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Introduction:

The JUUL ENDS (JUUL Labs, San Francisco,
CA) is a closed nicotine-salt pod system (NSPS)

which aerosolizes an e-liquid solution through
vaporization. A temperature control system
integrated into the breath-actuated inhalation
pathway is designed to maintain an operating
temperature that is independent of puft intensity
and to minimize the generation of combustion-
related byproducts. The objective of the following
clinical study was to determine whether exposure to
key toxicants is reduced when adult smokers switch
from their usual cigarette brand to exclusive use of
the NSPS. With that goal in mind, we examined the
effect of a 5-day obligatory, controlled, absolute
switch from combusted cigarettes to the NSPS
on the levels of biomarkers of exposure (BOE’s)
in urine and blood, compared to usual brand of
combustible cigarette or complete abstinence. The
primary endpoint was reduction in NNN compared
to baseline.

Methods:

Ninety subjects were randomized into one of six
cohorts: use of NSPS (n=15 for each of four flavors
- Virginia Tobacco, Mint, Mango, Creme; all flavors
5% nicotine by weight), use of usual cigarette (n=15),
or abstinence (h=15). Total nicotine equivalents, and
the following biomarkers were measured in 24-hour
urine collections at baseline (Day -1) and at Day 5:

NNN, NNAL, 3-HPMA, MHBMA, S-PMA, HMPMA,
CEMA, and 1-OHP. COHb was measured in blood.

The study population consisted of healthy smokers,
age 22 to 62 inclusive, with a minimum 12-month
history of smoking 10 or more king-size (or 100s)
manufactured, combusted cigarettes per day.
Participants were naive to use of ENDS products and
willing to be confined at the clinic for up to 7 days.
The study was carried out in accordance with FDA
and ICH guidelines regarding Good Clinical Practice
and the ethical principles set forth in the Declaration
of Helsinki. The study protocol and informed consent
form werereviewed and approved by the Chesapeake
Institutional Review Board (Columbia, Maryland,
USA). Participants received monetary incentives for
completing specific milestones related to the study.

Results:

Subjects on average were 39 years old, and smoked
16 cigarettes per day; 38% were female. All subjects
randomized to the use of NSPS (n=60) and usual
cigarettes (n=15) completed the study; four subjects
from the abstinence armterminated early (n=11;73%
completion rate in-arm).
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Table 1: Baseline demographics and characteristics
(safety population)®

P':ires d Ci:::::es Abstinence | Overall
N 60 15 15 20
Age, y 39.0£10.59 | 40.3+x11.13 | 38.6 £ 14.26 [39.1 £11.40
Sex, male 37 (62%) 9 (60%) 10 (67 %) 56 (62%)
Race
ilrcru](e:lr(i é)(;nAfriccn 9 (15%) 1 (7%) 3 (20%) 13 (14%)
White 49 (82%) 13 (87 %) 10 (67 %) 72 (80%)
Ethnicity
Hispanic or Latino 2 (3%) 2 (13%) 0 (0%) 4 (4%
Not Hispanic or Latino | 58 (97%) 13 (87%) 15 (100%) 86 (96%)
BMI[JM2] , kg/m2 28.2 + 531 27.8 + 4.28 275+ 567 |28.0%519
D tomey Score | 550%1.55 | 487+172 | 520+ 142 |534% 155
Cigarettes per day 165 £ 3.75 15.1 £ 3.66 162+ 258 | 162+ 3.64

°Data are presented as n (%) or mean * standard deviation

Table 2: Relative mean product consumption and mean
total nicotine excreted®

Units

NSPS Pooled| Usuadl
Groups | Cigarettes

Num participants ITT participants n =60 n=15
Mean e-liquid consumed /' day Grams (actual) 0.79 £ 0.39
(days 4-5)
Mean cigarettes consumed / Num cigarettes +
day (days 4-5) (actual) 193 T 487
Pod content
Mean pod equivalents equivalents n
consumed / day (estimated; assuming 104 = 0=t
0.77 g per pod)’
Mean pack equivalents Pack saqulva s
(actual; assuming 20 0.97 = 0.23
consumed / day .
cigarettes per pack)
Mean fotal nicotine equiv mg / 24h (actual) 183+ 102 | 19.0 + 453
excreted (day 5) T R
Relative total nicotine
equivalents excreted per pod or | (estimated) =3 % 100%
cigarette pack consumed

‘Pod content equivalents consumed per day are calculated assuming e-liquid in pods

is completely consumed. If pod is incompletely consumed, then relative ratio would be
lower than 91%::100%.

