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Abstract

Continuous tobacco use in cancer patients is linked to substantial healthcare costs due to
increased risks and complications, whereas quitting smoking leads to improved treatment
outcomes and cost reductions. Addressing the need for empirical evidence on the economic
impact of smoking cessation, this study examined the association between smoking cessation

and healthcare cost utilization among a sample of 930 cancer patients treated at The University

of Texas MD Anderson Cancer Center’s Tobacco Research and Treatment Program (TRTP).
Applying conditional quantile regression and propensity scores to address confounding, our
findings revealed that abstinence achieved through the TRTP significantly reduced the median
cost during a 3-month period post-quitting by $1,095 (p=-$1,095, p=0.007, 95%CI=[-$1,886,
-$304]). Sensitivity analysis corroborated these conclusions, showing a pronounced cost reduction
when outlier data were excluded. The long-term accrued cost savings from smoking cessation
could potentially offset the cost of participation in the TRTP program, underscoring its cost-
effectiveness. An important implication of this study is that by reducing smoking rates, healthcare
systems can more efficiently allocate resources, enhance patient health outcomes, and lessen the
overall cancer burden.
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Introduction

Smoking in patients with cancer is associated with substantial healthcare costs because
continuous tobacco use among these patients can increase the risk of complications, reduce
treatment efficacy, and increase mortality [1]. Research has found that smoking can increase
the risk of surgical site infections [2,3], slow wound healing [2,4-6], elevate the risk

of bleeding during surgery [7], and exacerbate side effects from chemotherapy, radiation
therapy, and other treatments, making them less effective [8-10]. By contrast, cancer
patients who quit smoking tend to have improved treatment outcomes, including higher
survival rates by 30-40% [11] and reduced risk of cancer recurrence [12-14]. Moreover,
quitting smoking significantly lowers the risk of developing secondary cancers [15,16],
which reduces costs related to their subsequent treatment and care.

In addition to the direct impact on cancer treatment and recovery, quitting smoking can

also alleviate symptoms related to cancer or cancer treatment, such as shortness of breath,
fatigue, and coughing [17-19]. These symptoms may require additional supportive care
services, like medications, respiratory therapies, or palliative care, adding further to the cost
of care [20,21]. By quitting smoking, patients with cancer can improve these symptoms
and decrease their need for supportive care, resulting in reduced overall cost of care [22].
When the effectiveness of treatments like chemotherapy, radiation therapy, and surgery is
enhanced, patients may require fewer interventions, shorter hospital stays, and less frequent
follow-up care, leading to cost savings [23,24]. Quitting smoking can also have a positive
effect by reducing the risk of smoking-related comorbidities, such as heart disease, stroke,
and lung diseases like chronic obstructive pulmonary disease (COPD) [25-27], that further
increase medical expenses and hospitalizations, and decrease quality of life. By quitting
smoking, cancer patients can reduce their risk of developing these comorbidities and the
costs associated with their treatment [28-30].

The National Cancer Institute (NCI) introduced a grant program to encourage the creation of
tobacco treatment programs within multiple comprehensive cancer centers [31], which was
part of the White House overall cancer moonshot initiative to reduce the impact of cancer
morbidity, mortality, and cost of care. Sustaining these programs in the long-term requires
convincing payors and patients of the economic value of smoking cessation on cancer care
cost, in addition to the effectiveness of the programs on promoting smoking cessation.
While conceptually appealing, there is a lack of critically evaluated empirical evidence using
real-world data from established smoking cessation programs in a comprehensive cancer
center.

To address this gap, we conducted a study to evaluate the relationship between smoking
abstinence (vs. continued smoking) and healthcare costs in patients with cancer who were
treated through The University of Texas MD Anderson (MDA) Cancer Center’s Tobacco
Research and Treatment Program (TRTP). The treatment protocol of TRTP involves both
guideline-concordant smoking cessation individual counseling [13] and pharmacotherapy
[32]. Details of the treatment protocol and the program’s treatment efficacy have been
published previously [33].

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.
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Materials and Methods

Methods for Measuring Impact

The study cohort included patients who had 3 or more treatment-related MDA billing
records (Supplementary Table S1) on different dates within each quarter. The requirement
of multiple billing records ensured that costs captured from these records during the study
period reflected the majority of patients’ healthcare utilization. After reviewing the number
of patients who met the above inclusion criterion (Supplementary Table S2) by study
durations, we determined that the analysis should focus on the first 6 months (i.e., Q1

and Q2) after joining the TRTP program to maximize the sample size available to compare
costs between patients in the abstinent and non-abstinent group. Information on abstinence
status was based on the first follow-up assessment in month 3 after joining the TRTP.

