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Abstract

Objective. To evaluate the effectiveness of D9-tetrahydrocannabinol (dronabinol [DRO]) as an add-on treatment in
patients with refractory chronic pain (CP). Methods. An exploratory retrospective analysis of 12-week data provided
by the German Pain e-Registry on adult patients with treatment refractory CP who received DRO. Results. Between
March 10, 2017, and June 30, 2019, the German Pain e-Registry collected information on 89,095 patients with pain,
of whom 1,145 patients (1.3%) received DRO (53.8% female, mean 6 standard deviation age: 56.9 6 10.6 years), and
70.0% documented use for the entire 12-week evaluation period. The average DRO daily dose was 15.8 6 7.5 mg,

VC The Author(s) 2022. Published by Oxford University Press on behalf of the American Academy of Pain Medicine.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/),

which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact

journals.permissions@oup.com 1409

Pain Medicine, 23(8), 2022, 1409–1422

doi: 10.1093/pm/pnac010

Advance Access Publication Date: 1 February 2022

Original Research Article

https://orcid.org/0000-0001-7165-9492
https://orcid.org/0000-0002-3628-5197
https://academic.oup.com/


typically in three divided doses (average DRO dose of 5.3 6 2.1 mg). Average 24-hour pain intensity decreased from
46.3 6 16.1 to 26.8 6 18.7 mm on a visual analog scale (absolute visual analog scale difference: –19.5 6 17.3;
P<0.001). Among patients who completed follow-up, an improvement from baseline of at least 50% was docu-
mented for pain (46.5%), activities of daily living (39%), quality of life (31.4%), and sleep (35.3%). A total of 536
patients (46.8%) reported at least one of 1,617 drug-related adverse events, none of which were serious, and 248
patients (21.7%) stopped treatment. Over the 12-week period, 59.0% of patients reported a reduction of other pain
treatments, and 7.8% reported a complete cessation of any other pharmacological pain treatments. Conclusion. Add-
on treatment with DRO in patients with refractory CP was well tolerated and associated with a significant
improvement.
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Background

Chronic pain (CP) is a painful sensory and emotional ex-

perience that persists beyond physiological healing time

[1, 2]. CP has a major impact on QoL and interferes with

daily life activities, as well as with working ability and

productivity. Consequently, CP is responsible for consid-

erable disability compensation and is associated with

comorbidities, including depression, anxiety, and stress.

CP affects between 12% and 30% of people in industrial-

ized countries [3–6], meaning that CP has significant

medical and economic impact [7–9].

The majority of treatment guidelines for the manage-

ment of CP recommend multimodal nonpharmacological

strategies incorporating medical, psychosocial, physio-

therapeutic, and other disciplines [10–12].

Pharmacological measures include muscle relaxants (in

case of increased muscle tone), with adjuvant agents

(e.g., Ca2þ-channel modulating anticonvulsants, tricyclic

antidepressants, and selective serotonin-norepinephrine

reuptake inhibitors) if patients with CP present with neu-

ropathic pain [13–20]. Despite these approaches, CP fre-

quently persists, and patients seek complementary

measures and interventional or even neurosurgical

approaches [21, 22].

In response to this challenge, the Federal Parliament

of Germany adopted the Act Amending Narcotics and

Other Regulations [23] on March 10, 2017. This allows

physicians to prescribe cannabis-based medicines

(CBMs) for patients suffering from severe diseases, such

as CP, according to the definitions given in Code V of the

German Social Law, and it obliges health insurance to re-

imburse costs associated with prescriptions for patients

whose symptoms or conditions are resistant to other

treatments.

However, the available scientific evidence for CBMs

supporting this approach in CP is low [24]. Systematic

reviews and meta-analyses on CBMs in CP reflect uncer-

tainty as to whether CBMs are able to relieve pain or

pain-related disabilities, and they provide only limited

and low-quality evidence—frequently confounded by the

fact that different cannabinoid-based products with vari-

able cannabinoid profiles, doses, and routes of adminis-

tration are often blended [25, 26]. This contrasts with

emerging data from preclinical studies addressing differ-

ent physiological activities of CBMs (and their two main

components, tetrahydrocannabinol and cannabidiol) and

proposing potential impacts on CP. An increasing

amount of real-world evidence is also being generated

that suggests that there is at least a subset of patients

with CP refractory to conventional treatments who re-

port clinically meaningful and sustained improvements in

response to CBM [27].

In view of this, the German Pain Association initiated

a retrospective analysis to explore the effectiveness and

tolerability of dronabinol (DRO)—the CBM with the

longest tradition in the use in pain and palliative care

medicine in Germany—in patients with refractory and se-

vere CP.

Methods

Study Design
We conducted a retrospective analysis of patients with

CP who started treatment with DRO as part of routine

care and were evaluated over the course of 12 weeks.

Anonymized data were extracted from the German Pain

eRegistry (GPeR), a national Web-based pain treatment

registry developed in cooperation with the German Pain

Association, to examine real-world responses to DRO.

Study Objective
The objective of this study was to gain insights into the

effectiveness and tolerability of DRO among adult

patients with refractory CP.

Study Medication
Dronabinol (DRO) is the chemical name for synthetic or

naturally derived delta-9-tetrahydrocannabinol (D9-

THC). Tetrahydrocannabinol is the main psychoactive

active ingredient of Cannabis sativa and has been avail-

able in Germany by individual prescription in capsules or

oil since 1998 and with other CBMs since 2017.

Furthermore, insurance coverage in Germany is available

if 1) the patient suffers from a serious medical illness; 2)

for which approved and recommended treatments are

not available, did not work, or cannot be used because of
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tolerance problems or contraindications with concurrent

comorbid conditions; and 3) there is a reasonable pros-

pect for a meaningful effect on the course of the illness or

serious symptoms.