Nicotine Consumption and Excretion:

Over the course of 5 days, mean total nicotine equivalents
increased by 9% in the pooled NSPS group vs. 26% in the
usual cigarette group (p-value for difference >0.05). Total
nicotine equivalents were reduced by 96.4% in the abstinence
group, consistent with compliance with no smoking or nicotine
consumption for 5 days in that arm.

Figure 1: Mean percent change in total nicotine
equivalents at Day 5 vs. Baseline (Day -1) in urine®
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Mean total nicotine equivalents excreted on day 5 was similar
between the usual cigarette arm (19.0 mg/24h) and the NSPS
pooled arms (18.3 mg/24h). The usual cigarette cohort consumed
amean of 19.3 cigarettes per day, and the NSPS cohorts consumed
a mean of 0.79 grams per day. In this experimental setting with
this population, this suggests that an NSPS pod, if completely
consumed, would result in the mean total nicotine equivalents
excreted associated with consuming 91% of a pack of cigarettes.

Changes in Biomarkers of Exposure
(Non-Nicotine):

Decreases in the mean levels of all non-nicotine BOEs were
observed in the abstinence group and four NSPS groups at
Day 5 compared to baseline (Day -1); the cigarette group
demonstrated increases in all BOEs except for 1-OHP and
HPMA. The eight non-nicotine urine BOEs were reduced by an
average of 85.3% in the abstinence group and 85.0% in the
pooled NSPS group (99.6% relative reduction in aggregate
biomarkers; p-value for difference >0.05). Similar reductions
were seen in the pooled NSPS and abstinence groups for
each individual BOE (p>0.05 for each analyte). In the usual
cigarette group, these BOEs increased by an average of
14.4% (pooled NSPS vs. usual cigarette; p<0.001 for each
analyte). COHb was likewise reduced by 71.8% in the pooled
switching group vs. 69.1% in the abstinence group (p-value
for the difference >0.05), while increasing by 13.3% in the
usual cigarette group (p<0.001).

In contrast to combusted cigarettes, NNAL, 3-HPMA, MHBMA,
S-PMA, HMPMA, CEMA, 1-OHP, and COHb were significantly

reduced in the blood and urine of smokers who switched to
any of the NSPS flavors, and the mean percent reduction was
similar to the percent reduction seen in the abstinence arm.
For NNN, the mean percent reduction was not statistically
different from abstinence for all flavors. However, within two
cohorts, a subject showed increase in NNN, which impacted our
primary hypothesis (medianreductionsimilarto NNN, but mean
reduction not statistically different from mean). Furthermore,
an increase of 63% was seen in NNN in the cohort which
continued smoking their usual cigarette. This will be further
evaluated in future studies.

Figure 2: Mean change in biomarkers of exposure (BOE’s)"
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Figure 3: WISDM (Primary Dependence Motives, PDM);  Changes in Psychometric Measures: Conclusion:

WISDM (Secondary Dependence Motives, SDM)®
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Mean primary dependency motives (WISDM-PDM) were
reduced for the abstinence arm and for all four flavors of NSPS,
but not for the usual cigarette arm. Secondary dependence
motives (WISDM-SDM) were reduced for all products (Figure
3). Urge to smoke increased in subjects in the abstinence arm,
and this moderated over time. For NSPS and usual cigarettes,
mean urge to smoke did not similarly increase during the first 4
days, or decreased (Figure 4). Note that a limitation of the scale
used is it does not clearly specify whether urge to smoke refers
to cigarettes or urge to use any tobacco product, including
e-cigarettes, and this will be further explored in future studies.

Figure 4: Change in Urge to Smoke’
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Note: Consistent with applicable laws and regulations, JUUL Labs does not, and cannot, promote its products as being less harmful than cigarettes.

For the non-nicotine urinary biomarkers studied, for
adult smokers who switched to NSPS, an aggregate
mean reduction of 99.6% was observed relative to
the reduction associated with five days of abstention.
Likewise, blood COHb was similarly reduced in the
NSPS and abstention arms. These results support
the objective that complete switching from cigarettes
to the NSPS may lead to meaningful reductions in
multiple key, short-term biomarkers of exposure
observed withcombustibleuse. Nicotinedelivery and
subjective measures are consistent with acceptability
of JUUL as substitute for combusted cigarette for
adult smokers.

Limitation:
Incomplete switching from cigarettes to NSPS (dual-use) was
not studied.

JUUL Labs is on a mission to improve
the lives of the world’s one billion adult

smokers by eliminating cigarettes.
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Background

In 2017, the proportions of 8th, 10th and 12th graders who believed regular e-cigarette use poses a ‘great risk of harm’

were 20%, 19% and 16%, respectively (Monitoring the Future, 2017).