The sample consisted of patients with cancer referred to the MD Anderson Cancer Center
TRTP between January 1, 2006, and August 31, 2015. Smoking status was determined
based on the self-reported 7-day point prevalence, which was collected prospectively using
a timeline follow-back method[34] at all in-person visits and all phone follow-up contact
and entered in real-time into the TRTP database. Here, we report abstinence at 3 months,
defined as self-report of no smoking (not even a puff) during the previous 7 days. Given the
clinical nature of our program, the varying health status of the patients, the time course of
their cancer therapy, and the fact that only 5% of the sessions were conducted in person,
requiring patients to return or otherwise provide biochemical assessment of abstinence was
not feasible. However, we obtained expired carbon monoxide levels at all in-person visits.
Congruence between self-reported, 7-day point prevalence abstinence and expired carbon
monoxide was 93% for less than 8 ppm and 87% for carbon monoxide level of less than 6

ppm.

Cost Estimates

Cost data was derived from MDA billing records from 3 months prior (QO0) to the

TRTP first consultation date and through 24 months after (Q1-Q8). First, we extracted
charges from institutional billing records. We then converted these charges to costs using
Medicare reimbursement rates. These rates corresponded to each Current Procedural
Terminology (CPT)/Healthcare Common Procedure Coding System (HCPCS) code obtained
from MDA’s records of professional and technical charges. We obtained Medicare Fee-
for-Service payment for each code from a number of files on the Centers for Medicare

and Medicaid Services (CMS) website [35], including Physician Fee Schedule, Hospital
Outpatient Prospective Payment System, Anesthesia Base Units file, Average Sales Price
file for Medicare Part B Drugs (with 6% mark-up), Clinical Laboratory Fee Schedule,
Durable Medical Equipment, Prosthetics/Orthotics, and Supplies Fee Schedule for lab test,
equipment and supplies (Supplementary Table S1) [35], including Physician Fee Schedule,
Hospital Outpatient Prospective Payment System, Anesthesia Base Units file, Average
Sales Price file for Medicare Part B Drugs (with 6% mark-up), Clinical Laboratory Fee
Schedule, Durable Medical Equipment, Prosthetics/Orthotics, and Supplies Fee Schedule
for lab test, equipment and supplies (Supplementary Table S1). We obtained Medicare
Fee-for-Service payment for each code from a number of files on the Centers for Medicare
and Medicaid Services (CMS) website [35], including Physician Fee Schedule, Hospital

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.
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Outpatient Prospective Payment System, Anesthesia Base Units file, Average Sales Price
file for Medicare Part B Drugs (with 6% mark-up), Clinical Laboratory Fee Schedule,
Durable Medical Equipment, Prosthetics/Orthotics, and Supplies Fee Schedule for lab test,
equipment and supplies (Supplementary Table S1) [35], including Physician Fee Schedule,
Hospital Outpatient Prospective Payment System, Anesthesia Base Units file, Average
Sales Price file for Medicare Part B Drugs (with 6% mark-up), Clinical Laboratory Fee
Schedule, Durable Medical Equipment, Prosthetics/Orthotics, and Supplies Fee Schedule
for lab test, equipment and supplies (Supplementary Table S1). All costs were based

on the 2018 Medicare fee schedule. The use of Medicare reimbursement rates allows

costs estimated from this study to be generalizable to other institutions. It’s important to
recognize that our dataset from MDA billing only offers a partial snapshot of the costs
within the institution, excluding treatments, medications, or services patients may access
outside of MDA.. This data might particularly underestimate second-line treatments and oral
medications, as these can often be prescribed and dispensed outside the hospital, leading to
potential underestimations in our cost analysis.

Statistical Analysis

Our initial approach involved bivariate analyses to examine associations between abstinence
(main predictor) and the baseline measures of demographics, smoking behavior, and other
cancer related variables. Since all the baseline variables were categorical or categorized
(e.g., age) variables, x ? tests were performed to evaluate differences associated with
abstinence.

Considering that the outcome models (i.e., cost) involved a predictor (i.e., abstinence) that
was not a randomly assigned, the estimated effects associated with this model could be
biased due to covariate imbalances between the abstinence and non-abstinence groups. To
reduce this potential bias, we estimated propensity scores (PS) for the abstinence status
using a logistic regression PS model with all baseline characteristics, except the total cost
at Q1, included because of their potential associations with the probability of abstinence.
Inverse probability of treatment weights (IPTW) based on PS were calculated and applied
(1) for checking covariate balance for all the baseline covariates and (2) for fitting the
outcome regression model on cost for approximately unbiased estimation of the abstinence
effect[36].