Because of the real-world design of this study, no for-

mal dosing guidelines were established. Analgesic treat-

ment with DRO was based on shared decisions of the

participating physicians and their patients, according to

individual patient needs and regulatory conditions.

Study Population and Sample Size
There was no formal sample size calculation for this

analysis. The statistical analysis was based on the routine

data of the GPeR in patients with severe CP treated be-

tween March 10, 2017, and June 30, 2019, who received

treatment with DRO for the first time and who reported

their response to the treatment by using the GPeR.

Treatment initiation was defined as occurring in those

with no previous use of DRO, and the date of the first

dose of DRO was set as the starting date for the 12-week

data evaluation period.

Data Source
This analysis is based on fully denominalized data

extracted from the GPeR. All analyses were carried out

retrospectively on data available up to June 30, 2019.

The GPeR was developed to provide patients and

physicians with a standardized database to gather, evalu-

ate, and compare patient-reported information on demo-

graphics, medical history, pretreatment, pain

characteristics, and treatment response under real-world

conditions. Data were self-reported by patients and sup-

plemented by physician information where appropriate.

By the end of December 2020, members of the GPeR net-

work included 768 pain specialists, 795 physicians, and

2,548 nonmedical pain experts, such as psychotherapists

and physiotherapists, who worked in 213 pain centers

throughout Germany and who cared for �200,000 pain

patients per quarter.

Study Assessments

Effectiveness Evaluation

Patient questionnaires provided by GPeR were those rec-

ommended by the German Pain Association, the German

Pain Society, and the German Pain League, and they doc-

ument a broad spectrum of outcomes through the use of

validated instruments [28, 29].

Data were collected on pain intensity, pain-related dis-

abilities in daily life activities/functionality, sleep, overall

well-being, and quality of life (QoL). Pain intensity was

measured with the pain intensity index (PIX), calculated

as arithmetic mean of the lowest, average, and highest

24-hour pain intensities reported by patients on a 100-

mm visual analog scale (VAS; 0 ¼ “no pain” and 100 ¼
“worst pain conceivable”). CP-related disabilities with

respect to daily life activities were assessed with a

modified German version of the Pain Disability Index

(mPDI), which recorded the degree of functional restric-

tions in daily life with respect to seven distinct domains

(related to home and family activities, recreation, social

activities, occupation, self-care and personal mainte-

nance, sleep, and overall QoL) on a 100-mm VAS (with

0 ¼ “none” and 100 ¼ “worst conceivable”) [30, 31].

Quality of sleep was evaluated with the mPDI6 (sleep)

subdomain. QoL was measured with the Physical

Component Summary and Mental Component Summary

(PCS/MCS) of the SF-12 Health Survey version 2 [32].

The Marburg Questionnaire on Habitual Health

Findings (MQHHF) was used to assess subjective overall

well-being, and the Quality of Life Impairment by Pain

(QLIP) inventory was used to gain insight into pain-

related QoL restrictions [31, 33].

Patients completed standardized pain diaries by using

the German Pain e-Diary (consisting of the same aggre-

gate of validated instruments as the German Pain

Questionnaire) via the Web application iDocLiveVR

(O.Meany-MDPM GmbH, Nuernberg, Germany). No

predefined study visits were scheduled, and interim visits/

documentations were possible at any time according to

individual patient needs or established routines.

Concomitant Medication

No limitations were placed on the use of DRO or con-

comitant medications. Physicians were able to prescribe,

and patients were free to take, any medications and non-

pharmacological measures as necessary, but they were

asked to document any treatment changes.

Safety and Tolerability Measures

Safety analyses were based on drug-related adverse event

(DRAE) reporting, collected by the GPeR. DRAEs were

defined as any untoward medical occurrence reported by

a patient receiving DRO and did not necessarily confirm

a causal relationship with the treatment under evalua-

tion. DRAEs reported were encoded with the Medical

Dictionary for Regulatory Activities (MedDRA, version

22.0, 2019).

Statistical Analysis
Data analyses were performed on the complete set of

anonymized data provide by the GPeR for patients who

fulfilled the aforementioned criteria. Analyses followed a

modified intention-to-treat approach, as any patients

who recorded the intake of at least one dose of DRO and

who had at least one post-baseline or post-dose docu-

mentation were evaluated. Linear interpolation was used

to impute intermittent missing scores, and the last-obser-

vation-carried-forward method was used to impute miss-

ing scores after early discontinuation. The corresponding

completed data set formed the basis for all analyses.

Data were evaluated with appropriate descriptive sta-

tistical methods. For all variables, the number of
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available or unavailable values (nonmissing or missing

data) were given, irrespective of the data level. For nomi-

nally and ordinally scaled categorical data, the absolute

and relative (adjusted) frequencies were calculated, and

cumulative values for ascending/descending scale levels

were displayed. Interval scaled data were represented by

mean value, standard deviation, median, range (mini-

mum–maximum), and 95% confidence interval. Where

possible and reasonable, additional cutoff values were

grouped categorically and provided with corresponding

frequency analyses. The use of biometric test procedures

(the Wilcoxon signed-rank test and Student t test for con-

tinuous variables with non-normal and normal distribu-

tions, respectively, and the McNemar test for categorical

parameters) served exclusively for post hoc analyses of

the biometric significance of changes in findings observed

during treatment in comparison with the initial finding

before the start of treatment with DRO (so-called base-

line), and not for the examination of predefined ques-

tions or hypotheses. All corresponding tests were

evaluated with a statistical significance level of 0.05, and

the test procedures used were adapted to the scale level

of the variables to be analyzed. Statistical test procedures

were all exploratory in nature, and therefore no adjust-

ments were made with regard to multiple comparisons.

