Alinejadfard et al. BMC Anesthesiology ~ (2024) 24:283 BMC An esthesio|ogy
https://doi.org/10.1186/512871-024-02638-y

Check for
updates

Efficacy and safety of hydromorphone
for cancer pain: a systematic review and meta-
analysis

Mohammadreza Alinejadfard”, Shahryar Rajai Firouzabadi', Ida Mohammadi', Soroush Oraee', Hossein Golsorkh'
and Sajjad Mahdavi'

Abstract

Background Cancer pain significantly impacts individuals’quality of life, with opioids being employed as the primary
means for pain relief. Nevertheless, concerns persist regarding the adverse reactions and effectiveness of opioids such
as morphine. Hydromorphone, recognized as a potent opioid, is a viable alternative for managing cancer-related pain.
The goal of this systematic review and meta-analysis was to determine the effectiveness and safety characteristics of
hydromorphone in comparison to other opioids, as well as different methods of administering this medication within
the scope of cancer pain treatment.

Methods The PubMed, Embase, Cochrane Library, Scopus, and Web of Science databases were searched on
December 25th, 2023. Following the PRISMA guidelines, a systematic investigation of databases was carried out,
and suitable studies were chosen according to predetermined criteria (PICO framework). The meta-analyses were
performed using a random-effects model.

Results This review included 18 RCTs with 2271 patients who compared hydromorphone with morphine,
oxycodone, or fentanyl, as well as other types of hydromorphone. Hydromorphone demonstrated efficacy similar to
that of morphine and oxycodone in reducing cancer pain intensity, decreasing additional analgesic consumption,
and improving quality of life. However, morphine showed slight superiority over hydromorphone in reducing
breakthrough pain. Adverse events were comparable between hydromorphone and morphine or oxycodone. Patient-
controlled and clinician-controlled hydromorphone administration routes yielded similar outcomes.

Conclusions The outcomes of this study substantiate the efficacy of hydromorphone in the management of cancer-
related pain, demonstrating similar levels of effectiveness and safety as morphine and oxycodone. These findings are
consistent with prior comprehensive analyses, suggesting that hydromorphone is a feasible choice for alleviating
cancer-associated pain. Additional investigations are warranted to determine its efficacy in distinct patient cohorts
and for different modes of administration.

Trial registration Prospero registration |D: CRD42024517513. Link: https://www.crd.york.ac.uk/
PROSPERO/#recordDetails.
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Introduction

Cancer is associated with chronic pain that has deliber-
ating effects on patients’ lives [1]. Approximately 44.5%
of cancer patients experience pain, 30.6% of whom
report pain that is moderate to severe [2]. The impact
of pain on patient treatment adherence, survival rate,
and quality of life has been substantiated [3]. Opioids
serve as the primary pain relievers for managing can-
cer-related pain [4]. In regard to this topic, morphine
is the most widely discussed opioid [5]. Nevertheless,
morphine is linked to various issues, such as the risk
of overdose, respiratory depression, and breakthrough
pain [6-8]. breakthrough pain refers to an abrupt esca-
lation of pain in individuals with chronic pain managed
by analgesics [9]. Other options for the management of
cancer-related pain include fentanyl, oxycodone, and
hydromorphone [10].

Hydromorphone is a semisynthetic selective p-opioid
receptor agonist that was initially synthesized in Ger-
many in 1921 and became a part of clinical practice by
1926 [11, 12]. It constitutes a powerful pharmaceutical
opioid for treating acute pain of a moderate-to-severe
nature as well as chronic pain of severe intensity in
patients [13]. Compared with orally administered mor-
phine, orally administered hydromorphone is 5 times
more potent but has a similar side effect profile and
stronger lipid solubility [12, 14]. Multiple recent clinical
trials have focused on the utilization of hydromorphone
for the management of cancer-related pain, as well as
exploring various methods of administering this medica-
tion, making it crucial to thoroughly examine this topic
systematically [15, 16].

We aimed to systematically review the literature to
synthesize evidence regarding the efficacy and safety
of hydromorphone for reducing cancer pain. To do
so, we compared the intensity of cancer pain, rate of
seeking additional analgesics, number of episodes of
breakthrough pain, and quality of life between the hydro-
morphone arm and comparison arm, which included
the morphine, oxycodone, and fentanyl arms. We fur-
ther examined various forms of hydromorphone, such
as patient-controlled and clinician-controlled therapy,
sustained-release and immediate-release therapy, and
subcutaneous and intravenous therapy.

Methods

This systematic review and meta-analysis followed the
guidelines outlined by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
[17]. The protocol for this review was submitted in
advance to the International Prospective Register of

Systematic Reviews (PROSPERO), with registration ID:
CRD42024517513.

Search strategy

On December 25, 2023, we conducted searches in
PubMed, Embase, the Cochrane Library, Scopus, and
Web of Science using keywords and MeSH terms synony-
mous with “Hydromorphone” and “Cancer”. Our search
criteria did not impose any limitations regarding publi-
cation date or language. (Supplemental Content, Table 1)

Study selection
The database search results were combined, and dupli-
cate studies were eliminated using EndNote 20 software
(Thomson Reuters, Toronto, ON, Canada). Two indepen-
dent reviewers (S.M., S.0.) conducted two-phase title/
abstract and full-text screening, while a third reviewer
(M.A.) resolved any discrepancies between them. Stud-
ies that met the following eligibility criteria (based on the
PICO framework) answered our PICO question—How
effective is hydromorphone at alleviating cancer pain and
how does its safety profile compare to alternative opioids
in patients with cancer pain? —were included:
Participants: Patients diagnosed with cancer who had
either of the following:

1) a mean pain intensity of at least 5 on the VAS or 4 on
the NRS, or experienced breakthrough pain at least
three times a day;

2) were receiving treatment with an oral opioid
analgesic.

Intervention: Hydromorphone in any form.

Comparator: Placebo, substitute opioid, hydromor-
phone (different route and dose of administration), or
another active control.

Outcomes: Cancer pain intensity, additional analge-
sic consumption, breakthrough pain, quality of life, and
adverse events.

Study design: Randomized controlled trials (RCTs).

Outcomes and data extraction

Our primary outcome was cancer pain intensity, which
was measured by a visual analog scale (VAS), numerical
rating scale (NRS), and brief pain inventory (BPI) at dif-
ferent time points in the studies.

Our secondary outcomes included additional analge-
sic consumption, breakthrough pain, quality of life, and
adverse events.

Two reviewers (M.A., S.R.F.) collected relevant infor-
mation from the chosen articles. This information
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encompassed various aspects, including authorship, pub-
lication year, country, study design, total number of par-
ticipants, participants allocated to the hydromorphone
group, those in the comparator group, age, gender, details
of the comparator (drug, dosage, type), and hydromor-
phone (dosage, type), and discussed outcomes within the

paper.

Quality assessment

Two independent reviewers (H.G, S.M.) evaluated the
risk of bias in the included studies using the Cochrane
Collaboration’s tool for bias risk assessment [18], with
oversight from a third reviewer (M.A.). The Cochrane
tool examines domains such as random sequence genera-
tion, concealment of allocation to conditions, blinding of
participants and personnel, blinding of outcome asses-
sors, completeness of outcome data, selective reporting,
and other biases. Each study was categorized based on
bias risk: a low risk was assigned if no bias issues were
detected, a high risk was assigned if bias issues were evi-
dent, and an unclear risk was assigned if there was insuf-
ficient information for assessment. A figure for risk of
bias assessment was designed using the Risk of Bias Visu-
alization tool (ROBVIS) [19].

