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Long-term effectiveness and safety of medical
cannabis administered through the metered-dose
Syqe Inhaler
Joshua Avirama,*, Daniella Atzmonya, Elon Eisenbergb,c

Abstract
Introduction: Preliminary clinical studies on medical cannabis (MC) treatment using the Syqe Inhaler showed short-term
effectiveness and safety at very low and precise doses of MC.
Objectives: Here, we retrospectively analyzed “real-life” long-term data collected in real time on the potential effectiveness and
safety of MC administered with this device.
Methods: Patients were monitored by Syqe’s patient support program. (2)-D9-trans-Tetrahydrocannabinol (D9-THC) served as a
dosage marker for full-spectrumMC. Pain intensity was evaluated using a numeric pain scale (NPS) from baseline to 120 days after
treatment initiation. The change in quality of life (QoL) from baseline was evaluated. Adverse events (AEs) were followed up
continuously for 15 months.
Results: Of the 143 patients (mean age 62 6 17 years; 54% males) included in the analysis, most (72%) were diagnosed with
chronic neuropathic pain. The stable daily dose, after a mean 26 6 10 days of titration was 1,5006 688 mg aerosolized D9-THC.
Significant pain reduction, ranging from 22.8% in the intent-to-treat population to 28.4% in the population that reported baseline
pain intensity $8 points on the NPS (P , 0.001), was observed. Ninety-two percent of patients reported improved QoL. Adverse
events were reportedmostly during the titration phase (34%of patients) and declined to#4%at 3 to 15months. Only 7%of patients
reported psychoactive AEs (anxiety and restlessness).
Conclusions:Medical cannabis treatment with the Syqe Inhaler demonstrated overall long-term pain reduction, QoL improvement,
and a superior AE profile compared with administration of MC by conventional routes. Additional follow-up in a larger population is
warranted.

Keywords: Cannabis, Medical use, Metered dose, Chronic pain

1. Introduction

The use of medical cannabis (MC) for treating pain in various
medical conditions is on the rise worldwide9 despite the ongoing

debate on whether the low-quality evidence on its effectiveness10,16

justifies potential harms associatedwith its use.14,16 Furthermore,
recommended titration regimens and stable effective and safe

MC doses are not readily available because of the diverse cultivar

selection, which differs in their phytocannabinoid and terpenoid

profile,3 and the multiple administration routes, each with a

different bioavailability.6 Hence, transforming MC into an accept-

able medical treatment is a constant challenge.20

To achieve a systemic effect, MC is usually delivered orally or
sublingually or by inhalation (smoking/vaporization). Both admin-

istration routes are characterized by considerable variability in the

concentration of (2)-D9-trans-tetrahydrocannabinol (D9-THC) in

the plasma.15,17,21 Inhalation ofMC is preferred bymany patients,

possibly because of its fast onset of effects.17

The Syqe Inhaler 1.1 (Trade name: SyqeAir, Syqe Medical, Tel
Aviv-Yafo, Israel) is a novel metered selective-dose MC inhaler

that provides a possible solution for the variability of D9-THC

blood levels after inhalation. The inhaler is configured to use a

vapor chip (VC) to deliver an aerosol containing 250 or 500mgD9-

THCas an indicator for phytocannabinoids, terpenoids, and other

molecules from the whole inflorescence that are aerosolized
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concomitantly with D9-THC. The inhaler heats the medical grade
cannabis to a temperature below combustion and engages
automatic thermal and airflow controls that ensure precise,
accurate, and high-efficiency delivery of the produced MC
aerosol to the patient’s lungs, independent of the inhalation
pattern of the individual patient. The inhalation process is similar
to shallow breathing (ie, 3–15 L/min): after the user inhales for 1.8
seconds, the inhaler airway becomes blocked and the user
experiences resistance. The airway then opens creating a chase-
air pulse that flushes the aerosolized MC past anatomic dead
space and deep into the lungs, resulting in enhanced bio-
availability.2 An airflow modulation–lung interface reflux serves as
an indication for the patient that the inhalation was completed
successfully. The entire inhalation process lasts 2 to 5 seconds.
For example, the duration of a single inhalation of 500mgD9-THC
is 2.8 seconds.

