Pharmacokinetics and Subjective Effects of the JL Electronic Nicotine Delivery System (ENDS)

Compared to Five ENDS, a Heated Tobacco Product, and a Combustible Cigarette

Presentation at the 82nd annual scientific meeting of the College on Problems of Drug Dependence, Hollywood, FL.

August R. Buchhalter, PhD;' Nicholas |. Goldenson, PhD;2 Patrick Bailey, PhD;2 Elysia Kim, BS;2 Stephanie Chan, PhD;2 Gal Cohen, PhD;2 Jack E. Henningfield, PhD'

PinneyAssociates, Inc. “JUUL Labs, Inc.

Introduction

* Electronic nicotine delivery systems (ENDS) comprise o * The modified Product Evaluation Scale (mPES)® was administered

heterogeneous and continually-evolving group of products; there are following completion of the 30-minute blood sample collection. * Across both puffing conditions, the cigarette had the highest mean ¢ For the mPES "Psychological Reward” composite subscale:

numerous technologies available on the marketplace.’ + All analyses were stratified by puffing condition (controlled vs. ad mPES “Satisfaction” and “Psychological Reward”™ composite subscale - |n the controlled puffing condition, the mean score for the JL ENDS

* Recent studies have assessed the nicotine delivery of the JL ENDS, a libitum). A repeated measures ANOVA model was used to compare the scores. was significantly higher than the VUSE Solo and MarkTen ENDS
closed-system ENDS with a nicotine-salt formulation,”* however there natural log of C__ . and AUC, ., between the JL ENDS and other test * For the mPES “Satisfaction” composite subscale: products, but not significantly different from the IQOS tobacco
are I|m|f§d , data sys’remo’rlcull?/ comparing the ~nicofine products. T__ ber;ff);een the JL ENDS and other test products was analyzed - In the controlled puffing condition, the mean score for the JL ENDS HeatStick and the myblu, PHIX, and NJOY Daily EXTRA ENDS
pharmacokinetic (PK) erJﬂIe qnd subjective effects of the JL END> fo using a Wilcoxon signed-rank test. Multi-level linear models were used to was significantly higher than the myblu, MarkTen, PHIX, and NJOY products.

ofher fobacco pro.duc’rs including ENDS and heated TOPOCCO pr.odu.c’rs. conduct post-hoc pairwise comparisons in rate of plasma nicotine rise and Daily EXTRA ENDS products, but not significantly different from the - In the ad libitum puffing condition, the mean score for the JL ENDS
* The primary ob|ec’riv.e Of fhis study was to characterize the nicofine mPES composite subscales between the JL ENDS and other test products. IQOS tobacco HeatStick and the VUSE Solo ENDS product. was significantly greater than the myblu and MarkTen ENDS products,
PK' profiles and subjective effects of the JL ENDS 5.0%, five - In the ad libitum puffing condition, the mean score for the JL ENDS but not significantly different from the IQOS tobacco HeatStick and

comparator ENDS products (myblu 2.4%, MarkTen 4.0%, VUSE Solo

anificant! ter than the 1QOS tob HeatStick and th the VUSE Solo, PHIX, and NJOY Daily EXTRA ENDS products.
4.8%, PHIX 5.0%, and NJOY Daily EXTRA 6.0%), a heated tobacco ReSUI'I's was signiticantly greater Thdan e obacco Heatrstick and fhe

myblu, MarkTen, and NJOY Daily EXTRA ENDS products, but not

Table 2. mPES Satisfaction and Psychological Reward Composite Subscale Scores among Test Products

product (IQO5), and a combustible cigarette (Marlboro Red) across significantly different from the VUSE Solo and PHIX ENDS products. in the Controlled 10-Puff and Ad Libitum Puff Conditions

mPES Satisfaction Subscale mPES Psychological Reward Subscale

controlled and ad libitum puffing conditions among adult smokers.

