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Results: The sample (N = 34,911) included 24,592 patients with breast, 8510
colorectal, and 1809 lung cancer. Compared to no MML, MML with dispensaries was
associated with reduced any strong short-acting opioids prescription use (differ-
ence = —-4.6; 95% Cl, —8.6 to —0.5 percentage points [pp]; p = .028) and increased
any all-cause adverse hospital events (difference = 2.6; 95% Cl, 0.7-4.5 pp;
p = .006). MML without dispensaries was associated with increased any weak opioid
prescription use (difference = 1.2; 95% Cl, 0.5—-2 pp; p = .002).

Conclusions: MML policies may have affected the type of opioid prescribed and
increased adverse hospital events among patients with cancer and resection sur-
gery. Additional investigation of medical marijuana’s impact on cancer pain man-

agement is warranted.

KEYWORDS

INTRODUCTION

Although opioid therapy continues to be the mainstay approach for
managing moderate-to-severe cancer pain,® prescription opioid use
among patients with cancer has declined substantially since 2016.%°
This decline has been accompanied by an evident need for alternative
pain relief, reflected in part by the increased use of marijuana among
patients with cancer.*® Notably, pain is the most commonly cited
reason for medical marijuana use in the cancer population.*”®

The rapidly evolving landscape of medical marijuana legalization
(MML) has important implications for patients with cancer. As of
2024, 38 states had legalized medical marijuana and all 38 states
except Maryland included cancer as a qualifying condition for med-
ical marijuana use.”*® MML policies vary in the extent to which they
facilitate access to medical marijuana. One important factor is the
availability of state-licensed dispensaries.’? As of 2023, 34 of 38
states with MML had at least one state-licensed medical dispen-
sary.’? Notably, these dispensaries often did not open until several
years after MML took effect in the state. This delay in dispensary
access can influence whether patients choose to try medical mari-
juana, change their existing usage patterns, or seek marijuana from
unregulated sources.

Despite its rising use among patients with cancer, evidence to
recommend for or against medical marijuana in cancer-related pain
and symptom management remains insufficient.**>* Although clini-
cians generally believed that medical marijuana has a lower risk of
misuse and overdose than opioids, concerns persisted regarding its
effectiveness for cancer pain management and potential harms,
including side effects, misuse, and drug-drug interactions affecting
cancer treatments or other drug therapies, including opioids.**~%”
These potential harms may lead to adverse events, such as emer-
gency department visits or hospitalizations. Moreover, the risk of
harm may be heightened when patients use marijuana without

medical marijuana, cannabis, cancer, pain management, opioids

consulting their health care providers, obtain it from unregulated
sources, or use it without understanding the potential harm.

We sought to understand the potential impact of MML policies
on patients with cancer during the years after 2016, when declines
in prescription opioid use accelerated.>® We focused on patients
who were newly diagnosed with cancer and underwent cancer
resection surgery—a subpopulation with prevalent pain manage-
ment needs. A meta-analysis study estimated that approximately
40% of patients with cancer undergoing resection surgery experi-
enced a significant burden of pain,® leading to the consideration of
opioid therapies.! We aim to understand how MML policies have
affected pain management and outcomes among this population.
Specifically, we examined the associations between MML, both with
and without state-licensed medical marijuana dispensaries, and
opioid prescriptions and adverse hospital events experienced by
these patients. We hypothesized that, at the population level,
increased availability of medical marijuana (considered least avail-
able in states with no MML and most available in states with MML
and state-licensed dispensaries) would be associated with lower
rates of opioid prescriptions and increased rates of adverse hospital

events.

METHODS

Policies of interest: MML with and without
dispensaries

We included 27 states that had not implemented MML as of January
1, 2016. Among states that implemented MML during 2016 through
2022, we identified the effective date of MML and the opening date
of the first state-licensed dispensary if the state had opened any
dispensary by December 31, 2022 (Supporting Information S1:
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Appendix 1). These data were compiled from the National Confer-
ence of State Legislatures, the RAND-USC Schaeffer Opioid Policy
Tools and Information Center, the Marijuana Policy Project, and the
Insurance Institute for Highway Safety.1217-21

A three-category MML policy was created for analysis: (1) no
MML, (2) MML without dispensaries, and (3) MML with dispensaries.
From 2016 to 2022, among the 27 study states, 13 states never
implemented MML,; three states switched from no MML to MML
without dispensaries; and 11 states switched from no MML to MML
without dispensaries first and then to MML with dispensaries (Sup-
porting Information S1: Appendix 1).

