
 
   

 

 
 
 

 

 
 
 
 

Cannabis no longer a medical option 
 
 
1. New population studies in medical journals over  the last 30 months have shown cannabis 

causes more cancers than tobacco - as well as a host of serious birth defects - given its 
proven genotoxic and mutagenic nature.  Cannabis is now understood to be more toxic than 
tobacco, and therefore is no longer a reasonable option for widespread medical use  

2. The harms of cannabis use outweigh any modest medical benefit 
3. De facto legalised recreational use has been the result of lax medical cannabis laws in the US 

which later were the pathway to legalised recreational use.  It is imperative WA not make this 
error given the newly understood dangers of the substance 

4. The UK has placed major limitations on cannabis for chronic pain and advises it only as a last 
resort.  Despite the science, 61% of cannabis prescriptions here are for chronic pain 

5. Current costs of using medical cannabis are similar to costs when it was illegally obtained 
6. Cannabis clinics in Sydney, when called, stated that in their view there are no major 

impediments to obtaining medical cannabis in this country 
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The situation for cannabis has changed. 

 
In the last few years the already demonstrated 

genotoxic and mutagenic nature of cannabis has 
been confirmed at the population level – it has 

been found to cause five more cancers than 
tobacco and is causal in 2/3rds of the 62 birth 
defects tracked by the US Centre of Disease 

Control (CDC). 
 

In the view of Drug Free Australia, this Inquiry 
needs to put aside all mooted plans for 

liberalising cannabis laws and rather shift its 
efforts into alerting Western Australians of the 

now better-understood harms of cannabis, 
whether used medicinally or recreationally. 
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DRUG FREE AUSTRALIA 
 

Six Central Issues for the WA Cannabis Inquiry 
 

1. Western Australian legislators must now reckon with medical 
journal studies demonstrating that cannabis, including 
Cannabidiol (CBD), causes more cancers than tobacco, as 
well as many birth defects caused by alterations to both the 
father’s and mother’s chromosomes by cannabis’ genotoxic 
and teratological mechanisms 

 
Tobacco is not considered a medical option because its harms, 
particularly the many cancers it causes, outweigh its few 
benefits.  The same is true of cannabis, where new population 
studies have now shown that its previously well-known 
genotoxic and teratological properties are demonstrably 
damaging whole populations of cannabis users as well as future 
generations of Australians where cannabis-caused dangerous 
mutations will be inherited by 3-4 generations of children and 
grandchildren of cannabis users.  Cannabis should now only be 
used for very serious conditions where there is absolutely no 
alternative 

 
 

2. The harms of cannabis use outweigh any modest medical 
benefit 
 

Beyond cancers and birth defects, Cannabis is an addictive drug 
which causes psychosis, depression, suicide, violence, vehicle 
deaths, amotivational syndrome, immunosuppression, 
permanent harms to the unborn as well as cardio and pulmonary 
conditions 
 
Any medical benefit from the use of medical cannabis for any 
Australian individual must outweigh these harms, particularly 
when pot activists are agitating for a loosening of very 
reasonable and equitable regulatory requirements which are 
identical for all medicines within Australia.  The deficits for 
cannabis are now known to be so great it is no longer viable for 
general medical use, let alone recreational use 

 
 

3. To illustrate how State laws can cause more harm than good, 
de facto legalised recreational use of cannabis has been the 
result of lax medical cannabis laws in the US – Australia must 
avoid doing the same.  The same lax medical cannabis laws 
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were the pathway to legalised recreational use in the US, so it 
is again imperative that Australian States not make this 
mistake 

 
The US has witnessed a medical cannabis rort where 
recreational users feign unverifiable chronic pain maladies to 
access high quality cannabis availability.  This ruse effectively 
‘legalises’ the constant use of cannabis for what is, in reality, 
only recreational use.  Western Australia must avoid bowing to 
pressure groups wishing to establish such a pathway 

In light of 80% of Australians not approving of recreational 
cannabis use, the legalisation of cannabis for recreational use in 
Colorado and other US States gives voluminous evidence on 
why the WA Government must ensure that medical cannabis, for 
those few conditions that remain viable, is not used as a 
pathway to legalised recreational use in this country  

To illustrate why recreational cannabis should never be 
legalised, Colorado and Washington were the first states to 
legalise recreational use, having previously legalised medical 
cannabis.  Within a year of legalisation in 2014 cannabis use by 
those aged 12-17 had risen 20% against decreases of 4% for all 
other states, rising 17% for college age young people against 2% 
for other states – all despite cannabis being illegal for all under 
age 21.  Most notably, adult use rose 63% against 21% nationally 

According to the US SAMHSA household survey, those 
reporting they had used cannabis in the last month before 
survey increased by a staggering 245,000 between 2010 (when 
medical cannabis was commercialised) and 2015.  This 43% 
increase in frequent cannabis use creates a vast new population 
susceptible to the multitude of harms presented by cannabis 

When comparing three-year averages before and after 
legalisation, cannabis-related traffic deaths rose 62%.  
Hospitalisations related to cannabis went from 6,715 in 2012 to 
11,439 in 2014.  Notably, black market criminals found new 
sanctuary in Colorado, attracted by lower risks of enforcement.  
Governor Hickenlooper introduced House Bill 1221 to address 
the 380% rise in arrests for black market grows between 2014 
and 2016 

Colorado’s experience is a cautionary tale of what Australia 
must necessarily avoid.  Ineffective medical cannabis laws will 
only promote what Australians clearly do not want 

 
4. The UK recognises the limitations of cannabis on chronic pain and 

advises it only as a last resort yet 61% of Australians use it, 
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despite demonstrated lack of effectiveness, for ‘chronic pain’ 
 

 

5. Current costs of using medical cannabis are directly comparable to 
costs when it was illegally obtained 
 

 

6. Cannabis clinics in Sydney, when called, stated that in their view 
there are no major impediments to obtaining medical cannabis 

 

 

The evidence supporting each of the six central issues nominated here is found in the 
following pages. 
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RECOMMENDATIONS 
 
 
 

1. That the WA Cannabis Inquiry make a priority of informing Western Australians of the 
very significant dangers of cannabis and synthetic cannabinoids, given the now-well-
demonstrated genotoxic and mutagenic nature of cannabis,  

• that it causes 5 more cancers than tobacco; 

• that this includes Cannabidiol (CBD) which is wrongly perceived to be benign 

• that it causes numerous birth defects 

• that these cannabis-caused and dangerous mutations are likely to be 

inherited by the children and grandchildren of cannabis users 

• that this damage is done whether used medically or recreationally 

 

2. That the WA Inquiry explore the legal exposures for State Parliamentarians who 
knowingly move to liberalise laws, broadening use of a toxic and damaging 
substance which causes more damage than tobacco, given that liberalisation of laws 
regarding cannabis use – both medically and recreationally – leads to significant 
increases in the uptake and use of the substance, 
  

3. That the WA Inquiry press the Federal Government to not loosen any requirement for 
medical cannabis to meet the same TGA standards as any other medicine within 
Australia, where efforts to relativise TGA guidelines are in many cases intentioned 
attempts to provide a pathway to recreational use under the guise of medical use, 
given that there are very few medical conditions for which cannabis is used that don’t 
have better medical alternatives 
 

4. That the WA Inquiry review the UK approach to chronic pain with a view to 
suggesting similar better approaches in Australia 
 

5. That the WA Inquiry examine the number of approvals of medical cannabis for 
chronic pain in Western Australia, and in light of chronic pain being used as a wide-
spread ruse to create de facto legalised cannabis use, to recommend a media 
campaign to highlight alternatives and to air the issue for Western Australian medical 
cannabis users and their doctors 
 

6. That the WA Inquiry prioritise funding for drug rehabilitation centres to ensure as 
many Western Australians as possible are given the opportunity to cease cannabis 
use for the sake of their individual and future generations’ health 
 

7. That the WA Inquiry survey the street costs of purchasing illicit raw cannabis leaf/bud 
and compare this to the costs of pharmaceutical preparations of medical cannabis – 
where our analysis demonstrates that they are the same, especially for those very 
few medical conditions such as childhood epilepsies for which there is no medicinal 
alternative to cannabis 
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CENTRAL ISSUES FOR THE WA CANNABIS INQUIRY – 1 
 
 
 
 

Western Australian legislators must now reckon with 
medical journal studies demonstrating that cannabis, 
including Cannabidiol (CBD), causes more cancers than 
tobacco, as well as many birth defects caused by 
alterations to both the father’s and mother’s 
chromosomes by cannabis’ genotoxic and teratological 
mechanisms 

 

Tobacco is not considered a medical option because its 
harms, particularly the many cancers it causes, outweigh 
its few benefits.  The same is true of cannabis, where new 
population studies have now shown that its previously 
well-known genotoxic and teratological properties are 
demonstrably damaging whole populations of cannabis 
users as well as future generations of Australians where 
cannabis-caused dangerous mutations will be inherited by 
3-4 generations of children and grandchildren of cannabis 
users.  Cannabis should now only be used for very serious 
conditions where there is absolutely no alternative 
 
 
 
 

Science journal ‘Nature’ (July 2021) on genotoxic nature of cannabis 
 

One of the world’s two most respected scientific journals published a study 
https://www.nature.com/articles/s41598-021-93411-5 of cannabis use in the 
United States as it relates to Center of Disease Control (CDC) tracking of 
cancers and birth defects in that country. 
 
Because there are varying legislative cannabis regimes – cannabis legalised for 
recreational use, cannabis legalised for medical use, decriminalised cannabis for 
recreational use, cannabis illegal for any use – which are distinct within the 50 
States, the United States allows solid State by State comparisons where average 
cannabis use, as surveyed in each State via national survey instruments, can be 
compared with State disease and birth defect prevalence against those surveyed 
rates of cannabis use.  DEA seizures of cannabis in each State, and their 
publication of cannabinoid strengths in tested cannabis can likewise add more 
specificity to these comparisons.  Confounders are also excluded, as is required 
of any ecological study. With longitudinal data thus mapped in a spatial-temporal 
manner, the likelihood of cannabis being causal can also be judged. 
 

https://www.nature.com/articles/s41598-021-93411-5
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The Nature study scrutinises data from 2003-2017 against five cancers and five 
birth defects to illustrate the spatio-temporal conclusions that can be drawn from 
the data.  It is this same methodology that has driven conclusions which now  
demonstrate that cannabis is more toxic than tobacco, particularly as it relates to 
the causation of cancers and birth defects. 
 
 
 
 

Cannabis’ mechanism for causing mutations well described 
 

In 2016 the mechanisms for cannabis’ action on chromosomes, thus causing the 
mutations which drive cancer and birth defect increases, were drawn together in 
the medical journal Mutation Research, drawing together decades of previous 
research on the effects of cannabis at the molecular biology level.   
 

 
 
The key observation is that cannabis pulverises or shatters particular  
chromosomes and, in the process of chromothripsis, the DNA repair mechanisms 
may not correctly do their work, causing mutations which are causal in both 
cancers and birth defects.  This pulverisation can be seen in one of the graphics 
reproduced in that study. 
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This has led to the more detailed population studies of the relationship between 
cannabis, cancer and birth defects which have been published in the last two 
years. 
 
 
 
 

Cannabis causal in rising pediatric cancers (February 2021) 
 
The February 2021 study in the medical journal BMC Cancer 
https://pubmed.ncbi.nlm.nih.gov/33632159/ demonstrated that rising rates of 
childhood cancers, which have increased by 49% since 1975 throughout the 
United States, are closely related to increased cannabis use in US States that 
have decriminalised or legalised cannabis for medical and recreational use.  A 
causal relationship of cannabis to these cancers is demonstrated, indicating that 
cannabis should most certainly never be used by women during pregnancy. 