Certainty of evidence assessment

The GRADE method was used to assess the quality of the
collected evidence which suggests four levels of certainty.
High certainty indicates very high confidence that the
true effect lies close to the estimate of the effect. Moder-
ate certainty indicates moderate confidence in the effect
estimate; the true effect is likely to be close to the esti-
mate, but there is a possibility that it is substantially dif-
ferent. Low certainty indicates limited confidence in the
effect estimate; the true effect may be substantially differ-
ent from the estimate. Very low certainty indicates very
little confidence in the effect estimate; the true effect is
likely to be substantially different from the estimate. The
evidence was evaluated based on five domains: risk of
bias, inconsistency, indirectness, imprecision, and other
considerations, which include publication bias, large
effect, plausible confounding, and dose-response gradi-
ent. [20].

Randomized controlled trials were initially considered
as high-certainty evidence. If any limitations were identi-
fied in one of these domains, the study’s certainty level
was downgraded.

In the risk of bias domain, due to the low quality of
major RCTs, we decided to downgrade the certainty of
all outcomes once for serious risk of bias. Furthermore,
if the heterogeneity of outcomes was greater than 50%,
we decided to downgrade once for serious inconsistency.
The evidence did not have serious indirectness because
it was directly applicable to the PICO question. Due to
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the wide confidence interval of some results, which
includes both clinically significant and non-significant
effects, we decided to downgrade them once for serious
imprecision. Because of the small number of studies for
some outcomes, we could not evaluate publication bias
and strongly suspected it. In the end, none of our results
showed a large effect, plausible confounding, or dose-
dependent gradient, which did not cause an upgrade in
the level of evidence.

Statistical analysis

A meta-analysis of all outcomes was carried out using
STATA software version 17 (StataCorp LP, College Sta-
tion, TX, USA), where the means and standard devia-
tions were used as data for cancer pain intensity scores,
additional analgesic usage, breakthrough pain, and qual-
ity of life. Cohen’s d was selected as the effect size for
these four outcomes. The occurrence of adverse events,
such as anorexia, constipation, diarrhea, dizziness, head-
ache, nausea, pruritus, somnolence, urinary retention,
and vomiting, was recorded, with the exponentiated risk
ratio (RR) chosen as the effect size. The degree of hetero-
geneity was assessed using the I? statistic, with an I? value
above 50% indicating substantial heterogeneity [21]. Due
to significant variations in the methodologies employed
by the studies, a random-effects model was utilized. Sen-
sitivity analysis was performed using the leave-one-out
method, and publication bias was evaluated using Egger’s
regression test (a p value less than 0.05 indicating sig-
nificant publication bias), and funnel plot symmetry was
examined.

Results

Our online database search yielded 2464 papers, of
which 1828 were chosen for title-abstract screening
after the removal of 636 duplicates. Twenty-six papers
were selected for full-text evaluation, 18 of which were
included in our review (Fig. 1).

A total of 2271 patients were included in the RCTs.
Seven articles compared hydromorphone with morphine
[15, 16, 22-26], while five articles compared it with oxy-
codone [27-31]. One article compared hydromorphone
with fentanyl [32], and five articles compared different
types of hydromorphone. Among these, two compared
patient-controlled versus clinician-controlled admin-
istration [33, 34], two compared sustained-release ver-
sus immediate-release formulations [35, 36], and one
compared the subcutaneous route versus intravenous
administration of hydromorphone [37]. Twelve RCTs
were designed in parallel, while six were crossover trials.
The publication dates of these studies ranged from 1988
to 2023. Various pain measurement scales were utilized
across the studies: 10 studies employed the visual analog
scale (VAS), six used the numerical rating scale (NRS),
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Fig. 1 PRISMA flow diagram

and two utilized the Brief Pain Inventory (BPI). The low-
est and highest mean ages of the participants in the stud-
ies were 52.9 and 69.2 years, respectively. Details of the
type, dosage, and route of administration of hydromor-
phone, comparison group, and other characteristics of
the included clinical trials are available in Table 1.

Cancer pain

Thirteen controlled trials compared the effectiveness of
hydromorphone in reducing cancer pain to that of mor-
phine [15, 16, 22—26], oxycodone [27-31], and fentanyl [32].

Hydromorphone versus morphine

Among the 7 trials comparing hydromorphone to mor-
phine, Yan et al. found subcutaneous hydromorphone
to be superior to subcutaneous morphine in reducing

cancer pain after 24 h of treatment on an NRS among
98 participants (2.4%0.4 versus 3.210.5, p value<0.001)
[22]. Lin et al. 2022 reported that patient-controlled con-
tinuous hydromorphone with rescue bolus injections as
well as rescue bolus injections of hydromorphone alone
were superior to morphine after 6 days of treatment on
an NRS among 95 participants (median NRS score of
2.0 versus 2.0 versus 3.0) [16]. More recently, Zeng et al.
reported that patient-controlled subcutaneous hydro-
morphone was superior to morphine after 30 min of
treatment on an NRS among 57 participants (3.91+2.6
vs. 5.3%2.1, p value=0.035) but yielded comparable pain
scores by the end of treatment (3.241.8 versus 3.2+1.5)
[15]. The other 4 trials [23—-26], however, found hydro-
morphone to be equally effective as morphine in reduc-
ing cancer pain scores among a pooled 576 participants.
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Table 1 Study characteristics
Author (year) Country RCT Age, Number of pa- Hydromorphone Comparison Pain Secondary
design mean, y/ tients Total, Hy- type, dose Drug; type, dose measure- outcomes
Sex dromorphone, ment scale
comparator
Zeng [15] China Parallel 60.32/ 60, 30, 30 PCSA, 03 mg/ml,  Morphine; PCSA2mg/  NRS AAC, break-
(2023) 35M;22W 0.5 ml/hinfusion  ml, 0.5 ml/h infusion through
speed speed pain, QoL,
AEs
Xiao [27] China Parallel NA 256,128,128 PCSA Oxycodone; SR NRS AAC, break-
(2023) through
pain, AEs
Yan [22] China Parallel 57/ 98, 49, 49 SC, 10-20% of the  Morphine; SC, 10-20%o0f NRS Qol, AEs
(2022) 54 M; 44 W TEOP24H the TEOP24H
Lin [16] (2022) China Parallel NA/ 95,30/32, 33 IPCA, continuous  Morphine; ER NRS AAC, break-
51 M; 44 W & bolus infusion,  TEOP24H/2 x 75% through
10-20%o0f the pain, QoL,
TEOP24H AEs
Banala [32] United Parallel 529/ 84,42,42 Intravenous, Fentanyl; NRS NA
(2020) States 37 M; 47 W 1.5mg Intranasal,100mcg
Ma [23] (2020) China Parallel 6043/ 233,121,112 [T, mean Morphine; IT, mean VAS Break-
152 M; 81 W 0.276 mg/day 1.551 mg/day starting through
starting dose dose pain, AEs
Lin [34] (2020) China Parallel NA/ 214,106, 108 PCA, 10-20%o0f the Hydromorphone; NRS AEs
123 M; 91 W TEOP24H non-PCA,10-20%of the
TEOP24H
Inoue [29] Multicenter Parallel 67.3/ 181,92, 89 IR, 4 mg/ Oxycodone; IR, 10 mg/  VAS AEs
(2018) 116 M; 56 W day + placebo day + placebo
Inoue [28] Multicenter Parallel 69.2/ 181,88,93 ER 4 mg/day+ER Oxycodone; ER 10 mg/  VAS AEs
(2017) 108 M; 70 W placebo day +ER placebo
Yu [30] (2014) China Parallel 53.1/ 260, 130,130 ER, Oxycodone; CR, BPI AAC, AEs
162 M; 86 W 8-32mg 10-40 mg
Hanna [24] Multicenter Parallel 59.8/ 200,99, 101 IR, for day 2-9 Morphine; IR, for BPI AAC, QoL
(2008) 98 M; 102 W 12-108 mg/day & 62-540 mg/day & SR AEs
SR for day 10-15
Moriarty [26]  NA Crossover  NA/ 100, NA, NA CR,4mg Morphine; CR, 30 mg VAS NA
(1999) 53 M; 47 W
Miller [25] United Parallel 69/ 77,36,41 Continuous SC Morphine; continuous ~ VAS AAC, AEs
(1999) Kingdom 33M: 41T W infusion SC infusion
Hagen [31] Canada Crossover 56/ 44,22,22 CR,q12h Oxycodone; CR g12h VAS AAC, AEs
(1997) 13M;18W
Bruera [35] Multicenter Crossover 62/ 95, 49, 46 SR, g12h + Hydromorphone; VAS AAC
(1996) 46 M; 49 W Placebo IRH g4h IR, g4h + placebo SRH
gl2h
Hays [36] Canada Crossover  57.1/ 48, NA, NA CR,g12h Hydromorphone; VAS AAC
(1994) 19 M; 26 W IR, g4h
Moulin [37] Canada Crossover 61/ 20, NA, NA SC Hydromorphone; VAS Break-
(1991) 10M; 10W intravenous through
pain
Bruera [33] Canada Crossover 54/ 25, NA, NA Patient-controlled  Hydromorphone; con-  VAS AEs
(1988) 10M; 12W SC infusion tinuous SC infusion

