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ABSTRACT
Introduction: Cancer patients are increasingly turning to cannabis products to modulate physical and psychological symptoms 
despite limited evidence supporting their efficacy. We aimed to explore cancer patients' self-reported anxiety and depression 
symptoms in response to cannabis use.
Methods: This longitudinal study examined how patient-reported anxiety and depression symptoms varied according to the 
dose, ratio of tetrahydrocannabinol (THC) to cannabidiol (CBD), and route of administration of cannabis products among cancer 
patients. Change in self-reported anxiety and depression symptoms was evaluated in 1962 cancer patients after 30 days of enroll-
ment in the Minnesota Medical Cannabis Program.
Results: Anxiety scores improved more in patients taking higher doses of CBD (> 14.3 mg/day) compared to those taking lower 
doses (< 4.6 mg/day) and among patients using enteral cannabis products. Depression scores also improved more for patients 
taking enteral products.
Discussion: Anxiety scores varied according to the dose of cannabis, the ratio of THC to CBD, and the route of administration 
of cannabis products. In contrast, depression scores only varied according to the route of administration.
Conclusions: This study of cancer patients in Minnesota suggests that patterns of cannabis use that include relatively higher 
doses of CBD taken enterally may improve the quality of life of cancer survivors who report anxiety and depression. This study 
constructs a foundation for future research to improve the tailoring of cannabis-related educational materials to patients' needs 
and inform the training of healthcare professionals on how to recommend cannabis products for cancer survivors.

1   |   Background

Cancer patients were among the first to receive access to med-
ical cannabis products for symptom management due to the 
high symptom burden resulting from cancer and its treatment 
[1–3]. Since 1996, an increasing number of cancer patients have 
been using cannabis for symptom management despite lim-
ited evidence of its effectiveness and unknown risks of adverse 

effects [4–6]. Clinical trials have demonstrated that cannabis 
can provide relief from physical symptoms in patients with 
cancer; this paved the way for the United States (US) Food 
and Drug Administration to approve cannabis product use for 
chemotherapy-induced nausea and vomiting [7, 8]. However, 
cancer patients commonly report using cannabis to manage 
psychological symptoms like anxiety and depression [9]. One 
national surveillance study found that anxiety and depression 
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were common complaints among cancer survivors, at 46% and 
20%, respectively [10]. With over 2 million cases of cancer esti-
mated in the US for 2025 and up to one-third of cancer patients 
reporting cannabis use in the past month, research is urgently 
needed to clarify the impact of cannabis on psychological symp-
toms [4, 11].

Clinical trial-based evidence is insufficient to support the 
use of cannabis for anxiety and depression; however, tetrahy-
drocannabinol (THC) and cannabidiol (CBD) might impact 
mood-related symptoms [9]. These compounds, derived from 
the cannabis plant, interact with receptors in the endocanna-
binoid system, which plays a critical role in regulating mood 
[12, 13]. Both THC and CBD interact with CB1 and CB2 recep-
tors, which are part of the endocannabinoid system [14, 15]. 
CB1 and CB2 both have receptors in the central nervous sys-
tem (CNS) contributing to psychological and behavioral ef-
fects. The majority of the CB1 receptors are located in the CNS, 
while CB2 receptors mostly contribute to immune-modulating 
activity and are located on immune cells, hemopoietic cells 
and the spleen [16].

Cannabinoids affect the neurotransmissions of gamma-
aminobutyric acid (GABA) and glutamate and enhance the acti-
vation of serotonin pathways through serotonin (5HT) receptors. 
THC is recognized for elevating dopamine and glutamate levels 
and reducing GABA in the prefrontal cortex [17]. CBD is thought 
to mitigate the psychoactive effects of THC by acting as a non-
competitive antagonist at the CB1 receptors. Additionally, CBD 
is an agonist at the serotonergic receptors and an antagonist at 
CB2 receptors [9]. Preliminary research suggests that CBD's 
modulation of various pathways (e.g., endocannabinoid, seroto-
nergic, and glutamatergic systems) may contribute to its poten-
tial to reduce anxiety and depressive symptoms [12, 18, 19]. Like 
CBD, THC interacts with serotonergic systems, with low doses 
of THC stimulating the release of serotonin, which may help al-
leviate symptoms of depression [20].

While CBD is known for its anxiolytic properties, THC exhibits 
a more complex relationship with anxiety, with preclinical stud-
ies indicating a biphasic, dose-dependent effect [18, 21]. While 
the therapeutic potential of cannabinoids is promising, particu-
larly for addressing anxiety and depressive symptoms in cancer 
patients, strong evidence is lacking [9].