clusions

5) PHIX Original Tobacco 5.0%
6) NJOY Daily EXTRA Rich Tobacco 6.0%

: ACFOSS bOTh pumng COndl'l'lOnS: Figure 1. Test Product Average Baseline-Adjusted Plasma Nicotine Concentration by Nominal Time in the Test Product Controlled Ad Libitum Controlled Ad Libitum
. . . 4 Mean (SD Mean (SD Mean (SD Mean (SD
elll oas - The combustible cigarette had the highest mean C__ ., rate of plasma CogrollecT 10-Puff Conditior — = (]‘]7’) 374“‘12’) 283“(]5’) 286“‘35’)
e Adult smokers (N=25; 72.0% male; mean age [SD] = 30.44 ;‘V'\COhnecnse/ and AUfCO-élO-Br | B | . : » | fi —a— JL ENDS Virginia Tobacco 5.0% IQOS 2.91 (1.39) 2.95 (1.48)¢ 2.77 (1.17) 2.61 (1.08)
: : cl . : - £ IQOS a
[10.18]) completed a randomized, open-label, 16-arm within-subjects ean (g, rate of plasma nicotine rise, and AUC, ;o for the J = 0- St -, VEBa Rl 3.32(1.07) 3.45 (110 2.51(1.24 273(1.34
. . I I I I 5 ° my blu 2.45 (1.36)¢ 2.18 (0.97)¢ 2.46 (1.30) 2.21 (0.87)¢
cross-over product-administration study over the course of three days. ENDS generally did not difter significantly from ’rhe. !QOS tobacco 2 VUSE Solo 4.8% T 261 1.05)° 284010 238 (1174 235 (1.00)°
* There was a total of eight study test products HeatStick (except rate of plasma nicotine rise, ad libitum condition] : NS PHIX 3.14(1027) 3.85(1.21) e (1.13) 2.88(1.29)
. I . % 15- MarkTen 4.0% . . ° . . . . . .
1) JL ENDS Virginia Tobacco 5.0% and the PHIX (except C_ 5, controlled condition) and NJOY Daily £ myblu 2.4% NJOY Daily EXTRA 2.64 (1.35)° 2.72 (1.36)° 2.74 (1.19) 2.66 (1.39)
.. 0 EXTRA (excep’r rate of plc:smc: nicotine rise) ENDS pI‘OdUC’rS. z —#— Marlboro Red Marlboro Red 5.24 (1.25)¢ 5.16 (1.36)° 3.90 (1.30)° 4.07 (1.35)°
2) myblu Original 2.4% S : ———
. 0 = Meqn CmCIX-BL' rOll-e Of plcsmd nICOII-Ine r|Se, Ond AUCO-éO-BL fOr The JL £ °‘Signi.fic0|n’r|ydif;‘eren’rthnfheJLENDS(p<0.05).
3) MCIrkTen BOld ClOSSIC 4.0 /O . . - All items were answered on seven-point response scales from 1 (“Not at all”’) to 7 (“Extremely”).
4) VUSE Solo Original 4.8% ENDS were significantly greater than the VUSE Solo, myblu, and 2
. 0 =
MarkTen ENDS products. < < on

