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ABSTRACT

Introduction In patients with non-small cell lung

cancer, surgical treatment with postoperative adjuvant
chemotherapy is performed. However, the improvement
of overall survival achieved by postoperative adjuvant
chemotherapy may be insufficient in consideration of

the deterioration of quality of life (QOL). Considering the
relationships among surgical treatments, inflammation
and carcinogenesis, non-steroidal anti-inflammatory
drugs (NSAIDs) are a candidate postoperative treatment
for preventing recurrence and maintaining QOL. In this
study, we investigate the effects of the perioperative
administration of flurbiprofen axetil on postoperative
recurrence in patients with non-small cell lung cancer.
Methods and analysis This study is a multicentre,
parallel group, open label, randomised controlled trial.
Patients clinically suspected of non-small cell lung cancer
are randomly assigned to the flurbiprofen axetil group

or the no-NSAIDs group. A total of 420 patients (210

per group) will be registered. The primary analysis will
evaluate the treatment effect of flurbiprofen axetil on
postoperative recurrence.

Ethics and dissemination The study protocol was
approved by the Clinical Research Review Board of
Saitama Medical University in September 2019 (No.
192002) and will be approved by each institutional
review board of all participating institutions before patient
enrolment. This study complies with the latest version of
the Declaration of Helsinki, Clinical Trial Act and related
notifications. Results will be published in a peer-reviewed
journal.

Trial registration number Japan Registry of Clinical Trials
(jRCTs031190167; Pre-results) (https://jrct.niph.go.jp/).

BACKGROUND

Lung cancer is the leading cause of cancer
death worldwide.' * In Japan, non-small cell
lung cancer (NSCLC) accounts for 75%-85%
of all lung cancers.” Although there have been
no randomised controlled trials to compare
surgery with radiation therapy or chemo-
therapy, observational studies have suggested
that surgery is the most curative treatment
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Strengths and limitations of this study

» This is the first study to evaluate the effect of the
perioperative administration of non-steroidal anti-
inflammatory drugs (NSAIDs) on postoperative re-
currence in non-small cell lung cancer.

» Flurbiprofen axetil is a safe and inexpensive NSAID
used perioperatively as a part of multimodal
analgesia.

» This study is a multicentre, parallel group, open la-
bel, randomised controlled trial.

» The lack of blinding of patients and specialists
during intervention may be a limitation.

for lung cancer. ° However, surgery alone
may not be a sufficient treatment because
an observational study of 11663 surgically
treated patients with NSCLC showed that
the 5-year overall survival (OS) rate in all
patients was 69.6%, while the rates in patients
with clinical stage IA, IB, IIA and IIB were
82.0%, 66.1%, 54.5% and 46.1%, respec-
tively.” Even in completely resected cases,
approximately 50% of patients showed local
metastasis and/or distant metastases due to
micrometastasis.’® ’ Thus, postoperative adju-
vant chemotherapy has been performed. In
Japan, postoperative adjuvant chemotherapy
regimens include tegafur—uracil combination
therapy for pathological stage IA3 and IB,*?
and cisplatin combination chemotherapy for
pathological stage II-ITIA."*"* Although post-
operative adjuvant chemotherapy can only
improve the 5-year OS rate by 4%-5%,%'* the
use of cytotoxic anticancer drugs during the
postoperative phase may be associated with
deterioration of the patient’s quality of life.
Therefore, it is important to establish a new
perioperative treatment to prevent recur-
rence and maintain quality of life.
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Surgical treatment can cause a sharp inflammatory
response due to local tissue damage. The relationship
between carcinogenesis and inflammation is empirically
known."” For example, a relationship between chronic
inflammation due to infection and carcinogenesis can be
seen with the following conditions: hepatocellular carci-
noma and hepatitis C virus, gastric cancer and Helicobacter
pylori, and cervical cancer and human papilloma virus.'*
Although the duration, cause and pathology of inflamma-
tion differ, these findings suggest that a common molec-
ular mechanism may exist during the carcinogenesis
process.'” For example, various inflammatory cytokines,
chemical mediators such as prostaglandins, and growth
factors, such as vascular endothelial growth factor (VEGF)
are involved when promoting growth, proliferation and
metastasis of cancer cells.'® Surgical invasion causes the
production and secretion of inflammatory cytokines,
prostaglandins and VEGF, which are responsible for the
regulation of various physiological functions during the
wound healing process. Thus, surgical inflammation may
contribute to early postoperative recurrence.'” In fact, a
high neutrophil to lymphocyte ratio (NLR) was reported
to be associated with a poor prognosis in 255 patients
with lung cancer.'® In tumor-bearing mice, Krall et al"
demonstrated that surgical invasion accelerates cellular
proliferation and distant metastasis in patients with
micrometastasis and that meloxicam suppresses these
processes.