Cannabinoid dose is not the only factor affecting symptom re-
sponse. Anxiety and depression symptom responses are thought 
to also vary according to the ratio of THC to CBD and the route 
of administration of cannabis products [9]. The ratio of THC to 
CBD may be important because CBD and THC may differen-
tially interact with receptors, thereby producing different psy-
chiatric effects. For example, it is thought that CBD is a negative 
allosteric modulator of CB1 receptors, for which THC is an ag-
onist [22, 23]. CB1 receptor antagonists can be anxiogenic and 
induce a depressive phenotype [24]. Additionally, the route of 
administration may affect the association between cannabi-
noids and symptoms due to variations in onset times and du-
rations of effects. For example, the impact of enteral products 
tends to be the most delayed relative to other routes of adminis-
tration because they must be digested before cannabinoids can 
enter the bloodstream [25].

The lack of knowledge surrounding cannabinoid pharmacody-
namics impedes both patients and providers in determining the 
best cannabis products for managing symptoms. To address this 
knowledge gap, the objective of this longitudinal study was to 
quantify the change in reported symptoms of anxiety and de-
pression in patients with cancer entering a statewide medical 
cannabis program.

2   |   Methods

2.1   |   Study Setting

The setting for this study was the Minnesota Medical Cannabis 
Program (MMCP). MMCP provides a treatment option for pa-
tients with certain qualifying conditions to access cannabis 
[26]. Healthcare practitioners certify whether a patient has an 
MMCP-approved qualifying condition and refer patients to the 
program. Once enrolled in the program, patients can visit the 
MMCP dispensary locations. During their visit to the MMCP 
dispensaries, patients consult with the dispensary pharmacist 
to determine the appropriate cannabis formulation, route of ad-
ministration, and dose regimen based on their qualifying condi-
tion, symptoms, previous use of cannabis, goals for therapy, and 
other medications or products used. Patients complete a Patient 
Self-Evaluation survey before every purchase through an online 
patient registry at the registered medical cannabis dispensary. 
One goal of the Patient Self-Evaluation is to provide documenta-
tion of any achieved stabilization of the patients' symptom scores 
by the 30-day mark following enrollment in the MMCP [27, 28].

2.2   |   Data Collection

Data for this study came from three sources: patient applications 
to enroll in the MMCP, Patient Self-Evaluation surveys, and dis-
pensary transactions. Patients provided information on their 
demographics, including age, race, ethnicity, sex, and whether 
they qualified to pay a reduced fee to enroll in the MMCP. 
Patients qualified for the reduced fee at some point during the 
study period in the MMCP if they were enrolled in any of the 
following: Civilian Health and Medical Program of the United 
States Department of Veterans Affairs (CHAMPVA), Veterans 
Affairs medical assistance for disability, Railroad disability, 
Social Security Disability (SSDI), Supplemental Security Income 
(SSI), enrollment in medical assistance (MA) or MinnesotaCare 
or Medicaid, Indian Health Services enrollment, and Veterans 
Affairs disability. The reduced fee was $50, and the standard 
cost was $200.

On the Patient Self-Evaluation form, patients provided weight, 
height, and rated their symptoms of anxiety and depression on 
an ordinal scale of 0–10, where 0 indicated the symptom had 
not been present, and 10 indicated the symptom was as bad as 
you can imagine it could be in the preceding 24 h [28, 29]. This 
scale was based on the Edmonton Symptom Assessment System 
(ESAS) symptom battery, which was validated for use with can-
cer patient populations [30].

The cannabis purchase transaction data included the amount 
(mg) of THC and CBD contained in each purchased product 
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along with the quantity (units) purchased and the estimated 
duration (days) the pharmacist anticipated the product would 
last before a refill was needed based on the instructions for 
use. The frequency of refills varied, with some patients vis-
iting MMCP dispensaries for refills or new products more 
frequently than others. The products sold at the dispensaries 
were purchased through two manufacturers, RISE (Leafline 
Labs) and Green Goods (rebranded from Minnesota Medical 
Solutions and Vireo Health). Each manufacturer leads its own 
cultivation, production, and distribution of medical cannabis 
in Minnesota.

Products for inhalation, enteral, oromucosal, and topical routes 
of administration were included. Inhalation products include 
combusted products that are inhaled through the mouth and 
absorbed via the lungs (e.g., dried flower and vapes). Enteral 
products are those that are swallowed and absorbed via the 
gastrointestinal tract (e.g., tablets, capsules, gummies, oral 
suspensions, and oral solutions). Oromucosal products include 
products that are held in the mouth or under the tongue and 
absorbed via the oromucosal lining (e.g., sublingual sprays, tinc-
tures, lozenges, and oral spray). Topical products include prod-
ucts applied to the surface of the body and skin (e.g., creams, 
lotions, balms).

