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Supplemental Figures 

Supplementary Box 1: Bayesian approach to statistical inference 

We illustrate Bayesian inference in the clinical setting of cancer staging: The patient’s history and 

physical informs a vague prior belief about the cancer stage, expressed as a wide probability 

distribution centered around 1 in the top panel. New clinical or laboratory data (termed likelihood 

in Bayesian parlance) are displayed as a probability distribution, peaked and centered on the 

disease stage most compatible with the new observations (middle panel). The combination of 

prior belief and data (likelihood) yields a posterior probability distribution reflecting the integration 

of prior information with new data (lower panel). The blue-shaded area shows the posterior 

probability that the stage is larger than 2. The posterior distribution becomes the new prior, when 

we update our belief with additional (imaging) information. 
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Supplementary Box 2: Informed versus neutral priors 

In Bayesian inference, information from outside sources can be expressed in priors [top panel]. 

Data is included through the likelihood (middle panel). Effect estimate (NNT), are shown in the 

lower panel. Strongly informed priors (shaded in blue) may shift the effect estimate, effectively 

driving the analysis (as shown on the left]. However, our evidence synthesis used diffuse “neutral” 

priors (shaded in white), which convey essentially no information. Our priors therefore exerted 

little influence on our pooled effect estimate (lower panel, right); the inferences are therefore 

robust to model choices and assumptions.  Statistical results must be subjected to a sensitivity 

analysis to investigate if inferences depend critically on prior or model parameters choices. 
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Supplementary Figure 1: Traceplots 

Representative trace plots for all model parameters were inspected visually to assess model 

convergence. In this supplemental figure we show representative extracts (after thinning with a 

factor of ten) for only a few parameters. Samples in the four chains converge and are mixing well; 

in conjunction with the Gelman statistic close to one, they indicated adequate convergence of our 

Bayesian model. 

 

 

 

 

 

 

 

Supplementary Figure 2: Autocorrelation 

High correlations between long lags can indicate poor mixing. This plot of the autocorrelation 

combining all four chains (after thinning with a factor of ten) are shown for a few representative 
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parameters to illustrate lag of dependency among Markov chain samples; in other words samples 

separated by a few lags are practically independent. 
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Supplemental Tables 

 Supplemental Tables 

Supplementary Table 1:  Details on methodological quality of included studies 

We assessed the methodological quality of included studies in the five domains of randomization, 

allocation concealment, blinding, dealing with missing data and conflicts of interests (as low, high 

risk or unclear) and substantiated our judgment in the column on the right with excerpts from the 

manuscripts. Randomization and allocation concealment were well described and suggested a 

low risk of bias. Inadequate blinding led to a high risk of performance bias in all studies. Some 

studies suffered from significant attrition. 

 

Abrams 2007 

Bias Authors’ 

judgment 

Support for judgment 

Sequence 

generation  

Low risk “Randomization was ...computer generated by the study 

statistician...”“Treatment was double blind.” 

Allocation 

concealment 

Low risk “Identical appearing placebo cannabis cigarettes,..” and “managed 

by an independent research pharmacist,” suggests that treatment 

allocation could not be guessed by providers and participants 

before treatment started. 

Performance 

bias  

High risk  “Identical appearing placebo cannabis cigarettes,..” However, 

“Patients were required to have previous experience...” and 

possibly guessed their allocation with the first puff. “Research staff 



Inhaled cannabis for chronic neuropathy – Michael Andreae 

44 | P a g e  

 

monitored patients during smoking sessions’, possibly observing 

treatment effects.  

Detection bias  Unclear 

risk 

“Patients completed a diary at 8am...” Blinding of outcome assessor 

not described. 

Incomplete 

data 

Unclear 

risk 

Loss to follow up and withdrawals of a total of five patients from 

both arms were described; these patients were excluded from the 

analysis. A per patient and an intention to treat analysis is reported 

including multivariate analysis of all available data, but still 

excluding missing data. 

