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Abstract

Tobacco use is an established risk factor for the development of several cancers; however, far less
work has been done to understand the effects of continued smoking on cancer treatment outcomes,
and structured tobacco cessation efforts are not well incorporated into the standard care for
patients with cancer. In this Review we discuss the known biological effects of smoking on cancer
cell biology and emphasise the clinical effects of continued smoking in patients with cancer
treated with chemotherapy or radiotherapy. Although evidence supports the need for inclusion of
dedicated tobacco cessation efforts for patients with cancer, clinicians should consider the methods
used to provide evidence-based tobacco cessation support and the available resources to deliver
and maintain consistent tobacco cessation support. We also address the variables to consider in the
design and implementation of a sustainable tobacco cessation programme.

Introduction

Tobacco is a well established cause of at least 13 cancers; however, until recently there have
been no large evidence-based assessments of the effects of smoking on cancer treatment
outcomes. The 2014 Surgeon General’s Report! is the “first large evidence review to report a
causal association between tobacco use and adverse clinical outcomes for patients with
cancer”. These findings provide the evidence base to effectively change clinical practice by
justifying the need to address tobacco use in patients with cancer (panel 1).
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Panel 1
Conclusions of the 2014 Surgeon General’s Report!
Smoking causes adverse health outcomes in patients with cancer and survivors

. In cancer patients and survivors, the evidence is sufficient to infer a causal
relationship between cigarette smoking and adverse health outcomes. Quitting
smoking improves the prognosis of cancer patients.

. In cancer patients and survivors, the evidence is sufficient to infer a causal
relationship between cigarette smoking and increased all-cause mortality and
cancer-specific mortality.

. In cancer patients and survivors, the evidence is sufficient to infer a causal
relationship between cigarette smoking and increased risk for second primary
cancers known to be caused by cigarette smoking, such as lung cancer.

. In cancer patients and survivors, the evidence is suggestive but not sufficient
to infer a causal relationship between cigarette smoking and the risk of
recurrence, poorer response to treatment, and increased treatment-related
toxicity.

Although the evidence-base is now sufficient to infer a causal relation between tobacco use
and adverse clinical outcomes, there are substantial deficits in how we address tobacco use
in patients with cancer. First, there are no standard recommendations for the accurate
assessment of tobacco use in patients with cancer, which limits the ability of clinicians to
accurately identify patients who are at risk from continued tobacco use and to infer
relationships between tobacco use and cancer treatment outcomes.? Second, many
oncologists do not regularly provide tobacco cessation assistance to patients with cancer
who smoke and most do not feel adequately trained to deliver evidence-based tobacco
cessation support.3# Third, no dedicated attempt has been made to fully address the dynamic
effects of tobacco use or tobacco cessation on cancer treatment outcomes. Although
smoking adversely affects cancer treatment and the effects of former smoking on outcomes
are less damaging we do not yet know the optimum period for, or magnitude of benefits
from, quitting smoking that would have most benefit for patients with cancer. Fourth,
provision of tobacco cessation support in clinical cancer care and clinical research needs
efficient design and delivery.

The aim of this Review is to provide a concise overview of the biological and clinical effects
of smoking on cancer treatment with emphasis on patients who are treated with
chemotherapy and radiotherapy. We provide specific and practical guidance for
implementation of changes to improve cancer treatment outcomes for patients through
tobacco cessation support in cancer care and research.
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The biological effect of tobacco and tobacco products on cancer

Cigarette smoke and cell signalling in cancer

Tremendous work and evidence supports the carcinogenic effects of tobacco for various
cancers. Detailed reviews are presented in the 2014 Sugeon General’s Report on the
carcinogenic properties of tobacco.! Far less work has been done, however, to understand
the biological effects of tobacco on existing cancer cells.

Cigarette smoke is a complex mixture of 7000 different aerosolised chemicals and tobacco
components, including more than 60 known carcinogens in gaseous or particulate phases.*
The gaseous phase is associated with chronic pulmonary disease and lung toxicity, whereas
the particulate phase is most frequently associated with cancer.® The Federal Trade
Commission has made attempts to standardise smoke conditions for use in the research
setting, but there is substantial variation in the chemical composition of cigarette smoke
including cigarette brand, composition, and cigarette usage behaviour.6 As a result,
evaluation of the biological effects of cigarette smoke on cancer cells is complicated and
largely unexplored at this time.

A summary of the known effects of cigarette smoke and constituents of cigarette smoke on
cancer cells is shown in the figure. Immediate effects stimulate the immune system and
activate cellular receptors leading to activation of intermediate signalling pathways such as
Src, Wnt, mitochondrial, arachidonic acid, and other unknown pathways including activation
of phase I and phase Il drug metabolising enzymes. Intermediate signalling leads to a broad
range of downstream signals that promote tumour growth and decrease the response to
cytotoxic treatments. Importantly, many downstream signals generate feedback mechanisms
that continue to promote a tumorigenic environment. Although some of the effects of
cigarette smoke on cancer cells are known (figure), substantial work is needed to clarify the
effects and cross-signalling that occurs with exposure to the thousands of compounds in
cigarette smoke. Furthermore, the well-established carcinogenic effects of cigarette smoke
on non-cancer cells! are mostly untested with respect to oncogenic mutations across a range
of cancer disease sites. The effects of cigarette smoke on tumour biology are far from fully
understood.

