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Supplemental Methods
Participants
[bookmark: _CTVP001b7fd40dbee9c458fa5365e164a810f2a][bookmark: _CTVP001c7b2736c43f14d3288278eee2674efdd]Of the 213 randomized, 161 were DSs and 15 NDSs assigned to the eGo EC arm, and 37 were DSs assigned to the JUUL EC arm. Participants in the eGo EC arm (n=176) were enrolled between November 2017 and July 2019, and participants in the JUUL EC arm (n=37) were enrolled between September 2021 and June 2022. Because we were unable to recruit an adequate sample of NDSs as originally planned, we decided to (a) combine them with the DS arm who received the eGo EC for analytic purposes, and (b) over-recruit the eGo EC DS arm (the original target sample sizes were 80 in each of the three arms). We did not achieve our accrual goal for the JUUL arm because of (a) delays due to IRB concerns stemming from the e-cigarette, or vaping, product use associated lung injury (EVALI) crisis of 2019 (US Centers for Disease Control and Prevention 2020), (b) delays resulting from institutional pandemic-related restrictions on community participant recruitment from 2020-2021, and (c) the FDA's denial of JUUL market authorization in June 2022 (US Food and Drug Administration 2022).  
Study Nicotine Products
[bookmark: _CTVP0013d581e2d2a274ed798f7c065f3878bf4]The study VLNCCs are made from genetically engineered tobacco strains that vary in nicotine content and are produced by RTI International (Research Triangle Park, NC), under U.S. National Institute on Drug Abuse contract (NOT-DA-14-004). The VLNCC dosage, 0.03 mg nicotine yield per cigarette, was selected from a multisite study, which several co-authors were part of, designed to identify a dosage that was minimally reinforcing yet acceptable to adults who smoke (Donny et al. 2015). 
[bookmark: _Hlk140567053][bookmark: _Hlk140567275]Those assigned to the eGo EC arm received 2 eGo-C devices with integrated batteries (1100 mA; 3.3V battery), 1 EC Universal AC-USB Adapter, 1 USB recharger, a 3-week supply of 510 XL Dual Coil Cartomizers (1.5 Ω), a user manual, and a carrying pouch at the beginning of phase 3. The EC-HI and EC-LO cartomizers contained 1 ml of 36 mg/ml or 8 mg/ml nicotine solution, respectively, in the flavor (tobacco, fruit, cream, or menthol; AVAIL Vapor LLC, Richmond, VA) of each participant's choice. The nicotine solutions were mixed by a local compounding pharmacy that met International Organization for Standardization (ISO) 8 particulate-controlled standards.
Each participant assigned to the JUUL arm received JUUL Device Kits (2 rechargeable JUUL devices and 2 USB chargers), a supply of 21 JUULpods to last to the next laboratory session (one pod/day), and a user manual. The EC-HI and EC-LO JUULpod cartomizers contained 1 ml of 5% (59 mg/ml) or 3% (36 mg/ml) nicotine solution, respectively, in the participant's preferred flavor (Virginia Tobacco or Menthol). We were unable to offer sweet flavors for the JUUL arm because of JUUL suspended sale of all flavors except for tobacco, mint, and menthol in October 2019. We purchased the JUUL devices and JUULpods from a local retailer.
Biochemical measures of product exposure 
[bookmark: OLE_LINK7][bookmark: _CTVP001588255b0b7e94b0fa9a6de5f1e33c816][bookmark: _Hlk136869545][bookmark: _CTVP00164d3bb4addd74588918325687297cf76][bookmark: _CTVP0015153c7c1a32249f6b54f88e73f97b08f][bookmark: _CTVP0014c343d8d2b2a415e8c3b6ed4447b321c][bookmark: _Hlk137624708][bookmark: _Hlk159844252][bookmark: _CTVP0014bbf8614efa945faaf3f6b2d8fceb6f3][bookmark: OLE_LINK8][bookmark: _CTVP0015fb97601c5574fb4924449034972195f]To determine whether participants refrained from using UBCs, we measured urinary anatabine, a minor tobacco alkaloid, which was quantified by liquid chromatography tandem mass spectrometry (LC/MS/MS) analysis (Weymarn et al. 2016). Anatabine has been shown to differentiate UBC use from VLNCC (Denlinger et al. 2016) and EC use (Lorkiewicz et al. 2019). Based on prior research (Denlinger et al. 2016), we categorized those phases where anatabine levels were 0.02 nmol/ml or higher as indicating the use of UBCs (or if a participant self-reported UBC use). To assess nicotine exposure, we measured total nicotine equivalents (TNE; nmol/ml), which is the sum of total nicotine, total cotinine, total 3'-hydroxycotinine and nicotine N-oxide excreted in urine ("total" refers to the analyte and its glucuronide conjugate). TNE comprises 85 to 95% of the nicotine dose received by a tobacco user (Hukkanen et al. 2005). TNE was analyzed by LC-MS/MS (Weymarn et al. 2023) in the Analytical Biochemistry Shared Resource of the Masonic Cancer Center, University of Minnesota.
Implicit product liking
[bookmark: _CTVP00189299e1c2b724bf09ae7daf427519af6][bookmark: _CTVP001e1ef6e4dff404b0f82a294846862d19c][bookmark: _CTVP0018d319d8798d74ae9aebd6e3305633a97][bookmark: _CTVP00185610f5ea2a0426bae03512a6af4be9f]The IAT has been used to evaluate attitudes toward consumer products (Horcajo et al. 2010; Maison et al. 2001) and has been found to respond acutely to changes in smoking behavior (Lee et al. 2017) and nicotine expectancies (Cui et al. 2019). The IAT is comprised of a series of trials in which participants are instructed to rapidly distinguish between paired products images and attribute words (e.g., smoking-related pictures + pleasant words vs. non-smoking-related pictures + unpleasant words) using two assigned response buttons. For both the cigarette and EC product IATs, we created 24 pictures that minimized product branding. The paired products images and attribute words were varied systematically as detailed elsewhere (Waters et al. 2007). The programs for administering IAT tasks were developed using E-Prime (v2.0; Psychology Software Tools, Pittsburgh, PA USA).
Relative reinforcing efﬁcacy (RRE) using purchase tasks (PT)
[bookmark: _CTVP0015249078250bf4225afe55f8ac050bf93][bookmark: _CTVP0010f62f1b4921d46749f941dcf399ae49f][bookmark: _CTVP001d13f52bdb365413fa435ac0a85277dc0][bookmark: _CTVP0011f2cef08af82443589f7468667e6af58]After Phase 1, participants completed only one PT, UBC. After Phase 2, they completed two PTs, UBC and VLNCC. Following Phases 3 and 4, they completed three PTs, UBC, VLNCC, and study EC. PTs are behavioral economic reward valuation tasks that have been used to assess the RRE of food (Epstein et al. 2010), alcohol (Murphy et al. 2009), illicit drugs (Bruner and Johnson 2014), and nicotine products (O'Connor et al. 2014). The PTs provided an estimate of how much a participant is willing to pay (i.e., its valuation) for a given product (VLNCC, UBC, EC) over a range of unit price intervals ($0.01 to $1,000). For UBCs and VLNCCs, the unit was defined as a single cigarette. For ECs, the unit was defined as a puff. Participants reported the number of units at each of the hypothetical prices. These relative values were compared across the different products to determine their RRE.
