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Genetic factors represent crucial contributors to vari-
ability in drug. In particular, single nucleotide polymor-
phisms (SNPs) may predict drug, efficacy and safety in 
many clinical settings (Reviewed in Owusu Obeng et al. 
2021).

Both THC and CBD act on cannabinoid receptors 
(CBR) 1 and 2, which are encoded by the cannabinoid 
receptor genes (CNR) 1 and 2 (Martini et al. 2023). SNPs 
in CNR1, such as rs1049353 and rs2023239 and in CNR2 
(rs2501431), influence various receptor functions, includ-
ing depression (Mitjans et al. 2012), happiness perception 
(Matsunaga et al. 2014) and childhood obesity (Col Araz 
et al. 2012). THC and CBD are substrates for P-glycopro-
tein (P-gp), an efflux pump encoded by the ATP Binding 
Cassette Subfamily B Member 1 (ABCB1) gene (Mar-
tini et al. 2023). SNPs in the ABCB1, such as rs1128503 
and rs1045642, have been associated with interindivid-
ual variability in drug response (Brambila-Tapia 2013), 
including response to cannabinoids (Babayeva et al., 
2023). These polymorphisms have also been proposed as 
potential predictors of individual responses to analgesics, 
including opioids (Fernandez et al., 2012) and cannabis-
based treatments (Poli et al. 2022).

Additionally, THC and CBD are metabolized by the 
CYP450 enzyme family, by CYP2C9, CYP2C19, and 
CYP3A4 (Martrini at al., 2023; Babayeva et al., 2023), 

Introduction
Multiple Sclerosis (MS) is a chronic inflammatory, demy-
elinating, and neurodegenerative disease affecting the 
central nervous system (Filippi et al. 2018). MS patients 
experience a wide range of symptoms, with spasticity 
affecting at least two-thirds of individuals (Kister et al. 
2013). Nabiximols, NBX oromucosal spray (Sativex®), 
drug containing Tetrahydrocannabinol (THC) and can-
nabidiol (CBD), is approved for adult patients with mod-
erate-to-severe MS-associated spasticity (Kleiner et al. 
2023; Chan et al., 2022; eMC 2022).

Despite NBX efficacy, only 60–70% of MS patients 
respond to treatment with this drug (Almog et al. 2020), 
and up to now there are no reliable predictors its efficacy 
that could be useful in clinical practice.
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and it has been shown that SNPs, such as rs1799853 
(CYP2C9) and rs4244285 (CYP2C19), dramatically 
reduce metabolic activity of these enzymes (Zanger et al. 
2008).

In the present study, we investigated the relationship 
between all abovementioned SNPs and response to drug 
treatment in a cohort of MS patients in which MS-related 
spasticity was treated with NBX.

Methods
Patients
This exploratory genetic study retrospectively enrolled 
all patients diagnosed with MS based on the McDon-
ald criteria 2017 and treated with NBX for MS-related 
spasticity at the “Centro Sclerosi Multipla, Ambulatorio 
Malattie Demielinizzanti - Ospedale di Circolo e Fon-
dazione Macchi, Varese, Italy” from May 2014 to June 
2024. Exclusion criteria were: (i) use of other spasticity-
related pain medications, such as anticonvulsants/antiep-
ileptic, antidepressants, or opioids, (ii) previous exposure 
to NBX or other cannabinoids; (iii) presence of kidney 
or liver diseases; (iv) concurrent treatments with drugs 
known to affect NBX metabolism or transport; (v) other 
conditions/disease causing chronic pain (e.g., cancer, tri-
geminal neuralgia, fibromyalgia, diabetes, arthritis).

Response to NBX was evaluated using the Patient-rated 
spasticity 0–10 Numeric Rating Scale (NRS) as well as 
through clinical evaluation (Dworkin et al. 2005; Ferré et 
al., 2016). According to the current accepted definition, 
a reduction of ≥ 20% from baseline on the NRS after 4 
weeks of treatment represents a minimal clinically dif-
ference, while a reduction of ≥ 30% indicates a clinically 
important difference (Dworkin et al. 2005; Ferré et al., 
2016).

On this basis, we decided to consider patients who 
achieved at least a 30% reduction in NRS at week 4 com-
pared to baseline and continued with NBX treatment as 
responders.

Patients who did not achieve a 30% reduction in NRS 
scores within the fourth week of treatment and were 
switched to alternative spasticity therapy were consid-
ered as non-responders.

SNPs selection criteria and genotyping
The SNPs were selected based on their frequency in the 
Caucasian population, which must be greater than 10%, 
and the availability of information regarding their biolog-
ical and clinical effects.

Drawing from our previous experience (Ferrari et al. 
2016, 2024; Comi et al. 2017), the choice of SNPs with 
high frequencies increases the probability of identifying 
potential differences in their frequency in relation to rel-
evant phenotypic aspects, even within a relatively small 
patient cohort. Furthermore, selecting SNPs with well-
established biological effects enhances the likelihood of 
their contribution to determining patients’ phenotype. 
A detailed description of SNPs included in the study are 
reported in Table 1.