Data and sample

We used the Health Care Cost Institute (HCCI) private insurance
database, which covers about one-third of privately insured in-
dividuals in the United States.?? Our study sample included in-
dividuals aged 18 to 64 who were newly diagnosed with one of three
common cancers?>—(female) breast, colorectal, or lung—and who
underwent cancer resection surgery within 6 months of diagnosis.

To construct our sample, we identified the first primary diagnosis
of (female) breast, colorectal, or lung cancer received by a patient
between January 1, 2016, and July 31, 2022. We then used the
month of the first primary cancer diagnosis as the index and estab-
lished a 12-month lookback period (before the diagnosis month) and
a 6-month observation period starting from the diagnosis month and
required patients to be continuously enrolled in insurance over these
18 months. We restricted the sample to patients who received
resection surgery for their primary cancer diagnosis during the 6-
month observation period (Supporting Information S1: Appendix 2).
We excluded patients who received active cancer treatment (Sup-
porting Information S1: Appendix 3) or opioid prescriptions during
the 12-month lookback period. We provide the sample derivation
flowchart in Supporting Information S1: Appendix 4.

Outcomes

We examined opioid prescriptions and adverse hospital events dur-
ing the 6-month observation period. Notably, to better reflect pa-
tient’s pain management approach during the postdiagnosis period,
we examined these outcomes across the observation period rather
than limiting to those specifically attributed to resection surgery. For
opioid prescriptions, we used pharmacy claims to measure if the
patient had at least an (1) opioid prescription, (2) a short-acting
opioid prescription typically used for moderate-severe pain
(including oxycodone, hydrocodone, hydromorphone, or morphine;
hereafter “any strong short-acting opioid prescription”), and (3)
short-acting tramadol or codeine prescription (consistent with usual
clinical use for less severe pain; hereafter “any weak short-acting

n) 24

opioid prescription We also measured (4) total morphine

milligram equivalents (MMEs) received by patients with an opioid
prescription. We used data published by the Centers for Disease
Control and Prevention to identify the National Drug Codes and
MME conversion factors for measuring total MMEs of opioid pre-
scriptions.?> Buprenorphine formulations for treating opioid use
disorder were excluded.?® For adverse hospital events, we measured
if the patient had (5) any all-cause emergency department (ED) visits
or hospitalizations (excluding hospitalizations for cancer treatment,
see Supporting Information S1: Appendix 3), and (6) any pain-
related ED visits or hospitalizations (Supporting Information S1:
Appendix 5).2°

Statistical analysis

We applied a generalized difference-in-differences approach for
analysis. The models included the three-category measure of
exposure to MML policy and a series of dichotomous indicators of
calendar years to control for national secular trends and dichoto-
mous indicators of states to control for between-state differences in
the outcome that did not change over time. The difference-in-
differences approach relies on the assumption that, in the absence
of the policy intervention, the outcome of interest would have fol-
lowed a similar trend in states with and without the policy exposure
(i.e., the “parallel trends assumption”). We conducted event study
analysis to assess this assumption (Supporting Information S1:
Appendices 6 and 7).

We estimated logistic models (i.e., generalized linear models with
a logit link function and a binomial distribution) to examine dichot-
omous outcomes. To examine MMEs, we used generalized linear
models with a log link function and gamma distribution of error terms
based on the results of the modified Park test.?® We estimated
robust standard errors recognizing individuals clustered within a
state. All models controlled for patient sex, age, baseline comorbid
conditions associated with needs for and/or risks of opioid analgesics
(back pain, neck pain, arthritis and joint pain, other pain, mental
health conditions, alcohol or drug use disorder, and nicotine depen-
dence) during the 12-month lookback period, and cancer treatment
other than resection surgery during the 6-month observation period
(radiation therapy, chemotherapy, immunotherapy, and hormonal
therapy; see Supporting Information S1: Appendix 3). Data on race
and ethnicity were unavailable in HCCI. We also controlled for major
policies addressing unsafe opioid prescriptions during study years,
including state laws limiting the quantity or duration of opioids, and
“must-access” prescription drug monitoring programs that applied to
all prescribers without allowing for prescriber discretion. Because
only one of 27 study states legalized recreational marijuana by the
end of 2022 (Missouri: December 8, 2022), we controlled for rec-
reational marijuana legalization in our analysis and did not separately
examine recreational marijuana as a policy of interest. We pooled
samples from the three types of cancer for the main analysis and

