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multiple logistic regression was performed to explore variables associated with past
30-day cannabis use and cannabis use for medical purposes, stratified by history of
cancer. Covariates included state-level cannabis policy, sociodemographic charac-
teristics, health status indicators, and substance use.

Results: Cannabis use was lower among cancer survivors compared to individuals
with no history of cancer (7.57% vs. 10.83%). However, a higher proportion of
cancer survivors reported use for medical purposes (82.23% vs. 62.58%). After
adjusting for state-level policy, biological sex, age, educational attainment, self-
reported race/ethnicity, home ownership, mental health status and physical
health status, current smoking (odds ratio [OR], 5.14 vs. 3.74) and binge drinking
(OR, 2.71 vs. 2.69) were associated with cannabis use in both groups. Character-
istics associated with medical cannabis use varied for the two groups; however,
daily use (20-30 days; OR, 1.72 vs. 2.43) was associated with cannabis use for
medical purposes in both groups after adjusting for other variables in the model.
Conclusions: A high proportion of individuals report cannabis use for medical
purposes with higher rates among cancer survivors. Findings support the urgent
need for ongoing cannabis research to better understand and inform its use for
medical purposes, as well as the development of high-quality standardized educa-

tion materials and clinical practice guidelines.
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CANNABIS USE AMONG CANCER SURVIVORS

BACKGROUND

The number of individuals diagnosed with cancer and still living (i.e.,
cancer survivors) is at an all-time high, with an estimated 16.9
million cancer survivors in the United States as of 2019, 68% of
which were diagnosed 5 or more years ago.! The number of cancer
survivors is projected to continue to rise to more than 22.1 million
by 2030.% This is due to two key factors: a growing number of new
cancer diagnoses as a result of the aging population and increases
in cancer survivorship because of advances in early detection and
treatment.? With more cancer survivors than ever, there is a critical
need to maximize survivors' quality of life and address cancer-
related symptoms, such as chronic pain, fatigue, anxiety, and
depression.™ Cannabis (marijuanaand its cannabinoid constitu-
ents), may have positive utility to alleviate cancer-related symptoms
and side effects.>®

The societal and legal landscape of cannabis has been rapidly
evolving since the early 2000s. Despite the lack of strong clinical
evidence for its effectiveness, as of mid-2020, 35 states have
approved medical cannabis, with almost every one of those states
identifying cancer as a qualifying condition.” Cancer survivors in
particular are likely exposed to various messaging regarding the
potential benefits of cannabis, either for treatment of cancer or
management of symptoms and side effects, and inconsistent clinician
support.10

Quantifying the current patterns of cannabis use is imperative as
the sociocultural context of cannabis rapidly evolves, as well as the
availability and variety of cannabis products increase. Estimates of
cannabis use among cancer survivors based on nationally represen-
tative population-based samples have varied from 5% to 12% among
cancer survivors, and 7% to 16% among individuals without a history
of cancer.1?"¢ Although useful, these studies obtained a wide range
of estimates for both groups, which may be related to differences in
the time periods, data sources, and the methods used. Recent liter-
ature has demonstrated strengthened evidence among the general
population regarding the relationship between cannabis use and
sociodemographic characteristics, adverse health behaviors, and
state-level cannabis policy.?”"*® However, there are inconsistent
findings regarding characteristics related to cannabis use for cancer
survivors compared with those without a history of cancer, and the
primary reason for use. Strengthening epidemiologic evidence
regarding these associations is crucial for understanding specific
groups to target for in-depth evaluation and discussions regarding
cannabis use as well as identifying specific directions of future
research.

This study aims to refine and strengthen current literature by
using Behavioral Risk Factor Surveillance System (BRFSS) data, one
of the largest annual random digit dial surveys in the United States.
The purpose of this study is to identify factors associated with recent
cannabis use and cannabis use for medical purposes among cancer
survivors relative to individuals without a history of cancer in the
United States in 2020.

METHODS
Data source and study sample

BRFSS is an annual nationally representative telephone-based sur-
vey, designed by the Centers for Disease Control and Prevention,
which collects state-level data on residents regarding their health-
related risk behaviors, chronic health conditions, and use of pre-
ventive services.!? The specific methods of data collection are pub-
licly available.r” The median survey response rate for all states,
territories, and Washington, DC, in 2020 was 47.9% and ranged from
24.5% to 67.2%. Response rates for states included in this study had
a median of 48.6% and ranged from 38.5% (Delaware) to 67.2%
(Mississippi).

The cannabis use (CU) module became an optional module to the
BRFSS in 2016. In 2020, 22 continental states administered the CU
module, covering approximately 25.17% of the US adult population
(Figure 1). Although Guam also deployed the CU module, re-
spondents from the territory were excluded from this study because
of concerns regarding differences in external factors influencing the
outcome and exposure. Nebraska and Oklahoma only included the
optional CU module for version 2 (of two versions) of their BRFSS.

We restricted our analyses to individuals who had responses for
the exposure (history of cancer) and primary outcome of interest
(cannabis use) (Figure 2). Because the study involves secondary data
analysis of publicly available deidentified data with no direct
involvement of the human subjects, ethical approval for the study

was not sought.

