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betweean women and men. Across the other drugs of abuse reviewed, data also suggest sex and gender may be pre-
dictive of outcome for some agents, althouwgh the relatively low representation of women in dinical research samples
lirmits making definitive conclusions, We ecommend the incorporation of e and gender inta clinical care guidelings
and improved access to publicly available sex-stratified data from medication developrment investigations.

Highlights

+ Substance use contimees to contribute to significant morbidity and mortality in the United States.

« To reduce the public health burden attributable to substances, the National Institute on Drug Abuse and the
Mational Institute on Alcobol Abuse and Alooholism have identihed that medication development for substance
use disorder is & high priority research area.

« We reviewed major dasses of abused substances (nicotine, aleohol, cocaine, cannabis, opioids) demonstrating
that, sex and gender have not been well-considered in addiction medication development research,

+  When adequate data on sex and gender differences have been evaluated (Le., in tobacoo cessation), clinically sig-
nificant differences in response have been identified between women and men. However, these data are not at all
considered in clinical care guidelines.
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Medications for Tobacco: Sex differences?

FDA approved medications for
smoking cessation

o Nicotine replacement
(various forms)

o Bupropion (Zyban,
Wellbutrin)

o Varenicline (Chantix)
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Meta-analysis of Bupropion by Sex
(n=4,421)
N

End of treatment point
prevalence Bupropion increased rates of

quitting in women and men
J Men O.R.=2.53
. Women O.R. =247

However, rates of quitting
lower in women overall,
regardless of treatment

Quit Rate (%)
s 8 & & &

o

Women condition
W Bupropion EPlacebo . women were 21% less
likely to quit

Sharf & Shiffman, 2004, Addiction
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Abstract

Intreduction: Converging clinical and biclogical evidence suggest sex is an important factor when
selecting a pharmacological intervention for smoking cessation. The current investigation used
network meta-analyses to estimate sex differences in the comparative efficacy of transdermal nic-
ofine (TN}, varenicling, and sustained release (SR) bupropion for smoking cessation.

Methods: Systematically searched previously published reviews and databases (Medline, PsycINFO,
Embase) of randomized, double-blind, placebo-controlled trials of bupropion-5R, TN, and varenicline
for cigarette smoking cessation in primary care/general community samples were included.
Results: Thirty-two studies met all criteria and 28 (B8%) were included in the final analyses, rep-
resenting 14 389 smokers (51% female). Results of the full sample (women and men combined)
mirrored those from a Cochrane Tobacco Addiction Group network meta-analysis of smoking ces-
sation pharmacotherapy, showing VAR>TN=BUP All medications improved quit rates over placebo
for both women and men. Relative to placebo, varenicline efficacy was similar for women and



Network Analysis of Medication Efficacy by

Sex

Odds Ratios for Medication

Comparisons o
B Varenicline vs Nicotine

2 Replacement

ODDS RATIO

Cochrane
(n=101,804)

O

Head-to-head
comparison of
nicotine patch,
bupropion,
varenicline

Cochrane results
(VAR>BUP=PAT
CH)

Cahill et al., Cochrane, 2013; Smith....McKee, NTR, 2017



Network Analysis of Medication Efficacy by

Sex
- J
Odds Ratios for Medication o Head-to-head
Comparisons .
lpVarenicIine vs Nicotine comparison of
2 Replacement nicotine patch,

bupropion,
1 varenicline

5 * *
1 o Cochrane results
(VAR>BUP=PAT
0.5 CH)
0

Cochrane Our results o Qur results_
(n=101,804) (n=14,389) (VAR>BUP=PAT
Cahill et al., Cochrane, 2013; Srg;thl..)..McKee, NTR, 2017

ODDS RATIO



Network Analysis of Medication Efficacy by

Sex
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Meta-analysis of Varenicline by Sex
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Abstract

Introduction: Women have lower rates of quitting than men with both bupropion and nicotine
replacement. It is unknown whether varenicline demonstrates differential efficacy for men and
women. The purpose of this study was to conduct the first comprehensive meta-analysis of clinical
trial data examining sex differences in the efficacy of varenicline for smoking cessation.

