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Abstract

Background and Objectives—Cigarette smoking is common among cancer patients and is 

associated with negative outcomes. Electronic nicotine delivery systems (“e-cigarettes”) are 

rapidly growing in popularity and use, but there is limited information on their safety or 

effectiveness in helping individuals quit smoking.

Data Sources—The authors searched PubMed, Web of Science, and additional sources for 

published empirical data on safety and use of electronic cigarettes as an aid to quit smoking.

Review Methods—We conducted a structured search of the current literature up to and 

including November 2013.

Results—E-cigarettes currently vary widely in their contents and are sometimes inconsistent 

with labeling. Compared to tobacco cigarettes, available evidence suggests that e-cigarettes are 

often substantially lower in toxic content, cytotoxicity, associated adverse effects, and secondhand 

toxicity exposure. Data on the use of e-cigarettes for quitting smoking is suggestive, but ultimately 

inconclusive.

Conclusions—Clinicians are advised to be aware that the use of e-cigarettes, especially among 

cigarette smokers, is growing rapidly. These devices are unregulated, of unknown safety, and of 

uncertain benefit in quitting smoking.

Implications for Practice—In the absence of further data or regulation, oncologists are advised 

to discuss the known and unknown safety and efficacy information on e-cigarettes with interested 

patients, and to encourage patients to first try FDA-approved pharmacotherapies for smoking 

cessation.
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Between 2005–2009, cigarette smoking accounted for over 48% of all cancer-related 

deaths.1 At least 75% of head and neck cancers are caused by tobacco and alcohol use, with 

tobacco associated with greater risk than alcohol.2,3 Evidence suggests that not only does 

smoking cause cancer, continued smoking after cancer diagnosis increases risk of 

developing other smoking-related illnesses (e.g., coronary heart disease), second primary 

tumors, cancer recurrence, and mortality.4–8 The majority of head and neck cancer patients 

attempt to quit smoking, but a substantial portion relapse back to smoking.9,10 Given 

patients’ substantial smoking histories and difficulties quitting, it is perhaps unsurprising 

that our research team is increasingly receiving anecdotal reports of patients using electronic 

nicotine delivery systems (referred to here as “e-cigarettes” for purpose of simplicity and 

brevity).

E-cigarettes first became commercialized in China in 2003 and entered the United States 

market in 2007.11–13 E-cigarettes are electronic devices that heat a liquid to produce a vapor 

inhaled by the user (“vaper”). Notably, vaporization does not involve combustion or tobacco 

smoke (see Figure 1). A wide variety of brands and modifications exist. Many of these 

devices resemble cigarettes or cigars, but others appear more similar to pens, screwdrivers, 

or the tips from a hookah. The heating of the liquid inside an e-cigarette (“e-liquid”) is 

sometimes initiated by inhalation from the user, but in other models is initiated by the 

pressing of a button. Most e-liquids contain nicotine from tobacco leaves in a mixture of 

glycerin or propylene glycol. Some e-liquids contain flavorings advertised as menthol, mint, 

cherry, coffee, chocolate, or as tasting similar to different varieties of tobacco. These e-

liquids may be contained in disposable e-cigarettes themselves, in replaceable cartridges, or 

in refill liquids. On April 24, 2014, the Food and Drug Administration (FDA) released a 

proposed rule deeming e-cigarettes subject to FDA regulation, which, if enacted, will require 

e-cigarette manufactures to report product and ingredient listings, only market new e-

cigarettes after FDA review, only make reduced risk claims if FDA confirms there is 

scientific evidence, and include health warnings with e-cigarette packaging. This rule will be 

available for a 75-day public comment period before enactment. Providers and patients 

should be aware that e-cigarettes are not approved as cessation devices and there is currently 

no federal oversight of e-cigarettes.

Although federal regulation of e-cigarettes have not yet been introduced in the United 

States, it is instructive to note regulations that have emerged elsewhere. In Canada, 

electronic nicotine delivery systems cannot be imported, marketed, or sold without being 

approved as a new drug. As a result, e-cigarettes that contain nicotine are currently illegal, 

but e-cigarettes without nicotine are legal as long as they do not include a health claim.14 In 

the European Union, health ministers had attempted to move towards pharmaceutical 

regulations for e-cigarettes regardless of nicotine content. However, in October of 2013, less 

stringent regulations were enacted: e-cigarettes should contain no more than 30 mg/ml of 

nicotine, should carry health warnings, and should not be sold to anyone under 18. Further, 

manufacturers and importers should supply authorities with a list of ingredients and e-

cigarettes are subject to the same advertising restrictions as tobacco products.
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The lack of federal oversight in the United States has not deterred growth in the sale and use 

of electronic cigarettes. Surveys and other evidence indicate rapid, exponential growth, 

driven by increasingly aggressive marketing and declining price. Estimates of the U.S. 

population who have ever used e-cigarettes in 2010 ranged from 2 to 3%.15 A survey 

conducted in the beginning of 2012, before major televised e-cigarette advertisements, 

reported that about 8% had tried e-cigarettes with a 1% rate of current use; among current 

smokers, 32% had tried e-cigarettes and 6% used currently.12 Most vapers report smoking 

cessation as the primary reason for use.16–18{Control, 2013 #172;Corey, 2013 #457} 

Recently, traditional tobacco manufacturers entered the market, which is likely to accelerate 

e-cigarette usage. Given increased use among the general population and anecdotal reports 

of use by cancer patients, we recognized a need for providers to have a summary of the 

current, relevant literature on these products. To achieve this goal, we conducted a 

systematic review of the literature regarding the safety of e-cigarettes and their use as aides 

to quit tobacco cigarettes.

Methodology/Search Strategy

For this review, the literature was searched in PubMed (titles or abstracts) and Web of 

Science (titles or topics). The most recent search was conducted on November 20, 2013. 