Exposure of cancer cells to cigarette smoke increases proliferation and tumorigenesis
through the activation of many cellular signalling pathways. The components of cigarette
smoke benzo(a)pyrene and polycyclic aromatic hydrocarbons can act as ligands and bind
directly to the aryl hydrocarbon receptor, a transcription factor, leading to expression of
CYP450 enzymes, multidrug resistance-associated proteins, ABCG2 and
adrenomedullin’10 that in turn increase tumour growth and potential clonal expansion of
cancer stem cells. Exposure to cigarette smoke downregulates DKK1 and leads to activation
of Wnt signalling.1! Cigarette smoke also downregulates microRNA-487b, which mediates
cell cycle arrest and senescence in lung cancer cells, by targeting WNT5A, a non-conical
Wnt ligand, and components PRC1 and PRC2 of the polycomb repressive complex.12
Furthermore, cigarette smoke activates the arachidonic acid cascade through pl-adrenergic
receptors and p2-adrenergic receptors and the subsequent expression of COX2, 5-
lipoxygenase, VEGF, and matrix metalloproteinases.13-16 Additionally, cigarette smoke
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modulates canonical ligand-dependent EGFR signalling through reactive oxygen species
induced autocrine shedding of the EGFR ligands HBEGF, AREG, and TGF-a..17-19
Oxidative stress due to cigarette smoke induces non-canonical EGFR autophosphorylation at
Src-dependent phos phorylation sites leading to recruitment of Src to EGFR, which triggers
the Ras/Raf/MEK/ERK and PI3K/AKT signalling cascades and contributes to tyrosine-
kinase inhibitor resistance in tyrosine-kinase inhibitor sensitive lung cancer cells.20-21

Evidence shows that cigarette smoke contributes to the ability of cancer cells to evade
several cell death pathways by altering SMAD3-SMAD4 complex formation, which
upregulates Bcl-2 and reduces TGF-p induced apoptosis in lung cancer cells.22 Exposure to
cigarette smoke induces cisplatin resistance in bladder cancer cells by reducing the
expression of mitochondrial matrix protein AK3, altering mitochondrial membrane
potential, increasing levels of intracellular reactive oxygen species, and elevating Bcl-xI and
Bcl-2 expression.23 Studies have also suggested that cigarette smoke might be involved in
modulating the NOS pathway and autophagic response in head and neck cancer cells.?4

Several studies have also examined the role cigarette smoke has in mediating invasion and
metastasis of cancer cells. Long-term exposure of breast cancer cells to cigarette smoke
enhances the invasion and metastatic potential of cells.2> Exposure of non-small-cell lung
carcinoma lines to cigarette smoke increased the expression of MTAL, which is involved in
mediating epithelial to mesenchymal transition.28 Cigarette smoke has also been shown to
reduce activity of the Na*/K*-ATPase?’ leading to disruption of tight junctions and altered
cell polarity that might be involved in early epithelial to mesenchymal transition events.

Effects of nicotinic acetylcholine receptor activation on cancer cells

Nicotine is the primary addictive component of tobacco.! Several recent reviews have
discussed the tumour-promoting activity of nicotine and of the nicotine-derived 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone, 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol, and N”-nitrosonornicotine.28-31 There are several excellent reviews on the effects of
these tobacco products to stimulate cell proliferation, migration, invasion, angiogenesis, and
resistance to cell death pathways such as apoptosis.28-31

Overall, cigarette smoke is distributed throughout the lungs and metabolites of cigarette
smoke are present in virtually all peripheral tissues. Nicotine and its metabolites are
distributed in almost all tissues of the body. In peripheral tissues, these substances activate
systemically expressed nicotinic acetylcholine receptors (nAChRs) and p-adrenergic
receptors that in turn activate several pathways, including the Ras/Raf/MEK/MAPK and
P13K/Akt oncogenic pathways causing substantial cross-activation of these pathways
leading to a tumour-promoting phenotype. In relation to chemotherapy and radiotherapy;,
nicotine and activation of nAChRs have been shown to decrease the therapeutic response to
chemotherapy and radiotherapy both in vitro and in vivo.32-34 Collectively, these data
suggest that activation of systemic nAChRs might be one mechanism associated with
cigarette smoke-induced tumour promaotion.

The preclinical data showing the tumour-promoting activities of nicotine are a subject of
discussion among some oncologists; however, we are not aware of any studies or reports on
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the safety of nicotine-replacement therapy in patients with cancer with respect to mortality,
toxicity, or cancer recurrence. Nicotine-replacement therapy is evidence-based, and
increases the effectiveness of smoking cessation3® advocated for use in patients with cancer
by both ASCO36 and AACR.37 Although there is little evidence on the potential effects of
nicotine-replacement therapy on cancer treatment outcomes at this time there is now strong
evidence that smoking causes adverse outcomes in patients with cancer. Unless evidence
suggests that nicotine-replacement therapy has any adverse effects in patients with cancer
we advise clinicians to consider nicotine-replacement therapy as an effective means to
promote tobacco cessation for these patients.

The clinical effects of smoking on patients with cancer

The findings described in the 2014 Surgeon General’s Report warrant a paradigm shift in the
standard clinical care for patients with cancer.! On the basis of evidence in the 2014 Surgeon
General’s Report, smoking by patients with cancer should now be viewed as a cause of
increased overall mortality and cancer-specific mortality and a cause of second primary
cancer. A full review of the clinical effects of smoking on patients with cancer is beyond the
scope of this Review and broad ranging data have been provided in the 2014 Surgeon
General’s Report.! For our purposes, large studies reporting one or more clinical effects of
current smoking in patients treated with chemotherapy and radiotherapy are highlighted.

The diversity of studies, treatments, disease sites, disease stage, and definitions of tobacco
use do not allow an overall comparative analysis to estimate the magnitude of the
associations between smoking and outcome. However, 22 (81%) of 27 studies show one or
more significant negative associations between current smoking and treatment outcome
(table).38-64 Two studies*2:69 show near significant negative associations and the results of
three studies show no association.#%:43.63 No studies reported a positive effect of smoking on
outcome, but it is important to note that a recent meta-analysis of smaller studies suggests
that smoking decreases the risk of radiation-induced pneumonitis.5® Lung cancer studies
represented the largest disease site (ten), prostate cancer (six), head and neck cancer (four),
and breast cancer (three) with one study each of cervical cancer, Hodgkin’s disease, colon
cancer, and male cancer patients.

