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Purpose: It has been reported that the overexpression of reactive oxygen species modulator 
1 (Romo1) is significantly associated with poor survival outcomes in patients with lung 
cancer who received surgical resection, conventional fractionated radiotherapy, and che-
motherapy. In this study, we investigated whether Romo1 expression is associated with 
survival outcomes in patients with early-stage lung cancer who were treated with 
radiosurgery.
Methods: Romo1 protein expression was evaluated and scored in the tumor tissue speci-
mens of 40 patients with non-small cell lung cancer by immunohistochemistry. An optimal 
cut-off for Romo1 expression was determined and used to allocate patients to low or high 
Romo1 expression groups. Survival outcomes were compared between the two groups.
Results: Romo1 expression was significantly associated with distant metastasis-free survival. 
The 1- and 2-year distant metastasis-free survival rates were 96.4% and 92.6% in the low Romo1 
expression group and 87.5% and 46.7% in the high Romo1 expression group (P=0.041), 
respectively. The overall, local recurrence-free, regional recurrence-free, and disease progres-
sion-free survival rates were higher in the low Romo1 expression group than the high Romo1 
expression group. However, the differences were not statistically significant.
Conclusion: Romo1 overexpression is associated with poor distant metastasis-free survival 
in patients with non-small cell lung cancer treated with radiosurgery. Further, large-scale 
prospective studies are required to identify the clinical efficacy of Romo1 as a potential 
adverse prognostic factor in lung cancer.
Keywords: reactive oxygen species modulator 1, lung cancer, radiosurgery

Introduction
Lung cancer is the leading cause of cancer-related death in Korea as well as many 
other countries.1–4 Radiation treatment is the primary treatment modality in the 
management of lung cancer. Definitive radiotherapy with concurrent chemotherapy 
is the standard treatment for patients with locally advanced non-small cell lung 
cancer. For patients with early-stage non-small cell lung cancer, stereotactic radio-
surgery has been used for patients who are not candidates for or refuse surgical 
resection. Since a pooled analysis of two randomized trials reported superior overall 
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survival and comparable loco-regional and distant metas-
tasis-free survival of radiosurgery compared with lobect-
omy in patients with early-stage lung cancer, the clinical 
use of radiosurgery for patients with resectable lung cancer 
has increased.5 Therefore, it is important to identify prog-
nostic biomarkers that predict the oncologic outcomes of 
patients with lung cancer who undergo radiation treatment.

Reactive oxygen species modulator 1 (Romo1) was first 
discovered in head and neck cancer tissue in 2006. Romo1 is 
a membrane protein that is located in the mitochondrial outer 
membrane, where it controls mitochondrial reactive oxygen 
species (ROS) production.6 Romo1-induced ROS production 
is essential for the proliferation of cancer and normal cells.7 

However, an imbalance between pro-oxidants and anti- 
oxidants can result in oxidative stress, and oxidative stress 
is linked with DNA damage, carcinogenesis, and cancer 
progression.8,9 In addition, it has been reported that Romo1- 
induced ROS production is associated with chemotherapy 
(5-fluorouracil) resistance and γ-radiation sensitivity in lung 
cancer cell lines.10,11

Based on these preclinical studies, clinical studies have 
been conducted to evaluate the clinical usefulness of 
Romo1 protein and it was reported that Romo1 overex-
pression is associated with poor survival in patients with 
hepatocellular carcinoma and colorectal cancer.12,13 In 
addition, Romo1 overexpression was significantly asso-
ciated with poor survival outcomes in patients with non- 
small cell lung cancer who received surgical resection,14 

chemotherapy,15 and definitive radiotherapy,16 in our pre-
vious studies. However, the clinical usefulness of Romo1 
expression as a prognostic marker in patients with early- 
stage lung cancer who received radiosurgery has not yet 
been investigated.

In this study, we investigated the association between 
Romo1 expression and survival outcomes in patients with 
early-stage non-small cell lung cancer who were treated 
with fractionated stereotactic radiosurgery.

