients in the high-risk group were likely to have
poor DFS (Figure 1C).

Discussion
Identifying high-risk patients after surgical resection is
critical because their survival can be prolonged by using

A
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adjuvant treatment. However, till date, there is no biomar-
ker that has been widely accepted and clinically utilized
for the prediction of high risk of recurrence after lung
cancer surgery. The present study demonstrated that ele-
vated serum Romol level was associated with early recur-
rence of surgically resected lung adenocarcinoma. Based
on the HR, the discriminative power of Romol to predict
recurrence after surgery was similar to that of CEA. To the
best of our knowledge, this is the first study demonstrating
that serum Romol level is associated with clinical out-
come and has potential as an adverse predictive marker in
patients with cancer. Our data suggest that patients with
high Romol at baseline have high risk of recurrence,
which may require a more aggressive treatment approach.

Romol is a novel protein that was first identified in
a patient with head and neck cancer who was resistant to
chemotherapy after recurrence.”* Studies have revealed

that Romol is a major regulator of intracellular ROS

B
1.00 ~+Low CEA
~- High CEA
Median DFS:
0.75 26.8 months vs NR
(p=0.0092)

b i

Survival probability of DFS
o o
N wn
(4] o

0.00

0 20 40 60
Time after surgery (month)

~~Low risk
~+High risk
Median DFS:
21.3 months vs NR
(p=0.0017)
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40 60

Time after surgery (month)

Figure | Kaplan—Meier curves for cumulative disease-free survival according to Romol (A), CEA (B), and the combination of two biomarkers (C). p values were

determined by the Log rank test.

Abbreviations: Romol, reactive oxygen species modulator |; CEA, carcinoembryonic antigen; NR, not reached.
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production, and Romol-induced ROS play a significant
role in cell proliferation and chemoresistance.'*!%?
Furthermore, Romol overexpression leads to increased
invasive activity of several cancer cells.'>'® These find-
ings suggest likely involvement of Romol in cancer pro-
gression and clinical outcomes of patients with cancer.
Recent clinical studies have demonstrated this perception
in various clinical settings for lung cancer. High Romol
expression in tumor tissue was significantly associated
with poor DFS (HR=3.16, 95% CI: 1.21-8.22) and poor
OS (HR=3.22, 95% CI: 1.02-10.21) in patients with
NSCLC who underwent surgical resection” along with
poor PFS (HR=2.75, 95% CI: 1.71-4.44) and poor OS
(HR=3.99, 95% CI: 2.36—6.74) in patients with NSCLC
who received chemotherapy.'® Recent study has reported
that Romo1l overexpression was associated with poor PFS
(HR= 1.87, 95% CI: 1.02-4.23) and poor OS (HR=2.79,
95% CI. 1.13-6.87) in patients treated with definitive
radiotherapy.*> These consistent data suggest that tissue
Romol expression is a promising biomarker for lung can-
cer in variable clinical settings.

The clinical implications of serum Romol has been
scarcely investigated. A previous study demonstrated that
serum Romol was significantly higher in patients with
lung cancer than in the healthy population or patients
with benign lung diseases, suggesting the potential diag-
nostic value of serum Romo1.%® In addition, serum Romol
level was correlated with tissue Romol expression in lung
cancer patients.”® Based on these data, we investigated the
potential predictive value of serum Romol for patients
with surgically resected lung cancer, and successfully
demonstrated that high Romol levels were associated
with early recurrence. Although serum level of Romol
was significantly higher in advanced disease, Romol
level was an independent predictive factor in the multi-
variate analysis after adjusting for confounding factors.
This suggests that high Romol level is not only associated
with more progressive disease or elevated tumor burden
but also reflects more aggressive tumor behavior or meta-
static potential independent of tumor stage. Of note, both
CEA and Romol levels were independently associated
with early recurrence, and the predictive value of Romol
was comparable to that of CEA according to HR in the
multivariate analysis (2.19 and 2.95, respectively). In addi-
tion, combining these two biomarkers resulted in increased
HR (4.11) for DFS, which highlight the possible useful-
ness of the combination of these two biomarkers for the
prediction of recurrence after lung cancer surgery. In the

explorative OS analysis, although a significant difference
was not observed, a decreasing trend of 4-YSR in the high
Romol group was observed, similar to that of CEA. The
negative results in OS analysis can be attributable to the
heterogeneity of therapy after recurrence because different
therapies such as chemotherapy, targeted therapy, and
immunotherapy were used for appropriate patients. The
positive association between Romol and recurrence is in
accordance with previous findings on tissue Romol
expression in patients with NSCLC,?° and thus promising
the value of serum Romol as a novel predictor in malig-
nancies. Further large-scaled studies with long term fol-
low-up data are required to confirm the findings of the
current study.