Task administration varied by study arm. During the initial eGo arm, participants completed the PTs by themselves using a link sent through Qualtrics. However, we found that some participants found the task confusing. In response, we changed the procedures for the JUUL arm so that study staff administered the PTs at each session and addressed any confusion.
[bookmark: _CTVP00105369d603a2f44e5b25685b176a7a65b]Following our previous procedures (Cui et al. 2021), we used these responses to compute five demand indices, including breakpoint (first price at which consumption goes to zero; i.e., unwilling to pay), demand intensity (consumption at the lowest price), Omax (maximum financial expenditure on the product), Pmax (price at which expenditure is maximized), and elasticity of demand (sensitivity of product consumption to increases in cost).
Daily smartphone assessments
To limit assessment burden, daily diary assessments occurred in Phases 2, 3, & 4, while the random assessments occurred only in Phases 3 & 4. The prompts for the daily diary assessments occurred 30 minutes after waking. Two random assessments occurred after the completion of the daily diary assessment and before the participant's scheduled bedtime each day. Participants were instructed not to complete assessments that occurred during inconvenient or dangerous times (e.g., while driving), but to complete them at a later time. To enhance compliance, the smartphone assessments provided immediate feedback about earned compensation.
Acrolein DNA adducts 
[bookmark: _Hlk147304346][bookmark: _Hlk155687517][bookmark: _CTVP001f327d66c5c3f4c40ae0a2a4276901cfb][bookmark: _CTVP001bb583e7f2a984e8487c917095047a14f]The acrolein DNA adduct 8R/S-3-(2’-deoxyribos-1’-yl)-5,6,7,8-tetrahydro-8-hydroxypyrimido[1,2-a]purine-10-(3H)-one, or γ-OH-Acr-dGuo, was analyzed from buccal brushings collected at the end of all phases. Dr. Hecht's laboratory analyzed this DNA adduct using a validated liquid chromatography-nanoelectrospray ionization-high resolution tandem mass spectrometry (LC–NSI-HRMS/MS) method that he and his colleagues have previously used to reveal γ-OH-Acr-dGuo levels that are higher among those who smoke (Paiano et al. 2020) and those who use ECs (Cheng et al. 2022) than nonusers. For non-detectable values, we used half the detection limit, which was 5 fmol/µmol dGuo.
Cartomizer weight 
Our intent was to use EC cartomizer weight as an additional estimate of product use. However, the same number of dispensed cartomizers were only returned for 38.4% (37.7% eGo; 44.7% JUUL) of the EC phases, despite the monetary incentives to return them all. Anecdotal reports from participants indicated that they often disposed of or misplaced cartomizers that they had used. Additionally, of those phases where the returned number of cartomizers equaled the number dispensed, 54.4% (59.1% eGo; 17.6% JUUL) had return weights that exceeded the dispensed weights. We were unable to determine whether the weight gain was specific to the opened/used cartomizers because all weighing was done on the entire allotment for each phase, not on individual cartomizers. Because of these issues, we did not report cartomizer weight changes below.
Data Analytic Approach
[bookmark: OLE_LINK12][bookmark: _CTVP001aedb247dc620407886f3c503e76d186c]We conducted repeated measures analyses (i.e., across phases) of continuous outcomes using linear mixed modeling (LMM), as implemented by SAS Proc MIXED (SAS v9.4; SAS Institute Inc, Cary, NC), with outcome values reported as least-squared means (LSM) and standard errors (SE) in the form of LSM±SE. We evaluated distributional assumptions using residual plots and, where possible, formal statistical tests. Due to skewness, the TNE and acrolein DNA adduct values were transformed using the natural logarithm prior to analysis and summarized using geometric means (GMs) and 95% confidence intervals (CIs) for reporting. Baseline differences of continuous and count data were examined using t-tests and chi-square tests, respectively. Finally, the False Discovery Rate approach was used to account for possible Type I error (Benjamini and Hochberg 1995).
Supplemental Results
Study Sample Characteristics 
We randomized 213 of the 240 participants we planned to enroll. Our original goal was to randomize 80 participants into the DS eGo arm, 80 into the NDS eGo arm, and 80 into the DS JUUL arm. Unfortunately, we were only able to randomize 15 participants into the NDS arm and 37 participants into the JUUL arm. Given the small sample size accrued for this arm, we decided to include the NDS participants in the DS eGo arm, which is collectively referred to as the eGo arm, for the analyses described below. To make up for the poor NDS recruitment, we over-recruited participants into the DS eGo arm by doubling enrollment. For the DS JUUL arm, we ceased recruitment and took all participants off this product once the FDA CTP denied marketing authorization for the JUUL EC products in June 2022. Of the 213 randomized, 176 (161 DS and 15 NDS) were assigned to the eGo EC arm, and 37 were assigned to the JUUL arm. The assignment to EC arm was not randomized because the JUUL arm was activated after completion of the eGo arm. All 213 randomized participants were exposed to the VLNCCs (i.e., completed at least part of Phase 2). However, only 180 (84.5%) were exposed to the study ECs (i.e., completed at least part of Phase 3), including 158 (89.8%) of those assigned to the eGo EC and 22 (59.5%) of those assigned to the JUUL EC. The disproportionate number of missing data for the JUUL arm was largely due to stopping study participation in response to the FDA CTP's ruling against marketing authorization for JUUL.
The study received phone calls from 1594 potential participants, and 1129 were screened for study enrollment, with 461 (41%) being ineligible, 455 (40%) declining to participate, and 213 (19%) randomized. The most common reasons for ineligibility included desiring to quit smoking (n=166), reporting other nicotine product use (n=85), having an exclusionary mental health condition (n=41), being outside of the required age range (n=22), and not smoking enough (n=21). Of the 455 who declined to participate in the study, the most common reasons included having no interest (n=178), no show or unable to contact (n=139), time commitment (n=95), and living too far from the clinic (n=17).