DNA was extracted using FTA Elute Cards (GE Health-
care Bio-Sciences AB, SE-751 84 Uppsala, Sweden) 
according to the manufacturer’s instructions (​h​t​t​p​​s​:​/​​/​i​t​.​​v​
w​​r​.​c​​o​m​/​​s​t​o​r​​e​/​​p​r​o​​d​u​c​​t​/​7​9​​9​7​​5​5​2​​/​f​t​​a​-​e​l​​u​t​​e​-​c​a​r​d​s​-​w​h​a​t​m​a​n​
t​m).

Selected SNPs were genotyped using a Real-Time PCR 
system (StepOne®, Thermo Fisher Scientific, Waltham, 
MA, USA) with a pre-designed TaqMan® genotyping 
assay (Thermo Fisher Scientific, Waltham, MA, USA).

Statistical analysis
Data are shown as the mean ± standard deviation (SD), 
unless otherwise stated. The statistical significance of 
the differences between groups was assessed by the 
Mann–Whitney U-test or by One-way analysis of vari-
ance followed by Bonferroni’s Multiple Comparison Test 
as appropriate. The evaluation of Hardy-Weinberg equi-
librium was assessed using the χ2-test (P < 0.05). Differ-
ences in allele frequencies between groups were analyzed 
by the χ2-test for trend or the Fisher’s exact test (reces-
sive model). The odds ratio (OR) with a 95% confidence 
interval (CI) was calculated using a recessive model (wild 
type/heterozygous vs. homozygous for SNP).

Statistical analyses were performed using GraphPad 
Prism version 5.00 for Windows (GraphPad Software, 
San Diego, California, USA, www.graphpad.com).

Table 1  SNPs included in the study
Gene Variant N.C. A.F. (%) Biological effect
CNR1 rs1049353 1359G > A 27 Associated to addiction (Hryhorowicz, 2018) and happiness (Matsunaga, 2014).

rs2023239 -3163 A > G 17 Major risk of adverse effects (Ishiguro, 2007).
CNR2 rs2501431 24201643G > A 58 Major risk of depression (Mitjans, 2012).
ABCB1 rs1128503 1236 C > T 43 Lower expression (Wang and Sadée 2006).

rs1045642 3435 A > T 52 Lower expression (Wang and Sadée 2006; Hoffmeyer, 2000).
CYP2C9 rs1799853 9133 C > T 12 Reduced activity (Zanger et al. 2008)
CYP2C19 rs4244285 681G > A 15 No activity (Zanger et al. 2008).
Abbreviations: N.C., nucleotide change; A.F., allelic frequency in Caucasian population; ABCB1, ATP Binding Cassette subfamily B member 1; CYP, CYtochrome P450; 
CNR1, CaNnabinoid Receptor 1 gene; CNR2, CaNnabinoid Receptor 2 gene

https://it.vwr.com/store/product/7997552/fta-elute-cards-whatmantm
https://it.vwr.com/store/product/7997552/fta-elute-cards-whatmantm
https://it.vwr.com/store/product/7997552/fta-elute-cards-whatmantm
http://www.graphpad.com
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Results
Patients
From clinical records, we identified 47 patients treated 
with NBX for MS-related spasticity from May 2014 to 
June 2024. Of these, one patient was excluded due to 
concomitant opioid treatment for cancer-associated 
pain, and another was excluded for using carbamaze-
pine to manage trigeminal neuralgia-related pain. Table 2 
shows demographic and clinical characteristics of the 45 
patients finally enrolled.

Among the enrolled patients, 29 achieved an NRS score 
reduction of 30% or greater after 4 weeks of NBX treat-
ment and were included in the responder group. For 16 
patients, the NRS score reduction did not reach 30%. 
These patients switched to alternative pain treatments 
and were included in the non-responder group.

We did not find any difference between groups in terms 
of gender, age, MS type, disease duration, MS therapy, 
Multiple Sclerosis Severity Score (MSSS), Expanded Dis-
ability Status Scale (EDSS), or NBX dosage (Table 2).

Correlation between patient genotype and response to 
NBX
All SNPs were in Hardy–Weinberg equilibrium (data 
not shown). Among the 29 patients who responded to 
NBX therapy, 18 (62%) were carriers of the C allele in 
the rs1128503 SNP in ABCB1, and 15 (52%) were car-
riers of the A allele in the rs1045642 SNP in ABCB1, 

while 11 (38%) and 14 (48%), respectively, were homo-
zygous for the T allele. None of the 16 patients who did 
not respond to NBX therapy were homozygous of the 
T allele (Table  3). Using a χ2 test for trend, we found 
that the frequency of the T allele in both rs1128503 
(1236  C > T) and rs1045642 (3435  A > T) in ABCB1 was 
significantly higher in responders compared to non-
responders (P < 0.0010 and P < 0.0012 respectively). This 
result was confirmed by the Fisher exact test. The odds 
ratio (O.R.) for response to NBX was 20.5 (95% C.I.: 1.1–
376.1; = 0.0039) for rs1128503, and 30.9 (95% C.I.: 1.7–
563.2; P = 0.0006) for rs1045642. SNPs in CNR1, CNR2, 
CYP2C9, and CYP2C19 were not significantly associated 
with the response to NBX (Table 3).

