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Abstract. In order to evaluate the efficacy and tolerability
of oxycodone in moderate-severe cancer-related pain, we
conducted a systematic review of randomized controlled trials
(RCTs). Publications addressing the efficacy and tolerability
of oxycodone in moderate-severe cancer-related pain were
selected from the Cochrane library, PubMed, Embase and
CBM databases. Data were extracted from the studies by two
independent reviewers. The meta-analysis was performed by
RevMan 5.0.25 and STATA 9.2 software. From these data,
odds ratios (ORs) or the standard mean difference (SMD)
with 95% confidence intervals (CIs) were calculated. Finally,
only seven RCTs were retrieved with a total of 613 cancer
patients with moderate-severe pain. The meta-analysis results
showed that oxycodone was statistically superior to other
strong opioids based on pain intensity scores following inter-
vention [weighted mean difference (WMD), 0.25; 95% CI,
0.05-0.45; P=0.01; WMD, -1.30; 95% ClI, -1.55-1.05; P<0.001,
respectively]. In addition, there were statistically significant
differences between oxycodone and other strong opioids
in cancer-related pain on the obvious effective rate and the
overall effective rate (OR, 2.03; 95% CI, 1.40-2.95; P=0.0002;
OR, 1.94; 95% CI, 1.09-3.44; P=0.02, respectively). Compared
with other strong opioids, nausea and constipation occurred
significantly less frequently with the use of oxycodone for
cancer-related pain (OR=0.52, 95% CI=0.32-0.85, P=0.009;
OR=0.55, 95% CI=0.35-0.87, P=0.01; respectively). In
conclusion, this meta-analysis confirms that the efficacy and
tolerability of oxycodone are superior to those of other strong
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opioids, including morphine sulfate, codeine and tramadol,
supporting its use as an opioid for cancer-related pain.

Introduction

Cancer-related pain occurs in more than 80% of cancer patients
prior to mortality (1). For patients with advanced cancer, pain was
described as moderate-severe in approximately 40-50% and as
very severe in 25-30% (2). Approximately 70% of patients with
moderate-severe cancer-related pain require opioid analgesics
during the course of the disease (3). Cancer-related pain may
be managed with the various pharmacological and non-phar-
macological methods currently available, but this is not always
effective and numerous patients continue to suffer pain (4).
Since the 1980s, treatment of cancer-related pain has been based
on the World Health Organization (WHO) analgesic ladder.
However, up to half of patients received inadequate analgesia
and 30% of patients did not receive appropriate drugs for their
pain (5). According to WHO guidelines, opioid analgesics are
the mainstay of analgesic therapy and are classified according
to their ability to control pain from mild, to mild-moderate, to
moderate-severe intensity (6). Due to the intolerable adverse
effects associated with opioids, approximately 20% of cancer
patients may need to switch to an alternative opioid (7-9).

Morphine, oxycodone, methadone, hydromorphone,
fentanyl, alfentanyl, buprenorphine, heroin, levorphanol and
oxymorphone are the most widely used strong opioids for
moderate-severe cancer-related pain in China. Oxycodone is
a semisynthetic derivative of morphine. The efficacy and toler-
ability of oxycodone are similar to morphine, supporting its use
as an opioid for moderate-severe cancer-related pain (10). It has
been in clinical use since 1917, but patterns of use have differed
worldwide, perhaps reflecting the lack of clinical studies
investigating its efficacy (11). In the last ten years in China,
the consumption of oxycodone has been increasing markedly.
However, there is no evidence from high-quality compara-
tive studies that oxycodone is superior to morphine and other
opioids in terms of efficacy and tolerability (7). The aim of this
study was to evaluate the efficacy and tolerability of oxycodone
in moderate-severe cancer-related pain in China by conducting
a meta-analysis from all eligible randomized controlled trials
(RCTs) published to date.
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Materials and methods

