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Efficacy and safety of loxoprofen hydrogel patch
versus loxoprofen tablet in patients with ankylosing
spondylitis: A 4‑week randomized, open‑label study
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Abstract. The aim of the present study was to assess the efficacy and safety of loxoprofen sodium hydrogel patch (LX-P)
vs. loxoprofen sodium tablet (LX-T) in patients with active
ankylosing spondylitis (AS). The study population consisted of
patients who met the modified New York radiographic criteria
for AS and had active disease. Patients were randomly assigned
to either the LX-P group (LX-P 100 mg per day) or LX-T group
(LX-T 60 mg 3 times daily) for 4 weeks. The primary efficacy
endpoint was the percentage of patients reaching Assessment
in Ankylosing Spondylitis 20% (ASAS20) response at week 4.
Secondary efficacy outcomes included ASAS5/6 response rate
and changes from baseline to week 4 for Ankylosing Spondylitis
Disease Activity Score, patient’s global assessment of disease
activity, and pain score. Of the 70 randomized patients included,
35 patients were allocated to the LX-P group and 35 to the LX-T
group. No significant differences were observed between the
LX-P and LX-T groups in the proportion of patients achieving

ASAS20 response at week 4 (54.3 vs. 74.3%; P= 0.081), nor
in the ASAS5/6 response and changes of efficacy outcomes
between the two groups. Furthermore, patients without peripheral arthritis in the LX-P group were more likely to achieve
ASAS20 response. There was a decreased incidence of gastrointestinal adverse events in the LX-P group, but this was not
significant. There was no significant differences in efficacy and
safety between topical LX-P and oral LX-T administration for
patients with active AS.
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Non-steroidal anti-inflammatory drugs (NSAIDs) are strongly
recommended for patients with AS (5,6). In addition, several
studies have shown that long-term use of NSAIDs may delay
radiographic progression in patients with AS (7,8). Oral NSAIDs
is the most common route of administration. However, the use
of oral NSAIDs may lead to gastrointestinal, cardiovascular
and renal adverse events (9-13). Loxoprofen sodium (LX), a
non-selective NSAID, has a particularly high risk of gastrointestinal disorders. Therefore, topically applied NSAIDs
have been developed to decrease the risk of gastrointestinal
adverse events while providing good levels of pain relief for
local acute and chronic painful conditions (14,15). Loxoprofen
in LX hydrogel patches (LX-P) can directly penetrate into the
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Introduction
Ankylosing spondylitis (AS) is an inflammatory rheumatic
disease characterized by inflammatory back pain, morning
stiffness of the spine and enthesitis (1,2). It predominantly
affects the axial skeleton, although peripheral joints may also
be affected. Disease onset usually begins in the second or third
decade of life. With the progression of disease, it may lead
to structural and functional impairments, work disability and
even loss of self-sufficiency (3,4).
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affected site and provide pain relief. Topical LX-P has been
demonstrated to be non-inferior to oral LX tablet (LX-T) in
efficacy and safety for patients with knee osteoarthritis in a
randomized, double bind, controlled trial (16).
To the best of our knowledge, no randomized controlled trials
of topical LX-P have been conducted in patients with AS to
date. The aim of the present 4 week study was to assess the
efficacy and safety of topical LX-P compared with oral LX-T
in the treatment of patients with active AS in China.
Patients and methods
Patients. Patients aged 18-65 years fulfilling the 1984 modified AS New York criteria (17) were eligible for inclusion.
Patients should present with active disease, defined by a Bath
AS Disease Activity Index (BASDAI) (18) of ≥4 on a 0-10
cm visual analog scale (VAS) or an Ankylosing Spondylitis
Disease Activity Score using the C-reactive protein level
(ASDAS-CRP) (19,20) of ≥1.3. Other defined inclusion criteria
were: i) NSAIDs washout period of at least 5 days prior to
randomization; ii) disease-modifying antirheumatic drugs
washout period of at least 4 weeks prior to randomization;
iii) corticosteroids washout period of at least 4 weeks prior
to randomization; and iv) biological agents washout period of
at least 3 months prior to randomization. Sulfasalazine was
permitted if the patient was taking a stable dose for 3 months
prior to study entry. Patients with peripheral joint involvement
were also included. Adequate contraception throughout the
trial was required in women of childbearing age.
Patients were excluded if they had peptic ulcer, unstable
cardiac diseases, abnormal hepatic or renal function, hematologic diseases, psychosis, or malignancy. Patients who were
allergic to LX were also excluded.
Trial design. The trial was a randomized open-label study
conducted in the Department of Rheumatology of The Third
Affiliated Hospital of Sun Yat-Sen University, (Guangzhou,
China). The protocol was approved by the Ethics Committee
of the Third Affiliated Hospital of Sun Yat-Sen University in
accordance with the Declaration of Helsinki principles and
the guidelines for Good Clinical Practice (21). The study
was registered on 10 January 2019 at www.ClinicalTrials.gov
(identifier NCT03800797). Informed consents were obtained
from all patients.
Clinical visits were performed at baseline (week 0),
week 2, and week 4, or the time of discontinuing treatment by
the same investigator. The demographic and disease characteristics were recorded at baseline. Every visit should record
clinical and laboratory variables, evaluate efficacy outcomes
and monitor adverse events.
Treatment. Patients were randomized 1:1 to either the LX-P
group or the LX-T group for 4 weeks using a computergenerated schedule. Treatment assignment was open to the
investigators and patients. Each patient qualifying for treatment
was dispensed the corresponding drug. LX-P (Lead Chemical
Co., Ltd.) contained 50 mg LX per patch, while LX-T (Daiichi
Sankyo Co., Ltd.) contained 60 mg LX. Patients in the LX-P
group applied LX-P 100 mg onto the pain spot of vertebra once