Subjects with the T/T and C/T genotypes for the 
rs1128503 SNP in ABCB1 exhibited a significantly 
greater percentage reduction in NRS scores following 
NBX treatment compared to those with the ancestral 
C/C genotype (P < 0.05 and P < 0.001 respectively). Simi-
larly, patients with the T/T genotype for the rs1045642 
SNP showed a significantly greater percentage reduction 
in NRS scores compared to both the C/C and C/T geno-
types (P < 0.0001) (Fig. 1). SNPs in the CNR and CYP did 
not show any notable association with NRS scores (data 
did not show).

Table 2  Clinical and demographic characteristics of MS patients. * = P < 0.001 vs. non-responders
All Responders Non-responders

Number of subjects 45 29 16
Gender (male/female) 18/27 14/15 4/12
Age (years, mean ± SD) 53.0 ± 11.1 53.1 ± 12.2 52.9 ± 9.2
Disease duration (years, mean ± SD) 17.3 ± 10.1 16.3 ± 10.6 19.0 ± 9.2
EDSS (mean ± SD) 5.6 ±  1.8 5.4 ± 1.8 5.9 ± 1.6
MSSS (mean ± SD) 6.2 ± 2.1 6.1 ± 2.2 6.2 ± 2.0
MS type
  Relapsing Remitting 25 19 6
  Primary Progressive 11 6 5
  Secondary Progressive 9 4 5
MS therapy
  Ocrelizumab 13 7 6
  Natalizumab 4 3 1
  Teriflunomide 4 3 1
  Dimethyl fumarate 2 2 0
  Fingolimod 6 3 3
  No therapy 15 10 5
NBX dosage (puffs/ day, mean ± SD)* 5.6 ± 2.5 5.8 ± 1.8 5.4 ± 3.0
NRS score
  before NBX (mean ± SD) 7.1 ± 1.2 7.1 ± 1.4 7.1 ± 1.2
  after NBX (mean ± SD) 4.1 ± 2.1 2.6 ± 1.8* 5.9 ± 0.8
  % reduction (mean ± SD) 47.0 ± 28.5 64.7 ± 21.1* 14.7 ± 2.0
Abbreviations: EDSS, Expanded Disability Status Scale; MSSS, Multiple Sclerosis severity scale; MS, multiple sclerosis; THC, Δ9-tetrahydrocannabinol; CBD, 
cannabidiol; NRS, numerical rating scale. *, 1 puff NBX = 100 µl spray including 2.7 mg THC and 2.5 mg CBD
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Discussion
The main finding of this study is that the T allele in 
the ABCB1 rs1128503 (1236  C > T) and rs1045642 
(3435 A > T) is predictive of response to NBX treatment 
in MS-related spasticity. Specifically, the T allele, previ-
ously associated with reduced P-gp efflux activity (Wang 
and Sadée 2006), was more frequent among treatment 

responders. Moreover, patients carrying the T allele in 
either SNPs showed significantly greater percentage 
reductions in NRS scores following NBX treatment com-
pared to those with ancestral or heterozygous genotypes.

Several studies have demonstrated the efficacy of can-
nabinoids, including NBX, in management of clinical 
conditions including cancer pain, epilepsy and some 

Table 3  Correlations between patient’s genotype and NBX response. * = χ2-test for trend; # = Fisher exact test
Gene SNP Genotype Responder

n. (%)
Non-responder
n. (%)

P* P# Odds ratio
(95% C.I.)

CNR1 rs1049353 G/G
G/A
A/A

21 (72.4)
7 (24.1)
1 (3.5)

8 (50.0)
7 (43.7)
1 (6.3)

0.1580 1.000 1.9
(0.1–32.0)

rs2023239 A/A
A/G
G/G

24 (82.8)
5 (17.2)
0 (0.0)

9 (56.2)
5 (31.3)
2 (12.5)

0.0629 0.1212 10.2
(0.5-226.1)

CNR2 rs2501431 G/G
G/A
A/A

3 (10.3)
18 (62.1)
8 (27.6)

2 (12.5)
9 (56.2)
5 (31.3)

0.9364 1.000 1.2
(0.3–4.5)

ABCB1 rs1128503 C/C
C/T
T/T

1 (3.4)
17 (58.6)
11 (38.0)

