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Background: Growing bodies of evidence suggest that cannabis may play a
significant role in both oncological palliative care and as a direct anticarcinogenic
agent, but classification as a Schedule | substance has complicated research into
its therapeutic potential, leaving the state of research scattered and
heterogeneous. This meta-analysis was conducted to determine the scientific
consensus on medical cannabis’ viability in cancer treatment.

Objective: The aim of this meta-analysis was to systematically assess the existing
literature on medical cannabis, focusing on its therapeutic potential, safety
profiles, and role in cancer treatment.

Methods: This study synthesized data from over 10,000 peer-reviewed research
papers, encompassing 39,767 data points related to cannabis and various health
outcomes. Using sentiment analysis, the study identified correlations between
cannabis use and supported, not supported, and unclear sentiments across
multiple categories, including cancer dynamics, health metrics, and cancer
treatments. A sensitivity analysis was conducted to validate the reliability of
the findings.

Results: The meta-analysis revealed a significant consensus supporting the use
of medical cannabis in the categories of health metrics, cancer treatments, and
cancer dynamics. The aggregated correlation strength of cannabis across all
cancer topics indicates that support for medical cannabis is 31.38x stronger than
opposition to it. The analysis highlighted the anti-inflammatory potential of
cannabis, its use in managing cancer-related symptoms such as pain, nausea,
and appetite loss, and explored the consensus on its use as an
anticarcinogenic agent.

Discussion: The findings indicate a strong and growing consensus within the
scientific community regarding the therapeutic benefits of cannabis, particularly
in the context of cancer. The consistent correlation strengths for cannabis as
both a palliative adjunct and a potential anticarcinogenic agent redefine the
consensus around cannabis as a medical intervention.

Conclusion: The consistency of positive sentiments across a wide range of
studies suggests that cannabis should be re-evaluated within the medical
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community as a treatment option. The findings have implications for public
health research, clinical practice, and discussions surrounding the legal status of
medical cannabis. These results suggest a need for further research to explore
the full therapeutic potential of cannabis and address knowledge gaps.

cannabis, medical Marijuana, cancer, meta-analysis, data analytics, whole health,

oncology, outcomes

Introduction

The investigation of cannabis as a potential cancer treatment
has gained considerable momentum within the scientific and
medical communities, driven by the promise of its therapeutic
benefits in both oncological palliative care and as a direct
antitumorigenic agent. This growing interest has led to a
substantial body of research, offering varied insights into the
efficacy, safety, and application of cannabis in oncology. Despite
the abundance of studies available, there remains a distinct opacity
about the level of consensus regarding the role of cannabis in cancer
treatment. This discordance among researchers and clinicians is
primarily attributable to several challenges inherent in the study
and interpretation of cannabis research.

One of the main obstacles to reaching a unified understanding
of cannabis’ effects in cancer treatment is the broad and diverse
nature of the studies conducted. The existing literature spans a
range of research designs, including randomized controlled trials,
observational studies, and case reports, each focusing on different
aspects of cannabis use in oncology, such as palliative care for
chemotherapy-induced side effects or its potential as an anticancer
agent. This diversity, while indicative of the wide interest and
applicability of cannabis in cancer treatment, introduces
significant heterogeneity into the evidence base. Variations in
study design, cannabis formulations, dosages, and patient
populations complicate the synthesis of data, making it
challenging to draw cohesive conclusions about cannabis’ efficacy
in cancer therapy.

The complexity of cannabis as a therapeutic substance further
complicates research outcomes. Cannabis contains numerous
cannabinoids, with tetrahydrocannabinol (THC) and cannabidiol
(CBD) being the most extensively studied. These cannabinoids
interact with the body’s endocannabinoid system in diverse ways,
potentially leading to varied therapeutic effects, particularly in the
context of cancer. Furthermore, the concentrations of these
cannabinoids can differ significantly across cannabis strains and
products, adding another layer of variability to research findings.
The use of different cannabis formulations, ranging from synthetic
cannabinoids to whole-plant extracts, further complicates
comparisons between studies due to differences in cannabinoid
profiles and concentrations.
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Existing systematic reviews and meta-analyses on the use of
cannabis in cancer care have also encountered limitations that
hinder their ability to provide clear guidance. While these reviews
are essential for summarizing and evaluating the evidence, many
have been constrained by narrow research questions or inclusion
criteria, focusing on specific cancer-related outcomes such as pain
management or antitumorigenic effects. This selective approach,
though necessary for maintaining a manageable scope, results in a
fragmented understanding of cannabis’ full potential in oncology.
There is an urgent need for more comprehensive systematic reviews
that encompass a wider range of studies and employ sophisticated
meta-analytic techniques to better synthesize the available data on
cannabis as a cancer treatment.

To achieve a more cohesive understanding of cannabis as a
cancer treatment, researchers and clinicians must address these
challenges with rigorous methodology and a commitment to
comprehensive analysis. Only through such efforts can the
medical community fully explore and validate the therapeutic
potential of cannabis in oncology, supported by a robust and
unified body of evidence.

Background

The utilization of cannabis for medicinal purposes has a storied
history, extending back to ancient civilizations. The earliest recorded
mention of cannabis’ medicinal application dates to 2737 BC, when it
was documented in the pharmacopeia of Chinese Emperor Shen Nung
(1). This ancient text described cannabis as a treatment for a multitude
of ailments, including rheumatism, gout, and malaria. Subsequent
historical records reveal that the medicinal use of cannabis spread
across continents, finding a place in the traditional medicine practices
of India, Egypt, and, eventually, Europe and the Americas.

Research into the medicinal properties of cannabis began to
take a more scientific approach in the 19th century. In 1839, Irish
physician William Brooke O’Shaughnessy, who had observed its use
in India, introduced cannabis to Western medicine (2). His work
highlighted its potential analgesic, antispasmodic, and
anticonvulsant properties, laying the groundwork for future
research. However, the turning point in cannabis research came
in the 20th century with the isolation of THC in 1964 by scientists
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Raphael Mechoulam and Yechiel Gaoni (3). This discovery,
identifying the psychoactive compound responsible for cannabis’
effects, propelled further scientific inquiry and helped elucidate the
plant’s pharmacological properties.

Despite these advancements, the legal classification of cannabis
as an illicit substance in many parts of the world, notably marked by
the United States’ Controlled Substances Act of 1970, has posed
significant challenges for researchers. Cannabis’s designation as a
Schedule I substance, deemed to have a high potential for abuse and
no accepted medical use, has restricted access for research purposes.
This legal status has contributed to inconsistencies and
heterogeneity in cannabis research in several ways:

1. Limited Research Funding: The classification has often
deterred funding agencies from allocating resources to
cannabis research, leading to a scarcity of high-quality
studies, particularly those involving clinical trials (4).

2. Restricted Access to Cannabis: Researchers have faced
challenges in obtaining cannabis of consistent quality and
composition for study, complicating efforts to produce the
standardized, replicable research necessary to determine
efficacy and safety profiles (5).

3. Varied Legal Status across Regions: The differing legal
status of cannabis across states and countries has resulted in
a fragmented research landscape, where methodologies and
research priorities vary widely, further contributing to the
heterogeneity of findings (6).

4. Reliance on Self-Reported Data: Owing to difficulties in
conducting controlled experiments, researchers have often
had to rely on observational studies or self-reported data,
which may introduce biases or inaccuracies (7).

These obstacles have not only slowed the pace of cannabis
research but also led to a body of literature characterized by a wide
range of study designs, participant populations, cannabis
formulations, and outcome measures. The result is a complex and
often contradictory evidence base that reflects the legal and
logistical hurdles faced by the scientific community in exploring
cannabis’ medicinal potential.

