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Highlights

e Smoking exacerbates radiotherapy-related acute toxicities

e Smoking causes increased DNA damage, impaired repair
mechanisms, hypoxia, enhanced inflammation, oxidative

stress, microvascular damage, and immune suppression.

e Smoking cessation and tailored supportive care can
significantly improve patient outcomes and quality of life

during radiotherapy

e To unravel the complex interactions between smoking and
radiation therapy, it is becoming clear that smoking cessation
is a critical step in improving the effectiveness and tolerability

of cancer treatments
Dear Editor-in-Chief,

While radiation therapy (RT) serves as the cornerstone in the
management of head and neck cancers (HNCs), the acute and
severe toxicities associated with this modality can significantly
impact both the patient’s quality of life and treatment outcomes

[1]. The most common toxicities included in this list are mucositis,

dermatitis, xerostomia, and dysphagia, among other rarer
conditions [2]. There is almost unanimous agreement that smoking
during and after RT enhances long-term RT-induced toxicities’
incidence and severity. On the contrary, although growing evidence
suggests that smoking may exacerbate acute toxicities as well,
contradictory results have also been documented. Furthermore,
the full scope and underlying mechanisms of the heightened rates
of acute toxicities resulting from persistent smoking during RT
have not been comprehensively elucidated [3], underscoring the
significant gap in knowledge in the current literature on this highly

relevant topic.

The combination of RT-induced tissue damage and the harmful
effects of smoking can have a synergistic impact on acute toxicities,
making them more severe and difficult to manage [4]. It is believed
that smoking-induced chronic inflammation, impaired tissue
oxygenation, and compromised healing processes can contribute
to increased rates of acute and chronic RT-induced complications.
Various complex pathophysiological mechanisms may underlie the
synergistic effect between RT and continued smoking in terms of

increased rates and severity of acute toxicities in HNC patients.
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These mechanisms can be outlined as follows.

Tobacco smoke contains numerous carcinogens and toxic
compounds, such as polycyclic aromatic hydrocarbons and
nitrosamines, which can directly damage deoxyribonucleic acid
(DNA) and impede tissue repair [5]. RT induces more pronounced
DNA damage in cancer cells than neighboring healthy tissue
cells due to their higher sensitivity to radiation and inhibits their
proliferation through the fixation of RT-induced double-strand DNA
breaks in cancer cells. However, the presence of harmful tobacco
compounds and chronic hypoxia may lead to the development of
a radioresistant state in cancerous cells [6,7]. A study conducted
by Hoff and colleagues revealed a significant negative impact of
smoking during RT for HNC [7]. Active smoking was associated
with reduced 5-year locoregional control (44% vs. 65%, p = 0.001),
disease-specific survival (56% vs. 77%, p = 0.003), and overall
survival (39% vs. 66%, p = 0.0004) rates. The authors attributed
these findings to diminished oxygen transport in the blood and
elevated carboxyhemoglobin levels in smokers, resulting in
reduced oxygen supply to tumors, decreased oxygen fixation of DNA
damage, and heightened radioresistance. However, impaired tissue
repair mechanisms caused by a lack of adequate tissue oxygen in
smokers may prolong the repair process and make appropriate
tissue recovery more difficult after RT, potentially increasing the
prevalence and severity of radiation-induced acute toxicities [8]. In
support, Rades and colleagues observed a significant association
between smoking during RT and the development of grade = 3
mucositis. Additionally, they noted potential correlations with
grade 2 2 mucositis and dermatitis [9]. In a similar vein, Pratson., et
al. [10] observed a higher incidence of acute neck fibrosis in head
and neck cancer (HNC) patients undergoing radiation therapy (RT)
who were also smokers in comparison to non-smoking patients.
The authors attributed this observation to a wound-healing
disorder from DNA damage (p < 0.001). Thus, smoking during RT
appears to be a double-edged sword that reduces the treatment
efficacy and outcomes and increases radiation-induced acute

toxicities in HNC patients.

