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Abstract
Analgesics are commonly used to manage pain in cancer patients. It has been suggested that there might be a relation between
analgesics and the outgrowth of metastases. Opioids might increase and non-steroidal anti-inflammatory drugs decrease the risk
of metastasis. Robust analysis of all preclinical evidence, however, has so far been lacking. Therefore, we conducted
a systematic review andmeta-analysis on the effect of treatment with analgesics onmetastasis in experimental animal models. One
hundred forty-seven studies met the inclusion criteria. Study characteristics, outcome data on the number, and incidence of
metastases were extracted, and methodological quality was assessed. In the meta-analysis, we included 215 (64000 animals) and
137 (63000 animals) comparisons between analgesic vs control treatment, respectively, on the number and incidence of
metastases. Overall, treatment with analgesics significantly decreases the number and risk of metastasis. This effect appearsmainly
to be the consequence of the efficacy of NSAIDs. Other factors that modify the efficacy are species, type of NSAIDs administered,
timing, and duration of treatment. There is no evidence indicating that treatment with any analgesics increases the occurrence of
metastases. Our findings appear robust for the various animal models and designs included in this review, which increases our
confidence in the result and translatability to the clinical situation.
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1. Introduction

Distant metastasis or local recurrence after primary tumour
resection is a major clinical problem that also has major financial
consequences. The presence of circulating cancer cells due to
suboptimal tumour resectionmight be one of the reasons, but the
biology of the tumour also seems to play an important role.
Factors that modify the risk of metastasis and thus reduce
mortality, therefore, are an important research topic. One of these
factors that received growing attention over the past few years
concerns the effects of analgesic and anaesthetic treatments on
cancer outcomes especially since anaesthesiologists see cancer
patients virtually on a daily basis not only for resection of tumours
but also for pain management and palliative care during the
various stages of the disease.

Some retrospective clinical studies suggest that there may be
a relation between specific analgesics and the outgrowth of

metastases, but in general the scarce evidence is conflicting and

a clear scientific underpinning is missing.3,4 For now, there appears

to be no hard clinical evidence to change clinical practice.3,9

Nevertheless, several mechanisms have been proposed by
which analgesics influence cancer outcomes. There are studies

showing that opioids increase the risk of cancer reoccurrence and

metastasis as they might overexpress and activate m-receptors

located on the surface of certain cancers, triggering proliferation

and invasion.2,8 Non-steroidal anti-inflammatory drugs (NSAIDs, or

COX inhibitors) are suggested to decrease the risk of reoccurrence

and metastasis, as COX is overexpressed in many cancers, and

COX inhibitors reduce prostaglandin synthesis, which are believed

to promote cancer cell adhesion, migration, and invasion.25 As

a consequence of some studies showing that opioids had

a negative effect on tumour reoccurrence, the research focus

has shifted more towards the benefits of regional anaesthesia to

limit opioid exposure.
This is quite surprising, as to our knowledge there is no

substantial evidence for this shift. First of all, the evidence from

clinical studies is conflicting. Secondly, the clinical studies that

have been conducted so far are retrospective studies that suffer

from confounding factors (eg, combination therapy such as

anaesthesia during surgery and postoperative analgesic treat-

ment). Prospective randomized clinical trials on the effects of

specific treatments with analgesics on tumour metastasis, which

could prove a causal link, are currently ongoing, and no results

have yet been published.
Finally, there are substantial numbers of studies on the effects

of treatment with analgesics in experimental animals, but the
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results seem to be conflicting. In addition, as far as we know,
these preclinical studies have never been systematically analysed
and robust preclinical evidence is lacking.

In conclusion, therefore, there is a great need for systematically
summarizing the evidence for the effects of treatment with
analgesics on tumour metastasis. In this review, we focus on
experimental animal studies.

Systematic reviews and meta-analyses of animal studies can
and have previously been used to improve translation of animal
research to humans.14 For example, information about safety and
efficacy of treatments, ie, hard to obtain from individual studies
can be made transparent, decision making on whether to start
a clinical trial, or improve the design of subsequent clinical trials
can be optimized.21,24,26 Furthermore, a systematic review of
preclinical animal studies may help to identify the knowledge gap,
guide future animal studies, and reduce unnecessary duplication
of often expensive animal experiments.23

This report presents the first systematic review and meta-
analysis on the effect of treatment with analgesics on metastasis
in experimental cancer models. We will provide (1) a complete
and systematic overview of all animal studies on this topic, (2)
insight into the efficacy of treatment with analgesics overall and in
subgroups (such as opioids and NSAIDs), and (3) an overview of
various factors that modify the efficacy of treatment with
analgesics on tumour metastasis in experimental cancer models.

2. Methods

This systematic review investigates the effects of treatment with
analgesic drugs on number of metastases or metastasis in-
cidence in animals with experimental cancer. The inclusion
criteria and method of analysis were specified in advance and
documented in a protocol and put online on the SYRCLE Web
site (www.syrcle.nl).