4 (25)
12 (75.0)
0 (0.0)

0.0010 0.0039 20.5
(1.1-376.1)

rs1045642 A/A
A/T
T/T

3 (10.3)
12 (41.4)
14 (48.3)

5 (31.3)
11 (68.7)
0 (0.0)

0.0012 0.0006 30.9
(1.7-563.2)

CYP2C9 rs1799853 C/C
C/T
T/T

24 (82.8)
4 (13.7)
1 (3.5)

11 (68.7)
5 (31.3)
0 (0.0)

0.4787 1.000 0.6
(0.02-15.0)

CYP2C19 rs4244285 G/G
G/A
A/A

19 (65.5)
8 (27.6)
2 (6.9)

10 (62.5)
6 (37.5)
0 (0.0)

0.4858 0.5313 1.140 (0.01–7.4)

Abbreviations: CNR1, CaNnabinoid Receptor 1 gene; CNR2, CaNnabinoid Receptor 2 gene; ABCB1, ATP Binding Cassette subfamily B member 1 gene; CYP, CYtochrome 
P450

Fig. 1  Relationship between SNPs ABCB1 and % of reduction in NRS score. § = P < 0.05 C/T vs. C/C; §§ = P < 0.01 T/T vs. C/C; *** = P < 0.0001 T/T vs. A/A; 
### = P < 0.0001 T/T vs. A/T
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inflammatory disease. However, it is well established that, 
despite their therapeutic benefits, individual response to 
cannabinoids as well as side effect drug induced is influ-
enced by patient’s genetic background (reviewed in Jose 
et al. 2020). To date, only a limited number of studies 
have evaluated the role of SNPs in ABCB1 in response 
to cannabinoid treatments. Among these, Poli and col-
leagues (2022) demonstrated that haplotypes contain-
ing the rs1045642 SNP may influence the effectiveness 
of cannabis in managing chronic pain, as well as its 
associated side effects (Poli et al. 2022). Beyond ABCB1 
SNPs, other SNPs have also been linked to cannabinoid 
response. For Example, the CYP2C9*2 and CYP2C9*3 
SNPs were associated with higher plasma levels of CBD 
(Batinic et al. 2023) and THC-induced side effects (Wolo-
wich et al. 2019). Moreover, in epilepsy patients, SNPs in 
ABC family, were found to enhance CBD response (Davis 
et al., 2021). Finally, SNPs in the CNR1 have been shown 
to affect THC’s impact in patients with irritable bowel 
syndrome (Wong et al. 2012).

In light of these findings, several factors, including 
SNPs in ABCB1, CYP2C9, and CNR1, have been pro-
posed as potential determinants of cannabinoid-related 
dependence and side effects (Kitdumrongthum and Tra-
chootham 2023). However, reliable indicators to predict 
the efficacy of NBX in clinical practice have to be identi-
fied yet.

In this study, we found, for the first time, that patients 
carrying the T allele in both rs1128503 and rs1045642 
SNPs exhibited a better response to NBX. Our working 
hypothesis is that higher frequencies of SNPs known to 
reduce P-gp activity may increase NBX bioavailability 
and facilitate its passage across the blood-brain barrier. 
This could result in higher drug concentrations at its site 
of action, thereby improving NBX efficacy. Although our 
findings are hypothesis-generating, they hold promise 
for advancing precision medicine by helping to iden-
tify patients most likely to benefit from NBX treatment, 
potentially improving its efficacy by enhancing its pres-
ence at the site of action. However, further validation in 
larger patient cohorts is necessary before this method 
can be considered a reliable tool for predicting patient 
response to NBX therapy in clinical settings.

In this study, no correlation was found between NBX 
response and SNPs in either CNR1 or CNR2. One pos-
sible explanation is that, while SNPs in ABCB1 may 
enhance THC/CBD penetration across the blood-brain 
barrier, hereby amplifying the therapeutic effect, SNPs 
in CNR1 and CNR2 may not produce functional changes 
sufficient to influence NBX efficacy at standard doses. It 
is also important to consider that, although CB1 and CB2 
are the primary cannabinoid receptors, cannabinoids can 
modulate additional pathways, including TRP channels, 
5-HT₁A receptors, and PPARγ (Furgiuele et al. 2021). 

Therefore, it cannot be excluded that the effects of SNPs 
in CNR are offset by these alternative targets, potentially 
neutralizing the impact of individual receptor variants 
(De Petrocellis and Di Marzo 2010).

Similarly, no association was observed between SNPs 
in CYP2C9 and CYP2C19 and NBX response. However, 
only the most common variants were analyzed, and it 
remains possible that these SNPs may affect THC/CBD 
metabolism primarily in cases of high-penetrance het-
erozygosity or homozygosity. Additionally, rare variants, 
specific haplotypes, or SNPs in other enzymes with a 
lesser role in THC/CBD metabolism, not included in this 
study, could also influence cannabinoid metabolism and, 
consequently, NBX efficacy.

