LUND UNIVERSITY

Alcohol drinking cessation and the risk of laryngeal and pharyngeal cancers: a

systematic review and meta-analysis.

Ahmad Kiadaliri, Aliasghar; Jarl, Johan; Gavriilidis, Georgios; Gerdtham, UIf

Published in:
PLoS ONE

DOI:
10.1371/journal.pone.0058158

2013

Link to publication

Citation for published version (APA):

Ahmad Kiadaliri, A., Jarl, J., Gavriilidis, G., & Gerdtham, U. (2013). Alcohol drinking cessation and the risk of
laryngeal and pharyngeal cancers: a systematic review and meta-analysis. PLoS ONE, 8(3), Article e58158.

https://doi.org/10.1371/journal.pone.0058158

Total number of authors:
4

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00


https://doi.org/10.1371/journal.pone.0058158
https://portal.research.lu.se/en/publications/3243498c-24b4-4b82-9a8d-c0a2f77ae53c
https://doi.org/10.1371/journal.pone.0058158

Download date: 08. Dec. 2025



@' PLOS ’ ONE

OPEN a ACCESS Freely available online

Alcohol Drinking Cessation and the Risk of Laryngeal and
Pharyngeal Cancers: A Systematic Review and Meta-
Analysis

Aliasghar Ahmad Kiadaliri'>3*, Johan Jarl'3, Georgios Gauvriilidis’, UIf-G Gerdtham'>*

1 Division of Health Economics, Department of Clinical Sciences, Malmé University Hospital, Lund University, Malmo, Sweden, 2 Department of Health Management and
Economics, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran, 3 Health Economics & Management, Institute of Economic Research, Lund
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Abstract

Objective: To evaluate the effect of alcohol cessation on the risk of developing laryngeal and pharyngeal cancers,
combining available evidence in the scientific literature in a meta-analysis.

Methods: A systematic literature review was conducted, and a meta-analysis was applied on the retrieved studies. The
generalised least squares method was used to estimate the trend from dose-response data to assess changes in the risks of
laryngeal and pharyngeal cancers after drinking cessation.

Results: A total of 9 case-control studies were included in the meta-analysis (4 and 8 estimates for laryngeal and pharyngeal
cancers, respectively). On average, alcohol drinking cessation was associated with a 2% yearly reduction in the risk of
developing laryngeal and pharyngeal cancers. There was a considerable heterogeneity between the studies of pharyngeal
cancer, but this was mostly due to two studies. The increased risk of laryngeal and pharyngeal cancers caused by alcohol
was reversible; the time periods until the risks became equal to those of never drinkers were 36 (95% Cl 11-106) and 39
(95% ClI 13-103) years, respectively. Moreover, 5 years of drinking cessation was associated with a reduction of around 15%
in the alcohol-related elevated risk of laryngeal and pharyngeal cancers.

Conclusion: Although a long time period is required to completely eliminate the alcohol-related elevated risk of laryngeal
and pharyngeal cancers, a substantial risk reduction can be seen in the short term (5-10 years), and drinking cessation
should therefore be encouraged to reduce the incidence of these cancers.
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Introduction reducing the risk of diseases. However, there is a lack of
consistency in the literature regarding the impact of alcohol

Oral cavity, oropharynx, hypopharynx, and larynx cancers, cessation on the risk of head and neck cancer [7]. In other words,

when grouped together as head and neck cancer, constitute the
seventh most common form of cancer in the world [1]. In 2008, an
estimated 482,000 new cases of lip, oral cavity, nasopharynx, and
other pharynx cancers were diagnosed worldwide. For laryngeal
cancer, the corresponding figure was 151,000. In the same year,
these cancers were responsible for 355,000 deaths worldwide [2].
This implies that significant health benefits could be achieved via
effective prevention and treatment strategies.

Several studies have shown that alcohol consumption increases
the risk of cancer of the oral cavity, pharynx, and larynx [3-5]. For
example, Baan et al. [6] found that drinking 50 g of pure alcohol
per day was associated with a 2-3 times higher risk of developing
these cancers compared with non-drinkers. Cessation or reduction
of alcohol drinking could therefore be an effective strategy for
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it i3 not clear to what extent the increased risk of head and neck
cancer due to alcohol consumption is reversible through cessation,
nor it is clear how fast this risk may decline. If the elevated risk of
alcohol consumption is not reversible, then the focus of prevention
programs should be on preventing and/or delaying drinking
initiation, while if the elevated disease risk is reversible, cessation
programmes may be a cost-effective option to fight these types of
cancers in high-risk groups.

