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of renal dysfunction. Celecoxib was discontinued in one 
patient on day 2 at the patient’s request.
Conclusions Both loxoprofen sodium and celecoxib were 
well tolerated for the relief of acute postoperative pain 
after spinal surgery. A single administration of loxoprofen 
showed superior and rapid effectiveness compared with 
celecoxib for both slight and severe postoperative pain.

Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) have anti-
inflammatory, antipyretic, and analgesic properties, and are 
among the most widely prescribed drugs worldwide [1]. 
NSAIDs are commonly used for the treatment for osteo-
arthritis, rheumatoid arthritis, and other inflammatory pain 
conditions, and act via the inhibition of cyclooxygenase 
enzymes (COX-1 and -2) [2]. Loxoprofen sodium (loxo-
profen, Loxonin; Daiichi-Sankyo Co, Tokyo, Japan) is a 
prodrug in the propionic acid class, which is marketed in 
Asia, Mexico, and Brazil, but not in the United States [3].

In a recent survey of nonselective NSAID prescriptions 
in East Asia, loxoprofen was the physicians’ first-choice 
nonselective NSAID and the most frequently prescribed 
[4]. By contrast, celecoxib (Celecox; Pfizer Inc, Tokyo, 
Japan) was marketed in Japan in 2007, as the first NSAID 
of the coxib family and selective COX-2 inhibitor devel-
oped to target COX-2. Its inhibitory effect on COX-1 is 
minimal and it does not suppress the formation of COX-
1-derived prostaglandin, and causes upper digestive tract 
injury less frequently and less severely than conventional 
NSAIDs [5–8]. NSAIDs have a significant role in post-
operative pain control because they can reduce the use of 
opioids [9–11], which are associated with a variety of side 
effects, such as ventilatory depression, drowsiness and 
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Background Nonsteroidal anti-inflammatory drugs 
(NSAIDs) are often used to treat inflammation, pain, and 
fever, but no criterion standard exists for the management 
of postoperative pain following spinal surgery. In the pre-
sent study, we compared the analgesic efficacy of loxopro-
fen sodium (loxoprofen) and celecoxib for the management 
of postoperative pain following spinal surgery.
Methods One-hundred forty-one patients (mean age 
62.2 years) were randomly assigned to two groups before 
spinal surgery: a loxoprofen group (n = 73, 180 mg/day) 
and a celecoxib group (n = 68, 200 mg/day). The drugs 
were administered from 1 day until 7 days after surgery. 
A numeric rating scale (NRS) was used to evaluate pain at 
nine predefined times every day and the findings were com-
pared between the two groups. Laboratory data and adverse 
events were also recorded.
Results There was no significant difference in the maxi-
mum and mean NRS scores on each day between loxopro-
fen and celecoxib, suggesting a comparable analgesic effect 
for these two NSAIDs. Greater improvement in the NRS 
score between preadministration (baseline) and 30 min or 
2 h after administration was obtained for loxoprofen. This 
tendency was shown for both slight (NRS score <5 at base-
line) and severe pain (NRS score ≥5 at baseline). Loxo-
profen was discontinued in one patient on day 4 because 
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sedation, nausea and vomiting, pruritus, urinary retention, 
ileus, and constipation [12, 13].

COX-2 selective inhibitors are generally used world-
wide, and the beneficial effects of their perioperative 
administration for postoperative analgesia have been 
reported for a number of surgical models [14–17]. In a 
recent systematic review, COX-2 selective inhibitors were 
found to be effective in providing analgesia in the extended 
postoperative period following orthopedic surgery with 
a minimal side-effect profile, while nonselective NSAIDs 
need to be used with greater caution [18]. Previous direct 
comparative studies of loxoprofen and celecoxib reported 
the superiority of celecoxib when considering the inci-
dence of upper gastrointestinal or bowel injury induced 
after administration [19, 20]. Nevertheless, a meta-analysis 
indicated that nonselective NSAIDs produce better pain 
relief than COX-2 selective inhibitors in patients undergo-
ing lumbar spine surgery [21], although there was no direct 
comparison of loxoprofen and celecoxib for postoperative 
pain after spinal surgery. The purpose of the present study 
was to analyze the efficacy and safety of loxoprofen and 
celecoxib for postoperative pain after spinal surgery.