We acknowledge that our study has some limitations, 
primarily the retrospective design and the small sam-
ple size. However, it must be considered that this is an 
exploratory study with strict inclusion criteria (i.e. Anal-
gesic monotherapy with NBX, exclusion of concomitant 
treatments with drugs influencing NBX metabolism/
transport, and/or diseases causing chronic pain). The 
strict inclusion criteria reduce possible confounders 
and, in turn, increase the likelihood of evaluating the 
role of genetics in response to NBX treatment. More-
over, although the exploratory nature of our study did not 
require a formal sample size calculation (Kimmelman et 
al. 2014), we performed a preliminary assessment of the 
sample size based on our study design parameters, the 
genotype distribution, and the NBX efficacy reported in 
the literature, using the Kane SP Sample Size Calculator 
(ClinCalc; ​h​t​t​p​​s​:​/​​/​c​l​i​​n​c​​a​l​c​​.​c​o​​m​/​s​t​​a​t​​s​/​s​a​m​p​l​e​s​i​z​e​.​a​s​p​x). 
Assuming a minimum allele frequency of 10% for the rar-
est SNP, a 30% non-responder rate (Almog et al. 2020), 
and a risk ratio of 2.5 (moderate association), a sample 
of 45 participants would provide 80% power to detect a 
gene–treatment interaction at an alpha level of 5% (see 
also Chi-hong Tseng & Yongzhao Shao, 2010).

In conclusion, in this exploratory study, we have shown, 
for the first time, a relationship between a patient’s 
genetic profile and response to NBX treatment. If con-
firmed in a prospective study involving a larger cohort of 
patients, our results could pave the way for the identifi-
cation of new, useful tools for predicting the response to 
NBX treatment in MS patients suffering from spasticity, 
ultimately allowing for personalized therapy in patients 
with indications for this drug.

Acknowledgements
The authors are grateful to Dr. Margherita Italia, Neurology and Stroke Unit, 
ASST Sette Laghi Hospital, Varese, Italy for her helpful collaboration in the 
collection and evaluation of clinical data. Alessandra Gemma developed a 
research program focused on innovative approaches to evaluating the role 
of polymorphisms in the ABCB1 gene in clinical responses to nabiximols in 
patients with multiple sclerosis-related spasticity as part of her work for the 
PhD Course in Clinical and Experimental Medicine and Medical Humanities, 
University of Insubria (XXXVII Cycle). The Authors wish to dedicate this study 

https://clincalc.com/stats/samplesize.aspx


Page 6 of 7Gemma et al. Journal of Cannabis Research            (2025) 7:72 

to the loving memory of Paola Banfi, dearest friend, caring physician, and 
invaluable scientist.

Author contributions
MC, MV, MM, FMB, AG, and MF contributed to the conceptualization of 
the manuscript. MM, PB, AZ, and AG were responsible for the collection 
and interpretation of clinical data. AG performed the genetic analysis and 
interpreted the results. MF and AG drafted the first version of the manuscript. 
MC, FM, MV, AG, AZ, FMB, MM, and MF were involved in the critical review and 
substantial revision of the manuscript. All authors read and approved the final 
version of the manuscript.

Funding
This study was supported by a grant of the University of Insubria (FAR 
2022–2023) to Marco Ferrari.

Data availability
The data that support the findings of this study are available from the 
corresponding author upon reasonable request. Data are in controlled access 
data storage at Centre for Research in Medical Pharmacology, University of 
Insubria, Varese, Italy.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional committee (ASST 
Sette Laghi Hospital, Varese, Italy on February 21, 2023 - Study number 
164) and with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards. Informed consent was obtained from all 
individual participants included in the study prior to their inclusion in the 
study.

Competing interests
The authors declare no competing interests.

Additional information
The Authors wish to dedicate this study to the loving memory of Paola Banfi, 
dearest friend, caring physician, and invaluable scientist.

Received: 30 June 2025 / Accepted: 11 September 2025

References
Almog S, Aharon-Peretz J, Vulfsons S, Ogintz M, Abalia H, Lupo T, Hayon Y, Eisen-

berg E. The pharmacokinetics, efficacy, and safety of a novel selective-dose 
cannabis inhaler in patients with chronic pain: a randomized, double-
blinded, placebo-controlled trial. Eur J Pain. 2020;24:1505–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​0​0​2​​/​e​​j​p​.​1​6​0​5

Babayeva M, Loewy ZG. Cannabis pharmacogenomics: a path to personalized 
medicine. Curr Issues Mol Biol. 2023;45:3479–514. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​c​​i​
m​b​4​5​0​4​0​2​2​8

Batinic A, Sutlović D, Kuret S, Matana A, Kumric M, Bozic J, Dujic Z. Trial of a novel 
oral cannabinoid formulation in patients with hypertension: a double-
blind, placebo-controlled pharmacogenetic study. Pharmaceuticals (Basel). 
2023;16:645. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​p​​h​1​6​0​5​0​6​4​5

Brambila-Tapia AJ. MDR1 (ABCB1) polymorphisms: functional effects and clinical 
implications. Rev Investig Clin. 2013;65:445–54.