In a study that evaluated the pharmacokinetics of MC using an
earlier version of the inhaler, the maximal concentration in plasma
(Cmax) of 1,000 mg of aerosolized D9-THC ranged from 26 to 53
ng/mL.12 This Cmax range was much narrower than the reported
Cmax range after cigarette smoking of MC under controlled
conditions (;50–250 ng/mL17). In a randomized, double-blind,
placebo-controlled trial that evaluated reduction of chronic pain
with 500 mg and 1000 mg of aerosolized D9-THC among patients
with noncancer pain, average pain was reduced by 1.95 and 2.95
points (on a scale of 0–10), respectively, for 150 minutes.
Pharmacokinetics evaluation after administration of 500 mg and
1,000 mg of aerosolized D9-THC through the inhaler showed low
variability in plasma concentration among subjects. D9-THC
plasma levels after administration of the 1,000-mg dose were
twice as high as those after administration of the 500-mg dose,
indicating stable dosing. Adverse events (AEs) were mostly mild,
reversible, and receded rapidly.2 Here, we retrospectively
analyzed “real-life” long-term data collected in real time on the
potential effectiveness of low-dose MC delivered by the Syqe
Inhaler in reducing pain and other symptoms and on the safety of
this mode of MC delivery.

2. Methods

2.1. Study design and setting

Syqe Medical provides all patients who use its metered-dose
inhaler a free patient support program (PSP). On joining this
program, the patients provide their informed consent, which
allows data collection by Syqe’s PSP nurse team. The PSP also
includes a call center that archives every AE report.

In this study, we retrospectively analyzed the data of all patients
who were enrolled in the program between September 2019 and
October 2020. Analysis of the collected datawas approved by the
Technion - Israel Institute of Technology’s Ethics Committee
(#125-2021).

2.2. Device

The Syqe Inhaler 1.1 (Fig. 1) consists of a cartridge containing 60
preloaded VCs each containing a precise predefined amount of
raw ground cannabis, which is free of pesticides, heavy metals
(,0.2 ppm lead, ,0.02 ppm mercury, and ,0.02 ppm
cadmium), stalks, and foreign materials, such as insects and
other vermin. Microbiological purity is regularly confirmed (total
aerobicmicrobial count of,10 colony forming units [CFU]/g; total
yeast and mold count of ,10 CFU/g; and absence of
Pseudomonas aeruginosa, Staphylococcus aureus, and

bile-tolerant gram-negative bacteria). Each cartridge contains a
radiofrequency identification (RFID) label. The device identifies the
RFID label both electronically and by distinct mechanical points
on the cartridge. Without this authentication, the device will not
recognize the cartridge and will not operate. The device requires
minimal training before use and automatically generates logs of
the inhalation process.

2.3. Medical cannabis treatment

Each patient’s treatment regimen (ie, MC dose and the number of
inhalations) was individualized using a titration plan provided by
Syqe Medical’s PSP. Four different titration plans were available.
The titration plan was chosen according to the patient’s MC use
before treatment initiation (when relevant), age, and relevant
comorbidities, if any. Each titration plan set a maximum dose limit
for the MC regimen (Supplemental Figure 1, available at http://
links.lww.com/PR9/A162).

Each VC was preloaded with 13.5 6 0.9 mg processed
granulated pharmaceutical grade cannabis flowers (Bedrocan,
Veendam, The Netherlands). The inhaler is electronically config-
ured to deliver an aerosol containing either 250- or 500-mg D9-
THC dose from each VC.

Dose titration for naive patients (who had never smoked or
vaped MC) began with two 250-mg D9-THC doses per day, and
only 1 daily dose of 250mgD9-THC in patients aged 80 years and
older. Experienced patients, who had been smoking or vaping
MC before initiating treatment with the metered-dose inhaler,
started with four 500-mg D9-THC doses per day. Thereafter,
patients could add small incremental doses in accordance with
their titration plan, which was subject to the absence of AEs for 3
consecutive days, or to the presence of tolerable AEs, whichwere
defined as AEs perceived by the patient as ones not preventing
him or her from continuing the treatment (eg, dry mouth or mild
cough). Dose titration was supported and monitored by a PSP
nurse, who assisted the patient in reaching a stable treatment
regimenwith as few AEs as possible. The titration ended once the
patient achieved satisfactory symptom relief without any in-
tolerable AEs, which were defined as AEs perceived by the
patient as ones that prevented him or her from continuing the
treatment or defined by the PSP nurse as potentially harmful.