daily starting at night. Patients in the LX-T group took LX-T
60 mg 3 times daily following meals. The doses for LX-P
and LX-T were selected according to a previous clinical trial
involving LX-P in knee osteoarthritis (16). Dose adjustments
were not allowed during the study period. Usually, an optimal
effect of an NSAID is reached no later than after 1-2 weeks
(11), so the treatment duration was 4 weeks.
At the screening visit, concomitant therapies with gastrointestinal protective drugs, including misoprostol or proton
pump inhibitors, were stopped if there was no history of
gastroduodenal ulcers.
Efficacy evaluation. The primary efficacy endpoint was the
percentage of patients reaching Assessment in Ankylosing
Spondylitis 20% (ASAS20) response (22) at weeks 2 and
4, which was defined as an improvement of ≥20% and net
improvement of ≥1 unit (0-10-cm VAS) from baseline in ≥3
of the following 4 domains, and absence of worsening in any
domain: Patient’s global assessment of disease activity (PTGA),
pain assessment, Bath Ankylosing Spondylitis Functional
Index (BASFI) (23) and clinical inflammation, determined by
2 morning stiffness-associated scores on the BASDAI. The
secondary efficacy endpoint was the percentage of patients
achieving ASAS5/6 response at weeks 2 and 4, defined as 20%
improvement in 5 of the following 6 domains: PTGA, pain
assessment, BASFI, inflammation, spinal mobility and CRP.
Other efficacy measures included mean changes from baseline
to week 4 for ASDAS-CRP, PTGA, total and nocturnal pain
scores, clinical inflammation, BASDAI and BASFI.
Safety evaluation. Safety evaluations, including adverse
events, physical examination and clinical laboratory tests,
were monitored by the investigators throughout the study.
Statistical analysis. Statistical analysis was performed using
SPSS 20.0 software (SPSS, Chicago, IL, USA). Baseline demographic and disease characteristic variables were summarized
using descriptive statistics. All efficacy endpoint analyses were
conducted in the intention-to-treat (ITT) population, which
consisted of all randomized patients who took at least 1 dose
of treatment. We used the last observation carried forward
technique for patients who did not adhere to the study protocol.
Using the ITT population, the ASAS20 and ASAS5/6
response rates were analyzed by Pearson χ2 test. Patients were
also stratified based on the presence or absence of peripheral
arthritis to determine the effect of peripheral joint involvement
on treatment response. Changes of efficacy endpoints from
baseline to week 4 were analyzed using the Student’s t-test or
Wilcoxon-Mann-Whitney test depending on the Shapiro-Wilk
normality test in the ITT population. The safety assessment
were also conducted on all randomized patients. The incidence
of adverse events was compared between the LX-P and LX-T
groups using Fisher’s exact test. For all analyses, statistical
analysis was performed at α= 0.05. P<0.05 was considered to
indicate a statistically significant difference.
Results
Enrollment and characteristics of patients. From May 2015
to December 2015, 82 patients were screened, and 70 eligible
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Figure 1. Flow diagram of the study design. LX‑P, loxoprofen sodium hydrogel patch; LX‑T, loxoprofen sodium tablet.