Product Use and Exposure
Self-reported product use
[bookmark: OLE_LINK13][bookmark: _Hlk153893559]To estimate self-reported product use, we analyzed UBC CPD, VLNC CPD, and number of EC sessions means by phase, controlling for EC arm (see Figure 1). For UBC CPD, we found a main effect of phase, F(3,535)=226.25, p<.001, with post hoc pairwise comparisons indicating that UBC CPD was lower during the VLNCC (1.97±0.55; t[535]=21.04, p<.001), EC-LO+VLNCC (1.54±0.61; t[535]=20.32, p<.001), and EC-HI+VLNCC (1.23±0.60; t[535]=21.04, p<.001) phases compared to the UBC phase (14.98±0.54). UBC CPD did not differ between the VLNCC, EC-LO+VLNCC, and EC-HI+VLNCC phases. For VLNCC CPD, we also found a main effect of phase, F(2,331)=53.68, p<.001, with use during the EC-LO+VLNCC (8.52±1.08; t[331]=9.03, p<.0001) and EC-HI+VLNCC (8.77±1.07; t[331]=8.76, p<.001) phases being lower than during the VLNCC phase (14.11±1.03). VLNCC use did not differ between the two EC phases. The number of EC sessions did not differ between the EC-LO+VLNCC (8.33±1.21) and EC-HI+VLNCC (9.09±1.20) phases: F(1,158)=1.45, p=0.23. We found no significant EC arm X phase interactions for any of the measures but present the phase means for each EC arm in Figure S2.
Biochemical measures of product exposure
[bookmark: _Hlk137566276]To estimate exposure to combustible cigarette smoke, we examined the impact of phase, controlling for EC arm, on expired CO and found a significant main effect, F(3,505)=9.71, p<.001 (see Figure 2). Post hoc pairwise comparisons indicated that expired CO did not differ between the UBC (17.90±1.21) and VLNCC (18.27±1.29) phases (t[505]=-0.36, p=0.72). However, expired CO was significantly lower during the EC-LO+VLNCC phase (14.93±1.30) than during the UBC (t[505]=2.77, p=0.0058) and VLNCC (t[505]=3.04, p=0.0025) phases. Likewise, expired CO during the EC-HI+VLNCC phase (13.23±1.31) was lower than during the UBC (t[505]=4.34, p<.0001) and VLNCC (t[505]=4.57, p<.0001) phases. Expired CO did not differ between the dual-product phases, t(505)=1.52, p=0.13.
[bookmark: _Hlk148947752][bookmark: _Hlk150264771][bookmark: _Hlk147318026][bookmark: _Hlk147316794][bookmark: _Hlk153893586]To estimate exposure to nicotine and its metabolites, we examined the impact of phase on the TNE values (see Figure 2 for the geometric means). Post hoc pairwise comparisons of the significant main effect (F[3,496]=42.41, p<.001) indicated that the VLNCC phase resulted in lower TNEs (GM=5.38, 95% CI=[3.86, 7.51]) than during the UBC (GM=27.06, 95% CI=[21.39, 34.23]); t[496]=11.04, p<.001), EC-LO+VLNCC (GM=9.50, 95% CI=[6.53, 13.83]); t[496]=-3.68, p=.0003), and EC-HI+VLNCC (GM=12.98, 95% CI=[9.50, 17.73]); t[496]=-5.66, p<.0001) phases. TNEs were higher following the UBC phase compared to the EC-LO+VLNCC (t[496]=6.96, p<.001) and EC-HI+VLNCC (t[496]=4.86, p<.001) phases. TNEs did not differ between the dual-product phases. We found no significant EC arm X phase interactions for CO or TNE but present the phase means for each EC arm in Figure S3.
Product Liking
Explicit product liking
[bookmark: _Hlk140915215]We separately evaluate each of the five scales of the three versions of PES for each of the three products: UBCs, VLNCCs, and EC (EC-LO and EC-HI, EC concentration was blinded to participants), which were administered after each phase, to assess product liking. We found significant main effects for phase on the Satisfaction (F[3,445]=67.71, p<.001), Psychological Reward (F[3,445]=34.51, p<.001), Enjoy Sensations (F[3,445]=20.14, p<.001), Aversion (F[3,445]=3.31, p<.05), and Craving Reduction (F[3,445]=32.45, p<.0001) scales. The results for the separate EC arms are largely consistent with these overall findings and are presented in Table S1.
Implicit product liking
To assess potential changes in implicit product liking, we examined the main effect of phase on CC- and EC-specific IATs administered at the end of each of the four phases, controlling for arm. We found a main effect of phase on the CC IAT D score, F(3,437)=8.22, p<.0001. Compared to the UBC phase, the CC IAT D scores were less negative than following the EC-LO+VLNCC (t[437]=-4.33, p<.0001) and EC-HI+VLNCC (t[437]=-2.54, p<.05) phases. Similarly, EC-LO+VLNCC (t[437]=-4.04, p<.0001) and EC-HI +VLNCC (t[437]=-2.32, p<.05) phase CC IAT D scores were less negative than following the VLNCC phase. There were no significant differences between the UBC and VLNCC phases (p=.87) or between the EC-LO+VLNCC and EC-HI+VLNCC phases (p=.10). There was also a significant main effect of phase on the EC IAT, F(3,440)=3.96, p<.01, with IAT D Scores following the VLNCC (t[440]=-3.03, p=0.003), EC-LO+VLNCC (t[440]=-2.82, p<.01), and EC-HI+VLNCC (t[440]=-2.20, p<.05) phases being less negative than during the UBC phase. When the CC IATs were examined for the eGo arm only, the IAT D scores were less negative following the EC-LO+VLNCC phase compared with following the UBC and VLNCC phases (see Table S2). For the JUUL arm, the CC IAT D scores were less negative following the VLNCC and the dual-product phases compared to following the UBC phase. With the EC IATs, IAT D scores were less negative following the VLNCC and the dual-product phases compared to following the UBC phase in the JUUL arm, and less negative following the VLNCC and EC-LO+VLNCC phases than the UBC phase in the eGo arm.
Withdrawal and Withdrawal-Related Symptoms
In-session ratings
[bookmark: _Hlk153893745]We found main effects of phase, controlling for arm, on the MNWS (F[3,511]=7.21, p<.0001), QSU-Brief (F[3,510]=10.97, p<.0001), and PANAS Negative Affect scale (F[3,511]=6.13, p=0.0004), but not on the PANAS Positive Affect scale (F[3,511]=2.00, p=.1127). Participants reported significantly higher MNWS and PANAS NA scores following the VLNCC and dual-product phases compared to the UBC phase, and significantly higher MNWS scores following the VLNCC compared to the EC-HI+VLNCC phase. QSU-Brief total scores were lower following the dual-product phases compared to the UBC and VLNCC phases. There were no significant differences between dual-product phases on any of the measures. When examined separately, the pattern of results for the eGo and JUUL arms were consistent with these findings, although PANAS Positive Affect was significantly lower during the EC-HI+VLNCC phase compared to the UBC and VLNCC phases for the JUUL arm (see Table S3).
