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Abstract: Most people who smoke and develop cancer are unable to quit smoking. To address this,
many cancer centers have now opened smoking cessation programs specifically designed to help
cancer patients to quit. An important question has now emerged—what is the most effective approach
for engaging smokers within a cancer center in these smoking cessation programs? We report
outcomes from a retrospective observational study comparing three referral methods—traditional
referral, best practice advisory (BPA), and direct outreach—on utilization of the Duke Cancer Center
Smoking Cessation Program. We found that program utilization rate was higher for direct outreach
(5.4%) than traditional referral (0.8%), p < 0.001, and BPA (0.2%); p < 0.001. Program utilization was
6.4% for all methods combined. Inferring a causal relationship between referral method and program
utilization was not possible because the study did not use a randomized design. Innovation is needed
to generate higher utilization rates for cancer center smoking cessation programs.
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1. Introduction

1.1. Smoking Cessation in People with Cancer

Treatment of tobacco dependence is uniquely important in people with cancer. In the United
States, smoking causes approximately 28.6% of all cancer deaths [1] and causes multiple types of
cancer, including lung, laryngeal, pharyngeal, esophageal, pancreatic, bladder, stomach, colorectal,
liver, cervical, renal, and acute myeloid leukemia [2]. Quitting smoking has been shown to decrease
the chances of developing the most common forms of lung cancer—small cell, large cell, squamous
cell, and adenocarcinoma [3]. Smoking cessation after a cancer diagnosis is associated with increased
survival in lung cancer [4] and head and neck cancers [5]. Smoking cessation also leads to a reduced
risk of cancer recurrence in lung cancer [6], breast cancer [7], bladder cancer [8], and gastric cancer [9].
Smoking cessation decreases side effects related to cancer treatment, leads to a better quality of life,
and leads to a lower risk of developing another primary cancer [7]. Smoking is associated with poor
wound healing, an increased rate of surgical wound infections [10], and post-surgical pulmonary
complications [11].

A diagnosis of cancer is widely considered to be a teachable moment—a somewhat rare opportunity
that arises in a person’s life when major behavioral change is possible [12]. That said, the National
Health and Nutrition Examination Survey (NHANES) study showed that only 36.1% of smokers quit
smoking after a cancer diagnosis [13]. Another study showed that 44% of smokers quit smoking after
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their cancer diagnosis and that only 62% received smoking cessation counseling from their medical
providers [14]. A survey of the American Society of Clinical Oncology found that 84% of oncologists
advise their patients to quit smoking, but only 39% provide smoking cessation support [15]. Barriers
to smoking cessation reported by people with cancer include stress related to their cancer diagnosis,
a desire to maintain personal control, and limited understanding o how smoking impacts cancer
treatment and outcomes [16]. The National Cancer Institute (NCI) has now mandated that every
NCI-designated cancer center provide an onsite smoking cessation program to help people with cancer
to quit smoking [17,18].

1.2. Specialized Smoking Cessation Treatment for People with Cancer

There is a now a wide variety of evidence-based smoking cessation treatments available, including
seven FDA-approved smoking cessation medications [19], and an array of evidence-based behavioral
treatments [20,21]. Guidelines describing evidence-based smoking cessation treatment are routinely
disseminated throughout health systems [22,23], and the National Comprehensive Cancer Network
Tobacco Treatment Guideline provides evidence-based treatment approaches for smokers with
cancer [24]. NCI also leads an initiative to support NCI-designated cancer centers in developing
smoking cessation services [25]. Provider training for specialized smoking cessation programs is now
available through tobacco treatment specialist training programs provided at over 20 sites across the
US [26,27]. Established cancer center smoking cessation programs have demonstrated biochemical
smoking abstinence rates of over 30% [28,29], roughly ten times as high as abstinence rates in an
unassisted quit attempt [30].