Oncological palliative care

The most frequent use of medical cannabis in relation to cancer
has been as an adjunctive palliative treatment for the side effects of
traditional cytotoxic antineoplastic agents, such as chemotherapy (8).
The analgesic properties of medical cannabis have been extensively
studied, with cannabinoids showing efficacy in modulating pain
through interactions with the endocannabinoid system.
Cannabinoids like THC and CBD engage with cannabinoid
receptors (CB1 and CB2) in the central and peripheral nervous
systems, altering pain perception pathways and providing relief
from chronic pain, including neuropathic pain (9). Clinical trials
have demonstrated that cannabis and its derivatives can significantly
reduce patient-reported pain scores with minimal risks (10).
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Cannabis has historically been widely used to mitigate
chemotherapy-induced nausea and vomiting (CINV) due to its
active compounds, primarily THC and CBD. These cannabinoids
interact with the body’s endocannabinoid system, particularly the
CB1 receptors in the central nervous system, which play a role in
regulating nausea and vomiting. By activating these receptors,
cannabis can effectively reduce the severity of CINV, a common
and debilitating side effect of chemotherapy. Clinical studies and
anecdotal evidence have consistently supported the efficacy of
cannabis in this context, leading to its recognition as a
therapeutic option for patients undergoing cancer treatment (11).

Cannabis has been used to address appetite problems in
chemotherapy patients, primarily due to its ability to interact with
the endocannabinoid system, which plays a significant role in
regulating hunger and metabolism. However, the results reported
in studies have been heterogeneous and though many studies have
shown cannabis to be effective in increasing appetite and countering
weight loss in chemotherapy patients, some have reported minimal
effects or inconsistent outcomes (12). Despite this variability,
cannabis remains a widely considered option for managing
appetite issues in chemotherapy, supported by both clinical use
and patient-reported outcomes.

Efficacy as a treatment

The exploration of cannabis in cancer treatment has focused on
symptom management, including pain, nausea, and cachexia, with a
relatively recent focus on the potential direct antitumor effects of
cannabinoids. Patient-reported outcome measures indicate that
70%-90% of patients who used cannabis to directly treat cancer
symptoms reported improvements, with less than 5% reporting
adverse effects (13). Preclinical studies have shown that
cannabinoids can induce apoptosis and inhibit tumor growth in
various cancer cell lines (14). Clinical evidence supports the efficacy
of cannabinoids in managing chemotherapy-induced nausea and
improving appetite in cancer patients (15). The investigation into
cannabinoids’ direct anticancer properties is ongoing, with
emerging data suggesting a promising yet complex therapeutic
potential that requires further elucidation through rigorous
clinical research.

Select literature review

A significant body of research, including numerous studies,
systematic reviews, and meta-analyses, has been dedicated to
exploring the medical viability of cannabis. However, the
development of evidence-driven standards of care has been hindered
by the lack of a clear consensus within the literature. This challenge is
compounded by the heterogeneity of study designs, patient populations,
and cannabis formulations, which often result in contradictory findings.
The divergent outcomes reported across these studies are seen in
Table 1 and reflect the complexity of cannabis as a therapeutic agent
as well as the need for more expansive research methodologies.
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TABLE 1 Select overview of existing reviews into medical cannabis.

(IELID ColELE Adverse Cannabis Use
Purpose Methods Limitations = Benefits Benefit Described Adverse 8
P Effects Described Supported
Reported Effects
o . Few included
Develop guidelines for cannabis . i . X X
De Feo G, et al. . Literature review comparing studies assessed Sleep improvement,
as psychological treatment for . . Yes . No None No
(2023) (16) i placebo vs. active alternative the efficacy mood improvement
cancer patients ;]
of cannabis
I ist
Develop guidelines and track Systematic review of RCT’s ncons1‘s eney Potential risk of harm too
To J, et al. R . measuring the X
adverse effects for cannabis as comparing placebo vs. Yes Reduced cancer-related pain Yes dangerous for No
(2023) (17) K R i K types and levels K
pain treatment for cancer patients active alternative cancer patients
of harm
A imately 13% of
To establish the prevalence of . . Evidence overall . . pp-roxlma gy wmo
Zeraatkar D, et al. . . Systematic review and meta- Pain management with fewer patients had adverse
serious harms of cannabis used i was of Yes e Yes i Yes
(2022) (18) . analysis on adverse effects adverse effects than opioids effect, generally paranoia
for pain management low confidence
Or nervousness
To determine the efficacy of Literature review focusing on Mostly Pain management equivalent to
Lee C, et al. cannabis for lower back pain adults with LBP taking observational . g q
K K i K X Yes opioids, decreased No None Yes
(2023) (19) (LBP) in the context of pain levels medical cannabis and with rather than .
L . . . opioid dependence
and opioid use option of opioids RCT studies
Hanganu B, et al. Synthesize evidence of ca‘nnabis’ PRISMA guidelines Insufficient Yes Popular adjtlmctive treatment No None Inconclusive
(2022) (20) efficacy for cancer patients RCTs for glioblastoma
Examine the biological effects of | PRISMA guidelines involving Study was Reduced proliferation and
Valenti C, et al. CBD on various human human cell lines and cultures o 4 K metastasis of cancer cells,
R limited to in Yes i K . None Yes
(2022) (21) pathological and cancer from non-healthy donors, . increased apoptosis and anti-
. . vitro research . X
cell populations with CBD inflammatory regulation
Review the existing in vivo . . —
Bachari A, et al evidence on the effects of Systematic review to identify | Small number of Increased apoptosis of cancer
’ ' in vivo studies on the effects eligible in Yes P No None Yes

(2020) (22)
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e De Feo et al. (2023) (16)

e To etal. (2023) (17)

e Zeraatkar et al. (2022) (18)
e Lee et al. (2023) (19)

* Hanganu et al. (2022) (20)
e Valenti et al. (2022) (21)

e Bachari et al. (2020) (22)

The full analysis of each review along with the following
synopsis is included in Appendix A.

Taken in aggregate, the seven systematic reviews and meta-
analyses discussed in this literature review, which collectively
encompass reviews of over a thousand studies, illustrate the
inconsistent and often contradictory nature of current research
on medical cannabis. These reviews present conflicting conclusions
on key topics, including the presence and significance of health
metrics, the efficacy of cannabis as an adjunct for managing cancer
treatment symptoms, the overall viability of cannabis for cancer
patients, and the nature and prevalence of adverse effects. The
inconsistency in findings across these studies highlights the
challenges in drawing definitive conclusions from the existing
body of research. Addressing these issues requires more than
isolated systematic reviews; it necessitates a comprehensive and
inclusive meta-analysis approach that leverages big data to provide
a more robust and reliable assessment of cannabis’
medical potential.

Diversity of cannabinoids and cancers

The therapeutic potential of medical cannabis in oncology is a
rapidly evolving field, yet it is complicated by the broad
heterogeneity of both cannabis extracts and cancer subtypes. This
complexity highlights the necessity of a large-scale analytical
summary when evaluating cannabinoid-based interventions for
cancer treatment.

Cannabis is a chemically complex plant, with over 100
cannabinoids and numerous terpenes contributing to its
pharmacological effects. The two most extensively studied
cannabinoids, THC and CBD, exert different, and sometimes
complementary, effects on cancer biology. However, cannabis-
based formulations are not limited to THC and CBD alone. Full-
spectrum extracts contain a broader range of bioactive compounds,
including cannabigerol (CBG), cannabichromene (CBC),
flavonoids, and terpenes, all of which contribute to what is
known as the entourage effect (23). This phenomenon suggests
that cannabinoids and terpenes may work synergistically to
enhance therapeutic efficacy, modulate bioavailability, and
mitigate adverse effects. Despite this complexity, many studies
have focused primarily on CBD, largely due to regulatory
restrictions on THC and the need to avoid its psychoactive effects
(24). While CBD demonstrates anti-inflammatory, pro-apoptotic,
and antiproliferative properties in preclinical cancer models, its
effects in isolation do not mirror those of full-extract cannabis,
which includes THC and other bioactive compounds, suggesting
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that a reductionist approach to cannabinoid-based therapy may not
be appropriate.

Just as cannabis extracts vary widely in their composition,
cancer itself is not a monolithic disease but a collection of highly
heterogeneous malignancies. Each cancer type is characterized by
unique genetic, molecular, and histopathological features that
influence its progression and treatment response. Research has
demonstrated that cannabinoid efficacy differs by both breast
cancer subtype and cannabinoid composition, with some forms of
breast cancer responding more favorably to different cannabinoid
treatments than others (25).

