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Abstract

Introduction: Medical cannabis (MC) is commonly claimed to be an effective treatment for chronic or refractory
pain. With interest in MC in the United States growing, as evidenced by the 29 states and 3 US districts that
now have public MC programs, the need for clinical evidence supporting this claim has never been greater.

Methods: This was a retrospective, mirror-image study that investigated MC’s effectiveness in patients suffering
from chronic pain associated with qualifying conditions for MC in New York State. The primary outcome was to
compare European Quality of Life 5 Dimension Questionnaire (EQ-5D) and Pain Quality Assessment Scale
(PQAS) scores at baseline and 3 months post-therapy. The secondary outcomes included comparisons of
monthly analgesic prescription costs and opioid consumption pre- and post-therapy. Tolerability was assessed
by side effect incidence.

Results: This investigation included 29 subjects. Quality of life and pain improved, measured by change in EQ-
5D (Pre 36 – Post 64, P , .0001) and change in PQAS paroxysmal (Pre 6.76 – Post 2.04, P , .0001), surface (Pre
4.20 – Post 1.30, P , .0001), deep (Pre 5.87 – Post 2.03, P , .0001), unpleasant (Pre ‘‘miserable’’ – Post
‘‘annoying’’, P , .0001). Adverse effects were reported in 10% of subjects.

Discussion: After 3 months treatment, MC improved quality of life, reduced pain and opioid use, and lead to
cost savings. Large randomized clinical trials are warranted to further evaluate the role of MC in the treatment
of chronic pain.
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Introduction

Pain is the most common reason individuals seek health-

care.1 Chronic pain (CP), defined as pain lasting longer

than 3 months, has an estimated incidence in the United

States higher than that of diabetes, cancer, and heart

disease combined.2-4 Chronic pain is often complex and

can result from both nociceptive and neuropathic pain

mechanisms. Nociceptive pain is the nervous system’s

response to real or potential injury.5 Neuropathic pain

involves changes to the nerves and an autonomous,

maladaptive perception of pain, independent of real tissue

damage. The lack of safe and effective treatment options

for CP leaves both patients and providers stranded. First

line therapy includes non-pharmacologic methods fol-

lowed by non-opioid medications.6 If these methods fail

to bring adequate relief or relief dwindles over time,
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patients are left with scarce options while suffering

significant deterioration in quality of life.7 Despite the

lack of evidence for sustained effectiveness, opioid

analgesics have been increasingly prescribed for CP.8-10

As a result, inappropriate use of opioids has contributed to

overdose deaths claiming more than 183 000 lives from

1999 to 2015.11

Evidence supporting medical cannabis (MC) as an

effective treatment for chronic and refractory pain is

expanding and drawing the attention of both advocates

and critics alike.12-18 Two compounds present in cannabis,

delta-9-tetrahydrocannabinol (THC) and cannabidiol

(CBD), are responsible for a majority of the drug’s
pharmacologic effects. Delta-9-tetrahydrocannabinol,

the primary psychoactive cannabinoid, acts as a partial

agonist with high-affinity at 2 G-protein coupled recep-

tors: cannabinoid receptors 1 and 2 (CB1 and CB2).19

Cannabidiol receptors are found in high concentrations in

areas of the brain that modulate nociceptive pain in

similar amounts and locations to that of opioid receptors.3

One such area is the periaqueductal gray.20,21 The

periaqueductal gray is an important area of the brain for

modulation of analgesia through descending pathways of

pain.5 Cannabinoid receptor 1 is also densely expressed in

the amygdala, an area of the brain that influences the

emotional response to pain.22 This is of particular interest

because increased emotional suffering is associated with

CP.23,24 One imaging study25 confirmed THC’s effect on

the amygdala contributes to analgesia in humans.

Cannabinoid receptor 2s are widespread and are associ-

ated with cells of the immune system. Delta-9-tetrahy-

drocannabinol may exert analgesic effects through both

receptors, tempering perception of pain at CB1 and acting

through anti-inflammatory mechanisms at CB2. Cannabi-

diol, another active compound in MC, acts on cannabinoid

receptors indirectly and may have anxiolytic effects.26

Altering the ratio of THC to CBD changes MC’s net effect
because CBD can mitigate the psychoactive effects of

THC. Although THC and CBD have been the primary focus

of investigation for years, there are over 100 cannabinoids

present in cannabis as well as aromatic terpenoids, which

likely target receptors other than CB1 or CB2 and

modulate psychopharmacology.27 Terpenoid profiles vary

between strains of cannabis and are purported to

influence the different effects of cannabis varietals such

as indica or sativa.