Materials and Methods
Patient Selection
The inclusion criteria for this pilot study were histologically 
confirmed non-small cell lung cancer, underwent radical 
stereotactic radiosurgery, Eastern Cooperative Oncology 
Group (ECOG) performance status ≤3, available cancer tis-
sue specimens, no previous or concurrent illness that would 
compromise the completion of treatment, and available fol-
low-up data. A total of 97 patients received radiosurgery for 

the treatment of lung cancer at our institution between 
January 2014 and December 2018. Of the initial 97 patients, 
48 patients did not meet the inclusion criteria. Twenty-eight 
patients had metastatic lung cancer, 11 patients did not have 
available cancer tissue specimens, and 9 patients had small 
cell lung cancer. Among the remaining 49 patients, nine 
patients were excluded from this study because the tissue 
specimens were not suitable for immunohistochemical stain-
ing. In total, 40 patients were finally included in this study. 
The hospital records, imaging results, and laboratory results 
of all study participants were retrospectively reviewed. The 
Institutional Review Board of Kyung Hee University 
Medical Center approved this study and waived the need 
for written informed consent. All research was carried out 
in compliance with the Helsinki Declaration. All patient data 
accessed complied with relevant patient data protection and 
privacy regulations.

Clinical Evaluation
The initial diagnosis was pathologically confirmed in all 
patients based on either a percutaneous needle or endo-
scopic bronchial biopsy. The pretreatment evaluation con-
sisted of a complete history and physical examination, 
chest radiography, pulmonary function test, basic labora-
tory studies, trans-thoracic echocardiogram, electrocardio-
gram, chest computed tomography (CT) scan, positron 
emission tomography (PET), and brain magnetic reso-
nance imaging. The cancer stage was determined accord-
ing to the 8th edition of the American Joint Committee on 
Cancer staging system.

Quantification of Romo1 Expression
Formalin-fixed paraffin-embedded tumor tissue specimens 
were used for evaluation of Romo1 protein expression, 
and Romo1 expression was measured by immunohisto-
chemical staining. The immunohistochemical staining 
methods used for evaluating Romo1 protein expression 
were described in detail in our previous study.16 

A pathologist (JY Sung) who was blinded to the clinical 
data examined all sections and detailed methods were also 
described in our previous study.16 Representative exam-
ples of immunohistochemical staining for Romo1 in tumor 
tissue section were shown in Figure 1. The final H scores 
ranged from 0 to 300.

Radiosurgery
All patients underwent a four-dimensional CT simulation to 
track the movement of the targets along the respiratory cycle. 
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The gross tumor volume (GTV) encompassed the primary 
tumors visualized on chest CT and PET. The GTV was 
created using maximal intensity projection images. The clin-
ical target volume (CTV) included the GTV plus a 3–5 mm 
margin, and the planning target volume was created by add-
ing a 5 mm margin to the CTV. All patients received fractio-
nated stereotactic radiosurgery. The prescription dose was 
determined by a radiation oncologist (M Kong) based on the 
size of the target lesion, the patient’s general condition, and 
the probability of treatment-related toxicity. A total of 44–60 
Gy was delivered in 2–4 fractions with the daily course. 
Radiation oncologists carried out the whole process of radio-
surgery. If there was a movement of the patient’s trunk during 
radiosurgery, irradiation was temporarily suspended. After 
the correction of the patient’s position and checking of the 
on-board CT images, radiosurgery was started again. 
Radiosurgery was performed with a TomoTherapy 
(Accuray Inc., Madison, WI, USA) or Clinac iX (Varian 
Medical System Inc., Palo Alto, CA, USA).

Outcome Evaluation and Statistical 
Analyses
Follow-up visits were scheduled 1 month after the com-
pletion of radiosurgery and every 2–3 months after that. 