Data from the US Centers for Disease Control and Prevention (CDC) indicates 
that cancers such as leukemias, neuroblastoma, soft tissue sarcoma, 
lymphoma, testicular cancer and cancers of the brain and nervous system 
in under-20 year olds have all increased.  These comprise 60-70% of all pediatric 
cancers, with previous studies linking many of them to parental cannabis use. 

The recent study by Professors Stuart Reece and Gary Hulse from the University 
of Western Australia uses sophisticated geospatiotemporal modelling to study 
correlations between the rising cancer rates and cannabis use in US States with 
4 different illegality/legality regimes - those where it remains illegal versus those 
states that have decriminalised cannabis versus legalised it for medical and for  

https://pubmed.ncbi.nlm.nih.gov/33632159/
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recreational use.  Cannabis use for each US State, using data from the National 
Survey of Drug Use and Health (NSDUH), was tracked along with use of 
tobacco, alcohol, cannabis, opioid analgesics and cocaine for comparison.  The 
use of all drugs have been falling nationally in contrast to increases in cannabis 
use over the comparison period of 2003-2017.  All data was checked against 
cannabis use according to ethnicity as well as household income. 

Cannabis legalisation was associated with higher rates of pediatric cancer, as 
were States where cannabis has been made legal for medical purposes or has 
been decriminalised.  Drug seizure data across all years of the study period from 
the US Drug Enforcement Agency indicate that rising levels of THC and the 
cannabinoid Cannabigerol are more specifically correlated to the rising levels of 
these cancers.  Causality was demonstrated via the intersection of statistical 
associations over space and time, along with additional methods for ensuring no 
other unforeseen causal factors. 

The study also dealt with known biological mechanisms by which cannabis might 
cause pediatric cancers.  There is already a substantial science addressing these 
mechanisms, demonstrating that cannabis does lasting damage to DNA in a 
variety of ways.  This genetic damage affects both the mother and father of a 
child, with childhood cancers possibly attributed to both. 

Increases in 7 major pediatric cancers, which comprise up to 70% of all pediatric 
cancers, were correlated with rising cannabis use in various US States but with 
further attention paid to causality rather than mere correlation.  The link between 
cannabis and pediatric cancers relied on previous studies: 

 
Below is the relationship between the legal status of cannabis in varying US 
States which drives the increased use of cannabis according to the varying legal 
or decriminalised drug policy regimes.  The result of this study is that cannabis is 
causal in the 49% rise in a majority of pediatric cancers in the US, with a clear 
causal mechanism having already been explicated. 
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Cannabis causal in rising rates of birth defects (July 2019) 
 

In July 2019 cannabis was shown to be causal, at the population level, in rising 
rates of birth defects, with the following study in Clinical Pediatrics   
https://journals.sagepub.com/doi/full/10.1177/0009922819861281. 
 
As per the studies abstract: 
 

Rising Δ9-tetrahydrocannabinol concentrations in modern cannabis 
invites investigation of the teratological implications of prenatal cannabis 
exposure. Data from Colorado Responds to Children with Special Needs 
(CRCSN), National Survey of Drug Use and Health, and Drug 
Enforcement Agency was analyzed. Seven, 40, and 2 defects were 
rising, flat, and falling, respectively, and 10/12 summary indices rose. 
Atrial septal defect, spina bifida, microcephalus, Down’s syndrome, 
ventricular septal defect, and patent ductus arteriosus rose, and along 
with central nervous system, cardiovascular, genitourinary, respiratory, 
chromosomal, and musculoskeletal defects rose 5 to 37 times faster than 
the birth rate (3.3%) to generate an excess of 11 753 (22%) major 
anomalies. Cannabis was the only drug whose use grew from 2000 to 
2014 while pain relievers, cocaine, alcohol, and tobacco did not. The 
correlation of cannabis use with major defects in 2014 (2019 dataset) 
was R = .77, P = .0011. Multiple cannabinoids were linked with summary 
measures of congenital anomalies and were robust to multivariate 
adjustment. 

 
Again it is cannabis use by both the father and the mother, and not just during 
pregnancy, which is driving these increases in birth defects. 
 
As Western Australian parliamentarians consider any changes to WA law 
concerning the use of cannabis, such population studies which confirm 
decades of previous research into the physiological impacts of cannabis 
must now determine whether cannabis is suitable for medical use 
excepting those very serious conditions for which there are no alternatives. 
 
 
 
 

Cannabis causal in at least 38 out of 62 recorded birth defects (March 
2021) 
 

In a backgrounder to a media release on the BMC Cancer study on pediatric 
cancers, communication from the lead author of the study gave information on 
the latest studies being sent to medical journals for publication. 
 
This communication from Dr Stuart Reece, University of Western Australia, with 
Drug Free Australia was added as a media Backgrounder and stated the 
following: 
 

Cannabis genotoxicity is not controversial.  It has been known since the 
1960’s, and many currently available cannabinoid products carry the 
standard genotoxic warnings on them against their use in pregnancy and 
lactation. 

https://journals.sagepub.com/doi/full/10.1177/0009922819861281
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Cannabis genotoxicity has been well described from detailed molecular, 
cellular and lab animal test from the 1960’s with serious birth defects 
described.  We have been reviewing national epidemiological patterns 
around the world and confirmed a much higher rate of total birth defect in 
the north of Canada which smokes more cannabis; in the northern rivers 
area of NSW and in Colorado following cannabis legalization.  We just 
showed that a common defect is also contributed to by cannabis, babies 
born with holes in their heart. Others published similar findings on Hawaii 
in 2007. 
 
We are presently reviewing the total US cancer database 2001-2017.  
Dozens of cancers are related epidemiologically and causally to 
cannabis consumption.  As you are aware I am presently writing up a 
major resource document on cannabis genotoxicity and we are given to 
understand that it is likely to be published by one of the United Nations 
bodies concerned with this area.   
 
Many cannabinoids are implicated including particularly 
cannabidiol. 
 
Cannabis and cannabinoids are more potent carcinogens and teratogens 
than tobacco or alcohol. 
 
This situation recapitulates precisely what was done in 1957 when a 
known genotoxin was marketed for commercial gain, actually for 
indications of nausea, morning sickness, tiredness depression and 
fatigue, just as cannabis, cannabis oil and cannabidiol are today. 
 
Of course the objections to cannabis are not limited to genotoxicity.  In a 
general order of relative concern: 
 

1) Neurotoxicity 
i) Adverse effects on many mental illnesses 
ii) High incidence of autism spectrum disorders in children 

exposed in utero 
iii) “Stoner” anhedonia lethargy, unemployment / 

unemployment / long term unemployment / welfare 
dependency consequent upon reduced achievement of 
major life goals – jobs, relationships, personal stability 

iv) Driving is adversely affected.  Moreover alcohol is legal 
and the combination of alcohol and cannabis adversely 
affects road safety in a multiplicative fashion 

v) Cannabis was shown to be a gateway drug to other drug 
use in New Zealand, Australia and USA 20 years ago. 

vi) Damage to the cerebellum and frontal lobes shown on 
PET Scan neuroimaging causing problems in motor 
skills, coordination, memory and learning. 

2) Genotoxicity 
i) Cancer development – 14-24 / 34 cancers are implicated 

in with increased cannabis use in USA on geospatial and 
odds ratio criteria respectively. 

ii) 38-44 of the 62 birth defects tracked by CDC National 
Birth Defect Prevention Network are increased in 
high cannabis using areas of USA. 

https://pubmed.ncbi.nlm.nih.gov/32187114/
https://pubmed.ncbi.nlm.nih.gov/33183341/
https://pubmed.ncbi.nlm.nih.gov/33183341/
https://pubmed.ncbi.nlm.nih.gov/31288542/
https://pubmed.ncbi.nlm.nih.gov/33250054/
https://pubmed.ncbi.nlm.nih.gov/17162495/
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iii) Strongly linked with testicular cancer in all four studies 
on this issue. 

iv) Direct damage to chromosomes which carry the genes 
and causes cancer and birth defects 

v) Direct damage to genes and chromosomes some of 
which can be passed to subsequent generations and is 
known to cause cancer and birth defects 

vi) Damage to the “epigenome” which is the cellular 
software which controls the genes and is known to be 
inherited at least for generations and has been linked 
with cancer, birth defects and ageing 

vii) Cannabis smoke has all the tars and carcinogenic toxins 
as cigarette smoke in addition to all the unique 
cannabinoids, many of which are themselves 
carcinogenic 

3) Respiratory illness of many kinds is common with heavy 
cannabis use – chronic bronchitis, emphysema, lung cysts, 
airway inflammation and pre-neoplastic changes 

4) Adverse effect on immune system – both immunosuppression 
and immunodepression which accelerate aging and age-related 
degeneration of many tissues 

5) Adversely affects reproductive function in both males and 
females; adverse effects on sperm and oocytes 

6) Increased incidence of liver cirrhosis 
7) Also causes heart attacks and strokes from cardiovascular 

damage 
8) Adverse effects on bone metabolism – osteoporosis. 

 
Professor Dr Stuart Reece, 
University of Western Australia, 
Edith Cowan University. 

 
 

 

 

Cannabis causal in more cancers than tobacco 
 

In the same communication from the lead author of the BMC Cancer study on 
cannabis and pediatric cancers, Dr Reece referenced their current work using the 
same spatio-temporal modelling to assess the causality of cannabis in regards to 
all cancers tracked by the US Centre of Disease Control. 
 

We are presently reviewing the total US cancer database 2001-2017.  
Dozens of cancers are related epidemiologically and causally to 
cannabis consumption.  As you are aware I am presently writing up a 
major resource document on cannabis genotoxicity and we are given to 
understand that it is likely to be published by one of the United Nations 
bodies concerned with this area.   
 
Cannabis and cannabinoids are more potent carcinogens and teratogens 
than tobacco or alcohol. 
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i) Cancer development – 14-24 / 34 cancers are 
implicated in with increased cannabis use in USA on 
geospatial and odds ratio criteria respectively. 

 
 
 
 

Even Cannabidiol (CBD) causes as many cancers as tobacco 
 

It is notable that in the aforementioned communication by the lead author of the 
BMC Cancer study on pediatric cancers that Cannabidiol, which is currently 
being marketed as a safe and effective medicinal cannabinoid and wonder drug 
derived from hemp, is just as implicated as THC in causing adult cancers. 
 

We are presently reviewing the total US cancer database 2001-2017.  
Dozens of cancers are related epidemiologically and causally to 
cannabis consumption.  As you are aware I am presently writing up a 
major resource document on cannabis genotoxicity and we are given to 
understand that it is likely to be published by one of the United Nations 
bodies concerned with this area.   
 
Many cannabinoids are implicated including particularly 
cannabidiol. 

