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Purpose: To compare the effectiveness and tolerability of add-on treatment with nabiximols
(NBX: delta-9-tetrahydrocannabinol: cannabidiol) oromucosal spray or oral dronabinol
(DRO: synthetic tetrahydrocannabinol) in patients with severe neuropathic pain poorly
responsive to established treatments.
Methods: An analysis was conducted of anonymized, propensity score-matched real-world
data from the German Pain e-Registry, using a sequential non-inferiority superiority
approach, for adult outpatients with neuropathic pain who had initiated treatment with
NBX or DRO between 10 March 2017 and 31 December 2019. The primary effectiveness
variable was percent change from baseline in a 9-factor aggregated symptom relief (ASR-9)
score, a composite index of nine distinct pain- and health-related parameters assessed using
validated patient-reported instruments. Safety was assessed by the incidence of physician-
confirmed treatment-related adverse events (TRAEs), and TRAEs leading to discontinuation.
Results: Propensity score-matched data were analyzed for 337 patients treated with NBX
and 337 patients treated with DRO. Mean (standard deviation) THC dose over the 24-week
evaluation period was 16.6 (6.5) mg for NBX and 17.2 (7.6) mg for DRO (p<0.001). Median
(standard error) improvement relative to baseline in the ASR-9 composite score was 55.4%
(0.5) for NBX and 40.5% (0.5) for DRO (least squares mean difference, 14.0 (0.7), 95%
confidence interval 12.6–15.4; p<0.001), and incidences of TRAEs (21.1 vs 35%) and
TRAE-related discontinuations (5.9 vs 14.8%) were significantly lower with NBX than
DRO (p<0.001 for both), collectively indicating pre-specified non-inferiority and superiority
of NBX. More NBX- than DRO-treated patients discontinued non-cannabinoid background
pain medications and rescue analgesics, especially opioid analgesics (p<0.001 for both).
Conclusion: Add-on treatment with cannabinoids is effective for treatment of severe
neuropathic pain with inadequate response to established treatments. In daily practice,
NBX had superior effectiveness and tolerability compared to DRO. The results emphasize
the importance of combining CBD with THC in this patient population.
Keywords: nabiximols, oromucosal spray, dronabinol, neuropathic pain, real-world data,
German Pain e-Registry
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Introduction
Neuropathic pain is caused by a lesion or disease of the
somatosensory system involving peripheral fibers and central
neurons.1 Common causes of neuropathic pain include meta-
bolic disorders (eg diabetes), viral infections (eg post-
herpetic neuralgia, HIV), chemotherapy-induced peripheral
neuropathies, autoimmune disorders affecting the central (eg
multiple sclerosis [MS]) or peripheral (eg Guillain–Barre
syndrome) nervous systems, and central post-stroke pain.1,2

The prevalence of pain with neuropathic characteristics in the
general population is estimated at 7–10%,3 representing
a substantial health resource burden.4

Symptoms of neuropathic pain are varied and patient-
specific and include burning and electric-shock like sensa-
tions (dysesthesia), abnormal painful hypersensitivity to
stimuli (hyperalgesia) and nociceptive responses to non-
noxious stimuli eg light touching (allodynia).1,2

Individuals with neuropathic pain frequently suffer affec-
tive disturbances, anxiety and depression which can pro-
foundly impair their quality of life.1,2

Neuropathic pain is difficult to treat and is often refrac-
tory to recommended treatments.5 German Society of
Neurology guidelines recommend gabapentinoids (gaba-
pentin, pregabalin) or antidepressants (duloxetine, amitrip-
tyline) for first-line pharmacological management of
neuropathic pain, with the option to switch drug class in
case of inadequate response. Second-line options include
combinations of first-line medications, and topical lido-
caine and capsaicin (8%) patches which can also be
regarded as primary treatment for localized peripheral
neuropathic pain. Opioid analgesics are reserved for third-
line therapy. Cannabinoids are also mentioned as a later-
line option for patients with otherwise refractory pain.6

Evidence from preclinical animal models supports the role
of cannabinoids and endocannabinoid system modulators in
analgesia.7–9 Of the two main cannabinoids, delta-9-tetrahy-
drocannabinol (THC) mimics the effects of endogenous can-
nabinoids through its action as a partial agonist of cannabinoid
1 and 2 receptors. Cannabinoid 1 receptors are localized in
several brain regions including those associated with pain
processing and modulation, on peripheral primary afferent
neurons, and in the dorsal horn of the spinal cord.8,10

Cannabidiol (CBD) does not interact directly with the endo-
cannabinoid system but is associated with numerous other
molecular targets such as ion channels, receptors, transporters
and enzymes.11,12 In animal studies, CBD has been shown to
reduce hyperalgesia and mechanical/thermal allodynia

through various routes of administration.12 Concomitant
administration of CBD and THC may potentiate the analgesic
effects of THC while diminishing many of its adverse psy-
choactive effects.12

Nabiximols (Sativex®, NBX) oromucosal spray is
a complex botanical mixture containing balanced quanti-
ties of THC and CBD, along with other cannabinoid and
non-cannabinoid components.13 The medicine is approved
in several world regions as add-on treatment in adults with
moderate-to-severe MS-related spasticity who have not
responded adequately to other antispasticity
medications.14 NBX has also been investigated for treat-
ment of neuropathic pain. Superior analgesic effects com-
pared with placebo were demonstrated in randomized
clinical trials (RCTs)15–19 and in a large observational
study.20 A recent meta-analysis of nine RCTs involving
1289 participants concluded that NBX was superior to
placebo in reducing chronic neuropathic pain, with
a small but significant effect size.21

In the United States, dronabinol (DRO), a synthetic
THC, is approved in adults for the treatment of anorexia-
associated weight loss in AIDS patients and for cancer
chemotherapy-associated nausea and vomiting.22,23 In
Europe, DRO is approved in Austria, Denmark and
Ireland for nausea and vomiting refractory to conventional
treatment in cancer and palliative care; and additionally for
cancer pain in Denmark and appetite stimulation in HIV in
Ireland.24 Limited data are available for the efficacy of
DRO in neuropathic pain and results are equivocal.25,26

Although neither NBX nor DRO is currently approved
by the European Medicines Agency (EMA) for treatment of
neuropathic pain, since March 2017, German physicians
have been permitted to prescribe cannabis-based medicines
for on-/off-label use in patients with severe disease resistant
to available therapeutic options.27,28 The aim of the current
study was to compare the effectiveness and tolerability of
NBX with DRO for neuropathic pain by analyzing real-
world data from the German Pain e-Registry (GPeR),
a national web-based pain treatment registry that collects
and stores data from around 230 pain centers and more than
800 pain specialists across the country.

