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Abstract

Smoking cessation results in improved cancer treatment
outcomes. However, the factors associated with successful
implementation of cessation programs in cancer care settings
are not well understood. This paper presents the reach the
reach and effectiveness of cessation programs implemented in
NCI-Designated Cancer Centers in the Cancer Center Cessation
Initiative (C3I). An observational, cross-sectional study was
conducted among C3I Cancer Centers from July 1, 2019

and December 31, 2019 (N = 38). Reach was calculated

as the proportion of patients reporting current smoking that
received cessation treatment and was analyzed overall and by
organizational characteristics. Smoking abstinence rates were
determined by the proportion of participants self-reporting
smoking abstinence in the previous 7 and 30 days at 6 months
after treatment. On average, nearly 30% of patients who
smoked received any cessation treatment. In-person counseling
was most implemented but reached an average of only 13.2%
of patients who smoked. Although less frequently implemented,
average reach was highest for counseling provided via an
interactive voice response system (55.8%) and telephone-
based counseling (18.7%). Reach was higher at centers with
more established programs, electronic health record referral
systems, and higher smoking prevalence. At 6-month follow-up,
about a fifth of participants on average had not smoked in the
past 7 days (21.7%) or past 30 days (18.6%). Variations in
reach by organizational characteristics suggest that leadership
engagement and investment in technology-facilitated programs
may yield higher levels of reach. Understanding which
implementation and intervention strategies facilitate greater
cessation treatment reach and effectiveness could lead to
improved outcomes among cancer patients who smoke.
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INTRODUCTION

Smoking before and after a cancer diagnosis is
causally associated with increased risk of overall
and cancer-specific mortality and is a risk factor for
cancer recurrence [1]. Smoking cessation during or
after cancer treatment is associated with physical
benefits, including a decrease in treatment-associated
side effects and greater treatment efficacy [2]. These
risks and benefits highlight the importance of pro-
viding cancer patients ready access to evidence-
based smoking cessation treatment, especially given

Implications

Practice: Smoking cessation programs delivered
in cancer care settings can reach cancer center
patients who smoke and help them quit smoking,
improving cancer treatment outcomes.

Policy: Policies and resource investment at the
organizational level could facilitate the integra-
tion of technology to deliver smoking cessation
services to more cancer center patients.

Research: Future research should be aimed at
understanding which implementation and inter-
vention strategies facilitate greater cessation treat-
ment reach among cancer patients who smoke.

that current smoking was reported by nearly 20% of
survivors of smoking-related cancers compared with
14% of those without cancer in the 2017 National
Health Interview Survey [3].

Research outside the cancer care context shows
that consistent tobacco use screening and referral to
smoking cessation treatment is essential for engaging
patients in cessation treatment [4, 5]. However, too
few cancer patients receive smoking treatment in
cancer care settings, due to such factors as a lack
of coordinated cessation treatment programs, clin-
ician time constraints, inadequate clinician training
in cessation counseling and pharmacotherapy [6]
and limits on insurance reimbursement and covered
services [7]. To address this gap in cancer care,
the National Cancer Institute created the Cancer
Center Cessation Initiative (C3I) [8] to create or ex-
pand evidence-based smoking cessation treatment
programs [9]. To date, the program has funded
three successive cohorts totaling 52 NCI-Designated
Cancer Centers to fulfill these goals. The C3I pro-
gram encourages system-level changes, including op-
timizing the use of electronic health records (EHRs)
to identify and refer patients who smoke to cessation
treatment [10-12].

The effectiveness of evidence-based cessation
interventions has been well established in general
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smoking populations [1]; however, the challenge lies
in successful implementation of these interventions
in cancer care [13]. Evaluation frameworks such as
RE-AIM [7] provide metrics that can capture the
implementation outcomes of cessation programs
delivered in cancer care settings, yielding informa-
tion that is critical to decisions about adopting and
implementing such programs [14], and about how
to change clinical workflows and EHR systems to
achieve greater treatment reach and effectiveness
[10]. Cancer centers may vary on the level of re-
sources available for implementing cessation treat-
ment [15]; therefore, implementation outcomes may
also be related to differences in organizational char-
acteristics [16]. This brief report presents data on the
reach and effectiveness of cessation programs im-
plemented in NCI-designated Cancer Centers and
examines reach in association with organizational
characteristics.