Beyond breast cancer, other cancers exhibit diverse responses to
cannabinoids. Colorectal, liver, pancreatic, skin, prostate, and
glioblastoma cancers have been studied for their susceptibility to
cannabinoid-induced apoptosis, autophagy, and cell cycle arrest.
The results have varied widely by cannabinoids and/or cancer type,
with some differential effects possibly based on receptor expression
profiles (26). The variable cannabinoid receptors (CB1, CB2, and
GPR55) in cancer progression further complicates an already
complex landscape, as receptor expression varies between both
individuals and cannabinoids.

Given the substantial heterogeneity in both cannabis extracts
and cancer subtypes, a large-scale perspective is necessary to
identify patterns. It is overly simplistic to treat medical cannabis
as a therapeutic agent that can be reduced to a single block of
interactions, and determining efficacy on single studies is likely to
result in unreliable results. System-based strategies could identify
cannabinoid-responsive cancers through large-scale evidence-
driven approaches, developing targeted cannabinoid formulations
that consider the ratio of THC, CBD, and minor cannabinoids, and
investigating interactions with standard-of-care treatments such as
chemotherapy, immunotherapy, and targeted therapies. Future
clinical trials should move beyond generic CBD-based studies to
explore the full therapeutic potential of comprehensive cannabinoid
formulations, incorporating THC and other cannabis-derived
compounds where legally and ethically feasible.

Further discussion of the relevance of including the full range of
cannabinoids is listed in Appendix A.

Sentiment analysis and public health policy

Sentiment analysis, a subfield of natural language processing
(NLP) and machine learning, has emerged as a powerful tool in big
data analytics, offering a systematic method to assess subjective
information and emotional undertones embedded within vast
amounts of text. At its core, sentiment analysis attempts to
classify expressions of sentiment—typically categorized as
positive, neutral, or negative—by applying computational
techniques to unstructured textual data. By converting qualitative
language into structured, quantifiable data, sentiment analysis
enables researchers to analyze trends, extract insights, and
identify patterns that would otherwise be difficult to discern
manually (27). In the context of a large-scale meta-analysis,
particularly one encompassing thousands of studies on medical
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cannabis, sentiment analysis serves as a practical tool for
synthesizing extensive and diverse findings across multiple
disciplines and research methodologies.

One of the primary advantages of sentiment analysis is its
ability to process and analyze massive datasets far beyond the
capacity of human reviewers. Traditional systematic reviews and
meta-analyses require extensive manual effort, often taking
months or years to complete, whereas sentiment analysis can
expedite this process by rapidly extracting patterns from text-
based research. It allows for the identification of overarching
themes, research trends, and shifts in scientific consensus over
time. In medical research, sentiment analysis can highlight the
prevailing attitudes toward specific treatments, uncover the
strength of consensus regarding therapeutic efficacy or risks, and
even provide a sense of how different areas of research evolve in
response to new findings. By mapping the sentiment expressed in
large collections of studies, researchers can gain a clearer
understanding of how a particular intervention, such as medical
cannabis, is perceived across different clinical settings, patient
populations, and regulatory landscapes (28).

Despite these advantages, sentiment analysis is not without
limitations, particularly in the context of scientific literature. One
major challenge is the inherent complexity and nuance of medical
research language, which does not always conform to the
straightforward positive-negative dichotomy that sentiment
analysis models often employ. Scientific discourse is frequently
neutral, analytical, and highly technical, making it difficult
for sentiment classification algorithms to discern evaluative
meaning from purely descriptive or methodological language.
Furthermore, sentiment analysis algorithms may struggle with
ambiguity, indecision, or context-dependent meanings, leading
to potential misinterpretations. This is particularly relevant
in medical literature, where a negative sentiment in one context—
such as describing the progression of a disease—does not necessarily
imply a negative evaluation of a treatment or intervention.

Another key concern is that sentiment analysis often relies on
pre-existing lexicons or supervised learning models trained on
general language corpora, which may not be well-suited for
specialized medical terminology. The context in which terms
appear is crucial, as a single word may carry different
connotations depending on its surrounding text. Additionally,
scientific papers frequently employ cautious or tentative
language, such as “further research is needed” or “preliminary
evidence suggests,” which may be misclassified as neutral or
negative sentiment despite indicating promising yet
inconclusive findings. This underscores the importance of
refining sentiment analysis models for medical applications by
incorporating domain-specific training data and contextual
language processing.

To mitigate these challenges, researchers utilizing sentiment
analysis in medical meta-analyses must adopt rigorous validation
methods, including cross-referencing algorithmic findings with
expert human evaluation and employing hybrid models that
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combine rule-based and machine learning approaches.
Additionally, researchers must be transparent about the
limitations of sentiment analysis and interpret findings within the
broader context of the literature rather than treating sentiment
scores as definitive indicators of scientific consensus.

Methodology
Definitions

It is necessary to define key terms to ensure clarity and precision
in understanding the research approaches and findings. Definition
of terms and methods are listed in Appendix A.

Search terms

Tracking the development of search terms is essential for
establishing a reliable literature base. This task involves precision to
ensure the inclusion of studies pertinent to the research objectives.
For a database such as PubMed, which contains a wide array of
biomedical literature, well-defined search terms help in retrieving
studies that are most relevant to the topic of medical cannabis. This
categorization aids in organizing the studies for more detailed
analysis, allowing for a systematic approach to handle the volume
of data. The 47 search terms often combine specific keywords and
Medical Subject Headings (MeSH) to refine the search process,
aligning it closely with the research question. Compiling search
terms and initial results totaled 59,071 initial studies.

The breadth of search terms includes terms directly and
indirectly related to cancer and cannabis, in order to capture
tangential findings as well as provide data for further analysis.
The full listing of all search terms, keywords, and categorizations is
provided in Appendix A, and the listing of search terms is found in
Appendix A, Table 1. The subsequent phase of the review involves
filtering out studies that do not directly contribute to the research
question or are duplicates. This step is necessary for refining the
pool of studies by removing those that lack text to be analyzed,
include contents that cannot be interpreted with available
technology, or represent repeated entries of the same study. The
aim is to ensure that each study included in the review is unique and
directly relevant to the topic of medical cannabis.

Below in Figure 1 is the PRISMA style flow diagram of the
inclusion process of articles.

After this filtering process, the number of studies that remain
and are deemed relevant for the review and analysis is 10,641. This
figure represents the collection of literature that will be subjected to
further analysis, such as quality assessment and data extraction, as
part of the systematic review process. This approach ensures that
the review is based on a comprehensive and relevant set of studies,
facilitating a robust analysis of the available evidence on
medical cannabis.
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FIGURE 1

Inclusion process for meta-analysis. Initial body of articles identified through PubMed and MeSH, followed by eligibility filter by formatting and copyright
accessible permissions, resulting in a final screening that eliminated duplicates and irrelevant articles, resulting in 10641 relevant, unique studies.

A full explanation of the selection process is provided in
Appendix A. Achieving parity in the allocation of keywords for
sentiment analysis is vital to ensure unbiased interpretation of
evidence. With 97 keywords identified for supporting evidence
and 102 keywords for not supporting evidence, the distribution is
relatively balanced, with supporting keywords constituting
approximately 48.7% and not supporting keywords approximately
51.3% of the total keywords allocated for these sentiments (199
keywords in total). This close percentage distribution ensures that
the sentiment analysis does not inherently favor one viewpoint over
the other due to an imbalance in keyword quantity. The allocation
for keywords suggesting unclear evidence stands at 55, which is
significantly lower compared to the other two categories. The
proportion of unclear keywords is approximately 21.6% when
considering the total count of keywords across all three sentiment
categories (254 keywords in total).

Correlations

Correlations, also referred to as associations, are employed as
the primary metric to elucidate patterns and associations within the
extensive dataset of medical cannabis research. Correlation
coefficients, such as Pearson’s r, are statistical measures that
quantify the degree to which two variables are related. While
correlation does not explain causation, correlation patterns can
nonetheless help predict outcomes. Full discussion of methods,
calculations, and association strengths is provided in Appendix A.

Keyword occurrences

The methodology for tracking the occurrence of keywords within
individual studies in the systematic review dataset involves a detailed,
quantitative approach to textual analysis. This method is instrumental
in uncovering patterns and themes across a large volume of literature
on medical cannabis, facilitating a nuanced understanding of the
research landscape, and is detailed in Appendix A.