Meathods: Searching MEDLINE, EMBASE, and PsychINFO, 17 of 43 clinical trials of varenicline for
smoking cessation published through December 31, 2014 were low-bias randomized double-blind
placebo-controlled trials. Data (n = 6710 smokers, 34% female, n = 16 studies, 96% of available
data) was analyzed with Metafor program in R. Outcome endpoints were 7-day point-prevalence
{PP) and continuous-abstinence (CA) at week 12 (end of treatment), week 24 {6-month follow-up),
and week 52 (1Z2-month follow-up).

Results: Using placebo, women were less likely than men to quit (PP-12, CA-24; P < .05 for sex).
Using varenicline, similar rates of abstinence for men and women were demonstrated for all six
outcomes (eg, PP-12 abstinence rates were 53% in both women and men). Varenicline versus pla-
cebo outcomes demonstrated that varenicline was more effective for women for short and inter-
meadiate outcomes (PP-12, CA-12, CA-24; P < .06 sax x medication interaction). For end-of-treatment

PP, varenicline was 46% more effective for women. For continuous abstinence, varenicline was
A ACA AT and 1 (CA-PAY more affactive for sonmean

We conducted meta-
analysis pooling data
from 10,641 adults who
smoke, representing
98% of all Phase |l & I
data

« Data obtained from
Pfizer & academic
iInvestigators

Women had greater
odds for quitting vs men
(VAR vs PLA: W>M)



Phase 4 Meta-analysis of Varenicline by Sex
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Real-world quitting
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Gender differences in the real-world effectiveness of smoking cessation ®cmm¢
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Drug and Alcohol Dependence

journal homepage: www.elsevier.com/locate/drugalcdep

ARTICLEINFO ABSTRACT

Keywords: Background: Meta-analyses of clinical trial data have identified clinically relevant gender differences in the
Gender efficacy of smoking cessation pharmacotherapy. It is unclear whether these findings are generalizable 1o smokers
Smuking quitting in real-world contexts.

(_L”"“"_"“'." Methods: Using Tobacco Use Supplement to the Current Population Survey (TUS-CPS) 2010-2011 cross-sec-
:j:::;:“hm tional data, we gencrated propensity score matched samples of smokers who quit either unassisted by medi-

cation, using only varenicline, or using only transdermal nicotine patch (TNP). We used generalized estimating
equations to estimate gender differences in the comparative effectiveness of these cessation options for achieving
30-days of abstinence, adjusting for potential confounders.

Results: When stratified by gender, TNP was significantly more effective than unassisted quit artempts for men

Effectiveness



RCT Pfizer EAGLES study: Sex differences
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Point Prevalence 6 month follow-up, n=8 144 adults

by Treatment and Gender
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+ Substance use contimees to contribute to significant morbidity and mortality in the United States.
« To reduce the public health burden attributable to substances, the National Institute on Drug Abuse and the
Mational Institute on Alcobol Abuse and Alooholism have identihed that medication development for substance

use disorder is & high priority research area. WO m e n
« We reviewed major dasses of abused substances (nicotine, aleahol, cocaine, cannabis, opioids) demonstrating

that, sex and gender have not been well-conssdered in addiction medicatson development research.

« When adequate data on sex and gender differences have been evaluated (i.e.. in tobacoo cessation), clinically sig- | ' T
nificant differences in response have been identified between women and men. However, these data are not at all VA R > B P — PA H
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Clinical Practice Guidelines: Tobacco Use

Disorder
I

Is gender a There is evidence that NRT can be effective with both
el lelIgztilel | sexes:; however, evidence is mixed as to whether NRT
=gl is |less effective in women than men. This may

=l d{e=iile 74 encourage the clinician to consider use of another type
of medication with women, such as bupropion SR or
varenicline.

