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Abstract

Background Opioids are the mainstay of cancer-related pain management but are limited by adverse effects and clinical
complexity. Cannabinoids have been proposed as adjunctive, opioid-sparing agents, yet their impact on opioid consumption
in cancer patients remains uncertain.

Methods This systematic review and meta-analysis was conducted according to PRISMA 2020 guidelines and registered
in PROSPERO (CRD420251175971). Randomized and nonrandomized clinical studies involving adult cancer patients
receiving opioids for pain and treated with cannabinoids were included. Outcomes comprised total opioid consumption,
maintenance/background opioid dose, and breakthrough/rescue opioid use. Placebo-controlled comparisons were analyzed
separately from within-group baseline changes. Risk of bias was assessed using RoB 2 and ROBINS-I, and certainty of
evidence using GRADE.

Results Fifteen studies met inclusion criteria, with ten eligible for meta-analysis. Placebo-controlled analyses showed no
significant differences between cannabinoids and placebo for total, maintenance, or breakthrough opioid use. Baseline-change
analyses demonstrated heterogeneous and formulation-dependent effects, with modest reductions in maintenance opioid dose
observed primarily in THC-predominant regimens, driven by isolated studies. Overall certainty of evidence was low due to
heterogeneity and methodological limitations.

Conclusions Cannabinoids are not associated with consistent or clinically meaningful opioid-sparing effects in cancer pain
under controlled conditions. Observed benefits in uncontrolled analyses are variable and not reliably reproduced. Cannabi-
noids should not be considered a dependable opioid-sparing strategy in cancer pain management.
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Introduction pain continues to be reported by approximately 40-60% of

patients undergoing active cancer treatment and by more
Cancer-related pain remains one of the most prevalent  than 70% of those with advanced or metastatic disease [1].
and distressing symptoms affecting patients, particularly  Effective pain control is therefore a central component of
in advanced stages of disease. Despite progress in onco-  comprehensive cancer care and a key determinant of qual-
logic treatments and supportive care, moderate-to-severe ity of life.
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Opioids remain the cornerstone of management for mod-
erate to severe cancer-related pain and are recommended
by international guidelines as first-line therapy when non-
opioid measures are insufficient [2]. However, long-term
opioid therapy is associated with substantial clinical chal-
lenges, including tolerance, opioid-induced hyperalgesia,
constipation, nausea, sedation, endocrine dysfunction, cog-
nitive impairment, and risk of dependence or misuse [3]. In
patients with cancer, these adverse effects may exacerbate
frailty, impair functional status, and complicate the deliv-
ery of anticancer therapies, leading to the so called “opioid
use disorder” [4]. Consequently, there is a persistent clinical
need for opioid-sparing strategies that can enhance analgesia
while minimizing opioid exposure.

Cannabinoids have emerged as potential adjuvant agents
in pain management due to their interaction with the endo-
cannabinoid system, which plays a role in nociceptive modu-
lation, inflammation, and affective components of pain [5].
Cannabinoid receptors (CB1R and CB2R) are expressed
either throughout the central and peripheral nervous systems
or in immune cells, and their activation has been shown to
modulate neurotransmitter release and nociception signaling
pathways relevant to pain processing [6]. Importantly, pre-
clinical studies suggest functional interactions between can-
nabinoid and opioid systems, including receptor cross-talk
and convergent intracellular signaling, raising the possibility
that cannabinoids could interfere with opioid effects [7]

Although the preclinical research is abundant on posi-
tive effects of cannabinoids as adjuvants for opioids, early
randomized trials suggested modest analgesic benefit of
THC:CBD oromucosal spray in opioid-refractory cancer
pain, but results were inconsistent and opioid dose reduction
was rarely assessed as a primary outcome [8]. Evidence syn-
theses mirror these findings. Cancer-pain-specific reviews
report low-certainty analgesic benefit with frequent adverse
effects, particularly for THC-predominant products [9],
while broader opioid-sparing reviews indicate that observa-
tional signals of opioid reduction are not consistently sup-
ported by randomized evidence [10]. Importantly, opioid
outcomes have been inconsistently defined, often relying on
uncontrolled pre-post comparisons without distinguishing
placebo-controlled effects across opioid domains.

Given the central role of opioids in the management of
cancer-related pain and the increasing clinical and patient-
driven interest in cannabinoids as adjunctive treatments, a
focused and methodologically rigorous synthesis examining
opioid consumption outcomes in cancer patients is needed.
Distinguishing whether cannabinoids are associated with
true reductions in opioid requirements, rather than appar-
ent changes arising from non-specific or uncontrolled influ-
ences, is critical for informing clinical practice, guiding
evidence-based recommendations, and shaping future trial
design.

@ Springer

Although previous reviews have reported opioid-related
outcomes in cannabinoid studies, the specific question of
opioid-sparing in opioid-treated cancer patients remains
insufficiently resolved [9, 10]. This issue should be treated
differently than opioid reduction in broader chronic pain
populations, because opioid use in cancer is influenced by
disease progression, rescue medication policies, and pallia-
tive treatment goals. The present review addresses this gap
through an updated cancer-specific synthesis that includes
both randomized and observational evidence, incorporates
recent evidence, and separates controlled treatment effects
from within-group baseline changes across total opioid con-
sumption, maintenance/background dose, and breakthrough
opioid use.

