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Abstract
Background and Objectives Knee osteoarthritis pain is a chronic form of pain for which conventional non-steroidal anti-
inflammatory drugs may provide insufficient analgesia. Twice-daily tramadol hydrochloride (65% sustained-release/35% 
immediate-release) bilayer tablets are a novel formulation of tramadol developed for managing chronic pain. The objectives 
of this study were to examine the effectiveness and safety of this formulation in patients with chronic knee osteoarthritis pain.
Methods This was a multicenter, randomized, placebo-controlled, double-blind, parallel-group, treatment-withdrawal study. 
Patients with a reduction in Numeric Rating Scale (NRS) for pain of ≥2 points during a 1–3-week, open-label, tramadol dose-
escalation period (100–300 mg/day) were randomized to continue tramadol or switched to placebo for 4 weeks (double-blind 
period). Patients with inadequate efficacy (increase in NRS ≥2 points/patient request) were withdrawn. Outcomes included 
the time to inadequate analgesic efficacy from randomization (primary endpoint), the cumulative retention rate, and safety.
Results Overall, 249 and 160 patients entered the dose-escalation and double-blind periods, respectively (tramadol 79; 
placebo 81). Kaplan–Meier analysis revealed superiority of tramadol (log-rank p = 0.042), and a hazard ratio of 0.50 (95% 
confidence interval [CI] 0.25–0.99). Documentation of an inadequate analgesic effect was less frequent in the tramadol group 
(15.4%, 95% CI 8.2–25.3% vs. 30.9%, 95% CI 21.1–42.1%). The cumulative retention rate was greater in the tramadol group 
(83.7% vs. 69.0%). Adverse events occurred in 80.6% (200/248) of patients in the open-label period, and in 38.5% (30/78) 
and 13.6% (11/81) of patients in the tramadol and placebo groups, respectively, in the double-blind period. Opioid-associated 
adverse events, such as nausea, vomiting, constipation, somnolence, and dizziness, were the most frequent events.
Conclusion This study demonstrated the analgesic efficacy and safety of sustained-release tramadol tablets with an imme-
diate-release component for chronic knee osteoarthritis pain.
Trial registration JapicCTI-132103 (Japan Pharmaceutical Information Center; registration date February 25, 2015)
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Key Points 

This study investigated the efficacy and safety of a twice-
daily bilayer tablet formulation of tramadol hydrochlo-
ride (65% sustained-release/35% immediate-release) 
versus placebo in patients with chronic pain associated 
with knee osteoarthritis.

Tramadol was associated with prolonged adequacy of 
pain relief and higher cumulative retention rate than 
placebo. Adverse events included nausea, vomiting, con-
stipation, somnolence, and dizziness, which are known 
to be related to opioids.

The results demonstrate the analgesic efficacy, safety, 
and tolerability of sustained-release tramadol bilayer tab-
lets with an immediate-release component for managing 
chronic knee osteoarthritis.

1 Introduction

Osteoarthritis affects about 20% of adults, and its inci-
dence is expected to increase due to aging of the popula-
tion, dietary and lifestyle factors, and increasing rates of 
obesity [1–3]. Joint pain, tenderness, and joint stiffness are 
among the major clinical features that significantly affect the 
patient’s ability to perform daily life activities [4]. Patients 
with chronic pain associated with knee osteoarthritis are also 
at increased risk of early mortality compared with the gen-
eral population [5].

Non-steroidal anti-inflammatory drugs (NSAIDs) are 
widely considered as the first-line pharmacologic therapy for 
osteoarthritis pain [6–9]. However, they are not suitable for 
all patients due to the risk of gastrointestinal bleeding, car-
diovascular side effects, and renal side effects [6, 7, 10, 11].

Although osteoarthritis pain is conventionally regarded 
as nociceptive pain, recent evidence suggests that it also 
has a significant neuropathic component [3, 12]. NSAIDs 
and other first-line analgesics may reduce nociceptive pain 
but often show limited effects on chronic neuropathic pain. 
Therefore, many patients may require alternatives, such as 
opioids or serotonin/norepinephrine reuptake inhibitors.

Tramadol has been incorporated into clinical recommen-
dations, with “weak” or “conditional” recommendations 
for managing pain associated with knee osteoarthritis [6, 
7], reflecting limited clinical studies and potential concern 
regarding its tolerability or dependency. Tramadol is a 
μ-opioid receptor agonist that also inhibits the reuptake of 
serotonin and norepinephrine. It is useful for treating pain 

that is difficult to treat with non-opioid analgesics by target-
ing neuropathic and nociceptive pain [12, 13].

A variety of formulations of tramadol are available, 
including immediate-release formulations, administered up 
to four times per day, and extended-release formulations, 
administered once- or twice-daily. Clinical trials have dem-
onstrated advantages of extended-release formulations in 
terms of maintaining pain relief and adherence [14–22], 
while avoiding pronounced peaks/troughs in circulating 
tramadol concentrations that may interfere with its analgesic 
effects or contribute to adverse events (AEs) [23, 24]. How-
ever, patients taking once-daily sustained/extended-release 
formulations may experience pain aggravation if the circu-
lating tramadol concentration drops below the therapeutic 
level shortly before the next dose, or if other factors (e.g., 
missed dose) result in altered pharmacokinetics [25]. Several 
formulations of tramadol have been developed that com-
bine extended-release and immediate-release components as 
biphasic tablets or multicomponent capsules [26, 27]. It is 
anticipated that some patients will benefit from twice-daily 
administration of such formulations, which maintain the cir-
culating levels of tramadol without significant fluctuations, 
and thus provide adequate analgesia throughout the day.

