
Washington University School of Medicine Washington University School of Medicine 

Digital Commons@Becker Digital Commons@Becker 

2020-Current year OA Pubs Open Access Publications 

5-20-2023 

Integrating tobacco treatment into oncology care: Reach and Integrating tobacco treatment into oncology care: Reach and 

effectiveness of evidence-based tobacco treatment across effectiveness of evidence-based tobacco treatment across 

National Cancer Institute-designated cancer centers National Cancer Institute-designated cancer centers 

Sarah D Hohl 

Alex T Ramsey 

Li-Shiun Chen 

et al. 

Follow this and additional works at: https://digitalcommons.wustl.edu/oa_4 

 Part of the Medicine and Health Sciences Commons 

Please let us know how this document benefits you. 

https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/oa_4
https://digitalcommons.wustl.edu/open_access_publications
https://digitalcommons.wustl.edu/oa_4?utm_source=digitalcommons.wustl.edu%2Foa_4%2F2189&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/648?utm_source=digitalcommons.wustl.edu%2Foa_4%2F2189&utm_medium=PDF&utm_campaign=PDFCoverPages
https://becker.wustl.edu/digital-commons-becker-survey/?dclink=


original
reports

Integrating Tobacco Treatment Into
Oncology Care: Reach and Effectiveness of
Evidence-Based Tobacco Treatment Across
National Cancer Institute–Designated
Cancer Centers
Sarah D. Hohl, PhD, MPH1,2; Richard S. Matulewicz, MD, MSCI3; Ramzi G. Salloum, PhD4; Jamie S. Ostroff, PhD5;

Timothy B. Baker, PhD6; Robert Schnoll, PhD7; Graham Warren, MD, PhD8; Steven L. Bernstein, MD9; Mara Minion, MA1;

Katie Lenhoff, MPH10; Neely Dahl, MPH11; Hee Soon Juon, MSN, PhD12; Ursula Tsosie, MS13; Linda Fleisher, PhD, MPH14;

Heather D’Angelo, PhD1; Alex T. Ramsey, PhD15,16; Kimlin T. Ashing, PhD17; Betsy Rolland, PhD, MPH, MLIS1,18;

Margaret B. Nolan, MD, MS1,19; Jennifer E. Bird, PhD1; Claire V.T. Nguyen, BA1; Danielle Pauk, BA1; Robert T. Adsit, MEd1,20;

Hilary A. Tindle, MD, MPH20,21; Kimberly Shoenbill, MD, PhD22; Sophia Yeung, MHA, CTTS23; Cary A. Presant, MD24;

Kara P. Wiseman, MPH, PhD25; Kuang-Yi Wen, PhD12; Lou-Anne Chichester, MPH5; and Li-Shiun Chen, MD, MPH, ScD15,16

abstract

PURPOSE Quitting smoking improves patients’ clinical outcomes, yet smoking is not commonly addressed as
part of cancer care. The Cancer Center Cessation Initiative (C3I) supports National Cancer Institute–designated
cancer centers to integrate tobacco treatment programs (TTPs) into routine cancer care. C3I centers vary in size,
implementation strategies used, and treatment approaches. We examined associations of these contextual
factors with treatment reach and smoking cessation effectiveness.

METHODS This cross-sectional study used survey data from 28 C3I centers that reported tobacco treatment data
during the first 6 months of 2021. Primary outcomes of interest were treatment reach (reach)—the proportion of
patients identified as currently smoking who received at least one evidence-based tobacco treatment component (eg,
counseling and pharmacotherapy)—and smoking cessation effectiveness (effectiveness)—the proportion of patients
reporting 7-day point prevalence abstinence at 6-month follow-up. Center-level differences in reach and effectiveness
were examined by center characteristics, implementation strategies, and tobacco treatment components.

RESULTSOf the total 692,662 unique patients seen, 44,437 reported current smoking. Across centers, amedian of
96% of patients were screened for tobacco use,median smoking prevalence was 7.4%,median reach was 15.4%,
and median effectiveness was 18.4%. Center-level characteristics associated with higher reach included higher
smoking prevalence, use of center-wide TTP, and lower patient-to-tobacco treatment specialist ratio. Higher
effectiveness was observed at centers that served a larger overall population and population of patients who smoke,
reported a higher smoking prevalence, and/or offered electronic health record referrals via a closed-loop system.