 
The same point is made in a radio interview with the Western Australian radio 
station Mix 94.5 where Pete, Matt and Kymba interview lead author Dr Stuart 
Reece from WA University.  
https://www.righttobreathecannabisfreeoregon.org/post/cancer-causing-and-
genotoxic-effects-of-cannabis-and-cbd 
 
 
 
 

Cannabis-caused mutations inherited by 3-4 generations of progeny 
 

From a 2016 journal study in Mutation Research 
https://pubmed.ncbi.nlm.nih.gov/27208973/ studying cannabis’ causal mutation 
mechanisms regarding cancer and birth defect-causing, the researchers cite 
strong evidence that these mutations are passed to three and even four 
generations of cannabis users’ progeny, multiplying the cancer and birth defect 
damage to the lives of the born and unborn for at least a century.  They record: 
 

It will also be noted that the discussion to this point has 
not considered the epigenetic revolution which is rapidly overtaking 
medicine. The origins of the Barker hypothesis of the 
foetal origins of adult disease has been attributed to the observation 
of the increased incidence of cardiovascular disease in 
children born to women exposed to the post-war famine in England 
[138,139]. Since that time many environmental agents have 
been linked with epigenetic change including alcohol [140–142], 
cocaine [143–148], amphetamine [149–152], opioids [153–156] 
and cannabinoids [41,59,157,158]. Indeed epigenomic changes 

https://www.righttobreathecannabisfreeoregon.org/post/cancer-causing-and-genotoxic-effects-of-cannabis-and-cbd
https://www.righttobreathecannabisfreeoregon.org/post/cancer-causing-and-genotoxic-effects-of-cannabis-and-cbd
https://pubmed.ncbi.nlm.nih.gov/27208973/
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have also been described with behavioural addictions such as gambling 
[159], and with stress exposure [160–164] which is a major 
 
common factor shared amongst all addictive syndromes. Whilst 
some epigenetic changes have been shown to be reversible in 
the short term [163], others have been shown to be passed on 
to offspring for three to four subsequent generations [165–167] 
via epigenetic modifications in oocytes and sperm [153,167–169]. 
Transgenerational transmission of epigenetic change through 
altered sperm DNA methylation has also been shown for cannabinoids 
in rats [157,170,171] and humans [172–174]. The well known 
immunmodulatory actions of cannabinoids also impact brain structure 
at sensitive developmental stages [62,175,176] and may be 
transferred to offspring epigenetically [62]. Since cannabinoids 
have long been known to selectively suppress nuclear histone 
mRNA and protein expression [43,50,177,178], alter the RNA 
transcriptome 
[157,171,179] and modify DNA methylation in key brain 
reward areas [157,170] thereby modifying all the main epigenomic 
regulatory systems, it seems inevitable that we are on the threshold 
of an exciting time to learn more about heritable pathways to 
genotoxic disease. Epigenetic inheritance has also been linked with 
paediatric gliomagensis [180]. Normal developmental [181] and 
ageing changes [182,183], cellular lineage specification amongst 
different tissues [181], single cell memory formation [62,183–185] 
and complex disease origins have been attributed in large part to 

epigenetic changes [186]. 
 
 
 
 

Implications for medical cannabis 
 

The genotoxicity of cannabis has been known for decades, but it has taken the 
recent population studies of US CDC data on cancers and birth defects to 
demonstrate the impacts of cannabis at the population level.  Cannabis is causal 
in two-thirds of the birth defects tracked by the CDC, and is causal for more 
cancers than tobacco.  A study of European cancer data (in press) shows that 
cannabis causes 21 cancers (Europe tracks more cancers than in the US) as 
compared to tobacco’s 16.  Synthetic cannabinoids are not an alternative. 
 
No doctor would prescribe tobacco, with its known harms.  The same will 
be true of cannabis. 
 
Drug Free Australia urges the Western Australian Parliamentary Inquiry to 
seek advice on legal liability accruing to Parliamentarians if laws on a toxic 
substance are knowingly loosened. 
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CENTRAL ISSUES FOR THE WA CANNABIS INQUIRY – 2 
 

 
 
 
 

The harms of cannabis use outweigh any modest 
medical benefit 
 

Beyond cancers and birth defects, Cannabis is an addictive 
drug which causes psychosis, depression, suicide, 
violence, vehicle deaths, amotivational syndrome, 
immunosuppression, permanent harms to the unborn as 
well as cardio and pulmonary conditions 
 
Any medical benefit from the use of medical cannabis for 
any Australian individual must outweigh these harms, 
particularly when pot activists are agitating for a loosening 
of very reasonable and equitable regulatory requirements 
which are identical for all medicines within Australia.  The 
deficits for cannabis are now known to be so great it is no 
longer viable for general medical use, let alone recreational 
use 

 
 
 
 

World’s most authoritative review indicates many harms but mostly 
only modest medical effectiveness 

 
The world’s most extensive 2017 review of cannabis journal studies by the US 
National Institutes of Health (NIH - previously the Institute of Medicine [IOM]) 
indicates that there are many harms accruing from the use of cannabis, while 
there are a handful of evidenced uses for medical conditions. 
 
It is the harms of cannabis that make government regulation of cannabis 
necessarily rigorous.  These harms include: 
 

• Cannabis is an established gateway to other dangerous drugs, 
adding an additional gateway beyond the two existing legal drugs 

• Cannabis users are 50% more likely to develop alcohol use disorder 

• Cannabis use is associated with a doubling the chance of psychosis 

• Cannabis use is associated with a greater risk of depression 

• Cannabis is associated with Amotivational Syndrome 

• Cannabis use is associated with a 3-fold risk of suicidal ideation 

• VIOLENCE AND AGGRESSION are a documented part of its 
withdrawal syndrome 
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• Brain Function 
 

o Verbal learning is adversely affected 
o Organisational skills are adversely affected 
o Cannabis causes loss of coordination 
o Associated memory loss can become permanent 
o Cannabis is associated with attention problems 

• Drivers are 16 times more likely to hit obstacles 

• Miscarriage is elevated with cannabis use 

• Fertility is adversely affected 

• Newborns are adversely affected with appearance, weight, size, 
hormonal function, cognition and motor function adversely affected 
through to adulthood 

• Cannabis use causes bronchitis 

• The already-covered causality of multiple cancers and birth defects 

• Cannabis is also associated with cardio-vascular stroke and heart 
attack, with chance of myocardial infarction 5 times higher after one 
joint 

 
On the other hand, cannabis has been shown to alleviate the following 
conditions, however for anything other than epilepsy-like syndromes, the effects 
are modest, where up to a dozen other available medications are often preferred 
by patients above medical cannabis. 
 
As per the summary from the 468 page NIH review below, these conditions are: 
 

1. Chronic pain – modest effect only 

2. Nausea 

3. Multiple Sclerosis (MS) – modest effect only 

4. AIDS wasting 

5. Tourette Syndrome 

6. Post Traumatic Stress Disorder (PTSD)  

7. Traumatic brain injury, intracranial haemorrhage 

8. Childhood Epilepsy (these latter conditions were confirmed in US 

Epidiolex trials which were completed after the 2017 NIH review) 

 

 

New medical indications must be part of a trial 
 

The medical cannabis landscape has now changed with new population studies 
clearly showing that cannabis is causing more cancers than tobacco as well as 40-
odd birth defects, including the accelerating numbers of autism.  The newly 
demonstrated risks of cannabis use now limit reasonable medical cannabis use to 
a very small number of conditions where no alternative exists, such as childhood 
epilepsies (we will deal with the ineffectiveness of cannabis on chronic pain further 
on).  Depending on the severity of these epilepsies, the alleviation of symptoms will 
still need to be weighed against the risks of cancer, as well as future generations 
affected with cancers and birth defects as a result of medical cannabis as an 
intervention.  
 
Drug Free Australia has historically supported the viability of medical cannabis in 
Australia on the proviso that any newly identified medical indications for cannabis 



Drug Free Australia 

EVIDENCE 

 

 Page 
18 

 
  

are studied as part of a clinical trial or a closely-monitored and reported individual 
case. 
  
It is imperative that this be the case, with many claims for cannabis previously 
evaporating in the trial setting.   
 
As with any other medicine in Australia, cannabis preparations must be subjected 
to the same rigour and be pharmaceutically standardised in terms of dose, strength 
and purity.  Anything less is to make exceptions for an addictive and otherwise 
dangerous substance. 
 
Cannabis preparations must continue to be subject to the strictures the TGA 
applies to any other medicine in this country. 
 
 
 
Following pages – facsimiles of the Annex to the US National Institutes of 
Health 2017 review on all cannabis studies to that date.  We note that the US 
Institutes of Health review panel had prominent pro-pot researchers 
involved.
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CENTRAL ISSUES FOR THE WA CANNABIS INQUIRY – 3 
 
 
 
 

To illustrate how State laws can cause more harm than 
good, de facto legalised recreational use of cannabis 
has been the result of lax medical cannabis laws in the 
US – Australia must avoid doing the same.  The same 
lax medical cannabis laws were the pathway to 
legalised recreational use in the US, so it is again 
imperative that Australian States not make this mistake 
 

 
The US has witnessed a medical cannabis rort where 
recreational users feign unverifiable chronic pain maladies 
to access high quality cannabis availability.  This ruse 
effectively ‘legalises’ the constant use of cannabis for 
what is, in reality, only recreational use.  Western Australia 
must avoid bowing to pressure groups wishing to 
establish such a pathway 

In light of 80% of Australians not approving of recreational 
cannabis use, the legalisation of cannabis for recreational 
use in Colorado and other US States gives voluminous 
evidence on why the WA Government must ensure that 
medical cannabis, for those few conditions that remain 
viable, is not used as a pathway to legalised recreational 
use in this country  

To illustrate why recreational cannabis should never be 
legalised, Colorado and Washington were the first states 
to legalise recreational use, having previously legalised 
medical cannabis.  Within a year of legalisation in 2014 
cannabis use by those aged 12-17 had risen 20% against 
decreases of 4% for all other states, rising 17% for college 
age young people against 2% for other states – all despite 
cannabis being illegal for all under age 21.  Most notably, 
adult use rose 63% against 21% nationally 

According to the US SAMHSA household survey, those 
reporting they had used cannabis in the last month before 
survey increased by a staggering 245,000 between 2010 
(when medical cannabis was commercialised) and 2015.  
This 43% increase in frequent cannabis use creates a vast 
new population susceptible to the multitude of harms 
presented by cannabis 
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When comparing three-year averages before and after 
legalisation, cannabis-related traffic deaths rose 62%.  
Hospitalisations related to cannabis went from 6,715 in 
2012 to 11,439 in 2014.  Notably, black market criminals 
found new sanctuary in Colorado, attracted by lower risks 
of enforcement.  Governor Hickenlooper introduced House 
Bill 1221 to address the 380% rise in arrests for black 
market grows between 2014 and 2016 

Colorado’s experience is a cautionary tale of what 
Australia must necessarily avoid.  Ineffective medical 
cannabis laws will only promote what Australians clearly 
do not want 

 
 
 

The results of cannabis legalisation is what Australians do not want 
 

If there is any measure of what loose medical cannabis regimes lead to, 
Colorado and Washington in the US give the clearest picture.  In 2013, 
Colorado and Washington introduced fully legalised recreational use of cannabis, 
with cannabis use by teens and college-age young people quickly increasing.  
Adult use doubled within three years, as detailed below.  Likewise, various 
measures of harm also quickly increased. 

 
 
 
 

Use of cannabis by those aged 12-17 rose 20% in first year 
 

The legalisation of recreational use of cannabis in Colorado and Washington in 
2014 has led to increasing drug use in those states.  It is illegal for any under the 
age of 21 to use cannabis, especially given the effect of cannabis on the 
developing adolescent brain.  But use in Colorado by those aged 12-17 rose 
substantially against decreases of 4% in other states, despite use already being 
elevated by the legalisation of medical cannabis. 
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In 2013/14 Colorado youth ranked #1 for cannabis use in the United States, up 
from #4 in 2011/12 and from #14 in 2005/6.  In the graph below states with 
legalised medical cannabis are marked red, and green for recreational use. 

 

 
 
 

In the following 2 year period, drug use fell such that Colorado recent use for this 
age group fell to 7th in the nation.  This was because other states had legalised 
cannabis in the intervening years, and Colorado was passed by states most of 
which had legalised cannabis use or were in the process of doing so.  Below is 
the graph for all states with those states that had legalised cannabis by 2016 in 
red, or where legalisation legislation was already in process.  

 

 

 
 

The most likely explanation for the marked decreases for this age-group is that 
they are under the institutional control of schools, whereas older age-groups are 
not subject to similar kinds of institutional control. 
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College-age use rose by 17% 
 

Against increases of 2% nationally, use of cannabis by those of college age rose 
by 17% within the first year of legalised cannabis use. 