Nippon Zoki Pharmaceutical Co., Ltd. (Osaka, Japan) 
developed a twice-daily, bilayer formulation of sustained-
release tramadol with an immediate-release component 
(65% sustained-release/35% immediate-release)  (Twotram® 
tablets) [28]. Following oral administration, the immediate-
release component dissolves quickly to provide a rapid 
increase in the plasma concentrations of tramadol and its 
active metabolite (M1), as illustrated in a single-dose bio-
equivalence study (Fig. 1a; NZ-687-BE-1 bioequivalence 
study). The sustained-release component dissolves more 
slowly resulting in stable trough plasma concentrations, 
as illustrated in a multiple-dose pharmacokinetic study 
(Fig. 1b; NZ-687-I-J2 pharmacokinetic study) [28]. As part 
of its clinical development, this trial was performed to evalu-
ate the efficacy and safety of twice-daily administration in 
patients with chronic knee osteoarthritis pain. To the best 
of the authors’ knowledge, this is the first report describing 
a randomized, placebo-controlled, double-blind, treatment-
withdrawal clinical trial of a twice-daily, bilayer tramadol 
formulation in this setting.

2  Patients and Methods

2.1  Ethics

This clinical study was performed between May 2013 and 
December 2014. The study conformed with the ethical prin-
ciples of the Declaration of Helsinki, the Standards for the 
Implementation of Clinical Trials (Good Clinical Practice), 
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Fig. 1  Pharmacokinetics of 
sustained-release tramadol 
hydrochloride bilayer tablets 
with an immediate-release 
component [28]. a Plasma 
tramadol and M1 concentrations 
after a single dose of 50, 100, 
or 150 mg tramadol in healthy 
volunteers (NZ-687-BE-1 
bioequivalence study). b Plasma 
tramadol and M1 concentra-
tions in repeated-dose studies 
with 50 or 100 mg tablets in 
healthy volunteers (NZ-687-I-J2 
pharmacokinetic study). Trama-
dol tablets were administered 
once-daily on Days 1 and 7 
and twice-daily from Days 2 to 
6. The trough concentrations 
are shown between 24 and 144 
hours. Plasma concentrations 
are shown as the mean ± stand-
ard deviation

a

b
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and the study protocol, which was approved by the institu-
tional review boards at the 24 participating medical institu-
tions in Japan. All patients provided written informed con-
sent. This study was registered on the Japan Pharmaceutical 
Information Center Clinical Trials Information registry 
(JapicCTI-132103).

2.2  Patients

Patients who met the 1986 American Rheumatism Associa-
tion criteria for the classification of osteoarthritis with some 
modifications [29] were eligible if osteophyte, osteosclero-
sis, or joint space narrowing was observed on radiography 
with knee osteoarthritis-induced chronic pain symptoms per-
sisting for ≥3 months. Other eligibility criteria were continu-
ous administration of NSAIDs at an approved dosage for ≥2 
weeks prior to the trial or patients unable to take NSAIDs 
due to contraindications, and a Numeric Rating Scale (NRS) 
value for maximum pain of ≥4 for the evaluated knee up to 
24 h prior to screening. The exclusion criteria and prohibited 
therapies are described in Online Resource 1. NSAIDs (for 
osteoarthritis), aspirin (as antithrombotic medication), and 
prochlorperazine (as an antiemetic) could be continued at the 
same dose in patients using these drugs prior to enrolment. 
Rescue analgesics were not permitted. Antiemetics and laxa-
tives were not permitted until after a patient first experienced 
nausea, vomiting, or constipation.

2.3  Study Design

This multicenter, randomized, placebo-controlled, double-
blind parallel-group, treatment-withdrawal study comprised 
the following periods: pretreatment screening/observation 
period (1 week), open-label dose-escalation period (1–3 
weeks), fixed-dose period (1 week), double-blind period (4 
weeks), and a post-treatment observation period (2 weeks) 
(Fig. 2) with a total treatment period of up to 8 weeks (up 
to nine visits).

All patients who entered the open-label dose-escalation 
period started tramadol at a dose of 100 mg/day (1 × 50-mg 
tablet twice-daily) at Visit 1.

The patients recorded their NRS in diaries every day. 
The values recorded over the 3 days preceding each visit 
(except screening, which was assessed over 24 h prior to 
the visit) were arithmetically averaged and rounded to the 
nearest integer. The averaged values, and the minimum or 
maximum values, were used to assess the analgesic efficacy 
in each patient, including satisfaction of the eligibility cri-
teria for each study period. Averaged values were used for 
data analyses.