A previous study-level meta-analysis by Rehm etal [8]
examined the association between alcohol cessation and the risk
of head and neck cancer and reported the risk for some time points
after drinking cessation. They found that the risk of head and neck
cancer elevated up to 10 first years of quitting drinking and
reduced after this point.
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Separate analysis of different types of head and neck cancer may
result in different trends compared to the results from pooled
analysis [10]. Hence, two separate analyses were conducted in
order to answer the following research questions: What is the
existing knowledge about the effect of drinking cessation on the
risk of laryngeal and pharyngeal cancers? Specifically, is the risk
reversible and, if so, how fast does it fall? Therefore a meta-
analysis was applied based on relevant studies identified through
a systematic literature review and appropriate estimation methods.

Materials and Methods

Search strategy

A systematic literature review was performed in July 2010 by
one author (GG) and independently verified and updated in
February-March 2012 and December 2012 by another author
(AAK). PubMed/MEDLINE, EMBASE, SCOPUS, OVID and
Web of Science were searched using the following terms:
[“alcohol” AND (“laryngeal” OR “larynx” OR “‘upper aero-
digestive tract” OR “head and neck” OR “oral” OR “oropha-
ryngeal” OR “pharyngeal”) AND “risk” AND (“cancer OR
carcinoma*”’ OR “neoplasm” OR “neoplastic” OR “‘squamous
cell”) AND (“cessation” OR ““abstinence” OR “abstainers” OR
“quit drinking” OR “quitting drinking” OR “stop drinking” OR
“stopping drinking”)]. The PRISMA guidelines [11] were

followed in this process.

Selection of studies

Five exclusion criteria were applied. A study was excluded from
the review if: 1) it did not investigate laryngeal or pharyngeal
cancer (ICD-10 codes CO1-C10; C12-C14; C32; DOO; and
DO2.0); 2) it was not published in English; 3) it did not
quantitatively capture the effect of time since drinking cessation
on the risk of laryngeal or pharyngeal cancer; 4) it was a review
article; or 5) it was not conducted on humans. Studies that
included individuals who already had the disease (e.g. those
studying the effect of drinking cessation on recovery) were also
excluded.

The initial search resulted in 2032 articles. After excluding the
duplicates and non-relevant studies, 30 articles were selected for
full text examination. The reference lists of these 30 studies were
searched manually. In total, 13 articles passed the exclusion
criteria for the systematic review. Figure 1 shows the process of
study selection. Among these 13 studies, the study by Takezaki
et al. [12] did not present sufficient data for meta-analysis and was
excluded from that part of study. In addition, the study by Rehm
et al. [8] was a meta-analysis including some of the other studies
identified in our search, and was therefore excluded from our
meta-analysis. As, the study by Marron et al. [7] included the
studies by Franceschi et al. [24] and Hayes et al. [25], these two
studies were not included in our meta-analysis to avoid giving too
much weight to these specific samples. The study by Marron et al
[7] was an individual-level analysis and the results of most of the
studies included in their analysis were not published elsewhere. In
terms of the site of cancer, four studies reported the risk estimates
for laryngeal cancer and ten for pharyngeal cancer. It should be
noted that some studies reported the risk estimates for both types
of cancers, and so a total of 12 estimations from 9 studies were
used in the meta-analysis.

Data extraction

The main data extracted from the selected studies included:
time since drinking cessation and related risk estimates with
confidence intervals, type of study, country, study years, sample
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size, age and gender characteristics of sample, and statistical
method. An additional piece of information collected from the
included studies was the definition of former drinker. In order to
avoid the ‘sick quitter’ effect (i.e. individuals quitting drinking due
to the disease), we made a distinction between studies that required
a time lag between drinking cessation and being defined as
a former drinker and studies that did not require a time lag. The
reason for this is that comparing healthy drinkers with sick quitters
who have higher risk of developing laryngeal and pharyngeal
cancers may underestimate the efficacy of cessation [13]. As years
since drinking cessation were reported in categories, the midpoints
of the categories were used as a dose measure. Where categories
were open-ended, the same interval width as the previous category
was applied. Current drinkers were used as the reference category
in the analysis. For studies using a different reference group, we
recalculated the risk estimates and their confidence intervals using
the method proposed by Hamling et al. [14]. In this method, first
a table including the number of cases and controls in each
category is constructed and then these numbers are grouped
together in a 2x2 table by exposures and then ORs and ClIs are
calculated using relevant equations (for detailed information see

[14]).

Statistical analysis

The effect measure of interest was relative risk (RR), but as all
retrieved studies were case-control, they reported odds ratios
(ORs). When the prevalence of a disease is low, these two values
are approximately equal [15]. Mathematically-speaking, it is easier
to use ORs in meta-analysis [16,17], and so we treated all
measures as ORs while interpreting the results as relative risks.