Since the outcome variable—the total cost at Q2—is highly skewed, we used nonparametric
quantile regression (QR) models[37] to estimate the effects of abstinence status, instead of
least-square-based linear models in order to be more robust against observations at heavy
tail distributions. Moreover, QR models can identify the potentially differential effects of
abstinence at different quantiles of the distribution of cost data for richer interpretation. We
used 3 specific percentiles for QR: 251, 501" (median), and 75%. Beyond applying IPTW, all
the covariates used for the PS model as well as the total cost at Q1 were also included as
covariates in the outcome models to be doubly-robust by correcting for any residual bias due
to the covariates after weighting. All the statistical analyses were performed with STATA
16.0 (StataCorp, College Station, TX) and R 4.1.1[38].

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.
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The presence of outliers can significantly modify the estimation of cost differences at
different percentile values [39,40]. The identification of outliers was performed using the
non-parametric approach by means of Tukey’s method [41] applied to the original data.
Tukey’s method involves the computation of the 25th (15t Quartile) and 75th (3" Quartile)
percentiles and the interquartile range (IQR = 3rd Quartile — 1st Quartile); the exclusion
limit corresponds to the sum of the 3" Quartile and 3 or 1.5 times of IQR, according to the
following formula: 3rd Quartile + 3IQR or 3™ Quartile + 1.51QR.

Data Availability—The data that support the findings of this study are available from the
corresponding authors, upon reasonable request.

Compared with the entire study cohort (2,659 patients), the final analytical sample (930
patients, Figure 1) was younger and had more patients with regional and distant cancer
(Supplementary Table S3).

Table 1 shows the patients’ baseline characteristics by abstinence status - non-abstinent
(n=502) and abstinent (n=428). Compared to patients in the non-abstinent group, a
significantly higher proportion of patients in the abstinent group were male and had local

or regional cancer stage. Gender, stage, and cancer site were significantly associated with
abstinence, indicating that the non-abstinent and the abstinent groups were imbalanced in
those characteristics. Further, Table 2 presents measures of central tendency and variability
for total costs at Q1 (quarter 1) and Q2 (quarter 2) by abstinence status. The distributions of
cost by abstinence status for Q1 and Q2 are presented in Figure 2.

The estimated propensity scores (PS) provided acceptable balance between the abstinence
groups in PS and all the baseline characteristics used in the PS model. Standardized mean
difference (SD) after applying IPTW was lower than the conservative threshold of 0.1 [42]
for all the baseline covariates (See Supplementary Table S4 and Figure S1).

Table 3 presents the results of the outcome model for total cost at Q2. Specifically, the 15t
doubly-robust quantile regression (QR) model shows that abstinence significantly lowered
the 25! percentile total cost at Q2 by $354 (B=—$354, p=0.027, 95% CI=[-$666, —$41],
as well as the 50t percentile total cost at Q2 by $1,095 (=-$1,095, p=0.007, 95%CI=[-
$1,886, —$304]), as compared to non-abstinence while controlling for other covariates (see
also Figure 2). However, there was no significant effect of abstinence on the 75 percentile
total cost at Q2.

Sensitivity analysis

Removing outliers and repeating the quantile regressions (Table 3) yielded larger effects for
the 50t percentile (B=—%$1,360, p < 0.001, 95% CI=[-$1,953 , -$688]), and the 75! (B=—
$1422, p < 0.058, 95%CI=[-$2,892, -$46]), although the 75! percentile effect remained
statistically non-significant (p=.058). Nevertheless, removing the outliers resulted in a
substantial improvement in the cost savings associated with abstinence, trending in the
expected direction.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.
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Figure 3 illustrates the variability of the impact of abstinence on quantiles for the total
analytic sample and for the analysis conducted after excluding outliers. In the overall patient
evaluation, the influence of abstinence on cost demonstrates statistical significance within all
quantiles ranging approximately from the 35th to the 60th quantile, maintaining a negative
trend throughout. Upon the removal of outliers, the abstinence effect is characterized by
amplification in higher quantiles, culminating at the 60th cost quantile, after which it
plateaus. Additionally, we examined the impact of insurance type (Supplementary Table S5)
on both abstinence and cost outcomes. We observed no significant influence of insurance

on either abstinence rates or costs (Supplementary Table S6). Moreover, the relationship
between abstinence and cost remained significant even after accounting for insurance type
(Supplementary Table S6).