Selective 

reporting 

Low risk “Change in level of HIV-related neuropathic pain as recorded on a 

100mm Visual Analog Scale.” The reported outcomes was the 

primary outcome of the reported study as defined in the protocol 

Conflict of 

interests 

Low risk Conflicts of interest were reported as none. The sponsor was 

reported with detailed information. Funded by an NIH grant, undue 

sponsor influence is unlikely. 

 

Ellis 2008 

Bias Authors’ 

judgment 

Support for judgment 

Sequence 

generation  

Low risk “Participants were randomly assigned”, “randomization was 

performed using a random number generator” 

Allocation Low risk Allocation was performed “by a research pharmacist…, key to study 
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concealment assignment was withheld from investigators until completion 

statistical analysis.” 

Performance 

bias  

Low risk Nurses titrating dose to effective pain control and tolerable adverse 

effects likely guessed the allocation. However the authors write that 

“changes in heart rate and blood pressure …[did not result] in 

unblinding of the investigators”. 

Participants: “Those receiving Cannabis rarely guessed incorrectly; 

… most of the subjects crossing over to active Cannabis during 

their second treatment correctly guessed their assignment.” 

Detection bias  Unclear 

risk 

Care givers: “…key to study assignment was withheld from 

investigators until completion statistical analysis,” but nurses 

titrating dose to effective pain control and tolerable adverse effects 

likely guessed the allocation. However “Changes in heart rate and 

blood pressure …[did not result] in unblinding of the investigators”. 

Participants: “Those receiving Cannabis rarely guessed incorrectly; 

… most of the subjects crossing over to active Cannabis during 

their second treatment correctly guessed their assignment.” 

Outcome assessor: Unclear if and how the outcome assessors 

were blinded, but the outcome tools make bias less likely. “ 

Incomplete 

data 

Low risk Loss to follow up and withdrawals were described; A per patient 

and an intention to treat analysis is reported which accounts for 

missing/lost data by multiple imputations. 

Selective Low risk The reported outcomes was the primary outcome of the reported 
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reporting study as defined in the protocol 

Conflict of 

interests 

Low risk No indication of relevant COI (Dr. Atkinson received compensation 

from Eli Lilly Pharmaceuticals). The sponsor was reported with 

detailed information. Funded by a State of California grant to the 

Center for Medicinal Cannabis Research (CMCR), undue sponsor 

influence is unlikely. 

 

Ware 2010 

Bias Authors’ 

judgment 

Support for judgment 

Sequence 

generation  

Unclear 

risk 

“Eligible participants were randomized to a sequence of treatment 

periods based on a Latin square design.” “randomly assigned” 

Unlikely, but somewhat unclear as exact method of randomization 

is not described. 

Allocation 

concealment 

High risk Allocation concealment is not well described. Did the caregivers 

know the sequence the participants would follow through the 

experiments. Could the participants guess or anticipate which 

treatment was next? 

Performance 

bias  

High risk “double blind ... design”, but outcome assessor or care giver 

blinding not described. Participants correctly guess allocation at the 

end of the trial. 

Detection bias  Unclear “double blind ... design”, but outcome assessor or care giver 
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blinding not described.  

Incomplete 

data 

Low risk Loss to follow up and withdrawals were described; No ITT analysis 

was performed; PP analysis unreported/uncertain; missing/lost data 

was excluded 

Selective 

reporting 

Low risk The reported outcomes was the primary outcome of the reported 

study as defined in the protocol 

Conflict of 

interests 

Low risk No indication of relevant COI. The sponsor was reported with 

detailed information. Sponsor is a public entity supporting 

independent research; bias unlikely, undue sponsor influence is 

unlikely. 

 

 

Wilsey 2008 

Bias Authors’ 

judgment 

Support for judgment 

Sequence 

generation  

Low risk “...crossover design using a web-based random-number generating 

program...”, “Each patient received each treatment once, in random 

order.” 

