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Cannabis in painful HIV-associated
sensory neuropathy

A randomized placebo-controlled trial
D.I. Abrams, MD; C.A. Jay, MD; S.B. Shade, MPH; H. Vizoso, RN; H. Reda, BA; S. Press, BS;

M.E. Kelly, MPH; M.C. Rowbotham, MD; and K.L. Petersen, MD

Abstract—Objective: To determine the effect of smoked cannabis on the neuropathic pain of HIV-associated sensory
neuropathy and an experimental pain model. Methods: Prospective randomized placebo-controlled trial conducted in the
inpatient General Clinical Research Center between May 2003 and May 2005 involving adults with painful HIV-
associated sensory neuropathy. Patients were randomly assigned to smoke either cannabis (3.56% tetrahydrocannabinol)
or identical placebo cigarettes with the cannabinoids extracted three times daily for 5 days. Primary outcome measures
included ratings of chronic pain and the percentage achieving �30% reduction in pain intensity. Acute analgesic and
anti-hyperalgesic effects of smoked cannabis were assessed using a cutaneous heat stimulation procedure and the
heat/capsaicin sensitization model. Results: Fifty patients completed the entire trial. Smoked cannabis reduced daily pain
by 34% (median reduction; IQR � �71, �16) vs 17% (IQR � �29, 8) with placebo (p � 0.03). Greater than 30% reduction
in pain was reported by 52% in the cannabis group and by 24% in the placebo group (p � 0.04). The first cannabis
cigarette reduced chronic pain by a median of 72% vs 15% with placebo (p � 0.001). Cannabis reduced experimentally
induced hyperalgesia to both brush and von Frey hair stimuli (p � 0.05) but appeared to have little effect on the
painfulness of noxious heat stimulation. No serious adverse events were reported. Conclusion: Smoked cannabis was well
tolerated and effectively relieved chronic neuropathic pain from HIV-associated sensory neuropathy. The findings are
comparable to oral drugs used for chronic neuropathic pain.
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HIV-associated sensory neuropathy (HIV-SN) is the
most common peripheral nerve disorder complicating
HIV-1 (HIV) infection.1-3 The dominant symptom in
HIV-SN is pain, most often described as “aching,”
“painful numbness,” or “burning.” Hyperalgesia and
allodynia are common, while weakness is rare and
usually confined to the intrinsic foot muscles.

Anticonvulsant drugs have been shown to be effec-
tive, specifically lamotrigine and gabapentin, but
some patients fail to respond or cannot tolerate these
agents.4,5 Adverse drug-drug interactions with anti-
retrovirals limit the utility of other antiepileptic
drugs used for neuropathic pain, such as carbamaz-
epine.6 Peptide T, mexiletine, acupuncture, and cap-
saicin cream were no more effective than placebo in
relieving pain from HIV-SN.7-11 Similarly, tricyclic
antidepressants also were no more beneficial than
placebo in relieving pain in controlled trials for
HIV-SN.9,10

Extensive preclinical research has demonstrated
analgesic effects of exogenous cannabinoids as well
as an endogenous cannabinoid system involved in

pain and analgesia.12,13 The need for a greater vari-
ety of effective therapeutic options has led to height-
ened interest in evaluating smoked cannabis as a
treatment for chronic neuropathic pain. Incorporat-
ing an experimental pain model into the assessment
of smoked cannabis in patients with chronic pain
from HIV-SN provides a standardized reference
point for each patient’s subjective ratings of ongoing
chronic pain. The Long Thermal Stimulation proce-
dure tests for acute analgesia by measuring the
painfulness of a 1-minute heat stimulus.14 The heat/
capsaicin sensitization model tests for anti-
hyperalgesic effects.15 By simultaneously evaluating
acute experimentally induced pain and hyperalgesia
and ongoing neuropathic pain, we sought to deter-
mine the effect of smoked cannabis on the neuro-
pathic pain of HIV-SN, and to determine if
cannabinoids have a more general analgesic and
anti-hyperalgesic effect.