To model the dose-response relationship between years since
drinking cessation and the risk of disease, we used the method
proposed by Greenland et al. [18] and developed by Orsini et al.
[9]. In this method, the generalized least squares (GLS) technique
is used to estimate the B vector of regression coefficients in the
following model [9]:

Yin=Xinf+ein

where y is an nx1 vector of reported odds ratios, x is an nxk
matrix of k covariates for study i and dose level n, B is a k x1 vector
of regression coefficients, and e is an n X1 vector of random errors.
The main advantage of this method is that it allowed us to account
for the correlation among the risk estimates across alcohol
cessation categories, and hence to avoid the underestimation
caused by traditional methods [9].

The risks of laryngeal and pharyngeal cancers due to a one-year
increase in the duration of alcohol cessation were calculated based
on the pooled data. Statistical heterogeneity among studies was
examined using the Q statistic (P-value <0.05) [19]. If any
heterogeneity was present, effect modifiers based on the
characteristics of the included studies were added to the model
to explain the heterogeneity. In this case, the coeflicients on these
effect modifiers show the dose-response relation in a subgroup of
the studies. If heterogeneity remained, a random-effects model was
applied. This model assumes that the studies estimate different
underlying effect sizes, and incorporates this between-study
variation into the analysis [20]. Separate models were developed
for laryngeal and pharyngeal cancers. To examine any non-
linearity in the log-linear dose-response relations, we used the
cubic splines method; this allowed us to assess nonlinearity both
graphically and by a formal statistical test [21]. In this model,
a four-knot restricted cubic spline transformation was applied to
the pooled dose data, and the joint null hypothesis that the
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of SCIENCE (N=2032)

Search conducted in MEDLINE, PUBMED, SCOPUS, OVID, EMBASE and WEB

Excluded; the study was not published in English -
[ Excluded; duplicates (N=629)
(N=44)
A 4
Studies included for title and abstract review
(N=1359)
Excluded; the study did not examine the relation
between alcohol cessation and
> laryngeal/pharyngeal cancer, did not investigate
laryngeal/pharyngeal cancer, or was a review article
(N=1329)
A 4
Studies selected to read in full
(N=30)
Excluded; the study did not investigate the < Included; manual search of the
relation between drinking cessation and risk of < reference lists of studies read in
laryngeal/pharyngeal cancer, did not report any full (N=5)
summary measures for laryngeal/pharyngeal
cancer; or included former drinker as a category
without any data on the time since cessation
(N=22) v
Studies included for systematic
review (N=13)
Figure 1. Flow diagram of literature search.
doi:10.1371/journal.pone.0058158.g001
regression coefficients of the spline transformations are all equal to Results

zero was tested [21]. Contour-enhanced funnel plots [22] and the
Egger’s regression asymmetry test [23] (p<<0.05 was considered
representative of statistically significant publication bias) were used
to check for any potential publication bias in our meta-analysis.

To check the influence of each study on the results, a sensitivity
analysis was performed omitting each study in turn and then re-
estimating the summary effect of remaining studies. An additional
sensitivity analysis was performed for pharyngeal cancer, due to
the fact that the studies by Balaram et al. [38]and Garrote et al.
[41] did not report that cases were histologically confirmed. All
analyses were performed using version 11 of the Stata software
package [26].

To quantify the length of time taken after drinking cessation for
the alcohol-related elevated risk of laryngeal and pharyngeal
cancers to fall to the level of never drinkers, another meta-analysis
was conducted. In this analysis, the risk of never drinkers
compared with current drinkers as reported in the included
studies was estimated using Forrest plots. This estimate was
combined with the estimated yearly risk reduction due to drinking
cessation to quantify the number of years required until the
elevated risk of alcohol drinking disappears.

PLOS ONE | www.plosone.org

The characteristics of the 13 studies identified in the systematic
literature review are shown in Table 1 (more details on the
characteristics of the studies are given in Table S1 in the
supplemental). The studies were published between 1969 and
2011, and covered years ranging from 1966 to 2000. Five were
conducted in Latin America and the Caribbean region, three in
Europe, and three in Asia, while one was a pooled analysis of
studies mainly conducted in the USA. Eleven of the studies had
a case-control design, and one was a pooled analysis of case-
control studies [7]. The cancer cases were histologically confirmed
in most studies, and the hospital was the main source of controls in
the majority of the included studies. The age of the participants
ranged from 15 years to over 90. Gender-specific estimates were
calculated in four studies, although three of them focused only on
men. In all studies, men constituted the main proportion of the
cases, and all studies but two [12,27] applied matching of cases
and controls mainly on age and gender (see Table Sl in the
supplemental). The study by Martinez et al. [28] was the only one
which did not control for any confounder in calculating the ORs
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and did not require any time lag between quitting drinking and
being defined as a former drinker.

Laryngeal cancer

Figure 2A shows the relationship between years since drinking
cessation and risk of laryngeal cancer as reported in the included
studies. In general, the studies showed an increasing risk over the
initial years after quitting, followed by a decreasing trend.