Abbreviations AAC: Additional analgesic consumption; AEs: Adverse events; BPI: Brief pain inventory; CR: Controlled-release; ER: Extended-release; IPCA: Intravenous
patient-controlled analgesia; IR: Immediate-release; IT: Intrathecal; NA: Not available; NRS: Numerical rating scale; PCA: Patient-controlled analgesia; PCSA: Patient-
controlled subcutaneous analgesia; QoL: Quality of life; SC: Subcutaneous; SR: Sustained-release; TEOP24h: Total equianalgesic over the previous 24 h; VAS: Visual

analog scale

Five of these 7 trials had sufficient data to perform
a meta-analysis, the pooled results of which showed
a similar reduction in cancer pain scores between 436
hydromorphone-treated participants and 443 mor-
phine-treated participants (Cohen’s d, (95% CI); -0.27,

(-0.82, 0.28)), although there was significant hetero-
geneity (I?=93.42%, Fig. 2A) and a very low certainty
GRADE rating (Table 2). Sensitivity analysis showed
our findings to be stable (Supplemental Content, Fig. 1),
and no publication bias was detected using Egger’s
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Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 85% ClI (%)
Zeng et al. 2024 28 3.2 1.8 29 32 15 —l— 0.00[-0.52, 0.52] 13.64
Yan et al. 2022 49 24 4 49 3.2 5 —— -1.77[ -2.23, -1.30] 13.97
Lin et al. 2022 32 2.3561 .776 33 2.6441 .775 —— -0.37[-0.86, 0.12] 13.83
Lin et al. 2022 30 2.3565 .7784 33 2.6441 775 —— -0.37[-0.87, 0.13] 13.77
Ma et al. 2020 121 2222 122 112 2.37 1.03 - -0.13[-0.39, 0.13] 15.04
Hanna et al. 2008 99 3.6 2 101 3.6 2 - 0.00[-0.28, 0.28] 14.96
Hanna et al. 2008 77 3.4 3 86 3.2 .3 —- 0.67[ 035, 0.98] 14.79
Overall —~i— -0.27[-0.82, 0.28]
Heterogeneity: T = 0.50, I’ = 93.42%, H’ = 15.19
Test of 6 = 6;: Q(6) = 74.53, p = 0.00
Testof 6=0:z=-0.97, p=0.33
P
Random-effects REML model
A
Treatment Control Cohen's d Weight
Study N  Mean sD N  Mean sD with 95% ClI (%)
Xiao et al. 2023 128 2.2539 1.1247 128 4.4703 1.9495 - -1.39[-1.67, -1.12] 20.35
Inoue et al. 2018 88 247 2211 84 279 21.05 i -0.15[-0.45, 0.15] 20.21
Inoue et al. 2017 86 23 1791 92 232 1883 - -0.01[-0.30, 0.28] 20.24
Hagen etal. 1996 31 31 4 31 28 4 —M— 0.75[ 0.23, 1.27] 18.75
Yu et al. 2014 124 4.4 1.68 122 4.3 1.59 . 0.06 [-0.19, 0.31] 20.46
Overall —=—— -0.16 [-0.84, 0.51]
Heterogeneity: 1° = 0.56, I = 95.91%, H’ = 24.43
Test of 8 = 8;: Q(4) = 90.19, p = 0.00
Testof 8=0:z=-0.47,p=0.64
2 4 0 1
Random-effects REML model
B

Fig. 2 The forest plot illustrates the comparison of the reduction in cancer pain between the hydromorphone group and the morphine group in the
studies (A), and between the hydromorphone group and the oxycodone group in the studies (B)

regression test or funnel plot symmetry (Supplemental
Content, Fig. 2). The two trials not included in the meta-
analysis revealed hydromorphone to be noninferior to
morphine in reducing cancer pain scores [25, 26], which
is in accordance with our meta-analysis and further sup-
ports our finding of its comparable analgesic efficacy for
cancer pain.

Hydromorphone versus oxycodone

Among the 5 trials comparing hydromorphone to oxy-
codone, Xiao et al. found patient-controlled subcutane-
ous hydromorphone to be superior to oxycodone after
12 h of treatment on an NRS among 256 participants

(median (95% CI): 2.5 (1.4-2.9) versus 4.4 (3.2-5.8); p
value<0.001) [27]; however, the other 4 trials found that
hydromorphone has an analgesic profile similar to that of
oxycodone among a pooled sample of 531 participants.
The meta-analysis of these 5 controlled trials showed that
hydromorphone is as effective as oxycodone in reducing
cancer pain (Cohen’s d, 95% CI; -0.16 (-0.84, 0.51)), albeit
with significant heterogeneity (I°=95.91%, Fig. 2B) and
a very low certainty GRADE rating (Table 2). Sensitivity
analysis showed our findings to be robust (Supplemen-
tal Content, Fig. 3), and no publication bias was evident
according to Egger’s regression test or funnel plot sym-
metry (Supplemental Content, Fig. 4).
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Table 2 Grade evidence
Certainty assessment Ne of Effect Certainty
patients
Ne of Study Risk Inconsistency Indirectness Imprecision Other con- Hy- Con- Relative Absolute
studies  design of siderations dro- trol (95% CI)
bias mor-
phone
Cancer pain intensity (vs. morphine)
7 random-  seri- serious® notserious  serious® none 47 416 - SMD SO0
ized trials ~ ous? -0.27 Very low
(-0.82to
+0.28)
Cancer pain intensity (vs. oxycodone)
5 random-  seri- serious® not serious  serious® none 460 462 - SMD $000)
ized trials  ous® —-0.16 Very low
(-0.84 to
+0.51)
Additional analgesic consumption (vs. morphine)
4 random-  seri- not serious notserious  serious® Publication 211 214 - SMD+0.13 OO0
ized trials  ous® bias® (-0.11to Very low
+0.36)
Breakthrough pain (vs. morphine)
3 random-  seri- not serious notserious  notserious  Publication 183 175 - SMD+0.19 &PHOO
ized trials  ous® bias® (0to Low
+0.39)
Quality of life (vs. morphine)
4 random-  seri- serious® not serious  serious® Publication 210 213 - SMD 5000)
ized trials  ous? biasd -0.03 Very low
(-051to
+045)
Adverse events (vs. morphine)
6 random-  seri- not serious not serious  serious® Publication 367 366 log RR 5 000)
ized trials  ous® biasd -0.06 Very low
Adverse events (vs. oxycodone)
5 random-  seri- not serious not serious  serious® Publication ~ 460 462 logRR SO00
ized trials  ous? biasd +0.04 Very low