CONCLUSION Whole-center TTP implementation among inpatients and outpatients, and increasing staff-to-
patient ratios may improve TTP reach. Designating personnel with tobacco treatment expertise and resources to
increase tobacco treatment dose or intensity may improve smoking cessation effectiveness.

J Clin Oncol 41:2756-2766. © 2022 by American Society of Clinical Oncology

Licensed under the Creative Commons Attribution 4.0 License

BACKGROUND

Nearly 25% of patients with cancer report current
smoking at the time of diagnosis.1 Quitting smoking after
diagnosis improves patients’ first-line treatment response,
health-related quality of life, and overall survival,2,3

and reduces likelihood of a second primary tumor.4

Despite the National Comprehensive Cancer Network
clinical practice guidelines for smoking cessation5 and
the National Cancer Institute (NCI), Commission on

Cancer, and American Association for Cancer Research
recommendations to include screening for and treating
tobacco use as a quality measure,6 smoking is not
commonly addressed as central to cancer care.7 The
Cancer Center Cessation Initiative (C3I), launched in 2017
as part of the Cancer Moonshot program, supports NCI-
designated cancer centers to integrate evidence-based
tobacco treatment into routine cancer care.8 C3I focuses
on implementing evidence-based tobacco treatment, and
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its evaluation is guided by the reach, effectiveness, adoption,
implementation, and maintenance (RE-AIM) framework.9,10

Key implementation outcomes including tobacco treat-
ment reach and smoking cessation effectiveness are re-
ported by centers twice annually. Since 2017, C3I centers
have successfully integrated tobacco treatment into routine
oncology care.11 These efforts have increased tobacco
treatment reach, defined as patients’ receipt of one or more
components of evidence-based tobacco treatment, such as
counseling, pharmacotherapy, and referrals to quitlines.12

C3I seeks to advance understanding of ways to improve
access and utilization of tobacco treatments in real-world
cancer care settings.10 Its goal is to enhance the population
impact of evidence-based tobacco treatment program
(TTP) interventions, particularly in settings with low treat-
ment reach.13 C3I provides the unique opportunity to
identify characteristics and implementation strategies that
demonstrate success with regard to treatment reach and
smoking cessation effectiveness. C3I centers apply multi-
ple implementation strategies in settings varying in size,
smoking prevalence, and resource availability, thus offering
an unprecedented opportunity to examine factors associ-
ated with tobacco treatment reach and smoking cessation
effectiveness among patients with cancer. Here, we (1)
assess rates of treatment reach and smoking cessation
effectiveness by cancer center and TTP characteristics and
(2) identify implementation strategies and evidence-based
tobacco treatment components associated with high
treatment reach and smoking cessation effectiveness.

METHODS

The C3I Coordinating Center at the University of Wisconsin
Carbone Cancer Center administers a web-based Qualtrics

survey to C3I centers every 6 months. Survey questions
assess center characteristics and implementation out-
comes including treatment reach, and smoking cessation
effectiveness. Each center selected implementation
workflow and strategies that best suited their resources and
patient populations. Methods for measuring treatment
reach and smoking cessation effectiveness at the center
level have been described elsewhere.11,14 This cross-
sectional study uses 6-month data from 28 NCI-designated
cancer centers in C3I that submitted a report for the January-
June 2021 reporting period. This reporting period was se-
lected to maximize data quality; it was the most recent
reporting period and included treatment reach and smoking
cessation effectiveness data from the greatest number of C3I
centers since the initiative’s inception. To be included in the
analysis, centers must have reported both treatment reach
and smoking cessation effectiveness data and have received
C3I funding as part of cohort 1 (n 5 22 total centers funded
from 2017 to 2019) or cohort 2 (n5 20 centers funded from
2018 to 2020). Cohort 3 centers were funded in late 2020 and
most did not have 6-month follow-up data available for the
January-June 2021 reporting period. The study was cate-
gorized as program evaluation and deemed exempt by the
University of Wisconsin-Madison Institutional Review Board.

Implementation Outcomes: Treatment Reach and

Smoking Cessation Effectiveness

Treatment reach (referred to as reach throughout) is de-
fined as the proportion of unique patients seen during the
6-month reporting period who reported current smoking
and who received at least one evidence-based tobacco
treatment component (eg, point-of-care counseling,
telephone-based counseling, pharmacotherapy, or quitline
referral). The denominator for treatment reach was the

CONTEXT

Key Objective
Identify implementation strategies and evidence-based tobacco use treatment components associated with high rates of

treatment reach and smoking cessation effectiveness across National Cancer Institute–designated cancer centers
participating in the Cancer Center Cessation Initiative.

