RESEARCH REPORT

Attachment D

del10.11114.1 360-0443.2007.02009.«

Developing limits for driving under cannabis

Franjo Grotenhermen’, Gero Leson?, Giinter Berghaus®, Glaf H. Drummer®, Hans-Peter
Kriiger®, Marie Longo®, Herbert Moskowitz', Bud Perrine’, johannes G. Ramaekers®,

Alisen Smiley'® & Rob Tunbridge'!

Movadnstitug, Horts, Gemmary! Leson and Associaies, Barkeley, USAZ Uriversity of Calogne, Germany? Victorian Instituta of Forensic Medidne and Department
of Forensic Medicing, Monash University Matboumna, Acstralia? University of Wiirzburg, Germany Drug and Aleohal Serdcss South Ausralis, Parkside, Australia
Unharsity of Californiz, Los Angeles, USA.7 Varmont Alcohal Research Centre, USA? Maastricht University, the Netherlands.? Hurman Eactars Maorth Inc, Trorte,

Canadn™™ and Transsort Research Laboratory, Crowthorne, UKH

ABSTRACT

Objective

Bevelopment of u rational and enlorceable basis for centrolling the impact of cannabis ase on traffic safety

Methods An international working group of experts on Issues related to drug use and traffic safety evaluated

evidenee from: experimental and epidemiological research

and discussed potential a pproaches to developing per se fimits

for cannabis. Results [n analogy lo alcohol, finite {non-zero) per se limits for delta-9-tetrahydrocannubian! (THC) in
bloed appear 1o be the most effective approach to separating drivers who are impaired by cannabis use from thase who
are no longer under the influence, Limited epidemiological studies indicate that serum cencentrations of THC below
10 ng/ml are not associated with an alevated accident rigk. A comparison of meta-analyses of experimental siudies on
the impalrment of driving-relevant skills by aleohol or cannabis suggests that o THC concentration in the serum of
7~10 ngiml is correlaied with an lmpalrment comparable to that caused by 2 bleod aleohol concentration (BAC) of
G.05%, Thus, a suitable numerical Hmit for THC tn serum may fall in that fange. Conclusions  This analysts offers an

empirical basis for a per se limif for THC that allows identification of drivers impaired by cannabis, The lmited

epldemiological duta render this limit preliminary.
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INTRODUCTION

The rising prevalence of driving uoder the inffuence of

illegal and medicinal drugs (DUID) and its potential
mpact on trafic safety have raised awareness among
media, sclentists and policy makers in many countries
and prompted ealls for more effective control. Driving
under the influence of cannabis {DUIC) is of particular
cuncern, because the recreational use of cannabis prod-
ects. Le. mariinana and hashish, is often secotd only to
aleohol, This highlights the need for effective legal control
of the potential risks posed by DUIC,

Current approaches to assessivient and cenirol of DUIC

Current DUID laws use one of three basie approaches to
deterraine whether a driver involved in an aceident or
stopped at 2 roadside checkooint, is impaired or under the
intlzence of a particulur drug. One is the traditional
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impatrment or effect-based approach; the others are two
versions of the ‘per s¢ approach. The per se approach
uses. as in the case of aleohel, a science-based firsite limie
or employs a sero limit for the tolerable concentration of a
dritg or its metabolites in a driver's blaod or other body
fluids. In etther case, exceedance of this limit 13 deemed
automatically to prove (legal) impairment.

In theory, the impalrment approach best meets the
objectives of DUID laws. It observes and assesses the
fitess of drivers and potentially penalizes those who are
actually impaired. Impairmen may arise from several.
often-synergistic factors. including fatigue and the cen-
sumption of multiple drugs, The muin Smilation of the
impairment appreach is the lack of standardized methods
for measuring and judging the impairment caused by
drug consumption. Standardized sobriety tests are seqsi-
tive and refiable when used by trained officers to detect
blood aleoho! contents of more than 0.1%. These tests

Addiction



case—ponirol or culpability approach, - epidemiclozy

assesses the actual risk of a drugged driver caunsing an

accident, relative to that of a seber person driving under
similar read conditions. That relative risk is expressed as
odds ratio (OR}. An OR greater than 1 corresponds to a

higher accident risk for the ‘case group’, i.e. drivers under .

the influence of 2 drug, compared to the ‘control gronp’.