EMA ratings
[bookmark: _Hlk153893779]In terms of the daily smartphone-based assessments, we found a significant main effect of phase, controlling for arm, for the withdrawal (F[2,320]=17.42, p<.0001) and the craving (F[2,321])=85.39, p<.0001) symptom scales, but not for the negative affect (F[2,321]=2.09, p=0.12) or positive affect (F[2,321]=0.08, p=0.92) scales. Participants reported significantly lower withdrawal and craving symptoms during the dual-product phases than the VLNCC phase. The separate eGo and JUUL arm EMA results were consistent with these overall findings, but there was no significant main effect of phase on the withdrawal symptom scale for the JUUL arm (see Table S3).
Perceived Health Risks 
[bookmark: _Hlk153893836]We separately evaluated each of the PHR items, which were administered after each phase, to assess perceived health risks of each product. We found main effects of phase, controlling for arm, for lung cancer (F[3,500]=37.99, p<.0001), emphysema (F[3,497]=19.91, p<.0001), heart disease (F[3,497]=19.70, p<.0001), stroke (F[3,496]=32.68, p<.0001), other cancers (F[3,497]=23.10, p<.0001), and addiction (F[3,496]=47.49, p<.0001). UBCs were rated as having a higher risk for all health conditions compared to the VLNCCs and study ECs. Compared to the study ECs, the VLNCCs were rated as having a higher risk for all conditions except for the risk of addiction, which did not differ. The separate analyses for the eGo arm were consistent with these findings, but for the JUUL arm, the EC-HI was rated as having a higher risk of addiction than the VLNCCs (see Table S4). 
Relative Reinforcing Efﬁcacy (RRE)
[bookmark: _Hlk153539953][bookmark: _Hlk153958266]We examined the main effects of phase on each of the five metrics in a purchase task, including intensity, Omax, Pmax, breakpoint, and elasticity, separated by the PT types (UBC, VLNCC, or study EC) and separately by each arm (eGo or JUUL). For the eGo arm (Table S5), we found significant main effects of phase for Omax (F[3,352]=6.54, p<.001), Pmax (F[3,352]=22.51, p<.0001), breakpoint (F[3,297]=4.30, p<.01), and elasticity (F[3,352]=6.07, p<.001) on the UBC PT. The subsequent post hoc pairwise comparisons indicated that after each of the dual-product phases, participants showed lower demand for UBCs, including lower expenditure (associated with lower Pmax), a lower breakpoint, and greater demand elasticity when compared with the UBC phase. With the VLNCC PT, we found a significant effect of the phase only for the breakpoint (F[2,121]=3.09, p<.05), but not for any other metric. Pairwise comparisons indicated that after the EC-LO+VLNCC phase, participants reported a lower breakpoint for the VLNCC, suggesting a lowered demand for the VLNCC. For the EC PT, we did not observe any significant effects of EC liquid nicotine concentration (i.e., EC-HI+VLNCC vs. EC-LO+VLNCC) on any PT metric.
[bookmark: _Hlk153957528][bookmark: _Hlk159232875]For the JUUL arm (Table S6), we found a significant main effect of the phase for Omax (F[3,59]=4.55, p<.01) in the UBC PT. A subsequent pairwise comparison revealed that after each of the dual-product phases, participants reported lower expenditure for UBCs compared to the UBC phase. We did not find any other significant effects of the phase on other metrics in the UBC PT. We also did not find any significant effect of the phase for any VLNCC PT metric. For the EC PT, we found that there was a significant effect of phase for Omax (F[1,9]=5.13, p<.05), with pairwise comparisons indicating that participants had higher expenditure following the EC-LO+VLNCC phase than the EC-HI+VLNCC phase.
Acrolein DNA Adducts
[bookmark: _Hlk153798997]To estimate exposure to carcinogens in the oral cavity, we examined the impact of phase on the acrolein DNA adduct γ-OH-Acr-dGuo levels. The main effect of phase was not statistically significant (F[3,282]=0.17, p=.92), indicating no differences between the UBC (GM=136.3, 95% CI=[108.3, 171.6]), VLNCC (GM=121.5, 95% CI=[88.2937, 167.2]), EC-LO+VLNCC (GM=128.4, 95% CI=[94.9, 173.8]), an EC-HI+VLNCC (GM=129.4, 95% CI=[93.5, 179.0]) phases.
Adverse Events
Table S7 shows the AEs, by phase. Overall, participants were more likely to report an AE during the VLNCC phase compared to the UBC (OR=3.55, 95% CI=[2.01, 6.27]),  EC-LO+VLNCC (OR=1.90, 95% CI=[1.14, 3.17]), or EC-HI+VLNCC (OR=2.81, 95% CI=[1.59, 4.98]) phases. None of the nonserious AEs were reported by 5% or more of participants during any of the phases. Only two cases of CO>60 were observed, one each during the UB and VLNCC phases. A total of four serious AEs were reported by study participants, but only one (bradycardia) was rated as possibly related to study product use.
Exploratory Analyses
Impact of flavor
[bookmark: _Hlk150344969][bookmark: OLE_LINK14]As part of exploratory analyses, we examined the impact of preferred UBC flavor (tobacco vs. menthol) and its interaction with phase on UBC CPD, VLNCC CPD, EC sessions, expired CO, and TNE in separate mixed models. Overall, 55.9% of the sample smoked menthol UBCs and 44.1% preferred tobacco flavor (see Table S8). We found a main effect of preferred UBC flavor on UBC CPD, with tobacco-flavored users reporting greater UBC use during the study (5.63±0.50) than menthol-flavored users (4.24±0.50; F[1,532]=5.39, p<.05). We found a significant interaction between preferred UBC flavor and phase on expired CO, F(3,502)=3.21, p=0.023), with post hoc pairwise comparisons indicating that tobacco-flavored users produced greater expired CO (20.95±1.61) than menthol-flavored users (15.33±1.53) during the UBC phase. There were no other significant main effects or interactions with preferred UBC flavor on other product use measures.
[bookmark: _Hlk158991469]We also examined whether chosen EC flavor (tobacco, fruit, cream, or menthol flavor) impacted the product use and exposure measures during the dual-product phases using similar models. As can be seen in Table S8, more than half of participants in the eGo arm chose EC flavors that differed from their preferred UBC flavor (those in the JUUL arm only had tobacco and menthol flavor options). Our analyses indicated that EC flavor had no significant main effect or interaction with phase on UBC CPD, VLNCC CPD, EC sessions, expired CO, TNE, or explicit product liking (i.e., PES values).