Based on current evidence

o Nicotine replacement and bupropion may be less
effective for women vs. men

o Should varenicline be recommended as first choice
option for women (based on n>41,000 adults who
smoke)?

https.//www.aafp.org/dam/AAFP/documents/patient _care/clinical_recommendations/Trea
tingTobaccoUseandDependence-2008Update.pdf




FDA-approved Medications for AUD: Sex

differences?
e

SABV
incorporated differences
SABV in into any differences in adverse
Medication study design analysis in efficacy events
Naltrexone No Post-hoc W=M W>M
Acamprosate No Post-hoc W=M W=M
Disulfiram No No ?7?7?7 ?7?7?

SABV: Sex as a biological variable

McKee & McRae-Clark, BSD, 2022



Novel Medications for AUD
I

Other medication targets which have shown promise for

SABV

incorporated 57:) ¢ differences
Medication SABV in into any differences in adverse
Target study design analysis in efficacy events
Cholinergic No 2 studies W<M ?7?7?
Noradrenergi No 1 study W=M ?7?7?
C
GABA No 2 studies W>M ?7?7?
Serotonin No 1 study W>M ?7?7?
Anti-epileptics No No ?7?7? ?7?7?

SABV: Sex as a biological variable

McKee & McRae-Clark, BSD, 2022



Medications for AUD: Sex differences?
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Odds Ratio for Med vs Placebo
o

Full
Sample
(n=190)

Females
(n=85)

RCT of baclofen (GABA
agonist)

Significant sex differences

found but not discussed in
paper

Reynaud et al., 2017, Alcohol & Alcoholism
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+ Substance use contimees to contribute to significant morbidity and mortality in the United States.

« To reduce the public health burden attributable to substances, the National Institute on Drug Abuse and the
Mational Institute on Alcobol Abuse and Alooholism have identihed that medication development for substance
use disorder is & high priority research area.

« We reviewed major dasses of abused substances (nicotine, aleahol, cocaine, cannabis, opioids) demonstrating
that, sex and gender have not been well-conssdered in addiction medicatson development research.

« When adequate data on sex and gender differences have been evaluated (i.e.. in tobacoo cessation), clinically sig-
nificant differences in response have been identified between women and men. However, these data are not at all
considered in clinical care guidelines,
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argeting Stress for Treatment Development

o If treatment is
going to be
effective for
women, then
treatments need
to target factors
that underlie
substance use In
women.

o Targeting stress-

D .



What Drives Use in Women vs Men?
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long-term abstinence for the majority of st
Recent findings One of the principal mec
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stress. Targeting the brain stress systems ¢
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Summary This review explores brain stress
use and dependence. The corticotropin-rele
system, the hypothalamic-pituitary-adrenal
noradrenergic system are discussed in relat
Preclinical and clinical investigations tary
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Keywords:
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Stress
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Brain stress sysiems

ABSTRACT

Rates of alcohol use disorder (AUDY) have increased in women by 84% over the past ten years relative (o a 35%
Increase in men. This substantive Increase in female drinking is alarming glven that women experience greater
alcohol-related health consequences compared to men. Stress 15 strongly assoclated with all phases of aleohol
addiction, Including drinking initiation, malntenance, and relapse for both women and men, but plays an
especially critical role for women. The purpose of the present narrative review 5 to highlight what 1s known
about sex differences in the relationship between stress and drinking. The critical role stress reactivity and
negative affect play in initiating and maintaining alcohol use in women is addressed, and the available evidence
fior sex differences in drinking for negative relnforcement as it relates to brain stress systems Is presented. This
review discusses the critical structures and neurotransmitters that may underlie sex differences in stress-related
alcohol use (e.g., prefrontal cortex, amygdala, norepinephrine, corticotropin releasing factor, and dynorphin),
the involvement of sex and stress in alcohol-induced neurcdegeneration, and the role of ovarian hormones in
stress-related drinking. Finally, the potential avenues for the development of sex-appropriate pharmacological
and behavioral treatments for AUD are identified. Overall, women are generally more likely to drink to regulate
negative affect and stress reactivity. Sex differences in the onset and maintenance of alcohol use begin to develop
during adolescence, coinciding with exposure to early life stress. These [actors continue to affect alcohol use into

selarlihawwe!  whaen rechisre! reonesnsdvity s drece increcrces] affect -relaiedd pevebicare coomorbBidities and abenbod.