Discussion

The study investigated the relationship between smoking abstinence and cost of health care
utilization among patients with cancer. We used conditional quantile regression to explore
the relationship between abstinence and cost across different quintiles. Our analysis showed
that achieving abstinence after participating in the TRTP was associated with significantly
lower costs at the first quartile ($2,351 vs. $1,998) and at the median ($6,810 vs. $5,715),
after controlling for gender, age, race, cancer site, stage, multiple cancer, and costs incurred
prior to completion of the TRTP smoking cessation program. The sensitivity analysis
corroborated the preliminary conclusions, indicating a more pronounced cost reduction
when excluding outlier data points. The costs savings of $1,095 achieved in one quarter

can offset half the cost of participating in a comprehensive smoking cessation program like
the TRTP (estimated at $2000 - $3000 per participant [29]). It is important to note that
savings in healthcare and improvement in quality of life after quitting smoking is expected
to increase progressively as abstinence time increases within 12 months after quitting

and continues to accumulate with the number of years after abstinence, compared with
continued smoking [43-46]. Our results show a relatively quick reduction in healthcare costs
associated with the early stages of smoking cessation. We would expect to see increased
benefits and cost savings for those who quit compared to those who do not over time. It

is well established that the risk of heart attacks and strokes is reduced by 50% at one year
after quitting and it takes 5-10 years to become comparable to non-smokers [47,48], while
it takes up to 5 years after quitting to reduce the risk of developing a second primary cancer
and up to 15 years for cancer risk to become comparable to non-smokers.

Our study has several strengths and unique features. In addition to the quantile regression
analysis, the rich data source allowed for prospective collection of all smoking and related
data that was matched with institutional billings in real time.

The cost savings linked to smoking cessation for cancer patients also have broader
implications for healthcare systems [49,50]. By reducing the demand for cancer treatments,
supportive care, and management of smoking-related comorbidities, healthcare systems can
allocate resources more efficiently and effectively. This can result in reduced healthcare
costs and better health outcomes for patients across the board. Furthermore, the financial
savings from smoking cessation can be reinvested into other areas of cancer care, such

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.
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as prevention, early detection, and research[51,52]. By focusing on these areas, healthcare
systems can more effectively reduce the overall burden of cancer and improve the quality of
life for all patients. Given the significant health and financial costs associated with smoking
in cancer patients, it is essential to develop effective strategies for reducing smoking rates
and mitigating the impact of smoking on cancer patients. Smoking cessation interventions
can help cancer patients quit smoking and reduce their risk of cancer recurrence and

other smoking-related health problems [53]. These interventions can include medication,
counseling, and support groups.

We recognize that MD Anderson is a tertiary and referral cancer center, which resulted in
many of our patients following up with outside providers and emergency room visits when
they return home. We cannot account for these outside costs, including medications filled at
local pharmacies and, in some cases, chemotherapy and radiotherapy conducted at centers
outside of MD Anderson. Nevertheless, based on data we observed in the short term, we
would expect the savings in healthcare to be higher if such costs could be incorporated into
our model. We used Medicare reimbursement rates in order to establish standardized cost
levels regardless of payers. However, this approach has the effect of under-estimating the
actual overall cost in our analysis, as reimbursement rates from Medicare are in general
lower than those set by commercial insurance for similar cases and care. Our reliance

on hospital billing data from MDA offers a specific snapshot of costs, but it may not
encompass the full cost of cancer treatment. This limitation is accentuated for patients

who primarily visited MDA for post-treatment follow-up visits, as their external treatment-
related costs would be absent from our dataset. Several references, including those by
Warren et al[54]., Iragori et al[55]., and Djalalov et al[56]., provide more comprehensive
estimates of the economic implications of cancer care in the context of smoking cessation.
These papers highlight the iterative costs associated with second-line treatments and the
significant economic benefits of enhanced smoking cessation programs. Additionally, our
study’s estimates might differ from other studies evaluating the economic effects of smoking
cessation in patients undergoing cancer treatment. This is because our cohort included

both patients actively receiving treatment and those monitored post-treatment. For instance,
over 25% of patients joined TRTP more than 6 months after their diagnosis. Lastly, while
our data offers a tangible and specific cost profile, it’s essential to approach our findings
with caution. Understanding the true economic implications of cancer care requires a more
encompassing approach to cost, and we acknowledge the potential gaps in our analysis due
to the inherent limitations of our data source. In future research, a more comprehensive
approach would involve integrating various cost metrics - hospitalizations, pharmaceutical,
outpatient, general practice, laboratory- and ensuring their synchronization and validation
based on specific timelines of when each cost was incurred relative to diagnosis.