Chan A, Silván CV. Evidence-based management of multiple sclerosis spastic-
ity with nabiximols oromucosal spray in clinical practice: a 10-year recap. 
Neurodegener Dis Manag. 2022;12(3):141–54. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​1​7​​/​n​​m​t​-​2​
0​2​2​-​0​0​0​2

Chi-hong Tseng & Yongzhao Shao. Sample size analysis for pharmacogenetic 
studies. Stat Biopharm Res. 2010;2(3):319–28. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​9​8​​/​s​​b​r​.​2​0​
0​9​.​0​8​0​7​6

Col Araz N, Nacak M, Oguzkan Balci S, Benlier N, Araz M, Pehlivan S, Balat A, 
Aynacioglu AS. Childhood obesity and the role of dopamine D2 receptor and 
cannabinoid receptor-1 gene polymorphisms. Genet Test Mol Biomarkers. 
2012;16:1408–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​9​​/​g​​t​m​b​.​2​0​1​2​.​0​2​4​4

Comi C, Ferrari M, Marino F, Magistrelli L, Cantello R, Riboldazzi G, Bianchi ML, Bono 
G, Cosentino M. Polymor-phisms of dopamine receptor genes and risk of 
L-Dopa-induced dyskinesia in Parkinson’s disease. Int J Mol Sci. 2017;18:242. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​m​s​1​8​0​2​0​2​4​2

Davis BH, Beasley TM, Amaral M, Szaflarski JP, Gaston T, Perry Grayson L, Standaert 
DG, Bebin EM, Limdi NA, UAB CBD Study Group (includes all the investiga-
tors involved in the UAB EAP CBD program). Pharmacogenetic predictors of 
cannabidiol response and tolerability in treatment-resistant epilepsy. Clin 
Pharmacol Ther. 2021a;110:1368–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​c​​p​t​.​2​4​0​8

De Petrocellis L, Di Marzo V. Non-CB1, non-CB2 receptors for endocannabinoids, 
plant cannabinoids, and synthetic cannabimimetics: focus on G-protein-cou-
pled receptors and transient receptor potential channels. J Neuroimmune 
Pharmacol. 2010;5(1):103–21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​4​8​1​-​0​0​9​-​9​1​7​7​-​z

Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz NP, Kerns 
RD, Stucki G, et al. Core outcome measures for chronic pain clinical trials: 
IMMPACT recommendations. Pain. 2005;113:9–19. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​
p​a​i​n​.​2​0​0​4​.​0​9​.​0​1​2

eMC. Sativex oromucosal spray. SmPc. 2022.
Fernandez Robles CR, Degnan M, Candiotti KA. Pain and genetics. Curr Opin 

Anaesthesiol. 2012;25:444–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​A​​C​O​.​​0​b​0​​1​3​e​3​​2​8​​3​5​5​6​
2​2​8

Ferrari M, Comi C, Marino F, Magistrelli L, De Marchi F, Cantello R, Riboldazzi G, 
Bono G, Cosentino M. Polymor-phisms of dopamine receptor genes and 
risk of visual hallucinations in parkinson’s patients. Eur J Clin Pharmacol. 
2016;72:1335–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​2​8​-​0​1​6​-​2​1​1​1​-​4

Ferrari M, Vecchio D, D’Alfonso S, Gemma A, Marino F, Comi C, Cosentino M. 
Polymorphisms in the dopaminergic receptor D3 gene correlate with disease 
progression rate in relapsing-remitting multiple sclerosis patients. Genes 
(Basel). 2024;15:736. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​g​​e​n​e​s​1​5​0​6​0​7​3​6

Ferrè L, Nuara A, Pavan G, Radaelli M, Moiola L, Rodegher M, Colombo B, Keller 
Sarmiento IJ, Martinelli V, Leocani L, Martinelli Boneschi F, Comi G, Esposito F. 
Efficacy and safety of nabiximols (Sativex(®)) on multiple sclerosis spasticity in 
a real-life Italian monocentric study. Neurol Sci. 2016;37:235–42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​0​7​2​-​0​1​5​-​2​3​9​2​-​x

Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, Rocca MA. Multiple 
sclerosis. Nat Rev Dis Primers. 2018;4(1):43. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​7​2​-​0​
1​8​-​0​0​4​1​-​4. Erratum in: Nat Rev Dis Primers. 2018;4:49. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​
/​s​​4​1​5​7​2​-​0​1​8​-​0​0​5​0​-​3.