What Maintains Use in Women vs Men?
I

Sex differences in positive and negative reinforcement

Negative reinforcement Positive reinforcement

Neurobiological underpinnings of
substance use




Potential Systems to Target Stress

Brain stress
systems

Anti-stress systems

Mason, 2017, Neuropharn



Targeting Stress-Reactivity for Medication

Development
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Glucocorticoid
receptor antagonist,
mifepristone reduced
alcohol-cued craving
In the laboratory, and
naturalistic drinking.

Vendruscolo...Mason, 2015, J Clin Inv




Targeting Stress-Reactivity for Medication

Development

Cumulative preportion

Number of days until first alcohol
intake in the oxytocin (n = 16) and
the placebo (n = 17) groups

) 25
MNumber of days until first alcohol intake

Oxytocin did not
iIncrease days to
first alcohol use —
but sample was
/1% male and
gender differences
not examined.

Melby et al., Alc & Alcohol, 2020
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T
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Neuwroscience, Department of Psychology
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INTRODUCTION

Effects of the Kappa

Opioid Receptor Antagonist,
Nor-Binaltorphimine, on
Ethanol Intake: Impact of
Age and Sex

ABSTRACT: The Keapper apioid recepior (KOR) anfageomist, m!r—-'Jina!!erfJﬁimEnz’
(ror-BNI), was wied fo investipate the role of the KOR svstem in mediating
ethamol intake. On P25 (adolescent) or POT (adult) male and female rats were
inalivieheally  housed and  given ad libitum  access to food and water. The
experimenial procedure was initicted on P28 or P70 animals were given
30 minfday access to a T0% ethanolsupersaccharin solution every other day
(3 baseline exposures). On the day after the final baseline tesy, rats were injected
with nor-BNI (0, 2.5, 5, 10 mgfe), with iesting initiated 24 hr laier (30-min
access every other day, 3 test exposures). Nor-BNI (10 mgikg) increased ethanol
intake in adult males, whereas the same dose decreased intake in adult females,
suggesting pronounced sex differences in KOR-associated mediation of ethanol
intake in adultheod. There was no impact of noe-BNI in adolescent animals
af either sex, suggesting that the KOR may play fess of a role in modulai-
ing ethanol intake during adolescence. @ 2003 Wiley Periodicals, Tnc. Dev
Psychobiol 56: TO0-T712, 2014.

Kevwords: adolescence; ethanol intake; Nor-BNI; sex differences; rat; kuppu
opioid recepior

enhancement of ethanol intake evident in both humans
(Chen & Kandel, 1995) and laboratory rodents, includ

Adolescence is a transitional period from immaturity to
maturity associated with hormonal, neural, and behav
ioral changes that are highly conserved across a variety
of mammalian species (Spear, 2000, 2010). It is also a
developmental perniod during which alecohol use s
typically imtiated i humans (Johnston, O Malley.
Bachman, & Schulenberg, 2013). While adolescents may
consume aleohol less freauently than adults do. thewy drink

ing rats (Doremus, Brunell, Rajendran, & Spear, 2005;
Maldonado, Finkbeiner, Alipour, & Kirstein, 2008;
Vetter, Doremus-Fitewater, & Spear, 2007), mice
(Tambour, Brown, & Crabbe, 2008) and rodents selec
tvely bred for high alcohol consumption (Dhaher,
McConnell, Rodd, McBride, & Bell, 2012). In humans,
early initiation of drinking plays a substantial role in
alcohol related problems later in life (Grant & Dawson.