Measures

The CU module measures cannabis use by asking participants the
following question, “During the past 30 days, on how many days did
you use marijuana or cannabis?”2° For individuals that reported 1 or
more days of cannabis use, they were then asked two additional
questions inquiring about the primary method of administration and
the reason for use. For this study, responses for cannabis use were
dichotomized as (1) yes, 1 or more days and (2) no, zero days. Among
individuals who use cannabis, we classified participants into three
main categories based on their primary method of administration: (1)
inhalation (smoking, vaporization/vaping, dabbing); (2) oral (eat,
drink); and (3) other. We also classified participants into three groups
based on their reason for use, as asked in the survey: (1) medical
reasons; (2) nonmedical reasons; and (3) both medical and nonmed-
ical reasons. To explore frequency of cannabis use, responses were
grouped into three categories: (1) 1 to 19 days, (2) 20 to 30 days, and
(3) zero days, based on categorization schemes from previous
studies.?1~24

Cancer history was assessed by asking participants whether they
were ever told by a physician, nurse, or other health professional

they had cancer (excluding skin cancer). Those who responded “yes”
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FIGURE 1 US states administering BRFSS 2020 cannabis use (CU) module. BRFSS indicates Behavioral Risk Factor Surveillance System.

Total Respondents for States
That Administered the BRFSS
CU Module in 2020
(n= 156,067 responses)

Participants Excluded:
» CU Module response missing
(n=20,095)
« Cancer history response
missing (n= 362)

Total Study Sample Analyzed

(n=135,610)
I I
Cancer Survivors No History of Cancer
(n=13,063) (n=122,547)
Cannabis Use Cannabis Use
I I
I I I I
No Cannabis Use Use 2 1 day No Cannabis Use Use = 1 day
(n=12,192) (n=871) (n=111,627) (n=10,920)
Reason for Use Reason for Use
I
[ | [ | I
Non-medical Medical Non-medical Medical
(n=141) (n=724) (n=3,641) (n=7,136)

FIGURE 2 Sample selection flow diagram.
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CANNABIS USE AMONG CANCER SURVIVORS

were defined as cancer survivors. This operationalization aligns with
previous literature and has been shown to be a reasonable method
for identifying cancer survivors.222325.26

Based on core component questions, several covariates were
included in the analysis based on existing literature. These covariates
included: sociodemographic characteristics, health indicators, and
substance use. The state-level cannabis law (i.e., state-regulated
cannabis programs) variable was created based the presence of
enacted cannabis laws as of 2020 and was classified into: (1) no
comprehensive state-regulated cannabis program: (1a) no public
cannabis access program and (1b) high cannabidiol [CBD]/low tetra-
hydrocannabinol program); (2) comprehensive medical use program
(i.e., “medical marijuana laws”); and (3) recreational use program (i.e.,
“recreational marijuana laws”). All states that had legalized recrea-
tional cannabis also had legalized medical cannabis. Categorization is
in alignment with the National Conference of State Legislatures, which
uses criteria similar to other organizations tracking this issue to
determine if a program is comprehensive. Current epidemiologic evi-
dence supports that if age is not considered, then findings regarding
both cancer history status and cannabis use are biased by age;
therefore, the variable age group was considered in the final models

regardless of statistical significance.'328-%°

Statistical analysis

SAS version 9.4 (SAS Institute Inc, Cary, North Carolina) was used to
create a final data set and analyze data. The BRFSS sampling weight
was taken into account according to Centers for Disease Control and
Prevention guidelines using the following variables: _STSTR for
strata, _PSU for primary sampling units, and _LLCPWT, _LCPWTV2
for sample weights for overall cell phone and landline data, and
version 2 data, respectively.®?

Descriptive statistics were generated to examine the extent of
differences between the cancer survivors and individuals with no
cancer history. Frequencies, weighted percentages, and correspond-
ing 95% Cls were calculated and reported. If there was a high pro-
portion (>15%) of participants with missing data, the variable was not
included in the following modeling procedures. This was the case for
the variable annual household income (15.06% missing), similar to
prior studies using the BRFSS. Therefore, homeownership was used
as a proxy.>2 To assess the factors associated with the dichotomous
primary outcome (cannabis use), we used weighted multivariable
logistic regression models stratified by cancer history status. Vari-
ables considered for the final model included state-level cannabis
law, sociodemographic characteristics, health indicators, and sub-
stance use as shown in Table 1. The final model was determined using
a combination of the significance criteria using a manual stepwise
variable selection (forward and backward) approach, change-in-
estimate criterion (examining changes in the point estimates),?” and
background knowledge. Statistical interaction on the multiplicative
scale was investigated by adding two-way interaction terms between

variables included in the final model.

To explore factors associated with the secondary outcome
(cannabis consumption for medical purposes), we restricted our an-
alyses to individuals who reported using cannabis at least 1 day in the
past 30 days. We then examined weighted prevalence estimates and
95% Cls. The outcome variable was dichotomized (medical or “both”
vs. nonmedical). Weighted multivariable logistic regression models,
stratified on cancer history status, were conducted using similar
methods described previously. Adjusted prevalence odds ratios and
corresponding 95% Cls were calculated to estimate associations. A
two-sided p value <.05 was considered statistically significant.

RESULTS
Descriptive statistics

In our study population, 7.05% (N = 3,794,283) reported ever being
told that they had any type of cancer (excluding skin cancer). There are
notable differences in the study population by cancer history status,
which are illustrated in Table 1. Cancer survivors were predominantly
female (59.65%), aged 65 years and older (57.00%), married (56.26%),
non-Hispanic White (83.93%), and owned a home (83.16%), and more
than half either had some college education (30.01%) or a college
degree or above (27.63%). The majority of cancer survivors reported
having good or better general health (68.14%), <13 days in which their
mental health was not good (84.67%), and <13 days in which their
physical health was not good (78.12%). Compared with individuals
with no history of cancer, a greater proportion of cancer survivors
were former smokers (36.05% vs. 23.81%). Cancer survivors were also
less likely to report binge drinking (6.87% vs. 13.52%). Further details
are available in Table S1 (available online).