The effect of current smoking on mortality in patients with cancer was reported in 15 studies
with 12 (80%) showing that smoking increases overall mortality38:39:44.46:48-51,53,55-57 g
three showing no association (table).40:43.63 Several other studies show that mortality is
increased in patients who are current smokers compared with patients who are former
smokers and those who were never smokers combined. The relative risk (RR) of mortality
was increased for patients with head and neck cancer who were current smokers (2:34, 95%
Cl 1.56-3-50) compared with all other patients in a report on 504 patients with stage I11-1V
head and neck cancer treated in one of two phase 3 randomised trials.*® Khuri and
colleagues® showed increased risk of mortality in patients who were current smokers
compared with those who were former smokers (RR 1.6, 95% CI 1.23-2:07) and those who
had never smoked (2:51, 95% CI 1-54-4-10).50 In patients with prostate cancer who are
current smokers, mortality is increased compared with those who are former smokers®°>7
and in comparison with patients who are former smokers or who have never smoked
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combined.®® The effects of smoking on mortality are perhaps best shown in a series of 1354
patients with prostate cancer who received radiotherapy with or without androgen
deprivation therapy, and in whom current smoking increased the risk of death due to heart
disease (relative risk [RR] 3:05, p=0-007), non-prostate cancer related mortality (RR 5:52,
p=0-002), and other causes (RR 4:09, p=0-002) with no significant effect on prostate cancer
mortality.>3 However, deaths not caused by prostate cancer accounted for 92% of overall
mortality. The authors of the study note that high rates of cancer control are possible, but
that implementation of healthy lifestyle programmes including smoking cessation is
important to consider in prostate cancer management.

Current smoking also increases the risk of recurrence and cancer-specific mortality.49:55:56
Increased recurrence and cancer-related mortality are probably closely linked to changes in
tumour biology leading to a decreased response to cytotoxic therapy (figure). Smoking can
alter cancer-drug metabolism that might lead to changes in therapeutic efficacy or toxicity.56
As cigarette smoke is potently tumorigenic, several studies have shown that current smoking
significantly increases the risk of the patient developing a second primary cancer,
45.47,54,59,62 particularly second tobacco-related primary cancers.54 Notably, some studies
suggest that smoking confers an additive or synergistic risk of development of a second
primary cancer when combined with chemotherapy or radiotherapy.®* As a result, patients
who are smokers are at increased risk of mortality from recurrence and progression of both
primary and secondary cancers.

Quitting smoking seems to improve outcomes in patients with cancer. Those with lung
cancer who quit smoking at, or after, diagnosis have a reduced risk of developing a second
cancer compared with patients who continue smoking.#>47 Patients who quit smoking after
diagnosis also have reduced toxicity associated with cancer treatment.52 Data indicate that
patients who smoke less have reduced toxicity due to radiotherapy compared with those who
are current heavy smokers.%1 Substantial work is needed to clarify the time-dependent and
dose-dependent benefits of smoking cessation. However, in 205 patients with head or neck
cancer receiving radiotherapy, 43% of patients who smoked and were treated in the morning
had grade 3 or higher mucositis compared with 76% of patients who smoked who were
treated in the afternoon (p=0-04), suggesting that some of the effects of smoking on toxicity
might be reduced within hours.57

Addressing tobacco use in patients

Clinical guidelines and clinical practice

Recent statements from the American Society of Clinical Oncology (ASCO)36 and
American Association for Cancer Research (AACR)37 provide strong support and guidance
(panel 2).

Panel 2
AACR guidelines for addressing tobacco use in patients with cancer3’

“Patients with cancer from all clinical settings, participants in therapeutic cancer clinical
trials, and cancer screening patients who use tobacco or have recently quit (past 30 days)

Lancet Oncol. Author manuscript; available in PMC 2018 May 31.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Warren et al.

Page 7

should be provided with evidence-based tobacco cessation assistance. Ideally, that
assistance capacity should be within or associated with the oncology practice. Even if the
assistance is provided through an external service, the cancer patient’s oncology service
provider should assume responsibility for ensuring that the patient receives appropriate
care. That capacity can also be supplemented by telephone cessation quitlines in all 50
states that can be reached via a common toll-free telephone number (800-QUIT-NOW).
Tobacco use should be comprehensively and repeatedly documented for all patients so
that the confounding effects of tobacco on cancer treatment, disease progression,
comorbid events, and survival can be evaluated in all oncology clinical trials, from
registration to survival endpoints, and in all clinical cancer settings.”

AACR=American Association for Cancer Research

The Tobacco Cessation Guide for Oncology Providers was recently released by ASCO® to
provide guidelines for tobacco cessation support in patients with cancer based on the 5-As
model of tobacco cessation from the 2008 Public Health Service (PHS) guidelines.3® In
brief, ASCO recommends that clinicians should ask patients about tobacco use at every visit,
advise patients of the benefits of tobacco cessation, assess the patient for willingness to quit,
assist patients in quitting tobacco use with evidence-based support approaches, and arrange
follow-up. Unfortunately, two large recent surveys show that although roughly 90% of
oncologists ask patients about tobacco use and about 80% advise patients, only about 40%
of oncologists regularly provide assistance to patients to quit smoking.3# In view of the
recent evidence from the 2014 Surgeon General’s Report, this unfortunate lack of tobacco
cessation support for patients with cancer can now be viewed as a deficit in addressing
evidence-based medicine.

There are several important considerations in the design and implementation of a sustainable
clinical tobacco cessation programme. Variables in a tobacco cessation programme can be
integrated into the design and implementation of a structured tobacco-use assessment and
cessation approach for patients with cancer (panel 3). Clinicians should consider how
tobacco cessation can be delivered, including methods of screening patients for tobacco use,
methods of tobacco cessation support, which health-care providers will deliver tobacco-
cessation support, and in what setting support can be delivered. Clinicians could further
consider a partnership with institutional and community resources. All patients should be
screened and we advise that all at-risk patients should receive tobacco cessation support, but
this needs participation and support from physicians, clinical staff, and administrators to
facilitate the development of a structured tobacco cessation programme to merge with
ongoing clinical efforts. This strategy would allow clinicians to then implement tobacco
cessation support and tailor a tobacco cessation plan for each patient. We also suggest that
clinicians move away from a so-called one size fits all approach and that building a
sustainable treatment strategy will need the design of an efficient and clinically effective
tobacco cessation programme that integrates well with other aspects of clinical cancer
treatment.
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Panel 3