Methods
Study Design
This was a cross-sectional, open-label, parallel-group,
non-interventional, retrospective cohort analysis of anon-
ymized real-world data provided by the GPeR to compare
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the effectiveness and tolerability of NBX oromucosal
spray and oral DRO as add-on treatment in comparable
patient populations with inadequate pain relief following
recommended/established systemic therapy for peripheral
neuropathic pain.

The GePR is a national web-based pain treatment reg-
istry developed by the Institute of Neurological Sciences
on behalf of the German Pain Association.29 The GePR
functions as a standard e-tool to capture patient-reported
data about demography, history, pretreatment, pain char-
acteristics, treatment response, etc., in daily practice; and
fulfils physicians’ regulatory obligations according to the
German Social Conduct of Law (V) for standardized (elec-
tronic) documentation of patients under treatment for
severe/chronic pain. The GePR uses questionnaires recom-
mended by the German Pain Association, German Pain
Society and German Pain League which incorporate
a broad spectrum of validated instruments addressing sev-
eral pain- and health-related parameters. Under routine use
of the GPeR, data are entered primarily by patients using
electronic case report forms. Patient-entered data are then
checked by physicians or other engaged healthcare profes-
sionals and supplemented by related physician information
where appropriate and required to complete the dataset.
After confirmation, the dataset for an individual timepoint
is locked and cannot be further changed.

Inclusion and Exclusion Criteria
There was no formal sample size calculation for this study.
Eligible GPeR datasets were those involving adult out-
patients with medically confirmed peripheral neuropathic
pain lasting for ≥3 months (based on explicit documenta-
tion in patients’ medical records and, as necessary,
a painDETECT questionnaire [PDQ7] pain phenomenol-
ogy score ≥19) and documented inadequate pain relief
following recommended first- and second-line treatment
for peripheral neuropathic pain. Patients were required to
have newly initiated treatment with NBX or DRO between
10 March 2017 and 31 December 2019. The first dose of
NBX or DRO during this period was defined as the treat-
ment starting date. No previous use of NBX or DRO
within 12 weeks of treatment initiation was permitted.

Datasets were excluded if they derived from patients
with a diagnosis of cancer and/or cancer-related pain or
chemotherapy-induced neuropathic pain; evidence of HIV
and/or HIV-related pain; a diagnosis of osteoarthritis, com-
plex regional pain syndrome, myofascial pain, trigeminal

autonomic cephalalgia, or painful lesions of the cranial
nerves not caused by post-herpetic neuralgia.

Data Analysis
Data from patients treated with NBX or DRO were pro-
pensity score matched using the nearest neighbor method
(without replacement, caliper 0.15) for several baseline
characteristics: age, gender, stage of chronification,30

severity of chronic pain,31 pain phenotype, pain duration,
mean 24-hr pain intensity, previous and current pain med-
ication (Anatomical Therapeutic Chemical [ATC] code,
first 3 digits and/or medication group), concomitant ill-
nesses (ICD-10, first 3 digits), comedications (ATC code,
first 3 digits), and reasons for switching medication (inef-
fectiveness, poor tolerability, treatment-related adverse
events [TRAEs]).

Study Treatments
NBX oromucosal spray and oral DRO were used under
legislative conditions for use of cannabis as pain medicine
enacted by the Parliament of the Federal Republic of
Germany on 10 March 2017. All analgesic treatment fol-
lowed medical requirements according to the previous
decision of participating physicians and was based exclu-
sively on individual patient needs with no external speci-
fications other than those outlined in the prescribing
information of respective products.

Outcome Measures
The primary effectiveness variable was the relative (per-
cent) change from baseline in the 9-factor Aggregated
Symptom Relief (ASR-9) score over the 24-week evalua-
tion period. The ASR-9 is a composite measure of nine
distinct pain- and health-related parameters assessed using
validated patient-reported instruments aimed at broadly
reflecting patients’ evolution; the ASR-9 composite score
is calculated as the mean of relative (percent) change rates
versus baseline for the individual components. The ASR-9
is the outcome measure used to inform management deci-
sions in the routine care of pain patients enrolled in the
GPeR and was reported previously.20

Secondary effectiveness outcomes were relative (per-
cent) changes from baseline for individual components of
the ASR-9: mean 24-h pain intensity index (PIX) reported
on a 100 mm Visual Analogue Scale (VAS) from 0 (no
pain) to 100 (worst pain conceivable); pain-related func-
tional restrictions on activities of daily life (modified pain
disability index [mPDI]) based on a 7-domain 100 mm
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VAS from 0 (none) to 100 (worst conceivable); physical
and mental quality of life using the Veterans RAND 12-
Item Health Survey (VR12-physical component score
[PCS] and VR12 mental component score [MCS]);32 over-
all wellbeing (7-item Marburg questionnaire on habitual
well-being [MFHW]);33 pain-related depression/anxiety/
stress (21-item Depression, Anxiety and Stress Scale
[DASS]);34 pain phenomenology assessed with the
PDQ7.35,36

Treatment response was defined by a reduction of
mean 24-h PIX equal to or greater than: the minimal
clinically important difference (MCID) of 20 mm VAS;
50% pain relief versus baseline reported on the VAS; the
tailored treatment target as defined by patients at baseline
before the onset of treatment.

Each effectiveness parameter was evaluated at baseline
and at 2-weekly intervals during a 24-week evaluation
period.

The safety and tolerability of NBX and DRO were
assessed by analyzing the frequency and spectrum of
TRAEs, and TRAEs leading to discontinuation. TRAEs
were defined as events that were newly reported or
reported to worsen in severity after initiation of NBX
and DRO and were evaluated as being possibly, probably
or definitely related to treatment. TRAEs were classified
according to Medical Dictionary for Regulatory Activities
(MedDRA) system organ class (SOC) and summarized by
treatment cohort.