Search terms used included “electronic cigarette,” “electronic cigarettes,” “e-cig*,” and 

“electronic nicotine delivery”. The initial search identified 277 original articles. Of these, 61 

were not relevant, 75 were opinion/commentary articles, 29 were review articles, 29 

provided empirical data regarding e-cigarette prevalence, and 28 provided empirical data not 

directly relevant, such as media exposure or effects of e-cigarettes on withdrawal symptoms 

or cognition. The remaining 55, that we review here, were articles with empirical data 

related to safety (n=40) and tobacco cigarette cessation (n=15) (Figure 2). In addition, recent 

reviews assisted in structuring this review and providing background.19–21

Discussion

Safety Data

Because e-cigarettes are developed by a variety of manufacturers and are unregulated, the 

contents of e-cigarettes vary widely and in some cases are not consistent with labeling.22–24 

Thus, it is not possible to make general statements regarding e-cigarette safety. Further, 

assessment of the health hazard associated with continued exposure to e-cigarettes over 

many years is not possible currently, as very few people have used e-cigarettes for an 

extended period of time. Moreover, the goal of safety assessments is controversial. Some 

argue that assessments should examine if e-cigarettes pose any risk to health, while others 

claim that the only relevant question is if they pose less risk than cigarette smoking.25–28 

Despite these limits and controversies, there are some initial studies of e-cigarettes that 

provide useful information.

E-cigarettes are primarily used as a nicotine-delivery system. Nicotine is known to be the 

major addictive chemical in tobacco and to have acute toxicity at high doses.1 Although 

nicotine is linked to deregulation of essential biological processes, such as angiogenesis, 

which may promote the growth of pre-existing tumors,29 it is unclear if nicotine is 
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carcinogenic in humans. Notably, a secondary analysis of the Lung Health Study found that 

use of Nicotine Replacement Therapies (NRT) was not associated with lung cancer.30 On 

the other hand, long-term smokeless tobacco use increases the risk of oral cavity, 

esophageal, and pancreatic cancers, but not to the same degree as smoking and not at all for 

many other cancers associated with smoking. This potentially suggests that substances other 

than nicotine contribute to the cancer process. However, another explanation is that the 

reduced risk is partially or completely due to route of exposure.1 Further, the carcinogen N-

nitrosonornicotine (NNN) has been detected among some former smokers using NRT.31,32 

Nonetheless, NNN is but one of over 250 chemicals known to be toxic or carcinogenic in 

tobacco smoke.33 Thus, the 2014 Surgeon’s General’s Report notes the need for quantifying 

the level of risk from long-term use of NRT and other non-combusted sources of nicotine, 

especially if long-term use of these nicotine sources becomes more prevalent, as appears to 

be occurring with e-cigarettes.1

Nicotine content varies by electronic cigarette manufacturer, and actual content is 

sometimes higher or lower than labeled.21–23,34,35 Under clinical laboratory conditions, e-

cigarette users are not always exposed to measurable levels of nicotine.36,37 Automatic 

smoking machines indicate that, similar to light and ultralight cigarettes, deeper inhalation is 

needed for e-cigarettes than conventional cigarettes, and the need for deep inhalation 

increases as vaping progresses.38–40 Although the reduced exposure to nicotine may have 

some benefits, it is also a cause for concern, because lower nicotine products may result in 

compensatory behaviors.41 Indeed, more experienced vapers using their own devices in the 

laboratory have been found to have elevated rates of plasma nicotine, topography indicates 

experienced vapers have longer puff duration than cigarette smokers vaping for the first 

time, saliva samples from vapers were found to have levels of nicotine metabolite that are 

more similar to cigarette smokers than users of nicotine replacement therapies, and survey 

data seems to indicate that vapers who are former smokers consume more nicotine from e-

cigarettes than they previously did from tobacco cigarettes.42–45 These data suggest that 

vapers may compensate for any initial low levels of nicotine or that the absence of smoke 

irritants allows vapers to inhale more nicotine compared to smoking. This high usage may 

be of concern, especially if e-cigarette vapor contains significant amounts of toxic chemicals 

besides nicotine.

To date, studies have found detectable levels of toxic chemicals in e-cigarettes, but generally 

at levels much lower than in tobacco smoke. For example, levels of toxicants have been 

reported to be 9–450 times lower than levels previously reported in tobacco smoke.46 

Nonetheless, these do include carcinogens previously found in tobacco smoke, such as 

formaldehyde, acetaldehyde, NNN, and 4(N-Nitrosomethyamino)-1-(3-pyridyl)-1-butanone 

(NNK). Most e-cigarettes contain propylene glycol, which at higher temperatures can 

oxidize and form formaldehyde, acetaldehyde, and methylglyoxal.47 Some, but not all, of 

the e-cigarette brands produced vapor with levels of formaldehyde and acetaldehyde 

significantly greater than contained in a medicinal nicotine inhaler. NNK and NNN were not 

found to be present in the nicotine inhaler, but were found in conventional cigarette smoke 

at concentrations 40 and 380 times greater than e-cigarette vapor, respectively.46 Similarly, 

fine and ultrafine particulate matter emissions of an Italian brand of e-cigarette were 10 or 5 

times lower than a conventional cigarette.48 Other chemicals identified in e-cigarettes 
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include acrolein, volatile organic compounds (VOC’s), and, in some rare cases, amino-

tadalafil and rimonabant.47,49–51 Finally, one study found concentrations of metals in e-

cigarette aerosol that were higher than cigarette smoke, which the authors suggested 

demonstrated a need for improved quality control.52 See Table 1 for a summary of studies of 

e-cigarette content.