The following endpoints were calculated and consid-

ered in a primary endpoint analysis concerning the defini-

tions of response (partial or complete) and nonresponse

(therapy failures):

• Responders were defined as those with 50% or greater improve-

ments over baseline in 1) average 24-hour pain intensity (PIX),

2) pain-related disabilities in daily life (mPDI), 3) pain-related

QoL restrictions (QLIP), and 4) pain-related quality of sleep

(subscale #6 of the mPDI).
• Nonresponders were defined as those with any premature treat-

ment discontinuation due either to a DRAE or to an inadequate

analgesic effect of the treatment under evaluation, defined as less

than 30% reduction in 1) average 24-hour pain intensity (PIX),

2) pain-related disabilities in daily life (mPDI), 3) pain-related

QoL restrictions (QLIP), and 4) pain-related quality of sleep

(subscale #6 of the mPDI).
• Patients who did not meet the criteria either for complete re-

sponse or for nonresponse were classified as partial responders.

Because of the exploratory nature of the evaluation, no hypothe-

ses were formulated with regard to the event frequency of the

aforementioned primary and secondary endpoint analyses.

Safety and tolerability were described by the fre-

quency and MedDRA coding of reported DRAEs and

DRAE-related treatment discontinuations.

Ethics
This study was approved by the ethics committees of the

German Pain Association and the German Pain League.

Patients and physicians provided written informed con-

sent before participation in the GPeR and agreed to the

use of their denominalized data for healthcare research

purposes. This study was registered in the electronic

database of the European Medicines Agency for nonin-

terventional studies (European Network of Centres for

Pharmacoepidemiology and Pharmacovigilance

[ENCEPP], European Union electronic Register of Post-

Authorisation Studies [EU PAS] #35350).

Results

Patient Disposition
Between March 10, 2017, and June 30, 2019, a total of

89,095 patients participated in the GPeR, of whom

1,485 patients (1.7%) recorded treatment with DRO,

and 1,145 (77.1%) completed a 12-week treatment eval-

uation. Of the 344 patients (30%) who did not complete

12 weeks of follow-up, most discontinued DRO treat-

ment because of DRAEs (n¼ 161, 14.1%), followed by

insufficient analgesic efficacy (n¼ 96, 8.4%), or a combi-

nation of both (n¼ 87, 7.6%; see Figure 1).

Missing/Imputed Data
Overall, 19.2% of the data evaluated for this analysis

had to be imputed because of data missing not at random

(i.e., because of premature treatment discontinuations)

and 1.3% because of incomplete data entries missing at

random.

Baseline Characteristics
Demographic data are shown in Table 1. Mean age

(6 standard deviation) was 56.9 6 10.6 years (median:

57, range: 24–88), and 53.8% of patients (n¼ 616) were

female. The average pain duration was 1,050.8 6 707.0

days (median: 969, range: 124–2,827), with 720 patients

(62.9%) reporting pain duration greater than 12 months.

On average, patients were treated by 8.6 6 1.4 physicians

(median: 9, range: 3–13) and reported a pretreatment his-

tory of 7.9 6 2.3 analgesic medications (median: 8,

range: 2–16). One thousand seventy-five patients

(93.9%) recorded a history of five or more pain treat-

ments. Antidepressants were the most frequently

reported treatments (92.3%), followed by nonsteroidal

anti-inflammatory drugs (NSAIDs; 79.8%) and mild and

strong opioid analgesics (77.7 and 74.1%, respectively).

Patients reported the use of 4.0 6 1.6 pharmacological

pain treatments (median: 4, range: 1–10) at baseline (i.e.,

as the basis for the add-on treatment with DRO), most

frequently with co-analgesics such as antidepressants

(88.9%) or anticonvulsants (65.9%), followed by strong

opioid analgesics (65.2%). One thousand and seven

(87.9%) patients reported five or more nonpharmacolog-

ical pain treatments, including transcutaneous electric

nerve stimulation (80.6%), acupuncture (78.3%), and

physiotherapy (78.2%).

On average, patients recorded 3.5 6 1.9 concomitant

diseases (median: 3, range: 0–12), including allergies

(47.6%) and cardiovascular problems (40.8%). Patients

took on average 2.0 6 1.4 pharmacological non–pain
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management treatments (median: 2, range: 0–8), and

58.8% of patients documented the concurrent use of at

least two pharmacological non–pain management treat-

ments, whereas only 10.3% took none.

The primary reasons for treatment with DRO were

chronic nonmalignant pain conditions (66.9%), current

cancer pain (20.5%), and post-cancer pain (12.6%). The

spectrum of pain types underlying CP was broad and in-

cluded peripheral neuropathic pain (34.5%), low back

pain (21.7%), joint pain (19.7%), and fibromyalgia /

chronic widespread pain (17.0%), to list a few.

Additional patient baseline characteristics and different

pain etiologies and response rates can be found in the

Supplementary Data (Tables 1B, 5A, and 5B).

Dose Exposure and Titration
Patients started DRO treatment as an add-on to other on-

going analgesic medications with a mean dose of

2.5 6 0.87 mg per day (median: 2.5, range: 1–5), given in

two separate applications per day and titrated slowly up-

ward until they reached a plateau at the end of week 5,

with a cumulative daily dose of 16.1 6 7.1 mg per day

(median: 15.0, range: 1–32.5) that remained constant un-

til the end of the evaluation period (see Figure 2).