Methods. Study patients. Patients were adults with HIV infec-
tion and symptomatic HIV-SN with an average daily pain score of
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at least 30 mm on the 100 mm visual analog scale during the
outpatient pre-intervention phase. Patients were in stable health,
were without current substance abuse (including tobacco), and
followed a stable medication regimen for pain and HIV for at least
8 weeks prior to enrollment. Painful HIV-SN was confirmed by
symptoms of symmetric distal pain or dysesthesias in the lower
extremities for at least 2 weeks, combined with absent or de-
pressed ankle reflexes or sensory loss of vibration, pin, tempera-
ture, or touch on examination by the study neurologist (C.A.J.). A
family history of polyneuropathy, neuropathy due to causes other
than HIV or dideoxynucleosides, and use of isoniazid, dapsone, or
metronidazole within 8 weeks prior to enrollment were exclusion-
ary. HIV neuropathy was defined as onset of symptoms without
concomitant dideoxynucleoside antiretroviral therapy and nucleo-
side neuropathy as symptom onset during dideoxynucleoside
treatment. Subjects with HIV neuropathy whose symptoms wors-
ened on dideoxynucleoside agents were considered to have both
HIV and nucleoside neuropathy.

All patients were required to have prior experience smoking
cannabis (defined as six or more times in their lifetime), so that
they would know how to inhale and what neuropsychologic effects
to expect. Current users were asked to discontinue any cannabis
use prior to study admission.

The study was approved by the Institutional Review Board at
the University of California San Francisco, the Research Advisory
Panel of California, the Drug Enforcement Administration, the
Food and Drug Administration, and the National Institute on
Drug Abuse. Written informed consent was obtained from all pa-
tients. The trial was monitored by an independent Data Safety
Monitoring Board (DSMB) established by the University of Cali-
fornia Center for Medicinal Cannabis Research.

Study medication. The National Institute on Drug Abuse pro-
vided identically appearing pre-rolled cannabis and placebo ciga-
rettes weighing on average 0.9 g. Active cannabis cigarettes
contained 3.56% delta-9-tetrahydrocannabinol (delta-9-THC), and
identical-appearing placebo cannabis cigarettes from which the
active components had been extracted contained 0% delta-9-THC.
The cigarettes were kept in a locked and alarmed freezer until
they were dispensed to a locked freezer in the San Francisco
General Hospital General Clinical Research Center where the
inpatient study was conducted. The frozen cigarettes were rehy-
drated overnight in a humidifier. Patients were housed in a room
with a fan ventilating to the outside. Research staff monitored
patients during smoking sessions, weighed the cannabis cigarettes
immediately before and after they were administered to patients,
and returned all leftover material to the pharmacy. To maximize
standardization of inhaled doses, patients followed a uniform puff
procedure.16

Study timeline and procedures. The study had four phases: a
7-day outpatient pre-intervention phase (study days –9 to –3) to
establish eligibility; a 2-day inpatient lead-in phase (study days –2
and –1) in which patients were acclimated to the inpatient Gen-
eral Clinical Research Center setting and baseline measurements
were obtained; a 5-day inpatient intervention phase (study days 1
to 5); and a 7-day outpatient post-intervention phase (study days 6
to 12) during which patients continued to record pain ratings each
day.

Randomization (1:1) to cannabis or placebo cigarettes was
computer-generated by the study statistician and managed by an
independent research pharmacist. Treatment was double-blind.
After hospital admission on day –2, patients were not allowed to
leave the hospital or receive visitors. Patients smoked their first
cigarette at 2 PM on day 1, and their last cigarette at 2 PM on day
5. Pain model procedures and repeated ratings of chronic pain
were incorporated into the first and last smoking session, as
shown in figure 1. On the intervening study days, patients
smoked, as tolerated, one cigarette three times daily (8:00 AM, 2:00
PM, 8:00 PM). Preadmission analgesics were continued throughout
the study.

Primary outcome measure: Daily diary pain VAS. Beginning
with the outpatient pre-intervention phase and extending through
the post-intervention phase, patients completed a diary at 8 AM
each morning to rate their chronic neuropathic pain during the
preceding 24 hours on a 100 mm visual analog scale (VAS) labeled
“no pain” at 0 mm and “worst pain imaginable” at 100 mm.