Table S1. Product Evaluation scales' least-square means (standard errors) and post hoc pairwise comparisons, by phase and EC arm.
	
	Phase

	Measure
	UBC
(Phase 1)
	VLNCC
(Phase 2)
	EC-LO+VLNCC
 (Phase 3 or 4)
	EC-HI+VLNCC
 (Phase 3 or 4)

	eGo Arm
	
	
	
	

	 Satisfaction
	4.70 (0.13)
	2.37 (0.14) a****
	3.86 (0.17) a****,b****
	3.81 (0.17) a****,b****

	 Psychological Reward
	2.89 (0.09)
	1.87 (0.10) a****
	2.34 (0.11) a****,b***
	2.31 (0.12) a****,b***

	 Enjoy Sensation
	3.39 (0.14)
	2.14 (0.14) a****
	3.03 (0.17) b****
	3.07 (0.17) b****

	 Reduce Craving
	4.19 (0.14)
	2.64 (0.15) a****
	3.13 (0.18) a****,b*
	3.22 (0.18) a****,b**

	 Aversion
	1.24 (0.07)
	1.51 (0.07) a****
	1.35 (0.09)
	1.46 (0.09) a*

	
	
	
	
	

	JUUL Arm
	
	
	
	

	 Satisfaction
	4.37 (0.25)
	2.19 (0.31) a****
	3.04 (0.31) a**,b*
	3.13 (0.30) a**,b*

	 Psychological Reward
	2.78 (0.18)
	1.68 (0.22) a****
	2.11 (0.22) a**
	2.32 (0.21) a*,b*

	 Enjoy Sensation
	3.49 (0.28)
	2.36 (0.34) a**
	2.64 (0.34) a*
	2.71 (0.33) a*

	 Reduce Craving
	4.35 (0.27)
	2.51 (0.33) a****
	2.49 (0.33) a****
	2.99 (0.32) a***

	 Aversion
	1.27 (0.14)
	1.44 (0.17)
	1.52 (0.17)
	1.50 (0.16)

	
	
	
	
	

	Note. a Significantly different from UBC (Phase 1). b Significantly different from VLNCC (Phase 2). UBC=Usual Brand Cigarettes; VLNCC=Very Low Nicotine Content Cigarettes; EC-LO=Lower Nicotine Electronic Cigarettes; EC-HI=Higher Nicotine Electronic Cigarettes. 
*p < .05. **p < .01. ***p < .001. ****p<.0001.







Table S2. IAT effect D-score least-square means (standard errors) and post hoc pairwise comparisons, by phase and EC arm.
	
