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INTRODUCTION

Electronic nicotine delivery systems (ENDS) include 
electronic  cigarettes – the most common products.  In 
Brazil, electronic smoking devices (dispositivos eletrônicos 
para fumar – DEF) include ENDS and heated tobacco 
products (HTP). The basic difference is that HTP “heats” 
the tobacco, instead of having a liquid nicotine solution 
to release nicotine to its users. It must be noted that the 
World Health Organization (WHO) does not consider 
ENDS as tobacco products1.

The 8th Session of the Conference of the Parties 
(COP8) of the Framework Convention on Tobacco 
Control (FCTC) recognized that HTPs are subject to the 
treaty’s rules2. However, since HTPs are being promoted 
by companies, they can impose regulatory challenges 
regarding their definition and classification, and represent 
challenges for broadly enforcing FCTC2.

In Brazil, the National Health Surveillance Agency 
(Anvisa) has regulated ENDS3 since 2009 (Resolution 
N. 46/20094) and more recently through Resolution 
N. 855/20245. The latter determines the prohibition 
on manufacturing, commercialization, importation, 
advertising, distribution, storage, and importation of 
these products, including their accessories, pieces, parts, 
and refills designed to be used with/on ENDS, which 
include electronic cigarettes and HTPs5. Additionally, 
the Resolution forbids their consumption in closed 
environments5.

As will be discussed further in the text, HTPs 
are a reemerging category of tobacco products. The 
promotion of these products is globally done through the 
communication that they are “less harmful alternatives” to 
conventional combustible cigarettes (CC). A significant 
number of studies on the health hazards of HTP were 
conducted or financed by the tobacco industry, and, as a 
result, present conflicts of interest.

Cigarette companies also produce HTP. Moreover, 
they use the same strategies from the 20th century. Health 
professionals have been co-opted by these corporations 
to endorse these “new products” and the fallacy of harm 
reduction6. Companies push decision-makers, the press, 
and the public opinion to get authorization to sell their 
products, recruit new users through deceitful messages, 
which lead people to believe these products can be 
innocuous or bring benefits for smokers who switch to 
them.

A recently published Japanese study shows how the 
image of HTP was successfully “sold”: among the 3,420 
participants, 40.3% of tobacco users and 18.3% of non-
users considered HTP less harmful. For participants 
aged 20-39 years, these proportions rose to 49.9% and 
30.4%, respectively. Among the 1,160 respondents who 
were non-smokers, familiarized with HTP, factors such as 
being male, under 39 years old, and with fewer years of 
education, were associated with the perception of HTP 
being less harmful7.

Therefore, understanding these products from solid 
scientific evidence is essential to doctors, other health 
professionals, and the whole Public Health community, 
especially those working in tobacco/nicotine addiction 
control and those working in cancer screening, prevention, 
control, and treatment. This whole body of specialists is 
responsible for protecting public policies formulated by 
Anvisa and by the National Cancer Institute (INCA) 
so that HTPs remain classified as ENDS in the country 
and, therefore, within the scope of Anvisa’s Resolution 
N. 855/20245.

HTPs are a reemerging class of consumption 
products, created by the tobacco industry originally in 
the 1980s8. The first devices heated tobacco through a 
carbon tip. Most recent products have been promoted by 
manufacturers as “tobacco cessation instruments”, when 
actually they are not.
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DEVELOPMENT

1. DEFINITION OF HTP

There are several definitions for HTP. 

a) Definition by the campaign for tobacco free kids (CTFK)

— HTPs are tobacco products that require the use of 
an electronic device to heat a stick or pod of compressed 
tobacco9. The stick (by definition, a cigarette) or the 
tobacco pod is heated to a temperature high enough 
to produce an inhalable aerosol, but the temperature is 
below that which is required for full combustion9. HTP 
systems are fully integrated so that the heating device and 
cigarettes or pods for each system must be used together9. 
The systems are exclusive to each manufacturer in that the 
components are not interchangeable9.

Although that is a good definition, it does not 
encompass a particular and important aspect of HTPs: 
they use only reconstituted tobacco10. While combustible 
cigarettes usually include tobacco leaves (cured in a 
greenhouse, for instance, burley, Asian tobacco), expanded 
tobacco, and reconstituted tobacco.

b) Definition by Upadhyay et al.10

— HTPs are novel products that allow users to inhale 
nicotine by heating (350 °C) reconstituted tobacco rather 
than combustion (900 °C) as in conventional cigarettes.10.