1.3. Patient Engagement in Smoking Cessation Services

A key step in helping cancer patients to quit smoking is referral to a smoking cessation program.
We discuss three methods of patient referral in this paper—traditional referral, best practice advisory
(BPA), and direct outreach (Figure 1). The default method of referral in any institution is an unassisted
provider referral. This occurs, for example, when a medical provider decides that their patient
might benefit from seeing another provider and then refers their patient. This widely practiced,
unassisted form of referral, which we call here traditional referral, has the advantage of arising
from a patient–provider relationship and helps to maintains a degree of treatment continuity [31].
Unfortunately, traditional referral is limited by a provider’s busy schedule and the need to manage
other medical problems [32]. Another approach is use of the best practice advisory (BPA). BPA is
like traditional referral, but it includes an alert from the electronic health record letting the provider
know that their patient would benefit from a particular treatment [33]. BPA outcomes have often
been quite modest, because providers who are busy with other issues routinely ignore these BPA
alerts [34]. A specific form of BPA—the opt-out referral—appears to be more promising. In a BPA with
an opt-out referral, the BPA fires and the referral order is placed automatically unless the provider
cancels it [35]. A small study on breast cancer patients using opt-out referral showed an increase in
program utilization from 12% (9/75) to 56% (15/27) [36]. A third approach, direct outreach, provides
proactive population-based outreach by phone, email, text or mail to patients with a particular problem
and then offer services for that problem [37]. One study on automated direct outreach to cancer
center smokers showed increased utilization of a smoking cessation program from 5.8% to 20.2% [38].
The purpose of this study is to use observational data to compare three referral methods on utilization
of a cancer center smoking cessation program.
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by the Duke University Health System Institutional Review Board. As a retrospective observational 
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not required to make a program referral and only made a referral if this arose naturally during cancer 
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assess referral outcomes. As such, providers referred patients as they normally do during routine 
clinical care. Direct outreach was not conducted by medical providers and was conducted by 
program staff. 
  

Figure 1. Referral methods.

2. Materials and Methods

We conducted a retrospective observational study on data from patients referred to the Duke
Cancer Center Smoking Cessation Program by traditional referral and BPA over a 1-year period between
1 October 2017 and 30 September 2018. In addition, we conducted pilot testing of direct outreach from
1 July to 31 July 2018. We then used these data to compare all three referral methods—traditional
referral, best practice advisory, and direct outreach—on referral rates and program utilization. Primary
outcomes for this study were program referral rate (the portion of smokers attending visits at Duke
Cancer Center who were referred to the Duke Cancer Center Smoking Cessation Program) and program
utilization rate (the portion of cancer center smokers who attended an appointment at the Duke Cancer
Center Smoking Cessation Program). Data were analyzed using descriptive analyses and chi-square for
comparison of groups. This study was supported by funding from the National Cancer Institute, grant
supplement P30-CA014236-43S3. The study was approved by the Duke University Health System
Institutional Review Board. As a retrospective observational study on aggregate patient outcomes of
routine clinical care, the study did not require notification of or consent from patients or providers.

2.1. Program Referral

The Duke Cancer Center Smoking Cessation Program employs a team-based approach with
collaboration of medical and behavioral providers trained through the Duke-UNC Tobacco Treatment
Specialist Training Program. The Duke Cancer Center Smoking Cessation Program exclusively serves
the Duke Cancer Center. Current tobacco users who receive care of any kind (cancer screening,
chemotherapy, radiation, surgery, etc.) at Duke Cancer Center may be referred to the Duke Cancer
Center Smoking Cessation Program from any Duke Cancer Center provider (oncologist, radiation
oncologist, surgical oncologist, etc.). Cancer center providers can refer their patients to the Duke
Smoking Cessation Program by placing an order in the electronic health record. In addition, cancer
center providers received a BPA (alert in the electronic health record) on all of their patients who were
current smokers, informing them that their patient was a current smoker, and presenting an electronic
link to refer their patient to the program. Cancer center providers were not required to make a program
referral and only made a referral if this arose naturally during cancer care. Cancer center providers
were unaware that an observational study was being conducted to assess referral outcomes. As such,
providers referred patients as they normally do during routine clinical care. Direct outreach was not
conducted by medical providers and was conducted by program staff.
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2.2. Program Utilization

Once a patient is referred, they are contacted by a Program Coordinator who describes the program
and assists in triage and scheduling. Referral outcomes collected include the following: no answer,
patient declined, call back later, and appointment scheduled. All referrals receive a minimum of three
call attempts. Patients who decline services are offered referral to QuitlineNC, a national telephonic
tobacco quitline [39]. Quitline outcomes were not assessed for this report. After an appointment is
scheduled, patients sometimes cancel or reschedule; and patients will sometimes be a no show to an
appointment. Patients receive a phone call from a Program Coordinator six months after their first
scheduled appointment regardless of whether they attended. If that patient is continuing to use tobacco,
program services are offered again. A small number of patients received more than one form of referral;
these were patients who agreed to an appointment through direct outreach, but their providers also
placed a traditional referral. This occurred in 2 patients—one was counted as a traditional referral, the
other as direct outreach.