Accordingly, the aim of this systematic review and meta-
analysis is to evaluate the opioid-sparing effects of cannabi-
noids in adult cancer patients with persistent pain receiving
opioid analgesics, by quantitatively synthesizing available
evidence on opioid use.

Methods
Reporting standards and protocol registration

This systematic review and meta-analysis was performed
and reported in accordance with the PRISMA 2020 state-
ment (Supplementary Table 1 (S)) [11] and followed the
methodological guidance outlined in the Cochrane Hand-
book for Systematic Reviews of Interventions [12]. The
review was prospectively registered in the PROSPERO
database (registration number CRD420251175971).

Eligibility criteria

We considered clinical studies involving adult patients
(=18 years) diagnosed with cancer and experiencing
pain of any etiology (tumor-related, treatment-induced, or
mixed) while receiving opioid analgesic therapy. Eligible
interventions included any cannabinoid-based treatment
administered alone or as an adjunct to opioids, encompass-
ing phytocannabinoids (such as THC or CBD), synthetic
cannabinoids (including dronabinol and nabilone), and
combined or standardized cannabinoid formulations (e.g.,
nabiximols), irrespective of dose, route of administration,
or treatment duration.

Eligible comparators included placebo or standard care
without cannabinoids, as well as within-group baseline val-
ues in studies reporting pre-post changes in opioid consump-
tion. Both randomized controlled trials and nonrandomized
clinical studies (interventional or observational) were
included. No restrictions were applied regarding language
or year of publication. To be eligible, studies were required
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to report quantitative measures of opioid consumption, such
as daily opioid dose (e.g., morphine milligram equivalents),
cumulative opioid exposure, maintenance/background opi-
oid dose, or breakthrough/rescue opioid use. Studies lacking
extractable opioid consumption data were excluded.

Information sources

A comprehensive literature search was conducted on 24th
October 2025 in PubMed, Embase (via Ovid), and the
Cochrane Central Register of Controlled Trials (CEN-
TRAL), covering all records from database inception to the
most recent search update prior to data synthesis. No limits
were imposed on language or publication date. In addition,
manual reference list screening of included studies and rel-
evant reviews was undertaken to identify additional eligible
publications using citationchaser (Version 2.0, Stockholm
Environment Institute, Sweden) [13]. When necessary, cor-
responding authors were contacted to clarify reported out-
comes or to obtain missing numerical data. The detailed
search key can be found in supplementary, Table 2 (S).

Selection process

Following duplicate removal using Endnote 20 (Clarivate,
2013), all identified records underwent independent title
and abstract screening by at least two reviewers (IC-M, SC)
using Rayyan (Version 1.0, Qatar Computing Research Insti-
tute (QCRI), Qatar) [14]. Articles deemed potentially eligi-
ble were retrieved in full and assessed independently against
the predefined inclusion criteria. Cohen’s kappa coefficient
(k) was calculated to measure inter-rate reliability after each
selection step. Any disagreements during the screening or
eligibility assessment process were resolved through discus-
sion, with involvement of a senior reviewer (TA-S), when
consensus could not be reached.

Data collection process

Data extraction was performed independently by two review-
ers (IC-M, SC) using a standardized extraction template.
Extracted variables included study design, sample size, char-
acteristics of the cancer population, details of the cannabi-
noid intervention (compound, formulation, dose, and dura-
tion), comparator characteristics, opioid treatment context,
and quantitative opioid consumption outcomes. Cannabi-
noid interventions were categorized into THC-predominant,
CBD-predominant, or balanced THC:CBD combination
groups where sufficient information was available. When
outcome data required for meta-analysis were incomplete or
unclear, attempts were made to obtain additional information
directly from study authors.

Study risk of bias assessment and certainty
of evidence

The methodological quality of included studies was evaluated
independently by at least two reviewers. Randomized con-
trolled trials were assessed using the Cochrane Risk of Bias 2
(RoB 2) tool [15], while nonrandomized studies were evalu-
ated with the ROBINS-I instrument [16]. Disagreements in
risk-of-bias judgments were resolved through discussion.

The certainty of evidence for each pooled clinical out-
come was evaluated using the GRADE (Grading of Rec-
ommendations Assessment, Development and Evaluation)
approach, and the GRADEpro tool (Version 3.2, McMaster
University, Canada), considering risk of bias, inconsist-
ency, indirectness, imprecision, and potential publication
bias [17].

Synthesis methods

Where appropriate, data were pooled using random-effects
meta-analysis, reflecting anticipated clinical and methodo-
logical heterogeneity across studies. For continuous opioid
consumption outcomes, mean differences (MD) were calcu-
lated when outcomes were reported using the same measure-
ment units, whereas standardized mean differences (SMD)
were applied when different scales or units were used.