Frontiers in Oncology

Dominant instances/sensitivity analysis

The potential for keyword occurrences to skew findings is a
notable concern, particularly when outlier occurrence rates or the
inclusion of banal terms may disproportionately influence the
sentiment portrayal. Outlier occurrence rates can unduly affect
the sentiment analysis by overemphasizing sentiments that are
not representative of the overall narrative of each article, while
banal terms, which are commonly used but carry minimal
sentiment weight, could act as confounders, diluting the strength
and clarity of sentiment signals within the data. An alternative
analytic lens could provide additional insights or clarifications.

To address these issues, a separate methodological approach was
employed, recalculating sentiment analysis through the lens of
sentiment-related keyword preponderance and assigning a zero-
sum sentiment dominance to each study. This method aims to
neutralize the impact of outliers and mitigate the influence of banal
term confounders, providing a more balanced and accurate reflection
of the sentiment landscape. By doing so, studies are weighted based
on the dominance of sentiment-expressive keywords, thereby
ensuring that the sentiment portrayal is more reflective of the
comprehensive and nuanced views within the literature.

Example: A study that had 10 keywords associated with a
supported sentiment, 5 keywords associated with the not supported
sentiment, and 7 keywords associated with the unclear sentiment
would be listed as dominant in the supported sentiment.

In addition to providing insights independently, comparing the
results of sentiment dominant instances with those obtained from
the initial keyword occurrence rates serves the function of
sensitivity analysis. This comparative approach seeks to validate
the original findings by demonstrating consistency across different
analytical methodologies. If the sentiment dominant instance
results show similarity to the keyword occurrence outcomes, it
suggests methodological efficacy in the primary analysis, affirming
that the sentiment trends identified are robust and not artifacts of
analytical biases. Such an approximate similarity in results would
bolster confidence in the primary analysis, confirming its capacity
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to accurately capture and reflect the prevailing sentiments within
the extensive body of research on the topic.

Sensitivity analyses have limitations. While they can reveal the
presence of potential instability in the findings, they do not
necessarily pinpoint the specific sources of such variability.
Additionally, the process requires assumptions about alternative
measurement strategies, which may not cover all possible variations
in the analysis.

Categories

The grouping of correlations under different tiers allows for
greater clarity and granularity in analyzing patterns at both a large
and a small scale. To that end, individual keywords have been
grouped under topics and the topics have been grouped under
categories. Full descriptions and justification for these
categorizations are found in Appendix A.

Please note that inflammation both can act as a symptom of
cancer and can be a contributing factor toward cancer risk.
Furthermore, not all cancers produce significant inflammation
and not all inflammation increases the risk of cancer.
Inflammation is included as a general health metric with the
understanding that this study does not purport to define the
causal relationship between inflammation and cancer.

Health metrics

¢ (Anti-) Inflammation
» Therapeutics

Cancer treatments

* Appetite

* Chemotherapy
* Nausea

* Opioids

e Pain

* Immune therapy

Cancer dynamics
* Anticarcinogenic
* Cancerous
* Cancers
*  Tumor growth
* Tumor size
* Remission

Refined data

For a correlation to be included in the final results to be
analyzed, it must be considered substantive and reliable, and so
must exhibit not only a measurable strength, as indicated by the
correlation coefficient r, but also statistical significance, denoted by

Frontiers in Oncology

10.3389/fonc.2025.1490621

a p-value. In this analysis, each category and topic will undergo a
significance assessment to determine the robustness of the observed
correlations. To ensure the integrity and reliability of the findings,
only those correlations with a p-value equal to or lower than 0.05
will be retained for the refined dataset. This threshold for
significance, p < 0.05, adheres to standard statistical conventions,
marking the boundary at which results are considered statistically
significant, and thereby unlikely to have occurred by chance, as
outlined in Table 2.

 Insignificant (excluded): p > 0.05.

e Acceptable significance (probable trend): p = 0.01 to 0.05
* High significance (very probable trend): p = 0.0001 to 0.009
»  Very high significance (consistent trend): p < 0.0001

Significance often does not, by itself, provide actionable
information, a methodological oversight common in research.
Therefore, any results to be analyzed must also demonstrate at least
very weak strength of association (r = —0.01 to 0.01) in order to be
considered indicative of a meaningful pattern, as indicated in Table 3.

Inclusion in the Refined Dataset requires:

e p<0.05
and
¢ r>0.01o0rr<-0.01

The complexity and heterogeneity inherent in medical cannabis
studies make the task of identifying and measuring consensus
challenging. In such a context, the combined assessment of
correlation strength and statistical significance becomes particularly
crucial. It allows researchers to discern subtle but consistent trends
within the data, thereby providing a more nuanced and
comprehensive understanding of the evidence landscape.

Results
Initial data

Correlations were calculated between all individual keywords
within a topic and the sentiments of supported, not supported, and

TABLE 2 p-values indicating level of significance by calculations using
t-scores, used to determine inclusion in the refined final results.

Interpretation

p>005 Insignificant (excluded)

p = 0.01 to 0.05 Acceptable significance (probable trend)
p = 0.0001 High significance (very probable trend)
to 0.009

Significance is indicated by shades of blue, darker colors indicating a smaller p-value. Pink
coloration indicates unacceptable significance.
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TABLE 3 Correlation strengths according to modified Pearson’s r, color
coded with positive to negative association strengths.

+1.00: Perfect positive linear relationship.

+0.90 to +0.99: Very strong positive relationship.
+0.70 to +0.89: Strong positive relationship.

+0.50 to +0.69: Moderate positive relationship.

+0.30 to +0.49: Mild to moderate positive relationship.
+0.05 to +0.29: Weak positive relationship.

+0.01 to +0.05: Very weak positive relationship.
—0.009 to +0.009: No linear relationship.

—0.01 to +0.05: Very weak inverse relationship.

—0.05 to —0.29: Weak inverse relationship.

-0.30 to —0.49: Mild to moderate inverse relationship.
—0.50 to —0.69: Moderate inverse relationship.

—0.70 to —0.89: Strong inverse relationship.

—0.90 to —0.99: Very strong inverse relationship.

—1.00: Perfect inverse linear relationship.

unclear, for both keyword occurrences and dominant instances.
Given the large quantity of correlations initially examined, only
sentiment analysis results will be provided here. The refined dataset
subsection will list the correlations meeting significance and
association strength minimums, the full list of unfiltered results
can be found in Appendix A.

Sentiment analysis

The results section of the study begins with an analysis of
sentiments expressed in the medical cannabis research literature. The
sentiment analysis quantitatively assessed the occurrence of terms
associated with three sentiment categories: support, not supported,
and unclear. These findings, listed in Table 4 and illustrated in Figure 2,
reveal the distribution of sentiment across the studies analyzed.

Keyword occurrences

There were 39,767 occurrences of keywords associated with any
of the supported, not supported, or unclear sentiments. The analysis
yielded a total of 25,684 unique occurrences of terms that suggest
support for the efficacy or benefits of medical cannabis, constituting
64.5% of all sentiment-related occurrences. This significant majority
indicates a predominant inclination in the literature toward
findings that support the use of medical cannabis for various
conditions or therapeutic purposes. The sentiment analysis as
identified by keyword occurrence are depicted in Figure 1.

Terms indicating a sentiment of not being supported by the
evidence amounted to 12,191 occurrences, accounting for 30.6% of
the sentiment occurrences. This substantial but notably smaller
fraction compared to the supported category suggests that while
there is considerable research casting doubt or presenting negative
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outcomes associated with medical cannabis, it is less prevalent than
research supporting its use.

Occurrences of terms indicating unclear or indeterminate
results were the least frequent, totaling 1,892 and representing
4.7% of all sentiment occurrences. This smallest proportion is
consistent with the relative rarity of studies that yield thoroughly
inconclusive or ambiguous results regarding medical cannabis.

The disparity between the numbers of occurrences of supported
versus not supported terms, despite an approximate equivalence in the
number of search terms for both categories, is noteworthy. This
discrepancy suggests a tendency within the corpus of analyzed
literature to report findings favorable to medical cannabis. The
Analysis section will discuss the likelihood that such a pattern could
reflect broader trends in research funding, publication biases, or inherent
challenges in conducting and reporting studies on medical cannabis.