Knowledge Generated
Higher center-level smoking prevalence, use of center-wide tobacco treatment program (compared with partial center

programming), and lower patient-to-tobacco treatment specialist ratio were associated with better treatment reach.
Better smoking cessation effectiveness was observed at centers that served a larger overall patient population, served a
larger population of patients who smoke, reported a higher smoking prevalence, and/or offered electronic health record
referrals via a closed-loop system.

Relevance (S.B. Wheeler)
This study provides an excellent summary of contextual characteristics and implementation strategies associated with

greater reach and effectiveness among National Cancer Institute–designated cancer centers participating in tobacco
cessation initiatives and should inform programming at centers going forward.*

*Relevance section written by JCO Associate Editor Stephanie B. Wheeler, PhD, MPH.
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number of patients seen at each C3I center during the 6-
month reporting period who were identified as currently
smoking. Smoking cessation effectiveness (referred to as
effectiveness throughout) was defined as the proportion of
patients currently smoking who reported 7-day point
prevalence abstinence 6 months following receipt of
evidence-based tobacco treatment. Centers applied
different approaches to conduct follow-up with patients,
including automated (ie, interactive voice response) or
staff-initiated phone calls, data extracted from the elec-
tronic health record (EHR), patient portals, and manual
chart reviews. We used an intention-to-treat approach to
assess effectiveness, in which all patients who received or
were referred to treatment were included in the effective-
ness analysis. Two centers were unable to estimate how
many patients were missing follow-up data; those centers’
data were analyzed using a complete response approach.

C3I Center Characteristics, Tobacco Treatment Program

Characteristics, and Implementation Strategies

We assessed the following cancer center characteristics:
size (total number of unique adult patients), number of
adult patients who reported current smoking, and center-
level smoking prevalence. We assessed three TTP program
characteristics: (1) clinical setting (cancer center-wide; part
of cancer center [eg, inpatient or outpatient only]); (2)
targeted patients selected for TTP engagement (inpatient
and outpatient); and (3) number of patients who reported
smoking per 1.0 full-time equivalent (FTE) tobacco treat-
ment specialist (TTS). Then, we assessed two imple-
mentation strategies: (1) referral mechanism (EHR-based
with or without closed-loop) and (2) billing practices (billed
for medication, counseling, both, or none). EHR referrals
(eReferrals) included patient referrals to tobacco treatment
that were generated electronically. In a closed-loop EHR
referral system, the EHR is populated with referral out-
comes (eg, receipt of treatment and patient abstinence)
from an outside tobacco cessation service vendor (eg, a
quitline).

Evidence-Based Treatment Components

We assessed delivery of eight evidence-based tobacco
treatment components (listed in Table 1). Point-of-care
treatment included brief advice to quit smoking and dis-
cussion of evidence-based tobacco treatment options15

delivered by a frontline oncology care provider (eg, on-
cologist or nurse) during routine oncology appointments.
In-person counseling provided by a provider other than a
frontline oncology provider (eg, TTS or psychologist) was
captured in the in-person face-to-face counseling re-
sponse. The Data Supplement (online only) lists the survey
questions analyzed for this manuscript.

Analysis

Data were analyzed using SPSS (Version 27). To assess
center-level reach and effectiveness, we computed medians
andmeans and summarized descriptive comparisons overall

and by center characteristics, implementation strategies,
and type and number of evidence-based treatment com-
ponents offered. This approach assumed equal weight to
each center regardless of size. Differences in reach and
effectiveness means were examined using analysis of vari-
ance. We report both mean and medians in tables; however,
we highlight the medians in the text and figures since it is a
more appropriate measure of central tendency, given the
wide variation in reach and effectiveness across C3I centers.
To identify potential bias in assessing the relationship be-
tween each covariate and rates of reach and effectiveness,
we examined associations among center-level characteris-
tics and implementation strategies. We noted positive as-
sociations as potential confounders in the relationship
between a given covariate and rates of reach and effec-
tiveness. We then plotted mean reach and effectiveness
across cancer center characteristics and TTP imple-
mentation strategies.

