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Abstract: Background/Objectives: Opioid-based treatments in palliative care involve multiple
options, each with distinct side effect profiles. When adverse effects occur, switching opioids can help
maintain effective pain management. However, owing to limited clinical evidence, no comprehensive
guidelines exist for opioid switching. This study employed the Side Effect Resource (SIDER)
database, which aggregates adverse event data from clinical trials and package inserts, to analyze the
side effects of five commonly used “strong opioids” in palliative care in Japan: morphine, fentanyl,
oxycodone, hydromorphone, and tapentadol. Methods: Data on adverse event names and incidence
rates for each opioid were extracted from SIDER 4.1, developed by the Max Delbriick Center for
Molecular Medicine. Cluster analysis and principal component analysis were performed to interpret
the data. Results: The key side effects for the opioids were nausea, vomiting, constipation, and
drowsiness. Fentanyl was more frequently associated with nausea and vomiting but less often with
constipation and drowsiness. Tapentadol caused nausea relatively more often and constipation less
frequently. Oxycodone was prominently linked to drowsiness, whereas morphine-induced
constipation and drowsiness more frequently. Hydromorphone was associated with higher rates of
constipation and vomiting but fewer incidences of nausea and drowsiness. Conclusions: All the side
effects characterizing the opioids were related to p-opioid receptor stimulation, although the present
findings highlight differences in the frequency of specific side effects among the opioids. These
results provide objective insights that can guide opioid switching in response to adverse effects.

Keywords: strong opioids; opioid switching; side-effect profile; SIDER database; palliative care;
principal component analysis; cluster analysis

1. Introduction

In palliative care, opioids are essential for improving patients’ quality of life by managing pain,
particularly cancer-related pain. Their analgesic effects stem from agonist activity at the u-opioid
receptor (MOR) in the central nervous system [1]. However, MORs are also expressed in peripheral
organs, wherein their activation can lead to diverse side effects. For example, stimulation of MORs
in the respiratory center can cause respiratory depression, while activation in the chemoreceptor
trigger zone induces nausea and vomiting [2,3]. Additionally, opioids” central effects can result in
drowsiness, delirium, and somnolence [4,5]. Although these side effects are consistently associated
with MOR agonist activity, their frequency varies markedly among different opioids [6]. Therefore,
when patients experience adverse effects during opioid therapy, switching to another opioid is often
necessary to maintain their quality of life. Monitoring and managing these symptoms [7-14] are
critical aspects of clinical practice. However, owing to the limited comprehensive research on opioid-
induced side effects, opioid switching is often guided by insufficient evidence.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In this study, we analyzed the side effects of “strong opioids” commonly used in palliative care
in Japan using data from the Side Effect Resource (SIDER) database [15]. Developed by the European
Molecular Biology Laboratory in Germany and accessible online [16,17], SIDER compiles detailed
drug side-effect data and is widely used in pharmaceutical research and drug safety evaluation. The
latest version, SIDER 4.1, released on October 21, 2015, includes data on 1,430 drugs. SIDER is a
valuable resource for researchers and healthcare professionals, offering critical insights into side-
effect risks and facilitating the prediction of drug-drug interactions. It integrates adverse event data
from clinical trials, package inserts, and the U.S. Food and Drug Administration. Notably, SIDER
includes adverse event incidence rates derived from clinical trials and package inserts, providing an
analytical advantage over spontaneous reporting databases, such as VisiBase, FAERS, and JADER,
which lack data on routine drug use cases and cannot calculate incidence rates.

A prior study using SIDER analyzed clinical events related to clozapine treatment, comparing
side-effect data from SIDER with electronic health records [18]. This study assessed the consistency
of electronic health record-based text-mining methods and validated SIDER’s utility. Such studies
highlight SIDER’s role in assessing real-world data corroborating study findings.

In summary, SIDER offers major benefits for understanding drug side effects, including their
frequency and severity. Using SIDER to compare the safety profiles of different opioids, the present
study aims to provide valuable insights for guiding opioid selection during switching and related
treatments. Specifically, this study highlights the distinct side-effect profiles of five strong opioids,
namely morphine, fentanyl, oxycodone, hydromorphone, and tapentadol, providing objective
insights to guide opioid switching and optimize pain management in clinical settings, ultimately
improving therapeutic options.