Patients who satisfied both of the following criteria at 
Visit 2 or 3 in the dose-escalation period were eligible for 
transition to the open-label fixed-dose period: (a) improve-
ment by ≥2 points in the NRS value preceding the visit and 
(b) a compliance rate of ≥70% during the dose-escalation 
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Fig. 2  Study design. aThe tramadol dose was escalated if the analge-
sic effect was inadequate (the Numeric Rating Scale [NRS] averaged 
over the 3 days preceding the visit did not improve by ≥2 points). 
bPatients were withdrawn from the study if the NRS values averaged 
over the 3 days preceding the visit did not improve by ≥2 points or 
if the medication adherence was <70% during the dose-escalation 
period. cPatients were withdrawn from the study if the NRS averaged 

over the 3 days preceding the visit did not improve by ≥2 points rela-
tive to Visit 1, the difference between the minimum and maximum 
values over the 3 days preceding Visit 5 was ≥2 points, or if medi-
cation adherence was <70% during the fixed-dose period. dPatients 
eligible for the open-label fixed-dose period skipped the intervening 
period
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period. If criterion (a) was not met at Visit 2 or 3, the trama-
dol dose was escalated to 200 mg/day (2× 50-mg tablets 
twice-daily) at Visit 2 and to 300 mg/day (3× 50-mg tablets 
twice-daily) at Visit 3. Patients who did not meet criterion 
(b) at either visit were withdrawn from the study. Patients 
who did not meet both criteria at Visit 4 were withdrawn 
from the study.

In the 1-week open-label fixed-dose period, patients con-
tinued tramadol at the dose reached in the dose-escalation 
period. Patients who satisfied the following criteria were 
eligible for randomization in the double-blind period: (a) 
improvement in the NRS value of ≥2 points between Visit 
1 (baseline/Week 0) and Visit 5; (b) difference between the 
minimum and maximum NRS value of ≤2 points during the 
3 days preceding Visit 5; and (c) compliance rate of ≥70% 
during the fixed-dose period.

Eligible patients were randomized (at Visit 5) to either 
tramadol or placebo at the dose (i.e., number of tablets) 
used during the open-label fixed-dose period (see Online 
Resource 1 for the randomization procedure). During this 
4-week period, the allocated drug was discontinued if the 
analgesic effect became inadequate with an increase in the 
NRS value of ≥2 points averaged over the 3 days preceding 
Visits 6–9 relative to the value recorded at randomization 
(Visit 5/Week 0). To maintain blinding, the tramadol and 
placebo tablets were indistinguishable in appearance and 
packaging. Patients could withdraw in either period if they 
felt the analgesic effect was insufficient.

After the double-blind period or following discontinu-
ation of the allocated drug, the patients entered a 2-week 
post-treatment observation period to evaluate the ongoing 
safety and tolerability.

2.4  Clinical Assessments

The primary efficacy endpoint was the time (in days) to 
when the analgesic effect of the investigational drug became 
insufficient after entering the double-blind period. The sec-
ondary endpoints were the percentages of patients in whom 
the analgesic effects became insufficient in the double-blind 
period, and the changes in NRS values and Japanese Knee 
Osteoarthritis Measure (JKOM) [30, 31] scores in the open-
label and double-blind periods. The NRS is an 11-point 
scale, where 0 indicates no pain and 10 indicates the worst 
possible pain [32]. The JKOM is a 25-item questionnaire 
that yields an overall score and four domains: knee pain/
stiffness (8 items), condition in daily life (10 items), general 
activities (5 items), and health conditions (2 items). Each 
item is scored on a range of 1–5, where 1 = best function and 
5 = worst function; the scores for all 25 items are summed 
to yield the overall score with a possible range of 25–125 
[30, 31]. The JKOM was completed at Visits 1, 5, and 9, or 
at the time of discontinuation.

Safety was assessed in terms of AEs, adverse reactions, 
abnormal laboratory test results, abnormal vital signs, and 
abnormal 12-lead electrocardiography documented between 
Visit 1 and the end of the post-treatment observation period. 
AEs were coded using the MedDRA/J (Version 17.1) by 
system organ class and preferred term.

Drug dependency was evaluated using a seven-item ques-
tionnaire at the end of the double-blind period (for rand-
omized patients) or at the end of the open-label period (for 
patients who did not enter the double-blind period) (Online 
Resource 1).

2.5  Statistical Analysis

Efficacy data were analyzed using full analysis sets for the 
open (FAS-O) and double-blind (FAS-DB) periods. The 
FAS-O comprised all patients who started tramadol at Visit 
1 in the open-label dose-escalation period for whom efficacy 
data were available. The FAS-DB comprised all patients 
who received at least one dose of the investigational drug 
in the double-blind period for whom data related to the 
primary endpoint were available. Safety analyses were per-
formed using safety analysis sets for the open (SAF-O) and 
double-blind (SAF-DB) periods, which comprised patients 
who received at least one dose of the investigational drug in 
the corresponding period.

The log-rank test was used to compare the time from the 
start of the double-blind period until the analgesic effect of 
the study drug became insufficient (number of days; i.e., 
primary endpoint) to verify the superiority of tramadol over 
placebo. As a secondary analysis, the Cox regression model 
was used to determine point estimates of the hazard ratios 
(HRs) for tramadol versus placebo with two-sided 95% CIs 
for the primary endpoint. The Kaplan–Meier method was 
used to plot cumulative survival curves from the start of the 
double-blind period to the documentation of an inadequate 
analgesic effect, and the numbers at risk at each time-point 
were calculated. Safety outcomes were analyzed descrip-
tively for the open-label and double-blind periods separately.