Statistical Analyses
Analyses were conducted using propensity score matched
data37 from the modified intent-to-treat population which
was defined as patients who had (a) documented intake of
at least one dose of NBX or DRO and (b) at least one post-
baseline/post-dose measure.

The primary effectiveness outcome, relative (percent)
change from baseline in the ASR-9 composite score, was
analyzed using a mixed-model repeated measures
(MMRM) covariance analytic method. The least squares
means (LSM) difference in the ASR-9 score between
treatments (NBX minus DRO) during the 24-week eva-
luation period (at 2-weekly intervals) and 95% confi-
dence intervals (CI) were calculated using the model.
Non-inferiority of NBX to DRO was concluded if the
upper boundary of the 95% CI did not exceed +5.0. This
narrow margin was selected to prevent super-
interpretation of minor differences. If non-inferiority
was demonstrated, a superiority analysis of the primary

endpoint was to follow. Superiority was rejected if a) the
95% CI for the primary endpoint measure of both treat-
ment cohorts overlapped; and/or b) the 95% CI of the
LSM difference for the primary efficacy variable
between both treatment groups included “0”; and/or c)
the upper limit of the 95% CI was greater than −5.0; and/
or d) ≥ one ASR-9 parameter failed to meet any of the
above criteria. Using a multidimensional approach, the
superiority of NBX was confirmed if a) all the above
efficacy criteria were fulfilled and b) the incidence of
treatment discontinuations due to TRAEs was signifi-
cantly less in the NBX cohort than in the DRO cohort.

Descriptive statistics for continuous variables are
summarized by number of patients, mean, standard
deviation (SD), standard error (SE), 95% CI, median
and range. Categorical and ordinal variables are summar-
ized by frequency and percentage. Where applicable,
95% CI, Student’s t-test and Pearson’s chi-squared tests
were used to compare groups with continuous or cate-
gorical variables. Differences in discontinuation rates
between NBX and DRO treatment groups were evaluated
using Fisher’s exact test. The baseline observation car-
ried forward (BOCF) method was used to impute data
missing due to treatment discontinuations in response to
TRAEs or analgesic ineffectiveness, and the last obser-
vation carried forward (LOCF) method was used for all
other missing values, except for dosage data which was
analyzed as reported. All statistical tests were conducted
using 2-tailed tests and a significance level of 0.05. No
adjustments were made for multiple testing.

Ethical Considerations
This non-interventional study was conducted in line with
the principles of the Declaration of Helsinki, and con-
formed to relevant national and regulatory requirements.
The present study was approved by the ethics committees
of the German Pain Association and German Pain League.
Patients and physicians provided written informed consent
prior to participation in the GPeR and patients agreed to
use of their anonymized data for healthcare research pur-
poses. The study was registered in the electronic database
of the EMA for non-interventional studies (ENCEPP:
EUPAS 33014). All analyses were performed using anon-
ymized data to comply with national guidelines on protec-
tion of data privacy and the EU General Data Protection
Regulation. Use of the electronic documentation platform
iDocLive® and access to the GPeR was free of charge for
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members of the German Pain Association and for all
patients regardless of their insurance status.

Results
Baseline Characteristics
Of 260,013 cases entered into the GPeR up to
31 December 2019, 6580 (2.5%) were patients who had
newly started treatment with a cannabinoid-based medicine,
mainly NBX (45.4%) or DRO (35%). Of these, 1315 NBX-
treated cases and 389 DRO-treated cases met the study
inclusion and exclusion criteria. Following propensity score
matching, datasets for 337 patients per cohort were available
for comparison (Figure 1). In each cohort, mean (SD) age
was 45.8 (9.6) years, 57.3% were female, mean duration of
pain was ~2.7 years, 57.9% had chronic pain (MPSS stage
III) and 93.5% had severe dysfunctional pain (von Korff
grade 3 or 4). Cohorts were evenly matched for number of
comorbidities and comedications, type of peripheral neuro-
pathic pain, previous and current analgesic treatment, current
rescue analgesics, tailored treatment target, and all pain- and
health-related measures (Table 1).

Patients who initiated treatment with NBX or DRO
reported prior treatment with a mean (SD) of 7.8 (2.4)
and 7.9 (2.3) analgesics and/or co-analgesics, respectively:
antidepressants (94.1 vs 92.3%), non-opioid analgesics
(93.8 vs 95.3%), mild opioids (81.0 vs 77.4%), strong
opioids (74.5 vs 74.2%) and antiepileptic drugs (66.5 vs
67.7%). NBX and DRO were prescribed as add-on therapy
to a current analgesic background of a mean (SD) of 4.1
(1.6) and 4.0 (1.5) medications, respectively: antidepres-
sants (90.2 vs 89.3%), strong opioids (72.1 vs 65.0%),
anticonvulsants (70.0 vs 65.0%), non-opioids (28.5 vs
26.7%), and mild opioids (17.5 vs 18.1%); and to
a current rescue analgesic background of a mean (SD) of
0.7 (0.8) and 0.8 (0.8) medications, respectively: strong
opioids (34.4 vs 37.1%), non-opioids (22.8 vs 24.0%) and
mild opioids (5.0 vs 6.5%) (Table 1).

Treatment Discontinuations
By week 24, 80 patients (23.7%) treated with NBX and 134
patients (39.8%) treated with DRO had discontinued treat-
ment, most commonly due to ineffectiveness (9.2 vs 13.1%,

German Pain e-Registry
Total cases (until 31 December 2019) N=260,013

Cannabinoid treatment 
n=6,580 (2.5%) 

No cannabinoid treatment 
n=253,433 (97.5%)

Type of cannabinoid

Nabiximols
n=2,989 (45.4%)

Dronabinol 
n=2,305 (35%)

Other 
n=1,286 (19.5%)

Nabiximols
No: n=1,674 (56%)

Inclusion/exclusion criteria fulfilled

Nabiximols
Yes: n=1,315 (44%)

Dronabinol
Yes: n=389 (16.9%) 

Dronabinol 
No: n=1,916 (83.1%) 

Cohort A (Nabiximols)
n=337 (25.6%)