2.3. Traditional Referral

Figure 2 shows traditional referral occurring from multiple cancer center departments to the Duke
Cancer Center Smoking Cessation Program. To maximize the use of traditional referrals, smoking
cessation providers presented information on the smoking cessation program at oncology provider
meetings, staff meetings, and staff events. Of the 8 groups listed in Figure 2, we conducted informational
meetings with physicians and separate meetings with staff for each group. All clinics (providers and
staff) received information on traditional referral and BPA prior to the data collection period and
then received this information again at some point during the data collection period. A total of
17 presentations about the smoking cessation program were provided at the Duke Cancer Center prior
to the 12-month data collection period.
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2.4. Best Practice Advisory

In our program, BPA is opt-in, not opt-out, such that the provider must open the BPA alert and
place a referral. The alert does not provide a hard stop and may be ignored in order to manage other
issues. Nursing staff are encouraged to click the BPA and are able to create a pended order, which can
then be signed by the medical provider. To maximize the use of BPA, we provided instructions at all
provider and staff presentations. In most cases, training on how to open the BPA alert occurred at the
same time as training on how to place a program referral. The BPA build was not time-consuming for
our technical staff, and BPAs are commonly used at Duke for other purposes.

2.5. Direct Outreach

We conducted a 30-day pilot study on direct outreach. For this study, we generated a list from the
electronic health record showing all tobacco users with an appointment at the Duke Cancer Center in
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the next 30 days and then called these patients by phone to offer services. If there was no response,
patients were sent an electronic message through the electronic health record patient communication
portal. Direct outreach was conducted by a social worker and a medical assistant, both with training
as tobacco treatment specialists. These staff members are intimately familiar with the program and
capable of addressing patient questions with a degree of sophistication. The two providers spent 60 h
(3 h/day × 20 days) making outreach calls.

2.6. Data Collection and Analysis

2.6.1. Population-Based Tobacco Use

Duke requires that every patient’s smoking history is updated by nursing staff at each clinical visit.
Patients in our program were identified as smokers by accessing the smoking history component of the
electronic health record. Duke requires that smoking history be updated for each patient by nursing
staff at each clinical visit, although there are currently no data on how well nursing staff complies with
this requirement.

2.6.2. Referral Database

Data on program referrals and appointment attendance were collected through a referral database
in EPIC, an electronic health record system. BPA: Data on BPA outcomes were obtained from an
electronic health record dataset designed to track BPA referrals. Direct Outreach: Direct outreach was
piloted over a 30-day period with program referral and utilization outcomes tracked on each patient
through the pilot study database. Clinical Outcomes: Data entry within the Duke Cancer Center
Smoking Cessation Program is algorithmic, such that key data elements are entered into the electronic
health record at every visit. Data collected include smoking history, cancer diagnosis, psychiatric
history, previous smoking cessation treatment, and carbon monoxide breath testing to assess smoking
abstinence and reduction. Analysis: Data were analyzed using descriptive analyses and chi-square
for comparison of groups. Data on traditional referral and BPA were compared using 12-month
datasets. Data on direct outreach were compared to other referral methods using 30-day datasets. Data
presented here are based on unique patients; repeat visits for individuals are not included so as to
avoid double counting.

3. Results

3.1. Demographics

In the 12-month assessment period, the roughly 150 Duke Cancer Center clinicians (e.g., medical,
surgical, and radiation oncologists) cared for over 50,000 patients, including 6040 smokers
(approximately a 12% rate of current smoking). Of these, patients who attended an appointment with
the Duke Cancer Center Smoking Cessation Program had a mean age of 53.8 (SD 10.1); 43.7% were
female, 28.1% were African American, 65.6% were Caucasian, and 6.3% were other/unknown/not
reported race. Primary insurance providers were 56.3% Medicare/Medicaid, 31.2% private insurance,
and 12.5% self-pay.