The mechanism underlying the relationship between
Romol level and recurrence or poor survival in patients
with cancer is likely attributed to the association of Romol
with invasiveness and aggressiveness of cancer cells via
modulation of intracellular ROS production.'® ROS are
involved in cancer progression, including migration, inva-
sion, and angiogenesis through various complex
pathways.”” Romol, a mitochondrial membrane protein,
is a key regulator of ROS generation, and Romo1-derived
ROS are indispensable for cancer cell proliferation.'®'? In
addition, Romo1l overexpression has been associated with
vascular invasion or lymph node metastasis in patients
with HCC and CRC.'"'® In the present study, high
serum Romol level was corresponding to advanced stage
and poorly differentiated tumors, which are well-known
prognostic factors for lung cancer.*® Although validation
studies are needed, these data highlight that Romol could
be critically involved in the aggressive phenotypes of
various malignancies.

Interestingly, out data showed that high serum Romol
level was more relevant to EGFR-wildtype tumor.
Upregulated Romol expression was consistently observed
in a variety of cancer cells, and there was no difference in
Romol expression according to different histologic sub-
types of lung cancer.'®'*?2¢ The association between
Romol expression and EGFR mutation was evaluated
and found to be lacking in two previous studies.'®*’

Unexpectedly, our results revealed different serum
Romol levels according to the presence of EGFR muta-
tion. A possible explanation for this finding is based on
studies demonstrating that intracellular ROS levels in lung
adenocarcinoma cells vary depending on their EGFR
mutational status. In one study, baseline ROS levels were

significantly higher in EGFR-wildtype (A549) cells than in
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EGFR-mutant (PC 9) cells.”” Other studies showed that
chronic gefitinib treatment and cigarette smoke extract
induced drug resistance by promoting ROS generation in
lung cancer cells.”*® The cause of the enhanced ROS
level in the EGFR-mutant cells is not clear; however,
upregulated Romol could play a certain role in the
mechanism. To address this issue, we are now performing
an in vitro study on the differential Romol expression in
oncogene-addicted lung cancer cells.

Our study has several limitations to be considered.
First, this is a relatively small, proof-of-concept study
performed in a single institution and the follow-up period
is not sufficient. The aim of this study was to provide
fundamental data for further large-scaled studies rather
than to draw a concrete conclusion. To compensate for
the small sample size, we simultaneously measured CEA
levels and compared the predictive values of both biomar-
kers. Even with small sample size and relatively short
follow-up period, our data showed possible predictive
value of serum Romol levels. Second, we measured only
baseline serum Romol levels before surgery and did not
analyze changes in its levels during follow-up. Although
we successfully showed the clinical applicability of the
baseline level, the dynamics before and after surgery could
also be valuable in predicting cancer recurrence. Third, we
did not explore the value of serum Romol level in other
histology or clinical situations; therefore, our data cannot
be generalized to lung cancer management. To that end,
we are currently conducting studies to explore the clinical
implications of serum Romol level in different histologic

subtypes and various treatment settings.

Conclusion

In conclusion, elevated serum Romol levels were signifi-
cantly associated with early recurrence in patients with
lung adenocarcinoma treated with surgical resection.
Serum Romol levels could be a potential biomarker for
predicting recurrence in these patients. Our data provide
evidence that measuring Romol level may contribute to
improvement in the clinical outcomes by predicting the
recurrence risk and selecting high-risk patients who may
require adjuvant treatment or other customized
approaches. Further investigations are required to deter-
mine the usefulness of this biomarker for other malignan-
cies or clinical situations, including targeted therapy and

immunotherapy.
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