Cl: confidence interval; SMD: standardized mean difference; RR: relative risk

Explanations

a. Due to low quality of RCTs, we decided to downgrade once for serious risk of bias

b. Due to a heterogeneity greater than 50%, we decided to downgrade once for serious inconsistency

c. Due to the wide confidence interval, which includes both clinically significant and non-significant effects, we decided to downgrade once for serious imprecision

of the effect estimate

d. Due to potential publication bias, we decided to downgrade once for strong susceptibility to publication bias

Hydromorphone versus fentanyl

Banala et al. [32] compared clinician-controlled intrave-
nous hydromorphone with intranasal fentanyl 4 h after
treatment on an NRS among 82 participants and found
that hydromorphone was noninferior to intranasal fen-
tanyl, with a similar median pain score after 1 h of treat-
ment (3.5 vs. 3.0).

Additional analgesic consumption

Seven of the included controlled trials compared addi-
tional analgesics used by cancer patients receiving
hydromorphone with those used by patients receiving
morphine [15, 16, 24, 25] or oxycodone [27, 30, 31].

Hydromorphone versus morphine

Among the 4 controlled trials comparing additional anal-
gesic consumption in hydromorphone-treated patients to
that in morphine-treated patients, Miller et al. reported
that patients receiving continuous subcutaneous hydro-
morphone infusion were almost twice as likely (log RR,
95% CI, p value; 2.2, (1.1-4.6), 0.03) to require additional
analgesics in the first 24 h of treatment, yet a similar
rate of additional analgesic consumption was achieved
24-72 h after treatment initiation (log RR, 95% CI, p
value; 0.8, (0.4—1.8), 0.5) [25]. The other 3 trials found
patients receiving hydromorphone require the same dose
of additional analgesics as morphine-treated patients,
with the recent study by Zeng et al. finding a similar
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rate of 0-24 (median of 117 versus 114, p value=0.191),
24-48 (median of 102.6 versus 87, p value=0.296), and
48-72 (median of 101.4 versus 87, p value=0.716) hours
after treatment with patient-controlled subcutaneous
hydromorphone [15], while Lin et al. 2022. found the rate
to be similar after 6 days of treatment with both patient-
controlled continuous infusion hydromorphone (median
of 0.26 versus 0.25, p value=1.0) as well as bolus-only
infusion hydromorphone (median of 0.10 versus 0.25, p
value=0.261) [16] and Hanna et al. found the rate to be
similar after 2-9 days of immediate-release hydromor-
phone therapy (mean of 1.84+2.2 versus 1.3+1.8) as well
as after 10-15 days of sustained-release hydromorphone
therapy (mean of 1.6+2.2 versus 1.4£1.9) [24].

Three of the 4 trials had sufficient data to be included
in our meta-analysis and showed a nonsignificant
increase in additional analgesic consumption in hydro-
morphone-treated patients compared to that in mor-
phine-treated patients (Cohen’s d, 95% CI; 0.13, (-0.11,
0.36)), with low heterogeneity (I>=43.29%, Fig. 3A) and
a very low certainty GRADE rating (Table 2). The sensi-
tivity analysis showed our findings to be stable (Supple-
mental Content, Fig. 5), and publication bias was not
assessed due to the limited number of studies included
in our meta-analysis.

Hydromorphone versus oxycodone

Three controlled trials compared additional analgesic
consumption between hydromorphone-treated patients
and oxycodone-treated patients. Among these, the study
by Hagen et al. was the first to compare controlled-release
hydromorphone with controlled-release oxycodone in a
crossover study of 31 patients who were treated for 7 days
and reported similar mean daily rescue analgesic con-
sumption between patients receiving controlled-release
hydromorphone and those receiving controlled-release
oxycodone (1.6 versus 1.4) [31]. Recently, Yu et al
reported that the mean number of additional analgesics
consumed by 36 patients treated with extended-release
hydromorphone was similar to that consumed by 40
patients treated with controlled-release oxycodone (24.2
versus 29.3) during a 28-day maintenance phase [30].
Recently, Xiao et al. reported similar additional analgesic
consumption in 128 patients receiving patient-controlled
subcutaneous hydromorphone compared to 128 patients
receiving sustained-release oxycodone [27]. Overall,
hydromorphone and oxycodone achieved a similar rate
of additional analgesic consumption among a pooled 363
cancer patients.

Breakthrough pain

Four controlled trials compared the number of break-
through pains throughout hydromorphone treatment
with that of morphine [15, 16, 23] or oxycodone [27].
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Furthermore, all four trials noted a reduced frequency of
breakthrough pain during hydromorphone therapy.

Hydromorphone versus morphine

Zeng et al. compared the frequency of breakthrough
pain in 29 patient-controlled subcutaneous hydromor-
phone-treated patients with that in 28 morphine-treated
patients during 0-24 h of treatment (mean of 1.8+1.1
versus 2.1+1.3), 24-48 h of treatment (1.3%0.7 ver-
sus 1.0£0.5), and 48-72 h of treatment (0.9£0.5 versus
0.840.5) and found no significant difference between
the two [15]. Lin et al. (2022) compared the frequency
of breakthrough pain in 30 patient-controlled continu-
ous plus bolus infusion-treated patients or 32 bolus-
only infusions of hydromorphone-treated patients and
reported a similar frequency of breakthrough pain to that
in morphine-treated patients (median of 6.5 versus 8.5
versus 8.0, p value=0.811); however, they did not observe
a reduced duration of breakthrough pain in patient-con-
trolled continuous plus bolus infusion-treated patients
compared to that in morphine-treated patients (median
of 11.76 versus 16.0, p value=0.025) but not in bolus-
only infusions of hydromorphone-treated patients. Ma et
al. compared the incidence of breakthrough pain in 121
patient-controlled intrathecal hydromorphone-treated
patients with that in 112 morphine-treated patients and
reported a similar rate after 12 weeks of treatment (mean
of 0.90+1.23 versus 0.58%0.86, p value=0.195) as well
as throughout the treatment [23]. Our meta-analysis of
these 3 trials revealed a slight yet significant increase in
the frequency of breakthrough pain in hydromorphone-
treated patients compared to that in morphine-treated
patients (Cohen’s d, 95% CI; 0.19, 0.0-0.39) with low het-
erogeneity (I°’=0%, Fig. 3B) and a low certainty GRADE
rating (Table 2); however, our sensitivity analysis revealed
a lack of stability (Supplemental Content, Fig. 6).

Hydromorphone versus oxycodone

Xiao et al. were the only study to compare patient-con-
trolled subcutaneous hydromorphone to oral oxycodone
tablets and found that 128 patients receiving hydromor-
phone experienced fewer incidences of breakthrough
pain than did 128 patients receiving morphine (mean of
121£28 versus 186*31; p value<0.001; Cohen’s d (95%
CI): -2.20 (-2.51, -1.89).