Pre-clinical Studies—An initial study found an association between e-liquid cytotoxicity 

and the number and concentration of flavoring chemicals used.53 Subsequent studies found 

that one of twenty-one e-liquids produced vapor with cytotoxic effects.54 A follow-up study 

found cytotoxicity in four of twenty samples and noted that higher voltage e-cigarettes 

resulted in reduced cell viability.55 Cigarette smoke was significantly more cytotoxic, 

meeting cytotoxicity definition at 12.5% dilution, whereas none of the vapor solutions met 

that criteria even at 25% dilution.55 In a 2014 conference presentation, researchers described 

a study of human bronchial epithelial cells carrying mutations in the TP53 and KRAS genes 

and reported that e-cigarette vapors enhanced the cells’ cancerous behaviors, suggesting that 

e-cigarette exposure might contribute to lung cancer in individuals at high risk for the 

disease.56 Further studies on the impact of electronic cigarette exposure on lung 

carcinogenicity are ongoing.

Acute effects—The use of e-cigarettes appears to have resulted in some positive health 

changes for former smokers. Smokers (n=13) converting to vaping demonstrated reduced 

carboxyhemoglobin levels after 2 weeks.57 In a case report study, one smoker was able to 

relieve chronic idiopathic neutrophilia after switching from tobacco smoking to e-

cigarettes.58 E-cigarettes are also linked to negative effects. E-cigarettes, especially those 

with nicotine, reduce lung function.59 However, this effect is less pronounced for e-

cigarettes than for tobacco cigarettes.44 Unlike tobacco cigarettes, e-cigarettes do not appear 

to significantly affect complete blood count.60,61 Studies reported that although both e-

cigarettes and tobacco cigarettes increased pulse, increased inflammatory markers, and 

impacted measures of myocardial function, these changes were only significant for tobacco 

cigarettes.62–64 See Table 2 for a summary of studies on acute effects.

Various adverse events for e-cigarettes have been reported. The FDA reported that they 

received 47 reports about adverse events related to e-cigarette use: eight were classified as 

serious, including pneumonia and chest pain; thirty-nine were classified as minor, including 

headache and cough.65 By examining reports by vapers in online forums, researchers 

classified negative effects from e-cigarettes as occurring primarily in the mouth, throat, and 

respiratory, neurological, sensory, and digestive systems.66 Case studies have reported e-

cigarette use resulting in lipid pneumonia and paroxysmal atrial fibrillation, both of which 

resolved after cessation of e-cigarette use.67,68 Poison center visits related to e-cigarette 

exposure were primarily from accidental ingestion resulting from leaky cartridges or other 

causes, but also from dermal or ocular exposure, as well as standard inhalation.69–71 Three 

reported suicide attempts involving e-liquid ingestion were ultimately non-fatal, but one 

individual did commit suicide via e-liquid injection.72,73

Secondhand vaping—Toxic chemicals in e-cigarette vapor are not only inhaled by e-

cigarette users; they are also released into the indoor environment. An early study reported 
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no risk of harm to health via the inhalation route of environmental e-cigarette vapor,74 but 

later studies found that use of e-cigarettes leads to emissions of aerosols, VOC’s, flavoring 

substances, and nicotine, allowing for “passive vaping”.48,75–77 Particle number 

concentrations of e-cigarette-generated aerosols were similar or even slightly higher than 

tobacco cigarettes; high nicotine content e-cigarettes appeared to produce greater particle 

number concentrations.78 Presently, it is unclear if these particles represent a source of 

toxicity. Even if some level of toxicity is present, it seems unlikely to be as harmful as 

second-hand smoke, but the studies reviewed have yet to definitively answer this question. 

See Table 3 for a summary of passive exposure studies.

Efficacy Data on Smoking Cessation

Similar to safety data, there is considerable controversy about how to interpret cessation 

data. Beyond case studies and qualitative reports,57,79–82 two types of empirical evidence 

are reviewed here regarding the impact of e-cigarette usage on tobacco smoking: population-

based studies and prospective trials. Population-based studies are generally survey-based 

observational studies that compare vapers to cigarette smokers. These are difficult to 

interpret for a variety of reasons. Most notably, individuals who purchase e-cigarettes differ 

significantly from those who do not. For example, vapers, in comparison to non-vaping 

cigarette smokers, are often younger and more affluent.83,84 Another question concerns 

whether reduction (as opposed to cessation) of cigarette smoking should be considered as a 

positive outcome; cigarette smoking reduction is of questionable health benefit.85 Further, 

self-report of cigarette smoking rate is notoriously unreliable when measured in cigarettes 

per day, as done in the majority of studies reviewed here.86,87 Even the few prospective 

trials have methodological limitations such as small sample size and no appropriate control 

group.

Survey studies—Surveys reveal that the majority of e-cigarette users are current or 

former smokers who believe e-cigarettes can help them quit smoking and are less harmful 

than tobacco cigarettes.15–17,20,88 A 2010 survey e-mailed 4,884 consecutive first-time 

purchasers of e-cigarettes in the United States (US); of the 216 smokers who responded, 

about 31% were not smoking 6 months after their purchase.89 A 2011 survey of current or 

recent former smokers (N=1836) weighted to estimate US prevalence found that use of e-

cigarettes was significantly associated with an unsuccessful quit attempt.90 Similarly, 

another survey of current/former smokers in the US, the United Kingdom, Canada, and 

Australia found a significant reduction in cigarette smoking, but cessation rates did not 

differ significantly between e-cigarette users and non-users.83 Another study examining 

tobacco quitline callers from six U.S. states reported that about one-third of the sample 

reported ever using e-cigarettes; they were significantly less likely to have quit cigarettes at 

7-month follow-up.91 A study of former smokers in Europe (N=111) who successfully 

substituted e-cigarettes for tobacco cigarettes for at least one month reported that 42% quit 

in the first month; the majority (74%) used liquid with high nicotine concentration.27 These 

survey studies are difficult to interpret because causality cannot be determined.