2.1. Search strategy and paper selection

We searched MEDLINE through the PubMed interface and
EMBASE for original articles concerning “the effects of treatment
with analgesic and anaesthetic drugs on” metastasis in experi-
mental cancer published until January 23, 2014. To design the
most optimal comprehensive search strategy, we used SYRCLE’s
step by step guide.19 The search strategy involved the following 4
search components: analgesics, anaesthetics, metastasis, and
animals5,16 (for our complete search strategy, see Table 1). No
language or date restrictions were applied. As others in our
department were already investigating the effects of a treatment
with anaesthetic drugs on metastasis in experimental cancer, the
search and first steps of the selection process were combined.
When necessary, articles in languages other than English were
translated by scientists who were native speakers of that particular
language. Reference lists of the selected relevant articles were
screened by hand for potentially relevant new articles. No language
or data restriction was used. Studies were included in this
systematic review when they met all of the following criteria: (1)
the study assessed the effect of an analgesic drug used in clinical
practice on the number or incidence of metastasis in animal
models with experimental cancer, (2) the study was performed in
animals in vivo, (3) the study included an appropriate control group,
and (4) the study was an original full paper that presented unique
data. Studies were excluded when (1) animals underwent any
cointervention or (2) animals suffered from co-morbidities.

We used Early Review Organising Software (EROS; Institute of
Clinical Effectiveness and Health Policy, Buenos Aires, Argentina)

to randomly allocate each reference to 2 independent reviewers,
who screened it for inclusion on the basis of its title and abstract
(C.H. and M.B.). In case of doubt, the whole publication was
evaluated. Full-text copies of all publications eligible for inclusion
were subsequently assessed by 2 independent reviewers (C.H.
and M.E.) and included when they met our prespecified inclusion
criteria. Disagreement was solved by discussion or by consulting
a third investigator (G.J.S.).

2.2. Study characteristics and data extraction

From the included studies, we registered bibliographic data such
as authors, year of publication, journal of publication, and
language. We also extracted data on study design (number of
animals in experimental and control groups, presence of control
group), animal model characteristics (animal species, strain, age,
weight, and gender), cancer model (transgenic or induced, type
of cells/drugs used to induce cancer, type of cancer, number of
cells, location of injection of tumour cells, and type of
anaesthetics used to create model), intervention characteristics
(type of analgesics, route of administration, dose, frequency,
timing relative to tumour cell injection, duration of treatment and
type of control group), and outcome measures (either number of
metastases or incidence of metastasis, region of metastasis
count, age, and anaesthetics used at the time of outcome
assessment).

In each of the included publications, we identified all in-
dependent comparisons of the number or incidence of metas-
tases in animals with experimental cancer receiving analgesic or
control treatment. Data on the number or incidence of
metastases were extracted when raw data or group averages
(mean, median, or incidence), SD, SE, or ranges and number of
animals per group (n) were reported or could be recalculated.
When there were 2 or more replications of the same experiment,
they were analysed separately. When outcome measure data
were missing, we attempted to contact authors for additional
information. When the data could not be obtained, a conservative
estimate was used if possible. When the group size was reported
as a range (eg, 6-9), the lowest number of animals was used in our
meta-analysis. When no conservative estimate could be made,
the comparison was excluded from the meta-analysis. When
data were only presented graphically, they were measured using
Universal Desktop Ruler software (http://avpsoft.com/products/
udruler/) by 2 independent reviewers. When multiple experimen-
tal groupswere comparedwith the same control group, the group
size of the control group was corrected for the number of
comparisons made (n/number of comparisons).

2.3. Assessment of the methodological quality and risk
of bias

Weused theSYRCLERisk ofBias tool15 to assess the riskof bias in
the included studies. Two independent reviewers assessed the risk
of bias in each included article (S.G., M.S., C.H., F.G.). Regarding
the risk of attrition bias, we assumed that there had been no
exclusion of animals when the number of animals per group
mentioned in the materials and methods section was identical to
the number stated in the figure legends or results section. A “yes”
score indicates low risk of bias, a “no” score indicates high risk of
bias, and a “?” score indicates unknown risk of bias.

To overcome the problem of judging toomany items as “unclear
risk of bias” because reporting of experimental details on animals,
methods, and materials is very poor,18 we added 2 items on
reporting: reporting of anymeasure of randomization and reporting
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of any measure of blinding. For these 2 items, a “yes” score
indicates “reported” and a “no” score indicates “unreported.”

2.4. Data synthesis and statistical analyses

Data were analysed using Comprehensive Meta-Analysis (CMA
version 2.0). For the outcome measure “number of metastases,”
the standardized mean difference (SMD) was calculated (the
mean of the experimental group2 the mean of the control group
divided by the pooled SDs of the 2 groups). When data were
presented as median and percentiles, they were converted to
mean and SD. For the outcome measure incidence of metasta-
ses, the risk ratio (RR) was calculated. When one of the cells
contained a 0-value or the risk in either the control or experimental
group was 100%, we added 0.5 to each cell to calculate the RR.
In the number of tumours data set, comparisons with an SD of
0 were excluded from meta-analysis.

Secondly, we conducted meta-analyses. Despite anticipated
heterogeneity, the individual effect sizes were pooled to obtain an
overall SMD and RR and 95% confidence interval. We used the
random effects model,6 which takes into account the precision of
individual studies and the variation between studies and weighs
each study accordingly. When the number or incidence of
metastasis was measured in multiple regions in the same animals
in a particular study, the data were pooled for the overall analyses.
Subgroup analyses were predefined in the protocol (www.syrcle.nl)

and performed to assess the influence of variables on effect size.
The results from subgroup analyses were only interpreted when
subgroups contained at least 10 studies, and they were assessed
for type of drug (NSAID: opioids, paracetamol [acetaminophen],
ketamine), species, gender, region of metastasis, timing (pre-
treatment of cells; before tumour cell injection, immediately after
tumour cell injection [0-23 hours], after tumour cell injection [24
hours andmore]), and duration of treatment (once, 1, 2, 3, 4 weeks,
ormore than 4weeks).Weexpected the variance to be comparable
within the subgroups; therefore, we assumed a common among-
study variance across subgroups. For subgroup analyses, we
adjusted our significance level according to the conservative
Bonferroni method to account for multiple analyses (P 3 number
of comparisons). However, differences between subgroups should
be interpretedwith caution and should only beused for constructing
new hypotheses rather than for drawing final conclusions.