Cohort B (Dronabinol)
n=337 (86.6%)

Propensity score matching

Figure 1 Patient flow chart.
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Table 1 Patient Demographics and Baseline Characteristics

Variable Nabiximols
(n = 337)

Dronabinol
(n = 337)

P

Age (years), mean (SD) 45.8 (9.6) 45.8 (9.6) 0.967

Female, n (%) 193 (57.3) 193 (57.3) 0.881

Pain duration (days), mean (SD) 1006.7 (679.6) 990.4 (689.3) 0.394

Pain chronification stage, n (%)

MPSS I 18 (5.3) 18 (5.3) 1.000

MPSS II 124 (36.8) 124 (36.8)

MPSS III 195 (57.9) 195 (57.9)

Chronic pain grade, n (%)

von Korff 1 0 (0) 0 (0)

1.000
von Korff 2 22 (6.5) 22 (6.5)

von Korff 3 119 (35.3) 119 (35.3)

von Korff 4 196 (58.2) 196 (58.2)

Number of comorbidities, mean (SD) 3.8 (2.0) 3.8 (2.0) 0.994

Number of comedications, mean (SD) 5.5 (3.2) 5.6 (3.1) 0.488

Type of peripheral neuropathic pain, n (%)

Post-herpetic neuralgia 95 (28.2) 95 (28.2)

1.000
Diabetic polyneuropathy 63 (18.7) 63 (18.7)

Post-surgical neuropathy 44 (13.1) 44 (13.1)

(Low) back pain 105 (31.2) 105 (31.2)

Previous analgesics, mean (SD) 7.8 (2.4) 7.9 (2.3) 0.755

Previous analgesic treatment, n (%)

Non-opioid analgesics 316 (93.8) 321 (95.3) 0.398

Mild opioids 273 (81.0) 261 (77.4) 0.355

Strong opioids 251 (74.5) 250 (74.2) 0.897

Antiepileptic drugs 224 (66.5) 228 (67.7) 0.817

Antidepressants 317 (94.1) 311 (92.3) 0.451

Current analgesics, mean (SD) 4.1 (1.6) 4 (1.5) 0.275

Current analgesic treatment, n (%)

Non-opioid analgesics 96 (28.5) 90 (26.7) 0.674

Mild opioids 59 (17.5) 61 (18.1) 0.767

Strong opioids 243 (72.1) 222 (65.9) 0.125

Antiepileptic drugs 236 (70.0) 219 (65.0) 0.289

Antidepressants 304 (90.2) 301 (89.3) 0.531

(Continued)
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p<0.001) and TRAEs (5.9 vs 14.8%, p<0.001). Nine of ten
discontinuations in both cohorts (91.3 vs 91.8%) occurred
within the first 10 weeks of treatment. No further disconti-
nuations were reported beyond week 14 (Figure 2).

Study Medication Exposure
During the 24-week evaluation period, the applied mean
(SD) dose of THC was slightly (but significantly) lower in
patients treated with NBX than DRO [16.6 (6.5) vs 17.2
(7.6) mg/day; p<0.001] (Table 2). This was mainly attri-
butable to clinically relevant dosage differences until week
8, with higher THC dosages recorded in DRO- versus
NBX-treated patients. After week 8 and to the end of
week 24, between-cohort THC dosages were comparable.
The mean (SD) CBD dose in the NBX cohort during the
24-week evaluation period was 15.4 (4.1) mg/day.

Effectiveness
Relative change from baseline over time in the ASR-9
composite score and individual components are shown in

Figure 3. At the end of week 24, mean relative change
(improvement) versus baseline in the ASR-9 composite
score (primary effectiveness outcome) was significantly
greater with NBX (Figure 3A) than DRO (Figure 3B):
60.8% vs 46.4% (LSM difference 14.4%; p<0.001;
Cohen’s d effect size, 1.268). Mean relative change
(improvement) rates at the end of week 24 for each
ASR-9 component were significantly greater (all
p<0.001) for patients treated with NBX (Figure 3A) than
DRO (Figure 3B): 83.4 vs 75.9% for PIX, 76.0 vs 68.3%
for mPDI, 27.8 vs 20.7% for VR12-PCS, 24.7 vs 18.4%
for VR12-MCS, 64.1 vs 51.3% for MFHW, 70.5 vs 51.5%
for DASS-D, 78.4 vs 52.3% for DASS-A, 80.7 vs 50.3%
for DASS-S, and 40.8 vs 31.8% for PDQ7. The largest
between-cohort differences in favor of NBX versus DRO
at the end of week 24 were observed for stress (30.5%;
effect size: 3.313), anxiety (26.2%; effect size: 1.526),
depression (19.0%, effect size: 0.862), and overall well-
being (12.8%; effect size: 0.862); the smallest difference

Table 1 (Continued).

Variable Nabiximols
(n = 337)

Dronabinol
(n = 337)

P

Current rescue analgesics, mean (SD) 0.7 (0.8) 0.8 (0.8) 0.543

Current rescue analgesics, n (%)

Non-opioid analgesics 77 (22.8) 81 (24.0) 0.610

Mild opioids 17 (5.0) 22 (6.5) 0.270

Strong opioids 116 (34.4) 125 (37.1) 0.310

Tailored treatment target (TTT; mm VAS), mean (SD) 27.3 (10.6) 26.9 (10.5) 0.583

ASR-9 components

Pain intensity index (PIX; mm VAS), mean (SD) 44.1 (14.7) 43.9 (14.5) 0.809

Pain-related disabilities (mPDI; mm VAS), mean (SD) 65 (17.8) 65 (17.3) 0.992

Physical quality of life (VR12-PCS; NRS100), mean (SD) 31 (4.4) 31 (5) 0.981

Mental quality of life (VR12-MCS; NRS100), mean (SD) 38.4 (8.9) 38.2 (10.2) 0.812

Overall wellbeing (MFHW; NRS5), mean (SD) 1.1 (0.5) 1.1 (0.6) 0.511

Depression (DASS-D; NRS21), mean (SD) 16.6 (3.7) 16.5 (3.5) 0.703

Anxiety (DASS-A; NRS21), mean (SD) 15.3 (4) 15.5 (3.7) 0.366

Stress (DASS-S; NRS21), mean (SD) 18.7 (2.3) 18.5 (2.3) 0.459

Pain phenomenology (PDQ7; NRS35), mean (SD) 22.8 (3.6) 22.3 (3.3) 0.096

Abbreviations: ASR-9, 9-Factor Aggregated Symptom Relief; DASS, Depression (-D), Anxiety (-A), Stress (-S) Scale; MCS, mental component score; MFHW, Marburg
questionnaire on habitual health findings; mPDI, modified Pain Disability Index; MPSS, Mainz pain staging system; NRS, numerical rating scale; PCS, physical component score;
PDQ7, 7-item painDETECT questionnaire; SD, standard deviation; VAS, Visual Analogue Scale; VR12, Veterans RAND 12-Item Health Survey.
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was observed for pain phenomenology (9.0%; effect size:
0.288) (Figure 3C and D).