patients were randomized into the 4-week trial, with 35 in the
LX-P group and 35 in the LX-T group (Fig. 1). In total, 6 of
70 patients withdrew from the study following randomization,
3 from the LX-P group and 3 from the LX-T group, resulting
in an overall dropout rate of 8.6%. The reasons for dropping
out included adverse events, insufficient efficacy and loss to
follow up.
At baseline, 48 (68.6%) patients were male, and 22 (31.4%)
had peripheral arthritis. The baseline demographic and disease
characteristics were similar between LX-P and LX-T groups
(Table I).
Efficacy. The primary efficacy endpoints of ASAS20 response
at weeks 2 and 4 in the ITT population are shown in Fig.
2A. No significant differences between the LX-P and LX-T
groups in the proportion of patients achieving ASAS20
response at week 2 [13/35 (37.1%) for LX-P group vs. 17/35
(48.6%) for LX-T group; P=0.334] and week 4 [19/35 (54.3%)
for LX-P group vs. 26/35 (74.3%) for LX-T group; P= 0.081]
were observed. In addition, no statistically significant differences for ASAS5/6 response at weeks 2 and 4 between the
two groups were observed [week 2, 7/35 (20.0%) vs. 9/35
(25.7%); P= 0.569; week 4, 13/35 (37.1%) vs. 16/35 (45.7%);
P= 0.467; Fig. 2B]. Changes in efficacy endpoints, including
ASDAS-CRP, PTGA, total and nocturnal pain score, clinical
inflammation, BASDAI and BASFI, from baseline to week 4
were compared between the LX-P and LX-T groups. There
were also no significant differences between the two groups
observed (all P>0.05; Table II).
In a subgroup analysis of patients without peripheral
arthritis, an increase in the proportion of patients achieving
ASAS20 response was observed in the LX-P group (Fig. 3).
This suggested that patients without peripheral arthritis in the
LX-P group were more likely to achieve ASAS20 response
compared with those with peripheral joints involvement.
Safety. The incidence of any adverse events described during
the study was similar (P=0.710) between the LX-P and LX-T

groups: 3/35 (8.6%) patients in the LX-P group and 5/35
(14.3%) in the LX-T group (Table III). All adverse events were
mild to moderate in intensity; no serious adverse events or
mortalities were observed in either group. The most frequent
adverse events for patients receiving LX-P were skin irritation
or rashes, while the most common adverse event for patients
receiving LX-T was gastrointestinal disorders.
Discussion
To date, only a few studies of osteoarthritis have compared the
efficacy of topical vs. oral administration routes of NSAIDs
(16,24,25). To the best of our knowledge, there are no studies
comparing topical vs. oral administration routes of NSAIDs
in AS. The results of the present randomized controlled trial
demonstrated that there were no significant differences in
efficacy between topical LX-P and oral LX-T administration
in patients with active AS, which is consistent with the results
from a recent study in patients with knee osteoarthritis (16). In
addition, topical LX-P was associated with non-significantly
fewer gastrointestinal adverse events compared with oral LX-T.
In the present study, 31.4% of the patients had peripheral
arthritis. However, LX-P treatments were only applied to
the pain area of the vertebra, in order to maintain the same
dosage. Considering that peripheral arthritis may affect the
treatment response of topical LX-P, an exploratory analysis
of patient subgroups with and without peripheral arthritis was
performed. The results suggested that patients without peripheral arthritis in the LX-P group were more likely to achieve
ASAS20 response. Therefore, we hypothesize that LX-P may
have an improved efficacy in patients whose pain is localized
in one area. However, additional investigation is required to
explore the efficacy of topical LX-P in patients with AS, in
particular those with generalized pain.
NSAIDs are recommended as the first-line drug option
for the treatment of AS (5,6), and long-term use of NSAIDs
may delay the radiographic progression for patients with AS
(7,8). However, long-term exposure of NSAIDs may cause
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Table I. Baseline demographic and disease characteristics of the patients with ankylosing spondylitis.
Groups