Topic dominant instances

The sensitivity analysis was conducted by recalculating the
keywords, sentiment analyses, and correlation coefficients, which
were initially based on the frequency of keyword occurrences, to
instead focus on zero-sum sentiment dominance—supported, not
supported, and unclear—within the dataset. The sentiment
dominance was determined by the ratio of keywords corresponding
to each sentiment category to the total sentiment-expressive keywords
in each study. This methodological shift from KO to dominant
instances (DI) provided a basis to assess how changes in the
analytical focus affect the established relationships between sentiments.

Example: A study that had 10 keywords associated with a
supported sentiment, 5 keywords associated with the not supported
sentiment, and 7 keywords associated with the unclear sentiment
would be listed as supported-dominant, the article counting as 1
dominant instance (DI), as demonstrated in Table 5.

Complete comparison of all topics via keyword occurrence and
dominant instance is available in Appendix A.

The calculated sentiment dominance revealed 5,689 instances of
articles predominantly supporting the efficacy or benefits of medical
cannabis, 2,041 instances where the sentiment was predominantly
not supported, and 235 instances where the dominant sentiment
was unclear. Proportionally, sentiment dominance analysis
illustrated that 71.4% of the articles exhibited a predominant
alignment with supported sentiments, 25.6% with not supported
sentiments, and only 2.9% with unclear sentiments.

The sensitivity analysis conducted via sentiment dominance
showcases a pattern consistent with the initial sentiment analysis by

TABLE 4 List of total sum of occurrences of keywords allocated as
indicative of sentiments.

Sentiment Total Occurrences
Supported 25,684

Not Supported 12,191

Unclear 1,892
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FIGURE 2

® Not Supported

M Unclear

Proportion of keywords allocated to different sentiments as keyword occurrences.

keyword occurrences. However, the dominance calculation reveals a
more pronounced inclination toward supported sentiments, suggesting
that when articles are assessed on the aggregate sentiment conveyed,
the support for medical cannabis is more substantial.

This comparative analysis between sentiment analysis based on
keyword occurrences and sentiment dominance supports a
congruent trend, though with a discernible intensification of
support in the latter. Table 6 demonstrates that the association
between keyword occurrence and dominant instance sentiments
has the strongest association strengths and p-values seen in this
analysis. This suggests that the methodological approach is sound
and the assigned sentiments are reasonably reliable.

Refined dataset

The results displayed in this section have all met the minimum
p-value threshold of 0.05 and an association strength of at least 0.01,
ensuring the statistical significance and reliability of the
correlations reported.

Tables 7, 8 present the correlations between various topics and
the sentiments derived from the keyword occurrence and dominant
instance analysis. This cross-referencing allows for the
identification of the strength of association between specific topics
and the overall support or lack of support for cannabis use as
indicated by the studies. Each topic represents the median of a
substantial collection of individual keywords. Color coding is
referenced in Tables 1, 2 in Methodology.

Health metrics results

Focusing on the role of inflammation and therapeutic
interventions in cancer progression and treatment outcomes,
with an emphasis on how these factors influence patient
survival and quality of life. In Appendix A, Table 8 cross
references the topic correlations with the sentiment analyses by
keyword occurrence, while Table 9 in Appendix A, cross
references topic correlations with the sentiment analyses by
dominant instances, and Table 10 in Appendix A provides
further information on the individual keywords that constitute
the different topics.

TABLE 5 Sentiment analysis comparison of dominant instances (DI) among articles vs. keyword occurrences (KO) among all articles.

Sentiment Dominant Instances DI % Keyword Occurrences

Supported 5,689 71.4% 25,684 64.6%
Not Supported 2,041 25.6% 12,191 30.7%
Unclear 235 3.0% 1,892 4.8%
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Cancer treatment results

The effectiveness of cannabis in managing cancer-related
symptoms like appetite loss, pain, and nausea, as well as its
interaction with standard treatments such as chemotherapy and
immunotherapy, is examined. In Appendix A, Table 11 cross
references the topic correlations with the sentiment analyses by
keyword occurrence, while Table 12 in Appendix A cross references
topic correlations with the sentiment analyses by dominant
instances, and Table 13 in Appendix A provides further
information on the individual keywords that constitute the
different topics.

Cancer dynamics results
The impact of cannabis on cancer progression, including

—0.0179591

anticarcinogenic effects, tumor growth, size, and remission rates,
is investigated to understand its potential as a complementary
treatment in oncology. In Appendix A, Table 14 cross references
the topic correlations with the sentiment analyses by keyword
occurrence, while Table 15 in Appendix A cross references topic
correlations with the sentiment analyses by dominant instances,
and Table 16 in Appendix A provides further information on the
individual keywords that constitute the different topics.

In addition to the correlations of the preceding topics of health
metrics, cancer treatments, and cancer dynamics, a refined dataset
was created to explore the keywords associated with specific types of
cannabis studied across various research articles, as seen in Table 17
in Appendix A and in Figure 3 below. This information was deemed
relevant to identify any confounders based on endocannabinoids or
disrupting outliers, none of which were identified. While
differentiating between types of cannabis is not the primary focus

—0.0179591

of this meta-analysis, detailed information on this subject is
provided in Appendix A. This Supplementary Material is
available for researchers interested in delving deeper into the
specific impacts and characteristics of different cannabis strains
and their relevance to the broader findings of this study.

Analysis

Cancer, with its profound implications for the lives of patients
and viability of healthcare systems, is a condition where the
potential palliative and therapeutic benefits of cannabis need to
be examined rigorously. The categories analyzed relate to the health
metrics involved in measuring the palliative role of cannabis in
combination with cancer treatments, as well as cannabis’ directly
anticarcinogenic potential.

When all categories’ sentiment correlations were averaged,
combining keyword occurrence in Figure 4 and dominant
instance calculations in Figure 5, the correlation strength of

cannabis and all cancer topics with supported sentiments was
31.38x stronger than that of not supported sentiments, and
36.79x stronger than with unclear sentiments. The correlation
strength of cannabis and all cancer topics with not supported

Keywords
Supported KO
Not Supported KO
Unclear KO
Supported DI

Not Supported DI

Unclear DI
S KO, supported in keyword occurrence; NS KO, not supported in keyword occurrence; U KO, unclear in keyword occurrence; S DI, supported in dominant instances; N DI, not supported in dominant instances; U DI, unclear in dominant instances. Black cells were not

TABLE 6 Correlation between keyword occurrence and dominant instance methods of sentiment analysis.

logically eligible for correlation.

sentiments was 1.17x stronger than that of unclear sentiments.
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TABLE 7 Topic correlations with the sentiment analyses by keyword occurrence (KO).

Topics KO Supported SOp Not supported NO p

0.088297 -0.02185 0.024209

Anticarcinogenic
Anti-inflammatory 0.07737
Appetite 0.066646
Cancerous 0.029746

Cancers 0.101808 0.043147

Chemotherapy 0.087653 0.052816

Inflammatory 0.061229

Nausea 0.079138 0.046553

Opioids 0.056888 0.062561

Pain 0.155865 0.065035

0.049963

Radiation therapy 0.026018

Therapeutic 0.065205
Tumor growth 0.037471

Tumor size 0.021667 0.025414

Remission 0.036993 0.053688

SO p, supported by keyword occurrence p-value; NO p, not supported by keyword occurrence p-value; UO p, Unclear by keyword occurrence p-value. Black cells did not qualify by either
minimum r or p-values.

TABLE 8 Topic correlations with the sentiment analyses by dominant instances (DI).

Supported Not supported
Topics DI Dom SD p Dom Unclear Dom UD p

Anticarcinogenic 0.057675
Anti-inflammatory 0.053567
Appetite 0.032948
Cancers 0.080107
—-0.02305

Chemotherapy 0.046437 0.017419

0.023497

Immune therapy 0.02196
Inflammatory 0.051397

Nausea 0.0371

Pain 0.06934 —0.03394

—-0.11613 —0.04747

Therapeutic 0.248491

Tumor growth 0.040946

SD p, supported by dominant instances p-value; ND p, Not supported by dominant instances p-value; UD p, Unclear by dominant instances p-value. Black cells did not qualify by either
minimum r or p-values.