Non-steroidal anti-inflammatory drugs (NSAIDs)
have various pharmacological actions, including anti-
inflammatory and analgesic actions. While the role of
NSAIDs in cancer prevention remains unclear due to
inconsistent and contradicting findings,”’ several obser-
vational studies have shown that carcinogenesis seems to
be suppressed in regular users of NSAIDs,*! and this asso-
ciation was reported in various cancer types,” including
colon cancer with high cyclooxygenase-2 (COX-2)
expression levels® and lung cancer.** Flurbiprofen axetil
(Ropion) is the only intravenous non-steroidal analgesic
in Japan and a prodrug of flurbiprofen that strongly
inhibits prostaglandin biosynthesis. Although COX-2
selectivity of flurbiprofen axetil is not high as ketorolac
which is widely used in Europe and the USA, it is an inex-
pensive analgesic and is widely used as an adjunct for
general anaesthesia. A meta-analysis® showed that flur-
biprofen axetil is useful and safe for postoperative anal-
gesia, and some studies have reported that it suppresses
postoperative elevations of inflammatory cytokines and
growth factors in blood**? and that intraoperative use of
it with steroids might suppress postoperative recurrence
of lung cancer.”®

It has been pointed out that anaesthesia, analgesia and
perioperative management may affect the postoperative
recurrence and long-term prognosis of patients with
cancer.” * Forget et al reported that anaesthetic manage-
ment using NSAIDs was associated with the long-term
prognosis of patients with breast cancer who received
curative surgery. In a retrospective study of 319 patients

with mastectomy with axillary dissection, the recurrence
rate in the ketorolac (NSAIDs) group was decreased
in comparison to the no ketorolac group (HR=0.37,
p=0.019).”" In consideration of this finding, a randomised
controlled trial is currently underway in Europe to
determine whether the intraoperative administration
of ketorolac contributes to postoperative recurrence in
patients with breast cancer.® However, there have been
no attempts to verify whether the perioperative admin-
istration of NSAIDs contributes to postoperative recur-
rence in patients with lung cancer. In this multicentre
randomised phase II study, we investigate the effect of
the perioperative administration of flurbiprofen axetil on
postoperative recurrence in NSCLC.

Study objectives

The objective of the present study is to evaluate efficacy
and safety of the perioperative administration of flurbi-
profen axetil for preventing recurrence of NSCLC.

Trial design

This study is a multicentre, parallel group, open label,
randomised controlled trial. The registration period
is between December 2019 and September 2021, the
planned follow-up period is at least 5years.

METHODS AND ANALYSIS

Patient selection (eligibility criteria)

Patients with clinically suspected NSCLC are eligible for
this study if they meet the following criteria. The inclu-
sion criteria are as follows: (1) age =20 years; (2) Eastern
Cooperative Oncology Group performance status, 0-2;
(8) clinical stage IA-IIIA; (4) radiologically diagnosed
invasive lung tumour with a solid component of 1.0 cm
visualised by thin-section CT; (5) complete resection,
including mediastinal lymph node dissection or sampling
is planned; (6) neutrophil count 21500 pL; (7) haemo-
globin >80 ¢/L; (8) platelet count >100 x 10°/L; (9) aspar-
tate transaminase <80IU/L and alanine transaminase
80IU/L; (10) serum creatinine <1.5mg/dL; (11) SpO,
292% (room air). The tumours are staged according to
the eighth edition of the Union for International Cancer
Control TNM Classification of Malignant Tumors.”

The exclusion criteria are as follows: (1) active double
cancer; (2) history of surgery, chemotherapy or radiation
within 5 years; (3) serious complications; (4) pregnant
or lactating; (5) regular NSAID users who have difficulty
stopping NSAID use between 1week before surgery and
discharge; (6) NSAID allergy; (7) systemic administra-
tion of steroids or immunosuppressants; (8) administra-
tion of enoxacin hydrate, lomefloxacin, norfloxacin or
prulifloxacin.