Visits were more frequent for those who experienced treat-
ment-related toxicities. During the follow-up visits, basic 
laboratory studies, chest radiographs, and chest CT scans 
were conducted. PET was also performed as needed. The 
primary endpoint of this study was overall survival. The 
secondary endpoints were local recurrence-free survival, 
regional recurrence-free survival, distant metastasis-free 
survival, and disease progression-free survival. The defini-
tions of local, regional, and distant metastasis were 
described in our previous study.16 Radiation pneumonitis 
was diagnosed based on characteristic clinical symptoms 
and imaging findings within the radiosurgery field and 
graded according to the Radiation Therapy Oncology 
Group toxicity criteria. Other radiosurgery-related toxici-
ties were evaluated using the Common Toxicity Criteria 
for Adverse Events version 4.0. Baseline characteristics 
between groups were compared using a Wilcoxon rank- 
sum test for discrete variables and a Mann–Whitney U-test 
for continuous variables. Actuarial survival rates between 
groups were compared using the Kaplan-Meier methods 
and Log rank tests. Survival times were calculated from 
the radiosurgery start to the event or final follow-up visit. 
A multivariate analysis was conducted using Cox’s pro-
portional hazard regression test with a backward method. 

Figure 1 Representative examples of immunohistochemical staining for Romo1 in tumor tissue sections from patients with lung cancer. (A) No staining. (B) Weak staining. 
(C) Moderate staining. (D) Strong staining. Magnification, 200 x.
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All tests were two-sided, and a P-value of <0.05 was 
considered statistically significant. All analyses were per-
formed using SPSS version 21.0 (IBM corporation, 
Armonk, NY, USA).

Results
Romo1 H scores were normally distributed with a median 
of 125 (range, 60–300). The optimal cut-off value of the 
H score to determine low and high Romo1 expression 
groups was defined as the point with the lowest P-value 
by the Log rank test for all possible H scores. The cut-off 
value was determined to be 190. Using this cut-off value, 
31 and 9 patients were allocated to the low and high 
Romo1 expression groups, respectively. Patient and 
tumor characteristics of both groups are summarized in 
Table 1. The most common fractionation schedule of 
radiosurgery was a total of 50 Gy in 4 fractions, with 13 
patients (32.5%) treated with this fractionation schedule. 
Eight patients (20%) were treated with a total of 54 Gy in 
3 fractions, five patients (12.5%) were treated with a total 
of 51 Gy in 3 fractions, 4 patients (10%) were treated with 
a total of 48 Gy in 3 fractions, and 3 patients (7.5%) were 
treated with a total of 52 Gy in 4 fractions. Almost all 
patients had several underlying diseases. The most com-
mon underlying diseases were hypertension, chronic 
obstructive pulmonary disease, and ischemic heart disease. 
Two patients in the low Romo1 expression group and one 
patient in the high Romo1 expression group did not have 
any underlying disease. The median follow-up duration of 
all patients was 20 months (range, 3.5–48). There was no 
significant difference in the patient and tumor character-
istics between the low and high Romo1 expression groups.

The survival outcomes of all patients are summarized in 
Table 2. During the follow-up period, 29 patients (72.5%) 
remained alive (twenty-two in low and seven patients in high 
Romo1 expression group). Five and two patients died due to 
bacterial pneumonia and cancer progression, respectively. The 
remaining four patients died due to aggravation of chronic 
obstructive pulmonary disease, subdural hemorrhage, chronic 
renal failure, and coronary heart disease, respectively. During 
the follow-up period, a total of nine patients (22.5%) experi-
enced recurrences (six in low and three patients in high Romo1 
expression group); two, one, and four patients experienced 
a local, regional, and distant recurrence, respectively. The 
remaining two patients experienced local and regional recur-
rences, and local, regional, and distant metastasis, respectively. 
Among the 2 patients who experienced local recurrence alone, 
1 patient received salvage radiosurgery, and the other refused 

salvage treatment. The patient who experienced regional 
recurrence alone received salvage conventional fractionated 
radiotherapy and chemotherapy. The patient who experienced 
local and regional recurrences also received salvage conven-
tional fractionated radiotherapy and chemotherapy. The 
patients who experienced distant metastasis alone received 
palliative chemotherapy. Furthermore, the patient who experi-
enced local, regional, and distant metastasis also received 
palliative chemotherapy.