Clinical trials—We identified five prospective studies. The first four studies were 

conducted among current smokers uninterested in quitting. In the first study (N=20), e-
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cigarette experimentation was associated with reduced cigarette smoking after one week.92 

Similarly, in a second study involving smokers who were provided e-cigarettes for 24 weeks 

(N=40), about 23% reported 30-day cigarette abstinence and about a third reduced cigarette 

consumption by at least 50%.93 Results remained similar 18 months later, not including 17 

who were lost to follow-up.94 Notably, neither of the studies mentioned so far included 

control groups. A third study compared groups based on e-liquid nicotine content. One 

group (n=100) received e-cigarettes with no nicotine, while a second group (n=100) 

received 7.2 mg, and a third group (n=100) received 7.2 mg for the first 6 weeks and then 

5.4 mg for the remainder of the study. There were no significant differences between groups. 

Collapsing across groups, 11% and 9% of participants reported tobacco smoking abstinence 

at week 12 and week 52 respectively.95 Similar results were found among schizophrenic 

smokers, with sustained abstinence in 2 of the 14 participants, with another 7 reporting a 

50% reduction or more.96

Finally, the most recent study randomly assigned 657 smokers interested in quitting to three 

groups: e-cigarettes with nicotine (n=289), e-cigarettes without nicotine (n=73), and nicotine 

transdermal patch (n=295), a FDA-approved pharmacotherapy.97,98 Participants were given 

free supplies and instructed to use their e-cigarette or patch for one week before until 12 

weeks after their quit day. The primary outcome, self-reported abstinence over the whole 

follow-up period (allowing ≤ 5 cigarettes total and verified by carbon monoxide), was 

assessed six months after the quit date. Rates of abstinence were not significantly different, 

but was highest in the nicotine e-cigarettes group (n=21, 7.3%), followed by the nicotine 

patch group (n=17, 5.8%), and nicotine-free e-cigarettes group (n=3, 4.1%). The authors 

attributed the lack of significant findings to lower rates of abstinence achievement observed 

during the study than assumed in statistical power calculations. Indeed, the rates appeared to 

be quite low in comparison to other studies.99 See Table 4 for a summary of smoking 

cessation studies. Overall, these studies show that use of e-cigarettes appears to be 

associated with cessation or reduction of cigarette smoking for some individuals, but studies 

have yet to demonstrate that e-cigarettes are superior to an appropriate control condition.

Implications for Practice

Safety data indicates that e-cigarettes contain detectable levels of toxic substances, but 

generally at lower levels than tobacco cigarettes. Acute effects are generally similar to 

effects of tobacco cigarettes, but at a lower severity. Negative effects reported, e.g., 

poisonings, appear to result primarily from accidental exposure.69,70,100,101 Secondhand 

vaping can occur, but current evidence is still ambiguous regarding related toxicity. 

Prospective trials appear to suggest e-cigarettes can help some individuals quit or reduce 

smoking; however evidence has yet to demonstrate rates higher than FDA-approved 

pharmacotherapies. Further, some individuals do not quit smoking, suggesting that e-

cigarettes may allow them to maintain their tobacco dependence, perhaps by allowing 

nicotine use in locations where smoking is not permitted. In summary, available evidence 

suggest that e-cigarettes warrant further investigation, but cannot currently be unequivocally 

recommended as a smoking cessation strategy or harm reduction technique.
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Healthcare providers, such as oncologists, can play a crucial role in promoting smoking 

cessation.102 The most common model for delivering this information is summarized in 

Table 5 as the 5A’s approach: 1) ask the patient about their smoking, 2) advise them to quit 

if they are smoking, 3) assess their willingness and readiness to make a quit attempt, 4) 

assist them in their quit attempt by providing resources or referrals, and 5) arrange follow-up 

consultations to promote long-term cessation. This model is endorsed by the most recent 

treatment guidelines for tobacco dependence and is enhanced when providers advise patients 

to use FDA-approved pharmacotherapies (e.g., nicotine patch, nicotine gum, nicotine 

inhaler, nicotine lozenge, varenicline, bupropion) further improving cessation rates.103–105 

However, a large percentage of primary care physicians do not complete steps 3–5 in this 

model, and the same is true for cancer specialists, as less than 50% of practitioners discuss 

smoking cessation pharmacotherapies with their patients or provide assistance in helping 

them make a quit attempt.106–108 These low percentages motivated the American 

Association for Cancer Research (AACR) to recommend universal assessment and 

documentation of tobacco use, as well as improved provision of cessation assistance to all 

cancer patients who have used tobacco or recently quit.109

Health and professional associations have begun to weigh in on e-cigarettes. AACR and the 

American Society of Clinical Oncology are currently preparing a joint policy statement. The 

American Cancer Society (ACS) had taken on a very cautionary role, releasing a memo of 

support in 2010 of the effort to halt the sale of e-cigarettes in New York unless approved by 

the FDA.110 However, more recent statements seem to be more open to potential public 

health benefits. A statement in 2011 by Dr. Thomas Glynn, Director of Cancer Science and 

Trends at ACS, stressed the need for “solid, independent data” and stated that while e-

cigarettes are not likely to be a “magic bullet” any more than any other quit smoking tool, 

they “have the potential to make an important contribution to public health by helping some 

smokers stop.”111 A statement revised in July, 2013 states that ACS “has not taken a 

position on whether electronic cigarettes should be banned from the US market.”112 The 

American Lung Association reports that “it is urgent for FDA to begin its regulatory 

oversight of e-cigarettes, which would include ingredient disclosure by e-cigarette 

manufacturers to FDA.”113 Finally, in an April 2014 publication, the Tobacco Control and 

Smoking Cessation Committee of the International Association for the Study of Lung 

Cancer (IASLC) released a statement on the use of e-cigarettes by cancer patients, stating 

that cancer patients who used e-cigarettes to quit smoking should be congratulated, but also 

monitored for adverse effects of e-cigarettes and encouraged to wean themselves off e-

cigarettes, perhaps by switching to cessation pharmacotherapy.114

Oncologists should remain vigilant regarding the evolving research and policy issues 

surrounding e-cigarettes and are directed to sources such as the FDA Center for Tobacco 