Table 2 shows the results of meta-regression analysis. None of
the effect modifiers were significant, and so Model 1 was the
preferred model. The risk of developing laryngeal cancer fell by
2% on average per year of cessation, so, for example a person who
quit drinking alcohol ten years ago would have 82% of the risk of
a current drinker. There was no evidence of a nonlinear
relationship between the cessation of alcohol drinking and the
risk of laryngeal cancer (P for nonlinearity = 0.98; Figure S1 in the
supplemental).

The risk of developing laryngeal cancer was 47% (OR 0.53,
95% CI 0.37-0.75) lower for never drinkers than for current
drinkers (Figure 3). Combining this figure with the results of the
meta-regression implies that the alcohol-related elevated risk of
laryngeal cancer would last 36 (95% CI: 11-106) years after
drinking cessation (Figure 4A).

Pharyngeal cancer

The associations between years since drinking cessation and risk
of pharyngeal cancer in the included studies are shown in
Figure 2A, and the results of the meta-regression analysis in

Alcohol Cessation, Laryngeal & Pharyngeal Cancers

Table 2. There was considerable heterogeneity between the
studies of pharyngeal cancer, which could not be fully explained
by controlling for observable factors. Hence, random-effects
models were used to capture the unexplained heterogeneity
between studies. Based on the Q statistic and effect modifiers
significance level, Model 5 was considered the preferred model.
The results of this model revealed that alcohol cessation reduces
the risk by 2% per year on average, which corresponds to an 18%
fall in the risk of pharyngeal cancer after 10 years compared with
current drinkers. This result was based on the studies which
controlled for smoking and used matching in the study (6 out of 8
studies). The fall in risk was markedly higher in the study that did
not control for smoking [28], while the risk actually increased over
time in the non-matched case-control study [27]. The cubic spline
analysis showed no evidence of a nonlinear association between
drinking cessation and the log-risk of pharyngeal cancer (P for
nonlinearity = 0.46; Figure S2 in the supplemental). The risk of
developing pharyngeal cancer was 53% (OR 0.47; 95% CI 0.31—
0.70) lower for never drinkers compared with current drinkers
(Figure 3). This implies that the alcohol-related elevated risk of
pharyngeal cancer would last 39 (95% CI 13-103) years after
drinking cessation (Figure 4B).

Sensitivity analysis

As shown in Table 3, excluding the studies by Balaram et al.
[38] and Garrote et al. [41] in the meta-analysis did not change
the OR of one additional year of drinking cessation. In other
word, there was no significant difference in the risk between

A
25
2
15 e Altieri A.
% ' De Stefani E.
1 1 s=de=Marron M.
, 2 ==Szymanska K.
0.5 o~
0
0 5 10 15 20 25 30
Years since cessation
8 =¢=Castellsague X.
3.5 —m—De Stefani E.
3 =f=Franceschi S.
=>e=Balaram P.
2.5 4
=y=Hayes RB.
2 -
o \ Garrote LF.
o 15 A == Szymanska K.
1 Takezaki T.
e
\.,v —— -y =—=Takezaki T.
0.5 - = =#=Marron M.
0 ==Marron M.
0 5 10 15 20 25 30 Hayes RB.

Years since cessation

Figure 2. Risk of developing laryngeal cancer and pharyngeal cancer following drinking cessation.

doi:10.1371/journal.pone.0058158.g002
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Table 2. Meta-analysis of changes in the odds ratios of laryngeal and pharyngeal cancers after drinking cessation compared to
current drinkers.

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Laryngeal

Additional year of drinking cessation (dose) 0.98*** 0.98***

Dose*study conducted in Europe 1.02

Q statistics’ 18.42 17.58

Pharyngeal

Additional year of drinking cessation (dose) 0.98%** 0.98%** 0.98*** 0.98%** 0.98%** 0.98%**
Dose*study conducted in Europe 0.97 0.97
Dose*study did not control for smoking 0.95%* 0.95%** 0.95%*
Dose*no matching in the study 1.08%** 1.08%** 1.08***
Q statistic’ 52.971%** 50.79%** 47.26*** 43.97** 38.70** 36.59**
**x %% *show 1%, 5%, and 10% significant levels, respectively.