 

 
 

In 2013/14 Colorado college-age students ranked #1 for cannabis use in the 
United States, up from #3 in 2011/12 and from #8 in 2005/6. 

 

 
 
 

In 2015/16 against increases of 6% nationally, use of cannabis by those of 
college age rose by 3% (from 31.24% to 32.20%) between 2013/2014 and 
2015/2016.  In 2015/2016 Colorado college-age students ranked #3 for cannabis 
use in the United States.  States ranking #1 (Vermont) and #2 (District of 
Columbia) were states that had legalised cannabis or were in the process of 
legalising (denoted by red below). 
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Notably, adult use rose by 63% 
 

Adult use increased by an alarming 63% in the first year after legalisation against 
increases of 21% nationally. 

 

 
 

In 2013/14 Colorado adults ranked #1 for cannabis use in the United States, up 
from #7 in 2011/12 and from #8 in 2005/6. States marked red are those states 
that had legalised cannabis for medical use. 
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In 2015/16 adult use increased by 33% (from 12.45% - 16.62%) against 
increases of 49% nationally.  In 2015/2016 Colorado adults ranked #3 in the 
United States.  The impact of various states legalising cannabis can be seen on 
the United States’ skyrocketing consumption.   States ranking #1 (Vermont) and 
#2 (Alaska) ahead of Colorado were states which had legalised cannabis or were 
in the process of legalising (denoted by red below). 

 
 

 
 
 

Cannabis legalisation, as has been graphically shown, creates considerably more 
use, not less use as Australians want. 

 
 
 
 

Cannabis-related road fatalities rose by 62% 
 

Road fatalities related to cannabis use rose by 62%, from 71 to 115 persons in 
the two years following 2014 when recreational cannabis use was legalised. 
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Hospitalisations related to cannabis use rose markedly 

 

The number of hospitalisations likely related to cannabis increased 32% in the 
two year average (2013-14) since Colorado legalised recreational marijuana 
compared to the two-year average prior to legalisation (2011-2012).   
 
Hospitalisations moved from 6,715 to 11,439 since 2013. 

 

 

  
 
 
 
 

Legislation introduced to cut black market criminality 
 

Governor Hickenlooper introduced House Bill 1221 in 2017 to address the 380% 
rise in arrests for black market grows between 2014 and 2016 – see below. 
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http://gazette.com/collateral-impact-the-unintended-consequences-of-the-legalisation-of-
pot/article/1621232 

 

 

 
http://gazette.com/editorial-pass-bills-to-curb-black-market-marijuana-in-
colorado/article/1598339  

 
 
 
 
 

Colorado added 245,000 extra cannabis users in 5 years 
 

From 2010, when Colorado introduced the commercialisation of medical 
cannabis (with an explosion of medical cannabis user numbers) to 2015, the 
state added 245,000 extra frequent cannabis users.  This is a 43% increase in 
cannabis use during those years for all surveyed age-groups. 

 
 

Year Population Frequent Users 

2010 5,029,196 573,919 

2015 5,448,055 819,179 

Change   245,260 
 
 
 
 

http://gazette.com/collateral-impact-the-unintended-consequences-of-the-legalisation-of-pot/article/1621232
http://gazette.com/collateral-impact-the-unintended-consequences-of-the-legalisation-of-pot/article/1621232
http://gazette.com/editorial-pass-bills-to-curb-black-market-marijuana-in-colorado/article/1598339
http://gazette.com/editorial-pass-bills-to-curb-black-market-marijuana-in-colorado/article/1598339
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245,000 extra users became susceptible to these cannabis harms 
 

While the harms of cannabis have not been studied for as many years as the 
harms of tobacco and alcohol, it is already well-established that cannabis 
combines the harms of intoxication from alcohol with the particulate damage of 
tobacco.  Cannabis presents a wide variety of additional harms which are 
detailed in Section 2 of this submission. 

 
 
 
 

Medical cannabis ineffective for chronic pain 
 

Medical cannabis is chiefly used in Australia and the US for patients who claim 
that it is needed to combat chronic pain.  But the science is very clear that 
cannabis is ineffective in and of itself for the alleviation of chronic pain. 
 
The most extensive 2018 review of the effectiveness of medical cannabis on 
chronic pain in the online medical journal Pain examined 103 journal studies 
comprising almost 10,000 chronic noncancer pain (CNCP) patients.  The review 
found that at a 30% pain reduction threshold medical cannabis was only 
marginally more effective than placebo. 
 
The conclusion for the study read as following, 
 

It seems unlikely that cannabinoids are highly effective medicines for 
CNCP. There is moderate- to high-grade evidence supporting use of 
nabiximols to achieve modest reductions in pain as adjunctive therapy in 
MS-related pain. However, NNTBs were high and NNTHs low, with high 
rates of dropout for AEs, and long-term efficacy and safety is unknown. 
We also found minimal evidence that cannabinoids are effective in 
improving other important domains in people with CNCP such as 
emotional and physical functioning. Cannabinoids are unlikely to be a 
monotherapy for CNCP. People living with CNCP often have complex 
comorbidities,9,70 and multidisciplinary treatment that includes physical 
and psychological therapy rather than reliance on medicines alone is 
likely to be most effective. 

 
Clearly, this extensive study found that cannabis is useful only as an adjunct 
therapy.  This has major implications for prescribing, as well as for the TGA 
oversight of applications within Australia. 
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The US rort of claiming medical cannabis for pain 

 
US statistics show how recreational users have been able to use medical 
cannabis availability for self-reported ‘pain’ to feed their recreational use.  For 
instance, 90% of medical cannabis patients in Arizona claim pain as their malady, 
while 4% use it for cancer.[i]  In Colorado, it is 94% for pain and 3% for 
cancer,[ii]  while in Oregon 94% claim to use it for pain.[iii] Only 2% of patients 
across 7 US states in 2014 used cannabis for verifiable illnesses such as AIDS 
wasting or MS.[iv]   
 
Drug Free Australia notes that there are no laboratory tests for pain, which 
makes it a prime candidate for ruse and deception due to its subjective 
nature and the impossibility of objectively verifying or disproving it. 
 
There are well established profiles for patients of chronic pain across all Western 
countries, where patients are more predominantly women and those aged 60 and 
above.  For instance, a 2001 study by Sydney University’s Pain Management 
Research Centre found 54% of patients were women, with men suffering in their 
sixties and women in their eighties.[v]   
 
Yet the profile for medical cannabis pain patients in the USA is very 
different.  A 2007 study of 4,000 medical cannabis patients in California found 
that their average age was 32, three quarters were male and 90% had started 
using cannabis while teenagers,[vi] an identical age and gender profile to that of 
recreational users across the US.[vii]   
 
This discordant profile means that medical cannabis in the various states 
of the US has mainly amounted to a quasi-legalisation strategy for 
recreational use of cannabis via subterfuge and ruse. 

 
 
 

 
Inquiry must examine cannabis use for chronic pain 

 
This State Inquiry must ask the question as to why medical cannabis is so 
popularly used for a condition for which it is relatively ineffective.  If medical 
cannabis in Australia is being used for feigned chronic pain as a way of 
accessing cannabis preparations for de facto legalised recreational use, then 
Western Australia has the opportunity, via this Inquiry, of taking the Australian  
lead in publicising that a voluminous science does not support the use of 
cannabis for chronic pain.  TGA spreadsheets show that 61% of Australians are 
using cannabis for chronic pain and know nothing of the newly-established harms  
 

 
[i] Arizona Department of Health Services (Apr. 14, 2011-Nov. 7, 2012) Arizona Medical Marijuana Act 

Monthly Report 
[ii] Colorado Department of Public Health and Environment (Dec. 31, 2012) Medical Marijuana Registry 

Program Update 
[iii] Oregon Health Authority (Oct. 1, 2014) “Oregon Medical Marijuana Program Statistics 
[iv] Kevin Sabet et al. “Why do people use medical marijuana? The medical conditions of users in seven U.S. 

states” The Journal of Global Drug Policy and Practice (Volume 8, Issue 2 Summer 2014) 
[v] ] Blyth et al. “Chronic Pain in Australia: A prevalence study” (Jan. 2001) Pain 
[vi] Thomas J. O’Connell and Ché B Bou-Matar (Nov. 3, 2007) Long term marijuana users seeking medical 

cannabis in California (2001-2007): demographics, social characteristics, patterns of cannabis and other 

drug use of 4117 applicants. Harm Reduction Journal 
[vii] Gogek, Ed (2015-08-03). Marijuana Debunked: A handbook for parents, pundits and politicians who want 

to know the case against legalization pp104,5. InnerQuest Books 
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of cannabis in relation to cancer and birth defects.  They have a right to know, as 
historically shown with tobacco, and Western Australia must take the lead. 
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CENTRAL ISSUES FOR THE WA CANNABIS INQUIRY – 4 
 

 

 

 

The UK recognises the limitations of cannabis on 
chronic pain and advises it only as a last resort 
 

 

 
UK more conservative than Australia on demonstrated benefits 

 
Because the United Kingdom’s public is better versed in the real harms of 
cannabis due to a more proactive BBC, the UK takes a more conservative stance 
on cannabis, insisting on the rigour of clinical trials for any medical indication, 
with no access to medical cannabis without a trial. 
 
Drug Free Australia has previously recommended a similar Australian regulatory 
skepticism to that of the UK in regards to requests for medical cannabis as a sole 
treatment for chronic pain.  The UK approach is explained in the media article 
below. 
 
As per https://www.christian.org.uk/news/doctors-told-dont-give-out-cannabis-
based-drugs-for-chronic-pain/,  

Doctors told: Don’t give out cannabis-based 
drugs for chronic pain 

Cannabis-based drugs should not be prescribed to manage chronic pain, 
draft official guidance says. 

The National Institute for Health and Care Excellence (NICE) made the 
draft recommendation after finding the “potential benefits offered were 
small compared with the high and ongoing costs”. 

The guidance follows concerns about medical cannabis from senior 
medical experts including the head of NHS England. 

None recommended 

NICE said its recommendations were focused on understanding the 
drugs’ safety and cost effectiveness. 

It considered the use of cannabis-based products for chronic pain, 
spasticity in people with multiple sclerosis, chemotherapy-induced 
nausea and severe epilepsy. 

While it did recommend considering one such drug for a specific type of 
vomiting, no cannabis-based drugs were recommended for pain or 
spasticity. NICE called for more research on epilepsy. 

https://www.christian.org.uk/news/doctors-told-dont-give-out-cannabis-based-drugs-for-chronic-pain/
https://www.christian.org.uk/news/doctors-told-dont-give-out-cannabis-based-drugs-for-chronic-pain/
https://www.nice.org.uk/guidance/GID-NG10124/documents/draft-guideline
https://www.nice.org.uk/guidance/GID-NG10124/documents/draft-guideline
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‘Lacking’ 

Paul Chrisp, a senior director at NICE, said before the analysis the 
organisation believed a “robust evidence base for these mostly 
unlicensed products was probably lacking”. 

“Having now considered all the available evidence it’s therefore not 
surprising that the committee has not been able to make many positive 
recommendations about their use.” 

Dr Keith Ridge, Chief Pharmaceutical Officer at NHS England, said 
related recommendations released by the NHS “aim to help us develop 
the evidence base to understand how safe these products are”. 

‘Mistake’ 

In May, the head of NHS England warned that medical cannabis risks 
“normalising drug use” in the UK. 

Simon Stevens said: “I think we have to be careful, as we have a 
legitimate national debate on medical cannabis, that we don’t look back 
in a decade’s time and wonder whether we inadvertently made a big 
mistake.” 