Participating institutions

Planned participating institutions are as follows: National
Hospital Organization Yokohama Medical Center, Yoko-
hama City University Hospital, Yokohama City University
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Medical Center, Kanagawa Cardiovascular and Respi-
ratory Center, Yokosuka Kyosai Hospital, Yokohama
Minami Kyosai Hospital, Hiratsuka Kyosai Hospital,
Yokohama Rosai Hospital, Kanto Rosai Hospital, Yoko-
suka General Hospital Uwamachi, Saiseikai Yokohamashi
Nanbu Hospital (Yokohama Consortium of Thoracic
Surgeons); and Hamamatsu University Hospital, Teikyo
University Mizonokuchi Hospital, Saitama Cardiovascular
and Respiratory Center (The International Lung-Clinical-
Study Organization).

Randomisation

Eligible patients are randomly assigned to the flurbiprofen
axetil group or the no-NSAIDs group by a minimisation
method using (1) institution, (2) clinical stage (IAl, 2/
IA3, IB/IIA or more), and (3) sex because postoperative
adjuvant chemotherapy varies according to stage, and the
prognosis varies according to sex.”**® The randomisation
ratio is 1:1. The results of the assignment will not be made
known to the study subjects.

Blinding

As the study drugs were administrated not only intra-
venously but also orally throughout the perioperative
period, the blinding of the patients, surgeons and anes-
thesiologists was considered difficult due to the nature of
the interventions, so we chose to conduct an open-label
trial. However, in order to minimise the risk of bias in
the outcome assessments, cancer recurrence will be diag-
nosed with at least one independent radio-oncologist or
pulmonologist. The statistician analysing the results will
also be blinded to group allocation.

Treatments

Flurbiprofen axetil group

Flurbiprofen axetil (50 mg) is slowly injected intrave-
nously between the induction of general anaesthesia and
surgical incision. The use of NSAIDs as oral analgesics is
recommended postoperatively. Other analgesic methods,
such as epidural anaesthesia, intravenous patient
controlled analgesia (IVPCA) and intercostal nerve block,
are selected based on the clinical practice of each anaes-
thesiologist. The repeated administration of flurbiprofen
axetil injection is also allowed at least 6 hours apart as
part of a multimodal approach to achieve postoperative
pain relief until effective pain relief can be administered.

No-NSAIDs group

Analgesic methods other than the systemic administra-
tion of NSAIDs (suppositories, intravenous injections)
should be selected based on clinical practice. For post-
operative multimodal analgesia, acetaminophen alone or
tramadol hydrochloride/acetaminophen combination
products are used together with epidural anaesthesia,
IVPCA or intercostal nerve block. In principle, NSAIDs
are not used during hospitalisation; however, the systemic
administration of acetaminophen preparations (suppos-
itories, intravenous injections) and the use of NSAIDs
patches to provide sufficient analgesia are acceptable.

Assessment measures

Assessments to be performed at enrolment, at surgery
and for 5 years after surgery based on the Japanese guide-
lines™ are shown in table 1. Examinations and imaging
tests are performed every 3 months until 3 years after
surgery, and every 6 months thereafter. Extraordinary
assessments based on patient reports are permitted. It

Table 1 Overview of assessments

2 months to Day of

Time point day of surgery surgery

Postop 1
month

Every 3 months Every 6 months Every 12 months
for 3 years for 5 years for 5 years

Eligibility screen X

Informed consent X

Allocation X
Medical history

Physical examination
Haematology

Blood chemistry

ECG

Pulmonary function test
Chest X-ray

Chest and abdominal CT
Perioperative analgesia X

X X X X X X

Postoperative complications X
Cancer recurrence”

x

X X X

*Cancer recurrence will be diagnosed at an unscheduled hospital visit when clinical symptomatology appears.
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is recommended that head CT/MRI, bone scintigraphy
and positron emission tomography examination be
performed at 1 year and 2 years after surgery. In addi-
tion, if clinical symptoms or other laboratory tests suggest
postoperative recurrence, it is recommended that active
testing be performed as needed.

Primary, secondary and safety endpoints

The primary endpoint is recurrence-free survival (RFS),
which is defined as the time from randomisation until
recurrence or death due to any cause. Patients without
an event were censored at the time of the final follow-up.
The secondary endpoint is OS, which is defined as the
time from randomisation until death due to any cause.
Although OS (or the 5-year survival rate) has been used
to evaluate the treatment effects of resectable NSCLC,
it has recently been reported that RFS can be a surro-
gate endpoint for 0S.% It was shown that recurrence in
lung cancer peaked within 1lyear after surgery and that
over 60% of all recurrences occurred within 2years after
surgery.’ In a breast cancer study,” a suppressive effect of
perioperative NSAIDs on recurrence was shown at up to
2 years after surgery; that is, it may not contribute to the
suppression of recurrence after 2 years. Therefore, RFS
was set as the primary endpoint.