This study provides evidence that smoking cessation among cancer patients is associated
with reductions in healthcare costs. Additionally, the reduction in demand for cancer
treatments and management of smoking-related comorbidities because of smoking cessation
could enhance the efficiency of healthcare resource allocation. Therefore, investing in

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.
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smoking cessation interventions could serve as a strategic approach for healthcare systems to
lessen the overall cancer burden and improve patient outcomes, all the while optimizing their
resources.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Rudel Rymer, MS (Department of Behavioral Science, University of Texas MD Anderson Cancer Center),
contributed to the manuscript. There was no financial compensation.

References

1. Warren GW, Alberg AJ, Kraft AS, Cummings KM. The 2014 Surgeon General’s report: “The
Health Consequences of Smoking—50 Years of Progress”: a paradigm shift in cancer care. Cancer.
2014;120(13):1914-6. [PubMed: 24687615]
2. Sorensen LT, Horby J, Friis E, Pilsgaard B, Jorgensen T. Smoking as a risk factor for wound healing
and infection in breast cancer surgery. Eur J Surg Oncol. 2002;28(8):815-20. [PubMed: 12477471]
3. Cai W, Wang L, Wang W, Zhou T. Systematic review and meta-analysis of the risk factors
of surgical site infection in patients with colorectal cancer. Translational cancer research.
2022;11(4):857. [PubMed: 35571649]
4. Choe S-I1, Finley C Confronting the Negative Impact of Cigarette Smoking on Cancer Surgery.
Current Oncology. 2022;29(8):5869-74. [PubMed: 36005201]
5. Angst J, Merikangas K. The depressive spectrum: diagnostic classification and course. Journal of
Affective Disorders. 1997;45:31-40. [PubMed: 9268773]
6. Lassig AAD, Bechtold JE, Lindgren BR, Pisansky A, Itabiyi A, Yueh B, et al. Tobacco exposure
and wound healing in head and neck surgical wounds. The Laryngoscope. 2018;128(3):618-25.
[PubMed: 28940252]
7. Nordestgaard AT, Rasmussen LS, Sillesen M, Steinmetz J, King DR, Saillant N, et al. Smoking
and risk of surgical bleeding: Nationwide analysis of 5,452,411 surgical cases. Transfusion.
2020;60(8):1689-99. [PubMed: 32441364]
8. Peppone LJ, Mustian KM, Morrow GR, Dozier AM, Ossip DJ, Janelsins MC, et al. The effect
of cigarette smoking on cancer treatment-related side effects. Oncologist. 2011;16(12):1784-92.
[PubMed: 22135122]
9. Bergman M, Fountoukidis G, Smith D, Ahlgren J, Lambe M, Valachis A. Effect of Smoking on
Treatment Efficacy and Toxicity in Patients with Cancer: A Systematic Review and Meta-Analysis.
Cancers. 2022;14(17):4117. [PubMed: 36077654]
10. Chellappan S Smoking Cessation after Cancer Diagnosis and Enhanced Therapy Response:
Mechanisms and Significance. Current Oncology. 2022;29(12):9956-69. [PubMed: 36547196]

11. U.S. Department of Health and Human Services. The Health Consequences of Smoking - 50 Years
of Progress: A Report of the Surgeon General; 2014. Available from: https://www.hhs.gov/sites/
default/files/2020-cessation-sgr-full-report.pdf.

12. Singareeka Raghavendra A, Kypriotakis G, Karam-Hage M, Kim S, Jizzini M, Seoudy KS,

et al. The impact of treatment for smoking on breast cancer patients’ survival. Cancers.
2022;14(6):1464. [PubMed: 35326615]

13. Fiore MC, Jaen CR, Baker TB, Bailey WC, Benowitz NL, Curry SJ, et al. Treating Tobacco Use

and Dependence: 2008 Update, Clinical Practice Guideline. Available from: PM:18807274.