RESULTS

C3I Center Characteristics

A total of 28 (67%) cohort 1 and 2 centers were included in
the analysis (Fig 1). Between January and June 2021,
692,662 unique adult patients received cancer care
across centers (center-level median: 20,509; Table 2).
Center-level median screening rate for smoking was
95.5%; median smoking prevalence was 7.4%. Of patients
screened across all centers, 44,437 reported current
smoking (median: 1,004). Centers employed a median of
1.0 TTS FTE for every 682 patients who smoked. Center-
level median reach was 15.4% and median effectiveness
was 18.4%, but centers demonstrated variation in reach
and effectiveness by center size and smoking prevalence
(Fig 2). Smaller centers (, 12,000 patients) achieved
reach rates above themedian but effectiveness rates below
the median. Larger cancer centers (. 27,500 patients)
achieved reach rates below the median but effectiveness
rates above the median (Table 3). Similarly, centers with
larger populations of patients who smoked had lower reach
but higher effectiveness. Centers with higher smoking
prevalence had higher reach (22.5% v 14.2%) and effec-
tiveness (19.7% v 16.3%) than those with lower smoking
prevalence (Fig 3).

TTP Program Characteristics and

Implementation Strategies

Compared with the 7 (25%) centers that implemented the
TTP in part of the center, 21 implemented the TTP center-
wide, a strategy associated with higher median reach
(20.4% v 10.7%) and similar effectiveness (18.2% v
19.2%; Table 3). Centers at which only outpatients were
targeted for the TTP (n 5 19) had lower median reach
compared with those at which both outpatients and in-
patients were targeted (13.8% v 26.5%) but slightly higher
effectiveness (18.5% v 15.8%). All but two centers (93%)
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employed one or more TTSs. Centers with , 500 patients
who smoked per 1.0 TTS FTE had higher median reach
(26.5%) but lower effectiveness (15.2%) than those
with $ 500 patients who smoked per 1.0 TTS FTE. Most
(93%) centers used an eReferral system; median reach
was similar for those centers regardless of whether the
referral was implemented with or without closed-loop
(15.1% v 15.8%) but effectiveness was higher for cen-
ters that used a closed-loop system (15.8% v 19.6%). The
13 (46%) centers that billed for medication, counseling, or
both had higher median reach (15.8%) compared with
those that did not bill for any services (13.8%), but lower
effectiveness (14.3% v 20.1%).

Evidence-Based Tobacco Treatment Components

All but three centers offered four or more tobacco treatment
components, but rates of treatment reach and smoking
cessation effectiveness did not differ significantly on the
basis of number of components offered. The most com-
monly offered components included quitline referrals
(93%), pharmacotherapy (89%), text or web-based program
referrals (75%), and counseling by telephone (89%) or
point-of-care (61%; Table 1). Only four (14%) centers of-
fered treatment via interactive voice response, which had the
highest median reach (25.0%) but the lowest effectiveness
(3.3%) of any component offered. Centers that offered

quitline referrals had the second highest median reach
(17.7%) and effectiveness (18.9%), whereas centers that
offered pharmacotherapy, telephone-based counseling,
text- and web-based program referrals, and/or point-of-care
counseling had similar rates of reach and effectiveness.
Centers that offered in-person counseling had comparably
lower median reach (14.8%) but the highest effectiveness of
all components (19.9%). Centers that offered a variety of six
different evidence-based tobacco treatment components
had the highest median reach (32.3%) and effectiveness
(20.3%).

DISCUSSION

In this cross-sectional study, we assessed treatment reach
and smoking cessation effectiveness for patients with cancer
implemented across 28 NCI-designated cancer centers. We
found an inverse relationship between reach and effec-
tiveness for several cancer center and TTP characteristics
but not for implementation strategies. For example, smaller
centers (, 12,000 patients) achieved reach rates above the
median but effectiveness rates below the median, and larger
centers (. 27,500 patients) achieved reach rates below the
median but effectiveness rates above the median. Centers
with larger populations of patients who smoked had lower
reach but higher effectiveness than those with smaller

TABLE 1. Treatment Reach and Smoking Cessation Effectiveness Rates by Type and Quantity of Tobacco Treatment Components Offered (n 5 28;
January-June 2021)

Type and Quantity of Tobacco
Treatment Component Offered No.