Furgiuele A, Cosentino M, Ferrari M, Marino F. Immunomodulatory potential of 
cannabidiol in multiple sclerosis: a systematic review. J Neuroimmune Phar-
macol. 2021;16(2):251–69. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​4​8​1​-​0​2​1​-​0​9​9​8​2​-​7

Hoffmeyer S, Burk O, von Richter O, Arnold HP, Brockmöller J, Johne A, Cascorbi I, 
Gerloff T, Roots I, Eichelbaum M, Brinkmann U. Functional polymorphisms of 
the human multidrug-resistance gene: multiple sequence variations and cor-
relation of one allele with P-glycoprotein expression and activity in vivo. Proc 
Natl Acad Sci U S A. 2000;28:97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​7​3​​/​p​​n​a​s​.​9​7​.​7​.​3​4​7​3

Hryhorowicz S, Walczak M, Zakerska-Banaszak O, Słomski R, Skrzypczak-Zielińska 
M. Pharmacogenetics of cannabinoids. Eur J Drug Metab Pharmacokinet. 
2018;43:1–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​3​3​1​8​-​0​1​7​-​0​4​1​6​-​z

Ishiguro H, Iwasaki S, Teasenfitz L, Higuchi S, Horiuchi Y, Saito T, Arinami T, Onaivi 
ES. Involvement of cannabinoid CB2 receptor in alcohol preference in mice 
and alcoholism in humans. Pharmacogenomics J. 2007;7:380–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​0​3​8​​/​s​​j​.​t​p​j​.​6​5​0​0​4​3​1

Jose A, Thomas L, Baburaj G, Munisamy M, Rao M. Cannabinoids as an alternative 
option for conventional analgesics in cancer pain management: a pharma-
cogenomics perspective. Indian J Palliat Care. 2020;26(1):129–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​4​1​0​3​​/​I​​J​P​C​.​I​J​P​C​_​1​5​5​_​1​9

Kimmelman J, Mogil JS, Dirnagl U. Distinguishing between exploratory and 
confirmatory preclinical research will improve translation. PLoS Biol. 
2014;12(5):e1001863. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​b​i​​o​.​​1​0​0​1​8​6​3

Kister I, Bacon TE, Chamot E, Salter AR, Cutter GR, Kalina JT, Herbert J. Natural his-
tory of multiple sclerosis symptoms. Int J MS Care. 15(2013) 146–58. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​7​2​2​4​​/​1​​5​3​7​-​2​0​7​3​.​2​0​1​2​-​0​5​3. Erratum in: Int J MS Care. 2014;4(16):170. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​2​2​4​​/​1​​5​3​7​-​2​0​7​3​-​1​6​.​4​.​1​7​0

Kitdumrongthum S, Trachootham D. An individuality of response to cannabi-
noids: challenges in safety and efficacy of cannabis products. Molecules. 
2023;28:2791. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​o​l​e​c​u​l​e​s​2​8​0​6​2​7​9​1

Kleiner D, Horváth IL, Bunduc S, Gergő D, Lugosi K, Fehérvári P, Hegyi P, Csupor 
D. Nabiximols is efficient as add-on treatment for patients with multiple 
sclerosis spasticity refractory to standard treatment: a systematic review 
and meta-analysis of randomised clinical trials. Curr Neuropharmacol. 
2023;21(12):2505–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​7​4​​/​1​​5​7​0​​1​5​9​​X​2​1​6​​6​6​​2​3​0​7​2​7​0​9​4​4​3​1

https://doi.org/10.1002/ejp.1605
https://doi.org/10.1002/ejp.1605
https://doi.org/10.3390/cimb45040228
https://doi.org/10.3390/cimb45040228
https://doi.org/10.3390/ph16050645
https://doi.org/10.2217/nmt-2022-0002
https://doi.org/10.2217/nmt-2022-0002
https://doi.org/10.1198/sbr.2009.08076
https://doi.org/10.1198/sbr.2009.08076
https://doi.org/10.1089/gtmb.2012.0244
https://doi.org/10.3390/ijms18020242
https://doi.org/10.3390/ijms18020242
https://doi.org/10.1002/cpt.2408
https://doi.org/10.1007/s11481-009-9177-z
https://doi.org/10.1016/j.pain.2004.09.012
https://doi.org/10.1016/j.pain.2004.09.012
https://doi.org/10.1097/ACO.0b013e3283556228
https://doi.org/10.1097/ACO.0b013e3283556228
https://doi.org/10.1007/s00228-016-2111-4
https://doi.org/10.3390/genes15060736
https://doi.org/10.1007/s10072-015-2392-x
https://doi.org/10.1007/s10072-015-2392-x
https://doi.org/10.1038/s41572-018-0041-4
https://doi.org/10.1038/s41572-018-0041-4
https://doi.org/10.1038/s41572-018-0050-3
https://doi.org/10.1038/s41572-018-0050-3
https://doi.org/10.1007/s11481-021-09982-7
https://doi.org/10.1073/pnas.97.7.3473
https://doi.org/10.1007/s13318-017-0416-z
https://doi.org/10.1038/sj.tpj.6500431
https://doi.org/10.1038/sj.tpj.6500431
https://doi.org/10.4103/IJPC.IJPC_155_19
https://doi.org/10.4103/IJPC.IJPC_155_19
https://doi.org/10.1371/journal.pbio.1001863
https://doi.org/10.7224/1537-2073.2012-053
https://doi.org/10.7224/1537-2073.2012-053
https://doi.org/10.7224/1537-2073-16.4.170
https://doi.org/10.7224/1537-2073-16.4.170
https://doi.org/10.3390/molecules28062791
https://doi.org/10.2174/1570159X21666230727094431