- Mean T___ for the for the JL, VUSE Solo, and NJOY Daily EXTRA ENDS

° I I O | | | | | ® l I
7) 1QOS HeatStick Regular p.roduc’rs was somewhat f‘c:s.’rer ’rhcu? ’rh.e combus’rlb.le cigarette bu.’r these ! A " T o T T Out of .c1|| the ’robc:cc.:o Produc’rs assessed, ’rhe. co.mbus’rlble c!gore’r’re
8) Marlboro Red differences were not statistically significant—a likely explanation for Minutes Relative to Start of Product Use Note, N=24.25. had the highest peak nicotine levels, speed of nicotine absorption and
. y . . . . . . . .
+ Each product was administered under controlled (10 puffs; 3 the cigarette’s slower T__ is that its mean C__ . was the highest, thus total nicotine exposure and was rated highest on subjective measures
! . . . / the time it took to reach its peCIk level was |onger. Figure.Z. Test Product Average Baseline-Adjusted Plasma Nicotine Concentration by Nominal Time in the of satisfaction and reward.
seconds in duration, taken at 30 second intervals) and ad libitum (4.5 Ad Libitum Puff Condition i . . e of 1 . —
: " " 25 * The PK and subjective effects profiles of the JL ENDS were within the
man'l'eS) pumng COndlflOnS (.I 6 .I-O.I-Ol COndlflOnS). Table 1. PK Parameters of Test Products in the Controlled 10-Puff and Ad Libitum Puff Conditions ’-"E‘ —a— JL ENDS Virginia Tobacco 5.0% f h l k d EN Dg d d ) | h f h
* Each administration period was separated by a wash-out period of PK Paramefersin  JLENDS ~ 1QOS  VUSESolo  myblu MarkTen PHIX  NJOY Daily Combustible 2 e 1QOS range of other markete products and similar to that of the
] EachPuffing  Mean (SD)  Mean (SD)  Mean (SD) Mean (SD)  Mean (SD)  Mean (SD) EXTRA Cigarette 5 20- PHIX 5% |QOS tobacco HeatStick
at least 120 minutes. Condition Qioa (S Y o ST B VUSE Solo 4.8% |
. . C maxsL (ng/mL) : > 4 A 0
* Blood samples were collected 5 minutes prior (-5) to and 1.5-, 3-, 5-, Controlled | 142(73) | 161 (77) | 115054 | 99 (56F | 7.6(34F | 17.4(96F | 136(76) | 212(117f £ NIOY Dally EXIIRA 6.0% R f
. " . 5 " p > 15- arkTen 4.0%
6_, 7_, 8_, ]O_' ]2_' ‘|5_' 30_, and 60-minutes pOST-pI‘OdUCT R de;b;:um | t?7.4;(10(.0)/ L 17.;1/\.(7?)) 12.1 (6.7) 7.9 (3.8) 7.5 (4.0) 18.4 (14.0) | 15.8(7.7) | 27.9 (19.6) £ / \ myblu 2.4% e erences
Lo . . . . . ate of Plasma Nicotine Rise (ng/mL per Minute S |
OdmmISfrOflOn. The fime course Of plCISfT'ICI nicotine concentration (PK Controlled 3.3 (2.3) 3.3 (2.1) 2.2 (1.3)° 1.7 (1.1)° 1.3 (0.9)° 3.3 (2.1) 2.3 (1.6)° 4.2 (3.4)° Zu \ —*— Marlboro Red 1. Zhu SH, Sun JY, Bonnevie E, et al. Four hundred and sixty brands of e-cigarettes and counting: implications for
. . o o o E 10- duct regulation. Tob Control. 2014;23 Suppl 3:iii3-9.
. Ad Libitum 4.3 (3.2) 3.3 (1.4)° 2.3 (1.4)° 1.3 (0.8) 1.5 (1.3)° 3.7 (4.2) 2.9 (1.6) 5.0 (3.8) 2 10 \_\ product reg ; PP
CUFVG) was evaluated and the fO”meg PK pc:rc:me’rers were assessed: AUC o408 (hrsng /mL) = 2. Maloney S, Eversole A, Crabtree M, Soule E, Eissenberg T, Breland A. Acute effects of JUUL and IQQOS in
B Bosellne-0d|us’red maximum pldsmc: level (Cmax-BL) Controlled 498 (2.15) | 5.15(2.32) | 3.68(1.59)0 | 4.01(2.17)°| 2.88(1.03)° | 5.72(2.65) | 5.26 (2.47) | 7.67 (3.56)" 3 — B ;ig‘:(r.eﬂefszn/\c/’\ke:' TbOb ion;rOIZQSIf'OIZ T‘;Ob‘::COI:O”;O;TQ(j]P(’)J'05§47|j | Neofire Abeormtion Profile A
_ t~AH ‘ ‘AN Ad Libitum 581 (270) | 572(1.88) | 3.92(2.43)°| 3.18(1.51)°| 321 (176 | 571375 | 5.52(281)| 976 (5.69)¢ < 5 - TINGST JIVL, TIFAbOVSKY: o, THODKITK A, 1TUsShin 1N, Richie J&, Ji, Toulds J. INICOTIne Absorption Troflie Among
__que of plCISfT]CI nicofine rise (Speed of CIbSOI’pTIOn, (Cqu-BL/qux) ] 270) L1.59) 220 Lo 1.76) 3.75) (2.81) 5:69) E e ea—n——an———y Regular Users of a Pod-Based Electronic Nicotine Delivery System. JAMA Netw Open. 2019;2(11):e1915494.
- O'l'Cll nicotine eXposure (bCISGlIﬂG-CIdWSfeCI ared Under ’rhe curve Controflod 5.20 (1.85) | 5.41(1.36) | 6.32 (3.04) | 6.64 (214° | 8.12 (5557 | 582 (1.33) | 6.63 (2.24°| 671 (5.11) ié J 4. Hajek P, Pi’r’rc:c.:cio .K, Pesola F, Myers Smijrh K, Phillips-Waller A,. P.rzuli D. Nicotine deliv.ery and users’ reactions to
AU CO . ) o Lo 488 (2.18) | 638 (5.06) | 5.57 (1.25) | 6.32(1791 | 6.84(3.82] | 6.05 (1.4 | 577 (1.26"| 5.84(1.36 0¥ | . | | | Juul compared with cigarettes and other e-cigarette products. Addiction. 2020; https://doi.org/10.1111 /add.14936
] It Note: N=24-25. 0 10 20 30 40 50 60 5. Hatsukami DK, Zhang Y, O'Connor RJ, Severson HH. Subjective responses to oral tobacco products: scale

°Significantly different than the JL ENDS (p<0.05).

max) Minutes Relative to Start of Product Use Note. N=24-25. validation. Nicotine Tob Res. 2013;15(7):1259-1264.

- Time to maximum plasma nicotine level (T
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