Treatment Response

Pain Intensity

Add-on treatment with DRO was followed by significant

reductions in pain intensity (see Figure 3). Table 2 shows

that average 24-hour pain intensities improved from

46.3 6 16.1 mm VAS (median: 48.0) at baseline to

26.8 6 18.7 mm VAS (median: 23.0) at the end of week

12 (P< 0.001), corresponding to an absolute improve-

ment of –19.5 6 17.3 mm VAS (median: –19.3). This rep-

resents a 42.1 6 40.2% decline from baseline. Nine

hundred and ninety-four patients (86.8%) documented

an improvement in pain vs. baseline, with 12 patients

(1.0%) reporting no pain intensity change and 139

(12.1%) a minor PIX worsening of 9.7 6 9.6 mm VAS.

The proportions of patients who reported at week 12 an

absolute improvement equal to or even greater than the

minimal clinical important difference (MCID; 20 mm

VAS) and of patients who reported at week 12 a relative

improvement �50% vs. baseline were 50.0% (n¼ 573)

and 46.5% (n¼ 532), respectively. The percentage of

patients who reached their predefined tailored treatment

target with DRO was 54.4% (n¼ 623).

Pain Phenomenology

The degree of DRO-related change of the clinical pain

phenomenology was mild but statistically significant (see

Table 2). Pain phenomenology (assessed with the Pain

Detect Questionnaire, PDQ7) changed from 17.6 6 5.7 at

baseline to 14.2 6 7.1 at end of week 12, corresponding

to absolute and relative changes of –3.4 6 6.3 points

and�19.3 6 35.9%, respectively (P< 0.001).

Pain-Related Disabilities of Daily Life Activities and

Sleep

Treatment with DRO was followed by significant

improvements in pain-related disabilities of daily life ac-

tivities and in sleep (see Table 2). The mPDI score de-

creased from baseline to the end of week 12 from

64.9 6 18.0 to 37.7 6 20.5 mm VAS, corresponding to

absolute and relative improvements of 27.7 6 21.3 mm

VAS (median: –25.7) and –41.9 6 34.4% (median:

�40.4%), respectively (P< 0.001).

The mPDI subscore #6 (sleep quality) improved from

64.2 6 24.2 mm VAS at baseline to 42.1 6 25.9 mm VAS

at the end of week 12 (P< 0.001).

Quality of Life

Consistent with the documented responses of pain and

pain-related disabilities in daily life, the physical and

89095 (37.7)

87610 (98.3) 1485 (1.7)

340 (22.9) 1145 (77.1)

)07(108)03(443

Reasons for discon�nua�on
n (%) (a%)

DRAE: 161 (14.1) (46.8)
Ineffec�veness: 96 (8.4) (27.9)

Both: 87 (7.6) (25.3)

between March 10, 2017

Ini�ated
treatment with
dronabinol?

German Pain e-Registry
Total no. of cases

un�l June 30, 2019 (n)
236389

Cases documented

Completed 12-weeks of
treatment with dronabinol?

No [n seY])%( [n (%)]

and June 30, 2019 [n (%)]

No [n seY])%( [n (%)]

12-week observa�onal data
available?

No [n seY])%( [n (%)]

Figure 1. Consolidated Standards of Reporting Trials
(CONSORT) diagram.
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Table 1. Patient demographics

Number of patients, n (%) 1,145 (100.0)

Gender female, n (%) 616 (53.8)

Age, mean 6 SD (median; range) 56.9 6 10.6 (57; 24–88)

Body mass index, mean 6 SD (median; range) 27.1 6 4.9 (26.0; 16.7–73.4)

Pain duration, days; mean 6 SD (median; range) 1,050.8 6 707.0 (969; 124–2,827)

Patients with pain duration �1 year, n (%) 720 (62.9)

Number of physicians involved, mean 6 SD (median; range) 8.6 6 1.4 (9; 3–13)

Previous pharmacological pain treatments:

Previous pharmacological pain treatments, mean 6 SD (median; range) 7.9 6 2.3 (8; 2–16)

Patients with �5 pharmacological pretreatments, n (%) 1,075 (93.9)

Pharmacological treatment with . . .

Non-opioid analgesics, n (%) 833 (72.8)

NSAIDs, n (%) 914 (79.8)

Mild opioids, n (%) 890 (77.7)

Strong potent opioids, n (%) 848 (74.1)

Antidepressants, n (%) 1057 (92.3)

Anticonvulsants, n (%) 782 (68.3)

Current pharmacological pain treatments:

Current pharmacological pain treatments, mean 6 SD (median; range) 4.0 6 1.6 (4; 1–10)

Patients with �2 pharmacological pretreatments, n (%) 1,110 (96.9)

Pharmacological treatment with . . .

Non-opioid analgesics, n (%) 209 (18.3)

NSAIDs, n (%) 122 (10.7)

Mild opioids, n (%) 203 (17.7)

Strong potent opioids, n (%) 747 (65.2)

Antidepressants, n (%) 1,018 (88.9)

Anticonvulsants, n (%) 755 (65.9)

Previous nonpharmacological pain treatments:

Previous nonpharmacological pain treatments, mean 6 SD (median; range) 6.1 6 1.3 (6; 2–9)

Patients with �5 nonpharmacological pretreatments, n (%) 1,007 (87.9)

Nonpharmacological treatment with . . .

Physiotherapy, n (%) 895 (78.2)

Massage, n (%) 920 (80.3)

Physical measures, n (%) 753 (65.8)

Transcutaneous electric nerve stimulation, n (%) 923 (80.6)

Acupuncture, n (%) 897 (78.3)

Chiropractic measures, n (%) 674 (58.9)

Psychotherapy, n (%) 858 (74.9)

Cognitive behavioral treatment, n (%) 230 (20.1)

Others, n (%) 781 (68.2)

Concomitant diseases:

Concomitant diseases, mean 6 SD (median; range) 3.5 6 1.9 (3; 0–12)

Patients with �3 concomitant diseases, n (%) 779 (68)

Patients with diseases relating to . . .