Clinical outcomes were synthesized separately based on
the type of comparison reported, distinguishing between-
group placebo-controlled analyses from within-group
change-from-baseline analyses, which were analyzed inde-
pendently to avoid conflating controlled treatment effects
with uncontrolled temporal changes. Prespecified subgroup
analyses were conducted according to cannabinoid formu-
lation (THC-predominant, CBD-predominant, or balanced
THC:CBD combinations) and opioid outcome domain (total
opioid consumption, maintenance/background opioid dose,
and breakthrough/rescue opioid use). Statistical heterogene-
ity was quantified using the I statistic, and subgroup differ-
ences were examined using standard interaction tests [18].
When quantitative synthesis was not feasible, findings were
summarized using a structured narrative approach. All statis-
tical analyses were calculated by R software using the meta5
package for basic meta-analysis calculations and plots, and
the dmetar6 package for additional influential analysis cal-
culations and plots.

Results
Characteristics of included studies

Fifteen articles met the inclusion criteria, however only ten
were eligible for meta-analysis, due to non-poolable opioid
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consumption data, incomplete reporting, lack of variance
measures, or outcome definitions that were not compara-
ble across studies. These details are presented in Fig. 1.
Among them, nine articles were RCTs [19-27], while six
were observational [28—-33] Patients received either THC-
predominant drugs [19, 27, 29], CBD-predominant [23, 27],
or more often drugs with balanced THC:CBD formulations
[19, 20, 22, 24-26, 28, 30-34]. Most often the drug was
delivered in an oromucosal spray [19-21, 25, 26, 30] or oral
oil [22, 23, 27], but others included all forms such as oral,
inhalatory or topical [24, 28, 29, 31-33]. Baseline charac-
teristics of included studies is exposed in Table 1.

Total opioid consumption

In placebo-controlled analyses, total daily opioid consump-
tion did not differ significantly between cannabinoid-treated
and placebo-treated participants. Five randomized controlled
trials evaluating THC:CBD formulations [22, 24, 25, 28,
34], encompassing a total of 769 participants, were included.
The pooled SMD was —0.03 (95% CI —0.17; 0.12), indicat-
ing no measurable reduction in opioid use associated with
cannabinoid therapy, as exposed in Fig. 2.

When total opioid consumption was assessed as change
from baseline within cannabinoid-treated groups, a numeri-
cal reduction was observed, although this effect did not reach
statistical significance. The pooled MD was —2.88 (95% CI
—15.32; 9.55). Individual studies demonstrated variable
baseline changes, ranging from modest reductions to slight
increases in opioid use, and all confidence intervals over-
lapped zero. Results are presented in Fig. 3.

Maintenance opioid dose

Placebo-controlled analyses of maintenance opioid dosing
demonstrated substantial variability and no consistent evi-
dence of opioid-sparing effects associated with cannabinoid
use (Fig. 4). Seven randomized comparisons, stratified by
cannabinoid formulation, were included [19, 20, 23, 25-27,
34]. The overall pooled effect was not clinically relevant,
nor statistically significant (MD 0.72 (95% CI —0.43; 1.88)
and was characterized by high heterogeneity (I>=96.4%,
p<0.0001), reflecting marked between-study variability.
Subgroup analysis by cannabinoid type did not reveal statis-
tically significant differences between balanced THC:CBD
combinations, THC-predominant regimens, or CBD-pre-
dominant formulations (p=0.216).

In contrast, baseline-change analyses of maintenance opi-
oid dose revealed marked heterogeneity and statistically sig-
nificant differences between cannabinoid subgroups (Fig. 5).
Across all formulations, the pooled MD was —4.94 mg
(95% CI —34.09; 24.20), with substantial heterogeneity
(1>=71.3%). Importantly, the test for subgroup differences
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was statistically significant (p=0.0005). THC-only interven-
tions demonstrated pronounced baseline reductions in main-
tenance opioid dosing, driven predominantly by Johnson
et al. trial [19] which reported a mean reduction of —178.8
(95% CI —271.7; —85.9). In contrast, THC:CBD combina-
tions exhibited heterogeneous effects, with individual studies
reporting both increases and decreases in opioid dose, result-
ing in a non-significant pooled estimate. CBD-only regimens
showed minimal change from baseline, with a pooled MD of
5.0(95% CI =7.77; 17.77).

Breakthrough opioid consumption

In placebo-controlled analyses, cannabinoid therapy was not
associated with significant changes in breakthrough (rescue)
opioid use. Three randomized trials assessing THC:CBD
and THC-only formulations were included [19, 25, 34]. The
pooled SMD ranged from —0.01 to —0.03, with all confi-
dence intervals crossing zero. Between-study heterogeneity
was minimal, and individual trial estimates demonstrated
near-identical rescue opioid requirements in cannabinoid and
placebo groups. No statistically significant subgroup differ-
ences by cannabinoid formulation were observed. Results
are presented in Fig. 6.

Baseline-anchored analyses similarly demonstrated no
meaningful changes in breakthrough opioid use following
cannabinoid administration (Fig. 7). For balanced THC:CBD
formulations, the pooled MD was —0.19 (95% CI —0.41;
0.04), while THC-predominant regimens yielded a pooled
MD of 0.00 (95% CI —0.23; 0.23). Across studies, rescue
opioid use remained stable relative to baseline, indicating
no detectable impact of cannabinoid therapy on episodic
opioid requirements.