HO: No heterogeneity.

doi:10.1371/journal.pone.0058158.t002

studies which confirmed the cancer cases histologically and those pharyngeal cancer was 55% (OR 0.45; CI: 0.27-0.74) lower for

which did not [38,41]. In this case, the risk of developing never drinkers compared with current drinkers, meaning that the
%
Weight
First_Author Publication_Year OR (95% CI) (V)
Laryngeal cancer
Altieri A 2002 —_— 0.56 (0.32, 0.98) 1361
De Stefani E. 2004 —t 0.64 (0.38, 1.04) 18.75
Marron M 2009 —— 0.69 (0.44, 1.09) 2114
Szymanska K. 2011 — 0.36 (0.26, 0.48) 46,50
|-V Subtotal (l-squared = 59.3%, p = 0.061) 0 0.49(0.40, 0.60) 100.00
DeL Subtatal <> 0.53 (0.47, 0.75)
Pharyngeal cancer
Castellsague X. 2004 —_— 0.28(0.15, 0.52) 6.12
De Stefani E. 2004 < + 0.16 (0.05, 0.49) 1.87
Balaram P. 2002 ——— 0.57 (0.34, 0.96) 8.64
Garrote LF. 2001 —— 0.51(0.30, 0.88) 7.89
Szymanska K. 2011 ——— 0.19(0.13, 0.27) 19.01
Takezaki T. 1996 ——— 0.83 (0,62, 1.11) 27.78
Martinez | 1968 - 0.52 (0.18, 1.50) 2.08
Marron M 2009 —_— 0.65(0.41, 1.02) 11.56
Marron M. 2009 —_— 0.65(0.36, 1.16) 7.00
Martinez | 1969 —_— 0.74 (0.43,1.27) 8.05
I-V Subtotal (l-squared = 82.9%. p = 0.000) 0 0.50(0.42, 0.58) 100.00
D+L Subtotal <‘:/‘“- 0.47 (0.31,0.70)
I I

-1 10
Reduced risk from cessation Increased tisk from cessation

=

Figure 3. Risk of developing laryngeal and pharyngeal cancer for never drinkers vs. current drinkers.
doi:10.1371/journal.pone.0058158.9g003
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Figure 4. Risk decline of laryngeal and pharyngeal cancer over forty years after drinking cessation. It should be noted that the risk is
not expected to fall below that of never drinkers, even though the figures imply this.

doi:10.1371/journal.pone.0058158.g004

alcohol-related elevated risk of pharyngeal cancer would last 39
(95% CI: 11-103) years.

The results of another sensitivity analysis showed that no single
study had a significant impact on the results. In addition, the
results of contour-enhanced funnel plots showed that there was not

compared to current drinkers.

enough evidence to conclude that the results suffered from
publication bias (Figures S3 and S4 in the supplemental). The
Egger’s test also confirmed the lack of strong evidence for
publication bias in our meta-analysis (P =0.404 for laryngeal and
P =0.339 for pharyngeal).

Table 3. Sensitivity analysis of the meta-analysis of changes in the odds ratio of pharyngeal cancer after drinking cessation

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Additional year of drinking cessation (dose) 0.98*** 0.98*** 0.98*** 0.98*** 0.98%** 0.98***
Dose*study conducted in Europe 0.97 0. 0.97
Dose*study did not control for smoking 0.95** 0.95%* 0.95%*
Dose*no matching in the study 1.08*** 1.08%** 1.08%**
Q statistic’ 49.48%** 47.25%% 43.65%** 40.73%** 35.28%* 33.06%*

See footnote in Table 2. Excluding studies 38 & 41.
doi:10.1371/journal.pone.0058158.t003
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Discussion

This study reviewed and analyzed the results of 13 studies
investigating the effect of drinking cessation on the risk of
developing laryngeal and pharyngeal cancers. The results of the
meta-analysis showed that there is a dose-response relationship
between drinking cessation and a declining risk of laryngeal and
pharyngeal cancers. Drinking cessation was associated with an
average of 2% lower risk per year compared with current drinkers.
This risk decline implies that, compared to the estimated risk of
never drinkers, around 15% of the alcohol-related elevated risk of
the laryngeal and pharyngeal cancers disappears after 5 years of
drinking cessation. Moreover, the risk declined faster over first few
years after drinking cessation. Hence, although a long time period
is required for full risk reduction, there are substantial beneficial
effects of alcohol cessation in the short term.

We found that it would take more than 35 years for the elevated
risk of alcohol consumption to decrease to the level of never
drinkers. Rehm et al. [8] showed that the risk of developing head
and neck cancer among individuals who stopped drinking for
more than 16 years was significantly higher than that among never
drinkers (0.72 vs. 0.46). This long-lasting effect of drinking on the
risk of disease has been documented for other types of cancers. For
example, previous studies have reported that 16.5 (95% CI: 13-24)
and 23 (95% CI: 14-70) years of abstention are required before
the elevated risk of drinking disappears for oesophageal and liver
cancer, respectively [29,30]. There was no evidence of non-
linearity in the log-linear dose-response relations in our study. This
implies that there was not enough evidence to assume that the risk
of laryngeal and pharyngeal cancers initially increases after
cessation and then decreases. However, as our model is log-linear,
it implies that as time since cessation increases, the fall in the risk of
developing laryngeal and pharyngeal cancers will decrease. This
contradicts the findings of Rehm et al. [8], who reported an
increase in the risk of head and neck cancer in the initial years
after cessation. There are several possible explanations for this
difference. First, the current study employed a different method;
we used the generalized least squares model for trend estimation
(GLST) of dose-response relationship, while Rehm et al. [8] used
linear regression and cubic polynomial regression analysis. The
GLST allows for effect modifiers to account for between-study
heterogeneity, and accounts for the fact that all cessation groups
have a common reference group [18]. It also allows estimation of
the full time period untl the alcohol-related elevated risk
disappears completely (i.e. extrapolation). Second, separate
analyses were conducted for laryngeal and pharyngeal cancers in
the current study, while Rehm et al. [8] pooled these and other
cancers as head and neck cancer. Finally, the current study
included four more studies [7,12,27,42] than Rehm et al. [8].