	Phase

	Measure
	UBC
(Phase 1)
	VLNCC
(Phase 2)
	EC-LO+VLNCC
 (Phase 3 or 4)
	EC-HI+VLNCC
 (Phase 3 or 4)

	eGo Arm
	
	
	
	

	 Cigarette IAT
	-0.46 (0.05)
	-0.48 (0.06)
	-0.29 (0.06) a***,b****
	-0.38 (0.06)

	 EC IAT
	-0.29 (0.05)
	-0.18 (0.05) a*
	-0.18 (0.05) a*
	-0.23 (0.06)

	
	
	
	
	

	JUUL Arm
	
	
	
	

	 Cigarette IAT
	-0.80 (0.10)
	-0.63 (0.11) a*
	-0.52 (0.11) a*
	-0.47 (0.11) a***

	 EC IAT
	-0.56 (0.08)
	-0.33 (0.09) a**
	-0.38 (0.09) a*
	-0.18 (0.09) a*****

	
	
	
	
	

	Note. a Significantly different from UBC (Phase 1). b Significantly different from VLNCC (Phase 2). UBC=Usual Brand Cigarettes; VLNCC=Very Low Nicotine Content Cigarettes; EC-LO=Lower Nicotine Electronic Cigarettes; EC-HI=Higher Nicotine Electronic Cigarettes.
*p < .05. **p < .01. ***p < .001. ****p<.0001.





Table S3. Withdrawal and withdrawal-related scales' least-square means (standard errors) and post hoc pairwise comparisons, by phase and EC arm, for in-session and smartphone-collected measures.
	
	Phase

	Measure
	UBC
(Phase 1)
	VLNCC
(Phase 2)
	EC-LO+VLNCC
 (Phase 3 or 4)
	EC-HI+VLNCC
 (Phase 3 or 4)

	In-Session Assessments

	eGo Arm
	
	
	
	

	MNWS
	22.68 (0.56)
	24.76 (0.58) a****
	23.85 (0.60) a*
	23.75 (.60)

	QSU-Brief
	3.25 (0.20)
	3.18 (0.21)
	2.55 (0.22) a***,b****
	2.38 (0.22) a****,b****

	PANAS Negative Affect
	12.80 (0.39)
	14.29 (0.41) a***
	14.06 (0.42) a**
	13.76 (0.42) a*

	PANAS Positive Affect
	33.15 (0.66)
	31.89 (0.68) a*
	33.02 (0.69) b*
	33.65 (0.69) b**

	JUUL Arm
	
	
	
	

	MNWS
	25.19 (1.18)
	28.60 (1.40) a*
	28.48 (1.38) a*
	26.37 (1.35)

	QSU-Brief
	3.01 (0.36)
	3.37 (0.41)
	2.76 (0.41)
	2.35 (0.40)

	PANAS Negative Affect
	15.65 (1.15)
	17.12 (1.32)
	18.05 (1.30)
	16.61 (1.28)

	PANAS Positive Affect
	31.40 (1.22)
	31.56 (1.39)
	28.97 (1.39)
	27.80 (1.36) a**,b**

	EMA c

	eGo Arm
	
	
	
	

	Withdrawal
	-
	1.87 (0.04)
	1.73 (0.045) b****
	1.72 (0.04) b****

	Craving
	-
	3.09 (0.08)
	2.49 (0.08) b****
	2.50 (0.08) b****

	Negative Affect
	-
	1.56 (0.05)
	1.50 (0.05)
	1.54 (0.05)

	Positive Affect
	-
	3.34 (0.07)
	3.32 (0.07)
	3.34 (0.07)

	JUUL Arm
	
	
	
	

	Withdrawal
	-
	2.23 (0.13)
	2.08 (0.14)
	2.02 (0.14)

	Craving
	-
	3.34 (0.13)
	2.86 (0.16) b**
	2.69 (0.16) b***

	Negative Affect
	-
	1.77 (0.11)
	1.57 (0.12)
	1.59 (0.12)

	Positive Affect
	-
	2.99 (0.14)
	3.02 (0.16)
	2.98 (0.16)

	
	
	
	
	

	Note. a Significantly different from UBC (Phase 1). b Significantly different from VLNCC (Phase 2). c EMA assessments were not collected during the UBC phase. UBC=Usual Brand Cigarettes; VLNCC=Very Low Nicotine Content Cigarettes; EC-LO=Lower Nicotine Electronic Cigarettes; EC-HI=Higher Nicotine Electronic Cigarettes; MNWS=Minnesota Nicotine Withdrawal Scale; QSU-Brief= Questionnaire of Smoking Urges-Brief; PANAS=Positive and Negative Affect Scales; EMA=ecological momentary assessment.
*p < .05. **p < .01. ***p < .001. ****p<.0001.



Table S4. Perceived Health Risks questionnaires' least-square means (standard errors) and post hoc pairwise comparisons, by phase and EC arm.
	
	Phase

	Measure
	UBC
(Phase 1)
	VLNCC
(Phase 2)
	EC-LO+VLNCC
 (Phase 3 or 4)
	EC-HI+VLNCC
 (Phase 3 or 4)

	eGo Arm
	
	
	
	

	Lung Cancer
	7.23 (0.25)
	5.79 (0.26) a****
	4.96 (0.27) a****,b***
	4.73 (0.27) a****,b***

	Emphysema
	6.45 (0.26)
	5.48 (0.26) a***
	4.74 (0.28) a****,b*
	4.72 (0.28) a****,b*

	Heart Disease
	6.24 (0.25)
	5.43 (0.26) a**
	4.59 (0.27) a****,b**
	4.50 (0.27) a****,b**

	Stroke
	6.72 (0.25)
	5.37 (0.26) a****
	4.53 (0.27) a****,b**
	4.33 (0.27) a****,b***

	Other Cancer
	6.67 (0.26)
	5.42 (0.26) a****
	4.68 (0.27) a****,b*
	4.71 (0.27) a****,b*

	Addiction
	8.25 (0.25)
	5.53 (0.26) a****
	5.48 (0.27) a****
	5.39 (0.27) a****

	JUUL Arm
	
	
	
	

	Lung Cancer
	8.43 (0.43)
	7.59 (0.51)
	5.17 (0.51) a****,b****
	5.54 (0.50) a****,b***

	Emphysema
	7.49 (0.48)
	7.38 (0.55)
	5.19 (0.55) a****,b***
	5.54 (0.54) a***,b**

	Heart Disease
	7.27 (0.49)
	6.83 (0.56)
	5.07 (0.56) a***,b**
	5.61 (0.55) a**,b*

	Stroke
	6.81 (0.46)
	7.24 (0.54)
	4.62 (0.54) a****,b****
	5.22 (0.52) a**,b***

	Other Cancer
	6.73 (0.46)
	7.45 (0.54)
	4.82 (0.54) a***,b****
	5.07 (0.53) a**,b***

	Addiction
	8.73 (0.48)
	5.19 (0.60) a****
	5.96 (0.60) a***
	6.77 (0.57) a**,b*

	Note. a Significantly different from UBC (Phase 1). b Significantly different from VLNCC (Phase 2).c EMA assessments were not collected during the UBC phase. UBC=Usual Brand Cigarettes; VLNCC=Very Low Nicotine Content Cigarettes; EC-LO=Lower Nicotine Electronic Cigarettes; EC-HI=Higher Nicotine Electronic Cigarettes.
*p < .05. **p < .01. ***p < .001. ****p<.0001.