Quality of life.

Five of the included studies compared the quality of life
of cancer patients receiving hydromorphone with that
of cancer patients receiving morphine [15, 16, 22, 24] or
oxycodone [27].

Hydromorphone versus morphine
Zeng et al. recently compared quality of life using the
brief pain inventory (BPI) after 24 and 72 h of treatment
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Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Zengetal. 2024 28 106.719 575714 29 92.1368 34.6205 ———  031[-0.21, 0.83] 14.29
Lin etal. 2022 30 1392 2413 33 25 2325 ——B—— -0.47[-0.97, 0.03] 15.14
Lin et al. 2022 32 .3989 581 A3 25 2325 —@l—  0.35[-0.14, 0.84] 15.60
Hanna et al. 2008 99 1.8 2.2 101 1.3 1.8 —— 0.25[-0.03, 0.53] 28.65
Hanna et al. 2008 77 1.6 22 86 1.4 1.9 —— 0.10[-0.21, 0.41] 26.32
Overall < 0.13[-0.11, 0.36]

Heterogeneity: 1° = 0.03, I = 43.29%, H’ = 1.76
Testof 8, =6: Q(4)=7.45p=0.1
Testof 8=0:2=1.04, p=0.30

1
=
1
w
o
-
=4

Random-effects REML model
B A
Treatment Control Cohen's d Weight

Study N  Mean SD N  Mean SD with 95% CI (%)
Lin et al. 2022 30 10.7281 11.8709 33 8.3559 6.9746 —_—— 0.25[-0.25, 0.74] 15.06
Lin et al. 2022 32 76573 7.9543 33 8.3559 6.9746 —— @ — -0.09[-0.58, 0.39] 15.67
Maetal. 2020 121 .897 123 112 577 .86 —— 0.30[ 0.04, 0.58] 55.53
Zengetal. 2024 28 1.3333 8784 29 1.3 1.0215 = 0.03[-0.48, 0.55] 13.75
Overall - 0.19[ 0.00, 0.39]
Heterogeneity: T° = 0.00, I = 0.00%, H = 1.00

Test of 8 = 6;: Q(3) =2.39, p=0.50

Testof 6=0:z2=1.97, p=0.06

-5 0 5 1
Random-effects REML model
B
Treatment Control Cohen's d Weight

Study N  Mean SD N Mean SD with 95% CI (%)
Zeng et al. 2024 28 30.13 14 29 26.24 12.9 —l— 029[-0.23, 0.81] 23.90
Yanetal. 2022 49 46 7 49 43 7 —M— 043 0.03, 0.83] 27.02
Lin et al. 2022 30 11.787 3.8921 33 14 3.0098 —l—— -0.63[-1.14, -0.13] 24.30
Lin et al. 2022 32 12,9317 54322 33 14 3.0998 —— -0.24[-0.73, 0.25] 24.78
Overall i -0.03[-0.51, 0.45]

Heterogeneity: T = 0.18, I’ = 75.60%, H’ = 4.10
Test of 6, = 6; Q(3) = 12.50, p = 0.01
Testof 8 =0:2=-0.12, p = 0.91

Random-effects REML model

Fig. 3 The forest plot illustrates the comparison of additional analgesic consumption (A), breakthrough pain (B), and quality of life (C) between the hy-
dromorphone group and the morphine group in the studies
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with patient-controlled subcutaneous hydromorphone
in 28 patients and 29 patients receiving morphine and
found no significant difference between the two in the
overall score (mean of 34.93%15.3 versus 30.47+12.8
at 24 h, p value=0.438; mean of 30.13+14 versus
26.24+12.9 at 72 h, p value=0.288) [15]. Improvements
in sleep, mood, enjoyment of life, general activity, walk-
ing ability, normal work, and relationships with other
persons were also noted after 24 and 72 h of hydromor-
phone therapy. Yan et al. compared the quality of life
after 24 h of subcutaneous hydromorphone therapy in
49 cancer patients with 49 cancer patients receiving mor-
phine and reported comparable quality of life scores after
treatment (mean of 4617 versus 43%7; p value=0.109)
[22]. Lin et al. (2022) compared quality of life using the
Edmonton Symptom Assessment System (ESAS) after
and during 6 days of treatment in 32 patients receiving
patient-controlled continuous infusion hydromorphone,
30 patients receiving bolus-only infusions of hydromor-
phone, and 33 patients receiving morphine and found
no difference in the overall score after 3 days (median
of 13.5 versus 15.5 versus 16.0) or 6 days of treatment
(median of 14.0 versus 12.5 versus 14.0) [16]. No signifi-
cant differences in tiredness, nausea, depression, anxiety,
drowsiness, anorexia, well-being, itching, or dyspnea
between hydromorphone-treated and morphine-treated
patients were observed in their study; however, the pain
score on the ESAS was lower in the hydromorphone-
treated patients than in the morphine-treated patients
after 3 days (median of 2.0 versus 2.0 versus 4.0) or 6 days
(median of 2.0 versus 2.0 versus 3.0) of treatment. The
report by Hanna et al. was the first to compare the quality
of life between immediate-release and sustained-release
hydromorphone therapy with immediate-release and
sustained-release morphine therapy using the BPI and
revealed a similar improvement in quality of life between
immediate-release treated hydromorphone- and mor-
phine-treated patients and sustained-release hydromor-
phone- and morphine-treated patients in terms of the
overall score as well as in each item, except for normal
work, which showed a more pronounced improvement
in the 99 immediate-release hydromorphone-treated
patients than in the 101 immediate-release morphine-
treated patients (p value=0.03) [24]. Excluding the study
by Hanna et al, the other 3 trials comparing hydro-
morphone to morphine at the end of treatment were
included in our meta-analysis and showed no significant
difference between the quality of life of hydromorphone-
treated patients and that of morphine-treated patients
(Cohen’s d (95% CI): -0.03 (-0.51, 0.45), with significant
heterogeneity (I?°=75.60%, Fig. 3C) and a very low cer-
tainty GRADE rating (Table 2). Sensitivity analysis also
showed our findings to be robust (Supplemental Con-
tent, Fig. 7).
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Hydromorphone versus oxycodone

Xiao et al. compared the effectiveness of oxycodone in
improving quality of life in 128 patients receiving patient-
controlled subcutaneous hydromorphone and 128
patients receiving oral oxycodone and reported a similar
significant improvement [27].

Adverse events

The adverse events of hydromorphone therapy in cancer
patients were studied in 11 controlled trials, with 6 com-
paring it to morphine [15, 16, 22-25] and 5 comparing
it to oxycodone [27-31]. Among the hydromorphone-
treated patients, anorexia was experienced by 54 of 541
participants across 5 studies [15, 23, 24, 28, 30], nausea
was experienced by 181 of 691 participants across 7 stud-
ies [15, 16, 23, 24, 28—30], constipation was experienced
by 165 of 740 participants across 8 studies [15, 16, 2224,
28-30], vomiting was experienced by 160 of 740 partici-
pants across 8 studies [15, 16, 22-24, 28-30], diarrhea
was experienced by 55 of 480 participants across 4 stud-
ies [24, 28-30], dizziness was experienced by 68 of 652
participants across 7 studies [15, 16, 23, 24, 28—30], fever
was experienced by 31 of 216 participants in 2 studies
[28, 30], headache was experienced by 11 of 176 partici-
pants in 1 study [24], pruritis was experienced by 17 of
374 participants across 4 studies [15, 22—-24], somnolence
was experienced by 95 of 552 participants across 7 stud-
ies [15, 16, 22, 24, 28, 29, 31], and urinary retention was
experienced by 24 of 149 participants in 2 studies [15,
23]. Other adverse events were reported by less than 5%
of participants.

