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Purpose: We examined whether redox balance during the perioperative period is associ-
ated with long-term survival of patients after undergoing lung resection.

Methods: Patients who underwent surgery for lung cancer from January to June 2013 at
our institution were investigated. Serum was collected during the operation, and on post-
operative day (POD) 3 and 7, and the levels of derivatives of reactive oxygen metabolites
(d-ROMs) and biologic antioxidant potential (BAP) were measured.

Results: In all, 21 patients (69 *+ 7 years old) were enrolled, of whom 9 underwent video-
assisted thoracoscopic surgery. Comorbidities in the patients included chronic obstructive
pulmonary disease in eight and idiopathic pulmonary fibrosis in five. d-ROM values on
POD 3 and 7 were significantly increased as compared to those obtained during the oper-
ation (p <0.001), whereas BAP did not change after surgery. Patients with a value below a
d-ROM cutoff value of 327 during the operation showed significantly superior 3-year
overall survival as compared to those with a value above the cutoff (87.5% vs. 20.0%,
p <0.001).

Conclusion: In the present patients, surgical stress caused an increase in d-ROM during
the postoperative course. The d-ROM value obtained during the operation was correlated

with long-term survival following resection for lung cancer.
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Introduction

Surgical stress can induce a cytokine storm and sys-
temic inflammatory response syndrome, and also has
effects on redox balance during the postoperative course.
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Oxidative stress can be defined as an imbalance between
the pro-oxidant and antioxidant potential of cells, which
results from an overproduction of reactive oxygen spe-
cies (ROS) or insufficient detoxification of ROS by anti-
oxidants, or those in combination.” It is widely known
that ROS function as key metabolites that can impair
biologic processes, resulting in various serious condi-
tions, including cardiovascular disease, diabetes mel-
litus, neurologic disorders, and cancer.”> However,
whether inflammatory status, especially redox balance,
during the perioperative period has a relationship with
long-term outcome following surgery for lung cancer
remains unclear. In this study, we aimed to determine
whether redox balance during the perioperative period in
patients after undergoing lung resection is associated
with long-term survival.
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Subjects and Methods

We investigated consecutively treated patients who
underwent an anatomical lung resection greater than a
segmentectomy for non-small-cell lung cancer from
January to June 2013 at our institution. Each provided
informed consent and the Ethical Committee of Dok-
kyo Medical University Hospital approved this study
(#24043). Overall survival and cause of death were ana-
lyzed in this cohort.

Serum was collected during the operation, as well as
on postoperative day (POD) 3 and 7, and the levels of
derivatives of reactive oxygen metabolites (d-ROMs) and
biologic antioxidant potential (BAP) were measured
using a free radical elective evaluator system (FREE
Carpe Diem, Wismerll Co. Ltd., Tokyo, Japan). Briefly,
20-uL serum samples were added to a 1-mL assay mix-
ture, and then the resulting solution was gently mixed and
incubated for 1 minute at 37°C. The optical density of the
total level of hydroperoxides was measured at 505 nm
using a spectrophotometer. The results are expressed in
arbitrary units, namely Carratelli units (U.CARR), with
1 U.CARR corresponding to 0.08 mg/100 mL H,0,.9
BAP was also measured at the same time, for which
10-uLL serum samples were added to a 1-mL assay mix-
ture, then the amount of trivalent iron in the solution
deoxidized over a period of 5 minutes was measured in
units of wmol/L. From those results, the d-ROM to BAP
ratio (d-ROM/BAP) was calculated.

Routine laboratory measurements including serum
C-reactive protein (CRP), albumin, and complete blood
cell count were also performed on the day before the lung
resection to examine nutrition and inflammatory status.

Statistical analysis was performed using Student’s
t-test for comparisons between two groups. Receiver
operating characteristic (ROC) curve analysis was done
to estimate optimal sensitivity and specificity for predic-
tion of all causes of death according to the cutoff level of
each variable. The Kaplan—Meier method was used for
calculation of survival from death by any cause. Compar-
isons within each group were performed using a log-rank
test. All calculations were done using the JMP statistical
software package (SAS Institute Inc., Cary, NC, USA).
Differences were considered significant at p <0.05.