Conceptual design of a tobacco cessation programme for patients with
cancer: creation of a tobacco-cessation support approach

Method of screening
. Electronic
. Paper
. By physicians or support sta3
. Biochemical testing
Method of tobacco cessation support
. Behavioural counselling
. Pharmacotherapy

Delivery of tobacco cessation support

. By phone, web, or in-person
. In-person in a cancer clinic
. In-person in a separate clinic

Providers for tobacco cessation support

. Physicians
. Non-physician health-care professionals
. Dedicated tobacco cessation specialists

Obtaining institutional support

. Screening for all patients

. Treatment or referral of all patients for evidence-based tobacco cessation
support

. Support for referring physicians, clinical staff, and administrators

. Financial support for tobacco cessation programme

. Incorporating tobacco-use assessment and tobacco cessation into standard

clinical practice

. Communication among administrators, clinicians, cessation providers, and
patients

Considerations for implementing the 5-As in patients with cancer

. Ask about tobacco use repeatedly at initial consultation, treatment, and
follow-up
. Assess willingness to quit
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- Recommend an immediate quit or choose a quit date in the near
future
- Prepare patient
. Advise patient to stop smoking
- Cite adverse effects of tobacco on cancer treatment outcomes

- Remind patient of adverse health effects of tobacco on non-cancer
outcomes such as heart disease, stroke, wound healing, pulmonary
disease, etc

- Tailor to needs of the patient; consider the treatment plan, diagnosis,
and expected outcome

. Assist patient

- Motivational interviews, behavioural counselling, and evidence-
based pharmacotherapy

- Direct tobacco cessation assistance
- Referral to a tobacco cessation specialist
. Arrange follow-up for patients
- By phone or in-person
- Consider cancer treatment plan and urgency of cancer treatment

- Consistent communication among patients, clinicians, and referring
physicians

Behavioural counselling, pharmacotherapy, and electronic cigarettes

Methods of tobacco cessation support for the general population have been discussed
extensively, and are systematically reviewed and defined in the 2008 Public Health Service
Guidelines.3® The core elements of tobacco cessation support for patients rely on repeatedly
addressing tobacco use through motivational and behavioural counselling, accompanied by
pharmacotherapy to promote behavioural change. Patient counselling sessions that consist of
brief interventions and counselling sessions that involve more detailed and intense
counselling are effective, although more intense counselling is generally associated with
high tobacco cessation rates. Pharmacotherapy is a proven method to improve the efficacy of
tobacco cessation programmes, and many patients will need several attempts to successfully
quit smoking. Nicotine-replacement therapy is the most common pharmacotherapy used in
the USA in the form of lozenges, nasal sprays, gum, inhalers, and longacting patches. The
proper use of these medications is important to promote effective pharmacological
replacement. For example, nicotine gum should be chewed slowly to allow absorption of
nicotine in the appropriate dose and timeframe. Varenicline, bupropion, and cytisine have
also been used with efficacious results, although cytisine is not currently used for tobacco
cessation in the USA.%9
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The use of electronic cigarettes is increasing among the general population and in patients
with cancer. There are several brands and designs of these products designed to deliver
nicotine through a device that may resemble the shape and feel of a cigarette. However,
these products are not well regulated and the true nicotine content and nicotine delivery rate
vary substantially.”® Electronic cigarettes have serious implications for worldwide tobacco
use as a potential substitute for combustible tobacco, but could also be potentially addictive
for non-smokers who begin to use them. The results of a trial of electronic cigarettes versus
nicotine patches in aiding tobacco cessation were recently published,’! suggesting that
electronic cigarettes have the potential to help patients to quit smoking,’! but the authors of
the study noted that the power of the study and analyses were limited, yielding quit rates
lower than those commonly associated with a structured tobacco cessation support
programme using PHS guidelines.3®

A recent publication from the Tobacco Control Committee of IASLC has provided guidance
for clinicians regarding e-cigarette use in patients with cancer.”2 Currently, there are no clear
data supporting the use of electronic cigarettes as an aid to tobacco cessation in patients with
cancer. The effects of electronic cigarettes on cancer-cell biology, treatment efficacy,
therapy-related toxicity, and patient survival have not been evaluated and there are no
published data to confirm that electronic cigarettes are more or less toxic for patients with
cancer than are tobacco products. However, the broad adverse effects of smoking on cancer
treatment are now well documented.! Clinicians are urged to consider the recommendations
from IASLC72 for patients with cancer (panel 4).

Panel 4
IASLC guidance on e-cigarettes for patients with cancer’?

“There are currently no evidence-based guidelines to support the recommendation of e-
cigarettes. Whereas evidence-based cessation strategies should be used wherever
possible, clinicians should consider the strong need for cancer patients to stop smoking as
soon as possible to promote the most effective outcomes of cancer therapy. In the absence
of sufficient evidence that e-cigarettes are effective and safe for treating nicotine
dependence in cancer patients, the International Association for the Study of Lung
Cancer advises against recommending their use at this time. However, this
recommendation may change if new data become available. The International
Association for the Study of Lung Cancer does recommend that research be done to
evaluate the safety and efficacy of e-cigarettes as a cessation treatment in cancer patients
to help guide clinical practice. For individual patients who are either using or planning to
use e-cigarettes despite advice not to do so, they should be offered evidence-based stop
smoking treatments while monitoring for any adverse effect of e-cigarette use.”