3.2. 12-Month Program Referral and Utilization

Over the 12-month period, 6040 current smokers received care of any kind (cancer screening,
chemotherapy, radiation, surgery, etc.) by any Duke Cancer Center provider (oncologist, radiation
oncologist, surgical oncologist, etc.). Duke Cancer Center providers had access through the electronic
health record to place an order for their patients to be referred to the Duke Cancer Center Smoking
Cessation Program. In addition, cancer center providers received a BPA (alert in the electronic health
record) on all of their patients who were current smokers, informing them that their patient was a
current smoker, and presenting an electronic link to refer patients to the program. The referral rate over
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a 12-month period was defined as the total number of patients who were referred to the Duke Cancer
Center Smoking Cessation Program divided by 6040—the total number of current smokers seen by
any provider at the Duke Cancer Center. During the 12-month assessment period, the Duke Cancer
Center Smoking Cessation Program received a total of 230 referrals, a referral rate of 3.8% (230/6040).
Traditional referral led to 183 of these referrals (3% referral rate) and was significantly higher than BPA,
which led to 47 referrals (0.8% referral rate); X2 (1, N = 6039) = 61.4, p < 0.001. The program utilization
rate over a 12-month period was defined as the total number of patients who attended an appointment
at the Duke Cancer Center Smoking Cessation Program divided by the total number of current
smokers seen at Duke Cancer Center. During the 12-month assessment period, 99 unique patients
attended the Duke Cancer Center Smoking Cessation Program for a program utilization rate of 1.6%
(99/6040). Of these 99 program attendees, traditional referral resulted in 91 attendees (1.5% utilization
rate), significantly higher than BPA, which resulted in 8 program attendees (0.1% utilization rate); X2

(1, N = 6039) = 68.5, p < 0.001. The chance of interaction between referral methods (e.g., BPA reducing
traditional referrals) was low due to low overall utilization rates (e.g., 0.1% × 1.5% = 0.15% possible
interaction).

3.3. 30-Day Pilot Test—Program Referral and Utilization

Over the 30-day period (1 July–30 July 2018), we pilot-tested direct outreach to assess program
referral rate and utilization rate for this referral method (Figure 3). During this 30-day period,
503 current smokers received care of any kind (cancer screening, chemotherapy, radiation, surgery,
etc.) by all Duke Cancer Center providers (oncologist, radiation oncologists, surgical oncologist
etc.). The referral rate over this 30-day period was defined as the total number of patients who were
referred to the Duke Cancer Center Smoking Cessation Program divided by 503—the total number of
current smokers seen for any reason at the Duke Cancer Center. Over this 30-day period, there were a
total of 158 referrals to the Duke Cancer Center Smoking Cessation Program, a referral rate of 31.4%
(158/503). Of the 158 patients who were referred, direct outreach led to referral of 135 (26.8% referral
rate), traditional referral led to referral of 19 (3.7% referral rate), and BPA led to referral of 4 patients
(0.7% referral rate). Although direct outreach appears to show a higher referral rate than other methods,
we did not conduct a statistical comparison, because these referral methods are managed differently
(direct outreach referrals include scheduling of patient appointments during the referral phone call,
whereas traditional referral and BPA lead to scheduling of patient appointments during a future
phone call). The program utilization rate over this 30-day pilot testing period was defined as the total
number of patients who attended an appointment at the Duke Cancer Center Smoking Cessation
Program divided by 503—the total number of current smokers seen for any reason at the Duke Cancer
Center. Over this 30-day period, a total of 32 patients attended a visit at the Duke Cancer Center
Smoking Cessation Program, a program utilization rate of 6.4% (32/503). Of these 32 program attendees,
direct outreach led to 27 (5.4% utilization rate), traditional referral led to 4 (0.8% utilization rate),
and BPA led to 1 attendee (0.2% utilization rate). During the 30-day pilot test, program utilization
rate for direct outreach was significantly higher than for traditional referral; X2 (1, N = 502) = 16.1,
p < 0.001. Differences in program utilization between traditional referral and direct outreach were not
significant, but the numbers were so small (1 attendee vs. 4 attendees) that statistical comparison was
not meaningful.
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3.4. Smoking Outcomes

Carbon monoxide (CO) breath testing was collected at all clinic visits to assess smoking
abstinence [40], but self-reported smoking rates were not available. Reduction in smoking was
assessed via change in expired breath CO alone, with baseline CO of 17.8 (SD = 15.4), and final visit
CO of 11.3 (SD = 12.2). This represented a 36.5% reduction of CO over the treatment (mean 17.82).
The timing of clinic visits to the smoking cessation program was not uniform across the sample but
coordinated with cancer center treatment visits.

4. Discussion

4.1. Main Findings

A comparison of the three referral methods showed that direct outreach led to higher rates
of program referral and program utilization than traditional referral, and that traditional referral
was associated with higher rates of program utilization than BPA. Although differences in program
utilization between these referral methods were fairly large, it was not possible to infer a causal
relationship between referral method and program utilization because patients were not randomized
to referral methods. An important conclusion from these outcomes is that traditional referral alone
may be insufficient for recruitment of patients into a cancer center smoking cessation program. This is
an important finding because most smoking cessation programs at least begin by relying on traditional
referral as the primary means of referral. Our findings suggest that, if possible, efforts should be made
to expand methods of patient outreach beyond traditional referral.