Throughout the 24-week evaluation period, NBX and
DRO were each associated with significant improvements
compared with baseline for evaluated (lowest, medium,
highest) 24-hour pain intensity scores and calculated 24-
hour PIX (all p<0.001; Table 3). However, mean (SD)
absolute [36.8 (13.1) vs 33.3 (12.4) mm VAS] and relative
[83.4 (12.6) vs 75.9 (17.0) percent] PIX improvement
from baseline was significantly higher with NBX than

DRO (p<0.001 for both). Response rates for patients who
reported an improvement from baseline in mean 24-h PIX
equal to or greater than a) the MCID of 20 mm VAS (92.0
vs 86.9%; p=0.006), b) 50% improvement in VAS score
(98.8 vs 95.3%; p=0.002), and c) the tailored treatment
target (95.8 vs 89.6%; p<0.001) were clinically relevant
for both treatments, although significantly higher with
NBX versus DRO (Table 3).

Figure 4 shows response rates of patients treated with
NBX (Figure 4A) or DRO (Figure 4B) who reported

A

B

TRAEs

Figure 2 Treatment discontinuation rates and reasons for discontinuation in (A) nabiximols and (B) dronabinol cohorts.
Abbreviations: TRAEs, treatment-related adverse effects; W, week.
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improvement from baseline in the ASR-9 composite score
and individual components over the 24-week evaluation
period, according to level of achievement (≥10%, ≥20%,
etc.). An ASR-9 response of ≥50% relative to baseline was
reported by 64.4 vs 22.8% of patients treated with NBX or
DRO (p<0.001; odds ratio [OR]: 6.1, relative risk [RR]:
2.8; Figure 4C). Median percent ASR-9 improvement
relative to baseline was 55.4 vs 40.5% (LSM difference
14.0; 95% CI: 12.6–15.4; Cohen’s d effect size: 0.9;
Figure 4D). For any given response achievement level,
and for all ASR-9 components, NBX was superior to
DRO, with the highest between-cohort responder rate dif-
ferences observed for stress (DASS-S: 45.5%), anxiety
(DASS-A: 35.8%), and depression (DASS-D: 31.0%).
Improvement rates of ≥50% relative to baseline were
reported by 89.3 vs 78.6% of patients treated with NBX
or DRO for PIX, 91.1 vs 75.1% for mPDI, 15.1 vs 7.8%
for VR12-PCS, 10.9 vs 3.7% for VR12-MCS, 70.5 vs

51.3% for MFHW, 74.5 vs 43.6% for DASS-D, 79.2 vs
43.3% for DASS-A, 85.2 vs 39.8% for DASS-S, and 33.2
vs 24.0% for PDQ7. Responder rates were accompanied
by comparable median percent improvements versus base-
line in both treatment cohorts.

Mean effect sizes (Cohen’s d) for between-cohort differ-
ences reported from weeks 2 to 24 for relative improvement
from baseline in the ASR-9 composite score and individual
components are shown in Figure 5. According to Cohen’s
d statistic, between-cohort differences in favor of NBX ver-
sus DRO were large (ie >0.8) for the ASR-9 composite score
(0.893, 95% CI: 0.735–1.051), and for the individual com-
ponents of stress (DASS-S: 1.323) and anxiety (DASS-A:
0.852). Effect sizes for depression (DASS-D: 0.598), mental
component score (VR12-MCS: 0.546), and pain-related dis-
ability (mPDI: 0.538) were medium. Effect sizes for pain
intensity (PIX: 0.320), physical component score (VR12-
PCS: 0.400), overall wellbeing (MFHW: 0.436), and pain
phenomenology (PDQ7: 0.288) were small.

Safety and Tolerability
Overall, 102 TRAEs were recorded by 71 patients (21.1%)
treated with NBX, and 235 TRAEs were recorded by 118
patients (35.0%) treated with DRO (p<0.001; OR: 2.0, RR:
1.7, number need to harm [NNH]: 7.2; Table 4). A significantly
lower proportion of NBX- versus DRO-treated patients
reported ≥ two TRAEs (6.5 vs 21.1%, p<0.001; OR: 3.8, RR:
3.2, NNH: 6.8) or experienced TRAEs leading to treatment
discontinuation (5.9 vs 14.8%; p<0.001; OR: 2.8, RR: 2.5,
NNH: 11.2). By SOC, incidences of TRAEswere significantly
lower with NBX than DRO for general disorders and admin-
istration site conditions (1.8% vs 5.9%; p<0.001), nervous
system disorders (9.5 vs 19.9%; p<0.001) and psychiatric
disorders (4.2% vs 14.8%; p<0.001).