There was no evidence of heterogeneity in the studies of
laryngeal cancer. However, there was considerable between-study
heterogeneity in the studies of pharyngeal cancer. A significant
part of this heterogeneity was explained by two studies, both of
which were published before 2000 [27,28]; one did not control for
smoking [28], and the other did not use matching between cases
and controls [27]. It has previously been shown that there is an
interaction effect between smoking and alcohol consumption in
two forms: a multiplicative risk increase [31], and a higher chance
of quitting smoking after drinking cessation [32]. Hence, if a study
does not control for smoking, the alcohol cessation coefficient will
include the interaction effect and the slope is likely to be steeper
compared to studies that control for smoking; our results showed
that this was indeed the case. Regarding the increased risk after
drinking cessation in the non-matched case-control study, there is
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no specific reason to believe that the risk should increase or
decrease, and we think this is solely related to data in the study by
Takezaki [27]. However, as between-study heterogeneity re-
mained after controlling for these effect modifiers, a random-
effects model was used to capture the unexplained heterogeneity.

As all included studies were non-experimental studies, control
for potential confounders is important to estimate an unbiased
effect of cessation on the risk. While, some of confounders such as
age and smoking were controlled in the most studies, only two
recent studies [7,42] controlled for amount or length of drinking
prior to cessation. It is therefore not obvious that if these studies
estimated the unbiased average treatment effect of drinking
cessation on the risk of laryngeal and pharyngeal cancers.

As we focused on occurrence of first cancer, the results of
current study might not be applicable for the risk of recurrent
cancer among people who already had one. For example, Day
etal. [43] reported no risk reduction of second oral and
pharyngeal cancers associated with quitting drinking at or after
the diagnosis of first one. Estimating the effect of drinking
cessation on the recurrence of laryngeal and pharyngeal cancers
by a primary or secondary research study is a topic for future
research.

The main strengths of the current study are the use of an
appropriate method for capturing the dose-response relationship
which abled us to estimate the OR per every additional year of
cessation instead of estimating ORs for some time points after
cessation (as was done by Rehm et al [8]), and the inclusion of the
latest evidence on alcohol cessation and risk of laryngeal and
pharyngeal cancers.

The results of the current study should be interpreted with some
limitations in mind. First, the level, type, and length of
consumption prior to quitting have been shown to have an impact
on the risk of developing laryngeal and pharyngeal cancers [8,33—
36]. If these factors affect the risk decline after drinking cessation,
then the results of the current study may be biased depending on
the distribution of these factors among the former drinkers. On
one hand, it is most likely that complete quitters are biased toward
heavier consumption, which might mean that the current study’s
estimate of the time taken for the alcohol-related elevated risk to
completely disappear will be exaggerated for a light/moderate
drinker. On the other hand, heavy consumers might have a faster
risk decline due to their higher starting risk. The lack of data
makes it impossible to pronounce on this issue, which is therefore
left for future research. Second, all the identified studies were case-
control studies; these are susceptible to recall, information and
selection bias, which in turn may have affected the results of the
current study. Third, there are some other potential confounders,
such as body mass index and fruit and vegetable consumption,
which could be related to both risk of cancer and drinking
cessation. Data limitations hindered controlling for these con-
founders. Fourth, our estimated odds ratios for the risk of laryngeal
and pharyngeal cancers for current drinkers compared with never
drinkers was based solely on the studies identified for our meta-
analysis, which is not representative of all studies comparing these
two groups. This small number of studies resulted in a large
confidence interval in our estimation, and hence the external
validity of this specific estimation of the study is limited.

Conclusions

Our results indicate that cessation of alcohol drinking is related
to a reduction of the risk of developing laryngeal and pharyngeal
cancers, though a substantial time period is required in order for
the alcohol-related elevated risk to completely disappear. Howev-
er, a substantial risk reduction can be seen in the short term (5-10
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years), and drinking cessation should therefore be encouraged to
reduce the incidence of laryngeal and pharyngeal cancers.
Moreover, conducting large prospective studies in order to
provide more reliable estimations are suggested. Moreover,
estimating the effect of level and length of drinking before
cessation on the risk of laryngeal and pharyngeal cancers is
a question for future research.