Products’ “This Week in Tobacco” to stay abreast of potential changes in evidence, 

recommendations, or guidelines. The FDA is expected to release regulatory statements 

regarding e-cigarettes in the near future. We recognize that the limited available scientific 

data on safety and efficacy, combined with the current lack of standardization and federal 

oversight, creates a difficult situation for health care providers. Most evidence suggests that 

e-cigarettes are less toxic than tobacco cigarettes47–51, but evidence regarding long-term 

effects of frequent use, and the impact of e-cigarette use on attempts to quit smoking, is still 
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lacking. We advise clinicians to have frank discussions with patients about the known and 

unknown costs and benefits associated with e-cigarette use. Although use of FDA-approved 

pharmacotherapies certainly appears to be the more prudent choice at this juncture, we must 

recognize that many patients report turning to e-cigarettes following dissatisfying 

experiences with these pharmacotherapies. Unlike nicotine patches, e-cigarettes provide an 

acute dose of nicotine. Further, use of nicotine gum or lozenge may be difficult for some in 

this population due to post-surgical oral limitations. The nicotine inhaler is another FDA-

approved pharmacotherapy that may prove helpful for some patients, but it provides a 

relatively low dose of nicotine, which is slowly absorbed through the buccal mucosa without 

reaching the lung in significant amounts.115,116 As mentioned above, nicotine toxicity is a 

concern, but given the numerous deleterious effects of continued smoking by head and neck 

cancer patients, smoking cessation remains the prepotent goal. Therefore, pending the 

emergence of compelling data, clinicians may consider keeping an open mind regarding 

patients’ informed decisions to attempt smoking cessation in unconventional ways, 

including via the short-term use of e-cigarettes.

Vapers often report tobacco cessation as a primary motivation for use of e-cigarettes. As 

such, it is important that oncologists be aware of these devices. However, unlike the 

organizational support and guidelines recommending cessation of traditional tobacco 

products, limited guidelines exist for e-cigarette use in the oncology setting. Therefore, 

clinicians are advised to follow prior recommendations for primary care physicians to advise 

patients that the inhalation of the complex mixtures from e-cigarette vapors is not known to 

be safe, that there is not clear evidence that e-cigarettes help smokers to quit smoking, and 

that FDA-approved treatments for smoking cessation, proven safe and effective, are 

available.19 Although research has improved our understanding of e-cigarettes since these 

initial 2011 recommendations, safety and efficacy remains uncertain. The exponential 

growth of e-cigarettes in recent years is now producing a similarly exponential growth in 

research into the area, but at this point there are still more questions than answers. Moving 

forward, it will be critical to understand if adolescents use e-cigarettes as a gateway to 

smoking, whether e-cigarette use promotes cessation or maintenance of smoking, and the 

long-term health consequences of direct or indirect exposure to e-cigarette vapor.
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Figure 1. 
Typical components of an electronic cigarette. Source: Reprinted from Foulds et al. 2011 

with permission from John Wiley and Sons, © 2011 Blackwell Publishing Ltd.
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Figure 2. 
Flow diagram of literature search, screening, and selection.
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Table 1

Articles on e-cigarette/vapor chemical content.

Year Authors Locations Brands Findings

2010 Hadwiger et al. United States (internet 
purchases from FDA)

E-Cialis, E-rimonabant, 
[others unidentified]

E-cig products advertised as containing no 
nicotine did actually contain nicotine; E-Cialis 

contained amino-tadalafil. E-rimonabant 
contained an oxidative impurity of 

rimonabant.

2011 Ohta et al. Japan [unidentified, examined both 
commercial devices and a 

device made specifically for 
study]

Formaldehyde, acetaldehyde, acrolein, 
glyoxal, and methylglyoxal detected in vapor; 

when voltage exceeded 3 V, mist contains 
carbonyl compounds, possibly due to 

oxidation of carrier substance

2011 Trehy et al. Missouri, United States 
(internet purchases)

CIXI, Johnson Creek, NJOY, 
Smoking Everywhere

Nicotine content sometimes differs from label 
(e.g., labeled 0 mg, actual 21.8 mg; labeled 24 

mg, actual 0 mg); Detectable levels of 
mysomine and anatabine

2012 Cheah et al. Singapore Best Ecig, BoJinQiShi, E-
pipe, e-joy, ECHL, E-

vaporizer, Eluma, 51, PV 510, 
Pons, SS, Slim, SH, SA, SE, 

SC, Vapor, VC, V2CIGS

Nicotine content sometimes differs from label 
(e.g., labeled 11 mg, actual 2 mg, labeled 6 
mg, actual 6–12 mg); Propylene glycol and 

glycerol found to be present in nicotine-
containing liquid

2013 Cameron et al. US: Spokane, Washington BE112, Smart Smoke, 
Vapour

Actual nicotine content in all samples 
equivalent to or lower than labeled content

2013 Etter et al. US, UK, France, Switzerland, 
China

Dekang, Ecigexpress, FV, 
Intellicig, Janty, JC, Sedansa, 

Tecc, TW, Vapor4Life

Nicotine content similar to labeling; Contents 
include cis-N-oxide, trans-N-oxide, 

myosmine, antabine, anabasine

2013 Goniewicz, 
Knysak, et al.

Poland, United Kingdom Colinss, Dekang, DSE, Ecis, 
Intellcig, Joye, Janty, Mild, 
Nicore, Premium, Trendy

Formaldehyde, Acetaldehyde, Acrolein, 
Toluene, NNN, and NNK identified at levels 

9–450 times lower than mainstream 
conventional cigarette smoke

2013 Goniewicz 
Kuma, et al.

Poland, United Kingdom, 
United States

Colinss, Dekang, Ecis, 
Ecigar.pl, EO, Extreme, 

Gamucci, Intellicig, Janty, 
Liberro, Mild, Mini, Nicore, 
NPro, Premium, Red, SGC, 