Cancer, n (%) 235 (20.5)

Nervous system, n (%) 248 (21.7)

Cardiovascular system, n (%) 467 (40.8)

Pulmonary system, n (%) 292 (25.5)

Gastrointestinal tract, n (%) 269 (23.5)

Liver, bile, pancreas, n (%) 122 (10.7)

Renal system, n (%) 195 (17)

Metabolic system, n (%) 205 (17.9)

Skin, n (%) 189 (16.5)

Musculoskeletal system, n (%) 406 (35.5)

Immune system, n (%) 42 (3.7)

Blood/coagulation, n (%) 98 (8.6)

Mental/psychiatric problems, n (%) 417 (36.4)

Allergies, n (%) 545 (47.6)

Others, n (%) 250 (21.8)

None, n (%) 3 (0.3)

Pharmacological non-pain treatments:

Pharmacological non-pain treatments, mean 6 SD (median; range) 2.0 6 1.4 (2; 0–8)

Patients with �2 pharmacological non-pain treatments, n (%) 673 (58.8)

Patients without any non-pain treatments, n (%) 118 (10.3)

(continued)
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mental QoL scores of the SF-12 also improved (see

Table 2). Average SF-12 PCS/MCS scores increased from

35.3 6 6.8 / 43.7 6 12.1 at baseline to 43.5 6 12.3 /

45.9 6 12.6 at the end of week 12, corresponding to

56.2% / 33.2% of patients (n¼ 644/380) with an abso-

lute improvement greater than or equal to the MCID and

27.2% / 11.1% of patients (n¼ 311/127) with a relative

improvement �50% vs. baseline (P< 0.001).

Overall Well-Being

On the basis of the MQHHF, the 12-week treatment

with DRO was followed by a significant improvement

vs. baseline (see Table 2). MQHHF scores increased

from 1.6 6 0.9 at baseline to 2.6 6 1.3 at the end of week

12, and the percentages of patients who documented an

improvement greater than or equal to the MCID and of

patients who documented an improvement �50% vs.

baseline at the end of the evaluation period were 48.0%

and 28.0%, respectively (n¼ 550 and 321, respectively;

P< 0.001).

QoL Impairment by Pain

Average QLIP scores increased from 17.4 6 5.9 at base-

line to 25.6 6 6.3 at end of week 12. Absolute and rela-

tive improvements were 8.2 6 5.7 points (median: 8) and

36.3 6 22.3% (median 36.4%), respectively, vs. baseline

(P< 0.001). Proportions of patients with QLIP improve-

ments greater than or equal to the MCID and of patients

with improvements of �50% vs. baseline were 43.8%

and 31.4%, respectively (n¼ 501 and 360; P< 0.001)

(see Table 2).

Primary Effectiveness Endpoint
A relative improvement of �50% vs. baseline (the given

definition for a complete response) was documented by

46.5% of patients for pain intensity, 39.0% for pain-

related disabilities in daily life, 31.4% for QoL impair-

ment by pain, and 35.3% for sleep (Figure 4). A partial

response (i.e., an improvement greater than 30% but less

than 50% at the end of week 12 vs. baseline) was

reported in these same categories by 20.6%, 26.9%,

27.9%, and 17.0% of patients, respectively, and 344

patients (30.0%) discontinued DRO treatment prema-

turely (because of insufficient effectiveness or tolerability

issues). On the basis of these data, 79 patients (6.9%)

reached the primary endpoint and documented a com-

plete response (defined as a relative improvement �50%

vs. baseline) for all four efficacy endpoints, 86.3% of

patients (n¼ 988) documented a partial response (i.e., a

relative improvement �50% vs. baseline for at least one

efficacy endpoint), and 6.8% (n¼ 78) were classified as

nonresponders.

Dose–Response
A dose–response analysis based on the daily DRO dose at

the end of week 12 and the reported relative (percent) re-

lief with respect to the average 24-hour PIX failed to

show a clinically relevant relationship (see

Supplementary Data Figure 5). Despite a trend toward

numerically higher percent improvements with higher

DRO doses, correlation analyses failed to prove a statisti-

cally relevant correlation (R2¼ 0.0035).

Concomitant Analgesic Medication
Add-on treatment with DRO was followed by a signifi-

cant decrease in analgesic medications (see Table 3). The

average 6 standard deviation (median) number of analge-

sic and co-analgesic medications used at baseline vs. the

end of week 12 decreased from 4.0 6 1.6 (median: 4) to

2.9 6 1.7 (median: 3; P< 0.001). One quarter (25%) of

patients stopped concomitant use of analgesics medica-

tions known to be associated with significant risks of

Table 1. continued

Number of patients, n (%) 1,145 (100.0)

Primary reason for DRO treatment:

Cancer pain, n (%) 235 (20.5)

Post-cancer pain, n (%) 144 (12.6)

Noncancer pain, n (%) 766 (66.9)

Pain type:

Joint pain, n (%) 226 (19.7)

(Low) back pain, n (%) 248 (21.7)

Shoulder/neck pain, n (%) 113 (9.9)

Failed back surgery syndrome, n (%) 141 (12.3)

Peripheral neuropathic pain, n (%) 395 (34.5)

Central neuropathic pain, n (%) 115 (10)

Complex regional pain syndrome, n (%) 127 (11.1)

Headache, n (%) 110 (9.6)

Fibromyalgia / chronic widespread pain, n (%) 195 (17)

Lumbar spinal stenosis, n (%) 97 (8.5)

Phantom/limb pain, n (%) 82 (7.2)

Others, n (%) 179 (15.6)

SD ¼ standard deviation.
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either organ failure (e.g., NSAIDs) or addiction (e.g., opi-

oid analgesics).