Characteristics

-----------------------------------------------------------------------------------------------

LX‑P (n=35)

LX‑T (n=35)

Demographic characteristics			
Age, years
28 (24‑36)
30 (23‑36)
Male, no. (%)
22 (62.9)
26 (74.3)
Height, cm
165.3±7.9
166.3±6.5
Weight, kg
58.5±11.6
60.6±12.0
Smoking, no. (%)
9 (25.7)
12 (34.3)
Disease characteristics			
HLA‑B27 positive, no. (%)
35 (100.0)
34 (97.1)
Disease duration, years
5.0 (2.0‑9.0)
4.0 (1.0‑9.0)
Peripheral arthritis, no. (%)
9 (25.7)
13 (37.1)
Disease activity			
PTGA, 0‑10‑cm VAS
5.0 (4.0‑7.0)
6.0 (5.0‑7.0)
Total pain score, 0‑10‑cm VAS
5.0 (3.0‑7.0)
5.0 (4.0‑7.0)
Nocturnal pain score, 0‑10‑cm VAS
6.0 (3.0‑7.0)
5.0 (3.0‑7.0)
Clinical inflammation, 0‑10‑cm VAS
3.8 (2.8‑6.5)
3.8 (2.8‑5.0)
BASDAI, 0‑10‑cm VAS
4.3±1.4
4.2±1.4
BASFI, 0‑10‑cm VAS
1.0 (0.2‑1.8)
0.7 (0.2‑1.9)
BASMI, 0‑10‑cm VAS
1.0 (0‑2.0)
1.0 (0‑3.0)
CRP, mg/l
5.9 (1.9‑16.8)
8.5 (5.3‑17.6)
ASDAS‑CRP
2.8±0.9
3.0±0.7
Prior medications			
NSAIDs, no. (%)
30 (85.7)
29 (82.9)
DMARDs, no. (%)
12 (34.3)
8 (22.9)
Biological agents, no. (%)
3 (8.6)
4 (11.4)

P‑value
0.642
0.303
0.575
0.465
0.434
1.000
0.773
0.303
0.273
0.472
0.387
0.557
0.735
0.986
0.514
0.109
0.223
0.743
0.290
1.000

Analyses were performed on the intention‑to‑treat population. Data are presented as the mean ± standard deviation for height, weight, BASDAI,
and ASDAS‑CRP, while data concerning age, disease duration, PTGA, total and nocturnal pain score, clinical inflammation, BASFI, BASMI,
and CRP are presented as the median and interquartile range. PTGA, patient's global assessment of disease activity; VAS, visual analog
scale; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath
Ankylosing Spondylitis Metrology Index; ASDAS‑CRP, Ankylosing Spondylitis Disease Activity Score using the C‑reactive protein level;
NSAIDs, non‑steroidal anti‑inflammatory drugs; DMARDs, disease‑modifying antirheumatic drugs.