SC, Trendy, Virginia

Nicotine content sometimes consistent with 
labeling; However, in 9 out of 20 analyzed 

cartridges and 3 out of 15 refill liquids, 
nicotine content differed by over 20%;

2013 Kim and Shin Korean imports from Chinese 
manufacturers

[unidentified, “purchased in 
July and August, 2012 from 

11 e-cigarette shops]

Maximum concentrations of Tobacco Specific 
Nitrosamines of 86.92 µg/L, 10 times more 

than published by Ruyan E-cigarette 
Company

2013 Kirschner et al. United States (smoke shop and 
internet)

Ecigexpress, Titan, Provape, 
Hangsen

Nicotine concentrations differed from 
labeling; (e.g., labeled 36 mg, actual 50 mg; 

labeled 100 mg, actual 87 mg, labeled 36 mg, 
actual 18 mg)

2013 Williams et al. California, United States [unidentified, “from a well-
known manufacturer”; 
“purchased from local 

retailers or on the Internet”]

Vapor contained particles comprised of tin, 
silver, iron, nickel, aluminum, and silicate and 
nanoparticles of tin, chromium, and nickel; 9 

of 11 elements were equal or higher to cig 
smoke

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2015 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Harrell et al. Page 19

T
ab

le
 2

A
rt

ic
le

s 
on

 a
cu

te
 p

hy
si

ol
og

ic
al

 e
ff

ec
t o

f 
e-

ci
ga

re
tte

s.

Y
ea

r
A

ut
ho

rs
L

oc
at

io
n

N
St

ud
y 

D
es

ig
n

C
on

di
ti

on
s

B
ra

nd
s

F
in

di
ng

s

20
10

V
an

si
ck

el
 e

t a
l.

U
ni

te
d 

St
at

es
32

W
ith

in
-s

ub
je

ct
s 

de
si

gn
 

w
ith

 c
ig

ar
et

te
 s

m
ok

er
s

O
w

n 
br

an
d 

(O
B

) 
ci

ga
re

tte
, 1

8 
m

g 
e-

ci
g,

 1
6 

m
g 

e-
ci

g,
 o

r 
un

lit
 c

ig
N

PR
O

 (
18

m
g)

, 
H

yd
ro

 (
16

 m
g)

Sy
m

pt
om

 s
up

pr
es

si
on

 g
re

at
er

 f
or

 O
B

 th
an

 e
ith

er
 e

-c
ig

; 
O

B
, b

ut
 n

ot
 e

-c
ig

s,
 in

cr
ea

se
d 

pl
as

m
a 

ni
co

tin
e 

an
d 

he
ar

t 
ra

te

20
12

C
zo

ga
la

 e
t a

l.
Po

la
nd

42
C

as
e 

se
ri

es
B

ef
or

e 
an

d 
af

te
r 

ci
ga

re
tte

 a
nd

 e
-c

ig
 

us
e

[u
ni

de
nt

if
ie

d]
E

-c
ig

s 
in

cr
ea

se
d 

di
as

to
lic

 p
re

ss
ur

e 
&

 p
ul

se
,; 

ot
he

r 
pa

ra
m

et
er

s 
on

ly
 s

ho
w

ed
 s

ig
. i

nc
re

as
es

 a
ft

er
 c

ig

20
12

Fa
rs

al
in

os
 e

t a
l.

G
re

ec
e

42
2 

ca
se

 s
er

ie
s 

w
ith

 2
2 

ex
-

sm
ok

er
s 

w
ho

 u
se

 e
-C

ig
 a

nd
 

20
 S

m
ok

er
s 

(S
)

U
se

 o
f 

11
m

g 
e-

ci
g 

fo
r 

7 
m

in
ut

es
 

(e
C

ig
 o

nl
y)

 r
 a

 r
eg

ul
ar

 to
ba

cc
o 

ci
ga

re
tte

 (
S 

on
ly

)

[u
ni

de
nt

if
ie

d]
C

ig
af

fe
ct

ed
 s

ev
er

al
 m

ea
su

re
s 

of
 v

en
tr

ic
ul

ar
 f

un
ct

io
n 

(a
ll 

p<
.0

5)
; U

si
ng

 e
-c

ig
 r

es
ul

te
d 

on
ly

 in
 r

is
e 

in
 M

V
-A

 w
av

e,
 

p<
.0

5

20
12

Fl
ou

ri
s 

et
 a

l.
G

re
ec

e
30

2 
ca

se
 s

er
ie

s 
w

ith
 1

5 
Sm

ok
er

s 
(S

),
 1

5 
N

ev
er

 
Sm

ok
er

s 
(N

S)

C
on

tr
ol

, a
ct

iv
e 

(S
 o

nl
y)

 / 
pa

ss
iv

e 
(N

S 
on

ly
) 

sm
ok

in
g,

 a
nd

 a
ct

iv
e 

(S
 

on
ly

) 
/ p

as
si

ve
 (

N
S)

 v
ap

in
g

N
ob

ac
co

 G
ia

nt
C

om
pl

et
e 

bl
oo

d 
co

un
t n

ot
 s

ig
ni

fi
ca

nt
ly

 a
lte

re
d 

du
ri

ng
 

co
nt

ro
l a

nd
 e

-c
ig

 s
es

si
on

s,
 p

>
.0

5;
 c

ig
ar

et
te

 s
m

ok
in

g 
in

cr
ea

se
d 

w
hi

te
 b

lo
od

 c
el

l, 
ly

m
ph

oc
yt

e,
 g

ra
nu

lo
cy

te
 

co
un

ts
, p

<
.0

5

20
12

V
ar

da
va

s 
et

 a
l.