* Fpidemiological studies measure the effect of drug use - -
on driving performance and accident risk under ‘real life’

conditions and are thus suited to correlate the coneentra-
tons &f a deng use indicator to an actual risk. For aleohol,
scientists have developed. based on the resolts of numer-
ous epldemiological studies, hagzard curves that assign
each nlcohol concentration 1o a certain accident risk, As
with all epidemiologieal findings, the validity of each
study depends critically on the number of cases included.
Driving under the influence of aleoho! is & widespread
phenomenon and screening of drivers for alcohol using
breath analysers is non-invasive. This allowed research-
ers to collect, for a given time of day, regiosn, road con-
dition and for each BAC class enough cases to yield
statistically significant ORs.

Fortunately for traffic safety but wnforiunately for epi-
demiclogical rescarch DUIC 18 far less common, Parther-
more, meaningful testing for eannabis use reguires the
collection of blood samples, a procedure that in most
countries cannot be used unless a driver is suspected of
DUL Thus, epidemiological studies on DUIC do aot
usually have sufficient THC positive cases to caloulate reli-
ably concentration-dependent ORs,

Detailed overviews of epiderniological studies on DUIC
have been provided by Bates & Blakely [8], Chesher &
Longo {97, Ogden & Moskowitz [10] and Ramackers et al.
[11]. Drammer et af. conducted one of only few epide-
miological studles that correlated THC concentrations in
blood and accident risk and met qualily criteria not met
by other such studies [12]. The study used accident data
from detvers fatally injured in accidents in Australia and
found that THC concentrations in whole blood in the
range of 0-5 ng/ml were assoctated with an OR of 0.7
and concentrations between 5 and 100 ng/ml with an
ORof 6.6(95% CL 1.5-28), Note that both ORs represent
an average for the entire respective range of THC concen-
trations, so the average OR for a driver with a THC
concentration in blood of anywhere betweenn 5 and
100 ng/m!is 6.6, Because OR and bloed THC concentra-
tion are probably correlated by a linear or even exponen-
tial function, the pointrisk at 3 ng/mi THC in whole blood
is congiderably much lower than 6.6,

To differentiate more clearly the correlation between
OR and THC copcentration in the 0-20 ng/mi range G,
Berghaus and G, Sticht {personal communication) devel-
oped the data by Drummer et al. into a polynomial fane-
tion, The results in Fig. 1 show that THC concentrations
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in blood are not associated with an elevaied risk {OR > 1)
until they exceed about 6 ng/mi.

Comparizon of these cannabis-induced risks to those
associated with driving under the influence of alechol
viclds a first approximation to a numerical per se lmit for
DUIC. A BAC of 0.05% alcohol is associated with an OR of
about 1,52 [13-15]. According to Fig. 1, thatrange cor
responds to a THC conceniration in whole blood of about
6-8 ng/ml, eguivalent to a THC concentration n serum
of about 12~16 ng/ml. The latter assumes a typical con-
version factor of 2 between THC concenirations mea-
sured in blood versus serum.

A the study by Drummer et al. was hased on only 58
cascs whose blood samples contained only THC and no
otherindicators of drugs, the above copsiderations donot
vield a staiisbedlly acceptable basis for an enforceable
per se lmit. The latter would. require cpidemiological
data from a far larger number of cases.

A more recent epidemiolegical study, conducted in
France by Laumon # al. [15], evaluated a much larger
sample of THC-positive drivers (n=581) who were
involved in fatal accidents, OF them, 285 slso tested posi-
tive for alcobol with a BAC > 0.05%. The adjusted OR
{adjustnent for alcohol, drlver's age, type of vehicle and
time of crash) for all THC postitive cases was 1.78 (95% CL:
1.40-2.25), with the OR of cases with THC concentra-
tions in blood of less than 1 ng/ml being 1,57 {93% CI
(0.84~2.95) and the OR of the subgroup with the highest
THC concentrations (= 5 ng/ml whole blood) being only
slightly higher (OR=2.132, 95% CI: 1,32-3.38), Ths
overall OR of 1.78 reported by Laumon et ol [15] is
simitar to that found by Drummer ¢t al {12} (DR =2.7,
95% Cl: 1.02~7.0), and in lne with other sindies that
found only a small overall tnerease of accident rigk in THC
posttive drivers, e, Techune [16] {OR = 2.1), or even no.
itierease, e.g Longo et al. 117] (OR =(0.9). However, the
findings by Laumon et al. {15] contradict those from all
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Figure 2 Comparison of survivil functions for delta-9-1etrahydrocannabinol {THC) (in serum) and alcched (in whao'le blood} and establish-
ment of points of equal impairment. One curve represents the dala really measured {unsquat curve). the other curve represents the linear

folood alcohol concenration) or exponential (THCT smoothing

aicohol. A major shortcoming of this approach Is its
failure to consider whether the influence of alcohol and
cannabis, respectively, promote different adaptive behav-
iors that may modify accident risk under actual road con-
ditions [18]. Anoether limitation of this meta-analysis, as

-described below, is that it included fest results for ndica-
tors with no clear link to driving performance, such as
flicker fusion.