2. Materials and Methods

2.1. Selection of Target Opioids

Using SIDER 4.1, we extracted data on strong opioids used in palliative care in Japan [15]. Based
on the Guidelines for the Management of Cancer Pain [19] by the Japanese Society for Palliative
Medicine, we identified morphine, fentanyl, oxycodone, hydromorphone, tapentadol, and
methadone as strong opioids for this analysis.

2.2. Incidence Rates of Side Effects Associated with the Target Opioids

SIDER contains data on 1,430 drugs and 5,880 side-effect terms, yielding 140,064 drug-side-
effect pairs [15]. Each drug-side-effect combination includes incidence rate information derived from
package inserts and literature. Drugs in SIDER are uniquely identified by a compound identifier
(CID) assigned by the PubChem database of the U.S. National Institutes of Health. Linking the drug
name table to the side-effect frequency table via the CID enables evaluation of side-effect incidence
rates for each drug.

SIDER’s frequency table categorizes incidence rates as very common, very frequent, common,
frequent, uncommon, infrequent, rare, and very rare, corresponding to a 0-1 range. For instance, very
common and very frequent indicate an incidence range of 0.1-1, common and frequent indicate 0.01-1,
uncommon and infrequent indicate 0.001-0.01, rare indicates 0-0.001, and very rare indicates 0—-0.0001.
Some incidence rates in the 0-1 range are provided as numeric values. Approximately 52% of the
drugs listed in SIDER include incidence rate data [15]. However, the diverse sources of these rates,
encompassing different clinical trials and severity levels, introduce variability that must be accounted
for. To enable comparisons across opioids, we standardized the side-effect incidence rates for cluster
analysis and principal component analysis (PCA), with these analyses described in sections 2.4 and
2.5, respectively.
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2.3. Calculation of Side-Effect Incidence Rates for Target Opioids

The side-effect terms in SIDER 4.1 are mapped to the Medical Dictionary for Regulatory
Activities (MedDRA). In this study, we used the lowest level term (LLT) in MedDRA version 16.1 to
define side-effect terms.

We extracted the target opioids from SIDER and obtained the lower and upper bounds of the
incidence rate for each LLT linked to these opioids, calculating the mean value of these bounds. For
example, for the rare category, the lower bound, upper bound, and mean would be 0, 0.001, and
0.0005, respectively. We converted the mean values to percentages and applied a base-10 logarithmic
transformation for analysis. For side effects with multiple reports, we used the median to calculate
the incidence rate.

2.4. Cluster Analysis

Using the incidence rates of the target opioids’ side effects, we performed hierarchical cluster
analysis using Ward’s method [20]. We first extracted all side-effect names with reported incidence
rates for every opioid studied. Cluster analysis was then conducted to compare side-effect incidence
rates across opioids. Incidence rates were standardized, setting the mean and variance to 0 and 1,
respectively, before clustering.

2.5. PCA

Based on the cluster analysis results, we performed PCA [21] on side effects identified as having
higher risks among the target opioids. PCA reduces dataset dimensionality to identify principal
component axes that best explain variance, enabling efficient data visualization and interpretation.
By plotting the score plot and loading vectors for each opioid and side effect, we interpreted the
principal components and clarified relationships between drugs and side effects. This analysis used
the correlation matrix.

2.6. Statistical Analysis

Data handling in the SIDER database, cluster analysis, and PCA were conducted using JMP Pro
18.0 (SAS Institute Inc., Cary, NC).

3. Results

3.1. Target Opioids and Side Effects

The strong opioids approved for use in Japan are morphine, fentanyl, oxycodone,
hydromorphone, tapentadol, and methadone. However, owing to the lack of incidence rate data on
side effects for methadone in SIDER, we focused only on morphine, fentanyl, oxycodone,
hydromorphone, and tapentadol. For these five opioids, we extracted all side-effect names and their
corresponding incidence rates from SIDER, resulting in 191 side-effect names (Table S1). Among
these, only 10 side effects were commonly listed across all 5 target opioids: nausea, dizziness,
headache, somnolence, vomiting, constipation, dry mouth, hyperhidrosis, pruritus, and asthenia. The
remaining 181 side effects lacked incidence information for at least one opioid. Thus, the 10 side
effects, for which data were available across all studied opioids, were selected for further analysis, as
they were the most useful for profiling side-effect differences. Accordingly, cluster analysis and PCA
were conducted based on the incidence rates of these 10 side effects.