Patients were allowed to use rescue (SOS) doses on top of
their scheduled daily dose for breakthrough pain episodes.

Figure 1. Syqe metered-dose Inhaler. The Syqe Inhaler as used (left image)
and its internal components (right image).
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2.4. Outcome measures

Average weekly pain intensity was measured by a numerical pain
scale (NPS) ranging from 0 (no pain) to 10 (worst imaginable pain
intensity).

Adverse events were assessed by an open question: “Have
you experienced any AE since the last follow-up?” At each follow-
up visit, patients were also asked about changes, if any, to their
medication regimens other than MC administered by the inhaler.

Before conducting the analysis of the study’s data (October
2020), all patients who had reached the stable-dose phase were
contacted by the PSP nurses and were requested to report any
perceived change from baseline, in their quality of life (QoL), using
a 5-point Likert scale (“much worse,” “worse,” “no change,”
“better,” or “much better”).

2.5. Data collection

Data were collected by Syqe’s PSP nurses based on outcomes
that were reported by the patients. A baseline meeting, during
which the nurse instructed the patient on using the inhaler, was
held in person at the patient’s home. In this meeting, the nurse
asked the patient about previous MC treatments, comorbidities,
medication history, and concomitant medications. Women were
asked whether they were pregnant or breastfeeding. Pain intensity
and patient demographics (age and sex) were also recorded.

Inasmuch as possible, the same PSP nurse collected data on
pain intensity and AEs by phone at predefined times: 7, 14, 21,
30, 60, 90, and 120 days after treatment initiation. Additional
scheduled calls weremade by the PSP team for safetymonitoring
at 180 and 360 days after treatment initiation. At each call,
women were also asked whether they were pregnant or
breastfeeding. Patients were instructed to call the PSP support
service at any time of the day or night if needed.

2.6. Statistical analysis

The intention-to-treat (ITT) population included all patients who
were treated with the inhaler and had data for any time point. The
per-protocol (PP) population included all patients who had data
for all time points. Categorical variables are presented as number
and percentage. Distribution was assessed by the Shapiro–Wilk
test of normality. Data with nonnormal distribution is presented as
median and interquartile range (IQR), and normally distributed
data are presented as mean 6 SD. R software (V.1.1.463) with
lme47 and tidyverse23 packages was used to analyze changes in
outcome measures by generalized linear mixed-effect regression
models13 for the ITT analyses. Repeated measures analysis of
variance (ANOVA) was used for the PP analysis. Differences were
considered significant if the P value was lower than 0.05.

3. Results

3.1. Patient characteristics

At the time of data analysis (October 2020), 215 patients were
enrolled and initiated treatment with MC using the Syqe Inhaler.
Of them, 143 patients (54% male) with a mean age of 62 6 17
years completed the titration andwere eligible for the ITT analysis.
Most patients (n 5 103, 72%) were prescribed MC treatment
using the metered-dose inhaler because of chronic neuropathic
pain. Other diagnoses included chronic musculoskeletal pain
(n 5 14, 10%), cancer pain (n 5 9, 6%), chronic nociplastic pain
(n 5 4, 3%), chronic visceral pain (n 5 2, 1%), and medical
conditions with concomitant chronic pain (n 5 6, 4%). Five

additional patients (3%) receivedMCwith the inhaler for diagnoses
other than chronic pain (symptomatic cancer, essential tremor,
Parkinson disease, obsessive compulsive disorder, and multiple
sclerosis). All etiologies for the indications are presented in
Supplemental Table 1 (available at http://links.lww.com/PR9/
A162). None of the female patients were pregnant or breastfeeding
at enrollment.