Risk of bias and certainty assessment

Across included trials, risk of bias of RCTs was generally
low, with most domains showing adequate randomization,
blinding, and outcome measurement. The main source of
uncertainty was missing outcome data, reflecting attrition
common in advanced cancer populations, while selective
reporting was unlikely. Figure 8 presents the details.

Nonrandomized studies demonstrated variable risk of
bias, with most domains rated as low or moderate risk. The
primary sources of concern related to confounding and
participant selection, reflecting the observational design
and limited control over baseline opioid use and disease
trajectory. In contrast, bias due to outcome measurement
and reporting was generally low, suggesting that observed
uncertainties are driven mainly by study design rather than
selective reporting or outcome assessment, as exposed in
Fig. 9.
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Identification of studies via databases and registers ]

Records removed before
screening:
Duplicate records removed
(n=295)

Records excluded**
(n=1142)

Reports not retrieved
(n=0)

)
E Records identified from*:1472
"§ Databases (n =3 )
= Medline (via PubMed) n=414
= EMBASE n=1026
2 CENTRAL n=32

Records screened
(n=1177)
Reports sought for retrieval
= (n=35)
=
(<))
o
: '
n
Reports assessed for eligibility
(n=35)
—
)
3
S Studies included in review
o (n=15)
=
—

Fig. 1 PRISMA flowchart of included articles

The certainty of evidence assessed with the GRADE tool
was evaluated as low for all outcomes, mainly due to popu-
lation heterogeneity and lack of uniformity in intervention
administration, as seen in Supplementary Tables 3 (S).

Reports excluded:
Conference abstract (n =10)
Ongoing trials (n =3 )
Wrong population (n =1)
Wrong intervention (n=2)
Wrong outcome (n=4)

Discussion

This meta-analysis evaluated whether adjunctive cannabi-
noids reduce opioid need of cancer patients while preserving

@ Springer
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Table 1 Baseline characteristics table

Author Study duration  No of centers No of patients enrolled Age (mean +SD) Previous cannabinoid
(days) involved (intervention/control) exposure (intervention/
control)

Johnson et al. 2010 16 10 118/118 59.40+12.10 6/7

Portenoy et al. 2012 63 9 269/273 59+12.3 11/6

Clarke et al. 2022 30 1 25 559+11.9 0

Fallon et al. 2017 35 101 200/199 60+11 4/0

Good et al. 2020 14 1 21/18 57.7+12.4 0/0

Hardy et al. 2022 28 5 70/72 63.6+14 0/0

Zylla et al. 2021 84 1 15/15 57+9 0/0

Lichtman et al. 2018 35 114 199/198 59.2+12 0/0

Pitchard et al. 2019 84 1 22/61 48+12.16 0/0

Aprikian et al. 2023 21 1 197 57.6+14.7 0

Hardy et al. 2025 28 5 72/72 65+3.6 0/0

Bramness et al. 2021 10 N/A 607 529+13.5 0

Pawasarat et al. 2020 50 1 137/95 57+14 0/0

Sura et al. 2022 30 1 184 59.8+12.73 13

Webster et al. 2020 10 1 31 63+24 31

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Cannabinoid Type = THC:CBD ]
Fallon 2017 136 199.20 131.1000 158 207.70 135.4000 —R -0.06 [-0.29;0.17] 39.2%
Lichtman 2018 141 192.90 130.7000 150 186.10 131.0000 —I—'— 0.05 [-0.18;0.28] 39.0%
Hardy 2025 33 77.00 130.0000 50 80.00 130.0000 -0.02 [-0.46;0.42] 10.7%
Zylla 2021 9 53.00 44.0000 9 57.00 41.0000 : -0.09 [-1.01;0.83] 24%
Pitchard 2019 22 10.80 113.4800 61 28.84 90.0700 —_— -0.18 [-0.67;0.30] 8.7%
Random effects model 341 428 <> -0.03 [-0.17; 0.12] 100.0%
Heterogeneity: /2 = 0%, t° = 0, p = 0.9146 :
Random effects model 341 428 <> -0.03 [-0.17; 0.12] 100.0%
Heterogeneity: 12 = 0.0%, t° =0, p = 0.9146 I f [ [ |
Test for subgroup differences: X(Z) =0.00, df =0 (p = NA) -1 -0.5 0 0.5 1

Fig.2 Effect of cannabinoids versus placebo on daily total opioid observed under placebo-controlled conditions. Abbreviations: CI,

consumption. Forest plot showing the pooled mean difference in daily confidence interval; MD, mean difference; SE, standard error; THC,

total opioid dose between cannabinoid and placebo groups, stratified A9-tetrahydrocannabinol; CBD, cannabidiol

by cannabinoid type, with no significant overall opioid-sparing effect

Study Total N Mean Change SE Mean Difference MD 95% CI Weight
subgroup = THC:CBD

Fallon 2017 136 -8.5000 11.4306 —— -8.50 [-30.90; 13.90] 30.8%
Lichtman 2018 141 6.8000 11.0196 —Hil— 6.80 [-14.80; 28.40] 33.1%
Hardy 2025 33 -3.0000 22.6301 -3.00 [-47.35; 41.35] 7.9%
Zylla 2021 9 -4.0000 14.1931 ' -4.00 [-31.82; 23.82] 20.0%
Pitchard 2019 22 -18.0400 22.1248 % -18.04 [-61.40; 25.32] 8.2%
Random effects model -2.88 [-15.32; 9.55] 100.0%
Heterogeneity: 1% = 0%, p =0.8286