conducted secondary analysis by cancer type.
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Analyses were performed using SAS version 9.4 and Stata SE
version 17. For ease of interpretation, we used the “margins” com-
mand in Stata to report the marginal effects of MML policies
(i.e., changes in predicted probability of dichotomous outcomes, and
changes in MMEs).?” Results of all full regression models are pre-
sented in Supporting Information S1: Appendix 8.

Staggered policy implementation across states (as was the case
in our study) may lead to potential biases in the difference-in-
differences estimates because of heterogeneous policy effects.?2?
For supplemental analysis, we applied the de Chaisemartin and
d’Haultfoeuille model?® to assess the robustness of our results
(Supporting Information S1: Appendix 9).

The study protocol is approved by the Weill Cornell Medicine
institutional review board. We followed the STROBE reporting
guidelines for cross-sectional studies. Cells with <800 patients
contributing to the estimates were suppressed to comply with the

Health Care Cost Institute Reporting Guidelines.

RESULTS
Sample characteristics and unadjusted outcomes

Our sample (N = 34,911, 83.6% female) included 24,592 patients with
(female) breast cancer, 8510 patients with colorectal cancer (41.9%
female), and 1809 patients with lung cancer (55.8% female) (Table 1).
About half (49.5%) of the patients were 55 to 64 years old. Non-can-
cer-related pain was a common comorbid condition: 16.1% of patients
had back pain; 23.0% had arthritis and joint pain; and 21.4% had other
pain. About one-fifth (21.6%) of patients had a mental health condition.
About four-fifths (79.28%) of patients received resection surgery
within 60 days of their cancer diagnosis (Supporting Information S1:
Appendix 10). In addition to cancer resection surgery, 41.6% of pa-
tients received radiation therapy and 42.3% received chemotherapy
during the 6-month observation period.

During the 6-month observation period, 39.7% of patients had at
least one opioid prescription; 33.8% received a strong short-acting
opioid prescription and 10.4% received a weak short-acting opioid
prescription (Table 1). Among patients with opioid prescriptions, the
mean total MME was 414.6 (SD = 1261.83). About one-fifth (20.2%)
of patients had an ED visit or hospitalization that was not for cancer
treatment and 2.4% had a pain-related ED visit or hospitalization.

Results of sample characteristics and unadjusted outcomes
stratified by cancer types are provided in Supporting Information S1:
Appendix 11.

MML policies and opioid prescriptions

While MML policies, both with and without dispensaries, were not

associated with significant changes in the rate of any opioid

prescriptions, we found that the associations differed by the type of
opioid prescribed. Specifically, compared with no MML, MML with
dispensaries was associated with a 4.6-percentage-point reduction
(95% Cl, —0.086 to —0.005; p = .028) in the rate of any strong short-
acting opioid prescription (no MML = 0.349; 95% Cl, 0.338—0.360 vs
MML with dispensaries = 0.303; 95% Cl, 0.272-0.334; relative dif-
ference = —13.2%) (Figure 1, Table 2). Additionally, compared with
no MML, MML without dispensaries was associated with a 1.2-per-
centage-point increase (95% Cl, 0.005-0.020; p = .002) in the rate of
any weak short-acting opioid prescription (ho MML = 0.101; 95% ClI,
0.098-0.104 vs MML without dispensaries = 0.113; 95% Cl, 0.108
—0.119; relative difference = 11.9%) (Figure 1, Table 2).