3.2. Cluster Analysis

A cluster analysis based on the incidence rates of the 10 side effects divided them into two
distinct clusters (Figure 1). Cluster 1 (red) included side effects (nausea, constipation, dizziness,
vomiting, and somnolence) with relatively high incidence rates across all opioids. Cluster 2 (green)
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comprised side effects (headache, pruritus, asthenia, dry mouth, and hyperhidrosis) that exhibited
relatively low incidence rates. These classification results were further explored using PCA to better
understand the relationships among these side effects and highlight the distinguishing characteristics
of each opioid.
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Figure 1. Cluster analysis based on side-effect incidence rates among the target opioids. Side effects were
grouped into two clusters (red and green) based on their incidence rates across the opioids. Vertical and
horizontal axes represent side-effect names and opioid names, respectively. Deeper red shows higher incidence

rates, whereas deeper blue corresponds to lower incidence rates.

3.3. PCA

From the cluster analysis, five side effects (nausea, constipation, dizziness, vomiting, and
somnolence) were identified as having relatively high incidence across all opioids. These side effects
were further examined using PCA (Figure 2). The first and second principal components explained
40.9% and 34.2% of the total variance, respectively, for a cumulative total of 75.0%. The loading
vectors revealed that nausea, vomiting, constipation, and somnolence were strongly associated with
these principal components. Based on the score plot and loading vectors, the analysis highlighted
distinct opioid-side-effect relationships. Fentanyl was found to have a higher incidence of nausea
and vomiting compared with the other opioids, whereas tapentadol showed a relatively strong
tendency for nausea. Oxycodone was prominently associated with somnolence, whereas morphine
was more likely to induce both constipation and somnolence. Hydromorphone was found to cause
constipation and vomiting more frequently compared with the other opioids.
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Figure 2. Principal component analysis of the target opioids and their major side effects. Left panel: score plot;
right panel: loading vectors. Horizontal and vertical axes represent the first and second principal components,
respectively.

4. Discussion

The five strong opioids investigated in this study, namely morphine, fentanyl, oxycodone,
hydromorphone, and tapentadol, are administered in Japan, particularly for managing severe cancer
pain in palliative care. In clinical practice, opioid switching, or adjusting the opioid based on the
patient’s clinical status, is an important strategy for optimizing analgesia and side-effect management
[22]. For example, if an opioid causes severe constipation, switching to an alternative with a lower
incidence of this side effect may improve the patient’s condition. This approach can be similarly
applied to other side effects. Despite the wide variety of side effects reported for different opioids,
few studies have comprehensively compared them. For instance, the “Guidelines for the
Pharmacological Treatment of Cancer Pain (2020 Edition)” [19] from the Japanese Society for
Palliative Medicine note that tapentadol induces fewer instances of constipation, vomiting, and
neurological symptoms compared with oxycodone or morphine [23-25]. However, this provides only
a limited perspective on the broader side-effect profiles of strong opioids. In contrast, the present
study used the SIDER database to comprehensively analyze the incidence rates of major side effects
for five strong opioids, providing objective data to support opioid switching decisions.

Because the incidence rate data in SIDER are compiled from various clinical trials and literature
sources, they may vary in dosage and severity levels across study populations [15,16]. For example,
morphine does not have a clear ceiling effect for its analgesic action, and higher doses may enhance
pain relief [26]. As such, datasets containing high-dose cases may indicate higher side-effect incidence
rates. To address this, we standardized these rates for each opioid during our cluster analysis and
PCA, allowing for more meaningful cross-opioid comparisons.

4.1. Comparison with Previous Studies by Side-Effect Category

4.1.1. Nausea/Vomiting

Cluster analysis divided the 10 side effects into high- and low-incidence groups. Among the
high-incidence group, nausea and vomiting were common across all five opioids [6,27,28], with these
side effects being especially problematic in chronic pain management, as they can reduce therapeutic
effectiveness [27]. Nausea and vomiting triggered by central and peripheral MOR stimulation can
result in major discomfort for patients [6,28]. Our PCA results showed that fentanyl and tapentadol
were more likely to induce nausea and vomiting. Previous studies have reported an increased risk of
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vomiting within 24 h of fentanyl administration [29,30] and a higher incidence of nausea and
vomiting during double-blind maintenance periods with tapentadol [31], aligning with our findings.