As of July 2017, 29 states and 3 US districts have public

MC programs.28 Medical cannabis products available in

many state programs have experienced issues regarding

variability in potency.29 The New York State (NYS)

Department of Health’s MC program is one of the most

stringent to date.30 The state’s legislation encompasses

good manufacturing practices, reliable drug pedigree, and

consistent product potency. Given the regulatory environ-

ment in NYS and the fact that opioid overdose deaths are

reduced in states with public MC programs, we investi-

gated MC’s utility in the treatment of CP.31

Methods

Institutional review board approval was granted by

Rochester Regional Health to conduct this retrospective,

mirror-image study at a collaborative psychiatric private

practice in Rochester, New York. Patients were enrolled if

they (1) were referred to our clinic for CP; (2) qualified for

MC use in NYS (Table 1); and (3) had yet to be issued a MC

certificate. Patients were excluded if they (1) were under

the age of 18 years; (2) had already undergone 3 months

treatment with MC; or (3) were pregnant or breastfeeding.

Eligible patients registered with the Department of

Health, were prescribed MC by our physician, and picked

up their prescription from a dispensary.

The approach to therapy was based on the pharmacoki-

netics of the dosage forms. Oral absorption of MC is slow

and produces peak plasma concentrations (Cmax) in 1 to 2

hours,32 whereas inhalation achieves Cmax in 3 to 10

minutes and was reasoned to be suitable for breakthrough

pain. Subjects were treated with 10 mg MC capsules of

THC and CBD in a 1:1 ratio, taken orally every 8 to 12

hours. If patients experienced breakthrough pain, they

were prescribed a vapor pen inhaler of THC/CBD in a 20:1

ratio, 2 mg THC per 0.1 mg CBD. Patients were instructed

to take 1 to 5 puffs every 15 minutes until relief was

achieved and use every 4 to 6 hours as needed. Patients

were prescribed a month’s supply. A pharmacist admin-

istered the patient surveys at baseline and after 3 months

therapy. Side effects were reported over the phone and

were assessed at 1- and 3-month follow-up visits.

The primary outcome was change in European Quality of

Life 5 Dimension Questionnaire (EQ-5D) and Pain Quality

Assessment Scale (PQAS) from baseline to 3 months after

MC therapy. Pain Quality Assessment Scale was evaluated

using a previously published method for factor analysis.33

Secondary outcomes included change from baseline in

opioid consumption and analgesic prescription costs.

Opioid consumption was assessed by calculating each

patient’s daily dose of opioid medications and converting

to morphine equivalents.34 Opioid medications were

decreased according to guidelines set forth by the Centers

for Disease Control and Prevention6 pending patient

response to therapy. Prescription costs were evaluated by

a cost minimization analysis from the payer’s perspective.

Analgesic prescription costs were calculated at baseline,

extrapolated 3 months back (Pre), and compared to

analgesics and MC prescription costs incurred 3 months

after therapy (Post). Average wholesale prices were used

to estimate analgesic prescription costs. Medical cannabis
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prescription costs were obtained from corresponding

dispensaries. Descriptive statistics were used to describe

the demographic data and clinical characteristics. A paired

t-test was used to compare each individual to him/herself

from baseline to 3 months post-therapy. Service utilization

and safety were analyzed using the Kruskal-Wallis test for

analysis of variance, and a Wilcoxon signed rank test was

used for non-parametric data.

Results

Twenty-nine patients were included in this investigation.

Average subject age (mean 6 SD) was 61 6 10 years, and

65% of the sample were female (10 male, 19 female).

Diagnoses approved for medical use included: spinal tissue

damage (n¼20, 70%), neuropathies (n¼ 3, 10%), cancer

(n¼ 3, 10%), irritable bowel disease (n¼2, 7%), and

Parkinson disease (n¼ 1, 3%). Three patients in our sample

suffered from cancer-related CP and 26 (90%) suffered

from chronic non-cancer pain. The average duration of

illness was 16 6 7 years. Patient characteristics are

summarized in Table 1. Quality of life EQ-5D scores (range

0 to 100) improved from 36.08 6 19.85 at baseline to

64.43 6 19.15 after 3 months treatment (P , .0001). Pain

quality measured by PQAS factor analysis also responded

favorably. Paroxysmal pain decreased from 6.76 to 2.04

(P , .0001); surface from 4.20 to 1.30 (P , .0001); deep

from 5.87 to 2.03 (P , .0001); and unpleasant rating

declined from ‘‘miserable’’ to ‘‘annoying’’ after 3 months

therapy. Pain Quality Assessment Scale criteria grouping

for factor analysis are available in Table 2, and changes in

specific PQAS criteria are listed in Table 3. Opioid

consumption was reduced from 79.94 (range 0 to 450)

to 19.65 (range 0 to 150) morphine equivalents per day

(P , .05). Monthly analgesic prescription costs decreased

from $354.70 Pre (range $0 to $1838) to $241.10 Post

(range $0 to $477; P , .05). Adverse events reported at 1

month included dry mouth (n¼ 6, 21%), dizziness (n¼ 1,

3%), and increased appetite (n¼ 1, 3%). After 3 months of

therapy, dry mouth (n¼ 3, 10%) was the only adverse

event reported.