Within these limitations. a comparison of results from
meta-nnalyses for alcohol and THC, respectively, then
senerates. for a given THC blood conceatration. the cor-
responding BAC that causes the same level of impairment
In test skills and for which accident risk s well estab-
{ished. For example, one may regerd the THC concentra-
tion in blood at which the same percentage of all test
results shows impairment as with a BAC of 1.05% as the
THC concentration equivalent to that BAC.

The working groups of Krtiger and of Berghaus con-
ducted. in the 1990s, meta-analyses of suitable experi-
mental studies on the effects of low doses of alcohol and
cannabis [19,22,23]. Their work allowed a first system-
atic and quantitative comparison of the results of expert-
mental research on the effects of THC and alcohol,
respectively, For their meta-analysis of experimental
studies on cannabis, Berghaus et al. first selected, out of
more than 120 studies, those published in English or
German and meeting the following minimum criteria:
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testing of al least one driving-relevant skill, 2 minimum
of five human participants per study, information given
on THC dose and mode of administration; nurnber, age
and gender of subjects; time delay between consumpiion
and testing: type of test performed {e.g. tracking, visusl
fanction), and the. tasks (e.z two-hand-
coordination, flicker fasion), Test results had to be coded
as ‘significant improvement or bmpairment’, at least at
the 5% level or as 'no significant change’ [19].

Studies in which THC had been taken together with
other drngs or alcohol were excluded. Overall, 66 studies
in which caunabis had been smoked and 21 with oral
intake of cannabis were selected, including laboratory
tests, driving simulator and oa-road studies. Bleod THC
concentrations at the time of testing were estimated from

specific

the information on THC dose and other factors using the
pharmacokinettc model by Sticht & Kiferstein [21].
Figure 2 summarizes the key resulis from the two
meta-analyses. For alcohol and smoked cannabis, respec-
tively, each graph shows a set of two ‘survival Ranctions'”.
The respective curves give the percentage of results fom
all tests that showed sipnificant impairment at a given
BAC or TEC concentration in seruin. One eurve repre-
sents the original dats; the other curve shows the results
of lmear (BAC) ar exponential {THC) smoothing. Com-
parison of the two graphs thus suggests that a BAC of
(0,04% and a serum TEC concentration of 43 ng/ml
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Other modifying factors -

Three other potentially modifying factors must be consid-
ered when setting legallyf binding numerical per se tmits
for THC. First. the epidemiological study by Drummer
¢t al. suggests that THC concentrations indicate elevated
accident risk at levels higher than indicated by experi-
mental stadies [12] This may be due to the more pro-
nounced adaptive behaviours (slowing down, reduced
risk-taking) observed with cannabis-affected drivers o
driving sinulator apd onroad studies, both of which rep-
resent more closely reallife conductions. In that case.
_comparison of experimental studies for aleahol and THC,
respectively, would resalt in systematically lower per s¢
Hinits for THC than dertved from epidemiological studies.

Secondly, canuabls consamption produces measur-

able THC residues in blood long after smoking, At
10 hours after smoking residual THC concentrations in
the serum of ovcasional or even frequent users have
declined to typically Tess than 5 ng/ml The suggested per
so It in the range of 7-10 ng/ml safely avolds misclas-
sification of deivers presenting with THC residues from
previous cannabis use. [t would alse spare drivers with
low butr measurabie THC concenirations caused by
passive exposure o cannabis smoke or by smoking or oral
intake of low THC doses for medicinal pasposes [26-311

Finally, & legal per se lmit for cannabis amust consider
that the concarrent use of alcohol and cannabis impairs
driving skills more thar each drug individually [32]. For
drivers presenting with measurable THC concentrations
and z BAC exceeding (1.03% or 0.05%, a lower per s¢ limnit
for THC than proposed above may be appropriate.

Using current selentific evidence on cannabis-indaced
wmpalrient 5 gsychomotor skills and the related acci-
dent visk, this paper suggests a range of 7-10 ng/ml THC
in the serum for an initial non-zero per se limit. It offers
reasonably reliable separation of drivers whose driving is
in fact impaired by cannabis from those who are not
tmpatred, Tnadeguate evidence from epidemiological
studies renders this limit preliminary and suggests the
nced for zoview and possibly revision in the future. Cur
findings also suggest that using a zero limit for legal deter-
mination of mpairment by cannabis, which in practice
corresponds to the limit of detection for THC in blood,
would classily inaceurately many drivers as driving wader
the influence of. and being tmpaired by the use of
cannabis.
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