Chronic exposure to cigarette smoke induces tumorous and
systemic hypoxia, primarily attributed to elevated levels of carbon
monoxide present in tobacco smoke. Carbon monoxide exhibits
approximately 200-210 times higher affinity for hemoglobin
than oxygen [11,12]. The higher affinity of carbon monoxide to
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hemoglobin leads to a reduction in systemic blood circulation
oxygen levels, thereby diminishing the oxygen supply to bodily
tissues. Head and neck RT leads to hypoxia of the oral mucosa,
and this hypoxia increases p53 stabilization by increasing
phosphorylated p53 levels, leading to increased pro-apoptotic
Bax expression, and, finally, oral mucositis [13]. Cigarette smoke
exposure has been shown to impair angiogenesis by inhibiting
VEGF through decreased expression of HIF-la in hypoxic
conditions. This reduction in VEGF levels may not only increase
the radiation resistance of tumors but also impair the oxygenation
status of injured tissues, leading to a higher incidence and severity
of radiation-induced acute and chronic toxicities [14]. This is
mainly because the induction of HIF-1a and VEGF appears to be
essential for the development of reactive angiogenesis in hypoxic
conditions, including radiation-induced tissue injuries. Therefore,
it is reasonable to anticipate that RT may exacerbate the already
compromised oxygen levels, despite the increased demand for the
appropriate healing process, in active smokers, which can induce
or exacerbate radiation-induced acute toxicities [15]. Confirming
this rational anticipation, Chen., et al. observed a higher prevalence
of severe radiation-induced mucositis among smokers in
comparison to non-smokers (p = 0.004) in a cohort of 77 patients
with oral cavity cancer [16]. Moreover, smoking was identified as

an independent predictor of oral mucositis in this study.

Smoking also elicits a systemic inflammatory response.
Specifically, chronic cigarette smoking has been documented to
prompt a pro-inflammatory state within the body, characterized by
heightened levels of inflammatory cytokines such as interleukin-6
(IL-6), tumor necrosis factor-alpha (TNF-a), and C-reactive protein
(CRP) [17]. Similarly, RT may provoke a robust local inflammatory
response as part of the body’s natural process to repair damaged
tissue [3]. As a result, the preexisting high inflammatory state in
smokers, compared to non-smokers, could exacerbate radiation-
induced inflammation, leading to more severe and prolonged
acute toxicities [18]. In support, a meta-analysis by Bergman,,
et al. including data from 6,776 patients enrolled in 15 studies,
demonstrated that smoking during RT would increase the risk of

radiation-induced toxicity by a factor of 1.84 [3].

Chronic smoking leads to oxidative stress caused by the
production of reactive oxygen species (ROS). This stress results

in cellular damage and disrupts the body’s antioxidant defense
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mechanisms [19]. Similarly, it is established that RT also induces
or exacerbates oxidative stress by producing ROS, which can
trigger cancer cell death. Therefore, smoking and RT together
create high levels of oxidative stress, aggravating tissue damage
and impairing or delaying tissue healing [20]. Previous studies
have also ascertained the oxidative stress phenomenon, stating
that acute hyposalivation and acute radiation-induced xerostomia
detected immediately after RT and before the onset of apparent
gland damage is due to salivary gland damage, DNA damage, and
increased ROS production [21,22].

Microvascular damage caused by smoking is also a triggering
factor that predisposes patients undergoing RT to the occurrence of
acute toxicities [23]. Nicotine and other chemicals in tobacco smoke
cause vasoconstriction and damage to the endothelium of blood
vessels. This leads to impaired microcirculation and insufficient
blood flow and prevents the delivery of nutrients and oxygen to
tissues and the removal of waste products [24]. Moreover, impaired
microcirculation in smokers can impede the repair of radiation-
damaged tissues, leading to more severe acute toxicities such as
mucositis and dermatitis. Denham., et al. [25] have reported that
the activation of the coagulation system also plays a critical role in
the development of acute radiation reactions. Additionally, it has
long been known that RT-induced mucositis’s incidence rates and
severity depend on the intricate interactions between the various
tissue factors, including the oral microflora and the vascular
reactions [25]. Therefore, it appears inevitable that smokers may
experience more common radiation-related toxicities due to the
additional damaging effects exerted by smoking on the vascular

structure.