Primary Endpoint Noninferiority
Superiority Analysis
Both NBX and DRO significantly improved the ASR-9 com-
posite score from baseline during the 24-week evaluation
period (p<0.001 for both). Median (SE) ASR-9 improvement
was 55.4% (0.502) and 40.5% (0.502), respectively. The LSM
(SE) differencewas 14.0 (0.711) with a 95%CI of 12.6 to 15.4
(p<0.001), thus fulfilling predefined criteria for noninferiority
of NBX versus DRO. Given that the primary endpoint fulfilled
all predefined prerequisites (ie no overlap of 95%CIs, 95%CIs
of LSM did not include 0, upper 95% CI was > −5.0),
a superiority analysis was performed, as defined in the

Table 2 THC Dose in Nabiximols and Dronabinol Groups Over
24 Weeks

Variable Nabiximols
(Cohort A)
n = 337

Dronabinol
(Cohort B)
n = 337

P
(A vs B)

Daily THC dose (mg) at end of evaluation period, mean (SD)

Week 2 7.3 (4.4) 9.0 (6.2) <0.001

Week 4 10.3 (5) 11.7 (6.6) 0.003

Week 6 13.7 (4.9) 15.1 (6.4) 0.002

Week 8 16.4 (4.4) 17.3 (6.3) 0.026

Week 10 17.8 (4.3) 18.2 (6.1) 0.259

Week 12 19.1 (5.2) 19.4 (6.4) 0.566

Week 14 19.1 (5.6) 19.3 (7.3) 0.645

Week 16 19.2 (5.7) 19.2 (7.3) 0.875

Week 18 19.2 (5.5) 19.3 (7.2) 0.855

Week 20 19.0 (5.6) 19.4 (7.3) 0.396

Week 22 19.1 (5.4) 19.3 (7.1) 0.691

Week 24 19.1 (5.7) 19.2 (7.1) 0.846

THC dose (mg/
day), mean (SD)

16.6 (6.5) 17.2 (7.6) <0.001

CBD dose (mg/
day), mean (SD)

15.4 (4.1) –

Abbreviations: CBD, cannabidiol; SD, standard deviation; THC, delta-
9-tetrahydrocannabinol.
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statistical analysis plan. All 10 predefined superiority criteria
were fulfilled, thus confirming the superiority of NBX
over DRO.

Change of Concomitant Pain Medication
Add-on treatment with NBX or DRO was associated with
a significant reduction in the use of current concomitant
analgesia. The proportion of patients who discontinued all

(41.8 vs 12.2%; p<0.001, OR: 5.2, RR: 3.4) or at least one
(93.8 vs 73.3%; p<0.001; OR: 5.5, RR: 1.3) background
analgesic was significantly greater in patients treated with
NBX versus DRO (Figure 6A). Between-cohort differences
(p<0.001 for all) were greatest for discontinuation of strong
opioid analgesics (71.6 vs 33.8%), antidepressants (60.5 vs
24.9%), and anticonvulsants (70.3 vs 36.1%). In parallel, the
proportion of patients stopping all (75.6 vs 45.9%; p<0.001,

A

B

Figure 3 Continue.
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OR: 3.6, RR: 1.7) or at least one (83.7 vs 63.8%; p<0.001, OR:
2.9, RR: 1.3) rescue analgesic was significantly higher with
NBX than DRO (Figure 6B), with between-cohort differences
(p<0.001 for all) greatest for discontinuation of mild (82.4 vs
27.3%) and strong (75.9 vs 46.4%) opioids.

Discussion
This retrospective observational study used real-world data
provided by the GPeR to compare the effectiveness and
tolerability of NBX oromucosal spray with oral DRO,

administered as add-on treatment to underlying analgesia
in patients with severe neuropathic pain. Propensity score
matching of patients for multiple baseline characteristics
to eliminate confounding factors enabled a study design
that was similar to a RCT.37 Cohorts were well matched
for demographics and a series of clinically relevant pain-,
treatment- and health-related characteristics.

Both treatments significantly improved pain parameters
from baseline and allowed a substantial proportion of
patients to reduce their background and rescue pain

C

D

Figure 3 Relative (percent) change from baseline in ASR-9 composite score and individual components for (A) Nabiximols (Cohort A); (B) Dronabinol (Cohort B); (C)
Difference between cohorts A-B in improvement from baseline; (D) Effect size (Cohen’s d) of between-cohort differences A-B in improvement from baseline.
Abbreviations: ASR-9, 9-Factor Aggregated Symptom Relief; DASS, Depression (-D), Anxiety (-A), Stress (-S) Scale; MFHW, Marburg questionnaire on habitual health
findings; mPDI, modified pain disability index; PDQ7, 7-item painDETECT questionnaire; PIX, pain intensity index; VR12-MH, Veterans RAND 12-Item Health Survey mental
component score; VR12-PH, Veterans RAND 12-Item Health Survey physical component score; W, week.
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Table 3 Change in Pain Intensity from Baseline to Week 24 in Nabiximols and Dronabinol Groups

Variable Nabiximols
(Cohort A)
n = 337

Dronabinol
(Cohort B)
n = 337

P (A vs B)

Lowest 24-hr pain intensity (LPI; mm VAS) at baseline, mean (SD) 15.1 (16.7) 15.0 (16.3) 0.935

Lowest 24-hr pain intensity (LPI; mm VAS) at end of week 24, mean (SD) 1.9 (5.3) 4 (9.3) <0.001

Absolute (mm VAS) LPI change from baseline, mean (SD) −13.2 (16) −11 (16.4) 0.075

Relative (percentage) LPI change from baseline, mean (SD) −87.4 (51) −73.3 (70) 0.063

Change from baseline, p-value <0.001 <0.001

Medium 24-hr pain intensity (API; mm VAS) at baseline, mean (SD) 45.7 (19.6) 45.4 (19.5) 0.846

Medium 24-hr pain intensity (API; mm VAS) at end of week 24, mean (SD) 9.8 (9.5) 11.9 (14.5) 0.025

Absolute (mm VAS) API change from baseline, mean (SD) −35.9 (18.8) −33.5 (18.9) 0.097

Relative (percentage) API change from baseline, mean (SD) −78.6 (25.6) −73.8 (29.7) 0.523

Change from baseline, p-value <0.001 <0.001

Highest 24-hr pain intensity (HPI; mm VAS) at baseline, mean (SD) 71.7 (21.7) 71.2 (20.3) 0.795

Highest 24-hr pain intensity (HPI; mm VAS) at end of week 24, mean (SD) 10.3 (11.6) 15.8 (12.7) <0.001

Absolute (mm VAS) HPI change from baseline, mean (SD) −61.4 (20.9) −55.4 (19.6) <0.001

Relative (percentage) HPI change from baseline, mean (SD) −85.6 (39) −77.8 (24.8) <0.001

Change from baseline, p-value <0.001 <0.001

Pain intensity index (PIX; mm VAS) at baseline, mean (SD) 44.1 (14.7) 43.9 (14.5) 0.809