The sample size is described in Online Resource 1. The 
analyses were performed using SAS versions 9.2 and 9.4 
(SAS Institute, Cary, NC, USA).

3  Results

3.1  Patients

A total of 273 patients provided consent and started the pre-
treatment observation period (Fig. 3). Of these, 249 entered 
the open-label dose-escalation period and started adminis-
tration of tramadol at a dose of 100 mg/day. Eighty-nine 
patients discontinued in either the open-label dose-escalation 
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or fixed-dose periods: 59 (23.7%) due to AEs, 25 (10.0%) 
due to inadequate efficacy, and five (2.0%) for other reasons. 
Thus, 160 patients entered the double-blind period and were 
randomized to continue tramadol (n = 79) or switch to pla-
cebo (n = 81), of whom 110 completed the double-blind 
period (tramadol n = 54; placebo n = 56). Twelve patients 
in the tramadol group and 25 in the placebo group discon-
tinued due to inadequate efficacy. A further 13 patients dis-
continued in the tramadol group: 12 due to AEs and one for 
another reason. The SAF-O, FAS-O, SAF-DB, and FAS-DB 
comprised 248, 245, 159, and 159 patients, respectively. One 
patient was excluded from the SAF-O and FAS-O due to 
the loss of medical records. Three patients were excluded 
from the FAS-O due to missing efficacy data. One patient 
(tramadol group) was excluded from the SAF-DB and FAS-
DB because the investigational drug was not administered 
in the double-blind period.

The demographic and clinical characteristics of patients 
in the FAS-DB are shown in Table 1. Two-thirds of the 
patients (67.9%) were female. The mean ± standard devia-
tion (SD) age and duration of pain symptoms were 67.3 ± 
9.3 years and 46.3 ± 57.1 months, respectively. Most of the 

patients (95.6%) were previously treated with NSAIDs. The 
NRS value and JKOM overall score at baseline were 3.3 
± 1.5 and 43.4 ± 10.9 (mean ± SD), respectively. There 
were no appreciable differences in baseline characteristics 
between the tramadol and placebo groups that were consid-
ered likely to influence the interpretation of the efficacy or 
safety.

Among 248 patients in the SAF-O, compliance to the 
investigational drug was <70% in five (2.0%) patients dur-
ing the 1-week fixed-dose period and in 35 (14.1%) patients 
during the dose-escalation period. At the end of the dose-
escalation period (Visit 3), the tramadol doses were 100, 
200, and 300 mg/day in 109, 94, and 46 patients, respec-
tively. Among 181 patients who entered the 1-week fixed-
dose period, the tramadol doses at Visit 4 were 100, 200, 
and 300 mg/day in 74, 78, and 29 patients, respectively. In 
the double-blind period, the investigational drug was not 
taken by one of 79 patients (1.3%) in the tramadol group 
(excluded from the SAF-DB and FAS-DB) and compliance 
with the investigational drug during the double-blind period 
was <70% in three (3.8%) patients.

Fig. 3  Patient disposition. FAS-
DB full analysis set (double-
blind period), FAS-O full 
analysis set (open-label period), 
SAF-DB safety analysis set 
(double-blind period), SAF-O 
safety analysis set (open-label 
period)

Entered double-blind period
160

Allocated to tramadol
79

Allocated to placebo
81

Completed
54

Completed
56

Discontinued 25
- Inadequate efficacy 25

Excluded 24
- Did not meet eligibility criteria 12
- Consent withdrawal 5
- Other 7

Provided consent
273

Entered open-label dose-
escalation period

249

Entered open-label
fixed-dose period

181

Discontinued 68
- Inadequate efficacy 14
- Adverse event 51
- Consent withdrawal 3

Discontinued 25
- Inadequate efficacy 12
- Adverse event 12
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SAF-O 248
- Medical records lost 1

FAS-O 245
- Missing efficacy data 3

SAF-DB/FAS-DB 159
- Investigational drug not

administered (tramadol group) 1

Discontinued 21
- Inadequate efficacy 11
- Adverse event 8
- Poor adherence 1
- Did not meet eligibility criteria 1
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3.2  Efficacy

Figure 4a shows the Kaplan–Meier plot for the primary 
endpoint, the time from randomization (i.e., Visit 5) to the 
documentation of an inadequate analgesic effect. The sur-
vival curve was consistently higher in the tramadol group, 
showing superiority of tramadol over placebo (log-rank p 
= 0.042). The HR was 0.50 (95% CI 0.25–0.99) in favor of 
tramadol.

Regarding secondary efficacy endpoints, half the num-
ber of patients in the tramadol group (n = 12; 15.4%, 95% 
CI 8.2–25.3) compared with the placebo group (n = 25; 
30.9%, 95% CI 21.1–42.1) experienced an inadequate anal-
gesic effect. The cumulative retention rate was also greater 
in the tramadol group (83.7% vs. 69.0%). The NRS value 
decreased progressively during the open-label period with 
least-squares mean (LSM) changes of −1.0, −1.9, −2.6, and 
−3.1 at Weeks 1, 2, 3, and 4, respectively, relative to Week 

0 (all p < 0.0001; Fig. 4b). The NRS value (mean ± SD) at 
randomization (i.e., Visit 5) was 3.0 ± 1.4 in the tramadol 
group and 3.5 ± 1.5 in the placebo group. After randomiza-
tion, the NRS values remained broadly stable in both groups 
without significant LSM changes, except for a significant 
increase at 1 week in the placebo group (LSM change 0.6; p 
< 0.0001). The NRS values at each time-point/visit in both 
periods are reported in Online Resource 2.