2.3   |   Statistical Analysis

Analysis of study data was informed by the Gelberg–Andersen 
Behavioral Model for Vulnerable Populations to explore the 
relationship between cannabis product characteristics and 
change in self-reported symptom severity after 30 days of en-
rollment in the MMCP [31]. Appendix A describes the applica-
tion of the Gelberg–Andersen Behavioral Model for Vulnerable 
Populations and the definitions of each variable included in the 
analysis. A patient's choice of cannabis regimen and their symp-
tom response to that regimen frequently varied after initiating 
use but was expected to stabilize within 30 days of enrollment 
[27]. Cannabis purchasing transaction data were used as a proxy 
for the actual use of cannabis products. Product characteristics 
of interest included average daily cannabinoid dose, THC:CBD 
ratio, and route of administration. If a patient purchased multi-
ple products at once, each product's cannabinoid quantity was 
divided by the day's supply and then summed to calculate the 
average dose per day (mg). Values for product characteristics 
in the analysis were based on the first visit after 30 days since 
characteristics tended to vary widely within the first month in 
the MMCP. Raw cannabis (e.g., dried flower products), which 
became available in 2022, was excluded from the analysis be-
cause the quantification process for the THC and CBD contents 
in flower had yet to be set. If a patient purchased raw cannabis, 
only their purchases prior to that transaction were eligible for 
inclusion in the analysis.

Symptoms of interest included self-reported anxiety and 
depression. Since the primary outcome of interest was the 
change in symptom severity after enrollment in the MMCP, 
the difference was calculated in the symptom severity scores 
between enrollment and the average of symptom scores after 
30 days. At least two post–30 day visits were required since 
cannabis characteristics were examined based on the first 

transaction after 30 days, and symptom scores were used after 
that transaction, that is, those that could reflect the effects of 
the associated cannabis use. For patients with at least three 
post–30 day Patient Self-Evaluation surveys, symptom scores 
were averaged since the number of visits varied by patient 
(excluding the first survey after 30 days, since cannabis char-
acteristics were based on that visit). If a patient had a gap of 
more than 120 days between visits, only their symptom scores 
before that gap were included in the analysis. The largest day 
supply from an MMCP cannabis purchase transaction was 
120 days. Thus, the 120 day limit prevented the misattribution 
of changes in symptom scores to unrelated cannabis products 
or use characteristics.

Descriptive statistics were used to describe demographic 
data of patients, patterns of cannabis use, and reports of pa-
tient symptoms. The frequency of average daily doses, THC: 
CBD ratios, and routes of administration were enumerated. 
Logistic regression models were used to estimate odds ratios 
(OR) and 95% confidence intervals (CI) of a clinically mean-
ingful (≥ 30%) symptom score improvement (on a scale of 
0–10) according to quantities of THC, quantities of CBD, and 
ratios of THC:CBD achieved. A 30% improvement was cho-
sen as the conservative estimate of the clinically significant 
improvement, based on previous studies showing that ≥ + 1 
on the ESAS was an optimal Minimal Clinically Important 
Difference (MCID) cut-off for anxiety and depression [30, 32]. 
Multivariate linear regression models were used to evaluate 
the association of THC and CBD use patterns with the re-
ported symptom scores for anxiety and depression. Regression 
models were adjusted for age, sex, race, ethnicity, body mass 
index (BMI, kg/m2), baseline symptom score, and MMCP en-
rollment fee. Values above the 95th percentile for BMI were 
set at the 95th percentile value for regression modeling. Graphs 
were created from separate analyses for the predicted proba-
bility of achieving a 30% or greater improvement in anxiety 
and in depression for average dose per day (mg) for THC and 
CBD using restricted cubic spline with knots at 5, 27.5, 50, 
72.5, and 95 percentiles. Similar graphs were created for the 
predicted improvement in anxiety and in depression. All anal-
yses were conducted using the statistical software Statistical 
Analysis System (SAS Institute Inc.).