This analysis indicates that there is a reliable consensus on  Health metrics ana[ysis
viability of cannabis as an adjunctive and direct therapeutic
intervention for cancer. This meta-analysis supports the potential When all topic sentiment correlations were averaged, combining
of cannabis as a beneficial adjunctive treatment in oncology based =~ keyword occurrence and dominant instance calculations, the
on the consistency of consensus showing support for the use of ~ correlation strength of cannabis and health metrics with supported
medical cannabis both as palliative care during cancer treatment  sentiments was 46.98x stronger than that of not supported sentiments
and as a possibly anticarcinogenic/tumorigenic agent. and 120.97x stronger than that of unclear sentiments. The correlation
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FIGURE 3

® Not Supported r

Supported r

Correlation between individual keywords relating to cannabinoid types and the keyword occurrence association with supported, not supported, and
unclear sentiments. All associations meet minimum p-value and r scores for inclusion in refined data.

strength of cannabis and health metrics with not supported sentiments
was 2.57x stronger than that of unclear sentiments.

The data regarding cannabis and its relation to health metrics,
particularly inflammation and biomarkers, indicate a strong and
consistent consensus supporting the anti-inflammatory and
therapeutic potential of cannabis. In the analysis of keyword
occurrences, no significant negative or unclear sentiments were
found related to the inflammatory or anti-inflammatory topics, and
dominant instances revealed an inverse correlation between not
supported sentiments and the inflammatory topic. This suggests
that studies focused on inflammation are significantly more likely to
report benefits rather than risks, indicating a consensus on
cannabis’ anti-inflammatory effects.

The therapeutic use of cannabis emerges as the most prominent
topic within the health metrics category, continuing the pattern
observed in inflammation-related studies. The data indicate that
studies investigating therapeutic cannabis use are overwhelmingly
likely to present supported sentiments, with inverse relationships
between not supported and unclear sentiments. This combination
indicates that not only are studies relating to cannabis and health
metrics more likely than average to result in supporting outcomes,
they are less likely than average to result in opposing or unclear
outcomes. This strengthens the evidence of a robust consensus in
favor of therapeutic cannabis.

Most health metrics keywords reflect a strong supported
sentiment, with the exceptions of “chronic inflammatory process”
and “EPO.” The slight predominance of not supported sentiments for
chronic inflammatory processes may reflect a gap in knowledge and
an ongoing debate regarding the specific mechanisms of
cannabinoids in the inflammatory system. The inverse relationship
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between erythropoietin (EPO) and supported outcomes suggests
potential concerns with blood platelet interactions in studies
involving this biomarker. This may indicate an area of further
investigation to answer safety questions in platelet-specific contexts.

Topic

Comparing the association strengths of topics with supported,
not supported, and unclear sentiments can suggest the strength of
potential consensus. As seen in Figure 6, for the primary focus of
keyword occurrences, there were no negative or unclear
sentiments related to the inflammatory or anti-inflammatory
topics that met minimum significance thresholds. Analyzing
dominant instances in Figure 7 reveals an inverse correlation
between the not supported sentiment and the inflammatory topic,
indicating that studies involving inflammation were less likely
than average to find the risks outweighed the benefits.
This suggests a very likely consensus supporting the anti-
inflammatory potential of therapeutic cannabis.

The therapeutic topic is the largest from the health metrics
category and continues the pattern seen in the inflammation topics.
When measuring keyword occurrences, studies investigating
therapeutic use of cannabis were 638.08% more likely to present
supported sentiments than not supported sentiments and 974.49%
more likely to present supported than unclear sentiments. Not
supported sentiments were 45.57% more likely than unclear
sentiments. Dominant instance calculations report an inverse
relationship between not supported and unclear sentiments and
the topic of therapeutic cannabis, indicating that those sentiments
are less likely than average for that topic. This suggests that there is a
consistent consensus in support of therapeutic cannabis.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1490621
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Castle et al.

10.3389/fonc.2025.1490621

KO: All Topics

Remission

Tumor size
Tumor growth
Therapeutic
Radiation therapy
Pain

Opioids

Nausea
Inflammatory
Chemotherapy
Cancers
Cancerous
Appetite

Anti inflammatory

Anti carcinogenic

0.1

B Unclear

FIGURE 4

M Not supported

0.2

Supported

Correlation between all topics and the keyword occurrence association with supported, not supported, and unclear sentiments. All associations

meet minimum p-value and r scores for inclusion in refined data.

DI: All Topics

Tumor growth
Therapeutic
Pain

Nausea
Inflammatory
Immune therapy
Chemotherapy
Cancers
Appetite

Anti inflammatory

Anti carcinogenic

-0.1 -0.05 0

B Unclear Dom

FIGURE 5

® Not supported Dom

0.05 0.1 0.15

Supported Dom

Correlation between all topics and the dominant instance association with supported, not supported, and unclear sentiments. All associations meet

minimum p-value and r scores for inclusion in refined data.

Keywords

As seen in Figure 8, the majority of all health metrics keywords
reflect an overwhelming supported sentiment, with only
two exceptions.

The keyword of chronic inflammatory process demonstrated a
not supported association strength that was very slightly higher
than the supported association strength, potentially reflecting
disagreement relating to the mechanisms and processes of
cannabinoids with the inflammatory system.

Frontiers in Oncology

The keyword “EPO” reported an inverse relationship with
supported outcomes, suggesting that studies involving EPO
metrics were less likely to coincide with studies supporting
the use of cannabis. It is possible this outlying biomarkers may
be a result of highly complex interactions with both the
endocannabinoid system and cancer (29).

A potentially valuable finding is the consistent trend of
biomarkers and inflammatory metrics that show strong
preponderance for supported sentiments, as this indicates the
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Correlation between topics relating to cannabis and health metrics and the dominant instance association with supported, not supported, and
unclear sentiments. Horizontal axis measures Pearson’s r strength. All associations meet minimum p-value and r scores for inclusion in refined data.

frequent presence of quantifiable biological factors with consistent
reporting patterns. Given the frequent issues involving uncertainty
and efficacy surrounding medical cannabis, a scientific consensus
on the viability of inflammatory biomarkers is notable.

Cancer treatment analysis

When all topic sentiment correlations were averaged, combining
keyword occurrence and dominant instance calculations, the
correlation strength of cannabis and cancer treatments with
supported sentiments was 10.93x stronger than that of not
supported sentiments and 3.21x stronger than that of unclear
sentiments. The correlation strength of cannabis and cancer
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treatments with unclear sentiments was 3.41x stronger than that of
not supported sentiments.

The analysis of the data regarding cannabis as a palliative
adjunct to cancer treatments reveals a generally positive trend in
the sentiment surrounding its use, with varying degrees of
consensus depending on the specific application. Research into
the role of cannabis in managing appetite shows strong support,
with studies significantly favoring the benefits of cannabis in
improving appetite. Similarly, the use of cannabis in conjunction
with chemotherapy demonstrates a consistent trend toward
supported outcomes, although the degree of consensus varies,
suggesting some debate in the field. For immune therapy and
radiation therapy, the data are less conclusive, with only modest
associations with supported sentiments, indicating gaps in
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knowledge requiring further research to clarify these potential roles
of cannabis.

In terms of symptom management, such as nausea and pain,
cannabis appears to have a reasonable level of support, especially
in pain management where the consensus is notably stronger.
However, the data regarding the use of cannabis as an alternative
or complement to opioid analgesics are more complex, with a
significant presence of unclear sentiments, reflecting an ongoing
controversy and the need for more refined studies in this area.
Overall, the data suggest a consensus in favor of using cannabis as

a palliative adjunct in cancer treatment, particularly in relation to
chemotherapy side effects and symptom management, although
the strength of this consensus varies across different topics,
highlighting areas where further research is necessary to solidify
these findings.