The JKOM overall score improved significantly between 
Visits 1 and 5 (mean change: −11.2, p < 0.0001; Fig. 4c), 
which was driven by improvements in knee pain and stiffness 
in knees (−5.5) and condition in daily life (−4.2) (Online 
Resource 3). During the double-blind period, there was a 
significant improvement in the JKOM overall score in the 
tramadol group (−2.1, p = 0.0082), suggesting it improved 
further during the double-blind period in this group. By 
contrast, the JKOM overall score increased (i.e., worsened) 
by 2.1 in the placebo group although this change was not 

Table 1  Patient characteristics

Full analysis set (double-blind period)
SD standard deviation, BMI body mass index, NSAIDs non-steroidal anti-inflammatory drugs, NRS Numeric Rating Scale, JKOM Japanese Knee 
Osteoarthritis Measure
a The NRS values were averaged over the 3 days preceding each visit and rounded to the nearest integer in individual patients before performing 
statistical analyses

Characteristic Total Tramadol Placebo
N = 159 N = 78 N = 81

Sex, n (%)
 Male 51 (32.1) 23 (29.5) 28 (34.6)
 Female 108 (67.9) 55 (70.5) 53 (65.4)

Age, years, mean ± SD 67.3 ± 9.3 67.2 ± 10.0 67.4 ± 8.7
Age group, n (%)
 <65 years 56 (35.2) 26 (33.3) 30 (37.0)
 65 to <75 years 65 (40.9) 33 (42.3) 32 (39.5)
 ≥75 years 38 (23.9) 19 (24.4) 19 (23.5)

BMI, kg/m2, mean ± SD 25.54 ± 4.05 26.05 ± 4.18 25.05 ± 3.88
Complications/comorbidities, yes, n (%) 153 (96.2) 76 (97.4) 77 (95.1)
Time from development of pain, months, mean ± SD 46.3 ± 57.1 49.5 ± 61.7 43.2 ± 52.5
Prior treatment with NSAIDs, n (%) 152 (95.6) 75 (96.2) 77 (95.1)
NRS value averaged over 3 days before Visit  5a

 Mean ± SD 3.3 ± 1.5 3.0 ± 1.4 3.5 ± 1.5
 Value, n (%)
  0 3 (1.9) 2 (2.6) 1 (1.2)
  1 10 (6.3) 5 (6.4) 5 (6.2)
  2 43 (27.0) 26 (33.3) 17 (21.0)
  3 37 (23.3) 23 (29.5) 14 (17.3)
  4 34 (21.4) 9 (11.5) 25 (30.9)
  5 20 (12.6) 9 (11.5) 11 (13.6)
  6 9 (5.7) 2 (2.6) 7 (8.6)
  7 3 (1.9) 2 (2.6) 1 (1.2)

JKOM overall score at Visit 5 43.4 ± 10.9 44.9 ± 11.1 42.0 ± 10.6
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significant (p = 0.0707). During the double-blind period, 
there were small decreases in the scores for pain and stiff-
ness in knees, condition in daily life, and general activities 

in the tramadol group, and slight increases in pain and stiff-
ness in knees and condition in daily life in the placebo group 
(Online Resource 3).

Fig. 4  Efficacy endpoints. a 
Kaplan–Meier plot of time from 
randomization (i.e., Visit 5) to 
an inadequate analgesic effect 
of the investigational drug in the 
double-blind period. b Changes 
in Numeric Rating Scale 
(NRS) values over time for all 
patients with available data at 
each week in the open-label 
period (left) and according to 
treatment group in the double-
blind period (right). The NRS 
values were averaged over the 
3 days preceding each visit and 
rounded to the nearest integer 
in individual patients before 
performing statistical analyses. 
c Changes in JKOM overall 
scores over time for all patients 
with available data at each 
visit. The markers represent 
the least-squares mean (LSM) 
(in b) or the arithmetic mean 
(in c) at each visit. The LSM 
(in b) or arithmetic mean (in 
c) changes from baseline in the 
open-label period (i.e., Week 0/
Visit 1) or from randomization 
in the double-blind period (i.e., 
Week 0/Visit 5) are indicated 
next to each marker. Error bars 
represent standard error of the 
mean. Full analysis set (open-
label and double-blind periods). 
aPatients were treated for up 
to 4 weeks in the open-label 
period: 1–3 weeks in the dose-
escalation period (depending on 
when/if they satisfied the dose-
escalation criteria for transition 
to the fixed-dose period) and 
the 1-week fixed-dose period 
(for eligible patients only). 
CI confidence interval, HR 
hazard ratio, JKOM Japanese 
Knee Osteoarthritis Measure, 
LSM least-squares mean, NRS 
Numeric Rating Scale, SEM 
standard error of the mean
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Table 2  Adverse events (by system organ class/preferred term)