An intact immune response is crucial for controlling infection
and aiding in tissue repair after radiation-induced injury.
However, smoking suppresses the immune system by diminishing
the function of various immune cells, including macrophages,
neutrophils, and lymphocytes [18]. The immunosuppressive effects
of smoking compromise the regular physiological healing process,
increase the risk of secondary infections, and exacerbate acute
toxicities [26]. In this context, the specific immune components
involved in mucositis development are not fully comprehended,
but factors such as smoking have been reported to be influential
[27]. It has been noted that RT promotes immune suppression by

inducing toxic effects on bone marrow cells and peripheral blood
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lymphocytes [10,11]. When these immune suppressive effects of
RT and smoking are combined, it becomes rational to expect that
acute toxicities such as mucositis, dermatitis, and xerostomia
will be more pronounced in smokers than their non-smoker

counterparts [28,29].

Considering the basic and clinical evidence mentioned,
we recommend carefully interpreting studies that report no
correlation between active smoking during RT and the incidence
and severity of acute RT-induced toxicities in HNC patients [30-33].
The reported outcomes of these studies generally stem from small-
scale research and lack robust statistical power to demonstrate a
moderate yet significant impact of smoking during RT or chemo-
RT on the prevalence rates and grades of RT-induced acute
toxicities. For example, in a recent study reported by Invernizzi
and colleagues, the authors compared the incidence of acute
severe toxicity between active and non-active smokers undergoing
treatment for HNC with RT. Out of the 102 patients included, 27.4%
were active smokers [30]. The study found that the occurrence of
severe acute toxicity was not statistically associated with smoking
during RT, with the percentage of severe acute toxicity at 64.3%
among active smokers and 51.3% among non-active smokers (p =
0.24). Clinically, the 13.0% absolute difference, while not reaching
statistical significance, represents a moderate yet significant
outcome. In this regard, it is critical to note that this result may
have been impacted by the limited sample size, absence of power
analysis, and certain factors that favored the active smokers,
particularly the performance scores, within the study. Confirming
this claim, although not statistically significant, smokers tended
to have more severe mucositis (28.6 % vs. 21.6 %; p = 0.46) and
dermatitis (17.9 % vs. 12.2 %; p = 0.52) rates in this study. Although
the meta-analysis by Smith and colleagues is often cited to support
the idea that smoking does not affect acute toxicity rates [34],
most studies in this meta-analysis reported higher rates of acute
toxicity, regardless of whether they were statistically significant or
not [35,36]. Additionally, Smith and colleagues noted substantial
variations in how toxicities were quantified, making it impossible
to conduct a quantitative analysis. Consequently, it is compulsory
to approach such findings with caution and refrain from regarding
them as substantiation of the safety of smoking during RT in terms

of acute toxicity rates and severity.

In conclusion, acute side effects like mucositis and dermatitis,

which involve tissue atrophy, vascular damage, and concentrated
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inflammatory leakage, are worsened by factors like smoking in HNC
patients treated with RT [37]. Identifying and addressing these
factors during and after radiation therapy (RT) can improve patient
quality of life and treatment outcomes. It's essential to closely
monitor and proactively manage these acute side effects in smoke
patients, involving increased hydration, nutritional support, pain
management, and advanced wound care products for mucositis
and dermatitis. Anti-inflammatory agents and antioxidants may
also help reduce the heightened inflammatory and oxidative stress
responses. Nonetheless, their use should be carefully adapted so
as not to interfere with the therapeutic effects of RT. Finally, it is
imperative to exercise caution when interpreting the findings of
small-scale studies lacking robust statistical power that indicate no
significant impact of smoking during RT on acute toxicity rates and

their severity.
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