Potential Medications to Target Stress
.

. Noradrenergic targets

o Guanfacine (alpha2a agonist)

o Doxazosin (alpha1
antagonist)

o Carvedilol (combined alpha1
& beta antagonist)

Kappa antagonist
o Cerc-501

Neurosteriods

PERIPHERAL ADAPTATION




argeting the Noradrenergic System

_
Noradrenergic pathways

1 are involved in stress-
Induced relapse to drugs,
iIncluding alcohol and
nicotine

J mediate substanc_:e-
provoked dopamine release
in the nucleus accumbens

u are involved in stress_—
induced decremen_ts IN
prefrontal functioning




argeting the Noradrenergic System

Guanfacine
a Alpha2a noradrenergic agoni
a Immediate-release formulatic

a Tenex (hypertension)
0 Extended-release formulatior
0 Intuniv (ADHD)




Targeting the Noradrenergic System

Ability to resist smoking following stress/relax
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Latency to start smoking

Cigarettes smoked following stress/relax
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Guanfacine increased the ability
to resist smoking, reduced
cigarettes smoked, and reduced
tobacco craving following stress,
In women but not men

Tobacco craving following stress/relax

S 140

§ B placebo

2 B guanfacine
> 105

o

g

o *

o 70

c

>

2

L9

- ' . '
o

o

a

2 0

female-stress female-relax male -stress male-relax




Rating of smoking
reinforcement (VAS 1-100)

Targeting the Noradrenergic System
N

~
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o

N
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o

Smoking-related reinforcement
during

lplacebo Jguan a8

feking I

female

male

Guanfacine
reduced smoking-
related
reinforcement in
men but not women

Reductions in
smoking-related
reinforcement were
associated with an
increased ability to
resist smoking in
men (r=-0.62), but
not women (r=-

N A 685\



argeting the Noradrenergic System

Guanfacine
relative to placebo
increased
activation in the
anterior cingulate,
ventro-medial
prefrontal cortex,
and bilateral insula
during the
incongruent
versus the
congruent stimuli

Guanfacine Placebo Guanfacine  Placebo

Y=-20

B Incongruent [} Congruent

Guanfacine Placebo

Collaboration with Marc Potenza McKee et al, 2015.



Guanfacine attenuates dopamine response in
extrastriatal regions, including cortex

Bl Untreated (n=16)
B Treated (n=12)

33% reduction
across cortical
regions

% A BP

25% reduction in
amygdala

Sandiego et al., 2018,



argeting the Noradrenergic System

Dorsolateral Prefrontal

Fig 3: Females with blunted dopamine release
were unable to resist smoking.

— p = 0.035"
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Latency to 15! Cigarette (min)

Females with greater
dampening of dopamine
release in the amygdala
had greater ability to
resist smoking following
stress and smoked less
cigarettes following
guanfacine treatment.

Sandiego et al., 2018,



Alpha2a knockdown in amygdala + guanfacine
Light/dark box

dependent on a2A receptor. This effect is
similar for female and male mice.

Mineur et al, NeuroPsychopharm, 2018



Phase 2 Smoking Cessation RCT
N

Point prevalence outcomes during treatment

(CPD>10)
> Guanfacine
40 /“/ T 6mg/day ER

> Increased

- e rates of

S e ST smoking
10 cessation

o

42% vs 19%
WK1 WK2 WK3 WK4 WK5 WK6 WK7 WKS

""" PLACEBO =——=GUANFACINE p<'05
McKee, RO1DA035001



Phase 2 Smoking Cessation RCT
.