3   |   Results

3.1   |   Study Population for Analysis

Patients with cancer were eligible for the MMCP if a health-
care practitioner referred them and reported that they were 
experiencing severe or chronic pain, nausea or severe vom-
iting, or cachexia or severe wasting. The experience of anxi-
ety or depression was not a certifiable symptom or condition 
for patients to enroll in the MMCP. The study population in-
cluded adult patients with cancer (N = 6069) in the MMCP be-
tween July 1, 2015, and June 9, 2023 (Figure 1). As described 
above, patients were included in the analytical sample if they 
were adults and enrolled in the MMCP for at least 30 days 
(N = 4274). After additional exclusions based on requirements 
for the statistical analysis, the analytic sample included 1962 
individuals.
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3.2   |   Patient and Cannabis Use Characteristics

The average age of patients in this study was 57.4 years (standard 
deviation, SD: 13.9 years). The average BMI was 26.9 kg/m2 (SD: 
6.3 kg/m2) at MMCP enrollment. Most patients in the sample 
were 50 years of age or older (n = 1473, 76%), with males com-
prising 51% and females 49% of the sample (Table 1). Most pa-
tients were White (89.1%) and non-Hispanic (95.3%), and 40% of 
the sample paid the reduced enrollment fee for the MMCP. Only 
6% of the sample reported having metastatic cancer. Patients vis-
ited the MMCP a median of five times with an average enroll-
ment time of 10.5 months.

Enteral products were the most used route of administration, with 
75% of cancer patients using at least one enteral product. The most 
common combination of routes of administration used during 
MMCP enrollment was enteral and inhalation products (19%, 
Table 2). However, the exclusive use of enteral products remained 
greater than any combination, at 25%. Patients took, on average, 
32 mg of THC per day (SD: 71 mg) with a median dose of 17 mg per 
day, and 14 mg of CBD per day (SD: 44 mg), with a median dose of 
3 mg per day. On average, enteral products had the lowest amounts 
of THC compared to products in any of the other categories of 
routes of administration. The median THC to CBD ratio of canna-
bis products used per day by MMCP patients was 7.21.

3.3   |   Anxiety Symptoms

The average percentage improvement in anxiety (i.e., reduction 
in patient anxiety scores) was 24.8%. The improvements in self-
reported anxiety scores were positively associated with the CBD 
dose but not the THC dose of cannabis products. For each 5 mg 
increase in the daily average CBD intake, the patient's anxiety 
score improved by 0.05 points (95% confidence interval 0.01–0.08, 
p = 0.01). Compared to patients in quintile group 5 with the high-
est dose of CBD, patients with lower CBD doses were less likely 
to report at least 30% improvement in anxiety scores (quintile 2 p: 
0.01, CI: 0.51–0.92; quintile 3 p: 0.05, CI: 0.49–0.88; Appendix B, 
Table A1). In other words, patients in the fifth and highest CBD 

quintile had a predicted improvement in anxiety scores of 1.73 
out of 10 points, which was significantly greater than score im-
provements in patients in the lowest three quintiles of average 
daily CBD dose (Figure 2).

Changes in anxiety scores appeared similar across quintile 
groups of THC dose (Appendix  B, Table  A2). Similarly, THC: 
CBD ratio was not strongly associated with a consistent trend 
in reported anxiety (Figure  2). Appendix  B, Figure  A3 shows 
graphs of the predicted probability of achieving a 30% or greater 
improvement in anxiety for average dose per day (mg) for THC 
and CBD using restricted cubic spline with knots at 5, 27.5, 50, 
72.5, and 95 percentiles. Appendix B, Figure A4 shows graphs of 
the predicted improvement in anxiety.

Enteral was the only route of administration associated with im-
provement in anxiety. Patients who took any enteral products 
reported a 1.53 reduction in anxiety scores on a 10-point scale com-
pared to a 1.16 reduction for those who did not (p = 0.004) (Table 2).

3.4   |   Depressive Symptoms

The average percent improvement in depression symptom scores 
was 25.6%. The THC dose, CBD dose, and THC: CBD ratio were not 
significantly associated with a change in reported depressive symp-
toms among cancer patients (Appendix B, Figure A2). Appendix B, 
Figure A5 shows graphs of the predicted probability of achieving a 
30% or greater improvement in depression for average dose per day 
(mg) for THC and CBD using restricted cubic spline with knots at 
5, 27.5, 50, 72.5, and 95 percentiles. Appendix B, Figure A6 shows 
graphs of the predicted improvement in depression.

However, the use of any enteral products was associated with an 
improvement in depressive symptoms (1.36 reduction in depres-
sion score) compared to only the use of non-enteral products (1.10 
reduction, p = 0.04). Additionally, patients who reported using 
both enteral and topical products reported a greater improvement 
in depressive symptoms compared to those who used only enteral 
products (1.80 vs. 1.18 score improvement, Table 2).