Using the defined temperatures is troublesome for 
several reasons. Firstly, each product has a temperature 
at which tobacco is heated, according to manufacturers. 
Moreover, temperatures reported by the industry may 
not be precise: some HTP products have recorded 
temperatures up to 550 °C11. Secondly, there are hybrid 
products like “Ploom TECH” and “lil Hybrid”, which 
first heat the liquid, which then heats the tobacco (see 
further ahead, item d, type 4 devices). These hybrid devices 
heat tobacco around 30-40 °C9. It must be highlighted 
that tobacco combustion exists in HTPs: an article on 
the iQOS brand product showed evidence of pyrolysis12. 
Pyrolysis is a synonym for incomplete combustion, as 
elegantly and eloquently discussed in a publication by 
the Karolinska Institute13. Therefore, there is tobacco 
combustion in HTPs.

c) Definition by an HTP manufacturing company

— Heat-not-burn products14 
By far, the worst and most inadequate definition. In 

addition to not characterizing tobacco, it claims that there 

is no tobacco combustion in HTPs, which is incorrect, as 
previously discussed12,13.

d) 2020 Definition by the WHO

— HTPs produce aerosols containing nicotine and 
toxic chemicals when tobacco is heated or when a device 
containing tobacco is activated. These aerosols are inhaled 
by users during a process of sucking or smoking involving a 
device. They contain the highly addictive substance nicotine 
as well as non-tobacco additives, and are often flavored. The 
tobacco may be in the form of specially designed cigarettes 
(e.g. “heat sticks” and “Neo sticks”) or pods or plugs15. 
Newer HTPs include lower-and higher-temperature 
variants, hybrid electronic devices with both tobacco and 
liquid, carbon-tipped devices, devices using a metallic mesh 
punctured with tiny holes to heat a pre-filled, pre-sealed 
liquid cap, and others which allow users to customize the 
temperature and manage the aerosol and flavor output. 
Additionally, several products in this category are under 
development, some of which are based on new technology15.

This is an excellent definition and characterization, 
which highlights the broad array of existing and in-
development products. It only failed to mention that they 
use reconstituted tobacco. 

In Brazil, INCA defines heated cigarettes or HTP as 
“ENDS that hit pressed tobacco sticks, tobacco pods or, in 
the case of hybrid products, pressed tobacco sticks together 
with a liquid. When heated to a high temperature, they 
generate an aerosol”16. 

2. TYPES OF HTP

a) Type 1 – device resembling a cigarette (Figure 1)

The heat is provided by a pressed carbon tip located 
in the product’s extremity, which must be lit like a 
traditional cigarette, that is, with a standard match or 
lighter. Premier and Eclipse are examples of this type of 
cigarette (see ahead).

In 1988, RJ Reynolds (RJR) was the first tobacco 
company to sell HTP to consumers by launching Premier 
in the United States. Its functioning was thus described in 
its press release: “warm air passes through a tobacco roll; 
through a capsule containing beads coated with spray-
dried tobacco, flavors and glycerol; through a tobacco 

Figure 1. Drawing of a device that heats through a carbon tip
Source: Nova Online17.
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paper filter and a standard cigarette filter”18. Glycerol (VG) 
was used as an aerosol-generator agent (see the section on 
humectants), with mentions in internal documents of 
the potential risk of lung cancer in mice19. It was made 
available in two versions: regular and menthol. Inhaling 
nicotine using Premier promoted blood level increase to 
13 ng/ml20, lower than a CC cigarette.

Premier was withdrawn from the market in 1989. The 
failure of RJR’s “smokeless cigarette” was due, partly, to 
the generalized negative word-of-mouth about the flavor, 
smell, quality, and difficulty of keeping the product lit21. 

British American Tobacco (BAT) acquired RJR in 
2017 and continued producing carbon-tip HTPs22, with 
the release of Neocore. 

Philip Morris International (PMI) also developed and 
finished in 2016 a “platform” with carbon tip heating 
called TEEPS23. It was released in 201724.

b) Type 2 – device that uses an external heat source to turn 
the nicotine from specially-projected sticks into aerosol 

Although distinct, this is the basic project of iQOS 
(PMI) and Glo (BAT) (Figure 2). The iQOS tobacco stick 
is called HeatStick, and Glo’s is called Neostick. There is 
also Pulze, produced by British Imperial Tobacco, whose 
stick was called ID25.