Random effects model - -2.88 [-15.32; 9.55] 100.0%
Heterogeneity: /° = 0.0%, p = 0.8286 o

Test for subgroup differences: Zg =0.00,df =0 (p = NA) 60 -40 -20 0 20 40 60

Reduction in Opioid Use <--- Change from Baseline ---> Increase in Opioid Use

Fig.3 Change in daily total opioid consumption from baseline. For- geneous and non-significant overall effects. Abbreviations: CI, con-
est plot summarizing within-group changes in daily total opioid use fidence interval; MD, mean difference; SE, standard error; THC,
from baseline following cannabinoid treatment, indicating hetero- A9-tetrahydrocannabinol; CBD, cannabidiol

@ Springer
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%=Cl Weight
Cannabinoid Type = THC:CBD |
Johnson 2010 (a) 48 258.40 789.4700 51 367.00 886.3800 ¥ -0.13 [-0.52;0.27] 10.1%
Portenoy 2012 (Low) 71 120.00 3.0000 66 120.00 3.0000 : 0.00 [-0.34;0.34] 10.1%
Portenoy 2012 (Med) 67 128.00 5.0000 66 120.00 5.0000 : 1.59 [1.20;1.98] 10.1%
Portenoy 2012 (High) 59 180.00 10.0000 66 120.00 10.0000 - 596 [5.13;6.79] 9.7%
Clarke 2022 23 60.00 45.0000 10 60.00 40.0000 . H 0.00 [-0.74;0.74] 9.8%
Fallon 2017 136 170.40 118.7000 158 182.40 124.3000 -B -0.10 [-0.33;0.13] 10.2%
Good 2020 18 140.00 200.0000 10 95.00 92.5000 . B 0.26 [-0.52;1.03] 9.8%
Lichtman 2018 141 167.50 118.8000 150 159.70 121.2000 : 0.06 [-0.17;0.29] 10.2%
Random effects model 563 577 0.94 [-0.49; 2.37] 79.9%
Heterogeneity: 1% = 97.1%, 12 = 4.1752, p < 0.0001
Cannabinoid Type = THC
Johnson 2010 (b) 45 188.20 234.4900 51 367.00 886.3800 : -0.27 [-0.67;0.14] 10.1%
Cannabinoid Type = CBD ’ :
Hardy 2022 43 45.00 147.5000 44 40.00 138.7000 : 0.03 [-0.39; 0.45] 10.1%

Random effects model 651
Heterogeneity: 1% = 96.4%, 1 = 3.3942, p < 0.0001
Test for subgroup differences: x% =3.06,df =2 (p =0.2162)

672

Fig.4 Effect of cannabinoids versus placebo on maintenance opioid
dose. Forest plot presenting standardized mean differences in mainte-
nance opioid dose between cannabinoid and placebo groups, demon-

Study Total N Mean Change SE
subgroup = THC:CBD

Johnson 2010 (a) 48 -108.6000 47.1316
Portenoy 2012 (Low) 71 0.0000 14.2414
Portenoy 2012 (Med) 67 8.0000 15.1726
Portenoy 2012 (High) 59 60.0000 20.6668
Clarke 2022 23 0.0000 12.5109
Fallon 2017 136 -12.0000 15.1524
Good 2020 18 45.0000 29.1786
Lichtman 2018 141 7.8000 13.7893
Random effects model

Heterogeneity: 12 = 57.3%, p =0.0219

subgroup = THC

Johnson 2010 (b) 45 -178.8000 47.3847
subgroup = CBD

Hardy 2022 43 5.0000 6.5147

Random effects model
Heterogeneity: P=1 .3%, p =0.0003
Test for subgroup differences: zg =15.01, df = 2 (p = 0.0005)

0.72 [=0.43; 1.88] 100.0%

[ I I I I I 1
-6 -4 -2

strating no meaningful between-group differences. Abbreviations: CI,
confidence interval; SMD, standardized mean difference; SD, stand-
ard deviation; THC, A9-tetrahydrocannabinol; CBD, cannabidiol

Mean Difference MD 95% CI Weight
—— -108.60 [-200.98; -16.22] 5.6%
0.00 [-27.91; 27.91] 11.5%
8.00 [-21.74; 37.74] 11.3%
- 60.00 [ 19.49; 100.51] 10.3%
0.00 [-24.52; 24.52] 11.8%
-12.00 [-41.70; 17.70] 11.3%
45.00 [-12.19; 102.19] 8.6%
7.80 [-19.23; 34.83] 11.6%
6.78 [ -9.29; 22.84] 81.9%
—— -178.80 [-271.67; -85.93] 5.6%
5.00 | -2.7T7; 17.77] 12.5%
-4.94 [-34.09; 24.20] 100.0%
-200 -100 0 100 200

Reduction in Opioid Use <--- Change from Baseline ---> Increase in Opioid Use

Fig.5 Change in maintenance opioid dose from baseline. For-
est plot showing changes in maintenance opioid requirements from
baseline after cannabinoid administration, with pooled estimates

optimal pain control, including analyses across total daily
opioid dose, maintenance opioid dose, and breakthrough
opioid use. Overall, cannabinoids were associated with lim-
ited benefits in cancer population, without consistent evi-
dence of reduced opioid requirements. Across outcomes,
effects on total, maintenance, and breakthrough opioid
use were largely neutral, and findings were characterized
by substantial variability and inconsistency, indicating that

showing no significant opioid reduction. Abbreviations: CI, con-
fidence interval; MD, mean difference; SE, standard error; THC,
A9-tetrahydrocannabinol; CBD, cannabidiol

cannabinoids do not provide a reliable opioid-sparing advan-
tage in cancer pain management.