Safety and Tolerability Analyses
Overall, DRO was well tolerated. We found no evidence

of abuse, deliberate overdose, or intentional misuse in the

1,145 cases evaluated. Furthermore, no patient died

within the 12-week evaluation period. As shown in

Table 4, 46.8% of patients (n¼ 536) documented at least

one DRAE, and 29.2% (n¼ 334) documented two or

more DRAEs. The most prevalent DRAE was ineffective-

ness (22.4%), followed by dizziness (14.7%) and somno-

lence (13.8%). DRAEs were associated predominantly

with general disorders and administration site conditions

(26.7%), psychiatric problems (25.5%), and nervous sys-

tem disorders (24.8%). Most DRAEs were mild to mod-

erate (52.3/32.3%) and recovered completely (81.7%)—

in 54.4% without specific countermeasures. Psychiatric

DRAEs associated with DRO, such as anxiety (2.4%),

confusion (3.0%), dissociation (0.8%), hallucination

(1.6%), delusion (1.0%), paranoia (0.8%), and suicidal

ideation (0.9%), were rare, but such DRAEs affected in

total 107 patients (9.3%), of whom 76 (71.0%) discon-

tinued DRO treatment.

Discussion

DRO is a “last-resort” medication prescribed for patients

with refractory CP or in end-stage palliative care situa-

tions in many countries around the world. This explor-

atory retrospective 12-week analysis evaluated the

effectiveness of DRO in 1,145 patients with severe refrac-

tory CP with average pain durations of 2.9 years, average

daily pain intensities of 46.3 mm VAS, daily peak pain in-

tensities of up to 72.7 mm VAS, and significant restric-

tions in physical and mental health despite combination

treatment with opioid and non-opioid analgesics and ad-

juvant co-therapeutics. Treatment with DRO was fol-

lowed by significant and clinically relevant symptom

relief in all dimensions evaluated.

In a randomized controlled trial (RCT) in patients

with neuropathic pain due to multiple sclerosis, clinically

relevant pain reduction was observed (on an 11-point nu-

merical rating scale), but no statistical significance was

observed between the DRO group and the placebo group

[34]. The clinical relevance of the observed effects associ-

ated with the add-on administration of low-dose DRO in

our study is underlined by the fact that 1) all patients

evaluated in the present analysis failed to respond to rec-

ommended and approved first-, second-, and third-line

treatments and subsequently suffered from severe CP-

related restrictions, 2) more than half of the patients eval-

uated were able to reduce their analgesic baseline medi-

cation, and 3) the majority of DRAEs were reported as

mild or moderate, were transient, and showed a complete

recovery without specific countermeasures.

Effective DRO dosages were low (�15 mg/day) and

were taken by patients in �3 separate single doses (i.e.,

þ5 mg per administration), and effective maintenance

dosages were reached after a short 4-week titration pe-

riod. Treatment effects observed with DRO were large

enough for more than half of patients to reduce at least

one pain medication, such as opioid analgesics or

NSAIDs.
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Figure 2. DRO dose (mg) reported for the 12-week evaluation
period.
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Our findings are consistent with those reported from

other trials, and case reports suggest that DRO is well

tolerated [34]. Psychiatric DRAEs affected 9.3% of

patients in our study (of whom the majority discontinued

treatment and recovered completely), which we consider

an important observation for clinical practice. Patients

with known risk factors for the development of these

DRAEs should be continuously monitored, and treat-

ment with DRO, as well as other types of tetrahydrocan-

nabinol-containing cannabis as medicine, should be

initiated and maintained with caution.

Dose–response analyses revealed no correlation be-

tween distinct daily dosages or dosage ranges and specific

response rates—an observation that might be the

consequence of our noninterventional study design and

the limited experience with DRO as pain medication. As

a consequence, our results could underestimate the thera-

peutic potential, because of low dosing for some patients

and early discontinuation in cases of ineffectiveness (of

too low doses) or (probably transient) undesired effects

at the beginning of the therapy.

Strengths and Limitations
The most obvious limitation is the lack of a control (ac-

tive or placebo) group, which allows no differentiation

between effects that are related directly to the treatment

under evaluation and those related to other unrecog-

nized, and uncontrolled, factors. This limits the
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Figure 4. Primary endpoint/responder analysis.
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Table 2. Treatment effects between baseline and the end of the 12-week evaluation period with DRO

Baseline Week 12

Average 24-hour PIX, mm VAS; mean 6 SD 46.3 6 16.1 26.8 6 18.7

Absolute change vs. baseline, mm VAS;

mean 6 SD (median)

–19.5 6 17.3 (–19.3)

Relative change vs. baseline, percent;

mean 6 SD (median)

–42.1 6 40.2 (–46.4)

Patients with absolute improvement �MCID

vs. baseline, n (%)

573 (50)

Patients with relative improvement �50%

vs. baseline, n (%)

532 (46.5)

Patients who reached their tailored treatment

target at end of week 12, n (%)

623 (54.4)

Significance P< 0.001

Pain phenomenology, PDQ7, NRS35;

mean 6 SD

17.6 6 5.7 14.2 6 7.1

Absolute change vs. baseline, NRS35;

mean 6 SD (median)

–3.4 6 6.3 (–3.0)

Relative change vs. baseline, percent;

mean 6 SD (median)

–19.3 6 35.9 (–20.0)

Patients with absolute improvement �MCID

vs. baseline, n (%)

276 (24.1)

Patients with relative improvement �50%

vs. baseline, n (%)

232 (20.3)