Hydromorphone versus morphine

Among the 6 studies comparing adverse events in hydro-
morphone-treated patients with those in morphine-
treated patients, all 6 reported a similar rate of adverse
events, except for the study by Hanna et al., who reported
a greater rate of diarrhea in hydromorphone-treated
patients (15/176, 8.5%) than in morphine-treated patients
(3/187, 1.6%) [24].

Five of these studies had sufficient data to be included
in our meta-analysis, which revealed no significant dif-
ference in the relative risk of anorexia, constipation, diar-
rhea, dizziness, headache, nausea, pruritus, somnolence,
urinary retention, or vomiting, with no significant het-
erogeneity in any of the meta-analyses (I*=0%), except for
the incidence of constipation (I?=45.08%, Fig. 4). Overall,
a similar risk ratio of adverse events between morphine-
and hydromorphone-treated patients was also observed
(log RR (95% CI): -0.06 (-0.19, 0.06)), with low heteroge-
neity (I*=0%, Fig. 4) and a very low certainty GRADE rat-
ing (Table 2). The study by Miller et al., which was not
included in the meta-analysis, also revealed a similar rate
of adverse events between the two groups [25].
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Treatment  Control Log riskratio  Weight

Study Yes No Yes No with95% Cl (%)

Anorexia

Zeng etal. 2024 4 28 4 29 —— 003(-127, 133 094

Ma et al. 2020 20 121 20 112 - -0.07(-0.64, 0.51] 4.84

Hannaetal.2008 1 99 4 101 034

Hannaetal.2008 2 77 5 86 _— 0.77[-239,084 061

Heterogeneity: 7* = 0.00, I’ = 0.00%, H’ = 1.00 ’ -0.18[-0.67, 0.31]

Test of 6, = 6: Q(3) = 1.87, p = 0.60

Testof 0= 0:2=-0.73, p = 0.47

Constipation

Zeng etal. 2024 7 28 9 29 —— 0.47[-1.04, 071] 207

Yan etal. 2022 1 49 3 49 -1.06[-3.29, 1.17] 0.32

Lin et al. 2022 2 3 3 33 —_— -0.29[-2.01, 1.44] 053

Lin et al. 2022 1 32 3 33 -1.01[-3.22, 1.20] 0.32

Magetal. 2020 2 121 37 112 - 0.34[-079, 0.11]  7.94

Hannaetal.2008 23 99 11 101 - 065[-002, 132] 352

Hannaetal.2008 30 77 19 86 - 044[-007, 095 6.15

Heterogeneity: T* = 0.13, I = 45.08%, H* = 1.82 ‘ 0.03[-0.41, 0.47]

Testof = 6: Q(6) = 10.47,p = 0.1

Testof 0=0:2=0.15,p=0.88

Diarrhea

Hanna et al. 2008 8 99 1 101 ————— 2.03(-0.03, 4.09] 037

Hannaetal.2008 7 77 2 86 ———  130[-0.24,284] 067

Heterogeneity: 7* = 0.00, I¥ = 0.00%, H? = 1.00 ‘ 156 0.33, 2.80]

Testof 8,=§: Q(1) = 0.31,p = 0.58

Testof 6 =0:2=248,p=0.01

Dizziness

Zeng etal. 2024 7 28 5 29 —— 031[-074,135] 145

Yan etal. 2022 3 49 2 49 —_— 0.39(-1.36, 213] 052

Lin et al. 2022 1 30 0 33 1.16[-2.00, 432] 0.16

Lin et al. 2022 0 32 0 33 0.03(-3.86, 3.92] 0.10

Ma et al. 2020 18 121 16 112 - 0.04[-0.59, 0.66] 4.01

Hannaetal. 2008 8 99 6 101 — 029(-074,131) 151

Hannaetal.2008 4 77 8 8 —— -054[-171,062) 147

Heterogeneity: * = 0.00, I° = 0.00%, H* = 1.00 Q 0.09[-0.34, 0.51]

Test of 6 = §: Q(6) = 2.03, p = 0.92

Testof 8= 0:2=0.40, p = 0.69

Headache

Hanna et al. 2008 8 99 6 101 0.29(-0.74, 1.31] 151

Hanna et al. 2008 3 77 2 86 —_— 0.50(-1.26, 2.26] 0.51

Heterogeneity: T* = 0.00, I = 0.00%, H* = 1.00 0.34[-0.54, 1.23]

Testof 8,=8: Q(1) = 0.04,p = 0.84

Testof 8=0:2=0.76,p=0.45

Nausea

Zeng et al. 2024 13 28 10 29 —— 0.21[-0.49, 0.91] 3.25

Lin et al. 2022 130 2 33 057(-292,1.78] 029

Lin etal. 2022 3 32 2 8@ E— 041(-132,213] 053

Maetal. 2020 3 121 37 112 = -0.04[-043, 036 1023

Hanna et al. 2008 18 99 23 101 - -0.19(-0.75, 0.38] 5.01

Hannaetal.2008 15 77 25 86 - -0.32(-090, 0.25] 476

Heterogeneity: 7* = 0.00, I¥ = 0.00%, H? = 1.00 Q -0.09(-0.34, 0.17]

Testof 6, = §; Q(5) = 2.00,p = 0.85

Testof 8.=0:2=-0.67,p= 0.50

Pruritis

Zeng etal. 2024 3 28 3 29 _— 0.03[-149, 1.55] 068

Yan etal. 2022 3 49 11 49 — 4.16[-238, 0.07) 1.6

Ma etal. 2020 4 121 3 112 —_— 0.20(-1.27, 1.68] 0.73

Hannaetal.2008 4 99 5 101 —— -0.19[-148, 1.09] 096

Hanna et al. 2008 3 77 5 86 —_— -0.38(-1.78, 1.02]  0.81

Heterogeneity: 7* = 0.00, I* = 0.00%, H’ = 1.00 0 -0.37 [ -0.98, 0.25]

Testof 6,= §: Q(4) = 251,p = 0.64

Testof0=0:2=-1.17,p=0.24

Somnolence

Zeng etal. 2024 8 28 4 20 — 0.61(-050, 1.74] 130

Yan etal. 2022 2 49 5 49 — -0.86[-245, 0.74] 062

Lin et al. 2022 13 o0 33 116[200, 432 016

Lin et al. 2022 0 32 0 33 0.03(-3.86, 3.92] 0.10

Hannaetal.2008 11 99 11 101 - 002(-078, 081] 252

Hannaetal.2008 8 77 12 8 —-— -026[-1.11, 058 222

Heterogeneity: 7* = 0.00, I’ = 0.00%, H’ = 1.00 ‘ -0.01[-0.49, 0.46]

Test of 6, = 8: Q(5) = 3.16, p = 0.68

Testof 8= 0:2=-0.06, p = 0.95

Urinary retension

Zeng etal. 2024 3 28 3 29 _— 003(-149, 155] 068

Ma et al. 2020 21 121 24 112 - -0.18[-0.71, 0.36]  5.51

Heterogeneity: 7* = 0.00, I = 0.00%, H’ = 1.00 ‘ -0.15[-0.66, 0.35]