FIGURE 1    |    Flowchart of sample for analysis.
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4   |   Discussion

Among cancer patients in this study, we observed an improve-
ment in symptoms of anxiety and depression for individuals who 
remained in the MMCP for more than 30 days and purchased en-
teral cannabis products. Overall, the THC dose was not strongly 
associated with anxiety or depression, while greater CBD doses 
were associated with greater improvements in anxiety but not 
depression scores.

This study suggests that the dose of CBD, the ratio of THC to 
CBD, and the route of administration of cannabis may all influ-
ence self-reported anxiety in cancer survivors. Specifically, our 
study identified a positive association between CBD and reduced 
anxiety, consistent with existing literature [18]. The anxiolytic ef-
fects of cannabis products were more pronounced with enteral 
products, which had higher CBD levels than any other route of 

administration in this study. Previous studies with inverse U-
shaped dose–response curves have concluded that 300 mg may be 
the most efficacious CBD dose for anxiety [33]. Additional studies 
are needed to confirm whether providers may want to encourage 
cancer survivors to try cannabis products with relatively high 
CBD relative to THC doses and the use of enteral products for 
anxiety relief. Additionally, on the ESAS scales, a 1-point improve-
ment is considered clinically significant for anxiety [30]. So, while 
this study found a significant relationship between CBD and anx-
iety reduction, clinical significance may be modest.

Interestingly, THC dose was not significantly associated with a 
change in anxiety for the patients in our study. This contradicts 
clinical studies that have suggested that THC may have anxiogenic 
effects, especially at high doses [34]. Several factors may have 
contributed to these findings. For instance, cancer-associated dif-
ferences in the endocannabinoid system may have reduced THC-
related changes in anxiety [35]. Furthermore, prolonged use of 
THC may lead to the development of tolerance, potentially result-
ing in diminished effects on anxiety in regular users [36].

Our findings suggest that enteral products play an important role 
in improving feelings of depression. A key feature of enteral prod-
ucts is their ability to produce sustained effects over a longer pe-
riod of time relative to other routes of administration; the duration 
of effects of enteral products is around 4–12 h [37]. The maximum 
effect of enteral products may be less predictable due to delayed 
onset [38]. Enteral products also can be more intense than other 
routes due to the conversion of THC to its more potent active me-
tabolite, 11-hydroxy-tetrahydrocannabinol (11-hydroxy-THC), in 
the liver [39]. The use of topical products in addition to enteral 
products may have resulted in greater depressive symptom reduc-
tion due to the possible soothing effects associated with massag-
ing a topical product into the skin [40, 41].

Existing literature supports the potential for CBD to relieve de-
pressive symptoms, an effect seen in this study [42]. Conversely, 
THC is thought to reduce CB1 receptor activity over time, lead-
ing to diminished therapeutic impacts and potentially con-
tributing to depression [43]. For this study, we only evaluated 
symptom scores after day 30 of MMCP enrollment. Any initial 
changes in depression related to THC may have dissipated be-
fore the 30-day time point.

The implications of these findings for clinical practice are to 
move cannabinoid prescribing for cancer-related mood symp-
toms toward more structured protocols. This study supports 
a CBD-dominant, enteral-first approach for patients with per-
sistent psychological distress. Because there are no existing 
guidelines for cannabis use for anxiety in cancer patients, a 
helpful starting point for cannabinoid-based anxiety relief may 
be the existing guidelines for cannabinoid titration in pain 
management, which recommend initiating CBD at low doses 
(e.g., 5 mg twice daily) and gradually titrating upward while 
monitoring tolerability and symptom response [44]. However, 
this must be tested in a clinical trial. While titrating, it may be 
helpful to implement the use of validated assessment scales, 
such as the ESAS used in this study, at baseline and at regular 
intervals. Safety monitoring should include assessment of un-
wanted cognitive effects and interactions with concurrent med-
ications such as warfarin, buprenorphine, and tacrolimus [45]. 

TABLE 1    |    Sample characteristics of cancer patients in the 
Minnesota Medical Cannabis Program (N = 1962).

Age (years) N %

18–39 239 12.2

40–49 250 12.7

50–59 504 25.7

60–69 603 30.7

70–79 286 14.6

≥ 80 80 4.1

Sex

Female 961 49.0

Male 1001 51.0

Race

White 1748 89.1

Black 55 2.8

Asian 27 1.4

Native American 40 2.0

Other/Multiple 33 1.7

No answer/unknown 59 3.0

Ethnicity

Not Hispanic 1870 95.3

Hispanic 38 1.9

No answer/unknown 54 2.8

Metastatic cancer

Confirmed yes 117 6

No/not reported 1845 94

MMCP enrollment fee

Reduced price ($50) 791 40.3

Full price ($200) 1171 59.7
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Discontinuation should be considered if a clinically significant 
improvement is not achieved within the trial period.