Significance P< 0.001

Pain-related disabilities in daily life, mPDI1-7,

mm VAS; mean 6 SD

64.9 6 18.0 37.7 6 20.5

Absolute change vs. baseline, mm VAS;

mean 6 SD (median)

–27.2 6 21.3 (–25.7)

Relative change vs. baseline, percent;

mean 6 SD (median)

–41.9 6 34.3 (–40.4)

Patients with absolute improvement �MCID

vs. baseline, n (%)

738 (64.5)

Patients with relative improvement �50%

vs. baseline, n (%)

446 (39)

Significance P< 0.001

Pain-related sleep problems, mPDI6, mm VAS;

mean 6 SD

64.2 6 24.2 42.1 6 25.9

Absolute change vs. baseline, mm VAS;

mean 6 SD (median)

–22.1 6 27.8 (–19.0)

Relative change vs. baseline, percent;

mean 6 SD (median)

–34.4 6 50.6 (–32.3)

Patients with absolute improvement �MCID

vs. baseline, n (%)

564 (49.3)

Patients with relative improvement �50%

vs. baseline, n (%)

404 (35.3)

Significance P< 0.001

Physical QoL, SF-12 PCS; mean 6 SD 35.3 6 6.8 43.5 6 12.3

Absolute change vs. baseline, mean 6 SD

(median)

8.2 6 14.3 (6.0)

Relative change vs. baseline, percent;

mean 6 SD (median)

23.2 6 47.6 (17.2)

Patients with absolute improvement �MCID

vs. baseline, n (%)

644 (56.2)

Patients with relative improvement �50%

vs. baseline, n (%)

311 (27.2)

Significance P< 0.001

Mental QoL, SF-12 MCS; mean 6 SD 43.7 6 12.1 45.9 6 12.6

Absolute change vs. baseline, mean 6 SD

(median)

2.2 6 10.9 (–1.0)

Relative change vs. baseline, percent;

mean 6 SD (median)

5.0 6 30.6 (–2.0)

Patients with absolute improvement �MCID

vs. baseline, n (%)

380 (33.2)

127 (11.1)

(continued)
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attribution of causality between DRO treatment and the

effects observed. Real-world evidence could, however,

complement trial data and build the basis for the devel-

opment of further RCTs, help to implement new treat-

ments in routine care, and correct sometimes misleading

results of nonrepresentative or artificial data samples

used in RCTs. In addition, retrospective analyses of real-

life data gathered during routine patient care can help in

understanding how RCTs should be designed and what

kind of response could be expected.

Another limitation is associated with the fact that en-

tering data into the GPeR requires the active participa-

tion of physicians and pain treatment centers and the

implementation of the online documentation service

iDocLiveVR as part of daily routine care, which raises the

potential for selection bias. However, the 212 centers

within the GPeR network and its 768 pain specialists,

795 physicians, and 2,548 nonmedical specialists repre-

sent the whole spectrum of medical and associated disci-

plines involved in pain management, and they are

Table 2. continued

Baseline Week 12

Patients with relative improvement �50%

vs. baseline, n (%)

Significance P< 0.001

Overall well-being, MQHHF, NRS5;

mean 6 SD

1.6 6 0.9 2.6 6 1.3

Absolute change vs. baseline, NRS5;

mean 6 SD (median)

1.0 6 1.3 (1)

Relative change vs. baseline, percent;

mean 6 SD (median)

29.4 6 59.1 (26.3)

Patients with absolute improvement �MCID

vs. baseline, n (%)

550 (48)

Patients with relative improvement �50%

vs. baseline, n (%)

321 (28)

Significance P< 0.001

QoL impairment by pain, QLIP, NRS40;

mean 6 SD

17.4 6 5.9 25.6 6 6.3

Absolute change vs. baseline, NRS40;

mean 6 SD (median)

8.2 6 5.7 (8)

Relative change vs. baseline, percent;

mean 6 SD (median)

36.3 6 22.3 (36.4)

Patients with absolute improvement �MCID

vs. baseline, n (%)

501 (43.8)

Patients with relative improvement �50%

vs. baseline, n (%)

360 (31.4)

Significance P< 0.001

SD ¼ standard deviation; NRS¼ numerical rating scale.

Table 3. Change in pain medication between baseline and the end of the 12-week evaluation period with DRO

Baseline Week 12 D (W12!BL)
Signif.

Number of analgesics, mean 6 SD (median)
4.0 6 1.6 (4) 2.9 6 1.7 (3) –1.1 6 1.4 (–1)

P<0.001

Analgesic treatment with . . .

Non-opioid analgesics/nsaids, n (%) 311 (27.2) 227 (19.8) –84 (–27) P< 0.001

Mild opioid analgesics, n (%) 203 (17.7) 150 (13.1) –53 (–26.1) P< 0.001

Strong opioid analgesics, n (%) 747 (65.2) 570 (49.8) –177 (–23.7) P< 0.001

Antidepressants, n (%) 1018 (88.9) 849 (74.1) –169 (–16.6) P< 0.001

Anticonvulsants, n (%) 755 (65.9) 569 (49.7) –186 (–24.6) P< 0.001

None, n (%) 0 (0) 89 (7.8) 89 (na) P< 0.001

Patients . . .