Test of 6 = 8: Q(1) = 0.06, p = 0.80

Testof 8= 0:2=-0.60, p = 0.55

Vomiting

Zeng et al. 2024 10 28 13 29 —— -0.16[-0.86, 0.54] 3.26

Yan et al. 2022 4 49 13 49 — -1.02[-2.08, 0.04] 1.41

Lin et al. 2022 2 30 2 3 _— 0.09(-181,1.99] 044

Lin etal. 2022 18 2 3 -063[-299, 1.72] 029

Ma etal. 2020 28 121 27 112 - -0.03[-0.51, 0.44] 7.02

Hanna et al. 2008 16 99 19 101 - 4.21

Hannaetal.2008 7 77 19 86 - -0.78(-159, 0.04] 237
¢ 0.25[-0.54, 0.04]

Testof 6

Testof 6.=0:2=-1.69, p = 0.09

Overall + -0.06[-0.19, 0.06]

Heterogeneity: 7* = 0.00, I¥ = 0.00%, H? = 1.00

Testof 6, = §: Q(47) = 3891, p = 0.79

Testof 6=0:2=-1.01,p=0.31

Test of group differences: Q(9) = 10.99, p = 0.28

Random-effects REML model

Fig. 4 The forest plot illustrates the comparison of adverse events be-
tween the hydromorphone group and the morphine group in the studies
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Hydromorphone versus oxycodone

Among the 5 studies comparing hydromorphone to oxy-
codone, all 5 reported a similar rate of adverse events,
except for one study by Inoue et al, who reported a
greater rate of vomiting in hydromorphone-treated
patients (32/88, 36.4%) than in morphine-treated patients
(16/92, 17.4%) [28].

Four of the included studies had sufficient data to be
included in our meta-analysis, which revealed no signifi-
cant difference in the risk ratio of anorexia, constipation,
diarrhea, dizziness, fever, nausea, somnolence, or vom-
iting, with low heterogeneity (I><50%) in every adverse
event excluding vomiting (I*=51.01%, Fig. 5). Overall, a
similar risk ratio of adverse events between oxycodone-
and hydromorphone-treated patients was achieved (log
RR (95% CI): 0.04 (-0.07, 0.16)), with low heterogene-
ity (I*=0%, Fig. 5) and a very low certainty GRADE rat-
ing (Table 2). The study by Xiao et al., which was not
included in our meta-analysis, also revealed a similar rate
of adverse events between the two groups [27].

Comparison of the different routes of
administration of hydromorphone

Among the included studies, 2 controlled trials com-
pared the effectiveness of patient-controlled and clini-
cian-controlled hydromorphone therapy. In the initial
crossover study by Bruera et al.1988, 22 patients with
severe cancer pain were treated for 3 days with either
patient-controlled subcutaneous or continuous subcu-
taneous infusions of hydromorphone [33], while in the
recent study by Lin et al. 2020. A total of 214 patients
with severe cancer pain were treated for 24 h, with 108
receiving clinician-controlled intravenous hydromor-
phone and 106 receiving patient-controlled intravenous
hydromorphone [34]. Pain and adverse events were mea-
sured using a visual analog scale [33] or the ESAS [34] in
both studies, and pooled comparisons between the two
groups upon completion of treatment are available in
(Supplemental Content, Table 2). The total concentra-
tion of hydromorphone received was similar between the
two groups in both studies. The time to successful titra-
tion was also compared in the study by Lin et al., who
reported that the time to successful titration was signifi-
cantly shorter in 106 patient-controlled patients than in
108 clinician-controlled patients (median (95% CI): 0.5 h
(0.25, 0.50) versus 0.79 (0.50, 1.42); p value=0.001).

To date, only two clinical trials have directly com-
pared sustained-release and immediate-release hydro-
morphone therapy: the crossover study by Bruera et al.
(1996) with 95 participants [35] and the two-way cross-
over study by Hays et al. with 44 participants [36]. Both
studies reported similar VAS pain scores after treatment
and comparable daily additional analgesic consump-
tion during treatment (Supplemental Content, Table 3).
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Treatment  Control Log risk-ratio Weight
Study Yes No Yes No with 95% ClI (%)
Anorexia
Inoue et al. 2017 7 8 3 92 ——————=—————— 0.85[-0.47, 2.17]  0.81
Yuetal. 2014 20 128 21 126 — -0.06[-0.62, 0.51] 4.39
Heterogeneity: 7 = 0.14, I* = 33.85%, H® = 1.51 e 0.19[-0.60, 0.98]
Test of 6, =0: Q(1) =151, p =0.22
Testof0=0:2=047,p=0.64
Constipation
Inoue etal. 2018 21 88 19 84 —a— 0.04[-0.52, 0.60] 4.53
Inoue etal. 2017 11 88 14 92 — 0.17[-0.91, 0.57] 258
Yuetal. 2014 43 128 45 126 —— -0.05[-0.41, 0.31] 10.91
Heterogeneity: 7 = 0.00, I* = 0.00%, H* = 1.00 L = -0.04[-0.32, 0.24]
Test of 6, = 8: Q(2) = 0.21, p = 0.90
Testof0=0:2=-0.29,p=0.77
Diarrhea
Inoueetal. 2018 12 88 9 84 B 0.22[-0.60, 1.03] 212
Inoue etal. 2017 16 88 17 92 —— -0.01[-0.64, 0.61]  3.60
Yuetal. 2014 12 128 9 126 —_— 0.25[-0.58, 1.08] 2.05
Heterogeneity: 7 = 0.00, I* = 0.00%, H* = 1.00 <@ 0.12[-0.31, 0.55]
Testof 6, = 6:Q(2) = 0.32, p = 0.85
Testof 8 =0:2=0.55,p =059
Dizziness
Inoue et al. 2017 6 8 5 92 _— 0.21[-0.94, 1.87] 1.07
Yu et al. 2014 21 128 22 126 —— -0.05[-0.61, 0.50] 4.63
Heterogeneity: 7 = 0.00, I* = 0.00%, H® = 1.00 <l -0.00 [ -0.50, 0.50]
Test of 6= 6: Q(1) = 0.17, p = 0.68
Testof 8 =0:z=-0.01,p=0.99
Fever
Inoue et al. 2017 7 8 5 92 —_— 0.36[-0.75, 1.47] 1.14
Yu et al. 2014 24 128 27 126 —a— -0.11[-0.61, 0.39]  5.62
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 . -0.03[-0.49, 0.43]
Test of 8 = 8: Q(1) = 0.57, p = 0.45
Testof6=0:z=-0.14, p = 0.89
Nausea
Inoue etal. 2018 14 88 14 84 — -0.04[-0.73, 0.65]  3.00
Inoue etal. 2017 36 88 21 92 —E— 0.45[-0.03, 0.92] 6.30
Yuetal. 2014 43 128 45 126 —— -0.05[-0.41, 0.31] 10.91
Heterogeneity: 7° = 0.03, I° = 33.47%, H* = 1.50 O 0.12[-0.22, 0.46]
Testof B, = 6;: Q(2) =2.83, p = 0.24
Testof 6=0:z=0.70, p = 0.48
Somnolence
Inoue etal. 2018 23 88 21 84 —— 0.04[-0.49, 0.56] 5.08
Inoue etal. 20177 23 88 18 92 —— 0.24[-0.32, 0.79] 455
Hagenetal. 1996 19 31 28 &1 —E— -0.22[-0.67, 0.22] 7.17
Heterogeneity: 7° = 0.00, I = 0.00%, H* = 1.00 RS -0.02[-0.31, 0.27]
Test of 6, = 6;: Q(2) = 1.65, p = 0.44
Testof 8 =0:z=-0.14,p=0.89
Vomiting
Inoue etal. 2018 17 88 15 84 —a— 0.07[-0.57, 0.70] 3.48
Inoue etal. 2017 32 88 16 92 —a— 0.59[ 0.05, 1.13] 4.84
Yu'et al. 2014 43 128 47 126 —— -0.08[-0.43, 0.28] 11.20
Heterogeneity: 7 = 0.07, I = 51.01%, H* = 2.04 e 0.16[-0.25, 0.58]