G
re

ec
e

30
C

as
e 

se
ri

es
U

se
 o

f 
ac

tiv
e 

(1
1 

m
g 

ni
co

tin
e)

 o
r 

in
ac

tiv
e 

e-
ci

g 
ad

 li
b 

fo
r 

5 
m

in
ut

es
N

ob
ac

co
, b

la
ck

 
lin

e,
 M

L
B

-M
E

D
 

fi
lte

r

A
ct

iv
e 

e-
ci

g 
de

cr
ea

se
d 

fr
ac

tio
n 

of
 e

xh
al

ed
 n

itr
ou

s 
ox

id
e,

 
in

cr
ea

se
d 

re
sp

ir
at

or
y 

im
pe

da
nc

e,
 r

es
is

ta
nc

e,
 a

nd
 o

ve
ra

ll 
pe

ri
ph

er
al

 a
ir

w
ay

 r
es

is
ta

nc
e 

(a
ll 

p<
.0

3)
.

20
13

Fl
ou

ri
s 

et
 a

l.
G

re
ec

e
30

M
ix

ed
 w

ith
in

-s
ub

je
ct

s 
be

tw
ee

n 
su

bj
.: 

15
 s

m
ok

er
s 

(S
),

 1
5 

N
ev

er
 S

m
ok

er
s 

(N
S)

C
on

tr
ol

, a
ct

iv
e 

(S
 o

nl
y)

 / 
pa

ss
iv

e 
(N

S 
on

ly
) 

sm
ok

in
g,

 a
nd

 a
ct

iv
e 

(S
 

on
ly

) 
/ p

as
si

ve
 (

N
S)

 v
ap

in
g

N
ob

ac
co

 G
ia

nt
A

ct
iv

ev
ap

in
g/

sm
ok

in
g 

ge
ne

ra
te

d 
si

m
ila

r 
ef

fe
ct

s 
on

 
co

tin
in

e 
le

ve
ls

 (
e.

g.
, v

ap
in

g 
60

.6
±

34
 v

s.
 s

m
ok

in
g 

61
.3

±
7)

; E
-c

ig
 r

ed
uc

ed
 lu

ng
 f

un
ct

io
n 

3%
 v

s.
 s

m
ok

in
g 

7%

20
13

T
za

tz
ar

ak
is

 e
t a

l.
G

re
ec

e
20

2 
ca

se
 s

er
ie

s 
w

ith
 S

m
ok

er
s 

(S
),

 n
=

10
, a

nd
 N

ev
er

 
Sm

ok
er

s 
(N

S)
, n

=
10

C
on

tr
ol

, a
ct

iv
e 

(S
 o

nl
y)

 / 
pa

ss
iv

e 
(N

S 
on

ly
) 

sm
ok

in
g,

 a
nd

 a
ct

iv
e 

(S
 

on
ly

) 
/ p

as
si

ve
 (

N
S)

 v
ap

in
g

[u
ni

de
nt

if
ie

d]
A

ct
iv

e 
an

d 
pa

ss
iv

e 
va

pi
ng

 d
id

 n
ot

 s
ig

. i
nc

re
as

e 
in

fl
am

m
at

or
y 

m
ar

ke
rs

, p
>

.0
5;

 A
ct

iv
e 

an
d 

pa
ss

iv
e 

sm
ok

in
g 

in
cr

ea
se

d 
tu

m
ou

r 
ne

cr
os

is
 f

ac
to

r 
al

ph
a 

(T
N

Fa
),

 
p<

.0
5

20
13

V
an

 S
ta

de
n 

et
 a

l.
So

ut
h 

A
fr

ic
a

13
C

as
e 

se
ri

es
B

ef
or

e 
an

d 
af

te
r 

e-
ci

g 
us

e 
fo

r 
2 

w
ee

ks
 b

y 
re

gu
la

r 
ci

ga
re

tte
 s

m
ok

er
s

T
w

is
p

D
ec

re
as

e 
in

 c
ot

in
in

e,
 c

ar
bo

xy
ha

em
og

lo
bi

n 
re

du
ce

d,
 

in
cr

ea
se

d 
O

2s
at

ur
at

io
n

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2015 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Harrell et al. Page 20

Table 3

Articles on passive exposure to e-cigarettes (second hand vaping).

Year Authors Location Brands
Flavorings Nicotine

(mg/mL)
Findings

2012 McAuley et al. United States [unidentified, 4 
“popular e-liquid 

brands”]

Tobacco 24 and 26 No vapor sample exceeded 
defined risk limits, tobacco 

smoke approached, but did not 
exceed, defined risk limits

2012 Ingebrethsen et al. United States [unidentified, 1 
rechargeable and 1 

disposable]

[none reported] [not reported] Undiluted e-cig vapors found to 
have particle diameters of 

average mass in the 250–450 
nm range and particle number 

concentration in the 
109particles/cm3range

2013 Schripp et al. Germany [unidentified, tank 
and cotton delivery 

systems]

Apple and Tobacco 0, 18 Increases in volatile organic 
compounds and (ultra)fine 

particles identified in passive 
vapor; exhaled particles are 

smaller than inhaled

2013 Zhang et al. United States Bloog MaxX 
Fusion, Propylene 
(PG) or Vegetable 

(VG) vehicle

[none reported] 16 Peak particle counts at 180 nm 
(VG) and 120 nm (PG). Small 
particles were eliminated and 

large particles were reduced in 
both size and number by 
organic vapor removal

2014 Fuoco et al. Italy [unidentified, two 
rechargeable 

models (tank and 
atomizer) and one 

disposable]

Selene, Strawberry, 
Menthol, Camel

0, 8–9, 12–18 Particle number distributions of 
e-cig vapor were similar 
(4.39±0.42 part. cm−3) to 
tobacco cigarette smoke 
(3.14±0.61 part. cm−3)

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2015 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Harrell et al. Page 21

T
ab

le
 4

E
m

pi
ri

ca
l a

rt
ic

le
s 

on
 u

se
 o

f 
e-

ci
ga

re
tte

s 
fo

r 
ci

ga
re

tte
 c

es
sa

tio
n.

Y
ea

r
A

ut
ho

rs
L

oc
at

io
ns

N
St

ud
y 

D
es

ig
n

C
on

di
ti

on
s

B
ra

nd
s

F
in

di
ng

s

20
11

C
ap

on
ne

tto
 e

t a
l.