Methods

After approval of the protocol for the present study by our 
institutional review board for clinical research and treat-
ment, we conducted a randomized comparison of loxopro-
fen sodium and celecoxib in patients more than 20 years old 
who planned to undergo spinal surgery from May 2013 to 
April 2014 and satisfied all of the requirements for inclu-
sion in the study, as follows. (1) Patients had not received 
NSAIDs during the 4 weeks before the surgery; and (2) 

had received an explanation in writing from the physician 
in charge of the study regarding its design and signed an 
accompanying informed consent form approved by the eth-
ics committee of our university. This consent to participate 
was provided by each patient at their own discretion before 
the start of the study. Exclusion criteria were as follows: (1) 
Patients with diseases of the digestive tract; (2) patients with 
a history of hypersensitivity or allergy to any component of 
the test drug preparation; (3) patients with a history of myo-
cardial infarction or angina; or (4) other patients judged by 
the attending physician to be inappropriate for this study.

The study design and patient assignment are shown 
in Fig. 1. After obtaining written informed consent, 141 
patients screened from 148 patients were randomly allo-
cated to a loxoprofen group (180 mg/day) or to a celecoxib 
group (200 mg/day) using a random-number table. For 
each patient, age, sex, body weight, The American Society 
of Anesthesiologists (ASA) physical status [22], affected 
spinal level, and whether the surgery was conducted with 
or without fusion were recorded. Three types of analge-
sic were taken by patients included in this study, together 
with NSAIDs before surgery. The analgesics were prega-
balin (Lyrica; Pfizer Inc., Tokyo, Japan), Tramcet (37.5 mg 
of Tramadol hydrochloride ± 325 mg of Acetaminophen/
tablet; Janssen Pharmaceutics Inc., Tokyo, Japan), and 
Neurotropin (an extract from cutaneous tissue of rabbit 
inoculated with vaccinia virus, 4 Neurotropin Unit/tablet; 
Nippon Zoki Pharmaceutical Co., Osaka, Japan). After sur-
gery, these analgesics were taken again from postoperative 
day 1. We determined the proportion of patients who were 
taking these analgesics and compared the dose in these 
patients between the two groups.

The surgery was performed under intravenous 
anaesthesia. After tracheal intubation, anesthesia was 

Fig. 1  Study design and patient 
allocation
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(Patients did NOT agree the informed consent)
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72 
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67 
completed the study

Lab data check (before surgery)

Lab data check (after completion of administration)
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maintained with continuous intravenous infusion of propo-
fol (5–10 mg/kg/h) and remifentanil (0.05–0.3 μg/kg/min). 
Intravenous fentanyl was also appropriately administered 
during surgery to relieve postoperative pain immediately 
after extubation. Intravenous flurbiprofen axetil, and pen-
tazocine intravenously or intramuscularly were allowed 
on demand for 2 days after surgery. A rectal suppository 
of diclofenac sodium was also allowed on demand until 
7 days postoperatively. Operative time and total bleeding, 
and use of medications on demand for postoperative pain 
were also recorded for each patient.

From the morning on postoperative day 1, adminis-
tration of a tablet of loxoprofen (60 mg) or a tablet of 
celecoxib (100 mg) was started. Loxoprofen was admin-
istered after breakfast, lunch, and dinner (3 tablets/day), 
and celecoxib was administered after breakfast and dinner 
(2 tablets/day). Each meal was a hospital diet, which was 
furnished for each patient. The doses used are the approved 
doses for acute inflammatory pain used in Japan, are the 
most universally used dosages, and were given for seven 
consecutive days from day 1 after the surgery. Postopera-
tive rehabilitation and orthosis were applied with the same 
indication in both groups. Briefly, on postoperative day 
1–3, rehabilitation started at the bedside and was also con-
ducted in a rehabilitation room, depending on the patients’ 
recovery. An orthosis, such as a cervical collar, canvas or 
hard corset, was applied depending on the diagnosis and 
surgical method, with the same indication in both groups.