Glo is BAT’s flagship heating tobacco product. It is 
a battery-powered device that heats specially-designed 
tobacco sticks at approximately 240 °C26. The company 
claims on its website that Glo was “designed in the UK 
through a process that involved more than 100 experts 
across five continents, including scientists, engineers, 
product designers, tobacco specialists and toxicologists”26. 
It was launched in December 2016 in the Japanese city 
of Sendai26.

When a Neostick (also called Neo, for short) is 
introduced into the device, the single control button 
on the device activates the heating system26. It takes 40 
seconds to reach operational temperature. The user knows 
the device is ready to use when the control button is 
completely lit up26. When the user puts the product in 
their mouth and inhales it, the air goes through the lower 
part of Glo, through the tobacco (heated at around 240 
°C). This creates an aerosol with nicotine, which is inhaled 
by the user26. At the end of the session, the Neostick is 
removed and discarded26. Each use “session” lasts around 
three and a half minutes26. According to a Portuguese 
website, there is also a supplementary period of 10-15 
seconds on Glo Hyper+, in which the individual can inhale 
once or twice after the device signals (through vibration) 
that the time has ended27. The device’s power allows for 
up to 30 sessions26. 

The product has undergone several modifications since 
its introduction in 201628.

The main HTP being sold by PMI in many companies 
is iQOS. The pilot launch was in Milan, Italy, and Nagoya, 
Japan, in November 201411. Portugal was the third market 
in which the product was commercialized. For a sequential 
list of release dates by country, the interested reader can 
check the University of Bath’s web page11.

To operate iQOS, the user inserts a tobacco stick 
into the holder and powers on the device through a 
switch. This initiates the tobacco heating through a 
heating blade inserted into the tobacco plug. The device 
heats the tobacco stick through the heating blade for an 
approximate period of six minutes and allows for up to 
14 inhalations within that period29.

Figure 2. Illustration of the tobacco stick insertion into the heating 
system of the first iQOS devices
Source: Wikipedia30.

The iQOS sticks (HEETS) include a variety of flavors, 
such as tobacco, menthol, bubble gum, and lime31.

c) Type 3 – device that uses a sealed heated chamber like a 
micro-oven

The use of this device requires the user to fill the 
“micro-oven” with ground tobacco leaves to aerosolize the 
nicotine11. There is a battery to provide energy to heat the 
chamber, which transfers heat through physical contact 
to any material the user has put inside it11. Smoke is then 
inhaled by the user through the mouthpiece11. This is how 
Pax 2 (Figure 3) and Pax 3 products, designed to be used 
with dry herbs or dry tobacco leaves, work32.

d) Type 4 – hybrid devices, mix between ENDS and HTP

They combine characteristics from both products: 
ENDS and HTP. They work by heating a liquid, which 
subsequently heats small amounts of tobacco, which is 
then inhaled by the user. Examples of these products 
are “Ploom TECH” (Japan Tobacco International, JTI), 
“iFuse” (BAT), and “lil Hybrid” (The Korea Tobacco 
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on the tobacco stick is approximately 320 mg on iQOS, 
compared to the 550-700 mg found in conventional 
cigarettes36.

4. UNDERSTANDING THE RECONSTITUTED TOBACCO HUMECTANTS 
AND THE CHEMICAL COMPLEXITY OF HTP BURN PROCESS

An essential aspect to understand is that the final 
composition of the aerosol inhaled by the HTP user 
depends on the device used, the device settings (for 
instance, use of high mode on the “with 2” device), and 
the tobacco stick ingredients. 

Humectants are hygroscopic substances that retain 
humidity (water)37. 1.2-propanodiol (PG) and/or 
vegetable glycerin (or glycerol – VG) are the humectants 
used on iQOS (to keep the tobacco moist) and the 
e-liquids of electronic cigarettes37,38. Humectants are also 
added to tobacco to facilitate the formation of the aerosol 
(“atomization”)8. This aerosol acts as a nicotine vehicle, 
which is absorbed by the lungs8.

The iQOS product sticks (HeatSticks) contain the 
vegetable glycerin humectants – also called VG (52.3 
mg/stick) – and propylene glycol (PG, 2.04-2.57 mg/
HeatStick)38. This amount is greater on the HeatSticks 
than on conventional cigarettes.