A limitation of our dataset is that the cannabis transaction data 
were used as a proxy for product use and adherence, despite pos-
sible variability in use [46]. However, transaction data may be 
more accurate than patient-reported dose estimates of cannabis, 
which are often inaccurate [47]. Objective transaction data from 
dispensaries allow for more precise tracking of the timing and 
contents of cannabis products for each patient. This, in turn, 
enhances confidence in inferences drawn from patient-reported 
symptom responses, as standardized patient surveys were col-
lected with each purchase. A second limitation is that patient 
cannabis use at baseline, prior use, and use outside of the MMCP 
purchases was unknown. Patients with prior cannabis use may 
have been able to tolerate greater doses and may have even re-
quired greater doses to perceive any effect compared to patients 
without previous exposure. Moreover, this dataset does not 

include a systematically collected objective assessment of what 
anxiety or depression medications were used by patients, nor ad-
verse effects, which could have impacted symptom scores over 
time. Lastly, self-reported depression and anxiety levels were 
subjective and not evaluated clinically [48].

Patients were recruited exclusively from Minnesota, which may 
reduce the generalizability of these findings to other patient pop-
ulations. Even within a region, the differences between patients' 
cancer type, stage of cancer, and treatment regimens may affect 
neuropsychiatric symptom severity and sensitivity to CBD and 
THC. In this study, most patients did not report whether their can-
cer was metastatic, which may have impacted their symptom scores 
[49]. Also, the requirement of two post-30-day visits may have in-
troduced selection bias for those who had greater longevity.

Future studies must account for the heterogeneity of can-
cer patients in general. Age, comorbidities, prior cannabis 

TABLE 2    |    Predicted improvement in self-reported anxiety and depression scores according to cannabis route of administration.

Route of administration N %

Anxiety results Depression results

predicted 
improvement 
(Score range: 

0–10) * 95% CI p

predicted 
improvement 
(Score range: 

0–10) * 95% CI p

Enteral

None 487 24.8 1.16 0.92–1.40 ref. 1.10 0.87–1.33 ref.

Any 1475 75.2 1.53 1.38–1.68 0.004 1.36 1.22–1.51 0.04

Inhalation

None 918 46.8 1.27 1.06–1.48 ref. 1.25 1.05–1.45 ref.

Any 1044 53.2 1.42 1.24–1.60 0.24 1.21 1.03–1.39 0.73

Oromucosal

None 1368 69.7 1.33 1.16–1.50 ref. 1.20 1.03–1.36 ref.

Any 594 30.3 1.36 1.15–1.57 0.84 1.27 1.06–1.47 0.52

Topical

None 1601 81.6 1.33 1.20–1.47 ref. 1.12 0.98–1.25 ref.

Any 361 18.4 1.36 1.10–1.61 0.86 1.35 1.10–1.59 0.08

Route Combinations

Enteral only 483 24.6 1.40 1.19–1.62 ref. 1.18 0.97–1.39 ref.

Enteral + Inhalation 378 19.3 1.58 1.35–1.82 0.28 1.24 1.01–1.47 0.71

Inhalation only 289 14.7 1.24 0.96–1.52 0.39 0.94 0.66–1.21 0.18

Enteral + Oromucosal 197 10.0 1.60 1.27–1.92 0.31 1.38 1.06–1.70 0.29

Enteral + Inhalation + Oromucosal 119 6.1 1.60 1.17–2.02 0.42 1.19 0.78–1.60 0.97

Enteral + Inhalation + Topical 87 4.4 1.28 0.80–1.77 0.66 1.19 0.72–1.67 0.95

Enteral + Topical 83 4.2 1.79 1.29–2.29 0.15 1.80 1.31–2.29 0.02

Oromucosal only 76 3.9 0.93 0.41–1.45 0.10 0.78 0.27–1.29 0.15

Other combinations 250 12.7 1.36 1.08–1.65 0.83 1.35 1.07–1.63 0.33

Note: *Adjusted for age, sex, race, Hispanic ethnicity, BMI, baseline symptom score, MMCP enrollment fee, and THC: CBD ratio.
Abbreviations: CI, confidence interval; ref, reference group.
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experience, and genetic variability in cannabinoid receptor 
expression in this population may impact the efficacy and 
tolerability of cannabinoids [50–52]. Even the preference for 
specific routes of administration may be confounded by pa-
tient characteristics; for example, fast-acting inhalation or 
oromucosal products may be preferred by patients with more 
severe acute-onset symptoms [53]. The integration of these 
factors into research and clinical decision-making can help 
optimize therapeutic benefits, minimize risks, and advance 
more patient-centered care in oncology.