Point prevalence outcomes summarized over treatment

50 - * Guanfacine was
. efficacious for
= women and men,
£30 with larger effects
n .
220 in women
2

o

Women

B Guanfacine BPlacebo McKee, RO1DA035001




Summary of Smoking Findings

|
Guanfacine
a Targets stress for women

a Targets smoking-related
reinforcement for men

a Mechanisms centralized In
the amygdala

a2 RCT demonstrated
reduced smoking with
larger effects for women




Smoking Cessation RCT: Alcohol outcomes
N

Weekly frequency of drinking % reductions in drinking over 8-
week treatment period

.
ot e
-

0.75
2
0.5
1 0 —

RO o Quantity % heavy drinking
< -0.25

# drinking episodes per week

e GUAN  seeeee PLA B GUAN OPLA

Guanfacine reduced drinking and these reductions
were associated with plasma medication levels (-
0.44 to -0.81)

McKee, RO1DA035001
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Phase 2 Study: Stress-precipitated Drinking

% of total dose consumed during first 15 min

*

FEMALES MALES

Alcohol craving following imagery

*

FEMALES MALES

=4
o
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=

Craving rating {1-100)
()
(=]

=

STRESS STRESS

EGUAN OPLA EGUAN OPLA

Guanfacine is attenuating stress-precipitated drinking and
alcohol craving in women but not in men

In men, guanfacine attenuated ratings of ‘want more alcohol’
(36% men vs 5% women).




Phase 2 Study: Stress-precipitated Drinking

Stress ratings at baseline Stress ratings during pre/post stress imagery
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Guanfacine appears to be targeting tonic ratings of
stress in women.



Targeting the Noradrenergic System

_
Different brain systems modulated by

noradrenergic activity are activated by substance

use in women and men
2 prefrontal cortex-amygdala axis in womer
0 mesolimbic dopamine system in men

Guanfacine (an alpha2a noradrenergi
agonist) can target these
gender-sensitive systems to improve
treatment outcomes



argeting the Noradrenergic System

o Phase 2 hybrid laboratory/clinical trial design
to examine efficacy of guanfacine (6mg/day)
for heavy drinking, and sex-dependent

mechanisms

guanfacine
or placebo 3 Laboratory Session
(N=160; n=40 med x sex cell) Stress, Stimulation, and,
Neutral Imagerv
Titrate to 2 hour ad-| I|I:| drmluml,r

ereelttreutment

3 month follow up
Medication + Medical
management platform

_sj:gady_sj:atg_lglels

Week -3 to Week -1 Week 0

Weeks +1 to +6 Week +10 & +18



YALE-SCORE U54AA027989

Targeting the dark side of addiction for AUD medication

ArviAlAnrmAant

4A. Heuristic Framework
Binge/
Negative affect
* dysphoria
Bl A * anxiety
: « irritability
« malaise

=T,

oy

tress and negative affect
drive compulsive drinking
particularly for women

= ventral tegmental arca, Adapled frons Koob & Volkew, Mewropsychopharm, 201074

\ /
FFC - prefronial conex, DS - dorsal sinii 1I{N.*.c - nucleus accumbens, BMST - bed nwcleus of the sinaterminalis. CeA - central mscleus of the mnyedala, VTA

197

4B. Key Targets 4C. Neuroadaptations of the *b process
Brain Structures -
= extended amygdala
» PFC

+ hippocampus

« cerebellum

Neurochemical Systems

+ norepinephrine ME dd GABA

« GABA n—-:::-—: e D == ::: .I\!-:..:'.::mm
HPA axis lhl-—i/l:llo B b Newrsdmnsune
« ACTH

« Cortisol

4a) Heuristic framework of the addiction
cycle

4pb) Key targets of Yale-SCORE focused
on the Withdrawal/Negative Affect
Stage

4c) Neuroadaptations of the ‘b process’
driven by stress and addiction

Neurcimmune function

Sex Steroid Hormones
+ Estrogen

+ Progesterone

+ Testosterone




Summary & Conclusions

o Medication trials for substance
use have not considered SABV ’

2 SABV needs to be incorporated
Into the design, power, analysis
and reporting of findings

o Targeting stress for treatment
development for women is
promising

o Noradrenergic targets hold
promise to target gender-
sensitive systems involved in
substance use
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