The U.S. FDA has expressed concern that these data indicate the majority of youth are either unaware of the potential

health risks of e-cigarette use, or underestimate their likelihood of experiencing harm from using e-cigarettes.

Harm perceptions provide a strong empirical basis for explaining why adolescents initiate and continue to use tobacco
products. Previous research suggests that youth who perceive vaping as posing little to no risk of harm or addiction will

be more open to try using, or continuing to use, e-cigarettes.
In 2018, JUUL became the fastest growing and highest selling brand of e-cigarette/vapor products in the United States.

This study assessed adolescents’ perceptions of the absolute and relative harmfulness and addictiveness of using a

JUUL e-cigarette and smoking regular cigarettes.

Methods

A non-probabilistic sample of U.S. adolescents aged 13-17 years (n = 9,872) was recruited from an internet research
panel to complete an online survey between 23 November and 13 December 2018. Individuals were excluded if they had

not seen or heard of JUUL e-cigarettes before this study. Parental consent and youth assent were obtained.

Perceived harm of occasional and daily use of a JUUL e-cigarette and combustible cigarettes was assessed by four
questions: How much do you think people harm themselves when they:

1. Use a JUUL e-cigarette on some days?

2. Use a JUUL e-cigarette every day?

3. Smoke cigarettes on some days?

4. Smoke cigarettes every day? ((1) No harm; (2) A little harm; (3) Some harm; (4) A lot of harm).

Perceived length of time till harm is caused by using a JUUL e-cigarette and smoking cigarettes was assessed by the
question: How long do you think someone has to use a JUUL e-cigarette/ smoke cigarettes before it harms their health? ((1)
It will never harm their health; (2) Less than a year; (3) 1 year; (4) 5 years; (5) 10 years; (6) More than 20 years; (7) Don’t

know).

Perceived likelihood of becoming addicted to JUUL e-cigarettes and combustible cigarettes was assessed by the question:
How likely is someone to become addicted to using a JUUL e-cigarette/ smoking cigarettes? ((1) Very unlikely; (2) Somewhat

unlikely; (3) Neither likely nor unlikely; (4) Somewhat likely; (5) Very likely).

Data were weighted to be nationally representative of the U.S. adolescent population on age, gender and census region.
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Figure 1. Perceived harm from occasional and daily use of a JUUL e-cigarette and combustible cigarettes.
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Figure 2. Perceived length of time till harm is caused by using the JUUL e-cigarette and smoking cigarettes.
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Figure 3. Perceived likelihood of becoming addicted to JUUL e-cigarettes and combustible cigarettes.
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Figure 4. Adolescents’ perceived harmfulness and addictiveness of using a JUUL e-cigarette compared to smoking combustible cigarettes.

Results

Datily Use
Around 6 out of 100 U.S. adolescents (6.1%) think using a JUUL e-cigarette every day would be harmless.

Around 46 out of 100 U.S. adolescents (45.9%) think using a JUUL e-cigarette every day would cause ‘a lot of harm’.

Occasional Use
Around 9 out of 100 U.S. adolescents (9.3%) think using a JUUL e-cigarette on some days would be harmless.

Around 29 out of 100 U.S. adolescents (28.9%) think using a JUUL e-cigarette on some days would cause ‘a lot of harm’.

Duration of use before experiencing harm
Around 11 in 100 U.S. adolescents either believed they would never experience any harm from using a JUUL e-cigarette

or that they could use a JUUL e-cigarette for at least 20 years before they would experience any health harms.

Likelihood of addiction

17.3% of U.S. adolescents believed people are somewhat/very unlikely to become addicted to using a JUUL e-cigarette.

Relative harmfulness and addictiveness
39.3% and 29.3% of adolescents believed using a JUUL e-cigarette is less harmful and less addictive than smoking

cigarettes, respectively.

Conclusions

The majority of U.S. adolescents believe using a JUUL e-cigarette poses fewer risks to health than smoking regular
cigarettes, but also that using a JUUL e-cigarette would put them at some risk for experiencing health problems and

addiction.

However, a small but significant proportion of adolescents hold the erroneous belief that using a JUUL e-cigarette would

be risk-free.

Several theories of health behavior change and previous research on tobacco harm perceptions would predict this

smaller group of adolescents is at higher risk for initiating or continuing to use JUUL e-cigarettes.

Ethics Approval

This study was approved by Advarra Institutional Review Board (Approval no. 00030080, 2 October 2018).

Declaration of Funding

Funding for this study was provided by JUUL Labs Inc. JUUL Labs Inc. had no input to or control over the study design, contents of the survey instrument, sample
recruitment, data analysis, interpretation, or reporting of findings. The authors alone are responsible for the contents, production and decision to report this study.