Literature search. We performed an electronic search of the
Cochrane library, PubMed, Embase and CBM databases to
retrieve studies linking the efficacy and tolerability of oxycodone
in moderate-severe cancer-related pain in China available up to
August 2011 without language restrictions, using the following
search tools: (‘oxycodone’, ‘oxycodeinon’, ‘oxycone’, ‘dihydro-
hydroxycodeinone’, ‘pancodine’ or ‘oxycodone hydrochloride’),
(‘pain’, ‘ache’ or ‘aches’), (‘neoplasms’, ‘cancer’ or ‘tumor’),
(‘therapeutics’ or ‘treatment’) and (‘randomized controlled
trials’, ‘controlled clinical trials, randomized’ or ‘clinical trials,
randomized’). The reference lists of major textbooks, reviews
and included articles were identified through manual searches
to find other potentially eligible studies. If more than one article
was published by the same author using the same case series, we
selected the research with the largest sample size.

Inclusion and exclusion criteria. In order to be eligible for
inclusion in this meta-analysis, the following criteria were
established: i) Clinical RCTs that addressed the efficacy and
tolerability of oxycodone in moderate-severe cancer-related
pain in China, ii) cancer patients with moderate-severe cancer-
related pain, iii) all routes of drug administration and all
formulations of oxycodone were considered, and iv) studies
that included sufficient genotype data for extraction. Studies
were excluded when: i) They were not clinical RCTs that
evaluated the efficacy and tolerability of the use of oxycodone
for moderate-severe cancer-related pain in China, ii) they were
meta-analyses, letters, reviews and editorial articles, iii) they
were studies on combinations of oxycodone preparations (e.g.,
oxycodone and acetaminophen), iv) they were studies that
were based on incomplete raw data and no usable data were
reported, and v) they were duplicate publications.

Dataextraction. Using a standardized form,data from published
studies were extracted independently by two reviewers (Z.-W.L.
and J.-L.L.) to populate the necessary information. From
each of the included articles the following information was
extracted: First author, year of publication, province, region,
study design, intervention methods, number of cases, gender,
age, quality evaluation, pain grade, pain intensity, pain relief
and side-effects. For conflicting evaluations, an agreement was
reached following a discussion with a third reviewer (Y.-M.W.).

Quality assessment of included studies. The quality of included
studies was also independently assessed by two reviewers
(Z-W.L.andJ.-L.L.),based on the Jadad score scale (11). This is
a 5-point quality scale, with low-quality studies having a score
of <2 and high-quality studies a score of =3. In addition, the
categories or summary quality grades are defined as follows:
Grade A, results are valid without marked major bias; grade B,
study is susceptible to some bias that is unlikely to invalidate
the results; and grade C, significant bias is present that may
invalidate the results (12-14). Any discrepancies between the
two reviewers were resolved by discussion and consultation
with a third reviewer (Y.-M.W.).

Statistical analysis. The meta-analysis was performed using the
Review Manager (version 5.0.25; The Cochrane Collaboration;
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http://ims.cochrane.org/revman/download) and STATA
package (version 10.0; Stata Corp., College Station, TX, USA).
The differences of efficacy and tolerability between oxycodone
and other strong opioids were estimated by odds ratios (ORs)
or the standard mean difference (SMD) and 95% confidence
interval (95% CI). Between-study heterogeneities were esti-
mated using Cochran's Q test (12,15). We also quantified the
effect of heterogeneity by the I? test. I? ranges between 0 and
100% and represent the proportion of inter-study variability
that can be attributed to heterogeneity rather than chance. I?
values of 25, 50 and 75% were defined as low, moderate and
high estimates, respectively. When a significant Q test (P<0.10
or I>>50%) indicated heterogeneity across studies, the random
effects model was used for the meta-analysis, or else the fixed
effects model was used (12). Publication bias was investigated
by Begg's funnel plot, and funnel plot asymmetry was assessed
by Egger's linear regression test (17). Statistical significance
was considered when the P-value of Egger's test was <0.10.
All the P-values were two-sided. To ensure the reliability and
the accuracy of the results, two reviewers (Z.-W.L. and J.-L..L..)
populated the data in the statistical software programs inde-
pendently and obtained the same results.