The primary outcome measure was the analgesic effect 
of loxoprofen and celecoxib for postoperative pain. Postop-
erative pain was assessed using an 11-point numeric rating 
scale (NRS), with 0 being the absence of pain and 10 being 
the worst pain imaginable. In the loxoprofen group, NRS 
score was obtained at nine defined times, which were just 
before, as well as 30 min and 2 h after each administration. 
In the celecoxib group, NRS score was obtained nine times 
a day, as it was in the loxoprofen group. We obtained maxi-
mum and mean NRS scores for each day from postopera-
tive days 1–7, and compared them between the two groups. 
To compare the effectiveness of a single administration, 
the mean NRS score before administration and changes 
(improvement or worsening) in NRS during 30 min and 2 h 
after each administration were also compared between the 
two groups. To further compare the effectiveness of loxo-
profen and celecoxib in both slight and severe pain, the 
NRS score changes were also compared in patients with 
an NRS score <5 and in patients with an NRS score ≥5 
before each administration. For all primary measurements, 
when intravenous flurbiprofen axetil, intravenous or intra-
muscular pentazocine, or rectal suppositories of diclofenac 
sodium were used on demand, NRS scores obtained within 
24 h after their use were excluded from the comparisons. 
Of the 4536 scheduled measurements in the loxoprofen 

group and 4221 measurements in the cerecoxib group, 
1449 measurements (31.9 %) and 1299 measurements 
(30.8 %) were excluded, and the remaining 3087 measure-
ments in the loxoprofen group and 2922 measurements in 
the cerecoxib group were evaluated respectively. The fre-
quency of use of additional analgesics administered on 
demand from day 0 to 7 was also measured.

To evaluate the safety of loxoprofen and celecoxib, any 
renal or hepatic dysfunction in patients was compared by 
evaluating laboratory data, including serum alanine ami-
notransferase (ALT), aspartate transaminase (AST), blood 
urea nitrogen (BUN), creatinine, and estimated glomerular 
filtration rate (eGFR). Lab data for each of 138 patients at 
1 day before surgery and 7 days after surgery were ana-
lyzed. Data for one patient in the loxoprofen group and two 
patients in the cerecoxib group were excluded because no 
postoperative data were obtained. Additionally, any adverse 
events treated (e.g., epigastric distress, abdominal pain or 
chest pain) were noted.

Statistical analyses were conducted using SPSS (ver-
sion 13; SPSS, Chicago, IL). An unpaired t test was used 
to compare data from the two groups. Group differences 
were analyzed using a χ2 test. p < 0.05 was considered 
significant.

Results

Of the 141 randomized patients included, 73 were in the 
loxoprofen group and 68 were in the celecoxib group. The 
mean age of the patients was 62.2 years. Table 1 shows 
demographic characteristics between the two groups at 
baseline and during the surgery. Age, sex, body weight, 
affected level in the spine, and ASA physical status before 
surgery were not different between the two groups.

Of other analgesics taken together preoperatively with 
NSAIDs, pregabalin was taken by 18 patients in the lox-
oprofen group (135 ± 78 mg/day) and 19 patients in the 
cerecoxib group (171 ± 77 mg/day), Tramcet was taken by 
two patients in the loxoprofen group (5.0 ± 4.2 tablets/day) 
and six patients in the cerecoxib group (3.3 ± 0.8 tablets/
day). Neurotropin was taken by one patient in the loxo-
profen group and five patients in the cerecoxib group (all 
patients were taking four tablets/day). No significant dif-
ference was noted in the percentage of patients who were 
taking these analgesics or the dose between the two groups.

The surgical method, which was with or without fusion 
surgery, was not significantly different between the two 
groups, but the total time of anesthesia and surgery was 
longer and there was more bleeding during surgery in 
patients from the loxoprofen group, indicating a differ-
ence in surgery between patients in the two groups. Nev-
ertheless, the NRS score in the morning on postoperative 
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day 1 was not significantly different between the groups 
(p = 0.15).

The frequency of additional intravenous flurbiprofen 
axetil, intravenous or intramuscular pentazocine, and rec-
tal suppository of diclofenac sodium used postoperatively 
on demand in each group was 1.3 ± 2.2 vs 1.7 ± 2.3, 
0.2 ± 0.7 vs 0.2 ± 0.7, and 0.5 ± 1.1 vs 0.4 ± 1.1, respec-
tively. These frequencies are not statistically different 
between the two groups.