When stratified by cancer type, we observed similar findings.
Among patients with breast cancer, compared with no MML, MML
with dispensaries was associated with a 4.8-percentage-point
reduction (95% Cl, —0.088 to —0.009; p = .016) in the rate of any
strong short-acting opioid prescription. MML without dispensaries
was associated with a 1.6-percentage-point increase (95% Cl, 0.001-
0.031; p = .035) in the rate of any weak short-acting opioid pre-
scription (Supporting Information S1: Appendices 12 and 13). While
similar patterns were observed among colorectal and lung cancer
patients, the associations did not reach statistical significance.

Among patients with any opioid prescription, both MML with and
without dispensaries were associated with lower total MMEs (vs no
MML), but the differences were not statistically significant in the
overall sample (Figure 2, Table 2). However, among colorectal cancer
patients with any opioid prescription, MML without dispensaries was
associated with a reduction of 181.26 (95% Cl, —319.44 to —43.07;
p = .01) in total MMEs when compared with no MML (Supporting
Information S1: Appendices 12 and 14).

Supplemental analysis using the de Chaisemartin and d’Hault-
foeuille method showed similar results in terms of directions,
magnitude, and statistical significance with the main analysis (Sup-
porting Information S1: Appendix 8).

MML policies and adverse hospital events

Compared with no MML, MML with dispensaries was associated with
a 2.6-percentage-point increase (95% Cl, 0.007-0.045; p = .006) in
the rate of all-cause ED visits or hospitalizations (ho MML = 0.196;
95% Cl, 0.193-0.200 vs MML with dispensaries = 0.222; 95% ClI,
0.207-0.237; relative difference = 13.3%). MML without dispen-
saries was associated with a 1-percentage-point increase, compared
to no MML (95% Cl, 0.00-0.021; p = .05) in the same outcome (MML
without dispensaries = 0.207; 95% Cl, 0.199-0.215; relative differ-
ence to no MML = 5.6%) (Table 2, Figure 3).

Similar results were observed in stratified analysis by cancer
type. For both patients with breast and colorectal cancer, MML with
dispensaries (vs no MML) was associated with an increase in the rate
of any all-cause ED visits and hospitalizations (breast = 0.022; 95%
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TABLE 1 Sample characteristics and unadjusted outcomes.

All patients
N 34,911
Sample characteristics N %
Cancer type
Breast 24,592 70.4
Colorectal 8510 244
Lung 1809 5.2
Female 29,169 83.6
Age
18-44 5118 14.7
45-54 12,519 35.9
55-64 17,274 49.5
Comorbidity (during the 12-month lookback period)
Back pain 5613 16.1
Neck pain 2955 8.5
Arthritis and joint pain 8013 23.0
Other pain 7484 214
Mental health conditions 7542 21.6
Alcohol or drug use disorder <800 n/a
Nicotine dependence 1294 3.7
Cancer treatment (during the 6-month observation period since the new cancer diagnosis)
Radiation therapy 14,527 41.6
Chemotherapy 14,769 42.3
Immunotherapy 3788 12.0
Hormonal therapy <800 n/a
Unadjusted outcomes
Opioid prescriptions
Any opioid prescription 13,868 39.7
Any strong short-acting opioid prescription (i.e., oxycodone, hydrocodone, 11,784 33.8
hydromorphone, or morphine)
Any weak short-acting opioid prescription (i.e., tramadol or codeine) 3638 10.4
Total MMEs if any opioid prescription, mean (SD) 414.62 (1261.83)
Adverse hospital events
All-cause ED visits or hospitalizations (excluding cancer treatment) 7056 20.2
Pain-related ED visits or hospitalizations 848 2.4

Cells with <800 patients contributing to the estimates were suppressed to comply with the Health Care Cost Institute Reporting Guidelines.
Abbreviations: ED, emergency department; MME, morphine milligram equivalent.

Cl, 0.001-0.043; p = .04; colorectal = 0.051, 95% CI , 0-0.102; hospitalizations when compared to no MML (Table 2, Figure 3;
p = .049) (Supporting Information S1: Appendices 12 and 15). Supporting Information S1: Appendices 12 and 15).