MedDRA/J term Open-label period Double-blind  perioda

Tramadol Placebo

N = 248 N = 78 N = 81

Any 200 (80.6) 30 (38.5) 11 (13.6)
Infections and infestations 5 (2.0) 4 (5.1) 4 (4.9)
 Cellulitis 0 1 (1.3) 0
 Cystitis 1 (0.4) 1 (1.3) 0
 Gastroenteritis 0 1 (1.3) 0
 Nasopharyngitis 3 (1.2) 2 (2.6) 3 (3.7)
 Otitis media 1 (0.4) 0 0
 Paronychia 0 0 1 (1.2)

Metabolism and nutrition disorders 13 (5.2) 2 (2.6) 0
 Dehydration 2 (0.8) 0 0
 Decreased appetite 12 (4.8) 2 (2.6) 0

Psychiatric disorders 2 (0.8) 0 0
 Insomnia 2 (0.8) 0 0

Nervous system disorders 77 (31.0) 2 (2.6) 1 (1.2)
 Dizziness 21 (8.5) 0 0
 Dysgeusia 2 (0.8) 0 0
 Headache 11 (4.4) 1 (1.3) 1 (1.2)
 Hypoesthesia 3 (1.2) 0 0
 Migraine 1 (0.4) 0 0
 Somnolence 53 (21.4) 1 (1.3) 0
 Tremor 2 (0.8) 0 0

Ear and labyrinth disorders 4 (1.6) 0 0
 Vertigo 4 (1.6) 0 0

Cardiac disorders 2 (0.8) 1 (1.3) 0
 Palpitations 2 (0.8) 1 (1.3) 0
 Supraventricular extrasystoles 1 (0.4) 0 0

Vascular disorders 3 (1.2) 1 (1.3) 0
 Hypertension 3 (1.2) 1 (1.3) 0

Respiratory, thoracic and mediastinal disorders 1 (0.4) 0 1 (1.2)
 Cough 0 0 1 (1.2)
 Hyperventilation 1 (0.4) 0 0

Gastrointestinal disorders 175 (70.6) 19 (24.4) 2 (2.5)
 Abdominal discomfort 9 (3.6) 4 (5.1) 0
 Abdominal distension 1 (0.4) 0 0
 Abdominal pain upper 1 (0.4) 0 0
 Cheilitis 0 1 (1.3) 0
 Constipation 101 (40.7) 2 (2.6) 0
 Diarrhea 1 (0.4) 0 0
 Dyspepsia 6 (2.4) 0 1 (1.2)
 Feces hard 1 (0.4) 0 0
 Feces soft 1 (0.4) 0 0
 Nausea 110 (44.4) 8 (10.3) 1 (1.2)
 Stomatitis 0 1 (1.3) 0
 Vomiting 44 (17.7) 5 (6.4) 0
 Esophageal discomfort 0 0 1 (1.2)

Hepatobiliary disorders 1 (0.4) 0 0
 Liver disorder 1 (0.4) 0 0

Skin and subcutaneous tissue disorders 18 (7.3) 2 (2.6) 1 (1.2)
 Cold sweat 2 (0.8) 0 0
 Dermatitis contact 0 1 (1.3) 0
 Hemorrhage subcutaneous 1 (0.4) 0 0
 Hyperhidrosis 2 (0.8) 0 0
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3.3  Safety and Tolerability

In the open-label period, AEs occurred in 80.6% of patients 
(200/248 patients) (Table 2). AEs (by preferred term) that 
occurred in ≥5% of patients in this period were nausea in 

44.4% (110/248 patients), constipation in 40.7% (101/248), 
somnolence in 21.4% (53/248), vomiting in 17.7% (44/248), 
and dizziness in 8.5% (21/248) of patients. One patient 
experienced a serious AE (hyperventilation) at a tramadol 
dose of 100 mg/day. The patient recovered following the 

Table 2  (continued)

MedDRA/J term Open-label period Double-blind  perioda

Tramadol Placebo

N = 248 N = 78 N = 81

 Palmoplantar keratoderma 1 (0.4) 0 0
 Pruritus 11 (4.4) 1 (1.3) 0
 Pruritus generalized 1 (0.4) 0 1 (1.2)
 Rash 2 (0.8) 0 0

Musculoskeletal and connective tissue disorders 2 (0.8) 4 (5.1) 1 (1.2)
 Arthralgia 0 1 (1.3) 0
 Back pain 0 1 (1.3) 0
 Neck pain 1 (0.4) 0 0
 Muscle rigidity 0 1 (1.3) 0
 Musculoskeletal pain 1 (0.4) 0 0
 Musculoskeletal chest pain 1 (0.4) 0 0
 Musculoskeletal stiffness 1 (0.4) 0 0
 Rotator cuff syndrome 0 0 1 (1.2)
 Spinal osteoarthritis 0 1 (1.3) 0

Renal and urinary disorders 4 (1.6) 0 0
 Dysuria 1 (0.4) 0 0
 Pollakiuria 1 (0.4) 0 0
 Proteinuria 1 (0.4) 0 0
 Urinary retention 1 (0.4) 0 0
 Renal impairment 1 (0.4) 0 0

General disorders and administration site conditions 13 (5.2) 1 (1.3) 0
 Feeling abnormal 1 (0.4) 0 0
 Malaise 0 1 (1.3) 0
 Thirst 12 (4.8) 0 0