Secondary outcome measures: Day 1 and day 5 smoking sessions.
Ratings of chronic neuropathic pain VAS. To assess the immedi-
ate effect of smoked cannabis on chronic neuropathic pain, pa-
tients rated their current pain at 40-minute intervals three times
before and three times after smoking the first and last cigarette
on a 100-mm VAS (figure 1). In the pilot study, we observed rapid
increases in plasma levels of delta-9 THC after 2 minutes (mean
� 96.8 ng/mL; 95% CI � 48.7, 145.0) with rapid declines after 1
hour (mean � 6.2 ng/mL; 95% CI � 3.3, 9.2). This study was
designed so these measures were collected within the time of peak
plasma levels.

LTS procedure. The long thermal stimulation procedure
(LTS) was used to assess acute analgesic effects. Skin on the
non-dominant shoulder was heated using a computer-controlled
Peltier device with a 15.7-cm2 surface area thermode (TSA 2001,
Medoc, Israel).17,18 The probe is held against the skin at a holding
temperature of 32 °C and then heated to 45 °C at a linear rate. On
reaching 45 °C, pain is then rated continuously using an electronic
visual analog scale with a 100-mm linear track for 1 minute before
thermode removal. The LTS procedure was performed twice before
and three times after smoking.

Heat/capsaicin sensitization model. The heat/capsaicin sensi-
tization model was used to assess anti-hyperalgesic effects by
inducing neuronal sensitization sufficient to produce an area of
cutaneous secondary hyperalgesia that can be mapped and
quantified.14,15,17-19 Heat/capsaicin sensitization was induced on a
22.8 cm2 stimulation site on the forearm by using the thermode to
heat the skin to 45 °C for 5 minutes followed by treating the
stimulation site with topical capsaicin cream (0.075%, Capzaisin
HP, Chattem Inc.; Chattanooga, TN) for 30 minutes. Cutaneous
hyperalgesia was maintained by heating the stimulation site to 40
°C for 5 minutes (rekindling procedure) at 40-minute intervals.
After each rekindling, areas of secondary hyperalgesia were quan-
tified with a 1-inch foam brush and with a 26-g von Frey hair (a
mildly noxious pin-like sensation) by stimulating along linear ros-
tral–caudal and lateral–medial paths around the stimulation site
in 5-mm steps at 1-second intervals. Starting well outside the
hyperalgesic area and continuing toward the treated skin area,
the skin was marked where patients reported a definite change in

Figure 1. Timeline of procedures associ-
ated with first and last smoking ses-
sions (day 1 and day 5) and illustration
of marking of borders of hyperalgesia
on the forearm surrounding the stimu-
lated area. Procedures: LTS � long
thermal stimulation—upper arm (45 °C
for 1 minute); forearm heat: 45 °C for 5
minutes; forearm capsaicin: 0.075% for
30 minutes; VAS � Visual Analog
Scale—Rating of current neuropathic
pain; map � map area of secondary
hyperalgesia (brush and von Frey);
RK � rekindling—forearm (40 °C for
5 minutes).
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sensation (such as burning, tenderness, or more intense pricking).
The distances from the center of the stimulation site were then
measured and surface area calculated. The first (baseline) rekin-
dling was performed before smoking and rekindling was repeated
three times after smoking.

Safety, side effects, and mood ratings. On study days –1, 2,
and 5, patients completed the Profile of Mood States to assess
total mood disturbance and subscales of tension-anxiety,
depression-dejection, anger-hostility, vigor-activity, fatigue-
inertia, and confusion-bewilderment.20 Side effects of anxiety, se-
dation, disorientation, paranoia, confusion, dizziness, and nausea
were patient-rated on a 0 to 3 scale (none, mild, moderate, severe)
at 9:00 AM, 3:00 PM, and 9:00 PM during the entire hospital stay.
Adverse events were graded using the NIH Division of AIDS table
for grading severity of adult adverse experiences.21

Statistical analysis. Study sample size was based on an open-
label pilot trial in 16 patients with HIV-SN of very similar de-
sign.22 The mean reduction in pain was 30.1% (95% CI: �61.2,
1.0). Ten pilot patients (62%) had a greater than 30% decrease in
their daily pain, the prespecified criterion of clinically meaningful
pain relief.23 Applying the same variances to a randomized,
placebo-controlled trial and conservatively estimating that 50% of
cannabis patients and 13% of placebo patients would meet the
30% pain reduction criterion yields a sample size of 48 patients
with an alpha of 0.05 and a beta of 0.20.