Table S5. Purchase task least-square means (standard errors) and post hoc pairwise comparisons, by phase and rated product, for the eGo arm.
	
	Phase

	Purchase Task
	UBC
(Phase 1)
	VLNCC
(Phase 2)
	EC-LO+VLNCC
 (Phase 3 or 4)
	EC-HI+VLNCC
 (Phase 3 or 4)

	UBC
	
	
	
	

	Intensity
	44.25 (7.54)
	44.57 (8.26)
	41.6 (8.83)
	39.45 (8.73)

	Omax
	257.77 (574.92)
	201.97 (1007.61)
	68.66 (284.56) a***, b*
	81.35 (508.37) a**

	Pmax
	80.49 (163.9)
	27.66 (96.99) a***
	13.66 (66.01) a***
	11.01 (55.46) a***

	Breakpoint
	14.52 (30.56)
	10.83 (18.96) 
	7.86 (20.78) a**
	7.70 (16.89) a**

	Elasticity
	0.01 (0.01)
	0.02 (0.03) a*
	0.03 (0.08) a***
	0.03 (0.02) a***

	VLNCC
	
	
	
	

	Intensity
	-
	27.30 (3.65)
	27.87 (3.65)
	27.10 (4.13)

	Omax
	-
	105.36 (459.48)
	89.31 (501.21)
	93.31 (542.92)

	Pmax
	-
	22.30 (87.15)
	20.24 (92.98)
	12.66 (67.08)

	Breakpoint
	-
	6.67 (15.49)
	5.16 (8.85) b*
	5.84 (12.53)

	Elasticity
	-
	0.10 (0.27)
	0.07 (0.11)
	0.07 (0.16)

	Study EC
	
	
	
	

	Intensity
	-
	-
	37.31 (5.65)
	38.47 (9.86)

	Omax
	-
	-
	45.41 (187.7)
	43.72 (245.42)

	Pmax
	-
	-
	9.41 (52.7)
	7.06 (40.33)

	Breakpoint
	-
	-
	4.71 (3.95)
	5.2 (6.86)

	Elasticity
	-
	-
	0.04 (0.1)
	0.04 (0.09)

	Note. a Significantly different from UBC (Phase 1). b Significantly different from VLNCC (Phase 2). UBC=Usual Brand Cigarettes; VLNCC=Very Low Nicotine Content Cigarettes; EC-LO=Lower Nicotine Electronic Cigarettes; EC-HI=Higher Nicotine Electronic Cigarettes.
*p < .05. **p < .01. ***p < .001. ****p<.0001.





Table S6. Purchase task least-square means (standard errors) and post hoc pairwise comparisons, by phase and rated product, for the JUUL arm.
	
	Phase

	Purchase Task
	UBC
(Phase 1)
	VLNCC
(Phase 2)
	EC-LO+VLNCC
 (Phase 3 or 4)
	EC-HI+VLNCC
 (Phase 3 or 4)

	UBC
	
	
	
	

	Intensity
	15.66 (1.21)
	16.04 (1.44)
	15.85 (1.26)
	13.37 (1.4)

	Omax
	10.63 (2.32)
	7.95 (0.89)
	6.84 (0.84) a*
	5.89 (0.73) a**

	Pmax
	1.84 (0.45)
	1.98 (1.29)
	1.61 (1.41)
	1.56 (1.54)

	Breakpoint
	4.21 (1.55)
	4.41 (2.27)
	4.17 (2.96)
	3.59 (2.68)

	Elasticity
	0.02 (0.01)
	0.02 (0.0)
	0.02 (0.002)
	0.02 (0.01)

	VLNCC
	
	
	
	

	Intensity
	-
	15.74 (2.49)
	10.60 (1.56)
	11.44 (1.32)

	Omax
	-
	6.69 (1.82)
	4.23 (1.20)
	4.6 (0.87)

	Pmax
	-
	2.34 (2.1)
	1.24 (0.39)
	1.34 (0.44)

	Breakpoint
	-
	4.82 (3.94)
	2.81 (0.99)
	3.47 (1.24)

	Elasticity
	-
	0.07 (0.15)
	0.06 (0.03)
	0.04 (0.01)

	Study EC
	
	
	
	

	Intensity
	-
	-
	35.25 (5.16)
	39.4 (10.66)

	Omax
	-
	-
	7.68 (3.28)
	5.57 (1.72) c*

	Pmax
	-
	-
	0.83 (0.41)
	1.29 (2.54)

	Breakpoint
	-
	-
	3.22 (3.8)
	3.72 (4.11)

	Elasticity
	-
	-
	0.06 (0.12)
	0.04 (0.03)

	Note. a Significantly different from UBC (Phase 1). b Significantly different from VLNCC (Phase 2).  c Significantly different from EC-LO+VLNCC (Phase 3 or 4). UBC=Usual Brand Cigarettes; VLNCC=Very Low Nicotine Content Cigarettes; EC-LO=Lower Nicotine Electronic Cigarettes; EC-HI=Higher Nicotine Electronic Cigarettes.
*p < .05. **p < .01. ***p < .001. ****p<.0001.




Table S7. Adverse events. The total number of AEs by phase are reported in the first row, followed by the frequencies of the individual AEs by phase.
	