Dame Sally Davies, England’s Chief Medical Officer, warned in March 
that people believed medicinal cannabis can cure multiple illnesses but it 
should only be prescribed as a “last resort”. 
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CENTRAL ISSUES FOR THE WA CANNABIS INQUIRY – 5 
 

 
 

Current costs of using medical cannabis are directly 
comparable to costs when it was illegally obtained 
 

 
 
 

Cost of pharmaceutical cannabinoids identical to illegal cannabis in 
Australia 

 
The cost of cultivated crude cannabis in the United States for medical cannabis 
patients was about $500 per month as is reflected by NORML in the US in its 
2009 Recommendations to the Obama Administration on marijuana dispensaries, 
which stated that, 
 
There is little doubt as to why cannabis dispensaries are multiplying at such a 
rate. The price of cannabis in dispensaries ranges from $12.50 to $25 per gram 
(28 grams per ounce). The average “medical” user with a chronic medical 
condition may consume from 1.5 to 3.0 grams per day.31 Therefore, the monthly 
cost to patients ranges from $562 (1.5 grams/day at $12.50/gm) to $2,250 (3 
grams/day at $25/gm). Since the herbal cannabis, which is of varying strains 
and quality, has not received FDA approval, none of this expense is covered by a 
patient’s health insurance, and there is no assurance of quality control or 
accurate dosage information. 
http://norml.org/pdf_files/Marijuana_Dispensaries_Recommendations.pdf 
 
This presents the same cost to patients as purchasing illegal cannabis 
from a dealer, which in 2015, before medical cannabis legislation was 
completed in Australia, was between $12.00 and $12.50 a gram. 
 
Sativex, by comparison, cost on average $500 per month for New Zealanders 
back at that time - see page 38 of the NSW General Purpose Standing 
Committee No. 4 Report – The Use of Cannabis for Medical Purposes. 
http://www.parliament.nsw.gov.au/prod/parlment/committee.nsf/0/fdb7842246a5a
b71ca257b6c0002f09b/$file/final%20report%20-
%20the%20use%20of%20cannnabis%20for%20medical%20purposes.pdf 
 
It is clear that any patient currently purchasing cannabis in Australia is paying no 
more than if they were purchasing illegally grown cannabis.  Drug Free Australia 
recommends that the WA Government not be misled about the comparability of 
medical cannabis costs. 

 
 
 
 

  

http://norml.org/pdf_files/Marijuana_Dispensaries_Recommendations.pdf
http://www.parliament.nsw.gov.au/prod/parlment/committee.nsf/0/fdb7842246a5ab71ca257b6c0002f09b/$file/final%20report%20-%20the%20use%20of%20cannnabis%20for%20medical%20purposes.pdf
http://www.parliament.nsw.gov.au/prod/parlment/committee.nsf/0/fdb7842246a5ab71ca257b6c0002f09b/$file/final%20report%20-%20the%20use%20of%20cannnabis%20for%20medical%20purposes.pdf
http://www.parliament.nsw.gov.au/prod/parlment/committee.nsf/0/fdb7842246a5ab71ca257b6c0002f09b/$file/final%20report%20-%20the%20use%20of%20cannnabis%20for%20medical%20purposes.pdf
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Cost must be brought down via efficiencies, but not by relativising 
TGA standards 

 
Given that the medical landscape has dramatically moved with the cancers and 
birth defects caused by cancer making it no longer viable as a general medical 
treatment, the current call by cannabis activists is to relativise TGA standards for 
the sake of cutting costs.  For the very small number of conditions that only 
medical cannabis can treat such a call would never be acceptable for any other 
medicine available in Australia and should be rejected on that ground alone. 
 
Illegal tinctures and oils already abound despite the legal provision of medical 
cannabis, but those who provide them are not bound to quality control or the 
higher costs of regulation and security, nor of clinical trials, which is entirely unfair 
to those companies that abide by the regulatory frameworks.  The Australian 
Government is bound to defend those abiding by law, and the TGA should 
pursue any illegal manufacture of medical cannabis products being sold to 
Australians. 
 
Federal and State governments should nevertheless attempt to reduce costs via 
efficiencies and economies of scale, but never relativise regulations and rigour 
where they currently exist. 
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CENTRAL ISSUES FOR THE WA CANNABIS INQUIRY – 6 
 
 
 
Cannabis clinics in Sydney agree there are no major impediments to obtaining 
medical cannabis 
 
 
 
 
 

Access to medical cannabis adequate according to clinics 
 
In mid-August 2019 Drug Free Australia spoke with the management of two cannabis clinics, one 
in the Sydney CBD and the other in North Sydney.  Drug Free Australia also spoke with an in-
house doctor of one of those clinics. 
 
The discussions were in response to claims on the Channel 7 Sunday Night program early in 
August that medical cannabis was very difficult to access for needy Australians. 
 
Responses from both clinics were the same, that access to medical cannabis was much 
improved over the previous 12 months, with streamlining of Federal and State requirements.  To 
the question of what conditions would not pass muster with an Open Access application to the 
TGA the answer was that the TGA was very amenable if due cause could be demonstrated and 
they expected no problem for any verifiable condition.  The clinics agreed that the bar was not set 
too high in their estimation.  Their advice was entirely at odds with the claims of the Channel 7 
program, and this must be carefully noted by the WA Cannabis Inquiry. 
 
Further discussion with one of the clinics highlighted the importance of having a patient’s GP 
involved in the prescription of cannabis, given that a patient’s GP best knows what other 
medications have been prescribed.  This local GP information is vital to a clinic’s onsite doctors 
who need to be very aware of negative interactions between medications, amongst other things.  
Drug Free Australia has previously warned against Australia adopting the ‘pot doctor’ approach of 
some US States, whereby 90% of prescriptions are written by a handful of doctors. 
 
Drug Free Australia again has urged that the Federal Government not be deterred from ensuring 
that cannabis is treated like every other medicine regulated by the TGA.  Attempts to relativise 
regulatory frameworks are in most instances going to be driven by pot activists whose 
endgame goal is the legalisation of home-grown cannabis for medical purposes, with the 
longer term goal of legalised recreational use.  The WA Inquiry is asked to support these 
calls. 
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APPENDICES 
 
 
 

 
1.  Daily mail news article – Cannabis the new Thalidomide? 

2. Chromothripsis the mechanism for genotoxic and mutagenic nature of cannabis 

3. Birth Defects study 

4. Pediatric Cancer study 



 

Could medical cannabis be the new THALIDOMIDE? 
Fears of a crisis as doctors consider doling 
marijuana-based medicines out to pregnant mothers 
despite evidence the drug can damage foetuses 

• Pressure to loosen NHS guidelines on medical cannabis use is growing in 
the UK 

• The British Medical Journal warned that widespread use could lead to 
disaster  

• The potential crisis was compared to the thalidomide scandal of the 50s 
and 60s 

By Guy Adams for the Daily Mail  

Published: 10:31 AEST, 24 November 2018 | Updated: 05:36 AEST, 28 November 
2018  

Each of the 400 phone calls to the cannabis dispensaries followed a script. ‘Hi,’ said a female 
voice. ‘I’m eight weeks pregnant and feeling really nauseated. Are there any products 
recommended for morning sickness?’ 

In two-thirds of cases, the reply was: ‘Yes’. 

Around half of those callers who’d received an affirmative answer were then advised to buy a 
specific ‘cure’ in a form they could eat.  

Just under 40 per cent were told to get it in a form that could be inhaled or smoked. Most of the 
remainder were offered tinctures or drinks. 

The recommended cure in question? Marijuana. But far from being genuine requests for help 
from expectant mothers, the phone calls were part of a research project by the University of 
Colorado.  

The researchers were pretending to be pregnant to see how cannabis — legal for medical 
reasons in the U.S. state of Colorado since 2000 and fully legal since 2014 — was being 
dispensed. The answers they received offer a worrying insight into the booming medical 
marijuana industry. 

When 400 phone calls were made to cannabis dispensaries from a supposedly pregnant 
woman, two thirds recommended cannabis products for morning sickness (stock image) 

https://www.dailymail.co.uk/home/search.html?s=&authornamef=Guy+Adams+for+the+Daily+Mail
https://www.dailymail.co.uk/


‘After eight weeks [of pregnancy], everything should be good with consuming alcohol and weed,’ 
one dispensary assistant replied. 

‘When I was pregnant and started to feel nauseous, I did not smoke [cannabis] more than two 
times a day,’ recommended the proprietor of another clinic. 

‘Edible [marijuana] would not hurt the child,’ reassured another, telling the woman, wrongly, that 
something ‘going through your digestional tract’ will have no effect on an unborn child. 

Of the 277 dispensaries that recommended cannabis as a cure for morning sickness, three-
quarters then attempted to sell a version of the drug containing THC, the chemical that gives 
users a ‘high’. 

Many also advised their pregnant patients to keep their consumption of this intoxicating drug 
secret from their doctor. 

‘The doctor will probably just tell you that marijuana is bad for kids and try pushing pills on you,’ 
said one. ‘I do not know if the baby doctors are chill or not, [so] do not go stoned when you talk 
to them,’ warned another. 

Perhaps those doctors had good reason for their reservations about cannabis. For the Colorado 
research paper, published in the journal Obstetrics and Gynaecology earlier this year, highlights 
cannabis as a matter of growing concern to medical practitioners across the world. 

Increasingly, marijuana is being sold for medical reasons. Yet this ‘medical’ marijuana is very far 
from being the safe, natural healthcare product its often-rapacious suppliers would have us 
believe.  

‘After eight weeks [of pregnancy], everything should be good with consuming alcohol and weed,’ 
one dispensary assistant said (stock image)  

In some circumstances, the product — which is becoming legal in growing numbers of 
countries, including Canada, the U.S. and most recently Britain in highly specific circumstances 
— can be dangerous and possibly fatal. Particularly when taken by pregnant women. 

To blame is a simple fact: a multitude of studies over several years have shown all forms of 
cannabis to be ‘teratogenic’. Meaning that, like tobacco or excessive alcohol, they can harm a 
foetus. 

The drug has been linked to a host of serious birth defects, including at least six life-threatening 
deformities. 

They include two congenital heart problems; a neurological condition called anencephaly, in 
which a child is born with a large portion of the brain missing, often dying within hours; and the 
birth defect gastroschisis, where the intestines develop outside the body. 

‘Babies exposed to marijuana in utero are at increased risk of admission to neonatal intensive 
care units,’ says Torri Metz, a University of Utah professor who was among the Colorado 
study’s authors. 



‘There are also concerns about possible long-term effects on the developing brain, impacting 
cognitive function and decreasing academic ability later in childhood.’ 

Which brings us to the situation in Britain, where there is pressure on the Government from an 
increasingly powerful cannabis lobby to loosen the NHS guidelines on medical cannabis use. 

In Britain, there is pressure on the Government from an increasingly powerful cannabis lobby to 
loosen the NHS guidelines on medical cannabis use (stock image, cannabis oil) 

They were relaxed this year following two high-profile cases involving children who suffer from 
serious forms of epilepsy. 

One, Alfie Dingley, found an unlicensed, technically illegal cannabis oil from Holland prevented 
his seizures. Another, Billy Caldwell, had medical marijuana from Canada confiscated at 
customs, causing him to be admitted to hospital with what his family described as ‘life-
threatening’ seizures. 

In response to the public outcry over both cases, the Home Office relaxed the law to allow 
specialist doctors to prescribe unlicensed cannabis-based drugs to patients. 

Their use is still limited to three distinct conditions: epilepsy, nausea associated with 
chemotherapy, and muscle stiffness associated with multiple sclerosis. Even then, patients must 
first have tried conventional medicines. 

But the cannabis lobby is calling for it to be made more widely available, claiming six million 
Britons would eventually use the product for a variety of ailments, including pain and nausea 
relief. It would almost certainly mean dispensaries handing it out over the counter, just like in 
Colorado. 

The British Medical Journal (BMJ) recently published an article arguing that the widespread use 
of medical cannabis could eventually lead to a public health crisis bearing comparison with the 
thalidomide disaster. 