14. Cooley ME, Emmons KM, Haddad R, Wang Q, Posner M, Bueno R, et al. Patient-reported

receipt of and interest in smoking-cessation interventions after a diagnosis of cancer. Cancer.
2011;117(13):2961-9. [PubMed: 21692055]

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.


https://www.hhs.gov/sites/default/files/2020-cessation-sgr-full-report.pdf
https://www.hhs.gov/sites/default/files/2020-cessation-sgr-full-report.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kypriotakis et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 9

Phua ZJ, Maclnnis RJ, Jayasekara H. Cigarette smoking and risk of second primary cancer:

A systematic review and meta-analysis. Cancer Epidemiology. 2022;78:102160. [PubMed:
35430427]

Arnold M, Liu L, Kenter GG, Creutzberg CL, Coebergh JW, Soerjomataram I. Second primary
cancers in survivors of cervical cancer in The Netherlands: Implications for prevention and
surveillance. Radiotherapy and oncology. 2014;111(3):374-81. [PubMed: 24833558]

Rigotti NA, Clair C, Munafo MR, Stead LF. Interventions for smoking cessation in hospitalised
patients. Cochrane Database Syst Rev. 2012;5:CD001837. [PubMed: 22592676]

Dudgeon DJ, Lertzman M. Dyspnea in the advanced cancer patient. J Pain Symptom.Manage.
1998;16(4):212-9. [PubMed: 9803048]

Oswald LB, Brownstein NC, Whiting J, Hoogland Al, Saravia S, Kirtane K, et al. Smoking Is
Related to Worse Cancer-related Symptom Burden. Oncologist. 2022;27(2):e176—e184. [PubMed:
35641215]

Silver JK, Baima J. Cancer prehabilitation: An opportunity to decrease treatment-related morbidity,
increase cancer treatment options, and improve physical and psychological health outcomes.
American journal of physical medicine & rehabilitation. 2013;92(8):715-27. [PubMed: 23756434]
Silver JK, editor. Cancer prehabilitation and its role in improving health outcomes and reducing
health care costs, Vol 31: Elsevier; 2015. 13-30.

Balboni TA, Hui K-KP, Kamal AH. Supportive care in lung cancer: Improving value in the era

of modern therapies. American Society of Clinical Oncology Educational Book. 2018;38:716-25.
[PubMed: 30231310]

Parrott S, Godfrey C. Economics of smoking cessation. BMJ. 2004;328(7445):947-9. [PubMed:
15087348]

Abrams DB, Graham AL, Levy DT, Mabry PL, Orleans CT. Boosting population quits through
evidence-based cessation treatment and policy. Am J Prev Med. 2010;38(3):S351-S363. [PubMed:
20176308]

Stead LF, Perera R, Bullen C, Mant D, Hartmann-Boyce J, Cahill K, et al. Nicotine replacement
therapy for smoking cessation. Cochrane Database Syst Rev. 2012;11:CD000146-CD000146.
[PubMed: 23152200]

US Department of Health and Human Services. The Health Consequences of Smoking—-50 Years
of Progress: A Report of the Surgeon General. Surgeon General’s Report. Atlanta, GA; 2014.

Anthonisen NR, Skeans MA, Wise RA, Manfreda J, Kanner RE, Connett JE. The effects of a
smoking cessation intervention on 14.5-year mortality: a randomized clinical trial. Ann Intern
Med. 2005;142(4):233-9. [PubMed: 15710956]

Poirier AE, Ruan Y, Grevers X, Walter SD, Villeneuve PJ, Friedenreich CM, et al. Estimates of the
current and future burden of cancer attributable to active and passive tobacco smoking in Canada.
Prev Med. 2019;122:9-19. [PubMed: 31078177]

Levy DE, Regan S, Perez GK, Muzikansky A, Friedman ER, Rabin J, et al. Cost-effectiveness

of Implementing Smoking Cessation Interventions for Patients with Cancer. JAMA Netw Open.
2022;5(6):2216362—2216362. [PubMed: 35679043]

Jones M, Lowin J, Sewell B, Gemine RE, Rees SE, Lanyon K, et al. The economic potential of
smoking cessation interventions at the point of diagnosis of non-small-cell lung cancer (NSCLC).
Value in Health. 2023.

NCI. Cancer Center Cessation Initiative [cited 2023 May 9]. Available from: https://
cancercontrol.cancer.gov/brp/tcrb/cancer-center-cessation-initiative.