It
al

y
2

C
as

e 
se

ri
es

7.
2m

g 
ni

co
tin

e 
e-

ci
ga

re
tte

[u
ni

de
nt

if
ie

d]
A

ll 
pa

rt
ic

ip
an

ts
 q

ui
t s

m
ok

in
g 

(C
O

 =
 

2–
4 

pp
m

)

20
11

C
ap

on
ne

tto
 e

t a
l.

It
al

y
3

C
as

e 
se

ri
es

 (
6 

m
on

th
s)

7.
2m

g 
ni

co
tin

e 
e-

ci
ga

re
tte

 (
2/

3 
pa

rt
ic

ip
an

ts
)

[u
ni

de
nt

if
ie

d]
A

ll 
pa

rt
ic

ip
an

ts
 q

ui
t s

m
ok

in
g 

(C
O

 =
 

2–
5 

pp
m

)

20
11

Po
lo

sa
 e

t a
l.

It
al

y
40

6 
m

on
th

 p
ro

sp
ec

tiv
e 

pi
lo

t 
st

ud
y

7.
4 

m
g 

ni
co

tin
e 

e-
ci

ga
re

tte
C

at
eg

or
ia

23
%

 q
ui

t s
m

ok
in

g

20
11

Si
eg

el
 e

t a
l.

U
ni

te
d 

St
at

es
21

6
6 

m
on

th
 f

ol
lo

w
-u

p 
su

rv
ey

[N
ot

 A
pp

lic
ab

le
]

B
lu

31
%

 q
ui

t s
m

ok
in

g

20
13

B
ul

le
n 

et
 a

l.
N

ew
 Z

ea
la

nd
65

7
6 

m
on

th
 3

 a
rm

, R
an

do
m

iz
ed

 
C

on
tr

ol
le

d 
T

ri
al

16
 m

g 
e-

ci
ga

re
tte

, 2
1 

m
g 

pa
tc

h,
 0

 m
g 

e-
ci

ga
re

tte
E

lu
si

on
N

o 
di

ff
er

en
ce

s 
be

tw
ee

n 
co

nd
iti

on
s

20
13

C
ap

on
ne

tto
 e

t a
l.

It
al

y
30

0
52

 w
ee

k,
 3

 a
rm

, 
R

an
do

m
iz

ed
 C

on
tr

ol
le

d 
T

ri
al

7.
2 

m
g 

e-
ci

ga
re

tte
, 5

.4
 m

g 
e-

ci
ga

re
tte

, 0
 m

g 
e-

ci
ga

re
tte

C
at

eg
or

ia
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

; A
ll 

re
du

ce
d 

us
e

20
13

C
ap

on
ne

tto
 e

t a
l.

It
al

y
14

52
 w

ee
k 

ca
se

 s
er

ie
s

7.
4 

m
g 

ni
co

tin
e 

e-
ci

ga
re

tte
C

at
eg

or
ia

14
%

 q
ui

t

20
13

Fa
rs

al
in

os
 &

 R
om

ag
na

G
re

ec
e

1
C

as
e 

re
po

rt
[N

ot
 A

pp
lic

ab
le

]
[u

ni
de

nt
if

ie
d]

Pa
rt

ic
ip

an
t a

bl
e 

to
 q

ui
t; 

in
cr

ea
se

d 
le

uk
oc

yt
e 

co
un

t

20
14

W
ag

en
er

 e
t a

l.
U

ni
te

d 
St

at
es

20
1 

w
ee

k 
ca

se
 s

er
ie

s
ad

 li
bi

tu
m

 u
se

 o
f 

br
an

d 
of

 c
ho

os
in

g
Pr

oS
m

ok
e 

(1
4/

18
m

g)
, B

lu
 (

13
–

15
 o

r 
9–

12
 m

g)
, 

Sm
ok

eT
ip

 (
12

–1
6 

m
g)

44
%

 r
ed

uc
tio

n 
in

 c
ig

ar
et

te
s 

pe
r 

da
y 

fo
llo

w
in

g 
ad

 li
bi

tu
m

 u
se

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2015 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Harrell et al. Page 22

Table 5

The 5 A’s for Promoting Smoking Cessation in Primary Care Settings.

Step Description Action

Ask about cigarette use. Determine whether a patient is currently 
using cigarettes at every appointment, 
and document every response in the 
patient’s medical record.

Directly ask the patient whether he/she is currently smoking 
tobacco cigarettes.

Advise patient to quit. Encourage patients using tobacco 
cigarettes to quit smoking as soon as 
possible.

Tailor a clear and personalized message to the patient about the 
benefits of quitting and the risks associated with continued 
smoking.

Assess* readiness to quit. Determine whether a patient is ready to 
quit smoking and identify barriers to 
making a quit attempt.

Directly ask the patient whether he/she is ready to quit smoking. If 
so, proceed to Assist. If not, probe for source of lack of motivation.

Assist* with quit attempt. Provide assistance to patients who are 
motivated to quit.

Work with the patient on selecting a quit date. Explore potential 
triggers and cues which might promote relapse after quitting. 
Provide information about pharmacotherapy and referrals for 
psychotherapy.

Arrange* follow-up contact. Maintain contact with the patient to 
ensure that he/she is successfully 
maintaining abstinence.

Schedule multiple follow-ups within the first month of the target 
quit date. Provide positive reinforcement at the follow-up contacts 
and offer additional services/referrals if patient relapses.
If patient is not interested in making a quit attempt, follow up at 
future appointments

Notes: Adapted from A clinical practice guideline for treating tobacco use and dependence: 2008 update. A U.S. Public Health Service report. Am J 
Prev Med. 2008;35(2):158–176.

*
The Assess, Assist, and Arrange steps may be executed via a referral to a tobacco treatment specialist, including a tobacco cessation telephone 

quitline.
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