Without pain medication change after DRO, n (%) 559 (48.8)

With termination of �1 pain medication with DRO, n (%) 586 (51.2)

With termination of any pain medication beyond DRO, n (%) 89 (7.8)

Demand of analgesics:

None, n (%) 0 (0) 89 (7.8) 89 (na) P< 0.001

1–2, n (%) 209 (18.3) 421 (36.8) 212 (101.4)

3–4, n (%) 547 (47.8) 441 (38.5) –106 (–19.4)

�5, n (%) 389 (34) 194 (16.9) –195 (–50.1)

SD ¼ standard deviation; na ¼ not applicable.
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homogenously distributed within Germany, representing

about 25% of all pain centers in the country, with differ-

ent sizes and settings (urban and rural), thus minimizing

the risk of geographic or other systemic patient selection

biases. All participants were board-certified pain special-

ists, well experienced with pharmacological and non-

pharmacological measures and their differential use in

patients with CP. This special qualification is probably

the reason for the extensive data collection and the high

proportion of scales used and should be kept in mind

when DRO treatment strategies are adopted by less expe-

rienced physicians.

A further potential limitation of this analysis is the in-

clusion of multiple CP etiologies, which resulted in con-

siderable data heterogeneity. However, the available data

for distinct subgroups of patients with different pain

types are large enough for a differential analysis, which is

scheduled for the near future.

Because of the methodological restrictions and our fo-

cus on depersonalized routine-care data, we were able to

perform neither a systematic monitoring of treatment

compliance nor a formal recording of possible DRO mis-

use or treatment abuse. However, the evaluated study

medication is known to have a low risk of misuse and

abuse, especially if compared with inhaled cannabinoids

or traditional World Health Organization (WHO) Step

III analgesics. In fact, we found no signals of any unex-

pected or serious adverse events associated with the use

of DRO in our population.

With respect to the long-lasting history of refractory

CP reported by the patients in this analysis, a 12-week

evaluation period is too short to draw conclusions on the

long-term effectiveness and safety of DRO for this indica-

tion. Significantly longer treatment observations are nec-

essary to confirm the endurance of the effects seen in our

cohort of patients, as well as the ability of DRO to reduce

or even replace alternative pain treatments. Additionally,

RCTs are necessary to substantiate our results and to fur-

ther increase our knowledge about the advantages and

disadvantages of a treatment with DRO in patients with

CP. However, the present study is, to our knowledge, the

largest study on DRO in the patient population with CP

so far, and it delivers important information on the dif-

ferential effects seen with DRO in daily practice.

Finally, neither the physicians nor the patients re-

ceived any type of compensation for their data collection

activities. All information recorded and transferred into

the registry were entered to improve the patient–physi-

cian interaction—two factors eliminating any data

entries motivated by financial incentive or other external

influences.

Conclusions

This exploratory analysis provides real-world insights on

1,145 patients with refractory severe CP provided by the

GPeR, in whom add-on treatment with DRO was fol-

lowed by a significant improvement in pain intensity,

pain-related disabilities in daily life, QoL, and sleep.

However, because of limitations in the study design, we

cannot advance conclusions as to the causes of the effects

observed here, and these data should be viewed as pre-

liminary evidence. On the basis of our findings, it appears

that treatment with DRO was well tolerated across the

study cohort. The majority of DRAEs were mild to mod-

erate, and complete recovery without specific

Table 4. Patients and organ classes affected by DRAEs

Organ classes affected and DRAE prevalence n (%)

Total number of DRAEs: 1,617 (100)

Cardiac disorders 31 (1.9)

Gastrointestinal disorders 152 (9.4)

General disorders and administration site conditions 432 (26.7)

Injury, poisoning, and procedural complications 14 (0.9)

Investigations 33 (2)

Metabolism and nutrition disorders 64 (4)

Musculoskeletal and connective tissue disorders 34 (2.1)

Nervous system disorders 401 (24.8)

Psychiatric disorders 412 (25.5)

Vascular disorders 44 (2.7)

DRAEs with a prevalence �2%:

Ineffectiveness 257 (22.4)

Dizziness 168 (14.7)

Somnolence 158 (13.8)

Fatigue 92 (8)

Memory impairment 71 (6.2)

Nausea 71 (6.2)

Dry mouth 58 (5.1)

Increased appetite 49 (4.3)

Balance disorder 48 (4.2)

Muscular weakness 37 (3.2)

Headache 36 (3.1)

Confused state 34 (3)

Euphoric mood 28 (2.4)

Myalgia 27 (2.4)

Anxiety 27 (2.4)

Sleep disorder 26 (2.3)

Vision blurred 25 (2.2)

Tremor 24 (2.1)

Psychomotor hyperactivity 24 (2.1)

Total population 1,145 (100)

Patients with DRAEs:

Patients with at least one DRAE 536 (46.8)

Patients with �2 DRAEs 334 (29.2)

Patients affected by . . .

Cardiac disorders 31 (2.7)

Gastrointestinal disorders 132 (11.5)

General disorders and administration site conditions 374 (32.7)

Injury, poisoning, and procedural complications 14 (1.2)

Investigations 33 (2.9)

Metabolism and nutrition disorders 64 (5.6)

Musculoskeletal and connective tissue disorders 34 (3)

Nervous system disorders 263 (23)

Psychiatric disorders 267 (23.3)

Vascular disorders 42 (3.7)

Patients with . . .

Treatment discontinuations for any reasons 344 (30)

DRAE-related treatment discontinuations 161 (14.1)

Efficacy-related treatment discontinuations 96 (8.4)

Discontinuation due to a combination of both 87 (7.6)

1420 Ueberall et al.



countermeasures was frequent. No evidence of abuse,

persistent patterns of deliberate overdose, misuse, or tol-

erance development was observed. Psychiatric DRAEs

were reported by 9.3% of patients and recovered after

treatment discontinuation. Treatment with DRO was fol-

lowed by a significant reduction of concomitant pain

medications known to be associated with significant risk

of organ failure (e.g., NSAIDs) or addiction (e.g., opioid

analgesics). Further randomized trials with an active con-

trol group are needed to determine the clinical efficacy

and validate the DRAE findings.
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