Supporting Information

Figure S1 Dose-response relationship between years
since quitting and relative risks of laryngeal cancer.
Lines with long dashes show the 95% confidence interval for the
fitted nonlinear trend (solid line). Lines with short dashes show the
linear trend.

(TIF)

Figure S2 Dose-response relationship between years
since quitting and relative risks of pharyngeal cancer.
Lines with long dashes show the 95% confidence interval for the
fitted nonlinear trend (solid line). Lines with short dashes show the
linear trend.

References

1. Ferlay J, Bray F, Pisani P, Parkin D (2004) GLOBOCAN 2002: Cancer
Incidence, Mortality and Prevalence Worldwide IARC. CancerBase No. 5.
Lyon: IARC Press.

2. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, et al. (2010) Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 127:
2893-2917.

3. Gutjahr E, Gmel G, Rehm J (2001) Relation between average alcohol
consumption and disease: an overview. Eur Addict Res 7: 117-27.

4. Kjaerheim K, Gaard M, Andersen A (1998) The role of alcohol, tobacco, and
dietary factors in upper acrogastric tract cancers: a prospective study of 10,900
Norwegian men. Cancer Causes Control 9: 99-108.

5. Altieri A, Garavello W, Bosetti C, Gallus S, La Vecchia C (2005) Alcohol
consumption and risk of laryngeal cancer. Oral Oncol 41: 956-65.

6. Baan R, Straif K, Grosse Y, Secretan B, Ghissassi FE, et al. (2007)
Carcinogenicity of alcoholic beverages. The Lancet Oncology 8: 292-293.

7. Marron M, Boffetta P, Zhang ZF, Zaridze D, Wunsch-Filho V, et al. (2010)
Cessation of alcohol drinking, tobacco smoking and the reversal of head and
neck cancer risk. Int J Epidemiol 39: 182-196.

8. Rehm J, Patra J, Popova S (2007) Alcohol drinking cessation and its effect on
esophageal and head and neck cancers: a pooled analysis. Int J Cancer 121:
1132-1137.

9. Orsini N, Bellocco R, Greenland S (2006) Generalized least squares for trend
estimation of summarized dose-response data. Stata Journal 6(1): 40-57.

10. de Souza DL, Pérez MM, Curado MP (2011) Predicted incidence of oral cavity,
oropharyngeal, laryngeal, and hypopharyngeal cancer in Spain and implications
for cancer control. Cancer Epidemiol 35(6): 510—4.

11. Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PloS Med 6(7):
€1000097.

12. Takezaki T, Shinoda M, Hatooka S, Hasegawa Y, Nakamura S, et al. (2000)
Subsite-specific risk factors for hypopharyngeal and esophageal cancer (Japan).
Cancer Causes Control 11: 597-608.

13. Mukamal KJ, Rimm EB (2001) Alcohol’s effects on the risk for coronary heart
disease. Alcohol Res Health 25(4): 255-61.

14. Hamling J, Lee P, Weitkunat R, Ambuehl M (2008) Facilitating meta-analyses
by deriving relative effect and precision estimates for alternative comparisons
from a set of estimates presented by exposure level or disease category. Stat Med
27(7): 954-970.

15. Vittinghoff E, Glidden DV, Shiboski SC, McCulloch CE (2005) Regression
Methods in Biostatistics- Linear, Logistic, Survival, and Repeated Measures
Models. Springer, New York, USA, 340 p.

16. Deeks J (1996) Swot’s corner: what is an odds ratio? Bandolier 25: 6.

17. Freemantle N, Geddes J (1998) Understanding and interpreting systematic
reviews and meta-analyses. Part 2: meta-analyses. Evid Based Mental Health 1:
102-104.

18. Greenland S, Longnecker MP (1992) Methods for trend estimation from
summarized dose-response data, with applications to meta-analysis.
Am ] Epidemiol 135(11): 1301-1309.

19. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis.
Stat Med 21: 1539-58.

20. Normand ST (1999) Meta-analysis: formulating, evaluating, combining, and

reporting. Stat Med 18(3): 321-59.

PLOS ONE | www.plosone.org

Alcohol Cessation, Laryngeal & Pharyngeal Cancers

(TIF)

Figure S3 Assessment of publication bias for studies of
laryngeal cancer (graphs by time since quitting).
(TTF)

Figure S4 Assessment of publication bias for studies of
pharyngeal cancer (graphs by time since quitting).

(TTEF)

Table S1 Characteristics of studies of the risk of
laryngeal and pharyngeal cancer following drinking
cessation.