Allocation 

concealment 

Low risk “The allocation schedule was kept in the pharmacy and concealed 

from other study personnel.” “Patients were assigned to treatment 

after they signed a consent form.” 
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Performance 

bias  

Low risk Comments: “Patients and assessors were blinded to group 

assignments.” “Cigarettes were smoked under a standard 

laboratory fume hood with constant ventilation.” “A nurse 

supervised the participant via a closed circuit monitor...” and could 

hence probably not smell the agent. Unclear if participants, who 

had experience with Cannabis, were able to discern Verum from 

Placebo. Given the effect of Cannabis this is likely, but difficult to 

prevent completely, but this unblinding might have introduced bias. 

Detection bias  Unclear 

risk 

Unclear if participants, who had experience with Cannabis, were 

able to discern Verum from Placebo. Given the effect of Cannabis 

this is likely, but difficult to prevent completely, but this unblinding 

might have introduced bias. 

Incomplete 

data 

Low risk Loss to follow up and withdrawals were described; No ITT analysis 

was performed; PP analysis reported; missing/lost data was 

excluded. 

Very detailed and precise account of all patient attrition with 

detailed reasons, mostly likely not related to intervention. This and 

minimal attrition reduce the risk of bias. 

Selective 

reporting 

Low risk The reported outcomes was the primary outcome of the reported 

study as defined in the protocol 

Conflict of 

interests 

Unclear/ 

Low risk 

No statement of COI. No indication of relevant COI. The sponsor 

was reported with detailed information. Sponsor is a public entity 

supporting independent research; bias unlikely, undue sponsor 

influence is unlikely. 
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Wilsey 2013 

Bias Authors’ 

judgment 

Support for judgment 

Sequence 

generation  

Low risk “…in random order (using a web-based random number generating 

program, ‘‘Research Randomizer’’ (http:// www.randomizer.org/)...” 

Allocation 

concealment 

Low risk “The allocation schedule was kept in the pharmacy and concealed 

from other study personnel. Patients were assigned to treatment 

after they signed a consent form. “ 

Performance 

bias  

Low risk “Patients and assessors were blinded to group assignments”. “to 

prevent contamination of the breathing space of observers, this 

procedure was conducted under a standard laboratory fume hood”  

 

BUT: “When subjects ‘‘guessed’’ whether they had received 

placebo or active study medication, participants were correct 63% 

of the time for placebo, 61% of the time for 1.3% THC, and 89% of 

the time for 3.5% THC.”  

Detection bias  Low Outcome assessor: Stated that the outcome assessors were 

blinded; additionally the outcome tools make bias less likely. 

Incomplete 

data 

Low risk Loss to follow up and withdrawals were described; No ITT analysis 

was reported; PP analysis reported; unsure/not reported how 

missing/lost to follow up data was accounted for 
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All response observations, including information from subjects who 

did not complete all experimental sessions, were included in the 

analyses. 

Considering the minimal attrition, we judge the risk of bias as low. 

 

Selective 

reporting 

Low risk The reported outcomes was the primary outcome of the reported 

study as defined in the protocol 

Conflict of 

interests 

Low risk Had statement of COI. No indication of relevant COI. The sponsor 

was reported with detailed information. Sponsor is a public entity 

supporting independent research; bias unlikely, undue sponsor 

influence is unlikely. 

This material is the result of work that was supported by resources 

from the VA Northern California Health Care System, Sacramento, 

California.” 

“They derived direct financial support from the California 

legislature” 

Grant Number UL1 RR024146 from the National Center for 

Research Resources (NCRR), 
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heterogeneous burden with a large prevalence 14 in certain 

susceptible subpopulations, for example in people living with HIV 

33. Chronic neuropathic pain affects every third patient 33, 70, 81.  

CNP may result from diverse insults, including diabetes, HIV, 

trauma, and certain medications 96, 97. Chronic neuropathic pain 

remains under-diagnosed, devastating and very difficult to treat 37. 

Regardless of etiology, chronic neuropathic pain persists despite 

attempts at management with opioids, NSAID, anticonvulsants 

(gabapentin), anti-inflammatory agents, antidepressants and  

complementary medicine approaches 37.  

