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Abstract

BACKGROUND

The incidence of anal cancer has been increasing in the United States. Smoking is a
well-established risk factor; however, the impact of smoking on disease re-
currence and outcome has not been well studied. The aim of this study was to
assess the association between anal cancer recurrence and cigarette smoking.

AIM

To investigate the relationship between cigarette smoking status and anal cancer
treatment outcome.

METHODS

The cancer registry from a single, community hospital was screened for patients
with anal cancer between 2010 and 2021. The following characteristics were
gathered from the database: Age; sex; cigarette smoking history; American Joint
Committee on Cancer Clinical Stage Group; response to therapy; recurrence; time
to recurrence; mortality; time to death; and length of follow-up. Patients were
divided into the following groups: Current smokers; former smokers; and never
smokers. SPSSv25.0 software (IBM Corp., Armonk, NY, United States) was used
for statistical analysis.

RESULTS

A total of 95 patients from the database met the screening criteria. There were 37
never smokers, 22 former smokers, and 36 current smokers. There was no
difference between groups in regards to race or sex. There was no difference in the
American Joint Committee on Cancer Clinical Stage Group between groups. The
former smokers were significantly older when compared to never smokers and
current smokers (66.5 + 13.17 vs 57.4 + 7.82 vs 63.7 £ 13.80, P = 0.011). Former
smokers and current smokers had a higher recurrence rate compared to never
smokers (30.8% and 20.8% compared to zero, P = 0.009). There was not a
significant difference in recurrence between former smokers and current smokers.
There was no difference in the mortality, non-response rate, or time to death
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between the groups.

CONCLUSION
Our data contributes evidence that cigarette smoking status is associated with increased recurrence for patients
with anal cancer.

Key Words: Anal cancer; Smoking; Recurrence; Nigro protocol; Chemoradiation; Retrospective review

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective review examined the impact of smoking on anal cancer treatment for 95 patients. Smoking status
was associated with a significantly higher rate of anal cancer recurrence after standard treatment. There was not a significant
association between smoking status and anal cancer treatment non-response or mortality. Further study is needed to
determine if smoking cessation would alter the course of anal cancer or if adjunct therapy would be beneficial in patients
with anal cancer and a smoking history.

Citation: McMahon KR, Gemma N, Clapp M, Sanchez-Montejo P, Dibello J, Laipply E. Relationship between anal cancer recurrence
and cigarette smoking. World J Clin Oncol 2023; 14(7): 259-264
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INTRODUCTION

The incidence of anal cancer is increasing[1]. Several risk factors have been associated with anal cancer including human
papilloma virus (HPV), HIV, age, immunosuppression, and smoking[1-3]. Although the association between anal cancer
and smoking has been well-documented, the association between smoking status and recurrence is much less studied. A
few prior studies have examined the impact of smoking status on anal cancer treatment, but these studies have been
relatively small with the largest including 171 patients, while the other two included 64 and 68 patients[4-6]. Given
smoking is a modifiable risk factor, studies examining its relationship with treatment success are important. This study
aimed to contribute to the body of data examining treatments and outcomes for patients who smoke and have anal
cancer.

MATERIALS AND METHODS

The study was conducted as a retrospective review of the cancer registry from a single health system. The registry was
screened for patients with anal cancer between 2010 and 2020. All patients included in the registry were over the age of
18. The following characteristics were gathered from the database: Age; sex; cigarette smoking status; American Joint
Committee on Cancer Clinical Stage Group; treatment pathway; response to therapy; recurrence; time to recurrence;
mortality; time to death; and length of follow-up. Non-response was defined as persistent presence of disease despite
completing standard chemoradiation. Recurrence was defined as the presence of disease after documentation that there
was not any disease present. Unfortunately, HPV status and HIV status were not included in the database. Within the
database, smoking status was divided into current smokers, never smokers, and former smokers. Smoking status was
determined based on cigarette smoking alone. Current smokers were classified as any patient that reported cigarette
smoking within 30 d of the time of diagnosis. Former smokers were classified as patients who had stopped smoking at
least 30 d prior to diagnosis.