Neither MML without dispensaries nor MML with dispensaries Our supplemental analysis using the de Chaisemartin and
was associated with meaningful changes in pain-related ED visits or d’Haultfoeuille method showed similar results, although all
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FIGURE 1 Predicted probabilities of opioid prescription outcomes associated with different medical marijuana policies. Whiskers span the

95% Cl of estimates. MML indicates medical marijuana legalization.

TABLE 2 Estimates of the effects of medical marijuana policies on outcomes.

MML w/o dispensaries (vs no MML)

Incremental effects of
dispensaries (MML w/
dispensaries vs MML w/o

MML w/dispensaries (vs no MML) dispensaries)

Policy effect Estimate 95% Cl p Estimate 95% CI p Estimate 95% ClI p
Any opioid prescription -0.013 -0.045 0.019 438 -0.047 -0.098 0.004 .072 -0.034 —-0.074 0.005 .088
Any strong short-acting opioid -0.017 -0.046 0.012 .249 -0.046* -0.086 -0.005 .028 -0.029 -0.067 0.010 .144
prescription

Any weak short-acting opioid 0.012° 0.005 0.02 .002 0.011 -0.003 0.025 .135 -0.001 -0.013 0.010 .812
prescription

Total MMEs if any opioid prescription —51.72 -122.60 19.17 .153 -54.33 —-15548 4681 .292 -261 -6140 56.18 931
All-cause ED visits or hospitalizations 0.010 0.000 0.021 .050 0.0267 0.007 0.045 .006 0.016 —0.001 0.032 .061
Pain-related ED visits or 0.007 -0.005 0.019 .241 0.01 -0.010 0.031 .315 0.004 —-0.010 0.017 .612

hospitalizations

Weak short-acting opioids included tramadol and codeine. Strong short-acting opioids included oxycodone, hydrocodone, hydromorphone, and

morphine.

Abbreviations: ED, emergency department; MME, morphine milligram equivalent; MML, medical marijuana legalization.

%indicates statistically significant results at 0.05 level.

estimates reached statistical significance (Supporting Information S1:
Appendix 9).

DISCUSSION

In this study of privately insured cancer patients undergoing resec-
tion surgery, we found that although MML policies were not asso-
ciated with significant changes in the rate of any opioid prescriptions,
they may have affected the type of opioids and MMEs patients
received and adverse hospital events. Specifically, implementing
MML with dispensaries, compared to no MML, was associated with a
13.2% relative reduction in the rate of any strong short-acting opioid
prescription and a 13.3% relative increase in the rate of any all-cause

adverse hospital events. Additionally, implementing MML without
dispensaries was associated with an increased rate of any weak
short-acting opioid prescription among all patients and a reduction in
total MMEs among patients with colorectal cancer with opioid
prescriptions.

Our findings regarding opioid prescriptions suggest that the
availability of medical marijuana under different MML policies may
be a consideration in the clinical decision-making applied to opioid
prescribing for patients who received cancer resection surgery.
Specifically, we found that while MML policies may not have affected
whether patients received any opioid prescription, they may have
affected the type and quantity of opioids they filled. Several mech-
anisms may explain these findings. First, when medical marijuana is
legalized, patients may be more open to discussing the use of medical
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marijuana and disclosing their current and past marijuana use with
their healthcare providers. A recent study of cancer patients in 12
cancer centers found that a higher proportion of patients in MML
states discussed marijuana use with their providers than patients in
states without MML.%° This increased openness may shift providers'
decisions toward substituting weak opioids for strong opioids and/or
prescribing opioids at lower doses or shorter duration. Second, some
patients may perceive a lower need for opioids when medical mari-
juana is available and may choose not to fill their opioid prescriptions
or to selectively fill the less potent opioids. Third, providers in states
with MML may be more willing to act on their concerns about opioid
toxicity or misuse with the belief that patients have more options for
pain management. A study of gynecologic cancer patients in two

academic centers in California and Colorado found that patients had

No MML MML w/o dispensaries B MML w/ dispensaries

500
400 I I

300

MMEs

200

100

All
FIGURE 2 Estimated total MMEs associated with different
medical marijuana policies among patients with any opioid

prescription. Whiskers span the 95% Cl of estimates. MME
indicates morphine milligram equivalents.