A study clarified the proportions of VG and PG in the 
characteristics of the smoke released by HTPs39. This study 
showed that thermal release of tobacco and its humectants 
includes three steps39:
•	 Step 1: evaporation of the tobacco water;
•	 Step 2: release of humectants (“atomizing agents” in 

some texts); this is the highest peak of weight loss in 
tobacco samples;

•	 Step 3: thermal decomposition of tobacco at around 
330 °C.
As elegantly demonstrated in the study by Tong 

et al.39, in the actual smoking process, the release 
temperature of the atomizing agents (VG and PG) 
should be compatible with the temperature of thermal 
decomposition of tobacco (above 300 °C) to maximize 
the “atomization” ability and transportation of atomizing 
agents (VG and PG)39.

Tong et al.39 also elucidate why the greatest VG 
proportion in comparison to PG on iQOS. The use of 
thermogravimetry (TG) of the samples with atomizing 
agents VG and PG in different proportions showed that 
as the proportion of VG in the atomizing agent increases, 
the residual mass of residues on TG decreases. When the 
proportion of VG among atomizing agents is greater than 
90% in weight, the residue mass decreases to about 3% in 
weight when compared to the sample that uses pure PG as 
an atomizing agent. Results showed that VG can promote 

Figure 3. Pax 2, closed device to the left and open to the right; can 
be used for tobacco or marijuana 
Source: Bourque33.

and Ginseng Corporation, KT&G). The word “lil” is an 
acronym meaning “a Little Is a Lot”31. 

3. TOBACCO AND HTP

After all, what is reconstituted tobacco? After the leaves 
are processed, about 4% of this amount becomes a residue 
constituted basically of stems (central ribs of the leaves) 
and dust from processing34.

These stems, which correspond to approximately 20% 
of the total weight of the leaves, present a higher amount 
of cellulose than the blade, up to 23% of mass, making it 
impossible to directly use them to manufacture cigarettes, 
since cellulose creates a displeasing taste when it burns34.

iQOS and Glo products contain exclusively 
reconstituted tobacco10,11. 

In the secret documents of the tobacco/nicotine 
industry, housed in the virtual library of the University 
of California, San Francisco (UCSF), it is possible 
to find information on reconstituted tobacco. Philip 
Morris produces two forms of reconstituted tobacco, 
RL (Reconstituted Leaf ) and BL (Blended Leaf )35. 
This industry produces both RL and BL as a way of 
using tobacco components, like tobacco stems, small 
fragments of tobacco leaves, and tobacco powder, 
which are byproducts of their manufacturing process. 
Before the advent of reconstituted tobacco, these 
materials were usually discarded35. To use these residues 
(reconstituted tobacco), there is a process in which 
stems are laminated, forming a structure similar to 
a sheet of paper (called cast-leaf ), which can receive 
flavorizing additives and humectants (see ahead) to 
make their intake viable34. The iQOS manufacturer 
admits to adding water, glycerin, and guar gum36. The 
reconstituted tobacco leaf, cast-leaf, is then cast into 
a small plug through a patented process known as 
“crimping”36, only mentioned, but never explained in 
the company’s several publications. 

An aspect that should be highlighted is that the 
tobacco stick contains much less tobacco compared to a 
combustible cigarette36. The weight of the tobacco plug 
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the thermal decomposition of tobacco and smoke release 
more effectively than PG40. The attentive reader will notice 
that the VG/PG ratio in iQOS is 95%.

5. NICOTINE SERUM LEVELS ACHIEVED WITH THE USE OF HTP

The most studied device is iQOS. Thus, this discussion 
will be restricted to the nicotine content in that device. A 
preliminary study in animals presented at the Scientific 
Sessions of the American Heart Association Congress 
in 2017,40, and later published in full by Nabavizadeh 
et al.41, brought forth information both necessary and 
concerning. Researchers exposed rats (n=8/group) via 
nasal cone to the iQOS aerosol, the main smoke of a 
Marlboro cigarette, or clean air (as control), ten times 
over five minutes, to get an approximate understanding 
of the intake of a single iQOS HeatStick. The nicotine 
serum levels immediately after exposure to the Marlboro 
cigarette reached typical values similar to those when a 
human smokes a cigarette: 15 ng/ml40,41. Therefore, the 
authors validated their exposure system to study iQOS. 
The nicotine serum levels immediately after exposure to 
the iQOS aerosol were 4.5 times greater than those of the 
combustible cigarette: 70.3 ng/ml40,41.