SPSSv25.0 software (IBM Corp., Armonk, NY, United States) was used for statistical analysis. Age and length of follow-
up were analyzed between groups using single factor analysis of variance with Tukey post-hoc test. Patient race and sex
were analyzed between groups using Fisher’s exact test and Pearson’s ¥ test, respectively. P values were generated using
an exact Mann-Whitney U-test to compare the mortality, non-response, recurrence, and time to recurrence between the
current, former, and never smoker groups. In order to minimize type I error and given the small sample size, Bonferroni
adjusted z-test was completed to compare the recurrence rate between groups. A subgroup analysis was completed to
analyze time to death for the patients who did not respond using a single factor analysis of variance test.

RESULTS

A total of 95 patients were identified from the database. The patients were divided into three groups: Current smokers;
former smokers; and never smokers. There was no significant difference in age, race, or sex between the groups (Table 1).
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Table 1 Demographic data

Cigarette use

Variable P value
Never, n=37 Former, n =22 Current, n= 36

Ageinyr, 0.011

mean + SD 63.70 +£13.80 66.50 +13.17 57.40 +7.82

Clinical stage group 0.066

1 5 (13.5) 4(18.2) 8(22.2)

2 14 (37.8) 9 (40.9) 18 (50.0)

B 14 (37.8) 9 (40.9) 8(22.2)

4 4 (10.8) 0 2 (5.6)

Race 0.273

Black 2 (5.4) 0 4(11.1)

White 35 (94.6) 22 (100) 32 (88.9)

Sex 0.078

Female 30 (81.1) 17 (77.3) 21 (58.3)

Male 7 (18.9) 5(22.7) 15 (41.7)

Length of follow-up in d 0.759

mean + SD 1195.10 + 1135.96 1023.20 + 855.35 1218.20 + 986.20

Data are 11 (%). SD: Standard deviation.

There was a difference in age between groups, with the former smokers being older than the smoker and never smoker
groups (Table 1).

There was no significant difference in mortality or non-response between groups (Table 2). Former and current
smokers did have a significantly higher recurrence rate compared to never smokers (P = 0.009). There was no difference
in recurrence between the former and current smokers (Table 2).

Time to death was analyzed between the groups. On average, there was a shorter time to death in the current smoker
arm, but this was not statistically significant (Table 3). The mortality rate between groups in the non-responder subset
was also examined. Never smokers who did not respond to treatment were approximately twice as likely to die (43% vs
22%), but this did not achieve statistical significance (Table 3).

DISCUSSION

While three prior studies have examined the relationship between anal cancer treatment and smoking status, these
studies have been small[4-6]. Our data contributes further evidence that smoking status is associated with a worse
outcome and increased recurrence for patients with anal cancer. Additionally, it raises two interesting questions: (1)
Should smokers and former smokers have more aggressive anal cancer treatment to reduce risk of recurrence?; and (2)
Does smoking cessation result in an improvement in anal cancer outcomes? Lerman et al[4] raised the question of whether
smokers would benefit from programmed cell death 1 inhibitors given the seemingly reduced efficacy of chemoradiation
in smokers and a similar trend in non-small cell lung cancer. While our paper is limited in its evaluation, it does highlight
the need for studies examining varying treatment options for smokers moving forward.

Interestingly, 14 of the never smoker patients did not respond to initial treatment. Of these patients, 43% died, with an
average of 598 d after diagnosis (Table 3). This mortality rate was twice as high as the mortality rate for former and
current smokers who did not respond. Although this did not achieve statistical significance due to the small numbers of
this study, it is an interesting trend. One potential hypothesis is that never smokers who do not respond to initial therapy
have a more aggressive tumor biology. Our data is not extensive enough to examine this further, but future research
should examine this relationship. If confirmed, one could consider examining more aggressive treatment pathways for
never smokers who do not respond to initial chemoradiation.