IASLC=International Association for the Study of Lung Cancer

Assessment of tobacco use in patients with cancer

An estimated 30-50% of patients with cancer are smokers at the time of cancer diagnosis,
with higher rates of smoking among patients with disease sites for traditionally tobacco-
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related cancers such as head and neck or lung cancer and lower rates of smoking among
patients with disease sites for traditionally non-tobacco-related cancer such as breast or
prostate cancer.” There are no current standardised national or international
recommendations for the assessment of tobacco use in patients with cancer, thus these
estimates probably reflect some bias in the method of assessment. Guidance has been
provided for the inclusion of specific questions to assess a patient’s history of tobacco use
and their current tobacco use status in patients with cancer.”4~"> We recommend that patients
should be asked questions that specifically define their current tobacco use status (current,
former, never), their history of tobacco use, amount and frequency of tobacco use, the degree
of tobacco dependence, and current use of tobacco cessation medications. In clinical
practice, however, patients might be reluctant to answer a broad base of questions about
previous tobacco use and might be reluctant to accurately report tobacco use patterns in the
presence of family members or friends. Studies also show that patients can be stigmatised
due to tobacco use and specific cancer diagnoses such as lung cancer.”® A recent study’? of
tobacco use screening questions in nearly 12 000 patients with cancer shows that just a few
questions at diagnosis and in follow-up can yield effective referral rates to dedicated tobacco
cessation programmes. Moreover, repetition of assessments monthly at follow-up seemed to
result in few delayed referrals to a dedicated tobacco cessation programme. This recent
study has yet to be duplicated, but suggests that clinically efficient systems can be developed
to accurately screen patients for tobacco use and refer patients to dedicated tobacco
cessation support programmes.

Consideration of the intensity of tobacco cessation support

Several notable programmes in the USA have developed rigorous tobacco cessation support
services, including programmes at the MD Anderson Cancer Center, Mayo Clinic, and the
Memorial Sloan Kettering Cancer Center, with commendable quit rates seen in patients with
cancer. These programmes generally incorporate intensive assessments, behavioural
counselling, pharmacotherapy, and follow-up to achieve quit rates of greater than 30%.78:7°
Importantly, these successful programmes have removed clinical tobacco cessation support
from the duties of the treating oncologist and placed that responsibility within a centralised
and dedicated programme designed specifically to treat tobacco dependence. These effective
specialised and intensive programmes have highly trained individuals and are integrated into
existing clinical cancer care programmes.

Many institutions might not be able to provide resources for dedicated tobacco cessation
support. Clinicians could take on the role of providing tobacco cessation support directly or
identifying available external resources. This approach, however, should not deter clinicians
from providing evidence-based tobacco cessation support. For example, behavioural
counselling even for a few minutes can significantly increase quit rates in smokers.3° In
general, more intensive tobacco cessation support yields higher quit rates, as evidenced in
the general population by numerous publications.13> The results of a meta-analysis®® of
tobacco cessation in patients admitted to hospital showed that high-intensity, long-term
behavioural inter ventions initiated during hospital stay increased the rate of smoking
cessation whereas low-intensity, short-duration interventions did not. In another meta-
analysis8! of smoking cessation interventions compared with usual care in patients with
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cancer, the results did not show a significant difference with either short-term or long-term
follow-up (pooled odds ratio [OR] 1-54, 95% CI 0-909-2:-64, and pooled OR 1-31, 95% CI
0-93-1-84, respectively). However, studies using combination therapy (pharmacological and
non-pharmacological) improved quit rates (pooled OR 1.4, 95% CI 1-06-1-87) and
perioperative interventions also showed a strong effect favouring the perioperative period
compared with the clinic (pooled OR 2-31, 95% CI 1-32-4-07).81 Despite heterogeneous
patient populations and study designs, data support the recommendation that all patients
should have access to structured tobacco cessation support beginning at the time of cancer
diagnosis. Clinicians who refer patients to external tobacco cessation support programmes
should ideally receive updates on tobacco cessation activities from patients and note
progress by patients to reduce and ultimately eliminate their use of tobacco.

For patients with cancer treated in a community environment, rather than in a comprehensive
cancer treatment centre or other large institution, tobacco cessation programmes might be
even more difficult to access. In the USA, the state quitlines are resources that are available
by calling 1-800-QUIT-NOW, whereby individuals are automatically connected to tobacco
cessation support resources in any state. Unfortunately, many international community
oncology practices might not have access to universally available tobacco cessation
resources. Community oncologists could also consider obtaining continuing medical
education credits in tobacco cessation support, which is offered on-line or in-person. Large
group-oncology practices could consider pooling resources to establish a specialist tobacco
cessation unit within their management group, local hospital, or in the community for a
direct referral resource. Panel 3 and the ASCO toolkit®8 provide information to consider in
the development and implementation of community-based tobacco cessation support
resources for patients with cancer.

Discussion of tobacco use and tobacco cessation with patients

We recommend that clinicians explain empathetically to patients why tobacco cessation is
important for their treatment and survival. The 2014 Surgeon General’s Report concludes
that continued smoking causes adverse outcomes in patients with cancer, specifically,
increased overall mortality, cancer-specific mortality, and second primary cancer.! Evidence
suggests that smoking increases the risk of cancer recurrence and treatment toxicity.
However, the clinical toxicity and expected outcomes of cancer treatment varies
substantially according to the diagnosis. For example, breast cancer treatment is very
different from treatment for head and neck cancer, but patients with either cancer are at an
increased risk of mortality, comorbid disease, poor surgical wound healing, adverse effects
from systemic therapy, risk of second primary cancer, and poor cosmetic outcome. Patients
with breast cancer can tolerate treatment with few adverse effects, are generally able to
maintain nutritional requirements, can usually continue daily activities such as a regular
work schedule, and might not feel any stigma associated with their diagnosis. By contrast,
patients with head and neck cancer might have severe adverse effects from treatment, which
causes deficits in maintaining nutrition, absence from work, substantial augmentation of
pain, and patients might experience stigmatisation from a seemingly tobacco-related cancer
diagnosis. Psychiatric comorbidities (anxiety, depression) and substance use (alcohol) might
also differ in patient populations. Clinicians can personalise and tailor the approach to
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tobacco use and cessation in patients with cancer for whom different clinical outcomes are
anticipated.