This information is critical due to the large number 
of studies that minimize the nicotine dosage distributed 
by HTPs, most of them related to the industry. Papers 
on the subject often claim that “nicotine levels contained 
in the aerosol released by HTPs (regular and menthol 
versions) were 70-80% of the recorded for a CC”42-45. 
Even the excellent paper by Auer repeats this equivocated 
information46, but one must consider that it was published 
in July 2017; that is, one year before Nabavizadeh’s 
publication (June 2018)40.	 

6. HTP AND CANCER

HTPs contain tobacco. It is no surprise that studies 
on the emissions produced by HTPs have shown a variety 
of chemical species, such as carbon monoxide47-49, volatile 
organic compounds (VOC)49, carbonyls50,51, polycyclic 
aromatic hydrocarbons (PAH)52,53, metals54, aromatic 
amines55, n-alkanes56, organic acids57, and particulate 
material57-59.

The carcinogenesis of a conventional cigarette comes 
from its carcinogenic constituents (for instance, tobacco-
specific nitrosamine carcinogens)60-62. The mechanisms 
follow a well-established sequence, from repeated exposure 
to carcinogens, due to nicotine addiction, to metabolic 
activation of carcinogens, through the formation of DNA 
adducts and consequent critical mutations in growth 
control genes that result in cancer60-62.

Users of heated tobacco “smoke” their tobacco sticks 
differently from a conventional cigarette. There is an 
increase in the intensity of inhalations after the change 
to HTP, in addition to the fact that its users are forced 
to smoke more quickly (there is a time frame for the 
device to power off), which can lead to an increase in 
the inhalation of carbonyls and nicotine, bringing risks 
to respiratory health and inducing a greater level of 
nicotine addiction12. The same study revealed that there 
is formaldehyde cyanohydrin release at 90 °C, well below 
the maximum temperature reached during normal use. 
This is very concerning, since formaldehyde cyanohydrin 
is extremely toxic in very low concentrations12. Another 
study made the quantification of toxic volatile carbonylic 
compounds originating from the pyrolysis of PG and VG 
under precisely controlled temperatures in the absence 
of nicotine and flavor additives63. Significant amounts 
of formaldehyde (class 1 carcinogenic according to the 
International Agency for Research on Cancer – IARC) and 
acetaldehyde were generated at ≥215 °C temperatures for 
both PG and VG, and the heating of VG at temperatures 
higher than 270 °C resulted in the formation of acrolein63. 
VG produces much more formaldehyde than PG63. 
Exposure to these reactive carbonyls (formaldehyde, 
acetaldehyde, and acrolein) is related to the pathogenesis 
(causes an inflammatory process, leading to the increase 
in eosinophils, collagen production, and remodeling of 
airways, in addition to changes in mitochondrial function, 
oxidative stress induction, and limitation of air flow)64 and 
asthma exacerbation65.

In a comparison of biomarkers in HTP users versus 
non-smokers, three other biomarkers (in addition to 
3-HPMA) were significantly high among HTP users: 
4-(methylnitrosamine)-1-(3-pyridyl)-1-butanol (NNAL), 
n-nitrosonornicotine (NNN), and total nicotine 
equivalents (TNeq)13. NNAL and NNN are two tobacco-
specific nitrosamines (TSNA) that are generated in the 
process of tobacco curing (and not through combustion), 
being transferred from HTP to the aerosol it generates 
when used66. They are classified as class 1 by IARC (proven 
to be carcinogenic to humans). Leigh et al. showed that 
iQOS emits substantial levels of both, in addition to 
two other TSNA, just like other combustible tobacco 
products66. Exposure to tobacco-specific nitrosamines is 
associated with lung, nose, esophagus, liver, pancreas, and 
cervical cancer67. 

A necessary explanation: the Food and Drug 
Administration (FDA) published a preliminary list of 93 
harmful and potentially harmful constituents (HPHC) of 
tobacco products in April 201267. This HPHC list focuses 
on chemical products tied to the five most severe effects 
of the use of tobacco on health (cancer, cardiovascular 
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diseases, respiratory effects, reproductive issues, and 
addiction)67. In October 2019, the FDA updated the 
HPHC list, with the inclusion of glycidol and ethylene 
glycol68. Glycidol is a thermal byproduct of glycerol68, 
which has been classified as possibly carcinogenic by IARC 
(group 2A). St. Helen et al. emphasized that PMI reported 
levels of only 40 of the 93 HPHCs from the FDA HPHC 
list in their mainstream iQOS aerosol69. The levels of 
the other 56 constituents, which are not included in the 
manufacturer’s list (called PMI-58) or the FDA HPHC 
list, were higher in the iQOS emissions: 22 were at least 
200% higher, and seven were at least 1000% higher than 
in the 3R4F reference cigarette smoke69.