Statistical analyses were conducted on a modified intent-to-
treat (ITT) sample. All patients who remained in the study at each
time point were included in the analyses. The primary outcome
was the proportion of patients in the cannabis and placebo groups
who experienced at least a 30% reduction in daily diary pain level
from baseline (average of the two daily diary pain levels rated at 8
AM on study day �1 and study day 1) to end-of-treatment (average
of study days 4 and 5). p Values were obtained using �2 test for 2
by 2 tables.

The co-primary outcome variable was the percent change in
pain from baseline. Percent change in each group was not nor-
mally distributed; therefore, the nonparametric Mann-Whitney
test was used to compare percent change in pain across study
groups. Pain reduction was also modeled as a function of group
and time using a repeated measures model (generalized estimat-
ing equations). All available patient information, including infor-
mation on patients who later withdrew from the study, was
included in this model. The data were fitted using time squared to
allow for non-linearity in the relationship between group and
time. To adjust for potentially confounding patient characteristics,
we controlled for age, gender, pre-study ongoing use of cannabis
(yes or no), cause of neuropathy, and baseline daily pain.

Secondary outcome variables collected while smoking the first
cigarette on day 1 and the last cigarette on day 5 consisted of
percent change (relative to pre-smoking baseline for that session)
in 100 mm VAS ratings of chronic neuropathic pain, painfulness
of the LTS procedure, and areas of secondary hyperalgesia pro-
duced by the heat/capsaicin sensitization model to brush and von
Frey hair stimuli. For each of these repeated measures, the area
under the curve (AUC) for percent change in pain or area of
sensitization was computed relative to pre-smoking baseline val-
ues (or the average of the pre-smoking values if multiple measure-
ments were available). The total AUC was standardized as
average percent change per hour by dividing each AUC by 60.
Differences in AUC were compared using Mann-Whitney tests as
these data were not normally distributed.

Additional secondary outcome analyses of the percent change
in total mood disturbance and percent change in the six subscales
of the Profile of Mood States was analyzed using independent t
tests or Mann-Whitney tests if the data were not normally distrib-
uted. Side effect ratings were compared using repeated measures
models (generalized estimating equations), using a negative bino-
mial distribution to allow for rare events and over-dispersed data
and adjusted for differences in mean recorded side effects across
study days and time of day of measurement.

Role of the funding source. The University of California Cen-
ter for Medicinal Cannabis Research provided assistance with ob-
taining necessary regulatory approvals, data quality monitoring,
and establishing the study’s Data Safety Monitoring Board.

Results. Study patients. A total of 223 patients were
assessed for eligibility between May 2003 and May 2005

(figure 2) and 55 individuals were enrolled. Of these, 27
were randomized to cannabis cigarettes and 28 were ran-
domized to placebo cigarettes. One patient withdrew dur-
ing the inpatient intervention phase prior to smoking the
first cigarette, and four additional patients withdrew prior
to completion of the inpatient phase, leaving 25 patients in
each group who completed the entire study. All smoking
sessions were observed by research staff and completed per
protocol.

Thirty randomized patients completed the experimental
pain model portion of the study (14 cannabis, 16 placebo).
Of the 25 patients who did not fully participate in this
portion of the study, 17 could not tolerate the painful stim-
ulation when tested during the outpatient pre-intervention
phase, one developed a blister, one discontinued prior to
study day 1, and six did not meet eligibility criteria for the
pain model portion (extensive tattooing in one and heat
pain detection threshold above 47 °C in five).