We assessed the possibility of publication bias by visually
evaluating the possible asymmetry in the funnel plot for incidence
of metastases, performing Duval and Tweedie’s trim and fill
analysis and Egger’s regression analysis for small study effects.
Heterogeneity was assessed using I2.

2.5. Sensitivity analyses

To assess the robustness of our findings and to further explain
observed study heterogeneity, we performed sensitivity analyses.

Table 1

Search strategy.

PubMed

Anesthesia

“anesthetics”[MeSH Terms] OR “anesthesiology”[MeSH Terms] OR “anesthesia”[MeSH Terms] OR Anesthetics [Pharmacological Action] OR Anesthetic[tiab] OR Anesthetics[tiab]

OR Anaesthetic[tiab] OR Anaesthetics[tiab] OR Anesthesia[tiab] OR Anaesthesia[tiab] OR anesthes* [tiab] OR anaesthes* [tiab] OR anesthet* [tiab] OR Anaesthet* [tiab] OR

narcosis [tiab]

Analgesia

“Analgesics”[Mesh] OR “Analgesia”[Mesh] OR “Analgesics”[Pharmacological Action] OR “Analgesics, Non-Narcotic”[Pharmacological Action] OR “Analgesics,

Opioid”[Pharmacological Action] OR Analgesia [tiab] OR Analgesias [tiab] OR Analgesic [tiab] OR Analgesics [tiab] OR Analgetic [tiab] OR Analgetics [tiab] OR Anodyne [tiab] OR

Anodynes [tiab] OR Antinociceptive [tiab] OR Anti nociceptive [tiab] OR Anti-nociceptive [tiab] OR Opioids [tiab] OR Opioid [tiab] OR Narcotic [tiab] OR Narcotics [tiab] OR

antinarcotic [tiab] OR antinarcotics [tiab] OR anti-narcotic [tiab] OR anti-narcotics [tiab] OR COX inhibitor [tiab] OR COX inhibitors [tiab] OR COX-1 inhibitor [tiab] OR COX-1

inhibitors [tiab] OR COX-2 inhibitor [tiab] OR COX-2 inhibitors [tiab] OR antiinflammatory agents [tiab] OR antiinflammatory agent [tiab] OR anti-inflammatory agents [tiab] OR anti-

inflammatory agent [tiab] OR antiinflammatory drugs [tiab] OR antiinflammatory drug [tiab] OR anti-inflammatory drugs [tiab] OR anti-inflammatory drug [tiab] OR Cyclooxygenase

inhibitors [tiab] OR Cyclooxygenase inhibitor [tiab] OR Cyclo oxygenase inhibitors [tiab] OR Cyclo oxygenase inhibitor [tiab]

Metastasis

“Neoplasm Metastasis”[MeSH Terms] OR Metastasis [tiab] OR Metastases [tiab] OR Metastase [tiab] OR Micrometastasis [tiab] OR Micrometastases [tiab] OR Micrometastase

[tiab] OR Micro-metastasis [tiab] OR Micro-metastases [tiab] OR Micro-metastase [tiab] OR secondary tumor [tiab] OR secondary tumour [tiab] OR secondary tumors [tiab] OR

secondary tumours [tiab] OR neoplastic cell dissemination [tiab] OR cancer cell dissemination [tiab] OR tumor dissemination [tiab] OR tumour dissemination [tiab] OR cancer

dissemination [tiab] OR cancer spread [tiab] OR tumor spread [tiab] OR tumour spread [tiab] OR tumor migration [tiab] OR tumour migration [tiab] OR disseminated tumor cell [tiab]

OR disseminated tumour cell [tiab] OR disseminated tumor cells [tiab] OR disseminated tumour cells [tiab]

Experimental animal filter16

EMBASE

Analgesia

exp analgesic agent/ or exp analgesia/ or (Analgesia or Analgesias or Analgesic or Analgesics or analgetic or analgetics or anodyne or Anodynes or Antinociceptive or Anti

nociceptive or Anti-nociceptive or Opioids or Opioid or Narcotic or Narcotics or antinarcotic or antinarcotics or anti-narcotic or anti-narcotics or COX inhibitor or COX inhibitors or

COX-1 inhibitor or COX-1 inhibitors or COX-2 inhibitor or COX-2 inhibitors or antiinflammatory agents or antiinflammatory agent or anti-inflammatory agents or anti-inflammatory

agent or antiinflammatory drugs or antiinflammatory drug or anti-inflammatory drugs or anti-inflammatory drug or Cyclooxygenase inhibitors or Cyclooxygenase inhibitor or Cyclo

oxygenase inhibitors or Cyclo oxygenase inhibitor).ti,ab.

Anesthesia

exp anesthetic agent/ or exp anesthesiology/ or exp anesthesia/ or (Anesthetic or Anesthetics or Anaesthetic or Anaesthetics or Anesthesia or Anaesthesia or anesthes* or

anaesthes* or anesthet* or Anaesthet* or narcosis).ti,ab.