Page 7 of 7Gemma et al. Journal of Cannabis Research            (2025) 7:72 

Martini S, Gemma A, Ferrari M, Cosentino M, Marino F. Effects of cannabidiol on 
innate immunity: experimental evidence and clinical relevance. Int J Mol Sci. 
2023;24:3125. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​m​s​2​4​0​4​3​1​2​5

Matsunaga M, Isowa T, Yamakawa K, Fukuyama S, Shinoda J, Yamada J, Ohira H. 
Genetic variations in the human cannabinoid receptor gene are associated 
with happiness. PLoS ONE. 2014;9:e93771. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​
o​n​​e​.​​0​0​9​3​7​7​1

Mitjans M, Gastó C, Catalán R, Fañanás L, Arias B. Genetic variability in the endocan-
nabinoid system and 12-week clinical response to citalopram treatment: the 
role of the CNR1, CNR2 and FAAH genes. J Psychopharmacol. 2012;26:1391–8. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​2​6​9​8​8​1​1​1​2​4​5​4​2​2​9

Owusu Obeng A, El Rouby N, Liu M, Wallsten R. Important preparatory steps and 
clinical considerations for pharmacogenetics adoption into practice. J Transl 
Genet Genom. 2021;5:64–79. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​0​5​1​​7​/​​j​t​g​g​.​2​0​2​0​.​5​2

Poli P, Peruzzi L, Maurizi P, Mencucci A, Scocca A, Carnevale S, Spiga O, Santucci A. 
The pharmacogenetics of cannabis in the treatment of chronic pain. Genes 
(Basel). 2022;13:1832. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​g​​e​n​e​s​1​3​1​0​1​8​3​2

Wang D, Sadée W. Searching for polymorphisms that affect gene expression and 
mRNA processing: example ABCB1 (MDR1). AAPS J. 2006;8:E515–20. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​2​0​8​​/​a​​a​p​s​j​0​8​0​3​6​1

Wolowich WR, Greif R, Kleine-Brueggeney M, Bernhard W, Theiler L. Minimal 
physiologically based pharmacokinetic model of intravenously and orally 
administered delta-9-tetrahydrocannabinol in healthy volunteers. Eur J Drug 
Metab Pharmacokinet. 2019;44:691–711. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​3​3​1​8​-​0​1​
9​-​0​0​5​5​9​-​7

Wong BS, Camilleri M, Eckert D, Carlson P, Ryks M, Burton D, Zinsmeister AR. Ran-
domized pharmacodynamic and pharmacogenetic trial of dronabinol effects 
on colon transit in irritable bowel syndrome-diarrhea. Neurogastroenterol 
Motil. 2012;24:358–e169. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​3​​6​5​-​​2​9​8​2​​.​2​​0​1​1​.​0​1​8​7​4​.​x

Zanger UM, Turpeinen M, Klein K, Schwab M. Functional pharmacogenetics/
genomics of human cytochromes P450 involved in drug biotransformation. 
Anal Bioanal Chem. 2008;392:1093–108. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​0​7​​/​s​0​0​​2​1​6​-​​0​0​
8​-​​2​2​9​1​-​6

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/ijms24043125
https://doi.org/10.1371/journal.pone.0093771
https://doi.org/10.1371/journal.pone.0093771
https://doi.org/10.1177/0269881112454229
https://doi.org/10.1177/0269881112454229
https://doi.org/10.20517/jtgg.2020.52
https://doi.org/10.3390/genes13101832
https://doi.org/10.1208/aapsj080361
https://doi.org/10.1208/aapsj080361
https://doi.org/10.1007/s13318-019-00559-7
https://doi.org/10.1007/s13318-019-00559-7
https://doi.org/10.1111/j.1365-2982.2011.01874.x
https://doi.org/10.1007/s00216-008-2291-6
https://doi.org/10.1007/s00216-008-2291-6

	﻿﻿ABCB1﻿ polymorphisms are associated with clinical response to nabiximols in patients with multiple sclerosis-related spasticity
	﻿Introduction
	﻿Methods
	﻿Patients
	﻿SNPs selection criteria and genotyping
	﻿Statistical analysis

	﻿Results