Cannabis use by cancer history status

Among all adults, 10.60% reported being a current cannabis user and
almost half of individuals (46.02%) resided in a state where medical
cannabis is legal. The proportion of current cannabis users varied by
state, ranging from 6.89% (Nebraska) to 19.04% (Maine) (data not
shown). This was reflective of state-level cannabis policies where the
prevalence of current cannabis use was 7.81% (95% Cl, 6.98-8.63)
where there was no public access, 9.48% (95% Cl, 8.91-10.06) where
only CBD/low tetrahydrocannabinol is legal, 11.13% (95% Cl, 10.73-
11.53) where medical use is legalized, and 12.03% (95% ClI,
10.72-13.34) where recreational use is legalized. Only 7.57% (95%
Cl, 6.69-8.45) of cancer survivors reported any cannabis use in the
past 30 days, whereas 10.83% (95% Cl, 10.47-11.20) of individuals
with no history of cancer reported cannabis use. The majority of
individuals in both groups reported primary consumption of cannabis
through inhalation (70.42% and 84.16%).

Results from weighted multivariable logistic regression models of
factors associated with cannabis use by cancer history status are

presented in Table 2. Factors significantly associated with cannabis
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TABLE 1 Characteristics of study population, 2020.2

Cancer survivors (n = 13,063; N = 3,794,283

No history of cancer (n = 122,547; N = 49,997,794

[7.05%]) [92.95%])
n N Wt. % (95% Cl) n N Wt. % (95% Cl)
State-level cannabis law”
No public access 1083 163,399 4.31 (3.95-4.66) 10,701 2,348,775 4.70 (4.63-4.77)
CBD/low THC 2798 1,283,986 33.84 (32.29, 35.39) 24,967 15,926,279 31.85 (31.56-32.15)
Medical use only 7458 1,725,766 45.48 (43.86-47.11) 72,030 23,028,382 46.06 (45.74-46.38)
Recreational use 1724 621,131 16.37 (14.34-18.40) 14,849 8,694,359 17.39 (16.99-17.79)
Sociodemographic
Sex
Male 5049 1,531,068 40.35 (38.65-42.06) 55,856 24,255,236 48.51 (47.96-49.07)
Female 8014 2,263,215 59.65 (57.94-61.35) 66,691 25,742,558 51.49 (50.93-52.04)
Age (years)
18-44 727 371,407 9.79 (8.67-10.90) 37,930 23,260,032 46.52 (45.97-47.07)
45-54 1085 414,940 10.94 (9.85-12.02) 19,028 7,947,389 15.90 (15.48-16.31)
55-64 2499 845,248 22.28 (20.60-23.96) 24,554 8,379,101 16.76 (16.38-17.14)
65+ 8752 2,162,687 57.00 (55.21-58.79) 41,035 10,411,273 20.82 (20.45-21.20)
Education attainment
Less than HS 777 478,699 12.66 (10.79-14.53) 7146 5399256 10.84 (10.35-11.33)
HS diploma 3530 1,064,563 28.15 (26.67-29.63) 34,267 14991697 30.09 (29.59-30.59)
Some college 3746 1,193,679 31.56 (30.01-33.12) 34,941 15778153 31.67 (31.15-32.19)
College degree or above 4973 1,044,919 27.63 (26.26-29.00) 45,828 13653970 27.40 (26.97-27.84)
Missing 37 365
Race/ethnicity
NH White 11,245 3,133,541 83.93 (82.17-85.68) 96,351 35,800,684 72.79 (72.24-73.34)
NH Black 683 330,498 8.85 (7.75-9.95) 8792 6,191,506 12.59 (12.19-12.99)
NH Other® 686 158,961 4.26 (3.67-4.85) 9476 3,396,275 6.91 (6.62-7.19)
Hispanic 224 110,735 2.97 (1.47-4.46) 5771 3,794,743 7.72 (7.27-8.16)
Missing 225 2157
Homeownership
Own 10,659 3,142,605 83.16 (81.9-84.41) 88,352 35,294,662 71.24 (70.75-71.74)
Rent 1957 525,937 13.92 (12.78-15.05) 26,871 10,932,358 22.07 (21.62-22.52)
Other 403 110,566 2.93 (2.31-3.54) 6555 3,312,997 6.69 (6.40-6.97)
Missing 44 769
Urban/rural status
Urban 10,475 3,368,904 88.79 (87.84-89.74) 100,258 45,010,945 90.03 (89.76-90.29)
Rural 2588 425,379 11.21 (10.26-12.16) 22,289 4,986,850 9.97 (9.71-10.24)
Health indicators
General health
Good or better 9222 2,578,060 68.14 (66.50-69.77) 105,330 43,028,157 86.24 (85.86-86.62)
Fair or poor 3791 1,205,434 31.86 (30.23-33.50) 16,977 6,865,346 13.76 (13.38-14.14)
Missing 50 240

(Continues)
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TABLE 1 (Continued)

Cancer survivors (n = 13,063; N = 3,794,283

No history of cancer (n = 122,547; N = 49,997,794

[7.05%]) [92.95%])
n N Wt. % (95% Cl) n N Wt. % (95% Cl)