Testof 8, =6:Q(2) =4.08, p=0.13
Testof8=0:2=0.78, p=0.44

Overall

Heterogeneity: 7° = 0.00, I = 0.00%, H® = 1.00
Test of 6, = 8: Q(20) = 12.65, p = 0.89
Testof8=0:2=0.73,p=0.46

Test of group differences: Qy(7) = 1.45, p = 0.98

Random-effects REML model

0.04[-0.07, 0.16]
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Fig. 5 The forest plot illustrates the comparison of adverse events between the hydromorphone group and the oxycodone group in the studies
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Furthermore, both studies reported similar nausea and
sedation intensity scores, as did the study by Hays et al.,
who also reported a similar incidence of adverse events
between the two groups [36].

Moulin et al. compared continuous subcutaneous
hydromorphone infusion with continuous intrave-
nous hydromorphone infusion over 48 h of treatment
using a VAS among 15 participants and found no sig-
nificant differences between the routes. Additionally,
the mean number of infusions after breakthrough pain
did not differ significantly between the subcutaneous
and intravenous routes of administration (4.8 versus
5.3) [37].

Quality assessment
The assessment of the risk of bias was conducted using
the Cochrane Collaboration tool, revealing that the
majority of the studies included had a high risk of bias in
at least one domain. We judged a high risk of bias in the
“other bias” domain as the most common cause of bias,
as six of the studies were funded by pharmaceutical com-
panies. Additionally, five studies were rated at high risk
of incomplete outcome data bias due to more than 10%
dropout, and the blinding of participants and personnel
in four studies was judged at high risk of bias because
they were considered open-label studies.

Overall, the quality assessment indicated low qual-
ity in most of the included randomized controlled trials
(RCTs). (Fig. 6)

Discussion

This systematic review and meta-analysis aimed to
assess the effectiveness of hydromorphone in reducing
pain among oncology patients and to compare its effi-
cacy to that of other opioids. The review revealed that all
included investigations reported a significant reduction
in pain among patients, and the meta-analyses indicated
a similar efficacy to that of morphine and oxycodone.
Our analyses also demonstrated the similar efficacy of
hydromorphone to that of morphine and oxycodone in
terms of reducing additional analgesic consumption and
increasing quality of life. In addition, the literature sug-
gests that improvements in sleep quality are also similar
to those associated with other opioids. Hydromorphone,
however, was not similar to other opioids in its ability
to reduce breakthrough pain; our analysis showed that
morphine had a slight advantage over hydromorphone,
and hydromorphone was noted to be more effective than
oxycodone in the included study that compared the two.
Additionally, one report suggested that hydromorphone
requires less time to be successfully titrated than mor-
phine. No significant difference was noted in the anal-
gesic effect of hydromorphone when patient-controlled
versus clinician-controlled administration routes were
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compared or when sustained-release and immediate-
release administrations were contrasted.

The results we obtained are congruent with those of
other systematic reviews exploring the analgesic effects
of hydromorphone and other opioids in cancer patients.
In 2011, Pigni et al. [38] conducted a systematic review
of 13 clinical trials in the literature, regardless of ran-
domization or the presence of a control group. Although
the heterogeneity of the studies did not allow for a meta-
analysis, their review of the literature suggested that the
efficacy and tolerability of hydromorphone for the man-
agement of moderate to severe cancer pain are on par
with those of oxycodone and morphine. However, there
are insufficient data indicating its superiority or inferi-
ority to morphine as the primary option for cancer pain
management. Another systematic study by Caraceni et
al. [39] reviewing the evidence supporting oral morphine
as the first-choice opioid for treating cancer pain also
revealed that morphine, hydromorphone, oxycodone,
and methadone offer similar pain relief with a similar
pattern of toxicity. The same conclusion was reached by
King et al. [40], who aimed to systematically review the
use of oxycodone in the management of cancer pain. In
addition, a notable study by King et al. [41] assessing the
use of opioids for cancer patients with renal impairment
revealed clinical experience and some published retro-
spective data suggesting that hydromorphone may be
safer than morphine in treating renal impairment. In a
2016 update of this review, Sande et al. [42] speculated
that the low protein binding, low molecular weight, and
low volume of distribution of hydromorphone reduce
its accumulation, and by extension, the rate of adverse
effects. Finally, the most recent systematic review assess-
ing hydromorphone for cancer pain was a 2021 Cochrane
review [43] encompassing 8 randomized controlled tri-
als. This review revealed a high level of uncertainty in
evidence weighing the advantages and drawbacks of
hydromorphone over other opioids and concluded that
insufficient evidence exists to support or refute the use of
hydromorphone over other opioids.

In addition to the outcomes regarding the safety and
efficacy of hydromorphone, the noninferiority of patient-
controlled analgesia (PCA) to traditional administration
methods is noteworthy and consistent with the relevant
literature. In a systematic review assessing opioid admin-
istration via PCA in cancer pain, Nijland et al. [44] noted
that PCA opioid use was safe and useful in cancer pain
management, with the caveat that most of the included
studies were of low quality. As PCA is the fourth step
on the analgesic ladder for cancer pain treatment [45],
it is imperative that additional high-quality studies be
conducted to assess its safety and efficacy so that more
definite conclusions can be drawn. The similarity of sus-
tained-release hydromorphone to the immediate-release
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version is also notable, as using the sustained-release
version translates to more comfortable, once-daily dos-
ing instead of around-the-clock analgesic use [46]. Fur-
ther high-quality research is needed to confirm this
observation.

Strengths and limitations

Our analyses are bolstered by the low heterogeneity
found in outcomes such as additional analgesic consump-
tion and the rate of adverse events. Moreover, low publi-
cation bias and high sensitivity in most of the outcomes
add to the validity of the meta-analyses. Nevertheless, our
study is constrained by several limitations. First and fore-
most, significant heterogeneity was present in the analy-
ses assessing the analgesic effect of hydromorphone and
its effect on the quality of life of the patients, thus war-
ranting caution when interpreting the results. Second,
many of the studies included in our review were judged
to be of low quality. Additionally, the number of included
studies and patients in many of the assessed endpoints
was low. As such, we recommend that future high-qual-
ity studies with larger sample sizes be conducted so that
these endpoints can be assessed more effectively.

Conclusion

In conclusion, this review substantiates the safety and
efficacy of hydromorphone in the management of cancer
pain. Evidence suggests that hydromorphone is similar
to morphine and oxycodone in providing pain relief and
increasing quality of life, although the studies conducted
in this regard are heterogeneous. Furthermore, it was
demonstrated that patients who consumed hydromor-
phone had similar additional analgesic consumption and
rates of adverse events to those who consumed morphine
and oxycodone. However, morphine appears to have a
slight advantage over hydromorphone in suppressing
breakthrough pain. Future studies are needed to increase
the quality of evidence regarding hydromorphone use
in cancer pain treatment and to explore aspects such as
sustained-release administration and patient-controlled
analgesia.
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