There was no grade ≥4 toxicity. The most common 
toxicity was radiation pneumonitis. Grade 1 radiation 

Table 1 Patient and Tumor Characteristics

Characteristics Romo1 Expression P-value

Low (H-Score 
≤190) (n=31)

High (H-Score 
>190) (n=9)

Age (years)  
Median (range) 79.6 (61.7–86.7) 76.6 (61.5–87.7) 0.826

Sex  
Male/female 20/11 6/3 0.905

Location  
Right/left  

Upper/lower 

or middle lobe

17/14 

13/18

6/3 

6/3

0.873 

0.191

Histology  

SqCC/Adeno 11/20 1/8 0.160

T stage  

1/2 20/11 7/2 0.475

ECOG 

performance 
status  

0/1/2

8/16/7 1/7/1 0.284

Smoking status  

Current/ 

former or never

6/25 2/7 0.481

FEV1 (%)  
Median (range) 81 (37–118) 81 (30–127) 0.687

DLCO (%)  
Median (range) 70.5 (36–119) 80 (37–122) 0.627

Surgery modality  
Tomo/linac 15/16 4/5 0.806

GTV (cc)  
Median (range) 12.7 (3.3–100.8) 7.4 (2.5–42.7) 0.199

Abbreviations: SqCC, squamous cell carcinoma; Adeno, adenocarcinoma; ECOG, 
Eastern Cooperative Oncology Group; FEV1, forced expiratory volume in 
1 second; DLCO, diffusing capacity for carbon monoxide; Tomo, tomotherapy; 
Linac, linear accelerator; GTV, gross tumor volume.
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pneumonitis developed in 5 patients (12.5%), grade 2 in 26 
patients (65%), and grade 3 in 9 patients (22.5%). Among 
the 9 patients who developed grade 3 radiation pneumonitis, 
3 patients experienced grade 3 dyspnea. In addition, 1 
patient experienced a rib fracture. All patients with radio-
surgery-related toxicities were successfully treated with con-
servative management, and some of the patients with grade 3 
radiation pneumonitis were treated with steroid agents.

We analyzed the survival outcomes of whole patients 
according to Romo1 expression, and the results are sum-
marized in Table 3. Although Romo1 expression was not 
associated with overall, local recurrence-free, regional 
recurrence-free, and disease progression-free survival, 
Romo1 expression was significantly associated with dis-
tant metastasis-free survival. The 1- and 2-year distant 
metastasis-free survival rates were 96.4% and 92.6% in 
the low Romo1 expression group and 87.5% and 46.7% in 
the high Romo1 expression group (P=0.041) (Figure 2), 
respectively. To identify whether Romo1 expression is 
a significant prognostic factor for distant metastasis in 
patients with lung cancer treated with radiosurgery, 

a multivariate analysis, including other variables, was con-
ducted (Table 4). Romo1 expression was found to be 
weakly associated with distant metastasis-free survival in 
the multivariate analysis (Hazard Ratio, 0.190; 95% 
Confidence Interval, 0.032–1.141; P=0.059).

Discussion
The current study found that Romo1 overexpression is asso-
ciated with poor distant metastasis-free survival in patients 
with non-small cell lung cancer treated with fractionated 
stereotactic radiosurgery. To the best of our knowledge, 
this is the first study that has evaluated the relationship 
between Romo1 expression and survival outcomes in 
patients with lung cancer treated with radiosurgery.