Laboratory tests 7 (2.8) 3 (3.8) 3 (3.7)
 Alanine aminotransferase increased 0 0 1 (1.2)
 Blood creatine phosphokinase increased 3 (1.2) 1 (1.3) 0
 Blood creatinine increased 0 1 (1.3) 0
 Blood pressure increased 0 0 1 (1.2)
 Blood urine present 1 (0.4) 0 0
 Gamma-glutamyltransferase increased 1 (0.4) 0 0
 Glucose urine present 1 (0.4) 0 1 (1.2)
 Occult blood positive 0 1 (1.3) 0
 Urine output decreased 1 (0.4) 0 0

Injury, poisoning and procedural complications 2 (0.8) 2 (2.6) 0
 Animal bite 1 (0.4) 0 0
 Contusion 1 (0.4) 0 0
 Foot fracture 0 1 (1.3) 0
 Nail avulsion 0 1 (1.3) 0

Safety analysis set (open-label and double-blind periods)
MedDRA/J Version 17.1
Values are number (percent) of patients
a Adverse events that newly occurred in the double-blind period; adverse events that occurred in both periods are shown only in the open-label 
period
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discontinuation of tramadol and admission to hospital with 
appropriate treatment. This event was considered to be asso-
ciated with the investigational drug. Tramadol was discon-
tinued due to AEs in the open-label period in 65 patients 
(26.2%). AEs that led to treatment discontinuation in ≥5% 
of patients were nausea in 16.1% (40/248), vomiting in 8.5% 
(21/248), and constipation in 5.6% (14/248). AEs occurred 
in 65.7% (163/248), 50.4% (70/139), and 44.4% (20/45) of 
patients using tramadol at doses of 100, 200, and 300 mg/
day in the open-label period (Online Resource 4). The most 
common types of AEs included nausea, constipation, som-
nolence, vomiting, and dizziness, which are known AEs for 
tramadol [33]. The frequencies of AEs did not increase with 
increasing tramadol dose.

In the double-blind period, AEs occurred in 38.5% 
(30/78) of patients in the tramadol group and 13.6% (11/81) 
of patients in the placebo group. There were no serious AEs 
in the double-blind period. The investigational drug was 
discontinued due to AEs in 9.0% (7/78) of patients in the 
tramadol group. The only AE that led to treatment discon-
tinuation in ≥5% of patients was nausea in 5.1% (4/78). AEs 
did not result in discontinuation of the investigational drug 
in any patients in the placebo group. AEs occurred in 43.3% 
(13/30), 34.3% (12/35), and 38.5% (5/13) of patients using 
tramadol at doses of 100, 200, and 300 mg/day, respectively 
(Online Resource 5). The frequencies of AEs were low in 
the double-blind period; only nausea, abdominal discomfort, 
vomiting, and constipation were reported in two or more 
patients at any dose of tramadol.

3.4  Drug Dependency

The drug dependency questionnaire revealed no notable dif-
ferences in the percentages of patients who answered “no” 
to each question between the placebo and tramadol groups 
(Online Resource 6). Over 75.0% of patients reported “no” 
to each question in both groups in the double-blind period. 
Furthermore, among 87 patients who did not enter the dou-
ble-blind period, over 87% reported “no” for each question 
(Online Resource 7).

4  Discussion

This study was designed to evaluate the efficacy and safety 
of twice-daily, sustained-release tramadol tablets in patients 
with chronic pain associated with knee osteoarthritis that 
was difficult to treat with nonopioid analgesics, such as 
NSAIDs. The results showed that the time to onset of inade-
quate pain relief in the double-blind period was significantly 
longer in the tramadol group than in the placebo group, and 
the cumulative treatment retention rate was higher in the 
tramadol group. The NRS value and JKOM scores improved 

during the open-label period and were maintained in the 
tramadol group during the double-blind period, whereas 
slight worsening of these endpoints occurred in the placebo 
group. It is likely that the magnitudes of differences in NRS 
and JKOM in the double-blind period would have been 
greater if patients were not withdrawn from the study due to 
inadequate analgesic effects.

The LSM change in the NRS value during the open-label 
period was  − 3.1. Based on data from ten studies comprising 
2724 patients (including patients with osteoarthritis), Far-
rar et al reported that a decrease in NRS values of at least 
2 points from baseline is a clinically important difference 
[32]. Thus, the improvement in the open-label period in the 
present study is likely to indicate a clinically meaningful 
improvement in pain. This was accompanied by an improve-
ment in the JKOM overall score of  − 11.2, which was driven 
by an improvement in pain and stiffness in knees (− 5.5) 
and the condition in daily living (− 4.2). These results may 
suggest that the improvement in pain reported during the 
open-label period was accompanied by decreased stiffness 
and greater ability to perform general activities. Exercises 
and physical activity remain the cornerstone for managing 
the symptoms of osteoarthritis [6, 7, 9], but pain is a major 
barrier, resulting in a sedentary lifestyle. Thus, the pain 
relief provided by tramadol in the open-label period and 
maintained in the double-blind period allowed the patients to 
increase their activities and ultimately improve their quality 
of life. Indeed, the JKOM score tended to worsen in the pla-
cebo group during the double-blind period, with a significant 
improvement in the tramadol group.