A recent systematic review concluded that cannabis is effective in 

selected neurological disorders, including multiple sclerosis, but 

did not address chronic neuropathic pain 55. Considering the 

recent wave of cannabis legalization83, the continued legal 

wrangling 69, its widespread medicinal and recreational use87, 98 

and additional randomized controlled trials [RCT] published on 

cannabis recently, we performed a meta-analysis to investigate if 

inhaled cannabis alleviates  chronic neuropathic pain 88, 92,9. 

Previous (systematic) reviews did not investigate inhaled cannabis 

for chronic neuropathic pain or were unable to synthesize all 

available data, didn’t include recently published RCTs and varied 

considerably in their inclusion criteria, study selection and data 

synthesis, leading to conflicting and outdated conclusions 15, 21, 26, 

51, 55, 59-61, 67, 73, 83, 86, 99. As cannabis should undergo the same 

evidence-based review as other potent prescription medication 91, 

an update was urgent 88, 92.   
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recommendations of the QUORUM and PRISMA statements 

(Moher, Liberati, Tetzlaff, & Altman, 2010). We searched in 

Cochrane Central, PubMed, EMBASE and AMED without any 

language restriction with a combination of free text and controlled 

vocabulary, employing the highly sensitive search strategy 

(Higgins JPT, 2011). We conducted a hand search in the 

conference abstracts of the Conference on Retroviruses and 

Opportunistic Infections 2011, the International AIDS Conference 

and the World Congress of Pain 2010 and reference lists. 

Search  8 Appendix 1 #3 

Study 
selection  

9 Three review authors (MHA, GC, KS) screened the citations using 

explicit criteria for study exclusion (Supplementary Table 2: 

Characteristics of excluded studies).  

 

7 

Data 
collection 
process  

1
0 

Using a standard data collection form, two authors (MHA & 

GC) extracted the data independently, reconciling any 

differences by consensus. Study authors provided individual 

patient data 
3, 35, 89, 93, 95

.  

8 

Data items  1
1 

We recorded details of trial design, conflict of interests, sponsors, 

participant characteristics, interventions and outcome measures, 

inclusion and exclusion criteria, comorbidity and HIV status, 

cannabis provenience, dose and mode of administration. We 

extracted data on attrition and on adverse effects. 

8 

Risk of bias 
in individual 
studies  

1
2 

Two authors (GC and MHA) independently assessed the risk of 

bias of included studies according to the Cochrane Collaboration 

48 on the basis of a checklist of design components and contacted 

8 
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authors for missing information (Supplementary Table 1: Details 

on methodological quality of included studies). This comprised 

randomization, allocation concealment, observer blinding, 

intention-to-treat analysis, selective reporting and conflict of 

interests. We achieved consensus by informal discussion. In 

inhaled cannabis interventions, blinding of patients and providers 

can be difficult and hence received less weight in the evaluation of 

performance bias, but not with regard to detection bias.  

Summary 
measures  

1
3 

We compared the proportion of patients having a more than 30% 

clinical improvement in chronic neuropathic pain assessed with a 

continuous patient reported instrument (e.g. the Visual Analogue 

Scale) comparing baseline to post-treatment with inhaled 

cannabis. In essence, we dichotomized the outcome in a 

responder analysis, emerging as the preferred method for pain 

outcomes research (Dworkin, 2009; Farrar, Troxel, Stott, 

Duncombe, & Jensen, 2008).  We chose this patient centered 

concept of minimally clinically important difference (MCID) 

(McGlothlin & Lewis, 2014), because chronic neuropathic pain, our 

primary outcome, is patient reported and may have a skewed 

distribution, with no more than 40–60% of patients obtaining even 

partial relief of their pain (Dworkin, 2007) : a statistically significant 

change in the population mean of a continuous pain outcome may 

not correspond to a clinically meaningful improvement for many 

individual subjects (Moore, Derry, & Wiffen, 2013). In other words, 

large studies may detect population differences too small for 

individual patients to appreciate. However, responder analysis 

7 
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2010a), spinal cord injury, diabetes mellitus and complex 

regional pain syndrome (Barth Wilsey, 2013; Wilsey, 

2008a). Psychiatric disease, substance abuse and 

significant cardiopulmonary disease were explicit 

exclusion criteria. While prior cannabis experience was a 

prerequisite for inclusion for some studies (Abrams, 1998; 

Abrams, 2007a; Barth Wilsey, 2013; Wilsey, 2008a), 

current use was an exclusion criterion in all. Prescribed 

opioid use was not specified among the inclusion or 

exclusion criteria. 