METHODS

An observational, cross-sectional study was con-
ducted among 38 C3I Cancer Centers that com-
pleted data reports for the period between July 1,
2019 and December 31, 2019. The study was deemed
IRB exempt and categorized as quality improve-
ment and evaluation at the University of Wisconsin—
Madison. Program leads from each funded cancer
center submitted aggregate data extracted from
the EHR for adults aged 18 and older. Reach was
defined as the proportion of patients who smoke
(past 30-day cigarette use) that received at least one
type of cessation treatment (in-person counseling,
telephone-based counseling, Quitline referrals,
Interactive Voice Response counseling, pharma-
cotherapy). Reach was calculated overall, and by
cessation treatment type; however, patients could
have received more than one treatment type and
were counted for each type they received. Each pro-
gram assessed selfreported smoking status among

cessation program participants 6 months after be-
ginning smoking cessation treatment. Follow-up
methods varied among centers and included pro-
gram staff-initiated follow-up, EHR data extraction,
or a combination of both methods. Smoking abstin-
ence rates (7 and 30 days) at 6-month post-treatment
were calculated, with patients missing follow-up data
counted as currently smoking. Differences in reach
by program and organizational characteristics were
examined using #tests. Organizational characteris-
tics included length of time cessation program was
established (<1 year indicated a less well-established
program, 21 year), program use of EHR-based re-
ferrals (yes/no), program bills to insurance (yes/
no), and patient smoking prevalence (<8%, 28%, split
based on median). Descriptive statistics were calcu-
lated using StataSE 16.0.

RESULTS
On average, 28.3% of patients who smoked received
at least one type of cessation treatment (Table 1).
Interactive Voice Response systems to automatically
identify and contact patients who smoked to pro-
vide treatment were employed at four Centers and
resulted in the highest average reach (55.8%), with
one Center reaching 88.7% of patients who smoked
with this method. Telephone counseling (delivered
by program staff) reached 18.7% of patients who
smoked, on average. In-person counseling was
offered at 26 Centers and reached 13.2% of patients
who smoked on average. Twenty Centers reported
on smoking abstinence at 6-month follow-up visits
among patients who received cessation treatment.
On average, at 6-month postcessation treatment,
21.7% of participants reported that they had not
smoked in the past 7 days, and 18.6% reported that
they had not smoked in the past 30 days.

Reach varied by organizational characteristics,
although there was not sufficient power to detect
statistical significance for all comparisons (Table 2).

Table 1 | Cessation program reach and effectiveness at NCI-designated cancer centers in the Cancer Center Cessation Initiative, July 1-

December 31, 2019. (N=38)

Centers reporting (N) Mean Median Min Max
Reach, any program type® (%) 38 28.3 25.1 0.8 88.7
Interactive voice response (automated calls) 4 55.8 40.2 2.6 88.7
Telephone counseling(program delivered) 21 18.7 17.8 0.2 77.6
Cessation medication (prescribed or given) 24 14.4 89 0.9 33.0
In-person counseling (group or individual) 26 13.2 14.8 1.4 67.7
Quitline (referred by fax or EHR) 18 3.7 4.4 0.1 17.8
Effectiveness, 6-month post-treatment (%)"
7-Day abstinence rate 20 21.7 13.8 0.0 60.0
30-Day abstinence rate 20 18.6 110 0.0 40.0

Cancer centers are the units of analysis so that means and medians reflect occurrence across the participating cancer centers.
*Program types are not mutually exclusive. Reach = proportion of current smokers receiving cessation treatment.
"Proportion of patients who have not smoked in the last 7 or 30 days at 6-month postcessation treatment. Missing responses were counted as current smoking.
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Table 2 | Differences in cessation program reach by program and Cancer Center characteristics, July 1-December 31, 2019. (N = 38)

Organizational characteristic

Length of time cessation counseling program established

Reach: patients receiving cessation treatment
(%)

Centers reporting (N) Mean Med Min Max p-Value

Less than 1 year 10 211 111 0.8 86.4 3

One year or longer 28 30.9 25.1 3.6 88.7
EHR-based referrals to cessation program

None 4 9.7 98 45 148 <001

Yes, clinician-initiated or automatic 34 30.5 25.1 0.8 88.7
Cessation program bills to insurance

No 16 25.8 210 25 86.4 .6

Yes, for counseling, cessation medications, or both 22

30.2 218 08 88.7

Patient smoking prevalence®

Less than 8% 19

20.2 148 25 78.7 .03

8% or greater 18

38.0 325 08 88.7

*One center did not report smoking prevalence.

Programs that had been established for at least one
year had higher average reach than programs that
were established less than a year prior to the report
(30.9% vs. 21.1%, p = .3). Programs using EHR-based
referrals, either automatic or clinician-initiated, had
significantly higher reach compared with programs
not referring via the EHR (30.5% vs. 9.7%, p <.001).
Reach among programs billing to insurance for
counseling or cessation medications was 30.2% on
average, compared with 25.8% among programs that
did not bill for these services (p = .6). Programs lo-
cated at Centers with a patient smoking prevalence
of at least 8% had significantly higher reach com-
pared with programs where the smoking prevalence
was less than 8% (38.0% vs. 20.2%, p = .03).