Thirty-eight patients (27%) had comorbidities as follows: 23
(16%) had hypertension; 12 (8%) had diabetes; 3 (2%) had
congestive heart failure; and 1 patient each hadMeniere disease,
emphysema, asthma, or Addison disease.

During the follow-up period, 28 patients (19.5%) dropped out
from the PSP for the following reasons: 3 patients (2%) died
because of causes unrelated to the treatment (2 from cancer and
1 patient with myasthenia gravis complicated by severe
pneumonia), 7 patients (5%) withdrew because of financial
reasons, 3 patients (2%) no longer needed MC treatment for
their chronic pain (2 were cured by surgical interventions and a
third patient was cured spontaneously), 8 patients (6%) reported
worsening of their medical condition (eg, severe cardiac in-
sufficiency, brain metastases, and severe muscle dystrophy
affecting respiratory function), 5 patients (3%; all men) stopped
treatment because of ineffectiveness, 1 patient (,1%) withdrew
because of AEs, and 1 patient (,1%) because of regulatory
reasons (Fig. 2).

Figure 2. CONSORT 2010 flow diagram (numbers of patients). D, day from the
first use of the inhaler; only patients who reported their NPS score were included
in each visit’s analysis; *, 25 patients (17%) did not achieve a balanced regimen
because 1 patient (,1%) did not intend to use the inhaler a priori, 6 (4%) for
financial reasons, 6 (4%) deceased (causes unrelated to treatment with the
inhaler), 1 (,1%) improved health, 3 (2%) worsened health (causes unrelated to
treatmentwith the inhaler), 3 (2%) stopped treatment because of adverse events,
and 5 (3%) stopped treatment because of ineffectiveness.
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3.2. Previous medical cannabis treatment

Seventy-five patients (52%) used MC before using the inhaler.
The most common form of MC was oil extract (n 5 38, 51%),
followed by inhalation of inflorescence (n5 16, 21%). Twenty-one
patients (28%) used both administration methods concomitantly.
The most common cannabis dose was 20 grams per month (n5
54, 38%). A lower dose of 10 grams per month was used by 4
patients (3%), whereas higher doses of 30, 40, 50, and 60 grams
per month were used by 8, 5, 3, and 1 patients, respectively.

Of the 75 patients who had previously used MC, 57 (76%)
retrospectively reported experiencing MC-related AEs before
using the inhaler, 34 of these 57 patients (60%) used oil extracts of
MC, 7 (12%) smoked or vaporized and 16 (28%) used both
concomitantly.

3.3. Inhaler treatment characteristics

At the time of data analysis, the patients were using the inhaler for
an average of 9.0 6 4.1 months. The duration of the titration
phase was 26 6 10 days. After titration, the average daily
aerosolized D9-THC dose was 1,500 6 688 mg. After achieve-
ment of a stable dose, only a minority of the patients (n5 13, 9%)
required rescue inhalations.

Of the 75 patients who had usedMC before initiating treatment
with the inhaler, 12 (16%) concomitantly continued their non-
inhaler MC treatment. Nine of these 12 patients (75%) reduced
their monthly MC doses.

3.4. Treatment effectiveness

The 5 patients who were not treated for chronic pain were not
included in the effectiveness analysis.

At the end of the titration phase, 105 patients (76%) reported
a reduction in pain intensity of at least 1 NPS point, 24 patients
(17%) reported no change, and 9 patients (7%) reported an
increase in pain intensity of at least 1 point. Comparison of the
33 patients who reported increased pain intensity or no
change in pain intensity at the end of the titration period
revealed no unique demographic or pain etiology character-
ization that could distinguish them from patients who
responded to the treatment. Forty-eight patients (34%) and
16 patients (12%) reported a reduction of $30% and $50%,
respectively, in pain intensity.

Among the 138 patients who had chronic pain, pain intensity
measured by the NPS decreased by 1.62 points (95% CI,21.99
to21.24; P, 0.001)—from 7.36 1.5 at baseline to 5.56 1.6 at
120 days after treatment initiation (22.8% pain reduction). In the
PP population, pain intensity significantly decreased by 2.6 points
(95%CI, 22.9 to 22.2; P , 0.001)—from 7.3 6 2.2 points at
baseline to 5.1 6 1.3 points at 120 days (25.4% pain reduction).