Unfortunately, the database used for this study did not include patient HPV status. This could be an important
confounder that is not accounted for in this data. In similar cohorts of patients, 74%-88% of patients with anal cancer were
HPYV positive[1,3]. Although HPV is certainly linked to anal cancer, these same studies have shown that smoking status is
an independent risk factor for anal cancer apart from HPV[1,3]. Additionally, the impact of HPV status on anal cancer
outcome is not clear at this time as the two other largest studies examining anal cancer outcome and smoking status did
not have HPV status collected for their cohorts either[4,5].
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Table 2 Outcome data by group

Cigarette use

Variable P value
Never, n =37 Former, n =22 Current, n = 36

Death 14 (37.8) 6(27.3) 8(222) 0.332

Non-response 14 (37.8) 9 (40.9) 14 (38.9) 0.973

Recurrence 0 4 (30.8) 5(20.8) 0.009

Time to recurrence in d (median interquartile range) NA 195.0 (159.0-351.0) 362.0 (214.5-1019.0) 0.413

Recurrence and non-response combined 14 (37.8) 13 (59.1) 18 (50.0) 0.264

NA: Not available.

Table 3 Mortality subgroup analysis

Cigarette use

Feature Pvalue
Never Former Current

Mortality* subgroup n=14 n=6 n=8

Time to death in d, mean + SD 598.30 £ 734.61 848.40 + 756.83 393.80 £ 325.69 0.465

Non-responder subgroup n=14 =9 n=14

Deaths in non-responders subgroup, 7 (%) 6 (42.9) 2(22.2) 3 (21.4) 0.285

*Death. SD: Standard deviation.

As noted before, this study is limited in its scope due to the retrospective nature and limitations of the collected data. A
prospective study examining the impact of smoking cessation on anal cancer treatment would be valuable. Even without
a prospective study, this study adds important data indicating an increased incidence of anal cancer recurrence in
patients who smoke.

CONCLUSION

This paper highlighted the increased risk of anal cancer recurrence in patients who smoke. Although this study was small
and limited in its scope, compared to current literature it is the second largest cohort of patients examining anal cancer,
smoking, and recurrence. Further research is needed to examine the impact of smoking cessation on anal cancer treatment
outcome and if adjuncts to standard therapy would be beneficial in patients who smoke.

ARTICLE HIGHLIGHTS

Research background

Despite the occurrence of approximately 50000 new cases of anal cancer per year and the clear link with smoking, very
few studies have examined the relationship between smoking status and treatment outcome. It has already been shown
that there is a link between anal cancer and smoking. This paper goes further and showed that there was an increased risk
of recurrence in patients who smoke and have a history of smoking. This serves as a foundation for future research to
examine modifications to the current treatment approach for patients with anal cancer.

Research motivation
Investigating the relationship between cigarette smoking status and anal cancer treatment outcome.

Research objectives
The main objective of this study was to examine the relationship between smoking status and outcomes for patients with
anal cancer.
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Research methods

A total of 95 patients were included in this data, making it the second largest study to examine the impact of smoking on
anal cancer treatment outcomes. The patients were similar between the groups (never smokers, former smokers, and
current smokers) in regards to important factors such as clinical stage group, race, and sex. Former and current smokers
had a higher recurrence rate compared to never smokers. There was no difference in the mortality, non-response rate, or
time to death between the groups. Unfortunately, data did not include human papilloma virus status, which would be an
important area to include for future research.

Research results
There was an increased risk of anal cancer recurrence in patients who currently smoke and have a history of smoking.

Research conclusions

This study was the second largest study examining the relationship between treatment outcome and smoking status in
patients with anal cancer. Although this data was limited in its scope, it contributed further to the limited body of
evidence that smoking increases risk of recurrence of anal cancer.

Research perspectives
Future research should examine the impact of smoking cessation on treatment outcomes for patients with anal cancer as
well as the role of adjuncts to standard chemoradiation in the treatment of anal cancer.

FOOTNOTES

Author contributions: McMahon KR designed and performed the research and wrote the paper; Gemma N helped write and revise the
report; Dibello | assisted with data curation and editing of the report; Clapp M assisted with data curation and editing the report;
Sanchez-Montejo P assisted with data analysis and editing the report; Laipply E designed the research and supervised the report.

Institutional review board statement: The study was reviewed and approved by the Summa Health System Institutional Review Board
(Approval No. 21176).

Informed consent statement: All study participants, or their legal guardian, provided informed written consent prior to inclusion in the
cancer registry used in this review.