Availability of data and materials
The datasets analysed in the current study are available from the corresponding author on reasonable request. The raw data collected in this study and the survey

instrument will be submitted by the authors to FDA Center for Tobacco Products. The raw data collected in this study has not and will not be shared with JUUL Labs
Inc.
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, o included: smoking O- , smoking for <= - . 3 3 ariables with Greatest Importance in Pruned Tree considerations that heavier smokers may

* CART C{”C”YS'S wus.performed on the training 1 year, smoking <20 days in month prior to 50-60 lmlnutes 1140 (15.3%) 897 (11.77%) Days Smoked in Month at Baseline girgé)rﬁt%;?n()ﬁfetime 0.70 [0.55-0.91] 0.007 benefit from additional resources (e.g.,

era’ro Twh”h cro:ss-vqIldcflopf;rlczrhprod.u.ce O JUUL purchase, planning on quitting smoking |60+ minutes 1783 (24.0%) 2012 (26.2%) o Number of Yenre Srokee behavioral support) to improve switching rates.
. o o : : : : ITeti u
ree. 1he maximum iree with The minimum with JUUL and currently trying to quit Smoked >100 cigarettes in lifetime 6604 (88.8%) | 5876 (76.6%) | <0.001 | ourrently Have Mental —— 0.gg 0.76-1.03]  0.108 e The results also indicated that smokers who were
lassifi d h
misclassification error was examined, and the smoking. Conversely, having previously used | gmoke Menthol cigarattes 2169 (29.3%) | 1725(22.7%) | <0.001 Physical Health ivel i it smoking and th
tfree was then pruned to remove insignificant an ENDS was associated with lower odds of J o 70 LD ' _ Asian 1.15 0.82-1.61] 0.425 actively atrempfing fo quit smoking and those
rodes based on the misclassification error switching. (Table 3) Planning to Quit Smoking with Juul 5499 (86.2%) | 4470 (87.8%) 0.01 Previous ENDS Use before Juul purchase o s et ora who stated they had purchased a JUUL product
graph. The minimum node size was set to be . Previous Juul Use at Baseline 3976 (53.6%) 4476 (58.5%) <0.001 Cigarettes Per Day Smoked at Baseline | - ' to help them qu'f smoking were more likely to
10% of the trainina sample size _ _ _ _ _ . _ White 1.11 0.86-1.42. 0.422 successfully switch than those who purchased the
0 9 P ) 1. Russell et al. (2019). Factors associated with past 30-day abstinence from Currently Trylng to Quit Smoklng 3031 (829%) 2802 (856%) 0.002 Bought JUUL with motive to quit smoking pl’OdUC"' fOI’ o’rher redsons
cigarette smoking in a non- probabilistic sample of 15,456 adult established curren ‘
® ReCUFSiVG feCIfUl'e e|iminc1’rion wdAads performed SI’?IOkerS in the U?ﬂted Statespwho used JUUvaapor products fct)r tr:ree months. t Physical Health Smoked >100 cigarettes in Lifetime gggl;)ei?;l’t)é):_)lla(\égndition 0.95 [0.78-1.15] 0.579 . . . . . . .
on the full sample to identify the subset of ,, Ham Reduton Joumal Fortheoming. _—m * This finding has implications for interpreting
. reiman, L. . UIaSSITication an egression Irees. noutieage rFress. 0) 0) . . . .
covariates that maximized accuracy and Area PO_Or 219 (3'8A)) 185 (2'5 A)) <0.001 CART Tree Measure of Fit Training Sample Validation Sample E;esvelﬁﬁg =IDS Use at 0.63 [0.54-0.74] 0.000 populc:’rlon-level dato regordlng. the pOfenhol
Under the Receiver Operating Curve (AUC) in the Fair/Good 4552 (62.1%) 4045 (53.8%) | | success of vapor products to switch adult
overall sample, with 5-fold cross-validation. Very Good/Excellent 2505 (34.2%) 3292 (43.8%) ACCURACY oo oo gmﬂ'ﬂg o L 2.03 [1.35-3.06] 0.001 smokers from combustible tobacco.
" MISCLASSIFICATION RATE: % % . .

e The parsimonious subset of features that was Currently Have Mental Health Condition 3120 (43.8%) 2664 (36.8%) | <0.001 S(?. .SS © C.). 507 507 Physical Health 108 0.94-1.24 0.279 * Additional research is needed to further
identified was used to fit a logistic regression Mean Alcohol Days in Past Month (+SD) 7.4 (8.4) 6.6 (7.8) <0.001 Sensitivity (True Positive Rate) 60% 2% NHP! 06 0.93.1 53 0083 U”ierﬁm”d SYE';fCh'”lg pggr.e.rns C‘lr?]O”? ﬁubb%mtfps
model on the training data. i i 0 0 Precision 68% 63% ' — — . and the possible role additional health behavior