Mental health (days not good)
0-13 11,094 3,145,075 84.67 (83.45-85.89) 106,005 42,353,880 86.38 (86.00-86.76)
14 or more 1702 569,408 15.33 (14.11-16.55) 14,411 6,678,259 13.62 (13.24-14.00)
Missing 267 2131

Physical health (days not good)
0-13 10,021 2,865,951 78.12 (76.76-79.48) 108,290 44,343,495 90.44 (90.09-90.78)
14 or more 2659 802705 21.88 (20.52-23.24) 11,944 4,689,123 9.56 (9.22-9.91)
Missing 383 2313

Substance Use

Smoking status®
Current smoker 1635 609,614 16.26 (15.02-17.51) 17,274 8,085,004 16.29 (15.89-16.70)
Former smoker 4816 1,351,115 36.05 (34.45-37.64) 31,858 11,545,396 23.27 (22.81-23.72)
Never smoker 6512 1,787,649 47.69 (45.95-49.43) 72,692 29,995,195 60.44 (59.91-60.98)
Missing 100 723

Binge drinking
Yes 777 253,801 6.87 (6.05-7.70) 15,299 7,036,387 14.52 (14.13-14.90)
No 12,048 3,439,591 93.13 (92.30-93.95) 104,687 41,440,088 85.48 (85.10-85.87)
Missing 238 2561

Any cannabis use
Yes 871 287,247 7.57 (6.69-8.45) 10,920 5,417,059 10.83 (10.47-11.20)
No 12,192 3,507,035 92.43 (91.55-93.31) 111,627 44,580,735 89.17 (88.8-89.53)

Frequency of cannabis use among active users
1-19 days 433 145,647 50.70 (44.74-56.67) 5722 2,794,425 51.59 (49.79-53.38)
20-30 days 438 141,600 49.30 (43.33-55.26) 5198 2,622,634 48.41 (46.62-50.21)

Reason for cannabis among active users
Medical 469 156,733 54.85 (48.90-60.80) 3409 1,466,556 27.49 (26.01-28.98)
Nonmedical 141 50,786 17.77 (13.39-22.16) 3641 1,996,088 37.42 (35.69-39.15)
Both 255 78,232 27.38 (21.97-32.78) 3727 1,871,482 35.09 (33.39-36.78)
Missing 6 143

Primary method of cannabis use among active users
Inhalation 596 200,051 70.42 (65.05-75.79) 8876 4,496,461 84.16 (82.87-85.44)
Oral 181 61,018 21.48 (16.46-26.50) 1539 705,826 13.21 (12.03-14.39)
Other 86 23,014 8.10 (5.45-10.75) 375 140,740 2.63 (2.05-3.22)
Missing 8 130

Abbreviations: CBD, cannabidiol; HS, high school; NH, non-Hispanic; THC, tetrahydrocannabinol.

®Results among the 22 states that used the BRFSS cannabis module.

PNumber of states included for: no public access (n = 2 states), CBD/low THC (n = 6 states), medical use only (n = 11 states), and recreational use (n = 3

states).

“Other races include: American Indian or Alaska Native, Asian (Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, Other Asian), Pacific

Islander (Native Hawaiian, Guamanian or Chamorro, Samoan, Other Pacific Islander), or Other not listed.

4Includes smoking cigarettes only.
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TABLE 2 Factors associated with cannabis use, by cancer history status 2020.7
Cancer survivors No history of cancer
(N = 3,336,246) (N = 44,147,152)
aPOR (95% Cl) p aPOR (95% Cl) p
State-level law .0003° <.0001°
No state-regulated program 2.06 (1.24-3.41) 1.88 (1.60-2.21)
Medical use only Ref. Ref.
Recreational 1.73 (1.31-2.30) 1.36 (1.25-1.48)
Sex 023° <.0001°
Male 1.38 (1.05-1.81) 1.54 (1.40-1.68)
Female Ref. Ref.
Age (years) <.0001° <.0001°
18-44 4.25 (2.81-6.44) 4.00 (3.45-4.63)
45-54 2.22 (1.45-3.39) 1.91 (1.62-2.26)
55-64 2.00 (1.44-2.79) 2.04 (1.73-2.40)
65+ Ref. Ref.
Education attainment 131 .004°
Less than HS 0.81 (0.49-1.36) 1.19 (0.98-1.43)
HS diploma 0.71 (0.49-1.02) 1.14 (1.02-1.27)
Some college 1.02 (0.73-1.44) 1.22 (1.10-1.36)
College degree or above Ref. Ref.
Race/ethnicity .005° <.0001°
NH White Ref. Ref.
NH Black 2.21 (1.41-3.45) 1.61 (1.41-1.84)
NH Other 1.32 (0.83-2.11) 0.96 (0.84-1.10)
Hispanic 0.97 (0.42-2.25) 0.98 (0.79-1.21)
Homeownership .003° <.0001°
Own Ref. Ref.
Do not own 1.58 (1.16-2.14) 1.60 (1.46-1.77)
Poor mental health .004° <.0001°
0-13 days Ref. Ref.
14 or more days 1.64 (1.17-2.31) 2.15 (1.92-2.40)
Poor physical health 049 <.0001°
0-13 days Ref. Ref.
14 or more days 1.38 (1.00-1.90) 1.34 (1.16-1.55)
Smoking status <.0001° <.0001°
Current smoker 5.14 (3.54-7.48) 3.74 (3.37-4.15)
Former smoker 2.94 (2.08-4.15) 2.21 (1.98-2.46)
Never smoker Ref. Ref.
Binge drinking <.0001° <.0001°

Yes

No

2.71 (1.90-3.85)
Ref.