‘When I was pregnant and started to feel nauseous, I did not smoke [cannabis] more than two 
times a day,’ recommended the proprietor of another clinic (stock image) 

That scandal, one of the most notorious in modern history, came after the drug thalidomide was 
given to large numbers of pregnant women from the late Fifties to the early Sixties, mostly to 
treat morning sickness. 

It caused hundreds of thousands of miscarriages, and resulted in around 10,000 babies being 
severely deformed. Many died. 

‘Thalidomide was marketed for anxiety, morning sickness and pain relief. Very similar claims are 
now being made about cannabis, and we are being told that millions of people should take it,’ 
says the author of the BMJ article, Dr Albert Reece, a professor of medicine at Edith Cowan 
University in Perth, Australia. 

‘But as with thalidomide, no one is properly looking at the side-effects. They are frightening. 



‘During foetal development, the presence of it increases the chances of a child developing heart 
and intestinal defects. In the womb, it can also not only interfere with brain development but 
basically amputate the forebrain.’ 

Even for adults, there are serious side-effects, he adds: ‘Cannabis is linked to serious 
psychiatric symptoms, including depression, anxiety, bipolar disorder and schizophrenia. Plus 
stroke, heart attack and 12 kinds of cancer.’ 

The cannabis doctors can now prescribe in Britain — albeit only to certain very sick patients — 
can have intoxicating levels of the chemical THC. Most British patients who will take it are 
expected to be given it in the form of capsules or a highly concentrated oil. However, chemically 
speaking, there will be very little to distinguish these medical products from what recreational 
cannabis users might smoke. 

For example, Bedrocan, a Dutch-made brand which is one of the world’s most popular varieties 
of medical cannabis, contains 22 per cent THC according to its manufacturer’s website, making 
it more intoxicating even than the ‘skunk’ (which ranges from around 14 per cent to 20 per cent 
THC for ‘superskunk’) that illegal dealers sell. 

The difference, says the manufacturer, is that Bedrocan — which consists purely of dried 
cannabis flowers — is chemically standardised, so it is easier to regulate dosage, when taking 
the product. 

Meanwhile, in California, where medical cannabis was first made available 20 years ago and 
has since been entirely legalised, a high-profile organisation called ‘Cannamommy’ advertises a 
range of what it terms ‘safe, organic natural products’ designed for mothers. One popular brand 
of medical marijuana is called ‘Trainwreck’, advertised as a cure for migraines, pain and 
arthritis. 

In California, where medical cannabis was first made available 20 years ago and has since 
been entirely legalised, a high-profile organisation called ‘Cannamommy’ advertises a range of 
what it terms ‘safe, organic natural products’ designed for mothers (stock image) 

According to the maker, the product, which is between 12 and 21 per cent THC and is sold in a 
dried form suitable for smoking, ‘begins its hurtle through the mind with a surge of euphoria, 
awakening creativity and happiness’. 

Another Cannamommy product, ‘Green Crack’, which it recommends for housewives suffering 
‘fatigue, stress and depression’, induces ‘an invigorating mental buzz’. A third, ‘Guerilla Glue’, 
will apparently ‘deliver heavy-handed euphoria and relaxation, leaving you feeling glued to the 
couch’. 

To critics, this sales patter suggests many customers are as interested in enjoying a legal high 
as they are the medical benefits. 

And when medical marijuana products are aimed at mothers, it’s a dangerous trend, they argue. 

‘We are at ground zero of this new medical epidemic, which will lead to havoc,’ says one critic, 
Karen Randall, an emergency room physician in Colorado. ‘The number of babies testing 
positive for THC has increased dramatically.’ 



Randall says her local area contains 15 medical cannabis dispensaries. ‘When a breast-feeding 
mother uses marijuana, it gets concentrated in the breast milk. 

‘There are many studies that show memory is decreased with constant use, so I guess that in 
five to ten years, we are going to see a lot of kids with learning issues.’ 

Someone who illustrates the potential hazards is Marie McKillop, 36, from the Australian city of 
Brisbane, who says smoking marijuana during pregnancy led to her daughter’s death. 

This ‘medical’ marijuana is very far from being the safe, natural healthcare product its often-
rapacious suppliers would have us believe (stock image) 

Her baby, named Crystal, weighed just 2lb 9oz at birth and was unable to breathe or feed 
unaided because of a serious congenital heart defect. She underwent three major heart 
surgeries, but died aged eight months. 

Adding to her mother’s trauma was the fact she’d previously had four miscarriages. ‘I felt totally 
broken,’ Marie says. 

At the time the tragedy occurred, several years ago, McKillop was a troubled young woman 
battling substance abuse problems. 

Though clinicians advised her to steer clear of the hardest illegal narcotics, they concluded that 
she should continue to take marijuana while pregnant. ‘The fear was that if I stopped, it would 
give me withdrawal symptoms, which could make me miscarry,’ she recalls. 

Later, in hospital reports, marijuana was described as a ‘high contributing factor’ to Crystal’s 
subsequent health problems. 

Thankfully, having weaned herself off drugs, Marie has since had three healthy children. 

Others won’t be so lucky. 

Her doctor, Stuart Reece, believes the drug affects three key organs of an unborn child: the 
brain, the heart and the intestines. 

He cites a study in the Toxicology Journal last year in which pregnant laboratory mice were 
exposed to cannabis, which found that ‘smoking marijuana during pregnancy even at low doses 
can be embryotoxic and fetotoxic’; and a University of Arkansas study also from 2017 which 
associated pre-natal cannabis exposure with ‘lower birth weight, life-long smaller head 
circumference, reduced length of gestation, neonatal neurological disturbances, [and] reduced 
function in specific cognitive domains’. 

Two studies by the American Center for Disease Control have linked it to anencephaly, while 
the American Heart Association and American Academy of Pediatrics believe it increases rates 
of ventricular septal defect and Ebstein’s anomaly, two heart defects. 



The drug’s links to gastroschisis — when the intestines develop outside the body — are 
documented by, among others, a long-running Canadian study and a Hawaiian research project 
which has linked cannabis to no fewer than 21 birth defects. 

‘Only once has a known teratogen like cannabis been marketed globally,’ Dr Reece says. 

‘That was thalidomide. It’s the reason we have the entire modern drug approval system, but the 
medical cannabis lobby is saying that system should be abandoned and the drug should be 
given to millions of people. It’s incredibly dangerous.’ 

Sharing this view are 166 of Britain’s most eminent pain relief doctors. Last month, they wrote to 
The Times, saying medical cannabis ‘will provide little or no long-term benefit in improving pain 
and may be associated with significant long-term adverse cognitive and mental-health 
detriment.’ 

Until this year’s relaxation in the law, drugs in Britain that are made from cannabis had an 
identical status to those derived from other illegal narcotics such as heroin (stock image) 

They argued there is no medical evidence that, in this field, cannabis works. There are, 
however, serious psychological problems associated with its regular use. 

The 166 doctors cited a report from the International Association for the Study of Pain, which 
took in the results of 104 studies. 

The report concluded that 24 patients in pain would need to be treated for just one to 
experience any benefit. 

Yet one in six would suffer some form of ‘harm’ due to side-effects, including nausea, dizziness, 
insomnia and depression. 

And the report concluded: ‘It seems unlikely cannabinoids are highly effective medicines for 
chronic non-cancer pain.’ 

‘As doctors, the first law is to “do no harm”,’ says author Dr Raj Munglani, a chronic pain expert 
who practises in Cambridge and London. ‘We could end up damaging more people than we 
help. We fear new rules in the UK could cause a major public health crisis.’ 

Until this year’s relaxation in the law, drugs in Britain that are made from cannabis had an 
identical status to those derived from other illegal narcotics such as heroin. 

To be licensed for medical use, these products must undergo stringent testing to ensure that 
they are effective and safe. 

Though the licensing process takes several years, it’s perfectly possible to negotiate it. 

The UK firm GW Pharmaceuticals has done just that with marijuana, developing two licensed 
drugs: Sativex (with moderate levels of THC) which treats spasticity associated with multiple 
sclerosis, and Epidolex, for epilepsy (interestingly, patient notes make clear that they must 
never be taken by pregnant women). 



In theory, there’s never been anything to stop other advocates of medical cannabis developing 
licensed products in this way to combat the myriad other conditions they say it can treat. But 
none have so far succeeded. 

It seems it’s far easier to lobby politicians to relax the licensing laws. But the danger is that this 
could one day lead to a situation in Britain where, as in Colorado, cannabis is sold as a cure for 
morning sickness — with potentially terrifying consequences. 
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a b s t r a c t

The recent demonstration that massive scale chromosomal shattering or pulverization can occur abruptly
due to errors induced by interference with the microtubule machinery of the mitotic spindle followed by
haphazard chromosomal annealing, together with sophisticated insights from epigenetics, provide pro-
found mechanistic insights into some of the most perplexing classical observations of addiction medicine,
including cancerogenesis, the younger and aggressive onset of addiction-related carcinogenesis, the her-
itability of addictive neurocircuitry and cancers, and foetal malformations. Tetrahydrocannabinol (THC)
and other addictive agents have been shown to inhibit tubulin polymerization which perturbs the for-
mation and function of the microtubules of the mitotic spindle. This disruption of the mitotic machinery
perturbs proper chromosomal segregation during anaphase and causes micronucleus formation which
is the primary locus and cause of the chromosomal pulverization of chromothripsis and downstream
genotoxic events including oncogene induction and tumour suppressor silencing. Moreover the comple-
mentation of multiple positive cannabis-cancer epidemiological studies, and replicated dose-response
relationships with established mechanisms fulfils causal criteria. This information is also consistent with
data showing acceleration of the aging process by drugs of addiction including alcohol, tobacco, cannabis,
stimulants and opioids. THC shows a non-linear sigmoidal dose-response relationship in multiple per-
tinent in vitro and preclinical genotoxicity assays, and in this respect is similar to the serious major
human mutagen thalidomide. Rising community exposure, tissue storage of cannabinoids, and increas-
ingly potent phytocannabinoid sources, suggests that the threshold mutagenic dose for cancerogenesis
will increasingly be crossed beyond the developing world, and raise transgenerational transmission of
teratogenicity as an increasing concern.

© 2016 Elsevier B.V. All rights reserved.
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Fig. 1. Chromosomal Pulverization.
Original Report of Chromosomal Pulverization. Figure 7 , Kato H., Sandberg AA
(1967). “Chromosome Pulverization in Human Binucleate Cells. Following Colcemid
Treatment.” J. Cell Biol. 34 (1): 35–45. Re-used by permission.

1. Introduction to seminal paper

In a remarkable and highly celebrated report, the Pellman lab
recently showed that severe chromosomal fragmentation involving
dozens of double stranded breaks and subsequent apparently ran-
dom and disordered repair of some of the fragments, could rapidly
occur during the DNA synthetic phase (G2 and S-phases) of the
mitotic cell cycle, if chromosomes became isolated from the main
nuclear mass [1]. In this technical tour de force, high resolution
DNA sequencing of single cells and live cell imaging was deployed
to show that chromosomes which had become detached from
the mitotic spindle or chromosomes became isolated in micronu-
clei, where, lacking the normal full complement of replication and
repair enzymes, the DNA became shattered in the process of dis-
ordered and dysregulated replication. Such damage could become
propagated through subsequent rounds of cell division, where the
isolated chromosomes could also become joined up with those of
the main nucleus. Where two or a few chromosomes were trapped
together, in such a micronucleus random exchange could occur
between them. Chromosome “pulverization” was first described in
1967 due to experimental viral infection [2] (Figs. 1 and 2). The pro-
cess has recently been named “chromothripsis” for chromosomal
shattering at hundreds [3] or thousands [4] of loci; and a milder
form was called “chromoplexy” (chromosomal tangles or braids,
Fig. 3) [5]. Extraordinarily, this process was shown to proceed as
rapidly as within 16 h [1].