° E’xperllenced Money Shortage I I.Dast Ye.ar 1923 (20'00@ 113 (16'j *) <0.001 | ) X Smoke Menthol 0.96 0.83-1.12] 0614 change assistance may serve to more effectively
Receive Some Form of Economic Assistance 829 (12.6%) 661 (9.8%) <0.001 F1 Score: 64% 67% cigarattes support switching.
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Differences among Subgroups of Adult Smokers using JUUL in Switching from Smoking after 90 Days
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* Across all four cohorts, previous use
of an ENDS device decreased odds of

switching by 20-40%. In three of the four
cohorts, planning to quit smoking with

Table 2. Results from logistic regression with recursive feature elimination on the
training cohorts: parameter estimates and odds ratios

*The parsimonious subset of features that Table 1. Top Variables of Importance in each Cohort as Identified by Recursive Feature Elimination with Cross-Validation
was identified for each separate cohort was
used to fit a logistic regression model on the

tfraining data.

Background:

* Previous studies have shown that JUUL
products may be useful in assisting adult

Variables with Greatest Importance for
Younger/Lighter Smokers

Variables with Greatest Importance for

Older/Heavier Smokers

Variables with Greatest Importance for Variables with Greatest Importance for
Younger/Heavier Smokers Older/Lighter Smokers

Overall Switching Rate Across Full Sample: 49%

iliscience.com

products for three months. Harm Reduction Journal. Forthcoming.

Note: Consistent with applicable laws and regulations, JUUL Labs does not, and cannot, promote its products as being less harmful than cigarettes.