The patients randomized to cannabis and placebo ciga-
rettes were similar with regard to demographic and base-
line characteristics (table 1). Patients were predominantly
men with 14 years of HIV infection and 7 years of periph-
eral neuropathy. Neuropathy was believed to be secondary
to antiretroviral medications in the majority of patients in
both groups. Over half of patients in each group used con-
comitant medications for pain, with about one quarter of
each group using more than one type of concomitant med-
ication. The most frequently used concomitant medication
was gabapentin (15 patients) followed by opioids (14
patients).

Primary outcome measure. Median daily pain ratings
for the two groups throughout the entire study are shown
in figure 3. Baseline (average of day �1 and day 1) daily
diary pain ratings were similar (cannabis median 52, in-
terquartile range [IQR] � 38, 71; placebo median 57,
IQR � 40, 74). Among those who completed the study, 13
of 25 patients randomized to cannabis cigarettes had
�30% reduction in pain from baseline to end of treatment
vs 6 of 25 patients receiving placebo cigarettes (52% vs
24%; difference 28%, 95% CI 2% to 54%, p � 0.04). The
median reduction in chronic neuropathic pain on the daily
diary VAS was 34% (IQR � �71, �16) in the cannabis
group and 17% in the placebo group (IQR � �29, 8; differ-
ence � 18%; p � 0.03, Mann-Whitney test). In the multi-
variable repeated measures model, which analyzed
available data from all randomized patients, the estimated
group difference was slightly larger than the observed dif-

Figure 2. Flow of participants through the trial.
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ference among those who completed the study (26%; 95%
CI � 0, 51; p � 0.05).

Secondary outcome measures. Smoking the first can-
nabis cigarette reduced chronic pain ratings (AUC) by a
median of 72% vs a reduction of 15% with placebo ciga-
rettes (p � 0.001, Mann-Whitney test; figure 4A). On day 5
just prior to smoking the last cigarette, median ratings of
current chronic pain intensity were lower in the cannabis
group (15; IQR � 7, 34) than in the placebo group (29; IQR �
20, 60; p � 0.006, Mann-Whitney test). Smoking the
last cigarette further reduced chronic pain ratings 51%
in the cannabis group vs 5% in the placebo group
(p � 0.001, Mann-Whitney test).

In the 30 patients who underwent the pain model por-
tion of the study, LTS (a measure of acute analgesia to
noxious heat stimuli) did not appear to be substantially
reduced by smoking the first cigarette on day 1 in either
group (figure 4B, median � �22% for cannabis and �5%
for placebo; p � 0.31). Areas of experimental heat/capsa-
icin secondary hyperalgesia on the forearm were similar in

the two groups prior to smoking the first cigarette. Active
cannabis reduced the area to both brush and von Frey hair
stimuli compared to placebo (median � �34% vs �11%;
p � 0.05 and �52% vs � 3%; p � 0.05; figure 4, C and D).
Smoking the last cigarette on day 5 did not alter the pain-
fulness of the LTS procedure or reduce the areas of second-
ary hyperalgesia in either group.

Safety and mood effects of cannabis. No patient with-
drew from the study because of adverse events. One epi-
sode of grade 3 dizziness related to study medication
occurred in the cannabis group. One case of transient
grade 3 anxiety possibly related to study medication was
reported in each group. Both patients received a one-time
dose of lorazepam. No other patients required psychotropic
medications for treatment of dysphoric effects. No episodes
of hypertension, hypotension, or tachycardia requiring
medical intervention occurred.

Mean recorded side effects were low in both study
groups. However, side effects ratings were higher in pa-
tients in the cannabis group, as shown in table 2, for anx-

Table 1 Patient characteristics

Sex, n (%)* Cannabis (n � 27) Placebo (n � 28)

Male 22 (81) 26 (93)

Female 5 (19) 2 (7)

Age, y, mean � SD 50 � 6 47 � 7

Race/ethnicity, n (%)

White 14 (52) 11 (39)

African American 9 (33) 12 (43)

Latino 3 (11) 5 (18)

Asian/Pacific Islander 1 (4) 0

Duration of HIV, y, mean � SD 15 � 4 14 � 5

On HAART, n (%) 18 (67) 24 (86)