	Phase
	

	Adverse Event
	UBC
(Phase 1)
	VLNCC
(Phase 2)
	EC-LO+VLNCC
 (Phase 3 or 4)
	EC-HI+VLNCC
 (Phase 3 or 4)
	Totals

	Total AEs
	18 
	56
	25
	19
	118

	Coughing
	1
	5
	0
	1
	7

	Headache
	2
	4
	1
	0
	7

	Depression
	0
	3
	2
	1
	6

	Irritability
	1
	4
	0
	0
	5

	Sore Throat
	0
	3
	0
	2
	5

	Diarrhea
	0
	2
	1
	1
	4

	Upper Respiratory Infection
	1
	1
	0
	2
	4

	Back Pain
	0
	2
	1
	0
	3

	General Disorders & Administration Site Conditions - Other
	0
	2
	1
	0
	3

	Toothache
	1
	0
	0
	2
	3

	Urinary Tract Infection
	1
	2
	0
	0
	3

	Vomiting
	1
	0
	1
	1
	3

	Anxiety
	0
	2
	0
	0
	2

	Dyspnea
	0
	1
	1
	0
	2

	Edema Limbs
	0
	2
	0
	0
	2

	Elevated Carbon Monoxide
	1
	1
	0
	0
	2

	Fatigue
	0
	1
	0
	1
	2

	Kidney Infection
	0
	1
	1
	0
	2

	Muscle Contractions
	0
	1
	1
	0
	2

	Nausea
	2
	0
	0
	0
	2

	Neck Pain
	0
	1
	1
	0
	2

	Panic Attack
	0
	2
	0
	0
	2

	Shortness Of Breath
	1
	0
	1
	0
	2

	Sinusitis
	0
	1
	1
	0
	2

	Stomach Pain
	1
	0
	0
	1
	2

	Tooth Infection
	1
	0
	1
	0
	2

	Abdominal Pain
	0
	1
	0
	0
	1

	Abscess
	0
	1
	0
	0
	1

	Acute Kidney Injury
	0
	0
	1
	0
	1

	Agitation
	0
	0
	1
	0
	1

	Allergic Rhinitis
	0
	1
	0
	0
	1

	Appetite Decreased
	0
	0
	1
	0
	1

	Bradycardia
	0
	1
	0
	0
	1

	Bronchitis
	0
	1
	0
	0
	1

	Bruising
	0
	1
	0
	0
	1

	Chest Pain - Cardiac
	0
	0
	1
	0
	1

	Chest Wall Pain
	0
	0
	0
	1
	1

	Dehydration
	0
	0
	1
	0
	1

	Dermatitis
	0
	0
	1
	0
	1

	Ear Pain
	0
	0
	0
	1
	1

	Eye Pain
	1
	0
	0
	0
	1

	Flu Like Symptoms
	0
	0
	0
	1
	1

	Folliculitis
	1
	0
	0
	0
	1

	Fracture
	0
	1
	0
	0
	1

	Gallbladder Pain
	0
	0
	0
	1
	1

	Gastroenteritis
	0
	0
	0
	1
	1

	Hyperglycemia
	0
	0
	1
	0
	1

	Hypertension
	0
	1
	0
	0
	1

	Injury, Poisoning, & Procedural Complications - Other
	0
	0
	0
	1
	1

	Insomnia
	0
	0
	1
	0
	1

	Joint Effusion
	0
	0
	1
	0
	1

	Lung Infection
	0
	1
	0
	0
	1

	Nasal Congestion
	0
	1
	0
	0
	1

	Pharyngitis
	1
	0
	0
	0
	1

	Productive Cough
	0
	1
	0
	0
	1

	Psychiatric Disorders - Other
	0
	1
	0
	0
	1

	Rotator Cuff Injury
	0
	0
	1
	0
	1

	Sinus Pain
	0
	0
	0
	1
	1

	Skin Infection
	0
	1
	0
	0
	1

	Surgical And Medical Procedures - Other
	1
	0
	0
	0
	1

	Syncope
	0
	0
	1
	0
	1

	Vaginal Infection
	0
	1
	0
	0
	1

	Wheezing
	0
	1
	0
	0
	1

	Note. UBC=Usual Brand Cigarettes; VLNCC=Very Low Nicotine Content Cigarettes; EC-LO=Lower Nicotine Electronic Cigarettes; EC-HI=Higher Nicotine Electronic Cigarettes.






Table S8. Frequencies (and percentages) of preferred usual brand cigarette (UBC) and chosen study electronic cigarette (EC) flavor, by EC arm.
	
	EC Flavor

	UBC Flavor
	Cream
	Fruit
	Menthol
	Tobacco
	Not Exposed
	Total

	eGo Arm
	
	
	
	
	
	

	Menthol
	21 (20.59)
	31 (30.39)
	34 (33.33)
	7 (6.86)
	9 (8.82)
	102 (57.95)

	Tobacco
	17 (22.97)
	19 (25.68)
	4 (5.41)
	25 (33.78)
	9 (12.16)
	74 (42.05)

	JUUL Arm a
	
	
	
	
	
	

	Menthol
	
	
	8 (47.06)
	0
	9 (52.94)
	17 (45.95)

	Tobacco
	
	
	0
	14 (70.00)
	6 (30.00)
	20 (54.05)

	Note. a Only menthol and tobacco EC flavors were available in the JUUL arm.





Figure S1. Study CONSORT diagram.
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[bookmark: _Hlk140670506]Figure S2. Main effects of phase on mean usual-brand cigarette (UBC) CPD, very low nicotine content cigarettes (VLNCC) CPD, and number of electronic cigarette (EC) sessions, reported as least-square means with standard-error bars, for the (A) eGo-C arm and (B) JUUL arm.
(A)
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(B)
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Figure S3. Main effects of phase on expired carbon monoxide (CO), reported as least-square means with standard-error bars, and on the geometric means of total nicotine equivalents (TNEs), reported with bars representing the 95% confidence intervals, for the (A) eGo-C arm and (B) JUUL arm.
(A)
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(B)
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