Overall opioid consumption and the need for break-
through analgesia remained largely unchanged, indicating
that cannabinoids do not substantially modify background
opioid exposure or episodic pain requiring rescue medi-
cation. Although modest reductions in opioid use were
observed in selected settings, most notably for maintenance

@ Springer
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight

Cannabinoid Type = THC:CBD

Johnson 2010 (a) 48 091 0.8000 51 1.10 0.8000 -0.24 [-0.63;0.16] 12.6%

Fallon 2017 136 28.80 40.2000 158 25.30 38.1000 — 0.09 [-0.14;0.32] 37.6%

Lichtman 2018 141 2540 38.3000 150 26.40 20.4000 — . -0.03 [-0.26;0.20] 37.4%

Random effects model 325 359 <> -0.01 [-0.16; 0.14] 87.7%

Heterogeneity: 1° = 0.4%, 1> = < 0.0001, p = 0.3664

Cannabinoid Type = THC

Johnson 2010 (b) 45 1.10 0.8000 51 1.10 0.8000 0.00 [-0.40;0.40] 12.3%

Random effects model 370 410 -0.01 [-0.15; 0.13] 100.0%

Heterogeneity: 12=0.0%, ©° =0, p =0.5703
Test for subgroup differences: X% =0.00,df =1 (p = 0.9647)

Fig. 6 Effect of cannabinoids versus placebo on breakthrough opioid
use. Forest plot illustrates the effect of cannabinoids on breakthrough
opioid consumption compared with placebo, indicating no signifi-

Study Total N Mean Change SE
subgroup = THC:CBD

Johnson 2010 (a) 48 -0.1900 0.1155
Fallon 2017 136 3.5000 3.3607
Lichtman 2018 141 -1.0000 2.7953
Random effects model

Heterogeneity: 2= 0%, p = 0.5250

subgroup = THC

Johnson 2010 (b) 45 0.0000 0.1193

Random effects model
Heterogeneity: ?=0.0%, p =0.4645
Test for subgroup differences: 13 =1.27,df =1 (p = 0.2595)
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cant opioid-sparing benefit. Abbreviations: CI, confidence interval;
SMD, standardized mean difference; SD, standard deviation; THC,
A9-tetrahydrocannabinol; CBD, cannabidiol
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Fig.7 Change in breakthrough opioid use from baseline. For-
est plot showing within-group changes in breakthrough opioid use
following cannabinoid treatment, with pooled results demonstrat-
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treat Unique ID Study ID Outcome Weight D1
1 Johnson et al, 2010 Opioid intake 1. !
2 Hardy et al, 2022 Opioid intake 1 ‘
3 Lichtman et al, 2018 Opioid intake . ‘
4 Fallon et al, 2017 Opioid intake 1 .
5 Portenoy et al, 2012 Opioid intake i !
6 Zylla et al, 2021 Opioid intake 1 ‘
4 Hardy et al, 2025 Opioid intake 1 .

Fig.8 Risk of bias assessment of randomized controlled trials (RoB
2). Summary of the risk of bias across five RoB 2 domains for ran-
domized controlled trials evaluating cannabinoid effects on opioid
intake, with most studies rated as low risk or with some concerns.
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ing no statistically significant reduction. Abbreviations: CI, con-
fidence interval; MD, mean difference; SE, standard error; THC,
A9-tetrahydrocannabinol; CBD, cannabidiol
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Abbreviations: RoB 2, Risk of Bias 2 tool; D1, randomization pro-
cess; D2, deviations from intended interventions; D3, missing out-
come data; D4, measurement of the outcome; D5, selection of the
reported result
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Fig.9 Risk of bias assessment of nonrandomized studies (ROBINS-
I). Risk of bias across ROBINS-I domains for nonrandomized studies
assessing cannabinoid-opioid interactions, highlighting variability in
confounding and selection bias. Abbreviations: ROBINS-I, Risk Of

dosing and primarily with THC-based interventions, these
effects were variable, formulation dependent, and not con-
sistently reproduced across studies. Taken together, the
findings suggest that any apparent opioid-sparing effects
of cannabinoids are limited, heterogeneous, and context
dependent, and do not support a robust or generalizable
reduction in opioid use in cancer pain management.