Treatment Reach Smoking Cessation Effectiveness

Mean, % Median, % Min Max SE P Mean, % Median, % Min Max SE P

All centers 28 23.4 15.4 2.5 97.9 18.2 18.4 0.0 66.7

Evidence-based tobacco treatment componentsa

Components offered

Quitline (referred by fax or EHR) 26 24.4 17.7 2.5 97.9 4.3 18.3 18.9 0.0 66.7 2.8

Cessation medication (prescribed or provided) 25 23.2 15.0 2.5 97.9 4.4 17.5 18.5 0.0 36.4 2.0

Telephone-based counseling 25 24.5 15.8 2.5 97.9 4.5 16.9 18.2 0.0 36.4 2.1

Text- or web-based program referral 21 25.1 15.0 3.3 97.9 5.2 15.9 18.2 0.0 36.4 2.3

Point-of-care counseling 17 25.3 15.0 3.3 97.9 6.0 17.5 18.2 0.0 36.4 2.7

Video-based counseling 13 17.8 14.6 2.5 50.6 4.4 12.9 14.3 0.0 35.3 2.7

In-person face-to-face counseling 12 26.9 14.8 3.3 97.9 8.1 18.2 19.9 0.0 36.4 3.8

Interactive voice response (automated calls) 4 30.2 25.0 20.4 50.6 6.9 3.8 3.3 2.4 6.2 0.9

No. of components offered

, 4 3 12.3 13.8 2.8 20.4 5.1 .43 29.7 18.5 3.9 66.7 19.0 .50

4 7 21.6 15.8 2.5 42.0 6.6 20.5 20.1 15.2 29.3 1.7

5 6 24.4 25.9 5.5 52.8 6.9 14.1 14.0 2.6 32.3 4.5

6 6 37.3 32.3 4.0 97.9 14.2 18.8 20.3 2.4 36.4 5.2

7 6 16.0 12.6 3.3 47.8 6.7 13.3 9.9 0.0 35.3 5.3

NOTE.Means andmedians reflect occurrence across Cancer Center Cessation Initiative cancer centers. Bold text indicates medians reported in the article text.
Abbreviation: EHR, electronic health record.
aTreatment components are not mutually exclusive, so analysis of variance was not conducted to compare means between groups.
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populations of patients who smoked. This observed inverse
relationship between reach and effectiveness by center
characteristics may be due to centers with lower reach
having fewer patients with whom to follow-up or could be a
result of dose or intensity of treatment components received.
Alternatively, centers with lower reach may be providing
services to patients who are more receptive to treatment and
more likely to achieve abstinence. Including more patients
who were difficult to refer and treat—resulting in higher
treatment reach rates—might have resulted in reaching
patients less likely to achieve abstinence, resulting in the
lower smoking cessation effectiveness rates observed. Fu-
ture research should more explicitly assess characteristics of
patients referred and evaluate approaches that may better
reach and engage patients reticent to participate in tobacco
treatment.

These findings can help oncology settings determine if their
quality improvement priority is to increase reach or effec-
tiveness and implement strategies that align with those
outcomes. Moreover, these findings are important for
considering resource allocation. For example, centers with

relatively low reach but relatively high effectiveness may
prioritize strategies that were found to enhance reach (eg,
targeting inpatients and outpatients and increasing staff-to-
patient ratios). Centers with relatively high reach but rel-
atively low effectiveness may consider adding designated
personnel with tobacco treatment expertise or resources to
increase tobacco treatment dose or intensity.

To achieve meaningful clinical impact, TTPs must be
designed to reach a high proportion of patients who smoke.
The median reach of 15.4% in our study is similar to the
15% average reach reported in primary care settings.16 The
18.4% median effectiveness rate in C3I is well above the
15.2% average effectiveness found across 67 clinical trials
in diverse care settings.17 The lowest rates of reach ob-
served at the largest cancer centers suggest that greater
attention is needed to scale up services, identify multilevel
barriers, and address tobacco treatment care delivery
needs of high-volume centers.