smokers in swi’rching from combustible Plan.nlng to Quit with Juul | Plan.nlng to Quit with Juul | Plan.nlng to Quit with Juul | Plan.nlng to Quit with Juul | Older/Heavier Smokers Younger/Heavier Smokers JUUL and smoking <10 doys i the month
cigc:re’r’res 1 Swi’rching behavior may be Previous ENDS Use at Baseline Previous ENDS Use at Baseline Previous ENDS Use at Baseline Previous ENDS Use at Baseline Overall Switching Rate in Cohort: 34% Overall Switching Rate in Cohort: 43% or to JUUL H , d odd :
. ' : - o o prior 10 purchase increased odds O
mformed by dlﬁeren’r ChCII’CICTerISfICS thIf Res U Illls: Male _ — Male _ — Male Male _ — Parameter (r)a‘{?j gfir/oO(I;RL P-value Parameter ?:!t?: %5or/00(I:RL P-value swi’rchin (Tc:ble 2)
vary by age and in’rensiw of smoking status e Univariate analvses of differences across Smoked >100 cigarettes in Lifetime Smoked >100 cigarettes in Lifetime Smoked >100 cigarettes in Lifetime — t 043 | [0.03-645 | 054 — t 725 | [0.11-478] | 0.354 J °
. nterce . .Uo-0. . nterce . e .
cohorts (Data nz t shown) Days Smoked Per Month at Baseline Days Smoked Per Month at Baseline Days Smoked Per Month at Baseline — Spmoke d (reference = >20 years) — Spmoke d (reference = >10 years) O |In both cohorts of heavy smokers, those
We conducted recursive feature elimination 0 - Lifetime Number of Years Smoked Lifetime Number of Years Smoked Lifetime Number of Years Smoked <=1 Year 17 | [0.25-11.35] | 0.585 <=1 Year 068 | [0.11-4.14] | 0.674 who bought a JUUL starter kit with the
with |ogis’ric regression on four distinct 0 A |Clrge majority of younger smokers Currently Trying to Quit Smoking Currently Trying to Quit Smoking Currently Trying to Quit Smoking 1-5 years 2.32 | [1.04-5.19] | 0.040 1-5 years 0.59 | [0.13-2.59] | 0.483 motive of quitting Smoking demonstrated
cohorts of adult smokers, identified based were male. Smokers in both younger Physical Health Physical Health Physical Health 5-10 years 1.24 | [0.8-1.92] | 0.340 5-10 years 0.66 | [0.16-2.61] | 0.549 35-50% higher odds of swi’rching.
on age and cigarettes per day (CPD) cohorts were also less likely to have Overall Health Overall Health Overall Health 10- 20 o 11 | [0.76-1.59] | 0610 10- 20 o VA | N/A /A oS | characteristics withi "
: ) . - - - Marital : not t Marital Stat : not t
smoked at bdsellne, to ClCISSIfy those who been ever married and to have Wr_"te Whlte Wr_"te mgmgd) tatus (reference: not currently mgﬁ:rigd) atus (reference: not currently el;/er? ? fCIr'C.ZII-C eris ICShWI N eqc
were no longer smoking 90 days after experienced emotional stress in the past ~ [ASian Asian Asian Married 1.04 | [0.68-1.58] | 0.860 Martied 0.70 | [0.13-3.93] | 0.689 SUDSET O Teatures, such ds previous
pUI‘ChCISing a JUUL S_I_Or_l_er kl_l_ Week pl‘ior .l.o JUUL pUI‘ChCISG. Marital Status Marital Status Marital Status Never Married 1.43 [0.97-2.11] 0.072 Never Married 0.70 [0.11-4.48] 0.710 ENDS use 01' basehne Clnd p|CInnIng 1'0
. Motive for buying JUUL: To Quit Smoking Motive for buying JUUL: To Quit Smoking Days Smoked Per Month at Baseline Days Smoked Per Month at Baseline qU|’r with JUU |_, also had a s’ro’rls’rlcolly
0 A larger percentage of smokers in both Number of Minutes Smoked after Waking Number of Minutes Smoked after Waking (1re;e[r)ence =l SV CElE) T e TTIN Eerp (1re;e[r)ence =cll S0 eeys) R e significant association with the
Mefh od S heavier smoker cohorts smoked >20 days | Age First Smoked Regularly Age First Smoked Regularly N T A | Do | O outcome (p<0.05), suggesting that
. : _ _ 10-19 Days 1.72 | [0.65-4.55] | 0.275 10-19 Days 255 | [0.89-7.26] | 0.080 - /
o Sc:mple: Data from 11 520 current adult N ’rhe monjrh Prior TO.JuUL purchgse, had Level of Cigarette Dependence Level of Cigarette Dependence 20-29 Days 166 | [1.09-2.52] | 0.018 20-29 Days 173 | [0.97-3.07] | 0.064 these predidors migh’r speciﬁcc:lly
o Kers / their first cigarette within 0-30 minutes Interest in Quitting Smoking Interest in Quitting Smoking Number of Minutes Smoked after Number of Minutes Smoked after predic’r ndividual swi’rching once other
Of woking Up, hCId bough’r JUUL Wlfh Smoke Menthol cigarattes Smoke Menthol cigarattes Waking (reference = 60+ minutes) _ _ Waking (reference = 60+ minutes) _ _ covc:ric:’res in ’rhe op’rimal fec:’rure set
¢ Smoked in t rior t | i ‘ ' ‘ Number of Days Alcohol Consumed in Month  Number of Days Alcohol Consumed in Month 0-30 minutes 0.98 | [0.55-1.74] | 0.956 0-30 minutes 141 | 10.56-3.44] | 0.445 :