However, opioid-sparing effect remains mechanistically
plausible because endocannabinoid signaling intersects
with central nociceptive modulation and may influence
affective pain processing, sleep disruption, anxiety, and
symptom appraisal [35]. However, cancer pain in opioid-
treated populations is not a static phenotype: pain intensity
and opioid requirements fluctuate with tumor progression,
inflammatory burden, anticancer therapy, infections, and
functional decline [36]. In advanced cancer, clinical priori-
ties commonly emphasize comfort and stability over opioid
minimization, and opioid titration is constrained by clinical
urgency, adverse effects, and care setting [21]. Consequently,
even if cannabinoids provide modest symptom benefit, such
improvements may not translate into intentional opioid
tapering, particularly within the short follow-up windows
typical of cannabinoid RCTs. This clinical context plausibly
contributes to the consistently null placebo-controlled effects
for total dose and breakthrough opioid use, which integrate
multiple downstream processes (opioid titration decisions,
rescue policies, intercurrent therapies, and disease trajec-
tory) that can dilute small treatment signals.

Importantly, several RCTs constrained the opioid dos-
ing of the enrolled patients by protocol [19, 20, 25, 34].
Background opioid doses were commonly required to remain
stable throughout follow-up, and breakthrough opioid use
was restricted by predefined limits, with excessive rescue
use sometimes leading to patient exclusion. Under these
conditions, potential cannabinoid-related benefits may have
been attenuated or masked in opioid-consumption outcomes,
since reductions in opioid requirements could not always be
captured by trial design. In consequence, the neutral opioid-
consumption findings may reflect, at least in part, restricted

Bias In Nonrandomized Studies of Interventions; D1, confounding;
D2, selection of participants; D3, classification of interventions; D4,
deviations from intended interventions; D5, missing data; D6, meas-
urement of outcomes; D7, selection of the reported result

opportunity for opioid dose modification rather than the
complete absence of cannabinoid-related clinical benefit.

The divergence between placebo-controlled compari-
sons and change-from-baseline analyses is methodologi-
cally expected and clinically informative. Baseline-change
designs are intrinsically susceptible to regression to the
mean, especially when patients enroll during high-symptom
periods; subsequent improvement may occur independently
of the intervention [37]. Expectancy effects may further con-
tribute, as cannabinoids are associated with strong patient
beliefs regarding analgesia and opioid substitution, poten-
tially influencing self-management behaviors and symptom
reporting; however, such effects are attenuated in blinded
placebo-controlled trials [38]. In addition, opioid titration
rules vary across studies, and permissive titration can gener-
ate large within-person opioid changes that are not attribut-
able to treatment, inflating heterogeneity in baseline analyses
and potentially contributing to the apparent THC-predom-
inant signal in maintenance dosing. Finally, dose-limiting
adverse effects may cap cannabinoid exposure, preventing
consistent pharmacologic effects across trials and yielding
small, inconsistent signals that do not persist under placebo
control.

Cannabinoids are often associated with benefits for
symptom palliation beyond analgesia. A recent systematic
review and meta-analysis conducted by our group synthe-
sized a broad evidence base and reported that cannabinoids
were associated with improvements in pain and anxiety
compared with baseline values [8]. Importantly, this review
also emphasized safety trade-offs, particularly with THC-
predominant formulations, reporting increased risks of psy-
chiatric and neurological adverse effects [8]. These harms
are clinically silent in opioid-treated cancer patients, who
frequently have baseline vulnerability to sedation, cognitive
impairment, delirium, falls, and polypharmacy interactions
[39]. Moreover, tolerability constraints may limit cannabi-
noid dose escalation and thereby constrain any potential
analgesic or opioid-sparing effects in practice. These opioid-
focused findings help contextualize symptom-level results,
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indicating that while cannabinoids may be associated with
within-patient improvements in pain or anxiety in uncon-
trolled analyses, such improvements do not consistently
translate into reductions in opioid use under blinded condi-
tions and may be limited by tolerability and adverse effects.

Clinically, opioid-sparing should not be pursued as an
isolated objective in cancer pain management. In advanced
cancer and end-of-life care, adequate symptom relief and
quality of life remain the primary goals, and appropriately
prescribed opioids continue to have a central role [40, 41].
Therefore, adjunctive cannabinoids should not be introduced
solely to reduce opioid dose, particularly given their own
adverse-effect profile, as previously mentioned. Any opioid-
sparing strategy should be considered clinically meaningful
only if it reduces opioid exposure without worsening pain
control, function, quality of life, or safety.

Our study’s findings are broadly aligned with prior sys-
tematic reviews and meta-analyses evaluating cannabinoids
in cancer-related pain, particularly in underscoring that
effects observed in uncontrolled or baseline-based analyses
are often attenuated in placebo-controlled settings. Reviews
focused specifically on cancer pain and have generally
reported limited or uncertain analgesic benefit when can-
nabinoids are added to opioid therapy in rigorously con-
trolled trials, suggesting that meaningful downstream reduc-
tions in opioid use are unlikely. In this context, the Cochrane
review of cannabis-based medicines for adults with cancer
pain emphasized both the low certainty of efficacy and the
relevance of adverse effects, a pattern that is consistent with
the absence of robust opioid-sparing effects observed across
total, maintenance, and breakthrough opioid outcomes in
controlled analyses [9].