It has been suggested that Romo1 could be used as 
a prognostic marker for patients with non-small lung can-
cer. In 2015, Lee et al retrospectively evaluated Romo1 
protein expression and the oncologic outcomes of 110 
patients with non-small cell lung cancer who received 
surgical resection, and found that Romo1 overexpression 
in tumor tissues was significantly associated with early 

Table 2 Survival Outcomes of the Whole Cohort

Survival Endpoint Survival Rate (%) Median Survival Time (mon) (Range)

1-Year 2-Year

Overall survival 85.0 71.2 20 (3.5–48)

Local recurrence-free survival 97.1 88.5 18.5 (11–48)
Regional recurrence-free survival 94.4 89.7 19.5 (5.6–48)

Distant metastasis-free survival 94.4 81.1 19.5 (8.5–48)

Disease progression-free survival 88.9 72.0 18 (5.6–48)

Table 3 Analysis of Survival According to Romo1 Expression

Survival Endpoint Romo1 Expression Survival Rate (%) Median Survival Time (mon) P-value

1-Year 2-Year

Overall survival Low 83.9 73.2 23 0.628
High 81.9 66.7 17.4

Local recurrence-free survival Low 96.2 91.3 21 0.885
High 95.5 80 17

Regional recurrence-free survival Low 92.8 92.8 21.5 0.684
High 92 80 18

Distant metastasis-free survival Low 96.4 92.6 21 0.041
High 87.5 46.7 16.4

Disease progression-free survival Low 89.3 81 19 0.425

High 87.5 46.7 15.7
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disease recurrence and poor overall survival.14 In 2017, 
Lee et al conducted a similar retrospective study in 
patients with lung cancer who received chemotherapy. 
The clinical data of 88 patients with non-small cell lung 
cancer who received chemotherapy were evaluated, and 
Romo1 overexpression was found to be associated with 
poor response to treatment as well as poor disease-free and 
overall survival.15 In 2019, Kong et al reported that the 
overall, loco-regional recurrence-free and disease progres-
sion-free survival rates of the Romo1 overexpression 
group were significantly lower than the low Romo1 
expression group in patients with stage III non-small cell 
lung cancer who were treated with conventional fractio-
nated radiotherapy.

In this study, we investigated whether Romo1 expres-
sion is associated with survival outcomes in patients with 
lung cancer who were treated with fractionated radiosur-
gery. The results of this study also showed that Romo1 
overexpression was associated with poor survival out-
comes in patients with lung cancer treated with radiosur-
gery. However, Romo1 overexpression was significantly 
associated only with distant metastasis-free survival, and 
not with overall or loco-regional recurrence-free survival. 
At present, we are unsure why Romo1 overexpression was 
not associated with loco-regional recurrence-free survival 
in patients with lung cancer treated with radiosurgery. 

A possible reason is the small sample size of the current 
study. This is a pilot study that includes only 40 patients. 
In addition, this study included patients with early-stage 
lung cancer treated with radiosurgery. According to sev-
eral previous studies, the loco-regional recurrence rates 
were 5–15% in patients with early-stage lung cancer who 
were treated with radiosurgery,5,17–19 and only 5 patients 
(12.5%) experienced loco-regional recurrences in this 
study. The small sample size and rare events might have 
resulted in this study being underpowered to detect exist-
ing differences in the statistical analysis. Another possible 
reason is that Romo1 overexpression might be mainly 
correlated with distant metastasis rather than loco- 
regional recurrence. In 2017, Kim et al evaluated Romo1 
protein expression and survival outcome of 190 patients 
with colorectal cancer who received surgical resection 

Table 4 Analysis of the Prognostic Factors for Distant 
Metastasis-Free Survival

Variables 2-Year Distant 
Metastasis-Free 
Survival Rate (%)

P-value

Univariate Multivariate

Romo1 

expression  

Low vs high 92.6 vs 46.7 0.041 0.059

Age (years)  

≤75 vs >75 78.8 vs 83.0 0.364 0.842

Sex  

Male vs 

female

82.8 vs 79.1 0.987 0.912

Histology  

Adeno vs 

SqCC

73.8 vs 100.0 0.146 0.199

Location  

Upper vs 

lower or 

middle

73.3 vs 94.4 0.272 0.332

Smoking 

status  

Current vs 

former or 

never

100 vs 76.8 0.258 0.218

ECOG 

performance 

status  

0–1 vs 2

81.4 vs 83.3 0.756 0.274

GTV (cc)  

≤10 vs >10 74.4 vs 93.3 0.370 0.809

Abbreviations: Adeno, adenocarcinoma; SqCC, squamous cell carcinoma; ECOG, 
Eastern Cooperative Oncology Group; GTV, gross tumor volume.