4.2. Low Referral and Utilization Rates

A commonly expressed critique of smoking cessation programs is that all outcomes appear to be
low. Although there is a need for improvement, it is important to recognize that at any given time,
the percentage of smokers who are willing to make a quit attempt is typically only 14–20% [41–44].
An important consideration is that many smokers who are unwilling to make a quit attempt at one
point in time may be willing to make a quit attempt if asked again at a later date [45,46]. This suggests
that there is likely merit in reaching out to smokers on multiple occasions over time. Another important
consideration is the growing understanding that smokers who are unwilling to make a quit attempt
often benefit from engaging in tobacco use treatment initially focused on smoking reduction, and that
this approach can lead to smoking cessation [47].

4.3. Traditional Referral within a Cancer Center

Traditional referral led to a program utilization rate of only 1.5% (12-month data) of all smokers
receiving services at the Duke Cancer Center. One reason for this low referral rate could be that oncology
providers tend to be busy and often do not feel that there is sufficient time to discuss smoking cessation
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while providing cancer treatment services [48]. This low program utilization rate is also attributable in
part to attrition. Over 12 months, 183 smokers were referred for smoking cessation services through
traditional referral, but only 91 (35.8%) attended an appointment. This is likely indicative of the large
number of barriers that the cancer population faces, including financial, transportation, scheduling,
fatigue, and illness due to cancer or cancer treatment [16]. Overcoming these multiple barriers
will require multiple strategies. The Duke Cancer Center Smoking Cessation program is currently
attempting to address some of these barriers by providing patients with access to remote smoking
cessation treatment at home through text-based programs [49], app-based programs [50], web-based
programs [51], and phone-based programs [39].

4.4. Best Practice Advisory (BPA)

Although, this study was not randomized and provided no assurance regarding bias, an unexpected
finding was that BPA had quite a small effect (0.2% for 12 months) on program utilization. The most
common explanation for the relatively low use of the BPA is alert fatigue, in which an electronic
health record presents so many alerts that providers ignore them in order to complete more pressing
work [34,52]. Studies have now described an inverse relationship between the number of alerts
presented in an electronic health record and the chance that the provider will open an alert [34].
Navigation of this challenging situation is not simple. Education of physicians within our institution
showed temporary increases in BPA use, but use of BPAs remained low. Nursing staff may be more
likely to respond to BPAs than physicians [53]. To capture this opportunity, BPAs may be targeted
to nurses who may place a pended referral order to be countersigned by the physician. Alternately,
a BPA may be configured as opt-out, such that the order goes through for a physician signature unless
specifically declined [54].

4.5. Direct Outreach

Although this study provided no assurance regarding bias, direct outreach appeared to be
associated with higher program utilization. The major challenge to implementation of direct outreach
methods within a smoking cessation program is that manual phone calls (our approach) were
time-consuming. One solution to this is to develop automated forms of direct outreach. Automated
outreach can be conducted through interactive voice response [55], email and text messaging [56],
and messaging through the electronic health record [57]. The Duke Cancer Center Smoking Cessation
Program is exploring several of these methods to enhance utilization of our services.

4.6. Limitations

This study had several limitations. This was a retrospective observational study and patients
were not randomized to various referral methods. In a non-randomized trial, it would be impossible
to exclude various forms of bias. Another limitation is that the study used two databases (referral and
clinical) that did not allow for integration of patient-level data; as such, it was not possible to report
smoking abstinence for each referral method. This limitation could be overcome in a prospective
analysis. The study also included a wide range of patients with varying degrees of illness and barriers
to treatment (mental illness, financial challenges, and/or stages of cancer) such that results may not
generalize to healthier portions of the general population. Additionally, we provided data on direct
outreach for only a 30-day period, with less stability than 12-month outcomes.

5. Conclusions

Smoking cessation is uniquely important for smokers who have cancer; it improves cancer
treatment outcomes, reduces cancer recurrence, and reduces overall mortality. It has now been
recognized as necessary that cancer centers provide specialized smoking cessation treatment for
smokers with cancer. We assessed three approaches to patient recruitment into the Duke Cancer Center
Smoking Cessation Program and found that direct outreach (generating a list of all cancer patients
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who smoke and then calling these patients on the phone) led to the highest rates of program utilization.
Traditional referral alone did not lead to high rates of program utilization, and best practice advisory
showed rather poor outcomes. Innovative solutions are needed to increase utilization of cancer center
smoking cessation programs.
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