TTPs offered cancer center-wide had higher reach and
comparable effectiveness to TTPs offered in part of the
center, suggesting that center-wide adoption may result in

NCI-designated cancer centers funded in C3I Cohorts 1 and 2 (N = 42)

Submitted report

(n = 36); 86%

Submitted reach data

(n = 34); 81%

Submitted effectiveness data

(n = 28); 67%

Included in analysis

(n = 28); 67%

Did not submit report                                      (n = 6)

  No longer implementing TTP                        (n = 4)
  No capacity to report data                            (n = 2)

Did not submit reach or effectiveness data   (n = 8)

IT challenges (eg, EHR changes, low IT          (n = 5)
priority) 
Do not collect these data, or do not                (n = 5)
collect in C3I format 
No capacity to report data                               (n = 4)

FIG 1. Flowchart depicting the inclusion criteria in the analysis. C3I, Cancer Center Cessation Initiative; EHR,
electronic health record; IT, information technology; NCI, National Cancer Institute; TTP, Tobacco Treatment
Program.
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better implementation outcomes. Centers in which inpa-
tients and outpatients were eligible for the TTP had higher
reach but lower effectiveness than those in which only
outpatients were eligible, possibly because of inpatients’
advanced illness, lower quality of life,18 and receipt of end-
of-life care.19 More research is needed to assess the extent
to which expanding TTPs to inpatient settings and coor-
dination of postdischarge tobacco treatment affects reach
and effectiveness.

Our results suggest that a higher TTP-to-patient ratio im-
proves reach, findings supported by other studies that have
found that employing TTSs who provide high-intensity
evidence-based tobacco treatment through multiple mo-
dalities (eg, telephone or in-person counseling, and medi-
cation management) increases TTP reach.20 Centers that
had a higher TTS-to-patient ration had lower effectiveness.
This finding is surprising given evidence that counseling
delivered by cessation specialists improves quit rates.21

However, when paired with pharmacotherapy, counseling
delivered by any clinician (eg, TTSs, nurses, or psycholo-
gists) enhances quit rates,22 suggesting that centers may

consider developing a collaborative care model to leverage
the support of oncology staff at point-of-care without relying
solely on TTS support.15,23 Median reach was slightly lower
among the 54% of centers that did not bill for any tobacco
treatment compared with the 46% that did bill. Future re-
search should investigate whether adequate reimbursement
for TTPs, including the ability of counselors to bill inde-
pendently, is associated with implementation outcomes.

All but two C3I centers implemented TTP referrals via the
EHR, compared with half or fewer of centers who used this
approach 2 years before.14 Moreover, the 40% of centers that
used a closed-loop system had similar reach and higher
effectiveness than those without closed-loop, an imple-
mentation strategy associated with increased referrals, doc-
umentation of outcomes, and smoking cessation.24 Although
our assessment approach made it difficult to determine
which centers used an opt-out EHR referral approach, the
opt-out strategy—in which patients eligible for the TTP are
automatically identified and referred to tobacco treatment
regardless of willingness to quit—is feasible in cancer care
settings25; is associated with improved reach, effectiveness,

TABLE 2. Cancer Center Characteristics
Cancer Center Characteristic No. Median Mean Min Max SE

Cancer center size (No. of adult patients) 27 20,509 25,654 924 162,191 5,830.1

No. of patients who smoke 28 1,004 1,646 36 4,419 244.1

Tobacco use screening rate, % 27 95.5 89.4 47.5 100.0 2.6

Center smoking prevalence, % 28 7.4 12.2 2.3 37.0 3.0

No. of patients who smoke per 1.0 TTS FTE 26 682 986 18 4,232 177.1

NOTE. Means and medians reflect occurrence across participating Cancer Center Cessation Initiative cancer centers.
Abbreviations: C3I, Cancer Center Cessation Initiative; FTE, full-time equivalent; TTS, tobacco treatment specialist.

1

6

7

11

5419

17

278

15

18

20

10 28

2

21

25

14

16

2313

24
12

3

0
0 10 20 30 40 50 60

5

10

15

20

25

30

35

40

Sm
ok

in
g 

Ce
ss

at
io

n 
Ef

fe
ct

iv
en

es
s 

(%
)

Tobacco Treatment Reach (%)
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Cancer Centers in the Cancer Center Cessation Initiative by cancer center characteristics (n 5 28; January-June
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and other related health outcomes26,27; and is a promising
implementation strategy to improve treatment reach and
smoking cessation effectiveness in oncology settings.