Figure 2 Distant metastasis-free survival curve in the low and high Romo1 
expression groups. The 1- and 2-year distant metastasis-free survival rates were 
96.4% and 92.6% in the low Romo1 expression group and 87.5% and 46.7% in the 
high Romo1 expression group (P=0.041), respectively.
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followed by adjuvant chemotherapy, and suggested that 
Romo1 acts as a key regulator of lymphatic metastasis 
by increasing the invasive activity of cancer cells.13 In 
that study, although Romo1 overexpression was signifi-
cantly associated with lymphatic invasion and lymph 
node ratio, Romo1 expression was not related with pri-
mary tumor size and/or T staging. In our current study, 
there was also no significant correlation between Romo1 
expression and T stage, and which was also found in 
previous study of hepatocellular carcinoma patients.12 To 
investigate the effects of Romo1 expression on the meta-
static ability, Kim et al conducted in vitro study that 
revealed the association between Romo1 overexpression 
and high lymphatic metastatic tendency.13 Therefore, we 
can hypothesize that because Romo1 mainly induces lym-
phatic invasion of primary tumor and subsequent lympha-
tic metastasis, Romo1 overexpression was associated only 
with distant metastasis-free survival in our current study.

Although the exact role of Romo1 in cancer cells should 
be confirmed in further studies, this is a pilot study and 
statistical significance is not an essential assessment criter-
ion because the results are expected to form the basis for the 
power calculation for further large sample size studies. 
Although the results of this study should be confirmed 
through further investigations, this and our previous studies 
have consistently shown that Romo1 overexpression is sig-
nificantly associated with poor survival outcomes in patients 
with non-small cell lung cancer regardless of which treat-
ment modality was used.14–16 These studies provide a strong 
basis for further large-scale prospective studies evaluating 
the clinical usefulness of Romo1 protein as a prognostic 
marker in non-small cell lung cancer. Notably, another report 
showed that Romo1 overexpression is associated with poor 
overall outcomes in patients with hepatocellular carcinoma12 

and colorectal cancer.13 Therefore, it will be necessary to 
conduct further studies evaluating the effect of Romo1 
expression in other cancers.

There are several limitations in this study. First, this 
study was retrospective and may, therefore, have inherent 
biases. For example, fractionation schedules of radiosur-
gery were not decided by a pre-determined clear protocol. 
These biases may make it challenging to interpret the 
obtained results. Second, the sample size was small, so 
minor differences in the statistical analyses might not be 
detected. However, because we only included patients with 
early-stage non-small cell lung cancer who received radio-
surgery in our study, the patient characteristics were homo-
geneous. Finally, the follow-up duration was not long. 

Despite these limitations, we believe that this study still 
provides valuable information for further large-scale pro-
spective studies.

Conclusion
In conclusion, Romo1 overexpression is associated with 
poor distant metastasis-free survival in patients with non- 
small cell lung cancer treated with fractionated radiosur-
gery. Further large-scale prospective studies are required 
to identify the clinical usefulness of Romo1 as a potential 
adverse prognostic factor in lung cancer. If large-scale 
prospective studies confirm our results, Romo1 can be 
used as a novel biomarker to classify high-risk patients 
who may require close follow-up.

Abbreviations
Romo1, reactive oxygen species modulator 1; ROS, reac-
tive oxygen species; ECOG, Eastern Cooperative 
Oncology Group; CT, computed tomography; PET, posi-
tron emission tomography; GTV, gross tumor volume; 
CTV, clinical target volume; H score, histologic scores; 
SqCC, squamous cell carcinoma; Adeno, adenocarcinoma; 
FEV1, forced expiratory volume in 1 second; DLCO, 
diffusing capacity for carbon monoxide; Tomo, tomother-
apy; Linac, linear accelerator.
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