Metastasis

exp metastasis/ or (Metastasis or Metastases or Metastase or Micrometastasis or Micrometastases or Micrometastase or Micro-metastasis or Micro-metastases or Micro-

metastase or secondary tumor or secondary tumour or secondary tumors or secondary tumours or neoplastic cell dissemination or cancer cell dissemination or tumor

dissemination or tumour dissemination or cancer dissemination or cancer spread or tumor spread or tumour spread or tumor migration or tumour migration or disseminated tumor

cell or disseminated tumour cell or disseminated tumor cells or disseminated tumour cells).ti,ab.

Experimental animal filter5
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We assessed the impact of (1) induction of cancer vs using
transgenic animals, (2) excluding studies in which injected cancer
cells are pretreated with analgesics, (3) effect of including animal
models with co-morbidities (immune-compromised animal mod-
els), and (4) recalculating median and ranges intomeans and SDs
or adjusting cells for calculating RR.

3. Results

3.1. Study selection process

Figure 1 depicts a flow chart of the study selection process. Out
of 2567 unique publications retrieved from PubMed or EMBASE,
337 were included after screening on title and abstract. Out of
these 337 publications, 147 met our inclusion criteria; the
remainder were excluded according to the criteria listed in
Figure 1. The references of the included articles can be found in
supplement file 1 (available online as Supplemental Digital
Content at http://links.lww.com/PAIN/A128).

3.2. Study characteristics

3.2.1. Number of metastases

Data on number of metastases could be retrieved from 89 studies,
and 215 independent experiments from these 89 studies could be
analysed in meta-analysis. Characteristics of all studies and
comparisons are listed in supplement file 2 (available online as
Supplemental Digital Content at http://links.lww.com/PAIN/A129).

Out of 215 comparisons, 73% represented experiments
conducted in mice and 25% of the data were obtained from
studies using rats. One study used rabbits, and only 2 experi-
ments used hamsters.

Male and female animals were used in 44% and 39% of the
comparisons, respectively. Only 4% (8 comparisons) used mixed

sex groups, and 13% of the comparisons failed to report the sex
of the animals used.

Most studies investigated the effects of NSAIDs on the number
of metastases (81%). Opioids were administered in 14% of the
comparisons. An a-agonist or ketamine was used in the
remaining 5% of the comparisons.

Metastases of breast cancer were studied in 34% of the
comparisons. Metastases of lung, skin, or colon cancer were
studied in 18%, 11%, and 11% of the comparisons, respectively.
The remainder of the comparisons studied the number of
metastases after treatment with analgesic drugs in the stomach,
pancreas, prostate, or bone. In 4% of the comparisons, it was
unclear what type of cancer was studied.

Most studies investigated the effect of treatment with analgesic
drugs either immediately before or after tumour inoculation (34%
and 35%, respectively). No details on the timing of the treatment
with analgesic drugs were reported in 7% of the comparisons, and
14%of the comparisons pretreated the cells with analgesics before
inoculation in the animal model. Most animals were treated with
analgesics between 1 and 4 weeks (65% of the comparisons). The
treatment was administered only once in 7% of the experiments. In
15% of the total number of comparisons, it was unclear what the
duration of the treatment with analgesic drugs was.

The number of metastases were studied in 7 regions of the
body. The number of metastases in the lung were studied in 78%
of the comparisons. The second most popular region was the
liver (12% of the comparisons). The remaining 10% of the
comparisons studied the number of metastases in the lymph
nodes, bone, peritoneal cavity, or internal organs in general.

3.2.2. Incidence of metastasis

From 57 studies, 137 independent comparisons on the incidence
of tumour metastasis could be retrieved (supplement file 2
available online as Supplemental Digital Content at http://links.
lww.com/PAIN/A129). Mice and rats were used in 83% and 15%
of the comparisons, respectively. Most studies used male
animals (48%). Females or mixed gender groups were used in
28% and 4% of the studies, respectively. Gender was unreported
in 20% of the comparisons.

Most studies studied the effects of NSAIDs (93%) for incidence
of metastases. The effects of opioids were investigated in 5% of
the experiments.

The incidence of metastasis was studied in 12 regions of the
body. The 4 most popular regions were the colon, lung, prostate,
and breast (23%, 20%, 19%, and 12%, respectively). The timing
of treatment was unreported in 18% of the comparisons. Thirty-
five percent studied the effect of treatment with analgesics after
(24 hours or more) tumour inoculation, whereas 29% studied the
effect on metastases incidence immediately before or immedi-
ately after inoculation. Two experiments pretreated the inoculated
cells, and in 17% of the experiments the analgesics were
administered before tumour inoculation.

Ninety percent of the comparisons administered analgesics for
1 week or more, whereas 8% did not provide any details on
treatment duration. Although 90%of the comparisons for number
of metastases were determined in the lung and liver, the lymph
nodes and total body were also very popular sites for outcome
incidence of metastases.

3.2.3. Study quality and risk of bias

Because reporting of experimental details on animals, methods,
andmaterialswas poor,18wescored 2 itemson reporting: reporting

Figure 1. Flow chart of the study selection process. Exp, experiment.

1838 C.R. Hooijmans et al.·156 (2015) 1835–1844 PAIN®

  Copyright � 2015 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/PAIN/A128
http://links.lww.com/PAIN/A129
http://links.lww.com/PAIN/A129
http://links.lww.com/PAIN/A129


of any measure of randomization and reporting of any measure of
blinding. In 41% (61/147 publications), it was reported that the
experiment had been randomized in some way. Blinding of the
experiment at any level was reported in only 17% (25/147) of cases.