2.69 (2.43-2.98)
Ref.

Abbreviations: aPOR, adjusted prevalence odds ratio; HS, high school; NH, non-Hispanic.

2Adjusted for state-level cannabis policy (2020), sex, age group, education attainment, self-reported race/ethnicity, home ownership, mental health
status, physical health status, smoking status, and binge drinking.

bindicates statistically significant at p < .05.
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use are similar for both groups including state-level policy, age, bio-
logical sex, self-reported race/ethnicity, home ownership, mental
health status, and physical health status. Educational attainment was
associated with cannabis use for individuals without a history of
cancer (p = .004), but not for cancer survivors (p = .131). For both
cancer survivors (adjusted prevalence odds ratio [aPOR], 2.71; 95%
Cl, 1.90-3.85) and those without a history of cancer (aPOR, 2.69;
95% Cl, 2.43-2.98), binge drinking was similarly associated with
cannabis use. Being a current smoker was associated with a 3.5- to 5-
fold increase in the odds of cannabis use among cancer survivors and

those without a history of cancer.

Reason for use among cannabis users by cancer
history status

Overall, 63.58% (N = 3,573,004) of cannabis users reported using
cannabis for medical purposes. Table 3 presents the frequency of
different characteristics within primary reason for use and is strati-
fied by cancer status. Regardless of the primary reason for use,
among both groups, the majority of individuals primarily consumed
cannabis through inhalation methods. Compared with individuals
without a history of cancer, a higher proportion of cancer survivors
reported using cannabis for medical purposes (82.23% vs. 62.58%).
Regardless of reason for use, a higher proportion of participants with
a history of cancer who consumed cannabis were older (aged 55-
64 years and older than 65 years), whereas the highest proportion
for participants without a history of cancer were in the youngest age
category (18-44 years). For both groups, individuals who reported
using cannabis for medical purposes were more likely to report daily
use (20-30 days), be non-Hispanic White, have arthritis, report fair
or poor general health status, report >14 bad physical health days,
and report >14 poor mental health days. Further details are available
in Table S2.

Factors associated with cannabis consumption for medical pur-
poses by cancer history status are presented in Table 4. Number of
poor mental health days, frequency of use, and method of use were
the only significant variables for those with a history of cancer.
Consuming cannabis frequently (20-30 days/month) was associated
with a higher odds of cannabis use for medical purposes among both
cancer survivors (aPOR, 1.72; 95% Cl, 1.02-2.90) and those without
a history of cancer (aPOR, 2.43; 95% Cl, 2.03-2.91). Oral consump-
tion of cannabis was associated with a higher odds of cannabis use
for medical purposes among both cancer survivors (aPOR, 2.52; 95%
Cl, 1.46-4.36) and those without a history of cancer (aPOR, 1.46;
95% Cl, 1.16-1.83).

DISCUSSION

This cross-sectional study identified factors associated with the
prevalence of cannabis use and cannabis use for medical purposes

among cancer survivors compared with individuals without a history

of cancer using 2020 BRFSS data for 22 states. We found that the
overall prevalence of current cannabis use was 10.60%, with a
lower prevalence of cannabis use among cancer survivors compared
with individuals with no history of cancer (7.57% vs. 10.83%). A
high proportion of individuals report cannabis use for medical
purposes, with higher rates among cancer survivors (82.23% vs.
62.58%). The estimates observed in our study are within the range
provided by other prevalence estimates; however, there are slight
differences observed when comparing studies using the same data
source for previous years (higher overall prevalence of cannabis use
and lower prevalence of use among cancer survivors observed).!41”
Differences could simply be a reflection of the states included in
the sample or could indicate changes in the prevalence of cannabis
use, thus underscoring the need for continued surveillance with
consistent reporting. To our surprise, findings also suggest similar-
ities for both groups (cancer survivors and individuals without a
history of cancer) regarding individual characteristics associated
with cannabis use and strengthens previous literature regarding the
importance of age, biological sex, and race/ethnicity in regards to
adult cannabis use.!'%1>17 However, we observed differences in
characteristics associated with medical cannabis use for the two
groups. It is becoming apparent that individuals are interested in
the therapeutic potential of medical cannabis despite the lack of an
evidence-based approach to using cannabis compared with other
pharmacotherapies.®

Findings reiterate the need for increased efforts to address
modifiable health risk behaviors, including substance use, in survi-
vorship care in oncology and primary care settings.>*>° A particularly
concerning finding, consistent with previous studies, is the relation-
ship between cigarette smoking and binge drinking with cannabis use
among both cancer survivors and those without a history of cancer,
even after adjusting for confounding.?>34%” This may be due to
established contributing factors (related to an individual's environ-
ment and genetics) that could predispose individuals to substance
misuse, abuse, and/or dependence, which we could not control for in
our study.*®~%° Evidence shows that tobacco use in particular can
interfere with cancer treatment and recovery, increase the risk of
recurrence, and lead to the development of secondary cancers.
Despite clear recommendations regarding evidence-based ap-
proaches for tobacco cessation among cancer survivors, there re-
mains a gap in the translation from research to practice.‘”‘44
Subsequently, there are opportunities for investigation on how best
to implement strategies that promote behavior change throughout
the cancer continuum.

When considering the impacts of cannabis exposure, it is
important to consider the dose (i.e., potency of cannabis), frequency
of use, the route of administration/consumption, and active in-
gredients (i.e., cannabinoids). This study offers insight into frequency
and route of administration. Although frequency of cannabis use did
not vary by cancer history status, route of administration did. Among
all current cannabis users, the primary method of consumption was
through inhalation, which is potentially the fastest method of de-
livery. This is in line with multiple other studies.** *¢*> We observed
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TABLE 3 Distribution of covariates among active cannabis users, stratified by reason for use and history of cancer.