Results

In all, 21 patients were enrolled in this study and their
characteristics are shown in Table 1.
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Table 1 Patient characteristics (n =21)

Age, years (range) 68 (49-77)
Gender
Male 17
Female 4
Histology
Ad 11
Sq 6
Others 4
Stage
Stage | 14
Stage 11 3
Stage I1I 3
Stage IV 1
Surgical procedure
VATS 9
Open thoracotomy 12
Lobectomy 20
Pneumonectomy 1

Smoking index (range)
Lung comorbidities

1047 (0-3000)

COPD 7

1P 5
Other comorbidities

DM 6

HTN 5

HL 3

Ad: adenocarcinoma; Sq: squamous cell carci-
noma; VATS: video-assisted thoracic surgery;
COPD: chronic obstructive lung disease;

IP: interstitial pneumonia; DM: diabetes mel-
litus; HTN: hypertension; HL: hyperlipidemia

Perioperative changes in d-ROM, BAP,
and d-ROM/BAP values

As compared to the perioperative d-ROM value (299
+ 89), those on POD 3 and 7 (431 = 70 and 470 % 60,
respectively) were significantly increased (p <0.01).
In contrast, BAP was not significantly different after
surgery (2441 * 586, 2600 + 545, and 2681 + 515,
respectively) (Figs. 1A and 1B), whereas the values for
d-ROM/BAP on POD 3 and 7 (0.172 + 0.038 and 0.183
+ 0.045, respectively) were significantly increased
(p <0.01) as compared to the perioperative value (0.128
+0.041) (Fig. 1C). There were no significant differences
in regard to these parameters between video-assisted
thoracoscopic surgery and open thoracotomy cases at the
observed time points.

Relationship of d-ROM and d-ROM/BAP values with
long-term outcome

During the observation period, seven patients had can-
cer relapse, of whom six died (lung cancer recurrence in
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Fig. 1 (A) Perioperative changes in d-ROM, (B) BAP, and (C) d-ROM/BAP values. d-ROM: derivatives of reactive
oxygen metabolite; BAP: biologic antioxidant potential; Ope: value obtained during operation; POD: postop-

erative day

three, pneumonia in two, and myocardial infarction in
one patient). Overall survival was 71.4% after 3 years.
ROC curve analysis revealed a d-ROM cutoff value of
327 during the operation, with values for sensitivity
and specificity of 0.667 and 0.067, respectively, and an
area under the curve (AUC) value of 0.811. Patients
with a d-ROM value <327 showed significantly supe-
rior 3-year survival as compared to those with a value
2327 (87.5% vs. 20.0%, p <0.001) (Fig. 2A). ROC
curve analysis of d-ROM/BAP revealed a cutoff value
of 0.122 during the operation (sensitivity: 0.833,
specificity: 0.400), and an AUC value of 0.711. Patients
with a d-ROM/BAP value >0.122 showed inferior
3-year survival as compared to those with a value
<0.122 (90.0% vs. 54.5%, p = 0.070) (Fig. 2B). ROC
curve analysis of d-ROM POD3/PODO0 values revealed
a cutoff value of 1.78 (sensitivity: 0.500, specificity:
0.133), and an AUC value of 0.522. Patients with a
d-ROM POD3/PODO value >1.78 had a 3-year sur-
vival rate of 40% as compared to 80% for those with a
value <1.78 (p = 0.102) (Fig. 3A). ROC curve anal-
ysis of d-ROM POD7/PODO values revealed a cutoff
value of 1.92 (sensitivity: 0.500, specificity: 0.067),
and an AUC value of 0.511. Patients with a d-ROM
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POD7/PODO value >21.92 had a 3-year survival rate of
25% as compared to 83% for those with a value <1.92
(p =0.029) (Fig. 3B).

Inflammatory and nutritional prognostic factors

Values for albumin, CRP, red cell deviation width
(RDW), and neutrophil-to-lymphocyte ratio (NLR) in all
patients were examined as inflammatory and nutritional
prognostic factors. Since a cutoff value for d-ROM of
327 during the operation was most significant for indi-
cating long-term survival, patients were divided into
those with a d-ROM value <327 (n = 16) and 2327 (n=5).
The d-ROM 2327 group showed significantly higher
values for CRP (0.188 + 0.172 vs. 1.69 + 2.74) and NLR
(1.96 +0.75 vs. 4.15 4+ 2.11) as compared to the d-ROM
<327 group (Fig. 4).