Results

Characteristics of the included studies. The search strategy
retrieved 37 potentially relevant studies. According to the
inclusion criteria, only seven RCTs with the full-text avail-
able were included in this meta-analysis and 30 studies were
excluded. The flow chart of the study selection is shown in
Fig. 1. These seven RCTs included a total of 613 cancer patients
with moderate-severe pain (18-24). All included studies were
clinical observation studies, which evaluated the efficacy and
tolerability of oxycodone for cancer-related pain in China. The
publishing year of the included studies ranged from 2002 to
2010. The baseline characteristics and methodological quality
of all included studies are shown in Table I.

Pain intensity scores. There were four studies reporting pain
intensity score data that were included in this meta-analysis.
Meta-analysis results showed that there was no significant
difference between oxycodone and other strong opioids in pain
intensity scores prior to intervention [weighted mean differ-
ence (WMD), 0.00; 95% ClI, -0.37-0.37; P=0.99]. However,
oxycodone was statistically superior to other strong opioids
with regard to pain intensity scores following intervention
(WMD, 0.25; 95% CI, 0.05-0.45; P=0.01). Similarly, the
meta-analysis of the four RCTs that had data on pain intensity
difference showed results in favour of oxycodone (WMD, -1.30;
95% (I, -1.55-1.05; P<0.001). As there was evidence of hetero-
geneity between the study estimates (I1°=55%, 91 and 99%,
respectively), the random effects model was used (Fig. 2).

Pain relief rate. The meta-analysis of all seven trials with pain
relief rate data available showed that there was a statistically
significant difference between oxycodone and other strong
opioids for cancer-related pain on the obvious effective rate
(OR, 2.03; 95% CI, 1.40-2.95; P=0.0002). In addition, the
results also identified a significant difference between oxyco-
done and other strong opioids for cancer-related pain on the
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Figure 1. Flow chart showing study the selection procedure. Finally, only seven randomized controlled trials were retrieved with a total of 613 cancer patients

with moderate-severe pain.
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Figure 2. Differences in pain intensity scores between oxycodone and other strong opioids. CI, confidence interval.

overall effective rate (OR, 1.94; 95% CI, 1.09-3.44; P=0.02).
As there was no evidence of heterogeneity between the study
estimates, the fixed effects model was used (Fig. 3).

Side-effects rate. A summary of the meta-analysis findings of
the differences between oxycodone and other strong opioids
for cancer-related pain is shown in Table II. Compared with
other strong opioids, nausea and constipation occurred signifi-
cantly less with the use of oxycodone for cancer-related pain

(OR, 0.52; 95% CI, 0.32-0.85; P=0.009; OR, 0.55; 95% ClI,
0.35-0.87; P=0.01, respectively).

There was no difference between oxycodone and other
strong opioids in six other common side-effects: Dizziness,
vomiting, sleepiness, pruritus, anorexia and dysuria (all
P>0.05).

Publication bias. Publication bias of the literature was assessed
based on pain relief rate data by Begg's funnel plot and Egger's
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Table I. Baseline characteristics of the studies included in the meta-analysis.

Quality evaluation

Gender (male/female) Mean age (years)

Case number

Intervention

Region

Province

Year

Author/
(Refs.)