CD4� T lymphocyte (cells/mm3), median (IQR) 355 (250, 536) 444 (311, 523)

Viral load, n (%)

�400 19 (70) 17 (61)

�400 8 (30) 11 (39)

Duration of neuropathy, y, median (IQR) 7 (3, 9) 7 (3, 9)

Cause of neuropathy, n (%)

HIV 10 (37) 7 (25)

Nucleosides 12 (44) 14 (50)

Both 5 (19) 7 (25)

Intensity of pain at baseline (0–100), mean � SD 53 � 20 54 � 23

Current cannabis use, n (%)

Yes 21 (78) 19 (68)

No 6 (22) 9 (32)

Concomitant medications, n (%) 15 (56) 16 (57)

Types of concomitant medications, n (%)†

Gabapentin 7 (26) 7 (25)

Opioid 5 (19) 8 (29)

Other medication 9 (33) 10 (36)

Multiple concomitant medications, n (%) 6 (22) 7 (25)

* Male to female transgender for 1 cannabis and 2 placebo patients.
† Multiple responses possible.
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iety (p � 0.04), sedation (p � 0.001), disorientation (p �
0.001), confusion (p � 0.001), and dizziness (p � 0.001).
Although these differences were significant, the values for
both groups hovered closer to zero than one and do not
represent any serious safety concerns in this short-term
study. The Profile of Mood States indicated a reduction in
total mood disturbance during the 5 days of smoking (me-
dian �33% cannabis vs �29% placebo; p � 0.28). Although
all subscale scores declined in both groups, the only differ-
ence was a larger decrease in depression-dejection in the
placebo group (median �63% cannabis vs �76% placebo;
p � 0.05, Mann-Whitney test).

Discussion. Over a 5-day inpatient intervention
period, smoking cannabis cigarettes three times a

day reduced HIV-SN pain by 34%, significantly more
than the 17% reduction with placebo cigarettes. A
�30% reduction in pain has been validated as a clin-
ically significant level of improvement.23 In the cur-
rent study, half (52%) of those randomized to
cannabis experienced at least a 30% reduction in
pain, while a quarter (24%) of those randomized to
placebo experienced a similar reduction in pain.

In this randomized, placebo-controlled study, the
number needed to treat (NNT) on the primary out-
come measure of �30% pain reduction among all
completing patients was 3.6 (1/[52%�24%]). Trials
vary in their primary outcome measure, so compar-
ing NNT figures only approximates relative potency.
The NNT for lamotrigine was 5.4 for HIV-related
painful DSP.4,24 Although one group of investigators
reported success with gabapentin, their data analy-
sis does not allow calculation of an NNT.5 The NNT
in the present study is comparable to that reported
in trials of gabapentin for other types of chronic neu-
ropathic pain. In a large study of gabapentin for
postherpetic neuralgia the NNT was 3.4 and for dia-
betic neuropathy the NNT was 4.0.25,26 A recent
meta-analysis of 107 controlled trials for neuropathic
pain showed that only tricyclic antidepressants and
higher potency opioids consistently achieved NNT
values lower than 3.7.24 However, for HIV-SN, tricy-
clic antidepressants were not effective.9,10 Opioids
have not been systematically evaluated for painful
HIV-SN, but studies show efficacy across a broad
spectrum of neuropathic pain disorders.27,28

In addition to patient-reported changes in ongoing
chronic pain, smoked cannabis attenuated the cuta-
neous hyperalgesia associated with central neuronal
sensitization produced by a standardized experimen-
tal pain model. Although one cannot entirely exclude
pain relief due to relaxation, a high, or unblinding,
the mood effects recorded argue against such an ex-
planation. Only one of the six Profile of Mood States
subscales (depression-dejection) showed a significant
group difference, and actually favored placebo. More-
over, ratings of side effects in the cannabis group

Figure 3. Time course of the intensity of chronic neuro-
pathic pain as rated on the daily diary VAS at 8 AM for
the previous 24-hour period. Each point represents the
group median. Study admission was at noon on study day
–2, the first cigarette was smoked at 2 PM on study day 1,
and the last cigarette was smoked at 2 PM on study day 5.