Cancer survivors

No history of cancer

Medical®
N = 234,966
Wt % (95% Cl)

Non-Medical
N = 50,786
Wt % (95% Cl)

Medical®
N = 3,338,038
Wt % (95% Cl)

Non-Medical
N = 1,996,088
Wt % (95% Cl)

Total
State-level law
No state-regulated program
Medical use only
Recreational
Sociodemographic
Sex
Male
Female
Age (years)
18-44
45-54
55-64
65+
Education
Less than HS
HS diploma
Some college
College degree or above
Employment
Employed
Unemployed
Retired
Unable to work
Race/ethnicity
NH White
NH Black
NH Other
Hispanic
Homeownership
Own
Do not own
Veteran
Yes
No
Urban/rural
Urban

Rural

82.23 (77.84-86.61)

33.08 (27.13-39.03)
51.94 (45.55-58.33)
14.98 (8.87-21.10)

38.94 (32.54-45.34)
61.06 (54.66-67.46)

30.24 (23.39-37.09)
14.96 (10.32-19.59)
27.36 (21.75-32.97)
27.44 (22.39-32.48)

17.73 (11.01-24.45)
26.57 (21.03-32.11)
35.30 (29.22-41.38)
20.39 (15.96-24.82)

30.00 (23.67-36.32)
16.97 (11.55-22.4)

23.33 (18.71-27.96)
29.70 (24.05-35.34)

77.44 (71.69-83.18)
12.58 (7.31-17.86)
7.26 (4.53-9.98)
2.72 (0.99-4.46)

61.98 (55.26-68.71)
38.02 (31.29-44.74)

16.67 (12.48-20.86)
83.33 (79.14-87.52)

87.31 (82.54-92.07)
12.69 (7.93-17.46)

17.77 (13.39-22.16)

29.71 (17.19-42.22)
52.16 (38.99-65.32)
18.14 (5.58-30.70)

61.20 (49.09-73.31)
38.80 (26.69-50.91)

24.53 (12.81-36.24)
9.99 (1.86-18.13)
21.70 (12.37-31.03)
43.78 (30.75-56.80)

14.80 (5.00-24.60)

19.84 (10.11-29.57)
34.93 (23.13-46.74)
30.42 (17.27-43.57)

37.61 (24.86-50.37)
6.78 (2.16-11.41)
44.22 (31.06-57.37)
11.38 (3.16-19.61)

66.01 (54.18-77.83)
22.20 (11.35-33.05)
5.22 (1.10-9.34)
6.57 (1.95-11.19)

71.94 (61.06-82.82)
28.06 (17.18-38.94)

14.92 (6.27-23.56)
85.08 (76.44-93.73)

94.54 (90.85-98.23)
5.46 (1.77-9.15)

62.58 (60.85-64.31)

31.60 (30.46-32.74)
52.49 (51.18-53.81)
15.91 (14.49-17.33)

55.83 (53.66-58.00)
44.17 (42.00-46.34)

66.58 (64.67-68.49)

12.60 (11.23-13.98)

13.75 (12.41-15.08)
7.07 (6.20-7.93)

16.02 (13.91-18.13)
33.81 (31.82-35.79)
34.37 (32.37-36.37)
15.81 (14.54-17.09)

56.69 (54.56-58.82)
22.31 (20.55-24.07)
8.14 (7.00-9.28)
12.86 (11.51-14.21)

69.27 (67.12-71.42)
14.87 (13.22-16.52)
7.99 (7.00-8.99)
7.87 (6.18-9.56)

51.59 (49.45-53.73)
48.41 (46.27-50.55)

8.46 (7.21-9.72)
91.54 (90.29-92.79)

91.62 (90.73-92.52)
8.38 (7.49-9.27)

37.42 (35.69-39.15)

33.17 (31.56-34.78)
40.44 (38.88-42.01)
26.38 (24.43-28.34)

65.27 (62.29-68.26)
34.73 (31.74-37.71)

73.58 (71.12-76.03)

10.10 (8.60-11.61)

10.90 (8.93-12.88)
5.41 (4.33-6.49)

11.19 (8.75-13.63)

32.83 (29.96-35.71)
32.78 (29.78-35.79)
23.19 (20.96-25.42)

66.20 (63.16-69.23)
23.85 (20.98-26.72)
5.97 (4.86-7.09)
3.98 (2.81-5.15)

64.11 (61.05-67.17)
20.39 (17.72-23.06)
5.81 (4.69-6.92)
9.69 (7.20-12.19)

52.07 (48.98-55.16)
47.93 (44.84-51.02)

6.08 (4.63-7.54)
93.92 (92.46-95.37)

93.57 (92.58-94.57)
6.43 (5.43-7.42)

(Continues)
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TABLE 3 (Continued)

Cancer survivors

No history of cancer

Medical®
N = 234,966
Wt % (95% Cl)

Non-Medical
N = 50,786
Wt % (95% Cl)

Medical®
N = 3,338,038
Wt % (95% Cl)

Non-Medical
N = 1,996,088
Wt % (95% Cl)