Figure 2 also shows the overall results of our risk of bias
assessment of the 149 studies included in this systematic review.
In many cases, poor reporting led to an unclear risk of bias. For
example, none of the authors described the allocation sequence
or whether this sequence had been concealed. Fortunately, the
groups appeared to be similar at baseline in 63% of the
publications.

Measures to reduce performance bias (items 6 and 7) were
reported in only one publication, where staff had been blinded
during the intervention and the animals had been randomly
housed across the cages and room.

Concerning the risk of detection bias (items 8 and 9), the
outcome assessor had been blinded for animal allocation in only
12% of the studies. No details about outcome assessor blinding
were provided in 88%of the studies. None of the articles reported
on random outcome assessment.

There was a high risk of attrition bias in 7% of the studies.
Incomplete outcome data were not adequately addressed. Data
to assess the risk of attrition bias were incomplete in 69% of the
studies, leading to an unclear risk of bias.

When assessing other potential sources of bias, we found that
the control treatment procedure was not identical to that of the
experimental group in 8 studies. In addition, there was clearly
selective outcome reporting in2 studies, as theoutcomesdescribed
in the materials and methods were not all discussed in the results.

Probably as a consequence of poor reporting of essential
details of the methodology to reduce bias in animal experiments,
most studies had to be scored as an unclear risk of bias.
Consequently, the subgroups of studies that scored either a high
or low risk of bias were too small to be included in meta-analysis
for drawing reliable conclusion.

3.3. Meta-analysis of the efficacy of treatment with
analgesic drugs

3.3.1. Number of metastases: efficacy of administration with
analgesics

A total of 215 experiments (over 4000 animals) investigating the
effects of analgesics on tumourmetastasis in experimental animal

models could be included in the meta-analysis. Overall,
administration of analgesics significantly reduces the number of
metastases (SMD, 20.82 [20.99 to 20.65]). Between-study
heterogeneity was high (I2 5 81.7%).

3.3.2. Number ofmetastases: effects of study characteristics
on efficacy of administration with analgesics

Subgroup analyses were only conducted in groups with 10 or more
experiments. Subgroup analysis revealed that the effect varied
across species (P 5 0.003). The effect of treatment with analgesic
drugswas significantly larger inmice (SMD,20.98 [21.18 to20.79],
n5 159, I25 79%) than in rats (SMD,20.35 [20.70 to20.02], n5
54, I2 5 87%) (P 5 0.002). Gender did not appear to alter the
results (Fig. 3A).

Most experiments administered NSAIDs (n 5 175), and 14% of
the studies administered opioids (n5 32). Reduction of the number
of metastases as a consequence of treatment with analgesic drugs
appears to be due to NSAID administration (Fig. 3B). NSAIDs
significantly reduce the number of metastases (SMD,20.94 [21.14
to 20.77], I2 5 81%), but this effect was no longer present in the
animals that received opioids (SMD, 0.076 [20.35 to 0.50], I2 5
83%). The other subgroups of analgesic drugs (a-agonists or
ketamine) were too small to draw any reliable conclusions.

The duration of treatment with analgesic drugs does not
appear to affect treatment efficacy much (supplement file 3,
available online as Supplemental Digital Content at http://links.
lww.com/PAIN/A130). However, to have an effect, the animals
need to be treated more than once (once: SMD,20.23 [20.82 to
0.36], n 5 16, I2 5 77%).

Furthermore, pretreatment of cancer cells with analgesics does
not appear to be effective (supplement file 3, available online as
Supplemental Digital Content at http://links.lww.com/PAIN/A130).
Administration of analgesics before, immediately, or after tumour cell
inoculation is effective (before: SMD, 21.01 [21.49 to 20.62], n 5
32, I25 85%; immediately: SMD,20.97 [21.26 to20.67], n5 74,
I25 82%; after: SMD,20.90 [21.18 to20.61], n5 78, I25 74%).

Most animal models studied the effect of analgesics on tumour
metastases in the lung (78%) and liver (12%). The efficacy of
treatment with analgesic drugs appears to be similar in both
regions (supplement file 3, available online as Supplemental Digital
Content at http://links.lww.com/PAIN/A130) (liver: SMD, 21.26
[21.77 to20.76], n5 26, I2 5 72%; lung: SMD,20.73 [20.93 to

Figure 2. Results of the risk of bias assessment of the 147 studies included in this systematic review. The first 2 items assess study quality by scoring reporting,
a “yes” score indicating reported and a “no” score indicating unreported. The other items assessed risk of bias, with “yes” indicating low risk of bias, “no” high risk of
bias, and “?” unclear risk of bias.
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0.53], n 5 168, I2 5 83%). There were too few studies on other
regions to be able to draw reliable conclusions. The type of cancer
induced in the animal models does not appear to influence efficacy
significantly (P 5 0.39) (supplement file 3, available online as
Supplemental Digital Content at http://links.lww.com/PAIN/A130).

3.3.3. Number of metastases: sub subgroup interactions

The finding that administration of NSAIDs reduces the number of
metastases whereas administration of opioids does not appears
to be similar in rats and mice separately (data not shown).

Figure 3B shows that there appears to be a difference in
efficacy between the type of NSAIDs administered (P 5 0.02).
Supplemental file 2 (available online as Supplemental Digital
Content at http://links.lww.com/PAIN/A129) described the type
of NSAIDs used in each study. Indomethacin was administered in
37.7% of the studies (SMD,20.65 [20.95 to20.34], n5 66, I25
83%), 21.1% Celecoxib (SMD,21.36 [21.78 to20.95], n5 37,
I2 5 78%) and 13.1% Aspirin (SMD,21.1 [21.63 to20.57], n5
23, I2 5 90%). The effect of Celecoxib is significantly larger than
that of Indomethacin treatment (P 5 0.02).