Karam-Hage M, Oughli HA, Rabius V, Beneventi D, Wippold RC, Blalock JA, et al. Tobacco
Cessation Treatment Pathways for Patients With Cancer: 10 Years in the Making. J Natl Compr
Canc Netw. 2016;14(11):1469-77. [PubMed: 27799514]

Cinciripini PM, Karam-Hage M, Kypriotakis G, Robinson JD, Rabius V, Beneventi D, et al.
Association of a Comprehensive Smoking Cessation Program With Smoking Abstinence Among
Patients With Cancer. JAMA Netw Open. 2019;2(9):e1912251. [PubMed: 31560387]

Brown RA, Burgess ES, Sales SD, Whiteley JA, Evans DM, Miller IW. Reliability and validity of a
smoking timeline follow-back interview. Psychol Addict Behav. 1998;12(2):101-12.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.


https://cancercontrol.cancer.gov/brp/tcrb/cancer-center-cessation-initiative
https://cancercontrol.cancer.gov/brp/tcrb/cancer-center-cessation-initiative

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kypriotakis et al.

35.

36.

37.

38.
39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

Page 10

Centers for Medicare & Medicaid Services. (n.d.). Renew your Medicaid or chip coverage. [cited
2022 Jul 7]. Available from: https://www.medicaid.gov/.

Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding
in Observational Studies. Multivariate Behav Res. 2011;46(3):399-424. [PubMed: 21818162]

Koenker R Quantile regression. Econometric Society monographs, Vol 38. Cambridge: Cambridge
University Press; 2005. 349 p.

StataCorp. Stata Statistical Software. College Station, TX: StataCorp LP; 2023.

Shearer J, McCrone P, Romeo R. Economic evaluation of mental health interventions: A guide to
costing approaches. Pharmacoeconomics. 2016;34:651-64. [PubMed: 26922076]

Wen Y-W, Tsai Y-W, Wu DB-C, Chen P-F. The impact of outliers on net-benefit regression model
in cost-effectiveness analysis. PLoS ONE. 2013;8(6):65930. [PubMed: 23840378]

Tukey JW. Exploratory data analysis, Vol 2: Reading, MA; 1977.

Nguyen T-L, Collins GS, Spence J, Daures J-P, Devereaux PJ, Landais P, et al. Double-adjustment
in propensity score matching analysis: Choosing a threshold for considering residual imbalance.
BMC medical research methodology. 2017;17:1-8. [PubMed: 28056835]

Lightwood JM, Phibbs CS, Glantz SA. Short-term health and economic benefits of smoking
cessation: Low birth weight. Pediatrics. 1999;104(6):1312-20. [PubMed: 10585982]

An T, AnJ, Yang H, Li G, Feng H, Nie X. Photocatalytic degradation kinetics and mechanism

of antivirus drug-lamivudine in TiO2 dispersion. J Hazard Mater. 2011;197:229-36. [PubMed:
21983170]

Jha P, Ramasundarahettige C, Landsman V, Rostron B, Thun M, Anderson RN, et al. 21st-
century hazards of smoking and benefits of cessation in the United States. N Engl J Med.
2013;368(4):341-50. [PubMed: 23343063]

US Department of Health and Human Services. Smoking cessation: a report of the Surgeon
General. [cited 2022 Mar 22]. Available from: https://www.hhs.gov/sites/default/files/2020-
cessation-sgr-full-report.pdf.

Gallucci G, Tartarone A, Lerose R, Lalinga AV, Capobianco AM. Cardiovascular risk of smoking
and benefits of smoking cessation. Journal of thoracic disease. 2020;12(7):3866. [PubMed:
32802468]

Ockene IS, Miller NH. Cigarette smoking, cardiovascular disease, and stroke: A statement for
healthcare professionals from the American Heart Association. Circulation. 1997;96(9):3243-7.
[PubMed: 9386200]

Cahill K, Stevens S, Perera R, Lancaster T. Pharmacological interventions for smoking cessation:
An overview and network meta-analysis. Cochrane Database Syst Rev. 2013;5:CD009329-
CD009329.

Lightwood J, Glantz SA. Smoking Behavior and Healthcare Expenditure in the United States,
1992-2009: Panel Data Estimates. PLoS Med. 2016;13(5):€1002020. [PubMed: 27163933]
Lichtenstein E, Zhu SH, Tedeschi GJ. Smoking cessation quitlines: an underrecognized
intervention success story. Am Psychol. 2010;65(4):252-61. [PubMed: 20455619]

Warner C, Sewali B, Olayinka A, Eischen S, Wang Q, Guo H, et al. Smoking cessation in homeless
populations: Who participates and who does not. Nicotine & Tobacco Research. 2014;16(3):369—
72. [PubMed: 24158227]