5   |   Conclusions

This is the first large-scale study in Minnesota to retrospectively ex-
amine cancer patients' reported anxiety and depression symptom 
responses to medical cannabis. We found that anxiety symptom re-
sponses varied according to the dose of cannabis, the ratio of THC 
to CBD, and the route of administration of cannabis products, and 
that depression symptom response was limited to patients using 
the enteral route of administration. Given the high prevalence of 
anxiety and depression symptoms among cancer patients, along 
with the potential for cannabis products to alleviate these serious 
psychological symptoms, this study suggests specific patterns of 
use that may improve the quality of life of cancer survivors.
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Appendix A

Applying the Gelberg

Andersen Behavioral Model

The Gelberg–Andersen model comprises four components: Predisposing 
factors, enabling resources, the need for care, and vulnerabilities [31]. 
Consistent with the Gelberg–Andersen Model, independent variables 
included demographics as characterized by the predisposing factors, the 
initial symptom score as characterized by the need for care domain, fi-
nancial status (as characterized by the MMCP enrollment fee), which is 
an enabling resource and a vulnerability domain, the characteristics of 
the cannabis used (dose, ratio of THC to CBD, route of administration) 
as characterized by the cannabis use domain (Figure A1).

Vulnerability domains refer to characteristics of an individual or 
their environment that affect each of the three components defined 
above: Predisposition to, access to, and need for cannabis product use. 
Receiving public benefits (e.g., a reduced fee for cannabis products) can 
indicate vulnerability experienced by patients.

Recently, the model has been expanded and used successfully to exam-
ine mental health care access and outcomes in relation to the domains 
outlined above [31, 54]. The expanded Gelberg–Andersen Behavioral 

Model provides a framework for exploring the outcome of reported anx-
iety and depression symptom responses in relation to the use of canna-
bis products received by the patients enrolled in the Minnesota Medical 
Cannabis Program.

Individual Characteristics

Predisposing Factors

Age

Age is a continuous variable defined as the age of patients at baseline as 
calculated by MMCP at the time of their enrollment.

Sex

Patient responses for sex include Male, Female, or Prefer not to answer.

Race and Hispanic ethnicity

Patient responses for race include Native American, Asian, Black, 
Unknown, Hawaiian/Pacific Islander, White, or Multiracial. Patients 
could indicate their Hispanic ethnicity with response options: Yes, No, 
Do not wish to answer, or Unknown.

FIGURE A2    |    Quintile of CBD dose, THC dose, and THC to CBD Ratio in Relation to Change in Self-Reported Depression Score. The change in 
depression score refers to the reduction in score on a scale of 1–10.

FIGURE A1    |    Gelberg–Andersen Model Applied to Cannabis Use and Self-Reported Anxiety.
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BMI

Body mass index (BMI) is calculated by dividing a patient's baseline 
weight (pounds) by the square of a patient's height (inches).

Enabling Factors

MMCP enrollment fee

For reduced MMCP enrollment fee, the response options were N or Y. 
N indicates patient paid full MMCP enrollment fee ($200). Y indicates 
patient had a form of medical assistance that qualified them for the re-
duced MMCP enrollment fee ($50). This is also a vulnerability domain 
because payment of the reduced fee can be used as a proxy for their 
financial status.

Need Factors

Baseline self-reported anxiety score

The baseline anxiety score is continuous and can range from 0 to 
10 as shown in the Patient Self-Evaluation in Appendix A

Health Behavior

Cannabis Use

Average daily dose

To test average daily dose, if a patient purchases multiple products (re-
gardless of route of administration) at once, their doses were divided by 
day supply and then summed to calculate a single average daily dose. 
The most common doses resulting in a 30% or greater symptom im-
provement were calculated and described descriptively. Average daily 
dose was included in multivariate regression as a continuous variable.

Ratio of THC to CBD

To test the ratio, if a patient purchased multiple products at once, the 
amount of THC was summed and the amount of CBD was summed to 

FIGURE A3    |    Predicted Improvement in Disturbed Sleep for Average Dose per Day (mg) for THC and CBD. Predicted values using restricted 
cubic spline with knots at 5, 27.5, 50, 72.5, and 95 percentiles are shown with 95% confidence limits. Vertical gray lines mark quintile cutpoints for 
average dose.
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calculate the total amount of THC and total amount of CBD. The most 
common ratios resulting in a 30% or greater symptom improvement 
were calculated and described descriptively.