Search strategy and selection criteria

A comprehensive review of the literature is given in the 2014 Surgeon General’s Report.
We used the same general criteria used to identify studies evaluating the effect of current
smoking at cancer diagnosis on mortality, toxicity, and risk of second primary cancer in
patients treated with chemotherapy and radiotherapy. Published manuscripts that reported
the effect of current smoking on one or more of mortality, recurrence, toxicity, second
primary cancer were identified. PubMed was searched for studies using the search terms
“smoking” and “cancer” with additional search terms according to disease site
(appendix). A total of 622 works published between 1990-2012 that reported on the
effects of smoking on one or more clinical outcomes in patients with cancer (mortality,
toxicity, second primary cancer) were identified. Papers that did not clearly define current
smoking, report on any clinical effects of current smoking (as opposed to ever smoking),
or specify chemotherapy or radiotherapy were excluded. Studies with fewer than 500
patients were also excluded, a total of 27 studies, reporting on more than 54 000 patients
met the criteria (table).

Clinicians might also wish to consider how the message is delivered. So-called gain-framed
statements are based on presentation of the benefits and positive aspects associated with a
treatment or change in behaviour, and loss-framed statements present the negative aspects of
treatment or behavioural change. For example, a statement such as, “quitting smoking will
improve your chances of survival” is a gain-framed approach whereas a statement such as,
“if you don’t quit smoking, you may have a poor cancer outcome” is a loss-framed
approach. Messaging is largely untested in patients with cancer with respect to tobacco use,
but loss-framed messaging is a common tool to motivate people in the general population to
stop smoking.82 Though gain-framed versus loss-framed messaging has not been explored in
relation to tobacco use in patients with cancer, gain-framed messaging might be important to
consider in the screening and treatment of these patients.83

Clinicians might feel that patients with cancer with either early stage or curable disease are
the ideal groups on whom smoking cessation efforts should be focussed. The 2014 Surgeon
Gerneral’s Report reviews a wealth of studies, showing that smoking increases mortality in
patients with both early and advanced or metastatic cancer.! Several studies show that
smoking increases the risk of hospital admission, infection, pulmonary complications,
wound infections, and decreases patients’ quality of life. The studies presented in the 2014
Surgeon General’s Report might cover several disease sites and modalities of cancer
treatment, but these data also suggest that smoking affects clinical outcomes in the care of
patients with advanced and metastatic cancer. We are not aware of any studies that provide a
comprehensive assessment of the benefits of tobacco cessation across disease sites, disease
stage, and stage of treatment. However, clinicians should consider the potential benefits of
smoking cessation even in patients with metastatic and recurrent cancers possibly to improve
survival, but also possibly to reduce complications in cancer care at the end of life.
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Design of tobacco cessation support in clinical practice and research

All patients should receive tobacco cessation support to improve therapeutic outcomes, but
clinicians could also consider the integration of tobacco use assessment and tobacco
cessation into research programmes.3’ Screening patients using paper-based systems that
capture subjective tobacco use responses might be useful to encourage referrals for tobacco
cessation, but the integration of tobacco use assessments and tobacco cessation support
using computerised systems (eg, through the electronic medical record) can substantially
increase efficiency in identification of forms of tobacco use, referral of patients to dedicated
tobacco cessation support programmes, and tracking of the efficacy of tobacco cessation in
patients. Examples of annotated design systems have been recommended and implemented
in clinical practice for patients with cancer.”*77 We also suggest that clinicians consider the
imple mentation of assessment of tobacco use and tobacco cessation approaches that
promote effective tobacco cessation, yet also maintain efficient clinical workflow for other
aspects of cancer care. An understanding that smoking cessation is a crucial part of the
overall effectiveness of cancer treatment is important for patients.

Societal influences on tobacco cessation support

An often overlooked variable to consider is the social and medical environment in which
tobacco cessation is approached. The WHO Framework Convention on Tobacco Control
(FCTC) is an effort started in 2003 to reduce the international health burden attributed to
tobacco. A summary of the FCTC is provided in a recent review,3* in which the efforts of
the tobacco industry to manipulate worldwide tobacco control are highlighted. In some
countries, tobacco is increasingly regulated, resulting in a decrease in the prevalence of
tobacco use and changes in social norms with smoking no longer seen as socially acceptable
but as unacceptable.! The prevalence of tobacco use, however, is increasing in low-income
and middle-income countries. Approaches to tobacco cessation in specific countries,
regions, cities, and even clinics might necessitate knowledge of the effect of the tobacco
industry on social and medical resources. Reimbursement might be important in medical
systems in which there is third party billing. High rates of tobacco use by physicians in some
high-income and low-income or middle-income countries might deter implementation of
tobacco cessation programmes as standard clinical care for patients with cancer.8® In low-
income and middle-income countries, tobacco cessation is only now becoming a priority in
the general population, and has yet to be seen as the main target in patients with cancer or
other chronic illness. Integration of tobacco cessation into tuberculosis and HIV care has
been called for as a priority on the basis of a parallel set of adverse medical and survival
outcomes.86.87

Oncology clinicians should champion tobacco cessation as a method to improve clinical
cancer treatment outcomes for patients. Clinicians are also encouraged to partner with
institutional and community resources to develop a unified approach to the assessment of
tobacco use and cessation for patients with cancer at diagnosis, during treatment, and
throughout follow-up.
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Conclusions

The evidence presented in the 2014 Surgeon General’s Report warrants a substantial change
in evidence-based cancer care. Smoking causes adverse outcomes in patients with cancer, in
part through the activation of tumorigenic pathways and in part through alterations in
physiology that lead to complications associated with cancer treatment and continued
development of comorbid disease. There are currently no cancer treatments shown to
produce superior results in patients with cancer who smoke compared with those who do not
smoke and there are no biomarkers to predict adverse outcomes in patients with cancer who
continue to smoke. Tobacco use by patients with cancer should be accurately identified and
all at-risk patients should be offered structured tobacco cessation support. On the basis of the
findings in the 2014 Surgeon General’s Report, addressing tobacco use in patients with
cancer has the potential to substantially improve overall cancer treatment outcomes through
reduced treatment-related toxicity, treatment failure, and comorbid disease and improved
survival.
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Cellular effects

Proliferation, angiogenesis, migration, invasion, metastasis, epithelial-mesenchymal transition,
decreased apoptosis, altered drug metabolism, decreased response to chemotherapy and radiotherapy