Of the 32 experiments investigating the efficacy of opioids,
46% (n 5 12) studied morphine (supplemental file 2, available

online as Supplemental Digital Content at http://links.lww.com/
PAIN/A129). Other types of opioids were much less frequently
studied (less than 10 experiments per subtype). Like opioids in
general, morphine administration did not decrease the number of
metastases (SMD, 0.16 [20.86 to 1.17], I2 5 89%).

3.3.4. Incidence ofmetastasis: efficacy of administrationwith
analgesics

The efficacy of administration with analgesics on the incidence of
metastasis was assessed in 137 independent comparisons (over
3000 animals) in 60 original studies. Overall, administration of
analgesics significantly reduced the incidence of metastasis
(RR 5 0.73 [0.68-0.78]), and between-study heterogeneity was
only moderate (I2 5 41%).

3.3.5. Incidence of metastasis: effects of study
characteristics on efficacy of administration with analgesics

Subgroup analysis (of groups with 10 or more experiments)
revealed that the reducing effect of treatment with analgesics was
only significant inmice (RR5 0.72 [0.67-0.77], n5 114, I25 35%).
In rats (n5 20, I25 50%), the direction of effects was similar but no
longer significant.

Figure 3. Efficacy of treatment with analgesics on the number of metastases. (A) Impact of animal model characteristics. (B) Impact of various subtypes of
analgesics. The gray bars represent the 95% confidence interval of the pooled effect estimate. The columns indicate the effect estimate with the 95% confidence
interval of the subgroups (species and gender in [A]; subtypes of analgesics and subtypes of NSAIDs in [B]). The results from subgroup analyses were only
interpreted when subgroups contained at least 10 studies. SMD, standardized mean difference.
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Regarding the number of metastases, gender did not influence
the efficacy of administration with analgesics (Fig. 4A).

Most experiments administered NSAIDs (Fig. 4B; n 5 127).
NSAIDs significantly reduce the incidence of metastasis (RR5 0.72
[0.67-0.77], I2 5 35%). The other subgroups (opioids, paracetamol,
and combinations of various analgesics) concerned fewer than 10
studies, but we will here provide the estimation of the 7 studies
administering opioids, the second largest group of analgesics in this
analysis. Opioids did not show a significant effect on the incidence of
metastasis (RR 5 0.89 [0.61-1.31], I2 5 71%). Because of the low
number of studies, these results should be interpreted with caution.

The effect of treatment duration on the incidence of metasta-
ses could only be studied for the subgroups taking 1 to 4weeks or
more. There were too few studies for reliable analysis of
subgroups taking single administration. There appeared to be
no effect of treatment duration in the various subgroups
(supplement file 4, available online as Supplemental Digital
Content at http://links.lww.com/PAIN/A130).

Administration of analgesics before, immediately, or after
tumour cell inoculation all reduces the incidence of metastases
(before: RR 5 0.65 [0.54-0.76], n 5 23, I2 5 65%; immediately:
RR5 0.67 [0.59-0.77], n5 40, I25 30%; after: RR5 0.80 [20.73

to 0.89], n5 48, I25 26%).Most animal models studied the effect
of analgesics on tumour metastasis in the lung (45%), liver (25%),
lymph nodes (9%), and total body (9%). Treatment with analgesic
drugs significantly reduced the risk of metastases in all these 4
regions. However, the risk of metastases after treatment with
analgesics was significantly lower in the lymph nodes than in the
lung (P 5 0.05) (supplement file 4 available online as Supple-
mental Digital Content at http://links.lww.com/PAIN/A130).

The type of cancer induced in the animal models influences the
efficacy of treatment with analgesics on the incidence of
metastases. The risk of metastases as a consequence of
treatment decreased significantly in colon, lung, and prostate
cancer (supplement file 4, available online as Supplemental Digital
Content at http://links.lww.com/PAIN/A130). However, no effect
of treatment with analgesics on the incidence of metastases was
observed in animal models with breast cancer (RR5 0.97 [0.87-
1.08], n 5 17, I2 5 0%).

3.3.6. Incidence of metastases: sub subgroup interactions

Figure 4 shows that there is no significant difference in efficacy
between the type of NSAIDs administered. The number of

Figure 4. Efficacy of treatment with analgesics on the incidence of metastases. (A) Impact of animal model characteristics. (B) Impact of various subtypes of
analgesics. The gray bars represent the 95% confidence interval of the pooled effect estimate. The columns indicate the effect estimate with the 95% confidence
interval of the subgroups (species and gender in [A]; subtypes of analgesics and subtypes of NSAIDs in [B]). The results from subgroup analyses were only
interpreted when subgroups contained at least 10 studies. RR, risk ratio.
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experiments was too small to analyse possible differences
between subtypes of opioids.

3.3.7. Sensitivity analysis

To assess the robustness of our findings and to further explain the
observed study heterogeneity, we performed a sensitivity analysis
for some of the decisions we made in the inclusion and exclusion
criteria. A small number of studies used transgenic animals as
a cancer model instead of injecting tumour cells. We included
both types of studies. Excluding the studies that used transgenic
animals did not alter our results significantly.

We also included immune-compromised animals/immune-
deficient animals (SCID or athymic animals: number of metasta-
ses 8 experiments; incidence of metastases 21 experiments).
Excluding these animal models from meta-analysis did not
change our results.