Level

Observation Control  Observation  Control  Observation  Control Score

Control

Observation

17 12/6 10/7 53.1 52.8

18

DHC

Northern ~ Oxycodone

Shanxi

2002

Lietal
(18)

codeine

hydrochloride
Oxycodone

15 7/8 9/6 52.7 53.7

15

Morphine

sulfate

Southern

Hubei

2007

Yu et al

(19)
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hydrochloride
Oxycodone

472

46.7

Southern Morphine 25 24
sulfate

Hubei

2008

Shi et al
(20)

acetaminophen

Oxycodone

30 22/8 21/9 59.8 57.7

30

Morphine
sulfate

Northern

Anhui

2008

Wang et al

21

hydrochloride
Oxycodone

53.7

53.6

67/75 68/73

41

1

142

Morphine

sulfate

2008  Hubei Southern

Xiong et al

(22)

acetaminophen

Oxycodone

54 24/30 42/12 46.5 455

54

Tramadol

Southern

Guangxi

2009

Hou et al
(23)

acetaminophen

Oxycodone

24

24

DHC

2010  Shandong  Northern

Huang et al
(24)

codeine

acetaminophen

linear regression test. Egger's linear regression test was used
to measure the asymmetry of the funnel plot. All graphical
funnel plots of included studies appeared to be symmetrical
(Fig. 4). Egger's test also showed that there was no statistical
significance for all evaluations of publication bias (P=0.22 and
P=0.17, respectively).

Discussion

Oxycodone is a semi-synthetic opioid that is effective in alle-
viating cancer-related pain, post-operative pain, osteoarthritis
and neuropathic non-malignant pain (25). In 2001, oxycodone
was suggested as one alternative to morphine in the WHO
and the European Association for Palliative Care (EAPC)
recommendations (26). During the past decade, oxycodone has
still been considered as a step II opioid, or as a constituent of
compound preparations with a non-opioid analgesic in China.
However, the use of oxycodone has increased significantly in
China (27). The clinical efficacy of oxycodone is similar to that
of morphine sulfate, codeine and tramadol, but oxycodone is
more potent with an equianalgesic ratio of 1/1.5-2 (28). Common
side-effects of oxycodone are nausea, constipation, dizziness,
vomiting, sleepiness, pruritus, anorexia and dysuria (29). In
severe cases, intoxication coma, pulmonary edema and circu-
latory failure may appear and cause mortality (30). The aim of
this study was to provide evidence-based guidelines on a wide
variety of issues relevant to the use of oxycodone in cancer
patients with moderate-severe cancer-related pain in China.

This meta-analysis was the first study to evaluate the
differences between oxycodone and other strong opioids in
moderate-severe cancer-related pain in China and may be
able to add more information regarding this question. In this
meta-analysis, we quantitatively assessed the differences in
the efficacy and tolerability of oxycodone and other strong
opioids in moderate-severe cancer-related pain in China.
Finally, seven RCTs were included with a total of 613 cancer
patients with moderate-severe pain. The meta-analysis results
showed that oxycodone was statistically superior to other
strong opioids in pain intensity scores following intervention
and the differences between them were statistically significant.
However, there was no significant difference between oxyco-
done and other strong opioids in pain intensity scores prior
to intervention. In addition, there were statistically significant
differences between oxycodone and other strong opioids for
cancer-related pain on the obvious effective rate and overall
effective rate. Compared with other strong opioids, nausea and
constipation occurred significantly less with the use of oxyco-
done for cancer-related pain. There was no difference between
oxycodone and other strong opioids in six other common side-
effects, including dizziness, vomiting, sleepiness, pruritus,
anorexia and dysuria. Publication bias of the literature was
assessed by Begg's funnel plot and Egger's linear regression
test. No statistical significance for all evaluations of publica-
tion bias was found.

Similar to other meta-analyses, a number of limitations of
this study should be addressed. First of all, a meta-analysis is
a type of retrospective study and is limited by the quality of
the primary studies. Secondly, although a perfect searching
strategy was designed prior to initiating this study, and
computerized and manual searching were performed simul-
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Table II. Meta-analysis of the differences in side-effect rates between oxycodone and other strong opioids for cancer-related pain.