The consistent pattern among cannabis and cancer treatments
suggests a reasonable consensus that the benefits of medical
cannabis outweigh the risks. The topics that qualified for the
refined dataset relate to appetite, chemotherapy, immune therapy,
nausea, opioids, and pain. Where there are multiple sentiments with

KO: Cancer Treatments

Pain

Opioids

Nausea

Chemotherapy

Appetite

0.04 0.06

m Unclear
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Correlation between topics relating to cannabis and cancer treatments and the keyword occurrence association with supported, not supported, and
unclear sentiments. Horizontal axis measures Pearson’s r strength. All associations meet minimum p-value and r scores for inclusion in refined data.
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either a positive or inverse association, comparative strength of
association will be provided.

Topic

Improvement in appetite, relevant to cancer-related anorexia
cachexia syndrome and other eating disorders, is one of the more
common interventions considered for medical cannabis. The
findings seem to support this, as supported sentiments were
94.44% more likely than not supported sentiments in studies
related to medical cannabis and appetite. Dominant instance
calculation reported a somewhat weaker association strength, but
no significant not supported or unclear sentiments. These factors,
taken together, suggest a very likely consensus in support of medical
cannabis in relation to appetite improvements.

Chemotherapy is one of the most commonly referenced uses for
medical cannabis, but demonstrated mixed results in this meta-
analysis. In keyword occurrence calculations as seen in Figure 9,
there was relatively strong association strengths for both supported
and not supported sentiments, with supported sentiments being
65.95% more likely than not supported. Dominant instances, as
seen in Figure 10, reported more conclusive results, with relatively
strong association strength to supported results, no significant not
supported results, and unclear sentiment having an inverse
relationship, suggesting a much stronger tendency toward
supported sentiment with little uncertainty. The combination of
these findings suggests a consensus that there is a consensus
supporting the use of medical cannabis for chemotherapy, though
there is significant debate on the topic.

Dominant instance calculation demonstrated a modest
supported sentiment association strength for immune therapy
and cannabis, but the absence of a stronger association or other
sentiments makes analysis difficult. The same is true for radiation
therapy in keyword occurrence calculations.

10.3389/fonc.2025.1490621

Nausea is another topic that has historically been closely linked
to medical cannabis, though support is not as strong as seen in
relation to appetite. Research into medical cannabis and nausea are
69.99% more likely to report supported sentiments than not
supported sentiments, according to keyword occurrence
calculations. Dominant instances show a weaker association
strength for supported sentiment, but no significant not
supported or unclear sentiments were present. These findings
suggest the reasonable likelihood of a consensus supporting
medical cannabis for nausea.

Opioids are a complex but compelling topic related to medical
cannabis. The increasing use of cannabis for palliative care,
especially pain management, has made it a natural competitor to
opioid analgesics (30). Studies involving the topic of opioids and
medical cannabis showed that unclear sentiments were virtually
equal, with unclear sentiments being 9.97% more likely than
supported sentiments. These findings indicate considerable
confusion and contradiction at higher levels of analysis.

The topic of pain was a large cohort and represents a growing
application for medical cannabis. When calculated through
keyword occurrences, medical cannabis in association with pain
management is 211.96% more likely to produce supported
sentiments than not supported sentiments, and 139.66% more
likely than unclear sentiments. Not supported sentiments are
30.16% more likely than unclear sentiments. Dominant instances
supported this pattern more clearly, with relatively robust strength
in supported sentiment, while not supported sentiments were
inversely related to medical cannabis and pain. This indicates that
studies involving medical cannabis and pain were significantly more
likely than average to result in supported sentiment and
significantly less likely than average to report not supported
sentiments. This suggests a reliable consensus that the benefits of
medical cannabis for pain management outweigh the risks.
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Correlation between topics relating to cannabis and cancer treatments and the dominant instance association with supported, not supported, and
unclear sentiments. Horizontal axis measures Pearson’s r strength. All associations meet minimum p-value and r scores for inclusion in refined data.
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Keywords

The keyword “chemo” encompasses a broad range of terms
related to chemotherapy and related treatments. As seen in
Figure 11, the analysis indicates a relatively strong correlation
between cannabis and “chemo” with supported sentiments, being
191.75% more likely than not supported sentiments. This
substantial difference suggests a solid consensus in favor of using
medical cannabis as an adjunct to chemotherapy, highlighting its
potential therapeutic role in enhancing the effectiveness or
mitigating the side effects of chemotherapy.

The keyword “chemopreventative” demonstrated a modest
association strength with supported sentiments, with no significant
not supported or unclear sentiments reported. Although the association
strength is not particularly high, the absence of significant opposing
sentiments suggests that there is potential for a developing consensus in
support of cannabis’ chemopreventative properties, particularly in its
role in preventing cancer progression or recurrence.

The keyword “chemotherapeutic” showed a continuation of the
pattern observed with “chemo,” with a strong association with
supported outcomes. Cannabis and chemotherapeutics were
found to be 273.18% more likely to be associated with supported
sentiments than not supported sentiments. This robust correlation
reinforces the evidence from the keyword “chemo,” suggesting a
reliable and growing consensus in support of using cannabis as an
adjunctive treatment in chemotherapeutic protocols.

The term “chemotherapeutic treatment” reported a modest
association with supported sentiments, with no other sentiments
meeting the significance thresholds. While the isolated association
strength is modest and lacks comparative sentiments, this result,
when aggregated with other chemotherapeutic-related terms,
reinforces the overall trend of supporting cannabis as a beneficial
adjunct in chemotherapy.

The keyword “chemotherapy” represents another variation in
the semantic range of cancer treatment terms, continuing the trend
toward supported sentiment. Cannabis in conjunction with
chemotherapy is 134.8% more likely to coincide with a supported
sentiment than a not supported sentiment. This result further
strengthens the consistent pattern establishing a broad consensus

10.3389/fonc.2025.1490621

in support of using cannabis alongside chemotherapy in
cancer treatment.

The keyword “radiotherapy” reported a modest association with
supported sentiments. However, the small size of the association
strength, coupled with the lack of significant not supported or
unclear sentiments, makes it challenging to draw definitive
conclusions about the consensus behind cannabis use in
radiotherapy. The data suggest a potential trend toward support,
but the evidence remains insufficient to confirm a strong consensus.

Cancer dynamics analysis

When all topic sentiment correlations were averaged, combining
keyword occurrence and dominant instance calculations, the
correlation strength of cannabis and cancer with supported
sentiments was 32.40x stronger than with not supported sentiments
and 14.14x stronger than with unclear sentiments. The correlation
strength of cannabis and cancer with unclear sentiments was 2.29x
stronger than with not supported sentiments.

The category of cannabis and cancer involves one of the most
rapidly expanding fields of study related to medical cannabinoids.
Although cannabis has long been used to ameliorate the adverse
effects of chemotherapy during cancer treatment, there has been an
increasing focus on using cannabis directly as an anticarcinogenic
intervention. The examination of cannabis as a direct cancer
treatment, particularly in its role as an anticarcinogenic agent,
represents a rapidly evolving field within medical research.

This meta-analysis reveals that the majority of topics related to
cancer dynamics demonstrate a strong association with sentiments
supporting the use of medical cannabis. Notably, the
anticarcinogenic potential of cannabis shows robust support, with
no significant findings to the contrary, suggesting a reliable
consensus in this area. However, certain topics, such as remission,
present weaker or unclear associations, indicating either a lack of
sufficient research or inconclusive results in this context. Overall,
the data suggest a solidifying consensus around the use of cannabis
in cancer treatment, particularly in reducing tumor growth and

KW: Cancer Treatments
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Correlation between individual keywords relating to cannabis and cancer treatments and the keyword occurrence association with supported, not
supported, and unclear sentiments. Horizontal axis measures Pearson’s r strength. All associations meet minimum p-value and r scores for inclusion

in refined data.
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addressing various oncological conditions, though some areas still
require further investigation to fully understand the therapeutic
potential of cannabis in oncology.

The topics that met refined dataset thresholds include
anticarcinogenic, cancerous, cancers, remission, tumor growth,
and tumor size. Where there are multiple sentiments with either a
positive or inverse association, comparative strength of association
will be provided.