4.1.2. Constipation

Constipation is primarily caused by the peripheral effects of MOR stimulation, which relaxes
the smooth muscle in the gastrointestinal tract [32,33], making it one of the most common opioid side
effects. Our study suggests that morphine and hydromorphone are more likely to induce
constipation. Previous research has extensively documented morphine-induced constipation [34-36],
and our PCA reinforced morphine’s prominent association with this side effect. Conversely,
switching to tapentadol may help reduce constipation incidence, making it a viable option for
patients experiencing severe constipation.

4.1.3. Somnolence

Somnolence [37], a central nervous system effect induced by opioids, was categorized in the
high-incidence group, being particularly prominent with oxycodone and morphine. Previous studies
[38-40] have similarly reported more frequent oxycodone-induced central side effects, such as
somnolence and vomiting, consistent with our PCA outcomes. In contrast, hydromorphone appears
to cause relatively less somnolence, indicating that it may be a suitable option for cases where
minimizing sedation is a priority [41,42].

4.1.4. Dizziness

Dizziness [43] was also placed in the high-incidence group, reflecting another central nervous
system effect of opioids. In our study, PCA positioned dizziness alongside nausea and somnolence
in the positive direction of the first principal component, suggesting a correlation with other central
nervous system side effects. However, as fewer prior studies have explicitly focused on dizziness,
further clinical research is needed to deepen our understanding of this side effect.

4.1.4. Headache, Pruritus, Asthenia, Dry Mouth, and Hyperhidrosis

Headache, pruritus, asthenia, dry mouth, and hyperhidrosis were placed in the low-incidence
group during cluster analysis. However, hydromorphone and tapentadol have been noted to induce
headaches more frequently [44], whereas morphine is associated with dry mouth [45] and
hyperhidrosis [46]. Our findings support these observations and underscore the importance of close
monitoring for these less common side effects in clinical practice.

4.2. Overall Implications from PCA

Our PCA focused on the five high-frequency side effects, namely nausea, vomiting, constipation,
somnolence, and dizziness, identified through cluster analysis. The first and second principal
components explained approximately 75% of the data variance, with the first distinguishing between
central factors (nausea, vomiting, somnolence, and dizziness) and peripheral factors (constipation)
while the second further separated vomiting and somnolence. This analysis allowed us to visualize
the distinct risk profiles of each opioid. Morphine and hydromorphone were more strongly
associated with constipation, fentanyl and tapentadol with nausea and vomiting, and oxycodone
with somnolence (Figure 2).

4.3. Application to Opioid Switching

These findings provide valuable guidance for clinicians when considering opioid switching
strategies. For instance, patients experiencing severe constipation may benefit from switching to
tapentadol, whereas those suffering from pronounced nausea or vomiting may find relief by
transitioning to opioids with a lower incidence of these side effects. The comprehensive side-effect
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profiles revealed through our analysis can support the advancement of personalized medicine by
optimizing opioid selection based on each patient’s specific clinical needs.

4.4. Limitations

Kuhn et al. [16] noted that the SIDER database lacks incidence rate data for 39% of all drug-side-
effect pairs, which may hinder a complete understanding of the full scope of side effects. In this study,
we were also unable to obtain sufficient side-effect data for methadone, a commonly used opioid in
palliative care, as well as for certain other drugs and side effects, resulting in notable data gaps. The
SIDER database’s website [15] states that many medical concepts not directly representing side effects
have been excluded, emphasizing the need for further data accumulation, including real-world
datasets, such as FAERS.

5. Conclusions

In this study, we used the pharmaceutical information in the SIDER database to
comprehensively analyze side-effect incidence rates of five strong opioids commonly used in Japan:
morphine, fentanyl, oxycodone, hydromorphone, and tapentadol. Through cluster analysis and PCA,
we identified the distinct side-effect profiles associated with each opioid. Although all opioids
commonly induced central side effects, such as nausea and vomiting, specific opioids differed in their
propensity for causing constipation or somnolence, with some also exhibiting higher or lower
frequencies of headache and dry mouth incidences. PCA further highlighted opioids particularly
prone to causing constipation (morphine and hydromorphone) or nausea and vomiting (fentanyl and
tapentadol), as well as those associated with somnolence (oxycodone). These insights can serve as
objective indicators for opioid switching decisions, helping reduce adverse effects, such as
constipation or nausea/vomiting, and enabling continued pain management in clinical settings.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Detailed Side Effects and Incidence Rates of Strong Opioids Based on
Data from the SIDER Database.
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