Maximum and mean NRS score on each day was not 
different between the two groups throughout the 7 days 
after the surgery (Fig. 2a, b). Yet, for each administra-
tion, improvement of NRS score was greater in the loxo-
profen group. Mean NRS before administration was 
3.03 ± 1.62 in the loxoprofen group and 3.01 ± 2.03 in 
the cerecoxib group, and there was no significant difference 
between them (P = 0.82), but significant differences in 
change of NRS score were noted both 30 min (0.3 ± 0.04 
vs 0.2 ± 0.04) and 2 h (0.4 ± 0.05 vs 0.3 ± 0.05) after 
administration (Fig. 3). Improvement of NRS score was 
significantly greater for patients taking loxoprofen for sub-
groups with an NRS ≥5 and <5 both 30 min (1.0 ± 0.2 vs 
0.6 ± 0.1 and 0.2 ± 0.03 vs 0.1 ± 0.02, respectively) and 
2 h (1.2 ± 0.2 vs 0.8 ± 0.1 and 0.2 ± 0.04 vs 0.1 ± 0.04, 
respectively) after each administration (Fig. 4a, b). In both 
the loxoprofen and celecoxib groups, improvement in NRS 
was significantly greater in the subgroup with an NRS 

score ≥5 compared to the subgroup with an NRS score <5, 
suggesting that these two NSAIDs have a greater effect on 
severe postoperative pain than they do on slight pain after 
spinal surgery.

One patient discontinued loxoprofen 4 days after the 
surgery because of renal dysfunction. Renal function recov-
ered within a week after suspension of loxoprofen without 
any treatment. There was no other adverse event related 
to treatment in any other patient. The levels of ALT, AST, 
BUN, creatinine, and eGFR were not significantly differ-
ent between the two groups, either before or 7 days after 
administration (Table 2).

Discussion

To our knowledge, the present study is the first to directly 
compare the efficacy and safety of loxoprofen and celecoxib 
for postoperative pain after spinal surgery. Although little 
evidence exists that evaluates the effectiveness of loxopro-
fen for postoperative surgical pain, a Japanese study evalu-
ating 16 postoperative cases found increased effectiveness 
within 30 min of medication dosing in eight cases (50 %), 
and some pain relief was obtained in 14 cases (87.5 %), 
without any severe side effect in any case [23]. Numerous 
papers report the effectiveness of celecoxib for postop-
erative pain. A systematic review reported that celecoxib 

Table 1  Baseline demographics 
and characteristics

Values represent number of cases or means given with standard deviation

Bold values indicate statistical significance (p < 0.05)

Loxoprofen (n = 73) Celecoxib (n = 68) p value

Age (years) 61.7 ± 15.2 62.7 ± 16.3 0.55

Sex (n) 0.30

 Male 51 46

 Female 22 22

Body weight (kg) 65.5 ± 12.6 61.7 ± 11.6 0.65

Affected level (n) 0.06

 Cervical spine 19 24

 Lumbar or lumbosacral spine 45 37

 Thoratic and lumbar (lumbosacral) spine 9 7

ASA physical status (n) 0.68

 I 23 23

 II 45 41

 III 5 4

 IV 0 0

Surgical method (n) 0.08

 With fusion 33 20

 Without fusion 40 48

Duration of anesthesia (min) 272 ± 111 222 ± 70 0.02

Duration of surgery (min) 189 ± 102 139 ± 57 <0.01

Bleeding 316 ± 361 239 ± 249 0.04
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significantly decreased postoperative pain compared with 
placebo [24], and a single administration of celecoxib 
(200 mg) is reported to provide analgesic efficacy inferior 
to that of ibuprofen (400 mg) in the early period (0–6 h), 
but superior from 12 h after administration in patients 
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Table 2  Laboratory data before and 7 days after the surgery

Values represent means given with standard deviation

Loxoprofen 
(n = 72)