Among 67 patients with severe pain intensity at baseline ($8
points), pain intensity significantly decreased by 2.1 points (95%
CI,22.6 to21.7; P, 0.001)—from 8.46 0.6 points at baseline
to 6.0 6 1.2 points at 120 days after treatment initiation (28.4%
pain reduction Fig. 3). Of 43 patients who reported opioid use at
baseline, 25 patients (58%) reported reduced opioid doses at 120
days after initiating treatment with the inhaler.

3.4.1. Evaluation of quality of life

Ninety-two of 143 patients (64.3%) rated the change in their QoL
from initiation of treatment (Fig. 4). None of them reported “much
worse” or “worse” QoL. Nine percent reported “no change,” 59%
reported “better,” and 33% reported “much better” QoL.

3.5. Treatment safety

Among the 143 patients, 59 (41%) reported 102 treatment-related
AEs (Table 1). The most common treatment-related AEs were
dizziness (n5 26, 18.1% of patients), headache (n5 15, 10.7%),
and sleepiness (n 5 11, 7.7%). Most AEs (n 5 66, 64%) were
reported before the end of the titration phase, and less AEs were
reported during the maintenance phase; the median day for AE
reporting was 28 (ie, before the end of the titration period).
Specifically, of the 143 patients in the ITT population, 48 (34%), 6
(4%), 6 (1%), and 2 (2%) reported at least 1 AE at 1, 3, 6, and 9
months, respectively, from treatment initiation.Noneof the patients
reported AEs at 12 and 15 months. Figure 5A demonstrates the
distribution of the 102 AEs across time, relative to the end of the
titration period (“0” on the x-axis). Most AEs were short-termed,
with a median of 15 minutes (IQR, 5–30 minutes) (Fig. 5B). All AEs
resolved spontaneously without an intervention. None of the
reported AEs were caused by malfunction of the inhaler.

Of the 59 patients who reported AEs during treatment with the
inhaler, 30 (51%) had used MC before starting treatment with the
inhaler and had retrospectively reported AEs from that previous
MCuse. The rate of AEs reported afterMC administration with the

Figure 3.Changes in pain intensity during treatment. For the PP sample, N5 38 at all time points; for the ITT sample, baseline NPS$ 8,N5 67 at BL. BL, baseline;
ITT, intention-to-treat population; N, number of patients on the x-axis represents the full ITT analysis sample; NPS, numeric pain scale; PP, per-protocol
population.
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metered-dose inhaler rate was 35% lower than the rate of AEs
reported when using MC by other administration routes (41%
vs 76%).

4. Discussion

In the current study, we assessed the long-term effectiveness
and safety of low and preciseMCdoses administered through the
metered-dose Syqe Inhaler on patients with chronic pain due to
various etiologies. Our analysis shows that after a structured
titration phase, which was guided by professional nurses,
patients reported significant pain reduction ranging from 22.8%
in the ITT population to 28.4% in the population that reported high
pain intensity at baseline of $8 points on the NPS. The
percentage of reduction in pain intensity was comparable with
the rate of 22.3% seen after 90 days of sublingual or smoked or
vaped MC use.4

Although 17% of the patients in the current study reported no
decrease in pain intensity at the end of the titration phase and 7%
reported worsening of pain, these patients elected to continue
using the inhaler. It is possible that these patients have found other
treatment benefits for using the inhaler, such as improved sleep or
mood, which are often reported by patients treated with MC.4

The rate of AEs during the study was low, and most of them
were reported during the titration phase, essentially disappearing
after attainment of a stable treatment regimen. These results are
in line with our previous clinical studies, in which significantly
lower D9-THC plasma levels were associated with similar
analgesic effects and superior safety profiles compared with that
observed with MC cigarette smoking.4

Although the AE rates of sublingual or smoked or vaped MC
declined from 40% after a month of treatment to 30% a year
later,4 in the current study, AEs declined from 34% during the
titration phase to almost none during the maintenance phase,
which ranged from 3 to 15 months. In a study on patients with
fibromyalgia treated by a single vaporizer session of MC from the
Bedrocan cultivar, which is the cultivar used for the VCs of the
inhaler, 80% of the treated patients reported psychoactive
effects,11 whereas in our study, only 10% reported psychoactive
AEs, such as anxiety and restlessness. Hence, MC treatment
using the inhaler seems similar to traditional MC for effectiveness,
but superior regarding safety, while exposing the patients to very
low doses of aerosolized D9-THC.