Discussion

Our results showed that surgical stress increased the
value for d-ROM, an index of oxidative stress, while it
also resulted in deteriorated redox balance, as repre-
sented by d-ROM/BAP ratio, during the early period fol-
lowing a lung cancer resection procedure. The primary
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Fig. 2 Associations of d-ROM value and d-ROM/BAP ratio during operation with overall survival.
(A) Overall survival curve of patients divided by d-ROM value during operation. Solid line:
d-ROM <327, dotted line: d-ROM =327. (B) Overall survival curve of patients divided by
d-ROM/BAP ratio during operation. Solid line: d-ROM/BAP <0.122, dotted line: d-ROM/
BAP >0.122. d-ROM: derivatives of reactive oxygen metabolite; BAP: biologic antioxidant
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Fig.3 Association of (A) POD3/POD0 and (B) POD7/POD0O d-ROM on overall survival. d-ROM:
derivatives of reactive oxygen metabolite; POD: postoperative day

finding of this study is that d-ROM during surgery for
lung cancer is most significantly associated with long-
term survival as compared to the other parameters exam-
ined, regardless of cause of death after the operation.
The group of patients with a d-ROM value during the
operation less than the cutoff also had lower values for
CRP and NLR, markers reported to be predictors of
survival following lung cancer resection.

Surgical stress during the perioperative period influ-
ences redox balance in patients undergoing a cancer resec-
tion procedure. We found that d-ROM was significantly
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increased after surgery as compared to the perioperative
value, which was the same for BAP, though the differ-
ence was not significant. As a result, the d-ROM/BAP
ratio was also increased following surgery. Kanaoka
et al.? reported an increase in ROMs including d-ROM
following cardiovascular surgery. However, changes in
BAP values during the perioperative period remain con-
troversial, as both increases® and decreases” have been
reported.

In the present study, we investigated whether these
values were associated with long-term outcome in patients
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who underwent resection surgery. We found that BAP
did not show significant changes during the postopera-
tive period; thus, we investigated the association of
d-ROM with survival and analyzed d-ROM values
obtained during operation, as well as on POD 3 and 7, as
well as the POD3/PODO0 and POD7/PODO ratios, and
d-ROM/BAP ratio. Each of these showed a relation-
ship with long-term survival following surgery. How-
ever, the only values to reach the level of significance
were those for d-ROM during the operation (p <0.001)
and the POD7/PODO0 d-ROM value (p = 0.029), whereas
d-ROM/BAP (p = 0.070) and POD3/PODO0 d-ROM (p =
0.102) were not significant. Furthermore, d-ROM on
POD 3 and 7 did not show a correlation with survival
(data not shown). Our results indicate that patients with
elevated d-ROM during the operation, as well as during
the near-term following surgery (POD7/PODO0) have
inferior long-term survival following a lung cancer
resection procedure.

Our findings led us to question why d-ROM during
and soon after surgery is related to long-term survival. In
the present study, we focused on inflammatory and nutri-
tion predictors (CRP, NLR, RDW, albumin), which have
been shown to be correlated with outcome of patients
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with a malignant neoplasm.’'» Our patients with a
higher d-ROM value during the operation also had
elevated CRP and NLR before the operation, and their
prognosis was predicted to be poor based on the preoper-
ative inflammatory markers. Several comorbidities, such
as smoking and diabetes mellitus, have been reported to
influence redox balance.>*!¥ Tsukioka and colleagues®!¥
also noted that preoperative d-ROM was correlated with
nodal involvement, which affects prognosis following
lung cancer resection. Thus, perioperative d-ROM may
be a predictor of long-term survival following resection
for lung cancer.

The present study is limited by its design as an insti-
tutional report and the low number of subjects investi-
gated. Additional studies and accumulation of cases are
necessary.

Conclusion

We found that surgical stress causes an increase in
d-ROM during the early postoperative course. Further-
more, the d-ROM value obtained during the operation
was correlated with long-term survival of patients who
underwent a lung cancer resection procedure.
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