Health indicators

Having a provider
Yes
No

Health plan
Yes
No

Diagnosed arthritis
Yes
No

General health

Excellent or better

Fair or poor
Physical health

0-13 days

14 or more
Mental health

0-13 days

14 or more

Substance use

Smoking status

Current smoker

Former smoker

Never smoker
Binge drinking

Yes

No

Method of cannabis use

Inhalation

Oral or other

Frequency of cannabis use

1-19 days

20-30 days

84.48 (79.97-88.99)
15.52 (11.01-20.03)

88.10 (82.76-93.44)
11.90 (6.56-17.24)

58.02 (51.31-64.74)
41.98 (35.26-48.69)

52.93 (46.44-59.42)
47.07 (40.58-53.56)

60.40 (54.16-66.65)
39.60 (33.35-45.84)

63.43 (57.22-69.64)
36.57 (30.36-42.78)

46.46 (39.81-53.12)
34.17 (28.21-40.13)
19.37 (15.06-23.68)

20.74 (14.64-26.84)
79.26 (73.16-85.36)

68.63 (62.81-74.46)
31.37 (25.54-37.19)

47.42 (40.81-54.03)
52.58 (45.97-59.19)

79.82 (69.24-90.40)
20.18 (9.60-30.76)

90.02 (82.46-97.57)
9.98 (2.43-17.54)

30.05 (18.8-41.3)
69.95 (58.7-81.2)

81.23 (71.58-90.88)
18.77 (9.12-28.42)

85.14 (75.61-94.67)
14.86 (5.33-24.39)

83.12 (74.66-91.57)
16.88 (8.43-25.34)

27.44 (16.5-38.37)
45.27 (32.2-58.34)
27.3 (14.94-39.65)

26.31 (15.35-37.26)
73.69 (62.74-84.65)

78.52 (66.11-90.94)
21.48 (9.06-33.89)

65.40 (53.10-77.69)
34.60 (22.31-46.90)

69.10 (67.13-71.08)
30.90 (28.92-32.87)

81.71 (80.08-83.33)
18.29 (16.67-19.92)

30.12 (28.14-32.09)
69.88 (67.91-71.86)

75.65 (73.87-77.44)
24.35 (22.56-26.13)

81.13 (79.45-82.8)
18.87 (17.2-20.55)

67.01 (64.96-69.05)
32.99 (30.95-35.04)

40.95 (38.86-43.04)
28.32 (26.28-30.36)
30.73 (28.75-32.71)

30.16 (28.03-32.29)
69.84 (67.71-71.97)

83.49 (81.98-85.00)
16.51 (15.00-18.02)

43.13 (40.99-45.26)
56.87 (54.74-59.01)

62.92 (60.00-65.84)
37.08 (34.16-40.00)

83.72 (81.50-85.93)
16.29 (14.07-18.50)

12.12 (10.21-14.03)
87.88 (85.97-89.79)

90.28 (88.47-92.08)
9.72 (7.92-11.53)

95.32 (94.19-96.44)
4.68 (3.56-5.81)

79.55 (76.67-82.42)
20.45 (17.58-23.33)

32.85 (29.89-35.82)
19.96 (17.66-22.26)
47.19 (44.12-50.26)

42.49 (39.48-45.50)
57.51 (54.50-60.52)

85.56 (83.28-87.84)
14.44 (12.16-16.72)

64.96 (61.93-68.00)
35.04 (32.00-38.07)

Abbreviations: HS, high school; NH, non-Hispanice.
@Primary reason for cannabis use includes medical purposes (e.g., medical purposes only, or both medical and recreational).

a greater proportion of individuals without a history of cancer effects on the respiratory system associated with inhalation of

cannabis, as well as some studies suggesting that cannabis smoke
46-50

reporting inhalation methods compared to cancer survivors. This is

potentially worrisome because of increasing concern of adverse may contain toxic components similar to tobacco smoke.
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TABLE 4 Factors associated with cannabis use for medical purposes compared with nonmedical purposes, by cancer history status.
Cancer survivors No cancer history
(N = 285,752 [5.08%]) (N = 5,334,126 [94.92%)])
aPOR (95% CI)* p aPOR (95% CI)* p
State-level law .988 <.0001°
No state-regulated program Ref. Ref.
Medical use only 1.07 (0.41-2.80) 1.74 (1.31-2.31)
Recreational 1.00 (0.54-1.86) 2.24 (1.73-2.90)
Sex .036° <.0001°
Male Ref. Ref.
Female 1.86 (1.04-3.33) 1.46 (1.22-1.75)
Age (years) 486 .053
18-44 2.00 (0.84-4.79) 0.89 (0.67-1.19)
45-54 1.15 (0.45-2.91) 1.14 (0.81-1.60)
55-64 1.13 (0.57-2.26) 1.21 (0.84-1.74)
65+ Ref.
Education attainment 476 .020°
Less than HS Ref. Ref.
HS diploma 1.32 (0.42-4.22) 1.46 (1.00-2.14)
Some college 1.80 (0.86-3.78) 1.30 (1.05-1.62)
College degree or above 1.23 (0.64-2.37) 1.35 (1.10-1.66)
Race/ethnicity .088 .0002°
NH White Ref. Ref.
NH Black 1.00 (0.44-2.28) 0.81 (0.62-1.05)
NH Other 0.25 (0.07-0.86) 0.84 (0.53-1.33)
Hispanic 0.71 (0.20-2.55) 0.51 (0.37-0.71)
Poor mental health 262 <.0001°
0-13 days Ref. Ref.
14 or more 1.52 (0.73-3.17) 1.53 (1.24-1.88)
Poor physical health .007° <.0001°
0-13 days Ref. Ref.
14 or more days 3.43 (1.41-8.38) 3.59 (2.63-4.90)
Smoking status 077 <.0001°
Current smoker 2.30 (1.09-4.83) 1.49 (1.22-1.82)
Former smoker 1.10 (0.55-2.19) 1.81 (1.45-2.25)
Never smoker Ref. Ref.
Binge drinking 275 <.0001*
Yes 0.65 (0.29-1.42) 0.63 (0.52-0.75)
No Ref. Ref.
Frequency of use 040° <.0001°
1-19 days Ref. Ref.
20-30 days 1.72 (1.02-2.90) 2.43 (2.03-2.91)