No MML
0.25

0.20 I I

0.15

Predicted probability

0.10

0.05

0.00
All-cause ED visits or hospitalizations

MML w/o dispensaries

decreased prescription opioid use after they started using medical
marijuana.®!

We found that MML with dispensaries was associated with
increased adverse hospital events, highlighting potential safety
concerns related to expanded access to medical marijuana. Many
studies have reported side effects from marijuana use among pa-
tients with cancer, including drowsiness, hypotension, mental
clouding, depression, lethargy, and nausea and vomiting.3>~3* These
side effects may be severe enough to result in ED visits or hospi-
talizations. Moreover, there is limited knowledge regarding potential
drug-drug interactions between marijuana and cancer treatment
and other medications, raising concerns about whether these un-
known interactions could contribute to adverse outcomes. This is
especially concerning in cases where patients use marijuana without
the awareness or monitoring of their health care providers, use
amounts beyond what their health care providers recommend, or
live in states where marijuana products (often containing high THC
concentrations) are underregulated. Although our measures of
adverse events reflect extreme events, our findings highlight that
MML, particularly in the presence of dispensaries, may be associ-
ated with significant increases in negative outcomes for patients
with cancer. As more evidence emerges regarding marijuana use-
related side effects and drug-drug interactions, future studies
should examine how MML policies affect these adverse events
among patients with cancer.

As more states legalize medical marijuana and medical dispen-
saries become more available, our findings underscore the need for
ongoing monitoring of medical marijuana use and the timely updating
of clinical guidelines and regulations. First, states should consider
leveraging existing infrastructure to track medical marijuana use. For
example, New York requires dispensaries to report medical mari-
juana products sold to patients to the state prescription drug
monitoring program registry.>> This approach allows clinicians,

B MML w/ dispensaries

Pain-related ED visits or hospitalizations

FIGURE 3 Predicted probabilities of adverse hospital events associated with different medical marijuana policies. Whiskers span the 95%
Cl of estimates. ED indicates emergency department; MML, medical marijuana legalization.
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pharmacists, and dispensaries across the state to monitor patients’
medical marijuana use and improve state oversight of dispensaries'
practices. Second, clinicians should follow the American Society of
Clinical Oncology’s guidelines to foster “open, nonjudgmental
communication” about medical marijuana use.!* A recent study
found that most patients with cancer did not discuss marijuana with
their health care providers, often because they were never asked.>¢
By initiating these discussions, providers can better understand the
marijuana products patients are considering or using, allowing them
to provide clinical supervision and adjust prescriptions as needed.
Last, more research is urgently needed to guide clinical practice and
training. Recent studies found that most medical schools did not
provide any education on medical marijuana and most oncology
fellows did not feel sufficiently informed to give marijuana-related
clinical recommendations, highlighting significant gaps in both
training and research in oncology care.®”%® Studies that directly
examine medical marijuana use, pain relief, adverse drug effects, and
functional outcomes should be prioritized to inform the development

of evidence-based guidelines and improve patient care.

LIMITATIONS

We do not have data on patients’ use of medical marijuana and are
thus limited in illuminating the mechanisms linking MML policies and
opioid prescriptions/adverse hospital events. Similarly, data on
opioid prescriptions administered during inpatient stays are not
available in claims. However, because medical marijuana is not
available during inpatient stays, we do not expect this limitation to
significantly affect our findings. Although we controlled major state
policies during study years bearing implications for opioid pre-
scriptions and hospital events, these controls were not perfect;
additional policies and developments in a state may have coincided
with MML policies and potentially biasing our estimates. Addition-
ally, because of limitations on the availability of dispensary data (e.g.,
total number, locations), we were unable to measure or assess the
impact of accessibility of dispensaries, an area that warrants further
research.

CONCLUSIONS

We found that although MML policies, both with and without dis-
pensaries, were not associated with changes in any opioid pre-
scriptions, they were associated with changes in the type of opioid
prescribed and all-cause hospital adverse events among privately
insured patients with cancer undergoing resection surgery. Our
findings suggest that MML policies may influence pain-related clinical
decision-making and may have unintended negative impacts on some

patients who received cancer resection surgery.
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