Side-effects OR 95% CI P-value Heterogeneity Effects model
2 P-value
Dizziness 1.04 0.52-2.08 0.90 0% 0.83 Fixed
Nausea 0.52 0.32-0.85 0.009 0% 0.49 Fixed
Vomiting 0.61 0.33-1.13 0.12 0% 0.69 Fixed
Sleepiness 1.19 0.59-2.40 0.62 0% 0.61 Fixed
Pruritus 1.13 0.38-3.40 0.82 0% 0.73 Fixed
Constipation 0.55 0.35-0.87 0.01 11% 0.35 Fixed
Anorexia 0.70 0.14-3.51 0.67 0% 0.81 Fixed
Dysuria 145 0.43-491 0.55 0% 0.57 Fixed
OR, odds ratio; CI, confidence interval.
Observation Control Odds Ratio Odds Ratio
_Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H,Fixed, 95%Cl
Obvious effective rate
Li et al 2002 11 18 6 17 6.1%  2.88[0.73, 11.38) T
Yu et al 2007 7 15 6 15  8.1% 1.31[0.31, 5.58] -
Shi et al 2008 23 25 20 24 41%  2.30[0.38,13.91] -
Wang et al 2008 21 30 22 30 16.7% 0.85[0.28, 2.61] "
Xiong et al 2008 123 142 99 141 33.7% 2.75[1.50, 5.02] =
Hou et al 2009 41 54 32 54 19.5% 2.17 [0.95, 4.96] |
Huang et al 2010 16 24 14 24 11.8% 1.43 [0.44, 4.62] e
Total (95% CI) 308 305 100.0%  2.03 [1.40, 2.95] L 2
Total events 242 199
Heterogeneity: Chi® = 4.26, df =6 (P=0.64); I = 0%
Test for overall effect: Z = 3.74 (P=0.0002)
Obvious effective rate
Li et al 2002 15 18 13 17 12.9% 1.54 [0.29, 8.18] -
Yu et al 2007 11 15 10 15 15.4% 1.38 [0.29, 6.60] - I
Shi et al 2008 25 25 24 24 Mot estimable
Wang et al 2008 27 30 28 30 16.2% 0.64 [0.10, 4.15] - "
Xiong et al 2008 136 142 130 141 31.9%  1.92[0.69, 5.34] =
Hou et al 2009 51 54 42 54 135%  4.86([1.29,18.35) -
Huang et al 2010 22 24 21 24 10.1%  1.57[0.24, 10.37] e
Total (95% CI) 308 305 100.0%  1.94 [1.09, 3.44] S 4
Total events 287 268
e Chi2 = = = .12 = I } + d
Sty P+ 348,08 Pt - 0% S W
est for overall effect: Z = 2.26 (P=0.02) Favours observation Favours control
Figure 3. Differences in pain relief rate between oxycodone and other strong opioids. CI, confidence interval.
o SEMoGIOR]) s o SEN0GIOR]) .
Obvious effective rate Overal effective rate
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04 FE P=0.22 04 P=0.17
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i o
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H OR, : o
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Figure 4. Publication bias of the literature.
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taneously, there is a possibility that suitable studies were not
included. Thirdly, although we defined strict inclusion criteria,
there may be potential studies that were not included in this
meta-analysis due to incomplete raw data. Although we
actively contacted the authors, they did not provide a compre-
hensive set of data. Most importantly, this meta-analysis was
based on unadjusted data, and the main confounding variables
were not available in the original papers and could also not be
quantitatively analyzed.

In conclusion, our meta-analysis of seven RCTs demon-
strated that the efficacy and tolerability of oxycodone are
superior to other strong opioids, including morphine sulfate,
codeine and tramadol, supporting its use as an opioid for
cancer-related pain in China. As few studies are available in
this field and current evidence remains limited, this conclusion
should be further confirmed by large case-control studies with
an adequate methodological quality and proper controlling for
possible confounding factors.
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