Conflict-of-interest statement: All the authors report having no relevant conflicts of interest for this article.

Data sharing statement: Statistical code and dataset available from the corresponding author at kevin.mcmahon88@outlook.com.
Consent was not obtained, but the presented data are anonymized and risk of identification is low.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: United States
ORCID number: Kevin R McMahon 0000-0003-3881-0175.

S-Editor: Wang JJ
L-Editor: Filipodia
P-Editor: Wang JJ

REFERENCES

1 Daling JR, Madeleine MM, Johnson LG, Schwartz SM, Shera KA, Wurscher MA, Carter JJ, Porter PL, Galloway DA, McDougall JK. Human
papillomavirus, smoking, and sexual practices in the etiology of anal cancer. Cancer 2004; 101: 270-280 [PMID: 15241823 DOI:
10.1002/cner.20365]

Holmes F, Borek D, Owen-Kummer M, Hassanein R, Fishback J, Behbehani A, Baker A, Holmes G. Anal cancer in women. Gastroenterology

1988; 95: 107-111 [PMID: 2836255 DOI: 10.1016/0016-5085(88)90297-1]

3 Keller K, Ramos-Cartagena JM, Guiot HM, Muiloz C, Rodriguez Y, Colon-Lopez V, Deshmukh AA, Tirado-Gomez M, Ortiz AP. Association
of smoking with anal high-risk HPV infection and histologically confirmed anal high-grade squamous intraepithelial lesions among a clinic-
based population in Puerto Rico. Cancer Treat Res Commun 2021; 30: 100503 [PMID: 34999478 DOI: 10.1016/j.ctarc.2021.100503]

4 Lerman J, Hennequin C, Etienney I, Abramowitz L, Goujon G, Gornet JM, Guillerm S, Aparicio T, Valverde A, Cattan P, Quéro L. Impact of
tobacco smoking on the patient's outcome after (chemo)radiotherapy for anal cancer. Eur J Cancer 2020; 141: 143-151 [PMID: 33137590 DOL:
10.1016/j.ejca.2020.09.039]

[\S)

WJCO | https://www.wjgnet.com 263 July 24,2023 | Volume14 | Issue7 |

Jaishideng®


mailto:kevin.mcmahon88@outlook.com
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-3881-0175
http://orcid.org/0000-0003-3881-0175
http://www.ncbi.nlm.nih.gov/pubmed/15241823
https://dx.doi.org/10.1002/cncr.20365
http://www.ncbi.nlm.nih.gov/pubmed/2836255
https://dx.doi.org/10.1016/0016-5085(88)90297-1
http://www.ncbi.nlm.nih.gov/pubmed/34999478
https://dx.doi.org/10.1016/j.ctarc.2021.100503
http://www.ncbi.nlm.nih.gov/pubmed/33137590
https://dx.doi.org/10.1016/j.ejca.2020.09.039

McMahon KR et al. A retrospective database review

5 Mai SK, Welzel G, Haegele V, Wenz F. The influence of smoking and other risk factors on the outcome after radiochemotherapy for anal
cancer. Radiat Oncol 2007; 2: 30 [PMID: 17711570 DOI: 10.1186/1748-717X-2-30]
6 Ramamoorthy S, Luo L, Luo E, Carethers JM. Tobacco smoking and risk of recurrence for squamous cell cancer of the anus. Cancer Detect

Prev 2008; 32: 116-120 [PMID: 18639388 DOI: 10.1016/j.cdp.2008.04.004]

WJCO | https://www.wjgnet.com 264 July 24,2023 | Volume14 | Issue7 |

Jaishideng®


http://www.ncbi.nlm.nih.gov/pubmed/17711570
https://dx.doi.org/10.1186/1748-717X-2-30
http://www.ncbi.nlm.nih.gov/pubmed/18639388
https://dx.doi.org/10.1016/j.cdp.2008.04.004

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2023 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ARTICLE HIGHLIGHTS
	Research background
	Research motivation
	Research objectives
	Research methods
	Research results
	Research conclusions
	Research perspectives

	FOOTNOTES
	REFERENCES