Similar discrepancies between uncontrolled and rand-
omized evidence have been described in broader chronic
pain populations receiving prescribed opioids, where obser-
vational studies more frequently report reductions in opioid
use, while randomized trials yield smaller, inconsistent,
or null effects and are limited by substantial confounding.
The article conducted by Noori et al.reflects a comparable
structure within opioid-treated cancer pain, in which mod-
est baseline changes, most apparent for maintenance dos-
ing and largely confined to THC-based interventions, are
not consistently reproduced in controlled comparisons [10].
The same trend was emphasized by Nielsen et al.where the
analysis found no consistent evidence of opioid reduction in
randomized controlled trials, despite more favorable signals
in uncontrolled or observational data [42]

A key strength of this review is its focused assessment of
opioid-sparing in opioid-treated cancer patients, distinguish-
ing it from broader reviews of cannabinoids for cancer pain
or chronic pain. We separately analyzed total opioid con-
sumption, maintenance/background opioid dose, and break-
through/rescue opioid use, rather than treating opioid use as

@ Springer

a single outcome. We also distinguished placebo-controlled
effects from within-group baseline changes, improving
causal interpretation while contextualizing opioid trajecto-
ries over time. Also, subgrouping by cannabinoid formula-
tion increased clinical interpretability given expected differ-
ences in efficacy and tolerability across THC-predominant,
balanced THC:CBD, and CBD-predominant products.

The main limitations of this review reflect the nature of
the available evidence, which is both heterogeneous and only
partly aligned with the clinical question of opioid-sparing.
From a clinical perspective, opioid-sparing requires more
than a numerical reduction in opioid dose; it implies a sus-
tained decrease in opioid exposure without deterioration in
pain control, function, quality of life, or safety [43]. Most
available studies were not designed around this composite
clinical objective; instead, opioid consumption was often
captured as a secondary or exploratory measure within trials
primarily evaluating analgesic efficacy, symptom control, or
tolerability.

This creates several interpretive challenges. First, opi-
oid outcomes are highly dependent on protocol conditions,
including baseline opioid optimization, allowing dose
adjustments, rescue medication rules, tapering procedures,
and follow-up duration. If opioid dosing is kept stable or
rescue use is capped, a potential symptomatic benefit may
not translate into measurable opioid reduction. Conversely,
in uncontrolled studies, reductions in opioid use may reflect
disease trajectory, regression to the mean, patient preference,
clinician behavior, or expectancy effects rather than a true
pharmacologic opioid-sparing effect. Second, the included
populations vary widely in cancer type, disease stage, prog-
nosis, baseline opioid exposure, and palliative care context,
all of which influence whether opioid reduction is clinically
appropriate or feasible. Third, cannabinoid interventions dif-
fer substantially in formulation, THC:CBD ratio, dose, route
of administration, titration schedule, and tolerability profile,
limiting the ability to identify whether any opioid-sparing
signal is formulation-specific or patient-specific.

Patient-level variability represents another important
source of uncertainty in opioid-specific outcomes. Opioid
requirements in cancer pain are influenced not only by pain
intensity, but also by duration of prior opioid therapy, opi-
oid tolerance, cancer diagnosis and stage, pain mechanism,
performance status, renal and hepatic function, concomitant
analgesics or sedating medications, and exposure to anti-
cancer treatments [44]. In addition, inter-individual differ-
ences in opioid pharmacokinetics and pharmacodynamics,
including genetic variability affecting opioid metabolism
and receptor sensitivity, may contribute to substantial vari-
ation in the dose required to achieve adequate analgesia
[45]. These factors may obscure cannabinoid-related effects
if they are not measured, balanced, or adjusted for in trial
analyses.
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These gaps have direct implications for clinical practice:
the available evidence does not allow clinicians to reliably
identify which patients, if any, are likely to reduce opioid
requirements with cannabinoids, nor under what dosing
strategy this could be achieved safely. Future research should
therefore move from simply recording opioid consumption
toward prospectively testing opioid-sparing strategies. Trials
should define opioid reduction as a primary or key second-
ary endpoint, use standardized morphine-equivalent report-
ing, distinguish maintenance from breakthrough opioid
use, incorporate prespecified tapering or opioid-adjustment
algorithms, and evaluate whether opioid reductions occur
without worsening pain, function, sleep, psychological dis-
tress, or adverse-event burden. RCTs and high-quality obser-
vational studies may also be useful, provided they carefully
control baseline opioid dose, disease progression, anticancer
treatment, performance status, and palliative care involve-
ment. Such designs would better determine whether can-
nabinoids have a clinically meaningful opioid-sparing role,
rather than merely showing whether opioid use changes over
time. Until such evidence is available, cannabinoids should
be viewed as potential adjunctive symptom-directed thera-
pies rather than established opioid-sparing interventions in
cancer pain management.

Conclusion

In this systematic review and meta-analysis, cannabinoids
were not associated with consistent or clinically meaningful
reductions in opioid use among cancer patients receiving
opioid analgesics. While modest and context-specific signals
of benefit were observed in selected settings, particularly for
maintenance dosing, these effects were heterogeneous and
not reliably reproduced in controlled analyses. Overall, the
findings do not support cannabinoids as a dependable opi-
oid-sparing strategy in cancer pain management, although
a limited adjunctive role for symptom control in carefully
selected patients cannot be excluded.

Supplementary Information The online version contains supplemen-
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