Some studies preincubated tumour cells with analgesics
before injection (number of metastases 16 experiments, in-
cidence of metastases 2 experiments). These studies were also
included. Excluding these studies from meta-analysis did not
significantly influence our results.

In 21 experiments that were included in the meta-analysis on
number of metastases, data that had been presented as median
and percentiles were converted tomean and SD. Excluding these
studies changed the results of the subgroup analysis regarding
type of cancer. Animal models for skin cancer (as opposed to
breast, colon, and lung cancer) no longer reduced the number of
metastases significantly, although the direction of the effect did
not alter. Adjusting cells that either contained a 0-value or had an
estimated risk of 100% did not influence our conclusion in this
review.

As most studies studying the effect of treatment with
analgesics on the incidence of metastases administered NSAIDs
(93%), we checked whether the subgroup conclusions appeared
to be robust (according to the direction of effects) when including
solely those studies that administered NSAIDs. All subgroup
analyses showed comparable results.

3.3.8. Publication bias

The possible presence of publication bias was assessed for the
outcome incidence of metastases. Inspection of the funnel plots
suggested some asymmetry due to an underrepresentation of
studieswithmoderate precision and increased risk ofmetastases as
a consequence of treatment with analgesics. Duval and Tweedie’s
trim and fill analysis resulted in 32 extra data points, indicating the
presence of publication bias and a small overestimation of the
summary effect size (supplementary file 5, available online as
Supplemental Digital Content at http://links.lww.com/PAIN/A130).

4. Discussion

4.1. Main results

It has been suggested that there might be a relation between
specific analgesics and the outgrowth of metastases. However,
robust evidence-based preclinical evidence has been lacking so far.
Therefore, we conducted a systematic review andmeta-analysis on
the effect of treatment with analgesics onmetastasis in experimental
cancer models, including the results of more than 7000 animals.

In this review, we provide robust evidence that treatment with
analgesics significantly decreases both the number and the risk of
metastases. This effect appears mainly to be the consequence of
the efficacy of NSAIDs. Opioids do not appear to be effective.

Other factors that modify the efficacy of treatment with analgesics
are species, the type of NSAIDs administered, timing, and
duration of treatment with analgesics (Table 2).

The finding that NSAIDs diminish the number of metastases
in experimental cancer models whereas opioids do not appear
to be effective is partly in line with previous research showing
that COX is overexpressed in many cancers, and that COX
inhibitors reduce prostaglandin synthesis, which is believed to
promote cancer cell adhesion, migration, and invasion.25 In
addition, a recent clinical study showed that the intraoperative
use of NSAIDs (ketorolac or diclofenac) in conservative breast
cancer surgery was associated with an improved disease-free
survival.7

Opioids, however, have been suggested to increase the risk of
cancer reoccurrence and metastasis, as they overexpress and
activate m-receptors located on the surface of certain cancers,
triggering proliferation and invasion.2,8 Some other animal studies
showed the opposite effect and indicated that opioids might have
protective effects.1 In this review, however, we did not find
evidence for these conclusions. For both outcomes, we observed
no (significant) effect of opioids on the risk and number of
metastases in this systematic review. Although the number of
comparisons included in the number of metastases was large (n
5 32; 660 animals), the number of comparisons investigating the
effects of opioids on the incidence of metastases was relatively
small (n 5 7), which might be the cause for the observed
nonsignificant effect. Nevertheless, none of our analyses showed
evidence for an increase in either the number or risk of
metastases. Based on the results of this evidence-based
preclinical approach, therefore, there appears to be no robust
evidence from animal studies to assume that opioids increase the
risk of cancer reoccurrence.

It could not be ruled out that efficacy varies between different
types of opioids, but this could not be investigated in detail in this
review as, for all subtypes of opioids (but morphine), the number
of experiments was too small to draw any conclusions.

We could show differences in efficacy between various
subtypes of NSAIDs. Celecoxib appears to be more effective on
reducing the number of metastases than Indomethacin. How-
ever, this difference in effect was not observed for the outcome
incidence of metastases and should, therefore, be interpreted
with some caution.

Further research into differences in efficacy between various
NSAIDs and possible combinations of various NSAIDs is
warranted, especially because this review showed that evidence
is scarce for many subtypes of NSAIDs (eg, sulindac, rofecoxib,
tilmacoxib, etodolac, etc).

This review also clearly shows that more research is needed
into the effectiveness of other subgroups of analgesics such as
ketamine and a-agonists, as the number of experimental animal
studies was limited for these subgroups of analgesics.

Although we observed a reduction in the risk and number of
metastases in both rats and mice, efficacy appears to be larger in
mice. Therefore, when trying to use as few animals as possible in
future experiments, mice might be more suitable than rats. When
the magnitude of the effect is larger or, in other words, when the
magnitude of the response to a treatment is larger, sample size
can be reduced. In this way, scientists will directly be applying the
3Rs principle of Russell and Burch.22

Based on our results, we also recommend providing analge-
sics more than once in future experiments and not to pretreat the
cancer cells that are inoculated, as these design characteristics
appeared not to be effective. The use of males or females does
not appear to influence the results much.