Cooley ME, Sipples RL, Murphy M, Sarna L. Smoking cessation and lung cancer: Oncology
nurses can make a difference. Semin.Oncol Nurs. 2008;24(1):16-26. [PubMed: 18222148]

Warren GW, Cartmell KB, Garrett-Mayer E, Salloum RG, Cummings KM. Attributable Failure
of First-line Cancer Treatment and Incremental Costs Associated With Smoking by Patients With
Cancer. JAMA Netw Open. 2019;2(4):e191703. [PubMed: 30951159]

Iragorri N, Essue B, Timmings C, Keen D, Bryant H, Warren GW. The cost of failed first-line
cancer treatment related to continued smoking in Canada. Current Oncology. 2020;27(6):307-12.
[PubMed: 33380862]

Djalalov S, Masucci L, Isaranuwatchai W, Evans W, Peter A, Truscott R, et al. Economic

evaluation of smoking cessation in Ontario’s regional cancer programs. Cancer Med.
2018;7(9):4765-72. [PubMed: 30019421]

Cancer Prev Res (Phila). Author manuscript; available in PMC 2024 May 16.


https://www.medicaid.gov/
https://www.hhs.gov/sites/default/files/2020-cessation-sgr-full-report.pdf
https://www.hhs.gov/sites/default/files/2020-cessation-sgr-full-report.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Kypriotakis et al.

Page 11

Prevention Relevance:

This study emphasizes the dual impact of smoking cessation programs in patients with
cancer: quitting smoking and reducing healthcare costs. It highlights the importance of
integrating cessation programs into cancer prevention strategies, ensuring both individual
health benefits and broader, system-wide economic efficiencies.
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1729 excluded (had <3 treatment billing
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Breakdown of Initial TRTP Patient Count and Analytic Sample Categorized by Abstinence

Status
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medians. Note: EOT = end-of-treatment.
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Figure 3.
Variation of the effect of abstinence (in dollars) on the y axis over the conditional quantiles

of cost from the analyses of, A) all patients and B) excluding outliers.
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Table 1:
Baseline Characteristics by abstinence status at 3 months for patients having 3 or more treatment claims at Q1
and Q2.
Bassline Char acteridtic Total Non-Abstinent ~ Abstinent ~ P-value
N % N %

Total 930 502 540 428 46.0

Gender 0.009
Female 430(46.2) 252 50.2 178 416
Male 500(53.8) 250 49.8 250 584

Age 0.309
<65 771(82.9) 422 84.1 349 815
>= 65 159(17.1) 80 15.9 79 185

Race 0.188
Non-Hispanic White 747(80.3) 399 79.5 348 813
Hispanic 67(7.2) 31 62 36 84
Non-Hispanic Black 88(9.5) 55 11.0 33 77
Other 28(3.0) 17 3.4 11 2.6

Stage 0.038
Local 153(16.5) 71 141 82 192
Regional 315(33.9) 161 321 154  36.0
Distant 246(26.4) 146 29.1 100 234
Other/Unstaged/Unknown 216(23.2) 124 24.7 92 215

Site 0.034
Breast 148(15.9) 86 17.1 62 145
Colorectal & Other Gl 126(13.6) 77 15.3 49 114
Head & Neck 161(17.3) 69 13.7 92 215
Lung 165(17.7) 91 181 74 173
Lymphoma & Other Hematology — 128(13.8) 67 133 61 143
Melanoma 55(5.9) 27 5.4 28 6.5
Other cancer 82(8.8) 43 8.6 39 91
Other GU 39(4.2) 23 46 16 37
Prostate 26(2.8) 19 3.8 7 1.6

Multiple Cancer 0.810
No 636(68.4) 345 68.7 291 68.0
Yes 294(31.6) 157 31.3 137 320

Total Costs prior to EOT* <0.001
Quartile 1 ($0 - $3,233.99) 233(25.0) 149 297 84 196
Quartile 2 ($3,234 - $8,091.99)  232(25.0) 135 269 97 227
Quartile 3 ($8,092 - $24,450.99)  233(25.0) 116 231 117 273
Quartile 4 ($24,451 and above) 232(25.0) 102 20.3 130 304

We used gender, age, cancer sites, stage, multiple cancer index, and cost distribution of the first quarters as a proxy of disease severity/
comorbidity.* EOT = end-of-treatment: the time point (approximately 3 - months after entering the TRTP program) that smoking cessation
treatment is completed. GI = Gastrointestinal; GU = Genitourinary.
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