Topic

Given the high-profile nature of this recent area of research, the
association strength of anticarcinogenic research into medical
cannabis is surprising. Figures 12, 13 reveal that both keyword
occurrences and dominant instance calculations showed relatively

10.3389/fonc.2025.1490621

strong association with supported sentiments, with keyword
occurrences demonstrating supported sentiments being 304.13%
more likely than unclear sentiments. In neither calculation were any
significant not supported sentiments found.

The topic of cancerous growths in relation to medical cannabis
reported a modest supported sentiment association, with no
significant not supported or unclear sentiments. Without a stronger
association strength or contrasting not supported or unclear
sentiments, it is difficult to make a meaningful analysis on this topic.

The topic of cancers and medical cannabis is far more easily
discerned. In keyword occurrence calculations there is a relatively
strong association with supported sentiments, while there's an inverse
relationship among unclear sentiments. Dominant instance calculation
showed a comparably strong supported sentiment, but with not

KO: Cancer Dynamics
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Correlation between topics relating to cannabis and cancer dynamics and the keyword occurrence association with supported, not supported, and
unclear sentiments. Horizontal axis measures Pearson’s r strength. All associations meet minimum p-value and r scores for inclusion in refined data.
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Correlation between topics relating to cannabis and cancer dynamics and the dominant instance association with supported, not supported, and unclear
sentiments. Horizontal axis measures Pearson'’s r strength. All associations meet minimum p-value and r scores for inclusion in refined data.
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Correlation between individual keywords relating to cannabis and cancer dynamics and the keyword occurrence association with supported, not supported,
and unclear sentiments. Horizontal axis measures Pearson’s r strength. All associations meet minimum p-value and r scores for inclusion in refined data.

supported sentiments showing an inverse correlation to the topic of
cancers. Taken together, these findings suggest that the study of cancers
has a consistent consensus in support of medical cannabis, with not
supported or unclear sentiments being even less likely than average.

The topic of remission in keyword occurrence methodology is
an outlier. There was no significant supported sentiment reported,
and unclear sentiments are 45.13% more likely than not supported
sentiments. This suggests a topic that is either relatively untested or
arguably debunked. Given the relative newness of cannabis cancer
treatments, the former is more likely.

Both keyword occurrence and dominant instance methodologies
reported tumor growth to have an association with supported
sentiments, with no significant not supported or unclear sentiments
found. The association strength is moderate but enough to suggest
the potential or nascent consensus on the viability of medical
cannabis for treating tumor growth.

Keyword occurrence calculation demonstrated a modest
supported sentiment association strength for tumor size and
cannabis, but the absence of a stronger association or other
sentiments makes analysis difficult.

Keywords

Keyword occurrence calculation for individual keywords related
to cancer dynamics showed some of the most consistent trends in
any category studied in this meta-analysis, as illustrated in
Figure 14. Only for the keyword cancers was the not supported
sentiment comparable, with supported sentiments being 22.93%
more likely than not supported sentiments.

The only keywords that did not show a tendency toward
supported sentiment were remission and clinical remission,

Frontiers in Oncology

echoing the trend in the Topic analysis. In neither keyword
were any significant supported sentiments reported, with
unclear sentiments being more common than not supported
sentiments by 48.84% for remission and by 35.96% for clinical
remission. This suggests a lack of consensus, though with a
sizable body of evidence in opposition to the idea of cannabis
for cancer remission.

The keyword “cancer,” encompassing a wide range of meanings,
presented a useful contrast between supported and not supported
sentiments. Sentiments in support of medical cannabis had a
prevalence of 361.68% in comparison to sentiments in opposition,
suggesting a potent consensus. This may be considered a
microcosm of the broader topic of cannabis and cancer.

For the terms related to antitumor, oncology, neoplastic, and
tumor, relatively strong association strengths were combined with a
lack of significant not supported sentiments and/or inverse unclear
sentiments. Taken together, these factors suggest areas that are
experiencing consistent consensus on the support of medical
cannabis for those terms, with less uncertainty than usual.

Conclusion
Limitations

Although efforts have been made to ensure as rigorous a
methodology as possible, with strict p-values, correlation
coefficient minimums, and a sensitivity analysis, any sentiment
analysis will inevitably include inaccuracies, in this case additionally
dependent on machine learning. Broad correlation patterns should
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not be considered precise or exhaustive, even if they accurately
predict trends. Correlational trends are imperfect numerical
representations of complex qualitative information and cannot be
used to precisely predict effects or efficacy on an individual scale.

Discussion

Given the heterogeneity and inconsistent history of medical
cannabis research, it was determined that a large-scale
meta-analysis was necessary to identify where there was scientific
consensus and where there were gaps in the understanding of the
current state of research on medical cannabis, particularly in its
applications within oncology. This work constitutes a data-driven
sentiment analysis and comprehensive correlational calculations
through two separate methodologies, reviewing the text from 10,641
peer-reviewed studies on medical cannabis to determine the
consensus on whether the benefits outweigh the risks for various
aspects of cancer care. The aggregated correlation strength of
cannabis across all cancer topics indicates that support for
medical cannabis is 31.38x stronger than opposition to it.

These findings revealed a significant trend suggesting support of
cannabis’ therapeutic potential, particularly in managing cancer-
related symptoms and possibly exerting direct anticarcinogenic
effects. Across all categories examined—health metrics, cancer
treatments, and cancer dynamics—there is a consistent consensus
that supports the potential of medical cannabis.

The anti-inflammatory properties of cannabis were strongly
supported, with a robust consensus indicating that cannabis’
benefits in reducing inflammation significantly outweigh
potential risks. This is a critical finding, as inflammation is a key
factor in many chronic diseases, including cancer. Extensive
biomarkers support the idea that cannabis has a broad utility in
managing various health conditions, with minimal significant
opposition or ambiguity in the data. Cancer treatments,
including chemotherapy, appetite management, and pain relief,
also indicated strong support for the use of cannabis as an adjunct
therapy, though there is some variability in the strength of this
consensus across different applications. The analysis also revealed
particularly strong support for cannabis’ potential as an
anticarcinogenic agent. The robust association between cannabis
and reduced tumor growth, as well as its potential to influence
cancerous processes, highlights an emerging consensus within the
scientific community.

Implications

The findings of this meta-analysis have significant implications
for both public health research and medical practice. First and
foremost, the strong consensus supporting the therapeutic use of
cannabis, particularly in the context of cancer, suggests that there is
a substantial scientific basis for re-evaluating cannabis’ legal status
and its classification as a Schedule I substance. The data presented
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here indicate that cannabis has a well-established role in managing
symptoms related to cancer and may have both direct and indirect
anticancer properties, which challenges the notion that it has no
accepted medical use.

The meta-analysis also identified knowledge gaps where further
research could have disproportionate benefits. The precise
mechanisms of cannabinoid interaction with inflammatory
processes appears to lack clear consensus, as does the topic of
cannabis and opioid use in pain management. Furthermore, despite
consensus around cannabis’ anticarcinogenic potential, there is
significant aversion to any linkage with remission, suggesting an
area requiring further clarification. Inverse supported correlations
with the marker EPO indicate a topic that may pose a
safety concern.

By identifying gaps in the current research and areas of
strong consensus, this meta-analysis provides a roadmap for
future studies that could clarify cannabis’ place in the medical
toolkit. Additionally, the evidence supporting cannabis’ anti-
inflammatory properties suggests broader applications beyond
oncology, potentially influencing the treatment of other chronic
inflammatory diseases.

In medical practice, the strong support for cannabis as a
palliative adjunct to cancer treatments offers healthcare providers
a data-driven foundation to consider cannabis as part of a
comprehensive cancer care strategy. The demonstrated efficacy in
managing symptoms like pain, nausea, and appetite loss can
significantly enhance patients’ quality of life, making cannabis a
valuable tool in both palliative care and potentially in curative
settings. The growing consensus around cannabis’ therapeutic
benefits also highlights the need for medical professionals to stay
informed about the latest research, as cannabis continues to evolve
from a controversial substance to a scientifically validated
treatment option.

This meta-analysis quantifies the consensus on the
therapeutic potential of medical cannabis, and the results
challenge the current regulatory assumptions that restrict its
use. By providing a detailed examination of the correlations
between cannabis use and large-scale research sentiments,
particularly in oncology, this study lays the groundwork for
future research and policy decisions that could significantly
impact public health and patient care.
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