VOCs, such as benzene, toluene, and isoprene, are also 
harmful when inhaled; many cause cancer, and some affect 
the respiratory, cardiovascular, and reproductive systems67.

Considering acenaphthene specifically, which is a PAH 
present in the HTP smoke, the substance is generated 
from the incomplete combustion of tobacco, constituting 
a hydrocarbon derived from naphthalene70. Levels 
almost three times higher of acenaphthene were reported 
in the HTP smoke in comparison to conventional 
cigarettes46. The Environmental Protection Agency (EPA) 
considers that “information is inappropriate to assess 
the carcinogenic potential” of the substance, since there 
are no long-term oral or inhalation studies in animals, 
nor epidemiological studies available70. Similarly, IARC 
categorizes the carcinogenic potential of acenaphthene 
as Group 3, “non-classifiable regarding carcinogenicity 
in human beings”71. 

HTP products with pods (FC-HTP) deserve special 
attention. The pod embedded in the filter includes several 
flavors, like menthol and fruits (mango, cherry, grape, and 
orange, for instance)72. The flavor pods can make smokers 
inhale more deeply, due to their cooling, paralytic, and 
analgesic effects73. Moreover, menthol increases the 
absorption of tobacco smoke components, pulmonary 
permeability, nicotine, and carcinogen intake, and slows 
nicotine/cotinine metabolism73.

Lim et al.72 assessed the VOC amounts generated 
by FC-HTP72. When the FC-HTP cigarette pods were 
broken, the total VOC concentrations increased up to 
eight times72. The main VOCs released after breaking the 
flavored pods were ethyl butyrate (lil), isoamyl acetate (lil), 
and limonene (Glo)73. Exposure to 2.3-butanodinone 
(or diacetyl74) exceeds around three times the maximum 
daily intake limit established by the National Institute for 
Occupational Safety & Health (NIOSH) guidelines72. 
Diacetyl is related to a pulmonary disease called 
bronchiolitis obliterans, popularly known in the United 
States as “popcorn lung”. Exposures through inhalation 
of the diacetyl flavorizing agent in its production location 

caused an irreversible obstructive disease of the airways of 
previously healthy workers. And that is not all: diacetyl 
can be carcinogenic after exposure through inhalation75. 
Sustained cytotoxicity and cellular proliferation resulting 
from chronic exposure to diacetyl, in combination with 
the reported formation of DNA adducts, probably 
contribute to the induction of respiratory tumors75. Data 
is still insufficient to classify this chemical product as to 
its carcinogenicity75.

In line with the literature not produced by the 
tobacco/nicotine industry, another analysis of the 
chemical components of the iQOS product confirmed 
that, in terms of disease clinical biomarkers, iQOS is 
not significantly different from conventional cigarettes77. 
Popova et al. highlighted that the request by PMI to the 
FDA in the United States to register iQOS as a modified 
risk tobacco product has no scientific grounds72. The 
reduced risk and reduced exposure claims are perceived 
by people as an indication of reduced risk76. The authors 
contested the agency’s decision, which allowed PMI to 
promote their iQOS product as a “reduced exposure 
product”. They emphasized that this permission is a 
legally sanctioned repetition of the 20th century “light” 
cigarettes fraud76.