Celecoxib 
(n = 66)

p value

ALT

 Before surgery 23.7 ± 8.0 23.2 ± 7.0 0.70

 After surgery 23.9 ± 8.2 22.3 ± 6.6 0.20

AST

 Before surgery 25.3 ± 14.1 22.5 ± 9.7 0.18

 After surgery 26.4 ± 13.7 23.5 ± 11.9 0.17

BUN

 Before surgery 15.0 ± 4.2 15.0 ± 4.1 0.96

 After surgery 15.6 ± 4.4 16.6 ± 4.2 0.16

Creatinin

 Before surgery 0.75 ± 0.16 0.74 ± 0.17 0.63

 After surgery 0.76 ± 0.17 0.76 ± 0.19 0.92

eGFR

 Before surgery 78.2 ± 16.7 78.8 ± 17.0 0.83

 After surgery 78.2 ± 18.4 76.8 ± 18.4 0.66
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with dental extraction [25], suggesting the effectiveness of 
celecoxib is not rapid, but long-lasting compared with non-
selective NSAIDs. In spinal surgery, celecoxib is reported 
to have an opioid-sparing effect for the first 8 h after spi-
nal fusion surgery [26]. Conversely, perioperative admin-
istration of celecoxib was reported to have no significant 
opioid-sparing effect or benefits with pain levels around the 
wound after lumbar disc surgery [27].

Our results indicate comparative analgesic efficacy 
between loxoprofen and celecoxib for 7 days after spinal 
surgery, as evaluated by maximum and mean NRS score 
on each day (Fig. 2a, b). Yet, when evaluated after a single 
administration, loxoprofen demonstrated rapid and superior 
effectiveness, as shown in Fig. 3. This tendency was shown 
for both slight pain where NRS score was <5 and severe 
pain where NRS score was ≥5 (Fig. 4a, b). However, that 
we used celecoxib at a loading dose of 200 mg/day, which 
is less than the maximum dose of 400 mg/day that is per-
mitted to be used for postoperative pain in Japan, should be 
considered.

From a clinical and pharmacological perspective, the 
major side effects of NSAIDs are lower gastrointesti-
nal complications, renal disturbances, and cardiovascular 
events. In this study, loxoprofen was discontinued in one 
patient 4 days after the surgery because of renal dysfunc-
tion, but no adverse event appeared in any other patient. 
Laboratory data evaluating renal or hepatic dysfunc-
tion indicated the comparative safety of loxoprofen and 
celecoxib. Our study has several limitations. First, we did 
not include a control group of individuals who were not 
taking a NSAID. In this comparative study design, the 
influence of a natural course of recovery without NSAIDs 
cannot be completely excluded. Second, we did not com-
pare the difference in NRS scores more than 2 h after drug 
administration. If there was a difference in NRS scores at 
longer times after drug administration, different charac-
teristics between loxoprofen sodium and cerecoxib might 
be shown. Third, we only evaluated the effectiveness of 
postoperative NSAIDs with NRS scores, and without any 
other objective data. The clinical importance of small dif-
ferences in NRS scores remains controversial. A multi-
faceted analysis for comparing effectiveness, including 
patients’ satisfaction, might be desirable in further study. 
Fourth, we did not examine the digestive tract using endos-
copy or cardiac function using an electrocardiogram to 
assess safety, although no patient appeared to have dis-
comfort of the upper and lower digestive tract or chest. In 
a case-controlled study in Japan, the risk of bleeding in the 
upper digestive tract was found to be 5.9 times higher in 
subjects taking loxoprofen than in subjects who did not 
take any NSAIDs [28]. Celecoxib strongly inhibits the 
COX-2 enzyme and has only a weak effect on COX-1, and 
is therefore considered not to interfere with homeostasis 

[7]. Further clinical studies, including the omitted tests, are 
required to compare any side effects between loxoprofen 
and celecoxib more thoroughly.

In conclusion, both loxoprofen sodium and celecoxib 
were well tolerated for the relief of acute postoperative pain 
on each of 7 days after spinal surgery. After a single dose 
of loxoprofen, the level of NRS score improvement was 
significantly higher than that for patients taking celecoxib. 
Further study in a larger number of patients is required to 
compare the different types of NSAIDs more thoroughly.
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