(Continues)
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TABLE 4 (Continued)

Cancer survivors
(N = 285,752 [5.08%])

No cancer history
(N = 5,334,126 [94.92%])

aPOR (95% CI)? p aPOR (95% CI)? p
Method of use .001° .001°
Inhalation Ref. Ref.
Oral/other 2.52 (1.46-4.36) 1.46 (1.16-1.83)

Abbreviations: aPOR, adjusted prevalence odds ratio; HS, high school; NH, non-Hispanic; Ref., reference.

2Adjusted for state-level cannabis policy (2020), sex, age group, education attainment, self-reported race/ethnicity, mental health status, physical health
status, smoking status, binge drinking status, frequency of use, method of use.

bindicates statistically significant at p < .05.

Conversely, our findings suggest that individuals consuming cannabis
for medical purposes had higher odds of using oral consumption, as
well as more frequent use. This contradicts a 2018 study that found
high prevalence of inhalation methods, even among medical cannabis
use, but did not adjust for potential confounding.'® This may reflect
geographic differences, inadequate adjustment, or may be due to
market or social transitions. There has been a surge in the number
and variety of available cannabis products in the past 5 years alone,
especially among edibles, which have had an increase in the devel-
opment of products with more precise dosing (which may enable
safer use) and varying levels and presence of active cannabinoids.
However, we were unable to assess these components because of
limitations in available data. It is important to acknowledge that it
may be difficult to ascertain an individual's true exposure because of
the lack of regulatory oversight (e.g., product screening programs,
accurate labeling) of cannabis in many states.1%517>2

Clinicians are becoming increasingly more accepting of patients
using cannabis for medical purposes; however, most report not
feeling equipped to make clinical recommendations.'®>*%5 Evidence
shows that patients are using medical cannabis with minimal medical
oversight including obtaining medical cannabis authorization from a
provider who is unfamiliar with their medical history and relying on
unregulated sources for information regarding cannabis.’®™> Spe-
cifically, most patients report obtaining information regarding strains,
ratios of active ingredients, routes of administration, and dosages
from cannabis dispensaries. However, dispensary personnel are un-
evenly trained, with dispensaries often prioritizing sales skills over
cannabis pharmacotherapeutic knowledge.®°-%% To address this issue,
several modifications to practice, policy, research, and education are
warranted, as outlined by Braun and Tulsky in 2018.5* At a minimum,
health systems and national professional societies need to produce
high-quality standardized education materials and clinical practice

guidelines.

Limitations

There are several key limitations that should be considered when

interpreting the results of the current study, primarily related to the

use of secondary data. First, we were limited to the questions asked
in BRFSS; thus, we were unable to ascertain more detailed infor-
mation about cancer survivors such as time since cancer diagnosis,
type of cancer, and stage. Second, self-reported survey data may be
more susceptible to measurement error (i.e., information bias) than
other data collection methods. However, BRFSS data have been
found to be reliable and have high levels of validity when compared
with other self-reported data. Self-reported past 30-day cannabis use
has also been found to be a variable with limited potential sources of
measurement error.®®> The categorization of state-level cannabis
policy that was used in this study is an improvement from the
dichotomization that some literature uses and is contextually
meaningful. However, it has been found that there is substantial
heterogeneity in state cannabis law variability across several do-
mains, including manufacturing or testing, product labeling, and types
of products permissible for sale, as well as limits on the supply or
dose that can be dispensed.®® Third, although observational data are
susceptible to selection bias (e.g., selected sample representative of
the target population), it is not generally a main concern for BRFSS
data because of raking survey methodology, which adjusts for se-
lection into the study. However, it is important that there was a high
number of individuals missing outcome data, which can indicate se-
lection bias may be present because of censoring (e.g., a missing data
problem). There is a need for further investigation of possible effects
of missing data for optional BRFSS modules. Despite limitations, our
study has important strengths including the use of a strong sampling
design, a large and diverse sample from 22 US states, and access to a
large number of covariates that were assessed using validated survey
questions. Additionally, our study was strengthened by using a

comparison group, which multiple previous studies lacked.

CONCLUSIONS

Overall, this study strengthens the epidemiological evidence of fac-
tors associated with the prevalence of cannabis use and cannabis use
for medical purposes among cancer survivors compared with in-
dividuals without a history of cancer. There are several key findings

that call for additional investigation to ensure that patients and
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providers are able to make informed evidence-based decisions
regarding the use of cannabis. First, despite the lack of strong sci-
entific literature compared with other pharmacotherapies, most in-
dividuals in the study report cannabis use for medical purposes.
Second, there is a high prevalence of cigarette smoking among
cannabis users, including cancer survivors. Third, inhalation methods
are preferred for consumption, resulting in potential exposure to
combustion-related toxins and irritants. However, individuals
reporting cannabis use for medical purposes were more likely to use
oral consumption methods. Findings underscore the need for
continued surveillance as well as the development of high-quality

standardized education materials.
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