Pain intensity index (PIX; mm VAS) at end of week 24, mean (SD) 7.3 (6.8) 10.6 (9) <0.001

Absolute (mm VAS) PIX change from baseline, mean (SD) −36.8 (13.1) −33.3 (12.4) <0.001

Relative (percentage) PIX change from baseline, mean (SD) −83.4 (12.6) −75.9 (17) <0.001

Change from baseline, p-value <0.001 <0.001

PIX improvement from baseline ≥MCID, n (%) 310 (92) 293 (86.9) 0.006

Odds ratio (A vs B) 1.724 (95% CI: 1.012–2.947)

Relative risk (A vs B) 1.058 (95% CI: 1.001–1.112)

PIX improvement from baseline ≥50%, n (%) 333 (98.8) 321 (95.3) 0.002

Odds ratio (A vs B) 4.15 (95% CI: 1.286–14.837)

Relative risk (A vs B) 1.037 (95% CI: 1.008–1.055)

PIX improvement from baseline ≥TTT, n (%) 323 (95.8) 302 (89.6) <0.001

Odds ratio (A vs B) 2.674 (95% CI: 1.358–5.331)

Relative risk (A vs B) 1.07 (95% CI: 1.022–1.108)

Abbreviations: MCID, minimal clinically important difference; SD, standard deviation; TTT, tailored treatment target; VAS, Visual Analogue Scale.
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medication. In comparison to DRO, a significantly higher
proportion of NBX-treated patients reported clinically
relevant improvement compared with baseline over the
entire 24-week evaluation period, as well as significantly
fewer TRAEs and TRAE-related treatment discontinua-
tions. Based on fulfilment of the 10 predefined superiority
criteria and a TRAE-related discontinuation rate in favor

of NBX, treatment with NBX proved to be superior to
DRO. Effect size analyses confirmed the clinical relevance
of this difference for daily practice. Relative improve-
ments with NBX in effectiveness outcomes occurred
despite comparable mean THC dosages during the 24-
week evaluation period (17.2 vs.16.6 mg/day), suggesting
the benefit of combining CBD with THC in the NBX

A

B

Figure 4 Continue.
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formulation, compared with THC alone in the DRO
formulation.

Responder rates were significantly higher in NBX- versus
DRO-treated patients for all nine individual components of
the ASR-9, although effect sizes assessed with Cohen’s
d varied. Large effects (ie >0.8) were found for stress
(DASS-S) and anxiety (DASS-A), possibly attributable to

the specific effects of CBD as shown in studies of patients
suffering from posttraumatic stress disorder.38,39 Medium
effects (ie >0.5) were seen for pain-related disabilities in
daily life activities (mPDI), mental QoL (VR12-MCS) and
depression (DASS-D). Small effects (ie >0.2) were observed
for pain intensity (PIX), pain phenomenology (PDQ7), over-
all wellbeing (MFHW) and physical QoL (VR12-PCS). In

C

D

d

Figure 4 Proportion of responsive patients showing improvement from baseline to week 24 in ASR-9 composite score and individual components for (A) Nabiximols
(Cohort A); (B) Dronabinol (Cohort B); (C) Proportion of patients in Cohorts A and B with ≥50% improvement from baseline in individual ASR-9 components (spider
chart) and ASR-9 composite score (bar chart) at weeks 2–24; (D) Proportion of patients in Cohorts A and B with median improvement from baseline in individual ASR-9
components (spider chart) and ASR-9 composite score (bar chart) at weeks 2–24. *p < 0.001 for nabiximols vs dronabinol.
Abbreviations: ASR-9, 9-Factor Aggregated Symptom Relief; BL, baseline; CI, confidence interval; DASS, Depression (-D), Anxiety (-A), Stress (-S) Scale; LSM, least squares
mean; MFHW, Marburg questionnaire on habitual health findings; mPDI, modified pain disability index; OR, odds ratio; PDQ7, 7-item painDETECT questionnaire; PIX, pain
intensity index; RR, relative risk; VR12-MH, Veterans RAND 12-Item Health Survey mental component score; VR12-PH, Veterans RAND 12-Item Health Survey physical
component score.
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general agreement with the results for PIX, a small effect size
for the change in mean pain score from baseline (using an 11-
point numerical rating scale [NRS]) was reported for NBX
versus placebo in a meta-analysis of RCTs in patients with
chronic neuropathic pain: the mean difference on the 11-
point NRS was –0.40 (95% CI: –0.59 to –0.21; p<0.0001).21

Surprisingly, between-cohort differences for NBX ver-
sus DRO treatment at the end of study (week 24) in
patients with neuropathic pain were not driven predomi-
nantly by dramatic differences in biological parameters
such as pain relief (respective improvement of 83.4% vs
75.9%; mean effect size of 0.513 indicating moderate
clinical relevance) or pain phenomenology (respective
improvement of 40.8% vs 31.8%; effect size of 0.288
indicating moderate clinical relevance), but rather by psy-
chological parameters (especially stress and anxiety) and
a significantly better tolerability profile of NBX vs DRO.

There is preclinical and clinical evidence to suggest that
CBD can counteract or attenuate some of the undesirable
effects of THC, although additional clinical research is
required in this area.40,41

In common with NBX, DRO significantly reduced pain
intensity from baseline at 24 weeks. This finding was
interesting as data for DRO in neuropathic pain are scarce.
A small 3-week crossover RCT in 24 patients with MS
reported lower median spontaneous pain intensity (11-
point NRS) with DRO 10 mg compared with placebo (4
vs 5; p = 0.02) for central neuropathic pain in the last week
of treatment.25 Elsewhere, a 16-week placebo-controlled
RCT in 240 MS patients with central neuropathic pain
found no significant difference in pain intensity reduction
(11-point NRS) from baseline between DRO (–1.92
points) and placebo (–1.81 points).26 Our findings suggest
that THC has a role in neuropathic pain as previously