Route of administration: The most common routes of administration 
resulting in a 30% or greater symptom improvement were calculated 
and described descriptively. The route of administration was included 
as a categorical variable. To test routes of administration, dummy vari-
ables were created for each combination of the routes of administration. 
Combinations that patients less frequently used were bundled together 
into one category prior to running the regression.

Outcome Variable

The primary outcome variable used in this study is the improvement 
(change) from baseline to the average of anxiety symptom scores re-
ported after a product purchase has been made after 30 days of MMCP 
enrollment. By taking an average, patients who vary in their number 
of completions of the Patient Self-Evaluation could be included. Thus, 

the 120-day limit prevented the misattribution of changes in symptom 
score to cannabis products or use. Additionally, if a patient purchased 
raw cannabis, only their purchases prior to that purchase were eligible 
for inclusion in the analysis.

Appendix B

Additional Results

Cannabis Product Characteristics and Anxiety

The mean of the baseline anxiety score was 5.76 out of 10. The mean 
reduction (change) in anxiety was 1.43 from baseline to the average of 
scores post day-30 cannabis purchase.

Cannabis Product Characteristics and Depression

The mean of the baseline depression score was 4.72 out of 10. The mean 
reduction (change) was 1.21 from baseline to the average of depression 
scores post day-30 cannabis purchase.

FIGURE A4    |    Predicted Probability of Achieving a 30% or Greater Improvement in Disturbed Sleep for Average Dose per Day (mg) for THC and 
CBD. Predicted probability using restricted cubic spline with knots at 5, 27.5, 50, 72.5, and 95 percentiles are shown with 95% confidence limits. 
Vertical gray lines mark quintile cutpoints for average dose.
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FIGURE A5    |    Predicted Improvement in Disturbed Sleep for Average Dose per Day (mg) for THC and CBD. Predicted values using restricted 
cubic spline with knots at 5, 27.5, 50, 72.5, and 95 percentiles are shown with 95% confidence limits. Vertical gray lines mark quintile cutpoints for 
average dose.
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FIGURE A6    |    Predicted Probability of Achieving a 30% or Greater Improvement in Disturbed Sleep for Average Dose per Day (mg) for THC and 
CBD. Predicted probability using restricted cubic spline with knots at 5, 27.5, 50, 72.5, and 95 percentiles are shown with 95% confidence limits. 
Vertical gray lines mark quintile cutpoints for average dose.

TABLE A1    |    Odds ratios and 95% confidence intervals for the Association between CBD quantity and Improvement of 30% or greater in Anxiety.

Average CBD Quantity 
Per Day (mg)

Improvement in Anxiety Score

Odds Ratio* 95% CI* p*< 30% > = 30%

Quintile 1: 0–0.36 221 171 0.84 0.63–1.12 0.23

Quintile 2: 0.37–1.81 242 151 0.68 0.51–0.92 0.01

Quintile 3: 1.82–4.58 244 148 0.66 0.49–0.88 0.05

Quintile 4: 4.58–14.32 217 176 0.89 0.67–1.18 0.42

Quintile 5: > 14.32 206 186 1 (ref.)

P-trend 0.06

Continuous (per mg)a 1.005 0.999–1.011 0.09

Note: (*) Adjusted for sex, age, race, ethnicity, BMI, and MMCP enrollment fee.
Abbreviations: CBD, cannabidiol; CI, confidence interval; MMCP, Minnesota Medical Cannabis Program; ref, reference; THC, tetrahydrocannabinol.
aFor continuous linear regression, values for THC and CBD were winsorized at the 95th percentile.
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TABLE A2    |    Odds ratios and 95% confidence intervals for the Association between THC: CBD Ratio and Improvement of 30% or Greater in Self-
Reported Anxiety Scores.

THC:CBD ratio

Improvement in anxiety score

Odds ratio* 95% CI* p*< 30% > = 30%

Quintile 1: 0–1.11 211 181 1 (ref.)

Quintile 2: 1.12–3.84 228 165 0.84 0.63–1.12 0.23

Quintile 3: 3.85–16.87 232 160 0.79 0.59–1.05 0.10

Quintile 4: 16.88–59.33 248 145 0.65 0.48–0.88 0.005

Quintile 5: > 59.33 211 181 0.94 0.71–1.26 0.69

P-trend 0.32

Note: (*)Adjusted for sex, age, race, ethnicity, BMI, and MMCP enrollment fee.
Abbreviations: CBD: cannabidiol; CI confidence interval; MMCP: Minnesota Medical Cannabis Program; ref: reference; THC: tetrahydrocannabinol.
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