The safety endpoints are perioperative complications
occurring during surgery and within 30 days after surgery;
(1) cardiovascular complications, (2) respiratory compli-
cations and (3) other complications. Adverse events are
evaluated using the Common Terminology Criteria for
Adverse Events V.5.0.%

Data collection, monitoring and the data and safety
monitoring committee

For patient registration, randomisation and data collec-
tion, we used a web-based system established by the
Internet Data and Information Center for Medical
Research at the University Hospital Medical Information
Network. The Data and Safety Monitoring Committee
reviews the safety data and monitors protocol compliance
and on-schedule study progress. Early termination of
the trial can be considered if treatment-related death or
serious adverse events occur.

Sample size

In a retrospective cohort study,’ including the institutions
participating in this study, the 2-year RFS rate in patients
with NSCLC with surgery was 0.75. The HR of ketorolac
administration in patients with surgically treated breast
and lung cancer was 0.16-0.37." *' In addition, the HR
of flurbiprofen administration in patients with surgically
treated lung cancer was 0.80.* In this study, we assumed
that the 2-year RFS rate in the no-NSAIDS group would
be 0.75 and that the HR would be 0.60. When the regis-
tration period is 2 years, the follow-up period is 2 years,
the one-sided o is set to 5% and the power is set to 80%,
the required number of patients is 382. Considering

deviations and loss to follow-up, the target number of
patients was set to 420 (210 per group).

Statistical analyses

The primary analysis was to evaluate the treatment effect
of flurbiprofen axetil on RFS. Survival curves for RFS will
be compared between two groups by the stratified log-
rank test with allocation factors (sex, clinical stage) other
than institutions. The Kaplan-Meier method is used to
estimate survival curves for RFS, median RFS and 2-year
RFS. To estimate the HR as a treatment effect, a stratified
Cox proportional hazard model will be established using
the same factors as the log-rank test. The one-sided signif-
icance level is set to 5% for the log-rank test, and the two-
sided confidence level for interval estimation is set to 5%.

The Full Analysis Set (FAS) will be defined as all
patients randomly assigned to a treatment group with at
least one efficacy assessment after randomisation, and
the Per Protocol Set (PPS) will be defined as all patients
in the FAS who do not have major protocol deviations.
The Safety Analysis Set (SAS) will include all randomised
patients with at least one safety assessment after randomi-
sation. The FAS will be used for all efficacy analyses, and
the PPS will be used for sensitivity analysis, while the SAS
will be used for the safety analysis. Missing data will not be
imputed and instead be excluded.

In the subgroup analysis, we will consider the following
factors: sex, age, smoking, body mass index, surgical
approach, anaesthetic technique, analgesic agents, infec-
tious complications, C reactive protein (CRP), NLR,
Glasgow prognostic score (GPS), modified GPS, platelet
to lymphocyte ratio, CRP to albumin ratio, advanced lung
cancer inflammation index.

Patient and public involvement

The patients and public were not involved in the design,
patient recruitment or conduct of the study. However,
the study findings will be disseminated to the public and
patients through multiple channels including publica-
tion, meetings, conferences and social media.

Ethics and dissemination

The study protocol V.1.0 was approved by Clinical
Research Review Board of Saitama Medical University in
September 2019 (No. 192002) and will be approved by
each institutional review board of all participating institu-
tions before patient enrolment. This study complies with
the latest version of the Declaration of Helsinki, Clinical
Trial Act and related notifications. Written informed
consent will be obtained from all patients before registra-
tion. Personal information will remain confidential, and
data will be de-identified using participant numbers.

DISCUSSION

To date, no complete randomised controlled trials have
assessed the potential effects of NSAIDs on postoperative
recurrence in NSCLC. Surgery is the main treatment for
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early stage NSCLC. However, surgical procedures accom-
panied by tissue injury can induce acute inflammation
by causing the production of cytokines, prostaglandins
and VEGF, which promote neoplastic progression. Thus,
surgery itself may play a fundamental role in cancer
recurrence. It has been reported that anaesthetic tech-
nique and analgesic agents administered during surgery
might influence cancer recurrence. Flurbiprofen axetil is
a safe and inexpensive NSAID that is used perioperatively
as a part of multimodal analgesia. Unlike most cytotoxic
chemotherapies, this treatment can be safely used periop-
eratively to reduce postoperative recurrence. Results from
this study will provide clinically valuable information.

Ethics approval

This study was approved by the Clinical Research Review
Boards of Saitama Medical University (approved number
192002) for all institutes.
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