DASS-S DASS-A DASS-D

Figure 5 Mean effect size (Cohen’s d with 95% CI) from weeks 2 to 24 for relative improvement from baseline in ASR-9 composite score and individual components. *ASR-
9: primary endpoint (composite of ASR components #1–9).
Abbreviations: ASR-9, 9-Factor Aggregated Symptom Relief; CI, confidence interval; DASS, Depression (-D), Anxiety (-A), Stress (-S) Scale; MFHW, Marburg questionnaire
on habitual health findings; mPDI, modified pain disability index; PDQ7, 7-item painDETECT questionnaire; PIX, pain intensity index; VR12-MH, Veterans RAND 12-Item
Health Survey mental component score; VR12-PH, Veterans RAND 12-Item Health Survey physical component score.
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demonstrated in several placebo-controlled RCTs of
NBX.15–19 Formulation appears to be key to patients ben-
efitting from the synergy between THC and CBD, and
possibly other phytotherapeutic substances (eg terpenoids)
found in the Cannabis sativa plant.42

A higher proportion of patients discontinued treatment
with DRO than NBX (39.8% vs 23.7%), mainly due to
TRAEs (14.8% vs 5.9%), which occurred most frequently
in the SOCs of general disorders and administration site
conditions, nervous system disorders and psychiatric dis-
orders. Common AEs in RCTs of NBX in neuropathic pain
were dizziness, dysgeusia, nausea, fatigue, dry mouth and
somnolence, especially during the first few weeks of
treatment.15–19 The current European approved label lists
dizziness (nervous system disorder) and fatigue (general

disorder) as very common adverse drug reactions (ADRs;
frequency ≥ 1/10) with possible causality to NBX.14 In
a RCT of DRO in 240 patients with neuropathic pain,
common ADRs were dizziness, vertigo, fatigue, and dry
mouth, occurring most often in the initial 4 weeks of
treatment during up-titration to the maximum tolerable
dose.26 The FDA’s Prescribing Information for DRO lists
dizziness, euphoria, paranoid reaction, somnolence, think-
ing abnormal, abdominal pain, nausea and vomiting as the
most common ADRs.22,23 The mitigating effects of CBD
on the psychoactive effects of THC12 might explain the
similarities and differences in the safety profiles of NBX
and DRO.

A higher proportion of NBX- than DRO-treated patients
were able to discontinue non-cannabinoid background

Table 4 Treatment-Related Adverse Events (TRAEs) in Nabiximols and Dronabinol Groups Over 24 Weeks

Variable Nabiximols
(Cohort A)
n = 337

Dronabinol
(Cohort B)
n = 337

P

Total TRAEs recorded, n 102 235

Patients with ≥1 TRAE, n (%) 71 (21.1) 118 (35) <0.001

Odds ratio (B vs A) 2.019 (95% CI: 1.410–2.892)

Relative risk (B vs A) 1.662 (95% CI: 1.281–2.166)

Patients with ≥2 TRAEs, n (%) 22 (6.5) 71 (21.1) <0.001

Odds ratio (B vs A) 3.822 (95% CI: 2.247–6.545)

Relative risk (B vs A) 3.227 (95% CI: 2.017–5.259)

Patients with TRAE-related treatment discontinuation, n (%) 20 (5.9) 50 (14.8) <0.001

Odds ratio (B vs A) 2.761 (95% CI: 1.558–4.929)

Relative risk (B vs A) 2.500 (95% CI: 1.489–4.267)

Patients with TRAEs by SOC, n (%)

Cardiac disorders 4 (1.2) 8 (2.4) 0.245

Gastrointestinal disorders 24 (7.1) 21 (6.2) 0.525

General disorders and administration site conditions 6 (1.8) 20 (5.9) <0.001

Injury, poisoning and procedural complications 2 (0.6) 5 (1.5) 0.254

Metabolism and nutrition disorders 8 (2.4) 13 (3.9) 0.074

Musculoskeletal & connective tissue disorders 6 (1.8) 14 (4.2) 0.069

Nervous system disorders 32 (9.5) 67 (19.9) <0.001

Psychiatric disorders 14 (4.2) 50 (14.8) <0.001

Vascular disorders 1 (0.3) 4 (1.2) 0.178

Abbreviation: SOC, system order class.
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analgesics, possibly due to greater symptomatic improvement
in several individual components of the ASR-9.
Discontinuation rates were significantly higher with NBX for
each class of background medication and most types of rescue
pain medication. Importantly, both cannabinoid treatments
were able to reduce patients’ requirement for long-acting
opioid analgesics as background medication and especially
immediate-release/rapid-onset opioid analgesics as rescue
medication, which are known to carry a significant risk in
patients with chronic (neuropathic) pain.

In common with all real-world registry analyses, the
study is limited by its retrospective, non-randomized
observational design, although propensity score matching
allowed us to compare two patient cohorts with similar
clinical features. While propensity bias may not have been
fully addressed by the range of selected factors, all factors
are established predictors of pain and are relevant for
between-cohort comparisons. The primary endpoint in
this analysis was the relative (percent) change from base-
line in the ASR-9 composite score; this outcome measure
was first reported in a previous 12-week exploratory ana-
lysis of the GPeR database.20 Although the ASR-9 is not
a scientifically developed and validated instrument, it is

a composite measure of nine individual validated patient-
reported tools that measure the impact of pain across
multiple dimensions. As such, the ASR-9 may represent
a more integrated and holistic approach to pain manage-
ment. Strengths of the study are the large sample size and
representative patient population. Prospective collection
and systematic analyses of GPeR data minimizes the
potential for missing values as often occurs in retrospec-
tive studies. As participation in the GPeR is nationwide,
our findings may have broad applicability across Germany.

Conclusion
Treatment with cannabinoids appears to be an effective
alternative option for patients with severe neuropathic pain
that is poorly responsive to established treatments.
Although both cannabinoids evaluated in this analysis
were effective, NBX proved to be superior to DRO due
to significantly better improvement rates in all biopsycho-
social dimensions of neuropathic pain and significantly
lower rates of TRAEs and associated discontinuation
rates. The results underline the importance of combining
CBD with THC in this patient group.

A

B
black bar

grey bar

black bar

grey bar

Figure 6 Comedication treatment discontinuation of nabiximols (Cohort A) or dronabinol (Cohort B) for (A) Patients (%) stopping non-cannabinoid background analgesics
and (B) Patients (%) stopping rescue analgesics.
Abbreviation: NSAIDS, nonsteroidal anti-inflammatory drugs.
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