Reach can be enhanced with delivery of multiple tobacco
treatment modalities, such as pharmacotherapy combined
with expanded counseling options, including quitline refer-
rals, telephone, face-to-face, telehealth, and point-of-care
counseling. Point-of-care counseling, in which patients are

provided a brief intervention or advice by frontline oncology
care providers during routine oncology appointments, rep-
resents an option that could be used alongside or instead of a
referral-out approach. This EHR-enabled approach has
demonstrated success in improving rates of screening, re-
ferral, and receipt of pharmacotherapy for patients who
smoke,23 as well as treatment effectiveness and program
sustainability during the COVID-19 pandemic.15

TABLE 3. Treatment Reach and Smoking Cessation Effectiveness Rates by Cancer Center Characteristics and Tobacco Treatment Implementation Strategies
(n 5 28; January-June 2021)

Cancer Center Characteristic and Tobacco
Treatment Implementation Strategy No.

Treatment Reach Smoking Cessation Effectiveness

Mean, % Median, % Min Max SE P
Mean
(%) Median, % Min SE Max P

All centers 28 23.4 15.4 2.5 97.9 18.2 18.4 0.0 66.7

Cancer center characteristics

Cancer center sizea

, 12,000 patients 9 27.6 25.3 2.8 52.8 6.7 .13 15.5 4.5 0.0 7.1 66.7 .68

12,000-27,000 patients 9 22.0 20.4 6.9 42.0 4.2 17.3 18.5 3.9 3.1 36.4

. 27,000 patients 9 12.3 5.5 4.3 39.5 4.3 21.4 20.4 5.4 3.1 35.3

No. of patients who smoke

, 700 patients who smoke 8 40.2 42.8 8.5 97.9 10.5 .03 11.2 8.4 0.0 3.7 29.3 .25

700 to , 2,500 patients who smoke 11 18.7 17.1 2.5 42.0 4.2 20.2 18.9 2.6 5.2 66.7

$ 2,500 patients who smoke 9 18.3 14.6 2.5 42.0 4.4 21.6 19.2 2.6 3.6 66.7

Center smoking prevalence (split by median)

Lower prevalence (# 7.4%) 14 18.8 14.2 2.5 52.8 4.1 .27 16.3 16.3 2.6 2.7 35.3 .47

Higher prevalence (. 7.4%) 14 28.0 22.5 2.8 97.9 7.0 20.1 19.7 0.0 4.6 66.7

TTP characteristics

Cancer center setting where TTP was implemented

Part of cancer center 7 19.3 10.7 2.5 52.8 7.3 .57 14.3 19.2 3.2 2.9 20.5 .40

Cancer center-wide 21 24.8 20.4 2.8 97.9 4.9 19.5 18.2 0.0 3.6 66.7

Patients eligible

Outpatients only 19 21.0 13.8 2.5 97.9 5.3 .40 20.1 18.5 2.4 3.4 66.7 .31

Inpatients and outpatients 9 28.5 26.5 3.3 52.8 6.1 14.2 15.8 0.0 3.8 35.3

No. of patients per 1.0 TTS FTE

, 500 patients who smoke 7 37.1 26.5 8.5 97.9 12.1 .08 11.0 15.2 0.0 3.1 21.4 .23

500 to 1,000 patients who smoke 12 16.0 14.2 2.5 42.0 3.9 22.2 20.1 3.9 4.7 66.7

. 1,000 patients who smoke 7 16.0 6.9 3.3 37.7 5.2 20.7 20.4 2.6 4.9 36.4

Implementation strategies

Referral mechanism

EHR referral without closed loop 15 26.2 15.8 4.0 97.9 6.5 15.0 15.8 2.4 2.6 36.4

EHR referral with closed loop 11 21.2 15.1 2.5 47.8 5.5 20.6 19.6 0.0 5.5 66.7

Billing practices

Billed for medication, counseling, or both 13 22.4 15.8 4.9 52.8 6.8 .83 13.2 14.3 0.0 4.1 35.3 .07

Did not bill for any services 15 24.2 13.8 2.5 97.9 4.4 22.6 20.1 2.4 2.7 66.7

NOTE. Means and medians reflect occurrence across C3I cancer centers. Bold text indicates medians reported in the article text.
Abbreviations: C3I, Cancer Center Cessation Initiative; EHR, electronic health record; FTE, full-time equivalent; TTP, tobacco treatment program; TTS,

tobacco treatment specialist.
aOne center did not report cancer center size (total number of adult patients).
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As an implementation initiative, C3I benefits from
data collected across diverse real-world oncology care
and geographic settings. The 28 centers included here
represent 40% of all NCI-designated cancer centers in the
United States with clinical programs; no data set that we
know of includes this type of information from as many
cancer centers. Yet, several limitations should be noted.