Figure 2. Primary and secondary endpoints. Proportion of patients achieving (A) ASAS20 and (B) ASAS5/6 responses at weeks 2 and 4. ASAS, Assessment
in Ankylosing Spondylitis; LX‑P, loxoprofen sodium hydrogel patch; LX‑T, loxoprofen sodium tablet.

gastrointestinal, cardiovascular, and renal adverse events
(9-13). Topical NSAIDs are considered to be associated with
fewer gastrointestinal adverse events (24,25). Topical LX-P
allows LX to penetrate into the affected site directly instead

of through the gastrointestinal tract. In the present study, there
were no significant differences in safety between the LX-P and
LX-T groups, probably due to the limited number of patients.
Notably, skin disorders were the most frequently reported
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Table II. Changes in efficacy outcomes from baseline to week 4 in the LX‑P and LX‑T groups.
Groups

----------------------------------------------------------------------------------------------------

Efficacy outcomes

LX‑P (n=35)

LX‑T (n=35)

ASDAS‑CRP	‑0.6±0.7	‑0.8±0.6
PTGA, 0‑10‑cm VAS	‑1.0 (‑3.0‑0)	‑2.0 (‑2.0‑0)
Total pain score, 0‑10‑cm VAS	‑1.0 (‑2.0‑0)	‑2.0 (‑3.0‑ ‑1.0)
Nocturnal pain score, 0‑10‑cm VAS	‑2.0 (‑3.0‑0)	‑1.0 (‑3.0‑0)
Clinical inflammation, 0‑10‑cm VAS	‑1.5 (‑2.8‑0)	‑1.5 (‑3.0‑ ‑0.5)
BASDAI, 0‑10‑cm VAS	‑1.5±1.2	‑1.7±1.2
BASFI, 0‑10‑cm VAS	‑0.1 (‑0.7‑0)	‑0.2 (‑1.0‑0)

P‑value
0.301
0.724
0.082
0.214
0.415
0.442
0.435

Analyses were performed on the intention‑to‑treat population. Data are presented as the mean ± standard deviation for ASDAS‑CRP and
BASDAI, and all other values are presented as the median and interquartile range. ASDAS‑CRP, Ankylosing Spondylitis Disease Activity
Score using the C‑reactive protein level; PTGA, patient's global assessment of disease activity; VAS, visual analog scale; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index.

Table III. Adverse events occurring in each group during the
study.
Event categories
Any adverse event
Nausea
Dyspepsia
Skin pruritus
Dizziness
Upper respiratory tract infection
Serious adverse event
Adverse event leading
to discontinuation

LX‑P
(n=35) (%)

LX‑T
(n=35) (%)

3 (8.6)
0 (0.0)
0 (0.0)
2 (5.7)
0 (0.0)
1 (2.9)
0 (0.0)
2 (5.7)

5 (14.3)
1 (2.9)
1 (2.9)
1 (2.9)
1 (2.9)
1 (2.9)
0 (0.0)
1 (2.9)

Analyses were performed on the intention‑to‑treat population. Data
are presented as the number (%) of patients.

treatment-associated adverse events in the LX-P group, but
this was not significant. Furthermore, a decreased incidence of
gastrointestinal disorders was observed in patients receiving
LX-P. These results suggest that LX-P may be a potentially
useful therapeutic drug with the advantages of easy administration and few gastrointestinal adverse events.
There are several limitations in the present study. Firstly,
the study was a single-center, open-label trial, which may have
introduced a certain level of bias into the analysis. Secondly,
the sample size of the study may have been too small to draw
definite conclusions. Therefore, to strengthen the results,
several disease activity indexes were assessed. Thirdly,
patients with peripheral joint involvement were enrolled. This
may have affected the efficacy of LX-P. The subgroup analysis
revealed that patients without peripheral arthritis in the
LX-P group were more likely to achieve ASAS20 response.
Fourthly, only the short-term efficacy and safety of topical

Figure 3. Proportion of patients achieving ASAS20 response at week 4 among
those with or without peripheral arthritis at baseline. ASAS, Assessment in
Ankylosing Spondylitis; LX‑P, loxoprofen sodium hydrogel patch; LX‑T,
loxoprofen sodium tablet.

LX-P in the treatment of AS was investigated. Future studies
with adequate follow-up are required to assess the long-term
efficacy and safety of LX-P in AS.
In summary, the results of the present study suggest that
there were no significant differences in efficacy between
topical LX-P and oral LX-T for patients with active AS. In
addition, topical LX-P was well tolerated and associated with
few gastrointestinal adverse events.
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