 

All studies investigated inhaled cannabis. The five studies 

used different doses, estimated as detailed in the 

Supplementary Table 3. All five studies used whole 

Cannabis plant provided by the US National Institute of 

Drug Abuse (NIDA). Three studies administered cannabis 

as pre-rolled cigarettes (Abrams, 1998; Abrams, 2007a; 

Ellis, , 2009a; Wilsey, 2008a), one through a Volcano 

vaporizer (Barth Wilsey, 2013) and one as gelatin 

capsules smoked through a pipe at home (Ware, 2010a). 

All five studies used identical looking placebo as 

comparator. Concomitant non-study analgesics were 

permitted and continued in both arms. 

Figure 3: Forest plot of cannabis effects on chronic painful 

neuropathy 
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Synthesis of 
results  

21 Based on data from 178 patients with 405 total observed 

responses, we estimated the odds ratio for a more than 

30% reduction in pain scores in response to inhaled 

cannabis versus placebo for chronic painful neuropathy as 

3.2 with a Bayesian credible interval (subsequently 

denoted with the subscript CRI95%) [1.59, 7.24]CRI 95%, 

and the NNT as 5.55 [3.35, 13.7]CRI 95%. We estimated 

the posterior probability of effect of Cannabis for chronic 

painful neuropathy to be 99.7% and the Bayes factor as 

332 (Figure 3: Forest plot of cannabis effects on chronic 

painful neuropathy). 

13 

Risk of bias 
across studies  

22 Randomization and allocation concealment were well 

described and suggested a low risk of bias.  Ineffective 

participant blinding might have possibly resulted in 

performance bias in all studies; placebo effects are likely, 

where participants guessed their allocation. Blinding of 

outcome observer was well described in one study92, and 

the use of patient diaries as outcome instrument led us to 

estimate the risk of detection bias as unclear in the 

remaining studies. Incomplete outcome data were well 

described in all studies and are detailed in Table 2. 

Withdrawals potentially related to treatment effects lead to 

high risk of bias in one study 88, but did not seem to be 

associated with group allocation in all others 2, 34, 92, 94. All 

included trials reported their primary outcome as specified 

12 
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our meta-analysis can only be as strong as the underlying 

data (Table 1 and Table 2) and the methodological quality 

(Figure 2: Summary of bias graph; Supplementary Table 

1: Details on methodological quality); the small number of 

included studies, their small number of participants and 

shortcomings in allocation concealment46 and attrition 

(Table 2: Detailed characteristics of included studies) 

somewhat weaken our conclusions. We find that the use 

of an active placebo to mimic the psychotropic effects of 

experimental treatments, while improving blinding, does 

not necessarily improve the evidence regarding 

effectiveness in a pragmatic clinical setting, but 

acknowledge the risk of performance bias76. Meta-

analyses of sparse data can be unstable42, 71; however, 

our evidence synthesis is based on individual patient data 

from all included trials, the best available source of 

evidence, short of a large RCT 48, 82. 

Conclusions  26 While the quality of the evidence for an effect of inhaled 

cannabis on chronic neuropathic pain is strong, studies 

only followed their patients for a maximum of two weeks 

and we acknowledge the risk of performance bias 12. 

Long-term pragmatic trials are very likely to have an 

important impact on our confidence in the sustained 

benefits (or potential harms) of inhaled cannabis as a 

treatment of chronic neuropathic pain in the community. 

While the cost of inhaled cannabis is likely to be low, 

20 