Figure. The biological effects of cigarette smoke on cancer cell biology
ROS=reactive oxygen species. p-AR=p-adrenergic receptor. nAChR=nicotinic acetylcholine

receptor. AHR=aryl hydrocarbon receptor. EGFR=epidermal growth factor receptor.
PKC=protein kinase C. PLA2=phospholipase A2. PLC=phosphoinositide phospholipase C.
LRP=lipoprotein receptor-related protein. COX=cyclo-oxygenase. LOX=lipoxygenase.
MEK=mitogen activated kinase kinase. ERK=extracellular signal related kinase.
CYP=cytochrome P450. MRP=multidrug resistance-associated protein. TGF=transforming
growth factor. STAT=signal transducer and activator of transcription. JAK=janus kinase.
MUC4=mucin 4, cell surface associated. NFKB1=nuclear factor of kappa light polypeptide
gene enhancer in B-cells 1. XIAP=x-linked inhibitor of apoptosis. MMP=matrix
metalloproteinase. Bcl-xI=B-cell lymphoma extra large. HIF-1a=hypoxia inducible factor 1-
a. EGF=epidermal growth factor. EGFR=epidermal growth factor receptor. VEGF=vascular
endothelial growth factor. VEGFR=vascular endothelial growth factor receptor. NOS=nitric
oxide. synthase. Bcl-2=B-cell lymphoma 2.
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Effects of current smoking on mortality, recurrence, cancer treatment toxicity, and second primary cancer in
patients treated with chemotherapy or radiotherapy

Patients

Treatments

Study period

Outcome

Lung cancer

Florescu et al
(2008)38

Herbst et al
(2005)3

Holgersson et
al (2012) 0

Kawaguchi et
al (2012)**

Lee et al
(2012)%2

Lietal
(2011)%

Pirker et al
(2012)%

Richardson et
al (1993)*°

Tsao et al
(2006) 6

Tucker et al
(1997)%7

731 (NSCLC stage 111B—
1V, previous therapy
unsuccessful)

1079 (NSCLC stage 111B-
\%)

1146 (NSCLC)

2966 (NSCLC stage 111B—
1V, 270 years of age)

670 (NSCLC stage 111B—
\%)

1214 (NSCLC stage 111B-
%)

1125 (NSCLC stage 1B~
%)

540 (SCLC)

1379 (NSCLC stage 11—
V)

611 (SCLC survivors)

Chemotherapy, erlotinib (BR21
trial)

Chemotherapy, erlotinib
(TRIBUTE trial)

Radiotherapy

Chemotherapy

Erlotinib (TOPICAL trial)

Chemotherapy

Chemotherapy, cetuximab (phase
111 FLEX study)

National Cancer Institute
intramural trials

Chemotherapy

Chemotherapy, radiotherapy

NA

2001-02

1990-2000

NA

NA

NA

NA

1973-89

NA

2 years
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Mortality (vs never smoked)
Former: HR 1.22, p<0-:001
Current: HR 1.89, p<0-001

Median survival
Chemotherapy + erlotinib:
Current: 8:4 months
Former: 10-0 months
Never: 22.5 months p=0-01
Chemotherapy:

Current: 9-1 months
Former: 10-9 months
Never: 10-1 months

Mortality (vsnever smoking)
Former: HR 1.10 (95% CI 0-82-1-45)
Current: HR 1.06 (95% CI 0-80-1-41)

Mortality (vsnever smoking)
Former:

70-74 years: HR 0-91 (95% CI 0-80-
1.04)

75-79 years: HR 1-06 (95% CI 0-92—
1.22)

80+ years: HR 1-08 (95% CI 0-90-
1.29)

Never:

70-74 years: HR 0-78 (95% CI 0-66—
0-93)

75-79 years: HR 0-80 (95% CI 0-66—
0-97)

>80 years: HR 0-99 (95% CI 0-80-
1.21)

Cancer-specific mortality (vs never
smoking)

Former: HR 1-02 (95% CI 0-79-1-32)
Current: HR 1-61 (95% CI 0-91-2-86)

Mortality (vsnever smoking)
Former: HR 1:10 (95% CI 0-79-1-54)
Current: HR 1-05 (95% CI 0-63-1:75)

Mortality (vs current smoking): HR 1.0
(referent)

Former: HR 0-86 (95% CI 0-73-1:02)
Never: HR 0-72 (95% CI 0-58-0-88)

Second primary cancer (vsgeneral
population)

Current smoking after diagnosis: RR 32
(95% CI 12-69)

Quit smoking after diagnosis: RR 11
(95% ClI 4-4-23)

Mortality (vsnever smoking)
Former: OR 1:47, p=0-003
Current: OR 1.55, p=0-0004

Second primary cancer (vsgeneral
population)

Current smoking after diagnosis: RR 17
(95% CI 11-26)

Quit smoking at diagnosis: RR 9:9
(95% CI 5-3-17)
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Patients

Treatments

Study period

Outcome

Quit smoking before diagnosis: RR 9-4
(95% CI 4.7-17)

Head and neck cancer

Fortin et al 1871
(2009) 8

Gillison et al
(2012)%

502 (stage 1-1V)

Khuri et al
(2006)50

1190 (stage I-11)

Meyer et al 540
(2008)3*

Radiotherapy, chemotherapy,
systemic therapy

Radiotherapy, chemotherapy,
(RTOG9003 and RTOG0129)

Radiotherapy, systemic therapy
(no chemotherapy), isoretinoin
(phase Il trial)

Radiotherapy, B-carotene

1989-2006

NA

NA

1994-2000

Mortality (vsnever smoking)
Former: HR 1:23 (p value unavailable)
Current: HR 1.35, p=0-0005

Mortality (vsall other patients)
Overall: HR 2:34 (95% CI 1.56-3-50)
Cancer-specific mortality
Radiotherapy treated patients: HR 2:19
(95% CI 1-48-3:25)

Chemotherapy treated patients: HR
2:73 (95% CI 1.37-5:45)