Smoked Pas 30 doys pror 1o JUU the motive (?f anhn,g to quit Smoklng, Y — Y = 30-60 minutes 1.24 | [0.65-2.36] | 0.516 30-60 minutes 115 | [0.44-3.01] | 0.772 were controlled for in the model.
purchase were planning on using the JUUL to Currently Have Heart Condition - Currently Have Heart Condition — Age First Smoked Regularly 097 | [0.92-1.02] | 0.218 Age First Smoked Regularly 093 | [0.77-1.13] | 0.459 , o ,
O Purchased a JUUL starter kit in the retail quit smoking, and reported having a Currently Have I\/Ient_al Health Cof‘fj't'on Currently Have Ment.al Health Cof‘fj't'on Alcohol Days in Past Month 0.98 | [0.96-1] 0.049 Alcohol Days in Past Month 0.99 | [0.96-1.02] | 0.464 The cohort-specific logistic regression
or ecommerce Seﬂ'ing be_l_ween June - respirGfOry or menfql heqlfh Condiﬁon, as Currently Have Respiratory Condition Currently Have Respiratory Condition Asian 1.18 | [0.38-3.67] 0.770 Asian 1.17 | [0.33-4.12] 0.810 mOdels fOr fhe SUbse'l' Of feCI’rUI‘eS |den1'|ﬁed
Sentember 2018 compored o Iigh’rer smokers. B!ack . B!ack | Black 1.37 | [0.46-4.09] | 0.573 Black 200 | [0.57-7.04] | 0.283 by recursive feature elimination performed
p Hispanic Hispanic Level of Cigarette Dependence 1.1 0.97-1.25] 0.141 Level of Cigarette Dependence 0.83 0.69-1.01] 0.057 well in bth ’rrc:ining cmd VCI“CICIﬁOn samples
. * . . . . i i . . . i i /
<> Comple’red bcseline CIC”'CI cmd QO_de <> Whlle ’rhe mc:|or|’ry Of smokers were Receive Some Form of Economic Assistance Receive Some Form of Economic Assistance Currently Trying to Quit Smoking 1.15 | [0.74-1.77] 0.533 Currently Trying to Quit Smoking 1.03 | [0.31-3.37] 0.964 demons’rro’ring similc:r discrimind’rory
I I I Receive Some Form of Economic : : Receive Some Form of Economic : :
follow-up data currently ’rrymg fo quit smc?klng, | i ! 0.84 | [0.53-1.33] | 0.452 e 0.47 | [0.21-1.02] | 0.056 capability across both (Figure 3).
<> P d d . f s . H younger/heuwer SmOkerS In pCIH'ICUlC”' Currently Have Heart Condition 0.97 0.71-1.34 0.870 Currently Have Heart Condition 1.75 0.89-3.44] 0.105
rovidea informarion on cigareties were currently trying to quit smoking. Figure 3: ROC Curves and Measures of Fit for Cohort-Specific Logistic Regression Models interest in Quitting Smoking 096 | [0.831.1] | 0.552 Interest in Quitting Smoking 1.08 | [0.89-1.31] | 0435 .
smoked per day Smoked >100 cigarettes in lifetime 0.76 | [0.4-1.43] | 0.396 Smoked >100 cigarettes in lifetime 07 | [0.26-1.88] | 0.476 o
) ) u | '
Data on 36 individual-level attribute * The subset of baseline variables that were Older/Heavier Smokers Younger/Heavier Smokers —SPane R B SPETS 108 | D2 | D70 * Although a growing body of evidence
tos that related 1 i st collectively predictive ot switching and Receiver Operating Characteristic Receiver Operating Characteristic Currently Have Mental Health 0.78 | [056-100] | 014 | |Qurently Have Mental Health 11 | o62-1.94) | 0742 cuaaests ENDS devices mav have
EIOVO”O eSh. arre Ok? E.S;no NG STatus, maximized AUC as identified by recursive 1.0 ~ ] =0 = ] Male 131 | [0.96-1.79] | 0.093 Male 0.99 | [0.57-1.71] | 0.965 og’rgn’ricﬂ in helbin smokerZ switch awa
emographics, smoking nis Ory{ p.reVIOUS feature elimination varied signiﬁcan’rly bY P P Smoke Menthol cigarattes 0.97 | [0.71-1.33] | 0.872 Smoke Menthol cigarattes 119 | [0.74-1.92] | 0.467 X . PINg : : v
ENDS-use and other characteristics were cohort (Table 1) 0 _ 0 _ Votive for buying JUUL: To Qui otive for buying JUUL: To Quit _ _ from combustible tobacco, little is known
assessed at baseline. . e P A P Smoking 197 ) 0042 Smoking 162 | [0.89-6.78] | 0508 about drivers of the variation in switching
| | 0 FOI" bofh COhOI’fS Of hec:wer SmOkergl fhe o0 _ - o P -~ Overall Health 1.34 | [0.85-2.12] 0.209 Overall Health 1.27 | [0.66-2.48 0.474 among diﬂ:erenf subgroups Of smokers.
Use of combustible cigarettes and JUUL optimal number of features identified ® 06 - - O 0.6 .- - Physical Health 0.84 | [0.55-1.28] | 0.421 Physical Health 0.85 | [0.48-15] | 0.573
» — , » — ’ . - - - - . - -
. .« . . . e e 7 P 7 Previous ENDS Use at Baseline 0.57 0.41-0.79] 0.001 Previous ENDS Use at Baseline 0.56 0.33-0.96] 0.035 smoker COhOI’fS as a areater SUbSGf Of
pOST bc:sellne. Pgrhupon’rs were deﬁ.ned 26' |nd|c0’r|ng S greo’r CIGCI' Of variation O 04 - - O 04 - - Currently Have Respiratory Condition | 0.78 0.53-1.15 0.213 Currently Have Respiratory Condition | 0.78 | [0.43-1.41 0.416 . ! g .