Overall, these findings are consistent with those of prior 
studies of patients with pain associated with knee osteoar-
thritis [14, 16, 18, 34, 35], supporting the potential use of 
tramadol in this setting. However, it is important to con-
sider that the earlier studies predominantly used extended- 
or sustained-release formulations of tramadol, administered 
once daily, that slow the release of the drug (and hence delay 
its metabolism to the highly active metabolite desmethyl-
tramadol) [25–27]. These formulations did not show com-
parable pharmacokinetics, and differences in their pharma-
cokinetic properties should be considered when choosing 
the appropriate formulation for individual patients. Thus, 
formulations containing a sustained-release component with 
an immediate-release component have been developed to 
improve the pharmacokinetic profile of tramadol [26–28]. 
The bilayer formulation used in the present study comprises 
approximately 65% sustained-release and 35% immediate-
release tramadol. This formulation provides a rapid increase 
in the circulating concentrations of tramadol and the M1 
active metabolite after a single dose, with stable trough lev-
els after multiple doses (Fig. 1) [28]. It is anticipated that 
this pharmacokinetic profile will translate into improved 
pain relief throughout the day.
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The present study also examined the safety and toler-
ability of tramadol in the open-label and double-blind peri-
ods. The frequency of AEs was quite high in the open-label 
dose-escalation period. Although the frequency of AEs was 
lower in the double-blind period, AEs were more frequent in 
the tramadol group than in the placebo group, as would be 
expected. Like other opioid analgesics [10, 14, 16, 18], the 
most frequent AEs were nausea, constipation, somnolence, 
vomiting, and dizziness. These AEs led to the discontinua-
tion of treatment, particularly in the initial open-label period. 
The rate of AEs was quite high, in part because prophylactic 
administration of antiemetics or laxatives was prohibited in 
the study protocol. This approach was chosen to help inves-
tigate the safety and tolerability of tramadol. However, once 
a patient experienced these AEs, they could start taking an 
antiemetic or laxative. The lower incidence of AEs reported 
in the double-blind period may indicate that patients became 
accustomed to tramadol. Patients who were unable to toler-
ate it likely discontinued treatment early. In real-world set-
tings, laxatives or antiemetics may be prescribed to minimize 
these AEs of tramadol. Furthermore, the frequencies of AEs 
did not increase in a dose-dependent manner in either study 
period, even for AEs common to tramadol. This may be due 
to the dose-escalation process, which allowed patients to 
tolerate higher doses [36]. Nevertheless, patients should be 
aware of the potential risk of AEs and options to mitigate 
common AEs, particularly prophylactic administration of 
antiemetics and laxatives.

Although some immediate-release formulations are 
administered up to four times per day, it was reported that 
twice-daily sustained-release tramadol capsules showed bet-
ter tolerability than immediate-release tramadol capsules 
administered four times per day, with equivalent efficacy 
[37]. Meanwhile, the majority of other sustained-release 
formulations, including other bilayer formulations, are indi-
cated for once-daily administration. Twice-daily administra-
tion is expected to maintain stable circulating tramadol con-
centrations, while reducing the risk of pain aggravation. In 
other settings, it has been proposed that twice-daily adminis-
tration may better fit the patient’s daily lifestyle, with admin-
istration at breakfast and dinner [38]. For instance, patients 
using platelet aggregation inhibitors were less likely to miss 
two consecutive doses of a twice-daily drug compared with 
missing a single dose of a once-daily drug with a poten-
tial impact on clinical efficacy [38]. Similar considerations 
favoring twice-daily administration were reported in other 
clinical settings [39, 40], and may also apply to twice-daily 
administration of tramadol.

To evaluate whether patients enrolled in this study expe-
rienced any dependence to tramadol, patients completed 
a drug dependence questionnaire after the double-blind 
period, after the open-label period, and at a follow-up obser-
vation 2 weeks after discontinuation. Of note, most patients 

responded “no” to each item, suggesting a low risk of 
dependency and its associated problems (Online Resources 
6 and 7).

Finally, some limitations warrant mention, including the 
relatively short treatment period, which may not reflect the 
chronic nature of pain associated with knee osteoarthritis. 
Longer studies may be necessary to evaluate whether the 
improvements in NRS values and JKOM scores are main-
tained for longer, reflecting clinical practice. Furthermore, 
patients were withdrawn if their analgesic effect was inad-
equate, favoring the continuation of patients with less-severe 
pain in the placebo group. This approach likely attenuated 
the difference between tramadol and placebo in the double-
blind period.

5  Conclusions

Sustained-release tramadol tablets with an immediate-
release component formulated as a bilayer are suitable for 
twice-daily administration. This study demonstrated the 
formulation’s analgesic effects and tolerability, supporting 
its clinical use for managing chronic pain associated with 
knee osteoarthritis that is difficult to treat with nonopioid 
analgesics such as NSAIDs. The frequency of AEs was rela-
tively high in patients prescribed tramadol, partly due to the 
study design. A lower frequency may be achieved in clinical 
practice, where patients may be prescribed supportive pro-
phylactic therapies to reduce the frequency of opioid-related 
AEs, especially nausea, vomiting, and constipation.
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