This remarkable result immediately resolved a long standing
paradox in cancer research as to how such dramatic event could
arise when the normal fidelity of DNA replication occurs with an
error (mutation) rate of only 10−8, and the rate in germ stem cells
is one hundred times lower. It also simultaneously provided an

elegant mechanism for the high rate of micronuclei, chromoso-
mal fragments and abnormal chromosomes (truncated arms, chain
and ring chromosomes and double minute circles [6]) which are
frequently seen in malignant tissues (Fig. 4)[7]. Tetraploidy itself
has been shown to increase chromosomal instability, tolerance of
mitotic errors and the multidrug resistance typical of transformed
and tumour cells and even the anchorage-independent growth of
non-transformed cells [7].

In addition to cancer, such chromothriptic events have also been
shown in various congenital abnormality syndromes [8–14].

2. Dynamics of the cell cycle

The cell cycle has numerous check points which are designed to
prevent such genetically catastrophic events from occurring. The
mitotic spindle assembly checkpoint (SAC) in particular requires
all chromosomes to be attached to the spindle, and sister repli-
cates to be attached at their kinetochores with opposing polarity
(bi-orientation) to bundles of microtubules of the mitotic spindle
which will draw them to opposite poles of the cell [15]. Mostly
errors in this complicated machinery [16–19] generate cell cycle
arrest, apoptosis, or the irreversible entry into cellular senescence
[7]. But delay at the SAC is not indefinite [15]. Some cells slip
back as tetraploid cells into interphase and a very few escape cell
cycle controls altogether. This can particularly occur when chro-
mothriptic events involve the functional silencing of such major
tumour suppressor genes as TP53 (P53) and CDKN2A (P16INK4A),
which normally sense and amplify such cellular and senescence
checkpoints [20]. Other genetic causes (mutations, insertions and
deletions) also exist for tumour suppressor gene silencing. Hence
the usual outcome of such events at the tissue level is; growth arrest
via apoptosis, senescence or cell cycle delay [21], and occasionally
malignant transformation where the malignant clone may have a
growth advantage [7,22].

The pathway described by the Boston group [1] was
therefore inhibition of spindle dynamics/failure of spindle attach-
ment/micronuclear formation/chromosomal shattering or pulver-
ization/haphazard chromosomal annealing by non-homologous
end joining or microhomology-mediated break-induced repli-
cation, then cell cycle arrest or occasionally and alternatively,
oncogenic transformation [3,12,20,22–25]. Chromothripsis has
been described as occurring in about 2–3% of cancers including
melanoma, sarcoma, lung, thyroid, oesophageal and renal cancers
[4], although it is seen much more commonly in cancers of the
bone (25%) [20,26], brain (39%) [27,28], bowel [29] and a majority
of prostate tumours [5]. It has also been said to be more com-
mon in cancer per se, as the technical difficulties in unravelling
the enormous complexities in sequencing errors to which it gives
rise are only beginning to be probed [5,22,24,26,27,29,30]. Its pres-
ence and severity correlate with poor prognostic outcomes [27,30].
Progressive chromosomal instability instigated or assisted by chro-
mothriptic and disorderly mitotic mechanisms also explain the
usual tendency of tumours to become increasingly aggressive [26].
Curiously single cell chromothripsis has also been shown on occa-
sion to cure rare genetic disorders [31].

The Boston work [1] also focussed attention on the extraordi-
narily complicated machinery associated with the microtubules
comprising the mitotic spindle. Microtubules are primarily made
up of a- and b- tubulin dimers which, together with their numer-
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Fig. 2. Chromosomal Pulverization in Micronuclei. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Caption: Pulverization of chromsome 1 after nocodozole release (a); (b) SKY pseudocolour;
(c) Ordered SKY karyotype; (d)–(f) Pulverization of chromsome 16 similarly imaged (as in (a)–(c).(g) A BrdU positive (red) micronucleus (DNA white); (h) Selective labelling of
(red) pulverized Chromsome; (i) Percent cells with intact (blue) or pulverized (red) chromsomes in micronuclei from control or nocodozole released cells. Fate of micronucleus
(photoconverted green to red) through Anaphase (Top row) – re-incorporation into primary nucleus; (Bottom row) No re-incorporation.
From: Crasta K, Ganem NJ, Dagher R, Lantermann AB, Ivanova EV, Pan Y, Nezi L, Protopopov A, Chowdury D, Pellman D (2012), “DNA Breaks and Chromsome Pulverization
from Errors in Mitosis.”Nature 482 (7383): 53–58. Figure 5. Re-used by Permission.

ous associated proteins, are highly polymerized into microtubules
which grow (“rescue”) and shrink (“catastrophe”) and probe the
internal cytoplasmic space of the cell, and form the highly dynamic
framework (“dynamic instability”) upon which the chromosomal
separation of anaphase occurs [15,18]. Whilst the microtubules
appear to be static on fixed cell fluorescent imaging, in many tissues
they are actually lengthening at their plus ends (centrally) whilst
simultaneously disassembling at their minus ends at the centri-
ole (“treadmilling”) to give rise to an overall poleward flux [15]. In
particular the Dana Farber/Harvard studies highlighted the way in
which agents which interfere with tubulin polymerization or their
dynamic instability can have major downstream ramifications [1].
This result has been shown both for various genetic disruptions
[7,32,33] and chemical toxins.

3. Mitotic spindle poisons

The Boston studies used nocodozole to induce cell cycle arrest
[1] which acts by binding tubulin subunits and preventing their
polymerization [15]. Vincristine, vinblastine and colchicine act sim-
ilarly [15]. The chemotherapeutic agent taxol acts by binding to and
stabilizing microtubules, inhibiting their dynamic instability [15].

Of significance and concern 1-9 tetrahydrocannabinol (THC)
[34–37] and other cannabinoids [38] act similarly to taxol. Impor-
tantly it has been shown that a 2 h exposure to 5 and 10 mM of THC
reduced tubulin mRNA by 50% & 78% [36]. Recapitulating many
of the key features of the above findings, THC has been shown
to interfere with tubulin polymerization [34,39], be associated
with micronuclear formation (4–6 fold increase) [21,40–45], cause
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Fig. 3. Diagrams of Chromoplexy & Chromothripsis.
From Figure 1, Shen MM “Chromoplexy: a new category of compex rearrangements in the cancer genome.”Cancer Cell 23 (5): 567–569. Re-used by permission.

Fig. 4. Oncogene Driver Formation.
Chromothriptic Formation of Oncogenes. Figure 5 from Baca S.C., Prandi D., Lawrence M.S., Mosquera J.M., Romanel A., Drier Y., Park K., Kitayabashi N., MacDonal T.Y., Ghandi
M., Van Allen E. “Puncutated Evolution of Prostate Cancer Genomes” (2013) Cell 153 (3) 666–677. Re-used by permission.

growth arrest in tissues [46,47], be linked with gross chromoso-
mal morphological abnormalities (breaks, chains, rings, deletions,
inversions, double minutes [21,40,42,45,48–53]), induce chromo-
somal translocations [42,43,45,48,53], cause multiple pronuclear
divisions in anaphase as opposed to the normal bi-pronuclear
separation, be linked with anaphase chromatin bridge forma-
tion [25,40,44], aneuploidy [43,44,54], errors of chromosomal
segregation [25,44], and abnormalities of nuclear morphology
[25,44,45,53,55]. Heritable ring and chain translocations and

aneuploidy in germ cells has also been shown [43,51]. Major
chromosomal aberrations and micronuclei have been shown in
diverse tissues in humans including circulating lymphocytes in
cannabis users [43], lymphocytes stimulated in vitro [40,54], poly-
chromatic erythrocytes [43,45], bone marrow cells [41,43,45], lung
cells [21,52] and human sperm [43,55]. Interestingly a UCLA group
reported field cancerization and a super-multiplicative interac-
tion between cannabis exposure and chromosomal breaks in a
bleomycin-induced stimulated circulating lymphocyte clastogenic
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Fig. 5. Comparative Non-Linear Dose-Response Kinetics of THC and Thalidomide.
Data from Table 2, Single day exposure, Zimmerman A.M. and Raj Y. 1980, “Influence
of Cannabinoinds on Somatic Cells in vivo”, Pharmacology 21 (4): 277–287.

assay in a case-control study of head and neck cancer [56]. Fur-
thermore THC concentrations of 20 mM reduced the other key
component of the intracellular cytoskeleton actin mRNA levels by
40%, and interactions between the centriole and the sub-cortical
actin cloud has recently been shown to play a key role in the correct
orientation of the centrosomes during mitosis [57].

4. Non-linear dose-response kinetics

One important observation to emerge from these studies is the
non-linear dose response kinetics of cannabis in mutagenicity and
genotoxicity studies (Fig. 5). Low dose THC and other cannabinoids
have been found both in vitro (<5 mg/ml or <5 mmol/l) and in clinical
studies (<1 joint/day) to be rarely associated with genotoxically
mediated adverse outcomes [36,37,40–42,44,47–49,58–61]. Serum
levels of 1 mmol/l have been reported after recreational use [62].

5. Cannabis cancerogenesis

Importantly cannabis use has also been positively associated in
epidemiological studies with several cancers including aerodiges-
tive cancers (head and neck [56], larynx, lung [63–65]), leukaemia,
brain [66], prostate [67], cervix, testes [68] and bladder cancer
[69–71]. Parental cannabis exposure during pregnancy has also
been associated with the emergence of rhabdomyosarcoma [70],
neuroblastoma [72] and acute myeloid leukaemia [73,74] in their
young children (<5 years). The relative risk of such tumours is
usually found to be 2–6 fold increased. Importantly these cannabis-
related tumours in adults are often said to occur at much younger
ages than those seen in non-users, and to be more highly aggres-
sive [75,76]. In several cases a dose related response has been
shown [56,65,68,71,73,77], which, together with a now plausible
biological mechanism, implies causality. The present explication of
the mechanics of chromothripsis, presumably occurring during in
utero development, now provides a mechanism to account for such
diverse and repeated findings. These mechanisms exist in addi-
tion to the mutagenic and free radical content of cannabis smoke
[52,78,79] and its ability to activate pre-carcinogens [21,70,78,80].

It should be noted that not all such studies of mutagenesis in
cannabis exposed individuals have been positive. Such diversity of
outcomes relates to both in vitro and in vivo preclinical and clinical
studies. One major limitation of many studies performed in western
nations is the very limited cannabis exposure described amongst
individuals in these reports. Indeed in one report “heavy cannabis
use” was defined as more than 0.89 joints per day, and in another
a lifetime exposure of more than 30 joint years (one joint per day
for 30 years) was said to be heavy [80]. Conversely, studies from

the developing world have quantitatively much greater cannabis
exposures, and generally report a positive association.

One widely quoted negative study of cannabis carcinogenesis
from California compared cancer cases and controls matched for
age, sex and region [80]. In both groups the cannabis exposure
was similar. Whilst this is a carefully matched design, the appar-
ently serendipitous matching of cannabis exposure implied that it
was not able to address the central research question relating to
altered cancer outcomes of exposed and non-exposed individuals.
Its negative finding was therefore not surprising. Furthermore the
statistical analytic method employed in the study systematically
excluded subjects exposed to high doses of cannabis to minimize
outlier effects. If one correctly understands the addictive nature of
cannabis and the highly non-linear dose-response shown in numer-
ous cellular and preclinical genotoxicity assays, it is these higher
dose exposures which are of the greatest interest, and are also most
likely to carry important statistical signals.