Figure 4. First smoking session: time course during the
first 95 minutes after smoking of intensity of chronic pain
as measured on the visual analog scale (A; cannabis n �
25, placebo n � 25), painfulness of LTS (B; cannabis n �
14, placebo n � 16), and areas of secondary hyperalgesia
to brush and von Frey hair stimulation (C and D; canna-
bis n � 14, placebo n � 16). Mean � 95% CI.

Table 2 Mean side effect scores by study group

Adjusted estimates

Cannabis, mean
(95% CI)

Placebo, mean
(95% CI)

Anxiety* 0.25 (0.14, 0.44) 0.10 (0.05, 0.22)

Sedation† 0.54 (0.36, 0.81) 0.08 (0.04, 0.17)

Disorientation† 0.16 (0.07, 0.34) 0.01 (0.00, 0.04)

Paranoia 0.13 (0.03, 0.45) 0.04 (0.01, 0.14)

Confusion† 0.17 (0.07, 0.39) 0.01 (0.00, 0.06)

Dizziness† 0.15 (0.07, 0.31) 0.02 (0.01, 0.05)

Nausea 0.11 (0.04, 0.30) 0.03 (0.01, 0.14)

Side effects were rated three times daily on a 0 to 3 scale (0 �
none, 1 � mild, 2 � moderate, 3 � severe).

* p, 0.05; † p � 0.001.
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were low. The rigorous experimental pain model out-
come measures are novel to each patient and not
strongly associated with expectations of relief of
chronic pain. Areas of secondary hyperalgesia are
mapped by an investigator while the patient looks
away, and thus may be less subjective than pain
intensity ratings on a VAS scale. Therefore, the
present study provides evidence that cannabis has
analgesic effects on acute central neuronal sensitiza-
tion produced by the experimental pain model as
well as on the neuronal mechanisms associated with
painful HIV-SN.

The results reported here in neuropathic pain pa-
tients exposed to an experimental pain model are
consistent with preclinical pain model studies with
cannabinoids. Systemic cannabinoids are effective in
animal models of acute mechanical and thermal
pain, inflammation and hyperalgesia, and nerve
injury.29-35 In healthy human volunteers, smoked
cannabis increased pressure pain tolerance thresh-
olds.36 The present study in chronic pain patients
also shows an effect on experimental hyperalgesia.
Although smoked cannabis did not appear to sup-
press the painfulness of the LTS procedure (analo-
gous to the hot plate or tail flick test in animals),
this may reflect the relatively low concentration of
delta-9-THC in the study cigarettes.

The clinical literature on cannabinoids for pain
conditions other than HIV-SN is limited and essen-
tially restricted to isolated delta-9-THC prepara-
tions. Fifteen and 20 mg of delta-9-THC produced
significant analgesia in cancer patients with pain, as
well as antiemesis and appetite stimulation, but
some patients reported unwanted side effects such as
sedation and depersonalization at the 20 mg dose
level.37,38 In a follow-up study, 10 mg of delta-9-THC
produced analgesic effects comparable to 60 mg of
codeine, and 20 mg of delta-9-THC was equivalent to
120 mg of codeine. Two recent placebo-controlled
studies of cannabinoids for central neuropathic pain
associated with multiple sclerosis produced results
similar to the present study. In a crossover trial of
synthetic delta-9-THC up to 10 mg/day, an NNT of
3.5 was reported.39 A trial of a sublingual spray con-
taining delta-9-THC alone or combined with canna-
bidiol showed a 41% pain reduction with active drug
vs a 22% reduction with placebo.40

The Institute of Medicine report on cannabis and
medicine concluded that cannabinoids likely have a
natural role in pain modulation, control of move-
ment, and memory.41 The Institute of Medicine re-
port, along with other recent reviews, suggest that if
cannabis compounds can be shown to have therapeu-
tic value then the margin of safety is acceptable.42,43

An acceptable safety margin has been shown in the
present study as well as in a previous study of can-
nabinoids in patients with HIV-1 infection.44
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