Mortality

Current vsformer: RR 1-60 (95% CI
1.23-2.07)

Current vsnever: RR 2:51 (95% CI
1.54-4-10)

Recurrence

Current vsformer: RR 1:12 (95% ClI
0-76-1-65)

Current vsnever: RR 1:37 (95% CI
0.76-2-46)

Mortality (vsall other patients)
Current: HR 2:26 (95% CI 1.29-3-97)

Prostate cancer

Alsadius et al 836
(2011)52

Bittner et al 1354
(2008)53

Boorjian et al 9780
(2007)54

Merrick et al
(2006)%°

938 (stage T1b-T3a)

Pickles et al 601
(2004)56

Radiotherapy

Radiotherapy, ADT

Systemic therapy, radiotherapy,
ADT (CaPSURE study)

Radiotherapy, ADT

Radiotherapy

1993-2006

1993-2004

NA

1995-2002

1994-97
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Rectal toxicity (vsnever smoking):
Current:

Abdominal cramps: RR 9-0, p=0.-004
Urgency: RR 2:65, p<0-001

Diarrhoea: RR 267, p=0-017
Incomplete emptying: RR2:57, p=0-003
Sudden emptying: RR 4-6, p=0-003

Mortality (current vsnever smoking)
Current:

Prostate cancer mortality: NS
Non-prostate cancer mortality

Heart disease: RR 3:05, p=0-007
Non-prostate: RR 5-52, p=0:-002
Other: RR 4-09, p=0-002

Bladder cancer (vsall other patients)
No radiotherapy (all): HR 1-0 (referent)
Yes radiotherapy (all): HR 1.59 (95%
C10:97-2-6)

Current (all): HR 208 (95% CI 1-09-
3.97)

Current + radiotherapy: HR 3:65 (95%
Cl1.45-9-16)

Mortality (vs never smoked)
Former: RR 2:15, p=0-007
Current: RR 4-27, p<0-001
Cancer-specific mortality (vs never
smoked)

Former: p=0-19

Current: p=0-48

Recurrence (vs never smoked)
Former: RR 0.95, p=0-43

Current: RR 2:10, p=0-04

Mortality, 6-year (vsall other patients)
Current: RR 2-38, p=0-009
Cancer-specific mortality (vsall other
patients




1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Warren et al. Page 23
Patients Treatments Study period  Outcome
Current: RR 2-89, p=0-08
Recurrence (vsall other patients)
Current: OR 1-68 (95% CI 1-11-2.56)
Taira et al 1656 Radiotherapy, ADT NA Mortality (vsnever smoking)
(2011)%7 Former: HR 1:43, p=0-017
Current: HR 2:86, p<0-001
Breast cancer
Gold et al 2198 (stage I-111A) Tamoxifen (WHEAL study) 1995-2000 Vasomotor toxicity (s never smoking)
(2006)58 Former: OR 140 (95% CI 1-10-1-78)
Current: OR 2:12 (95% CI 1.19-3.78)
Lietal 1091 (ER positive) Systemic therapy, radiotherapy, 1990-2007 Lung cancer (vsnever smoking)
(2009)%° chemotherapy Former smoker at diagnosis: OR 1.2
(95% C10-8-1-7)
Current smoker at diagnosis: OR 1-8
(95% Cl1 1-1-3-2)
Former smoker at most recent follow-
up: OR 1-2 (95% CI 0-8-1.7)
Current smoker at most recent follow-
up: OR 2:2 (95% CI 1-2-4.0)
Obedian et al 1029 (early stage) Systemic therapy, radiotherapy, 1970-90 Lung cancer (vsnever smoking)
(2000) "0 Former: RR 701
Current: RR 8-96, p=0:06
Other cancers
Eifel et al 3489 (stage I-11 cervical Radiotherapy 1960-94 Pelvic complications (vs never
(2002) %1 cancer) smoking)
Former: HR 1-40 (95% CI 0-81-2-41)
Current:
<1 PPD: HR 125 (95% CI 0-88-1-79)
>1 PPD: HR 2:43 (95% CI 1-95-3-04)
Gilbert et al 592 (Hodgkin’s disease) Radiotherapy 1965-94 Lung cancer (s never smoking)
(2003) %2 Former: RR 6-8 (95% CI 2.8-19:5)
Current: RR 24-0 (95% CI 10-3-68)
McCleary etal 1045 (stage Il colon Systemic therapy, chemotherapy Mortality (vsnever smoking)
(2010)83 cancer) (CALGB 89803 trial) Former: HR 1-17 (95% CI 0-87-1:57)
Current: HR 1-38 (95% CI 0-87-2:18)
Recurrence
Former: HR 1.15 (95% CI 0-89-1-48)
Current: HR 0-90 (95% CI 0-58-1-41)
Park et al 14 181 (male head and Systemic therapy, radiotherapy, 1996-2002 Second primary cancer (Vs never
(2007)64 neck, lung, esophageal, chemotherapy (NHIC study) smoking)
laryngeal, oral, kidney, All cancers:

bladder, pancreas, liver,
gallbladder, and prostate
cancer)

Former: RR 0-87 (95% CI 0-56-1-35)
Current: RR 1:13 (95% CI1 0-77-1-67)
Smoking related:

Former: RR 1.03 (95% CI 0-46-2-31)
Current: RR 2:02 (95% CI 1.02-4-03)

95% CI given when available.

*
Patients treated with surgery, chemotherapy, or radiotherapy included.

1duosnuen Joyiny

NA=not available. ADT=androgen deprivation therapy. RR=relative risk. CaPSURE=Cancer of the Prostate Strategic Urologic Research Endeavor.
NHIC=national health insurance corporation. NSCLC=non-small cell lung cancer. HR=hazard ratio. RTOG=Radiation Therapy Oncology Group.
NS=not statistically significant. PPD=pack per day. SCLC=small-cell lung cancer. WHEAL=Women’s Healthy Eating and Living Study.
ER=oestrogen receptor.

*
Studies in which tobacco information was captured through a non-standardised assessment or through patients’ chart reviews.
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