DISCUSSION

The 38 NCl-designated cancer centers receiving
funding through C3I implemented a variety of
evidence-based cessation interventions that attained
varying levels of reach. Nearly 30% of patients who
smoked were reached with at least one type of ces-
sation treatment, on average. Counseling housed
within healthcare systems, either in-person or phone-
based counseling, was more commonly used than
Quitline referral. Enhancing Quitline referrals might
increase reach with a widely available resource that
has consistently been shown to be effective [17, 18].
However, recent data show that a sizable percentage
of primary care patients do not accept Quitline calls
even though they have agreed to a referral [4, 5, 19].
Using a combination of outreach methods such as
proactive calls and email referrals shows promise in
increasing reach [20]. Although less frequently im-
plemented, interactive voice response counseling
achieved higher reach than in-person counseling.
This is promising because prior studies have found
that cessation counseling delivered using interactive
voice response is feasible for providing cessation

support after discharge for hospitalized patients
who smoked [21-24]. Telephone-based counseling
delivered by program staff also achieved high levels
of reach and, when used in combination with cessa-
tion medications, has been shown to be effective in
supporting smoking cessation for recently diagnosed
cancer patients [25].

Abstinence rates among the 20 cancer centers re-
porting in this study were about 20%, on average,
similar to prior studies among hospitalized patients
and among patients newly diagnosed with cancer
[23-25]. Taken together, the average impact at those
20 Centers (reach x effectiveness) was about 6%.
Continuing to increase reach by improving outreach
methods and providing more options for treatment
remains a critical step for helping cancer center pa-
tients quit smoking.

It is notable that some Centers reported that
none of the patients had achieved smoking abstin-
ence, and future research will examine abstinence
rates in association with the types of tobacco treat-
ment patients received. The number of counseling
sessions attended by patients is an important deter-
minant for smoking abstinence yet was unavailable
in the data from the current study. A limitation is
also the low reporting of abstinence rates as 18 of
the Centers did not provide these data. More re-
cently established programs may not have reached
the 6-month follow-up point, and many established
programs have challenges with patient follow-up
due to limited resources and staffing. As cancer cen-
ters continue participation in the initiative, future
analyses will include effectiveness data for more
centers, and future research will address how dose
and fidelity to intervention components is related to
smoking abstinence.

Organizational characteristics were associated
with reach. Only 4 of the 38 Centers had not im-
plemented an EHR-based referral system and those
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that had implemented such a system achieved higher
reach on average compared with centers relying on
other referral methods. The apparent benefits of
EHR-based referral should encourage the adoption
of this strategy by cancer care programs despite the
significant resources and leadership engagement
that are needed to enhance EHR systems and en-
sure their compatibility with clinical workflows [26].
Patient smoking prevalence was also associated
with reach. Centers with a higher smoking preva-
lence reached a greater proportion of patients who
smoked with treatment. Centers with fewer patients
who smoke in cancer care may need to employ mul-
tiple outreach methods and options for cessation
treatment to increase reach.

Not surprisingly, centers with more established
programs had higher levels of reach. Implementation
readiness has been associated with greater likelihood
of providing tobacco treatment in cancer care settings
[27]. Future research is needed to examine how cen-
ters address early-stage implementation barriers. This
information could enhance implementation readiness
among cancer care settings that are implementing
new cessation programs. In addition, qualitative re-
search is needed to identify specific implementation
strategies employed, whether and how those strat-
egies were adapted, and their association with reach
and effectiveness. While this study captured only
one 6-month time period, future research from C3I
centers will also investigate the determinants of pro-
gram sustainability and the maintenance of reach
and effectiveness over time. Future research should
also examine more organizational factors that may be
important to understanding reach, such as clinician
adoption rates (e.g., proportion of providers referring
to a tobacco treatment service), and the size of the
patient population or catchment area. The reach and
effectiveness of smoking cessation delivered via tele-
medicine is also an important future direction.

Important limitations of this research include (i)
aggregated data at the center level does not allow
for an examination patientlevel factors or the effect
of individual or combinations of treatment types; (ii)
the absence of randomized designs which prevents
strong inference with regard to effectiveness; (iii) the
lack of biochemical confirmation of smoking out
comes; and (iv) lack of information on the reasons
for missingness at the patient level and therefore a
lack of methods to address it. Another limitation is
that not all patients may have been screened for to-
bacco use; however, average screening rates in 2019
among C3I centers were nearly 90% [28]. Further,
depending on the type of tobacco treatment pro-
gram offered (e.g., Quitline) it is not known whether
the service was accepted or acted upon by the pa-
tient. As the C3I programs progress and increase
capacity to report on patient outcomes, more data
may become available. Finally, this study involved
only NClI-designated cancer centers, and yet the

vast majority of cancer care is delivered in commu-
nity settings that may face different challenges or
supports for implementing smoking cessation treat-
ment; therefore, the results may not be generalizable
to all cancer care settings.

In conclusion, the reach of cessation programs in
cancer care varies by the types of programs offered
and by the methods in which patients are referred to
treatment. Variations in reach by organizational char-
acteristics may indicate that high levels of leadership
engagement and resource investment are needed to
secure higher levels of reach. Understanding which
cessation programs and implementation strategies
facilitate greater cessation treatment reach and ef-
fectiveness should lead to superior cessation treat-
ment programs and improve outcomes among
cancer patients who smoke.
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