kers if th d h iti - - 0 - timal feat ded t m
aS NON-SMOKETS | fhey reporte aving and need for additional explanatory O - D - White 119 | [0.38-3.69] | 0.762 White 1.36 | [0.43-4.25] | 0.599 optimat reatures wds needed 10 maximize
smoked no cigarettes, not even a puff, in variables to maximize AUC and classify > P - the accuracy of the model. These cohorts
the last 30 cays switching behavior within these cohorts. ™ %2 -7 o2 - ey Qghter Smokers. rafeungerLishter Smolers also had lower switching rates.
. . ve witchi | :47% Y witchi | : 96%
. . The identified feature subset was the P AUC = 0.66 g AUC =0.69 . g Th limi findings begi
Respondents were divided into four ” Dorarmeter odds| 95%CL |p.o| |parameter Odds | 95%CL | p.._ ese preliminary findings begin to
horts based on smoking intensit same across both heavy smoker cohorts. o | | | | Y | | | | ratio | forOR ratio | Tfor OR expand our understanding of the
CO . g ) )4 <> Th i | b f f ; f 1'h 0.0 0.2 0.4 . 0.6 0.8 1.0 0.0 0.2 0.4 - 0.6 .0.8 1.0 Intercept 0.22 [0.08-0.66] 0.007 Intercept 0.84 | [0.22-3.16] 0.798 . bl ot d 1'h ot .
(SmOkmg more OI: less than 10 ugc:re’r’res € op.lmo numper of Tediures ror ine False Positive Rate False Positive Rate Currently Trying to Quit Smoking 1.37 | [0.97-1.93] 0.075 Smoked >100 cigarettes in lifetime 0.32 | [0.17-0.62] 0.001 VC”:ICI . es dssociare : V:/I variaftion in
per day at baseline) and age (those older/llgh’re; cohort was 11, and for Ml 117 | [09153] | 0243 Ml 163 | [.1523] | 0.005 switching success within and between
aged 21-25 vs. above 25) the younger/lighter smoker cohort, . . Planning to Quit with Juul 2.47 | [1.13-5.41] | 0.024 Planning to Quit with Juul 3.48 |[1.04-11.62] | 0.043 groups. This in turn may inform the
o | the op’rimql number was 4. Swﬂrchmg R - clzlldrenggrh;ﬁr SCrEg:(aeCrthStIC ReCYecl)\l}lenrggr/é-r.lagt?r..::ercshr;‘r(;léteerﬁstlC Previous ENDS Use at Baseline 0.71 50.53-0.93; 0.015 Previous ENDS Use at Baseline 0.79 | [0.55-1.14] 0.205 developmen’r of fqrgefed Intervention
The sample was rgndomlg/ divided into behavior in these cohorts seemed 10 eceiver Yperating . 10 P 9 . S:er?” e T e e programs, including those which provide
. ] ] SICal Hea . - 1. . . . .
mdepen.denjr ’rrc:mmog (67% of sample) to vary less as switchers could be P i AS?;n 26 | 10782721 | 0220 behavioral support, to maximize the
and validation (33% Qf §c1mp|e) d.C”C' classified similarly accurately by a 08 e 08 - White 104 | [061-1.74] | 0.896 likelihood of switching success.
sefs per cohort fO.r l.OQIShC regression smaller group of covariates. % | ~ g -'?—é | -~ - Years Smoked (reference = >20 years)
mOdellng. The frqlnlng SCImp|e was used O ! 499 : y ) 0 P - s P - <=1 Year 255 | [1.3-5.02] 0.007
to derive the model, while the remaining * QOverall, o of smokers who were D 06 - - D 0.6 - - 1-5 years 242 | [1.55-3.78] | 0.000
. , . ,
data were used to evaluate the oredictive assessed at baseline and 70 days had b= _ - 2 Pl 5-10 years 1.57 | [1.07-2.3] | 0.022
IF ' ' ' 2 2 10- 20 years 1.28 | [0.88-1.88] | 0.201
ability of the final model. switched away from cigarettes in the O - O Yy
. n 0.4+ - a 0.4 - - Marital Status (reference: not currently
month prior to the 90-day assessment. _ P martied)
Recursive feature elimination was Switching rates ranged from 34% to 56% = P = Married 0.49-1.06]
performed separately on each cohort to across cohorts, with higher switching rates ~ F 0.2- _” —0.2- _” Never Married | 0.74-1.62]
;ﬁe?hfy ’rhe.sulzlse’r of bCISGhnj Zovc’ri?fzs in cohorts of lighter smokers (Table 2). Pl AUC = 0.65 - AUC = 0.61 oot < all 30 daygy o Daseline
AT maximized accurdacy dn red vnder ~
0.0+ . ' ' . 0.0 = . . . . 1-9 Days [1.81-3.99]
the Receiver Opero’ring Curve (AUC) In 1. Russell et al. (2019). Factors associated with past 30-day abstinence 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 10-19 Davs [0.8-1.71]
. . . from cigarette smoking in a non- probabilistic sample of 15,456 adult " - Y —
the Sqmple/ with 5-fold cross-validation. established current smokers in the United States who used JUUL vapor False Positive Rate False Positive Rate 20-29 Days [0.7-1.33]

JUUL Labs is on a mission to improve
the lives of the world’s one billion adult

smokers by eliminating cigarettes.
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