6. Cannabis teratogenicity

Cannabis has also been associated with foetal abnormalities in
many studies including low birth weight, foetal growth restric-
tion, preterm birth spontaneous miscarriage [46,51,59,60,81],
microotia/anotia, microphthalmia/anophthalmia, spina bifida,
meningomyelocoele, anencephaly, cardiac defects including in
particular cardiac septal defects, gastroschisis and many others
[46,82]. Phocomelia (short or truncated forelimbs) has also been
shown in testing in a similar preclinical model (hamster) to that
which revealed the teratogenicity of thalidomide [46]. Dose-related
effects were found [46,60,81]. Whilst these defects appear dis-
parate and diverse, they all bear in common an arrest of cell growth
and cell migration at critical developmental stages, consistent with
the inhibition of mitosis noted with cannabis by various mech-
anisms. It has been noted that the doses used in some of these
preclinical studies were high being in the 50–300 mg/kg range [46].
Nevertheless it is usual practice to take dose-response effects up to
maximum tolerated doses in teratogenicity studies; cannabis use
is increasing substantially in many places; the strength of cannabis
available has increased over 20-fold since the 1960s [83]; cannabi-
noids are lipid soluble and likely accumulate to high concentrations
in many fat rich body tissues including cell membranes, myelinated
neural tissues and gonads; and cannabinoids have a long terminal
half life of excretion; so that elevated levels in preclinical stud-
ies are not necessarily of no clinical relevance. Moreover there is
virtual identity between the lists of deformities described in pre-
clinical studies [46] and those found in epidemiological studies of
human infants [82].

Parental cannabinoid exposure has also been linked to impaired
intellectual performance, concentration and executive function,
and hyperactivity amongst human child and adolescent offspring
exposed in utero [47,84–86].

7. Cannabis-related mitochondrial inhibition

THC has also been shown to inhibit mitochondria after both
in vitro and in vivo exposure of lung cells, brain cells and sperm
in part by increasing their expression of uncoupling protein 2
[61,85,87–91]. Cannabis pyrollysates (partially burnt products of
the smoked plant) also increase oxidative stress on many tis-
sues [52,58,78]. These findings are important for several reasons.
Oxidative stress is one of the leading theories of the causes of
ageing and mutagenesis [92–96]. Energy generation is important
for cells to cope with oxidative stress. Therefore the induction of
increased oxidative stress coupled with reduced energy production
and increased electron leak and production of free radical species
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Fig. 6. Dividing Cell: Chromosomes, microtubules and mitochondria. (For interpre-
tation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
Dividing Cell; Tubulin in red; chromosomes in blue; mitochondria in green.
National Cancer Institute, University of Pittsburgh Cancer Institute,
Public Domain; https://visualsonline.cancer.gov/details.cfm?imageid=10708.

(and in many tissues reduced transcription of anti-oxidant defence
proteins [78]) is a powerful double edged pro-ageing insult. Mito-
chondrial dysfunction is also one of the key hallmarks of cellular
ageing [97–99]. This is also consistent with our own unpublished
data employing radial arterial tonometry of cardiovascular stiffness
(by previously described techniques [100]) of increased cardio-
vascular ageing (as a major surrogate for organismal aging) in
cannabis exposed patients compared to both control non-smokers
and tobacco-only smokers in both cross-sectional and longitudinal
studies (unpublished data). This data in cannabis exposed patients
is consistent with other reports of accelerated aging after tobacco
and alcohol exposure [96] and after opioids [100–103].

8. Cannabis-related gametotoxicity, zygote toxicity and

reproductive impairment

Moreover cell division, and DNA and chromosomal replication
are very energy intensive processes. This point is well illustrated by
Fig. 6 which stains the mitotic spindle, chromosomes and the dense
network of mitochondria surrounding the mitotic apparatus at the
end of anaphase. Perhaps unsurprisingly mitotic errors including
chromosomal mis-segregation have been shown to be more com-
mon in older cells [99]. Importantly it has also been shown that
improved energy production from aged oocyte mitochondria is
associated with improved functional fidelity of the meiotic machin-
ery and reduced errors of meiosis in female gametes and reduced
subsequent conceptus loss [99]. Meiosis in ova is relatively error
prone [17,99,104]. Cannabis has been shown to greatly increase
the rate of zygote death after the first cell division by 50% [25].
The demonstration of sperm mitochondrial functional impairment
[61] is similarly of great concern as it implies increased meiotic
errors with the potential for transmission to subsequent genera-
tion/s. Cannabinoids have also been shown to importantly mediate
several sperm specific critical genetic functions via CB1R includ-
ing DNA nicking in preparation for tight packing, the re-packaging
of DNA from histones to transitional proteins and then to pro-
tamines, and protection of packaged DNA [105,106]. Cannabinoids
also play key functions in the reproductive tract, where they modify
sperm activity, hypermotility and penetration, acrosome exocyto-

sis and egg penetration [61,107–109]. Cannabinoids and CB1R are
present at high concentration in the oviduct and Graafian follicle
[61]. Exogenous cannabinoids have been shown to act as partial
functional antagonists and disruptors of these natural yet critical
endocannabinoid reactions [34,61,105,107].

9. Other microtubule functions

Microtubules are also essential to many other cell func-
tions notably in stem cell niches and in neurons. It has been
shown that the cell cycle, particularly in S and G2 phases, gov-
erns the human embryonic stem cell decision relating to the
exit from pluripotency to cell differentiation (via a P53/ATM-
ATR/CHEK2/CyclinB1/TGFb/Nanog spindle checkpoint pathway)
[110], and that microtubule structures (nanotubes) mediate the
spreading of deterministic molecular signals (bone morphogenetic
protein ligand decapentaplegic) from germ line niche cells to neigh-
bouring stem cells (where it binds to its receptor Thickveins) and
thus limit the stem cell maintenance signal to germ stem cells with
which the hub support cells are in immediate contact [111]. Neu-
ronal axons contain long microtubule bundles which can be up to
one meter in length. Axons rapidly transport nutrients and pro-
teins along using dynein and kinesin microtubule-based motors at
speeds of up to 1 mm/s [15]. Hence THC based disruption of micro-
tubular function has been associated with loss of axonal direction
finding and an increase in target location errors, and errors of axonal
sprouting [34,37].

The enzymes which metabolize cannabinoids in the brain
(diacyl glyceryl lipase-a and monoacyl glyceryl lipase) and the dis-
tribution of CB1R change dramatically during in utero and early
post-natal development with important implications for axonal
pathfinding and thus corticofugal tract definition, and this process
is disrupted by exogenous cannabinoids [47]. As in sperm develop-
ment, the endocannabinoid system plays a key role in such major
brain developmental processes as cell proliferation, neurogenesis,
migration and axon pathfinding via CB1R, CB2R, TRPV1R, GPR55
and PPARa signalling and exophytocannabinoids act as partial
antagonists and functional disruptors of this finely tuned system
[47]. Hippocampal volume was found to be reduced in young ado-
lescents following in utero exposure to cannabis, as have lasting
alterations in glutamate, GABA, opioid serotonin and cholinergic
muscarinic and nicotinic brain signalling [47,112].

These effects of cannabinoids explain the confusing and para-
doxical effects of cannabis in cancer. Various cannabinoids have
been proposed to have possible therapeutic effects on tumours
and tumour growth in part by inhibition of DNA synthesis
[43,50,113–116] but, as noted above, cannabinoids have also
been linked epidemiologically with carcinogenesis. The effects of
cannabis on tubulin and its association with cell growth inhibition
explain these paradoxes – both can be true. Both cell cycle inhibi-
tion and arrest of cell growth, and occasional mutant cell escape
via chromothriptic malignant induction can occur, both related to
cannabis – tubulin interactions and in a dose dependent manner.
Interestingly the function of the critical SAC checkpoint has been
shown to be reduced in tetraploid cells due to TP53 suppression,
so such environments may make both error prone chromosomal
replication, and escape from the normal cell cycle controls, more
common [7].

10. Other addictions

Interestingly similar comments can be made about several
other addictions. Dependency syndromes associated with alco-
hol, tobacco, opioids and benzodiazepines have been associated
with tumourigenesis [117–123]. Dependency on alcohol, benzo-
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diazepines, opioids, cocaine and amphetamine has been linked
with adverse morphological and developmental outcomes in chil-
dren exposed in utero. Most chemical addictions are associated
with foetal growth restriction [47,84,124] and many are asso-
ciated with neurological or intellectual impairment in children
exposed in utero [125]. Importantly opioids [126,127], alcohol
[128,129], amphetamine [130], nicotine [131,132] and cocaine
[133] have been shown to interact with tubulin polymerization
and/or microtubule associated proteins. Indeed interference with
tubulin dynamics now provides a mechanism whereby environ-
mental agents do not need to be directly mutagenic to DNA bases
or clastogenic to chromosomes themselves, but can nonetheless
have a devastating effect on the integrity of the genetic information
by interfering with the cellular machinery of meiosis in gametes
[43,104,134,135]. Indeed all addictive drugs have been shown to
interfere with mitosis [136] and to be genotoxic [137].

11. Epigenetic contributions to mutagenicity

It will also be noted that the discussion to this point has
not considered the epigenetic revolution which is rapidly over-
taking medicine. The origins of the Barker hypothesis of the
foetal origins of adult disease has been attributed to the obser-
vation of the increased incidence of cardiovascular disease in
children born to women exposed to the post-war famine in Eng-
land [138,139]. Since that time many environmental agents have
been linked with epigenetic change including alcohol [140–142],
cocaine [143–148], amphetamine [149–152], opioids [153–156]
and cannabinoids [41,59,157,158]. Indeed epigenomic changes
have also been described with behavioural addictions such as gam-
bling [159], and with stress exposure [160–164] which is a major
common factor shared amongst all addictive syndromes. Whilst
some epigenetic changes have been shown to be reversible in
the short term [163], others have been shown to be passed on
to offspring for three to four subsequent generations [165–167]
via epigenetic modifications in oocytes and sperm [153,167–169].
Transgenerational transmission of epigenetic change through
altered sperm DNA methylation has also been shown for cannabi-
noids in rats [157,170,171] and humans [172–174]. The well known
immunmodulatory actions of cannabinoids also impact brain struc-
ture at sensitive developmental stages [62,175,176] and may be
transferred to offspring epigenetically [62]. Since cannabinoids
have long been known to selectively suppress nuclear histone
mRNA and protein expression [43,50,177,178], alter the RNA tran-
scriptome [157,171,179] and modify DNA methylation in key brain
reward areas [157,170] thereby modifying all the main epigenomic
regulatory systems, it seems inevitable that we are on the thresh-
old of an exciting time to learn more about heritable pathways to
genotoxic disease. Epigenetic inheritance has also been linked with
paediatric gliomagensis [180]. Normal developmental [181] and
ageing changes [182,183], cellular lineage specification amongst
different tissues [181], single cell memory formation [62,183–185]
and complex disease origins have been attributed in large part to
epigenetic changes [186].

12. Conclusion

As mentioned above high dose cannabis and THC test positive
in many genotoxicity assays, albeit often with a highly non-linear
threshold like effects above low doses. As long ago as 2004 it was
said that 3–41% of all neonates born in various North American
communities had been exposed to cannabis [172]. Since cannabis is
addictive [187], is becoming more potent [77,83,86], quickly builds
up in adipose tissues [62,82] and seems generally to becoming
more widely available under fluid regulatory regimes [187,188],

real concern must be expressed that the rising population level of
cannabinoid exposure will increasingly intersect the toxic thresh-
olds for major genotoxicity including chromosomal clastogenicity
secondary to interference and premature aging of the mitotic appa-
ratus. Under such a conceptualization, it would appear that the real
boon of restrictive cannabis regimes [189] is not their supposed
success in any drug war, but their confinement in the populations
they protect, to a low dose exposure paradigm which limits incident
and transgenerational teratogenicity, ageing, mental retardation
and cancerogenicity.
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