Discussion

In this retrospective, mirror-image study, MC improved

quality of life and pain outcomes in patients with CP.

These results are consistent with previous reports

demonstrating MC’s effectiveness in neuropathic

pain.14,35-39 Our results provide new data on MC use in

treating CP associated with spinal tissue injuries (n¼ 20,

70%). Past investigations in subjects with spinal tissue

injury have focused on MC’s effects on spasticity and

overactive bladder.40-42 Smoked cannabis refers to direct

ignition of the cannabis plant and inhalation of the smoke

from combustion,43 whereas vaporization is a method of

delivering inhaled MC while decreasing the number of

toxic byproducts produced by combustion. Our study

utilized only non-smokeable dosage forms of MC. This is

contrary to other studies investigating MC for pain

indications that used smoked MC cigarettes.13,35,36,39 An

important question concerning MC analgesia is whether

this treatment is capable of providing enough relief to

reduce, or even replace, opioid use in chronic settings.

Preclinical evidence suggests cannabinoids increase the

analgesic effect of opioids, thus requiring a lower dose to

achieve relief.15,44-46 However, human studies demon-

strating opioid sparing effects of MC are limited.47,48 One

large controlled study reported this effect in a fairly large

sample utilizing smoked MC, however, a reduction in

opioid use did not achieve statistical significance.13

Alternatively, our study demonstrated a significantly

reduced opioid consumption with MC despite the small

sample size. Additionally, we observed a decrease in

monthly analgesic prescription costs, due to a reduction in

the number of oral opioids and fentanyl patches used.

In spite of a national opioid epidemic and sparse evidence

supporting long-term use, opioids are still used to treat CP

conditions.8-10 Owing to their nature of rapidly developing

tolerance, 1 in 4 people treated in the primary care setting

TABLE 1: Summary of patient characteristics

Characteristics Values

Age, mean 6 SD (y) 61 6 10

Sex, male/female 10/19

Duration of illness, mean 6 SD (y) 16 6 7

Approved Diagnoses for Medical
Cannabis in New York Statea No. of Participants (%)

Cancer 3 (10)

HIV infection or AIDS 0

Amyotrophic lateral sclerosis 0

Parkinson disease 1 (3)

Multiple sclerosis 0

Spinal cord injury with spasticity 20 (70)

Epilepsy 0

Inflammatory bowel disease 2 (7)

Neuropathy 3 (10)

Huntington disease 0

Chronic pain classification

Cancer related 3 (10)

Non-cancer pain 26 (90)

aIn addition to one of these conditions patients must have one of the
following complicating conditions: cachexia or wasting syndrome, severe
or chronic pain, severe nausea, seizures, or severe or persistent muscle
spasms. New York State added chronic pain to the list of qualifying
diagnoses in March 2017, but it was not an eligible diagnosis at the time
of this evaluation.
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with opioids for chronic non-cancer pain develop opioid

use disorder.49-52 Clearly, there is a need to transition

many patients maintained on chronic opioids to safer,

more effective therapies. All but 3 (n¼26) of our patients

completely discontinued use of their opioids, and the

remaining patients reduced their doses by approximately

75%. These findings coupled with the fact that opioid

overdose deaths decrease in states with MC legislation,

raise the question of whether MC is a safe alternative to

opioids for CP management.31

This study was limited by its retrospective nature, small

sample size, lack of blinding, and potential bias. The small

sample size and limited diagnoses in our study limits the

generalization of our findings. Patients were not screened

for cannabinoid metabolites and other drugs at baseline,

which increases the likelihood of selection bias in our

sample. Our cost minimization analysis was limited by the

use of average wholesale prices. Maximum allowable cost

would have more accurately reflected prescription costs

from the payer’s perspective.

Future studies of MC should assess drug interactions and

side effects, monitoring parameters and dose response.

Federal rescheduling of cannabis will facilitate and

encourage further research. Large controlled trials are

warranted to further evaluate the role of MC in treatment

of CP.
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