The mean daily stable dose used by patients in the study was
1,500 mg (1.5 mg) of aerosolized D9-THC, which is much lower
compared with other administration routes of MC.19 Two recent
guideline articles recommended a maximal daily dose of 40 to 50
mg of D9-THC through the oral or sublingual route.8,18

Furthermore, the mean monthly amount of MC prescribed per
patient in Israel (as of mid-2021) was about 30 gr, which equals
about 1 gram per day. As the concentration of D9-THC in MC
supplied in Israel can vary between 1% and 20%, patients
consume approximately 10 to 200 mg of D9-THC daily.

The high D9-THC doses of conventional MC use19 produce
high D9-THC plasma levels (Cmax range of ;50–250 ng/mL17),
which are much higher than those required for achieving pain
relief, and result in a higher rate of AEs.1 Wallace et al.22 showed
that the therapeutic window for optimal pain reduction is 16 to
31 ng/mL of plasma D9-THC.22 Congruently, in a 3-arm
randomized clinical trial using the Syqe Inhaler, administration
of 500 mg and 1000 mg of aerosolized D9-THC produced
average Cmax plasma D9-THC levels of 14.3 6 7.7 ng/mL and
33.8 6 25.7 ng/mL, respectively. The range of this therapeutic
window is further supported by the pharmacokinetics study on
nabiximols oromucosal spray, where after the administration of
8 consecutive sprays, the maximal D9-THC plasma concentra-
tion was 5.4 6 2.41 ng/mL21—too low to show a clinically
meaningful analgesic effect of this administration mode.5

Furthermore, the inhaler enables repeatable dosing and
structured titration of MC, which allow achieving a stable and
consistent steady-state dosage compared with smoking or
vaporizing. The latter shows considerable variability in plasma
D9-THC levels among patients and within each patient.17

Hence, administration of MC with conventional administration
routes may result in overdosing or AEs even after a prolonged
duration of treatment.3

4.1. Limitations

This study has several limitations. First, the sample is relatively small.
Second, because of the ongoing nature of the study design and the

Figure 4.Changes in perceived quality of life after medical cannabis treatment
using the Syqe Inhaler. The numbers on the bars indicate the number of
patients who responded. N, number of patients; QoL, quality of life.

Table 1

Treatment-related adverse events.

Adverse events Study population
N 5 143
n (%)

Total 59 (41)
Nervous system disorders 33 (23)
Dizziness 25 (17)
Confusion 3 (2)
Sleepiness 11 (8)
Concentration impairment 3 (1)
Memory impairment 2 (3)
Headache 15 (10)

Gastrointestinal disorders 14 (10)
Nausea 4 (3)
Heartburn 3 (2)
Dry mouth 6 (4)
Vomiting 1 (,1)

Psychiatric disorders 15 (10)
Anxiety 8 (6)
Restlessness 2 (1)

Cardiovascular disorders 2 (1)
Palpitations 2 (1)

Miscellaneous disorders 18 (13)
Cough 4 (3)
Tinnitus 1 (,1)
Muscle pain 1 (,1)

N do not add up to 100% because of concomitant adverse events. Bold values represent adverse effects rates

by a systemic grouping.
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19.5% attrition rate, the sample size became smaller at each time
point; however, the PP analyses controlled for this limitation.

5. Conclusions

Medical cannabis treatment with the Syqe Inhaler demonstrated
overall long-term pain reduction, quality of life improvement, and
opioid-sparing effect in a cohort of patients with chronic pain,
using just a fraction of the amount of MC compared with other
modes of delivery by inhalation. These outcomes were accom-
panied by a lower rate of AEs and almost no AE reports during a
long-term steady-state follow-up. Additional follow-up in a larger
population is warranted to corroborate our findings.
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