First, the findings from NCI-designated cancer centers
may not generalize to all community oncology settings
where more than 80% of patients receive cancer treat-
ment.28 Although the current findings may inform adop-
tion of best practices among community oncology
settings, research in those programs is warranted. Just
ASK, a 2022 Commission on Cancer quality improvement
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FIG 3. Median treatment reach and smoking cessation effectiveness by tobacco treatment by program characteristics and implementation strategies
(n5 28 centers; January-June 2021): (A) cancer center setting, (B) patients eligible, (C) number of patients per TTS, (D) referral mechanism, and (E)
billing practices.
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initiative, which incentivizes cancer centers that assess
smoking status among patients newly diagnosed with
cancer,29 offers an opportunity to build on lessons learned
in C3I to address implementation challenges in more
heterogenous community cancer care settings. Second,
the potential bias in our smoking cessation effectiveness
measure must be noted. We used an intention-to-treat
approach for the 26 centers that provided their denomi-
nator for effectiveness, but a complete response approach
for two centers that could not estimate the number of
patients missing from 6-month follow-up data. Each
center determined its own denominator on the basis of its
practices. Systematic assessment of smoking cessation
effectiveness in clinical populations using the EHR is still
in its infancy and not part of routine care. For example, at
some centers, the effectiveness measure was severely
limited because the centers did not have access to follow-
up data on many patients reached by the TTP. In some
cases, institutional policies restrict who can be contacted;
in others, patients must opt-in to receive follow-up phone
calls. Although recommendations for assessing tobacco
use in cancer clinical trials exist,30 harmonization and
standardization of measurement and documentation of
smoking status in cancer registries such as the NCI-
supported North American Association for Central Cancer
Registries (NAACCR) would greatly facilitate identification of
current smokers, promote access to best practices for to-
bacco treatment, and greatly improve data quality for cancer
surveillance and epidemiologic research focusing on the
risks of persistent smoking for patients with cancer.

The relationships reported in this paper could be com-
promised by confounding because of measured or un-
measured variables. For example, programs differ across
several measured variables that are likely intercorrelated
(eg, center size, number of patients who smoke, types and
number of intervention components, and staff ratios).
Future sensitivity analyses must be conducted to determine
the extent to which associations with outcomes are related
to a particular variable independent of other variables with
which it is correlated.31 This would clarify the nature of the
relationships reported here.

Our sample size of 28 centers was too small to detect
statistical significance, and it is difficult to determine robust
and meaningful differences. Moreover, effectiveness data
are difficult to obtain, particularly among patients with
cancer who may either be too ill to respond to 6-month
follow-up data or may have died. In keeping with a core
mission of C3I to integrate and expand TTPs, centers re-
ported allocating more resources to treat tobacco depen-
dence initially rather than follow-up with patients, which
could explain the inverse relationship between treatment
reach and smoking cessation effectiveness. The aggregate-
level data obtained in C3I do not allow for detailed ex-
amination of patient-level factors as they relate to out-
comes. Demonstrating success and return on investment
are critical to sustaining implementation of evidence-based
practices.32,33 Future hybrid effectiveness-implementation
trials should investigate stepped care strategies for scaling
up tobacco treatment services ranging from low-burden,
low-cost strategies to more intensive multicomponent to-
bacco treatment counseling and pharmacotherapy to
support patients’ quit attempts and to maintain smoking
abstinence. Longitudinal research examining change in
reach and effectiveness over time, and the association of
these changes with implementation strategies could
identify temporal effects of implementation strategies on
reach and effectiveness. Finally, as an observational study,
there is no random assignment and the sampling strategy
for outcome data is likely biased.

In conclusion, NCI-designated cancer centers have become
highly engaged in assessing patient tobacco use. Under-
standing treatment reach and smoking cessation effective-
ness will help guide cancer centers and community oncology
practices to select and implement evidence-based inter-
ventions and strategies that fit the needs and resources
available and improve patient outcomes. However, continued
innovative efforts are needed to identify optimal strategies to
engage patients in tobacco treatment, to determine which
patients would benefit frommore intensive tobacco treatment
interventions, and to improve treatment reach and smoking
cessation effectiveness and its reporting.
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