Research on biomarkers for assessment of tobacco 
and nicotine products has flourished over the last 15 
years77. But exposure biomarkers have a limited ability to 
predict changes in the risk of diseases77. This article does 
not intend to list all the tobacco substances that may be 
involved in cancer genesis. For readers interested in this 
perspective, we recommend reading the review by Bjurlin 
et al.78, which presents a didactic chart and classification of 
each substance by IARC, in users of electronic cigarettes, 
with a focus on bladder cancer biomarkers. There is a 
specific systematic review to identify exposure biomarkers 
present in the urine of HTP users associated with bladder 
cancer that compared quantitative biomarkers’ levels with 
those observed in combustible cigarettes79. Svendsen 
et al.79 obtained 561 articles and 30 clinical trials. Of 
those, 11 studies met the inclusion criteria. The authors 
identified 29 exposure biomarkers present in the urine 
of HTP users, which reflect the exposure to 21 original 
compounds, of which 14 are carcinogenic and ten have 
a known connection with bladder cancer79. The attentive 
reader will verify that Table 1 by Svendsen et al. lists 
11 class 1 biomarkers from IARC79. To this class, lower 
biomarker levels do not ensure the absence or lower risk 
of cancer, as there are no safe levels of exposure/intake. 
In other words, biomarkers of this class cannot be present 
in any amount; if they are, there is an increased risk of 
cancer. WHO highlights in one of its publications the 
lack of independent studies on biomarkers in HTP 
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users77. Anyhow, chronic urothelial exposure to bladder 
carcinogens is concerning79 and the magnitude of risk of 
bladder cancer remains currently unknown. Further long-
term studies are needed to elucidate the risk of bladder 
cancer from the use of HTP79.

Lung cancer is the most common type and the main 
cause of death by cancer worldwide - 2.09 million new 
cases (11.6% of the total cancer cases) and 1.76 million 
deaths (18.4% of the total deaths by cancer) were 
estimated in 201880. 

Lung cancer originates in cancer stem cells (CSC), 
which constitute a minor population of cells in tumors 
and contribute to resistance to medication and its 
recurrence81. Hirata et al81. investigated the effects of 
HTP smoke extract (CSE) on lung CSC in lung cancer 
cellular lines. The authors found that CSE induced the 
proliferation of lung CSC and increased the expression 
levels of stem-cell markers77. Moreover, CSE induced the 
expression of epithelial-mesenchymal transition (EMT) 
and the production of cytokines81. These results suggest 
that HTP can induce lung CSC in vitro81.

Braznell et al.80 examined the existing biomarker 
data to assess the risk of lung cancer caused by HTP. The 
group identified all the exposure biomarkers and possible 
damage measured in studies with HTP and assessed their 
adequacy based on the ideal characteristics to measure the 
risk of lung cancer and the use of tobacco. A synthesis of 
the effects of HTP on the most appropriate biomarkers 
was made in cigarette smokers who started using HTP 
and compared it with the continuation of regular 
cigarette intake or intake interruption81. A total of 16 of 
the 82 biomarkers (7 exposure and 9 potential damage) 
measured in clinical trials were associated with tobacco 
intake and lung cancer, dose-dependently correlated with 
smoking, modifiable after cessation, measured within an 
appropriate period, and with published results81. Three 
of the exposure biomarkers improved significantly in 
smokers who switched to HTP and were not significantly 
different from cessation81. The remaining 13 biomarkers 
did not improve – and, in some cases, worsened with the 
switch to HTP – or were inconsistently affected in the 
studies81. There was no appropriate data to estimate the 
risk of lung cancer of HTP in non-smokers81. Thus, the 
study concludes that most of the existing biomarkers’ 
data on HTP are inappropriate to determine the risk of 
lung cancer caused by HTP81. Particularly, there is a data 
shortage on the absolute risk of lung cancer in HTP. This 
risk may be estimated in the future through comparisons 
(epidemiological studies) of smokers who quit smoking, 
individuals who have never smoked but were exposed 
to HTP smoke, and individuals who never smoked and 
started using HTP.

CONCLUSION

HTP are tobacco products that require the use of 
an electronic device to heat a stick, pod, or plug of 
compressed tobacco. They produce aerosols containing, 
simply put, high concentrations of nicotine, additives, 
and toxic chemical substances that are inhaled by users 
through a sucking or smoking process involving this type 
of electronic smoking device. The long-term adverse effects 
on health from the use of HTP, especially the magnitude 
of risks of several types of cancer, are currently unknown, 
due to the lack of reliable long-term studies. However, 
when assessing clinical disease biomarkers, HTPs are not 
significantly different from conventional cigarettes and, 
therefore, diverse negative clinical outcomes are expected, 
including several cancers.

The tobacco/nicotine control and cancer prevention, 
control, and treatment communities should stay vigilant 
with law proposals in the National Congress. Anvisa’s 
Resolution N. 855/20245 must be enforced. This 
resolution protects public health by regulating smoking 
products (tobacco or other), forbidding electronic 
smoking devices in the country (this category includes 
electronic cigarettes and HTP).
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