1842 C.R. Hooijmans et al.·156 (2015) 1835–1844 PAIN®

  Copyright � 2015 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/PAIN/A130


4.2. Limitations of this review

Our risk of bias analysis showed that most animal studies in this
field are poorly reported. For each risk of bias items that was
assessed, the risk of bias could not be estimated in at least 60%
of the studies as a consequence of poor reporting. Although this
is no exception in this field,11,20,26 it is worrying as the lack of
reporting important methodological details will to some extent
indicate neglected use of these methods to reduce bias causing
skewed results.10

This seriously hampers drawing reliable conclusions from the
included animal studies.

In addition, we observed a moderate level of between-study
heterogeneity for the outcome measure incidence of metastases
and a high level of between-study heterogeneity for the number of
metastases. This is not very surprising as animal studies are often
explorative and heterogeneous with respect to species, design,
intervention protocols, and so on, compared with clinical trials.
Exploring this heterogeneity is one of the added values of meta-
analyses of animal studies and might help to inform the design of
future animal studies and subsequent clinical trials.12 Some of our
most important findings in this review are a consequence of the
information we obtained from exploring the sources of hetero-
geneity, as in the subgroup analysis for type of analgesics. To
account for anticipated heterogeneity, however, we used
a random rather than fixed effects meta-analysis. The sensitivity
analysis also increased our confidence in the results.We showed,
eg, that some of the possible sources of heterogeneity, such as
intravenous local inoculation of tumour cells or type of cancer
induced, did not alter our conclusions.

Finally, we assessed the possible presence of publication bias.
We identified some funnel plot asymmetry, and the Duval and

Tweedie’s trim and fill analysis predicts a small overestimation of
the summary effect size.

4.3. Clinical relevance and recommendations

Themost important findings of this review are that (1) treatmentwith
analgesics reduces both the number and incidence of metastases
in experimental animal models, (2) there is no evidence so far
indicating that treatment with analgesics increases the risk or the
number of metastases, and (3) the observed overall effect appears
mainly to be the consequence of the efficacy NSAIDs. NSAIDs
appear to have the highest efficacy in reducing tumour metastasis,
and there is no evidence that opioids increase the risk and number
of metastases. These results appear to be robust (eg, comparable
direction of effects) for the various animal models (regarding
species, gender, and type of cancer induced) identified in this
review, which increases our confidence in the results and their
translatability to the clinical situation. Based on this review, it
appears to be safe to manage pain with analgesics in cancer
patients. It is important, however, to remain cautious when trying to
translate the results from animal studies to the clinical situation.
Many species, eg, metabolize drugs differently compared with
humans, and animalmodels vary inmimicking the clinical situation.1

Ideally, randomised clinical trials with cancer patients receiving
either analgesic or placebo treatment is needed to confirm the
results of our review. As this is obviously not ethically acceptable,we
suggest to partly rely on the provided preclinical and retrospective
evidence showing no clear evidence of harm and to focus on the
variation in efficacy between various analgesic therapies in future
animal studies and randomised clinical trials.

Based on the results in this review (NSAIDs diminish the
incidence and number of metastases and opioids do not have an

Table 2

Summary of main results.

Analysis Subgroups Effects of analgesic administration

Number of metastases Incidence of metastases

Overall Decreased Decreased

Species Mice Decreased* Decreased

Rats Decreased No effect

Gender Males Decreased Decreased

Females Decreased Decreased

Group of analgesic NSAIDs Decreased† Decreased

Opioids No effect Too few studies

Type of cancer Breast Decreased No effect

Colon Decreased Decreased§

Lung Decreased Decreased§

Skin Decreased Too few studies

Prostate Too few studies Decreased

Timing treatment Pretreatment No effect Too few studies

Before Decreased‡ Decreased

Direct Decreased‡ Decreased

After Decreased‡ Decreased

Duration treatment 1 week Decreased Decreased

2 weeks Decreased Decreased

3 weeks Decreased Decreased

4 weeks Decreased Decreased

Longer Decreased Decreased

Once No effect Too few studies

Region of metastases Liver Decreased Decreased

Lung Decreased Decreased

Lymph nodes Too few studies Decreased‖

Total body Too few studies Decreased

Effect of treatment with analgesics on the number of metastases: *significantly larger in mice compared with rats; †significantly larger with NSAIDs compared with opioids; ‡significantly larger compared to pretreatment of cells.

Risk of metastases after treatment with analgesics: §significantly lower in colon and lung cancer compared to breast cancer; ‖significantly lower in the lymph nodes compared to metastases in the lung.
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influence), we also recommend to focus on the combination of
opioids and NSAIDs in future clinical trials because it is very
important to unravel whether the combined administration of
NSAIDs and opioids reduces the effects of NSAIDs alone. Large
multicenter trials are recommended.

However, as such multicenter trials are often very expensive
and time consuming, conducting somemore animal experiments
on this topic should be considered in the mean time.

As mentioned above, we identified some more gaps in
knowledge in the preclinical literature. We suggest, therefore,
that future animal experiments focus on the efficacy of (1)
ketamine and a-agonists, (2) various subtypes of opioids, (3)
various subtypes of NSAIDs (eg, sulindac, rofecoxib, tilmacoxib,
etodolac, etc), and (4) combinations of various analgesics.

In addition, we recommend using mice over rats in these
experiments, not pretreating the cancer cells that will be
inoculated, and administering analgesics more than once.

Furthermore, we underline here that there is an urgent need for
improving the reporting and methodological quality of animal
studies. Adequate reporting (eg, using the ARRIVE guidelines17

and Gold Standard Publication Checklist13) is essential to allow
researchers, clinicians, and policymakers to assess the quality of
the evidence presented in animal studies and to improve the
successful translation of animal research outcomes to humans in
a clinical setting.
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