(DOC)

Author Contributions

Conceived and designed the experiments: AAK J] GG. Performed the
experiments: AAK GG. Analyzed the data: AAK JJ UG. Contributed
reagents/materials/analysis tools: AAK JJ] GG UG. Wrote the paper: AAK
1J GG UG.

21. Orsini N, Li R, Wolk A, Khudyakov P, Spiegelman D (2012) Meta-analysis for
linear and nonlinear dose-response relations: examples, an evaluation of
approximations, and software. Am J Epidemiol 175(1): 66-73.

22. Palmer TM, Peters JL, Sutton AJ, Moreno SG (2008) Contour-enhanced funnel
plots for meta-analysis. Stata Journal 8(2): 242-254.

23. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BMJ 315: 629-34.

24. Franceschi S, Levi F, Maso LD, Talamini R, Conti E, et al. (2000) Cessation of
alcohol drinking and risk of cancer of the oral cavity and pharynx. Int J Cancer
85: 787-790.

25. Hayes RB, Bravo-Otero E, Kleinman DV, Brown LM, Fraumeni JJF, et al.
(1999) Tobacco and alcohol use and oral cancer in Puerto Rico. Cancer Causes
Control 10: 27-33.

26. StataCorp (2011) Stata Statistical Software: Release 11. College Station, TX:
StataCorp LP.

27. Takezaki T, Hirose K, Inoue M, Hamajima N, Kuroishi T, et al. (1996)
Tobacco, alcohol and dietary factors associated with the risk of oral cancer
among Japanese. Jpn J Cancer Res 87: 555-562.

28. Martinez I (1969) Factors associated with cancer of the esophagus, mouth, and
pharynx in Puerto Rico. J Nat Cancer Inst 42: 1069-94.

29. Jarl J, Gerdtham U-G (2012) Time characteristic of risk reduction of
oesophageal cancer following alcohol cessation — a meta-analysis. Addiction
107(7): 1234-1243.

30. Heckley GA, Jarl J, Asamoah BO, Gerdtham U-G (2011) How the risk of liver
cancer changes after alcohol cessation: a review and meta-analysis of the current
literature. BMC Cancer 11: 446. Available: http://www.biomedcentral.com/
1471-2407/11/446. Accessed 2012 May 19.

31. Lee CH, Lee JM, Wu DC, Hsu HK, Kao EL, et al. (2005) Independent and
combined effects of alcohol intake, tobacco smoking and betel quid chewing on
the risk of esophageal cancer in Taiwan. Int J Cancer 113: 475-82.

32. Bird Gulliver S, Kamholz BW, Helstrom A (2006) Smoking cessation and
alcohol abstinence: what do the data tell us? Alcohol Res Health 29: 208-12.

33. Islami F, Tramacere I, Rota M, Bagnardi V, Fedirko V, et al. (2010) Alcohol
drinking and laryngeal cancer: overall and dose-risk relation—a systematic review
and meta-analysis. Oral Oncol 46(11): 802-810.

34. Tramacere I, Negri E, Bagnardi V, Garavello W, Rota M, et al. (2010) A meta-
analysis of alcohol drinking and oral and pharyngeal cancers. Part 1: overall
results and dose-risk relation. Oral Oncol 46(7): 497-503.

35. Hashibe M, Brennan P, Benhamou S, Castellsague X, Chen C, et al. (2007)
Alcohol drinking in never users of tobacco, cigarette smoking in never drinkers,
and the risk of head and neck cancer: pooled analysis in the international head
and neck cancer epidemiology consortium. J Natl Cancer Inst 99: 777-89.

36. Blot WJ, McLaughlin JK, Winn DM, Austin DF, Greenberg RS, et al. (1988)
Smoking and drinking in relation to oral and pharyngeal cancer. Cancer Res 48:
3282-87.

37. Altieri A, Bosetti C, Talamini R, Gallus S, Franceschi S, et al. (2002) Cessation
of smoking and drinking and the risk of laryngeal cancer. Br J Cancer 87: 1227—
29.

38. Balaram P, Sridhar H, Rajkumar T, Vaccarella H, Herrero R, et al. (2002) Oral
cancer in southern India: the influence of smoking, drinking, paan-chewing and
oral hygiene. Int J Cancer 98: 440-5.

March 2013 | Volume 8 | Issue 3 | e58158



39. Castellsague X, Quintana MJ, Martinot M, Nieto A, Sanchez M, et al. (2004)
The role of type of tobacco and type of alcoholic beverage in oral carcinogenesis.
Int J Cancer 108: 741-9.

40. De Stefani E, Brennan P, Boffetta P, Ronco A, Deneo-Pellegrini H, et al. (2004)
Comparison between hypopharyngeal and laryngeal cancers. I-Role of tobacco
smoking and alcohol drinking. Cancer Ther 2: 99-106.

41. Garrote L, Herrero R, Reyes R, Vaccarella S, Anta J, et al. (2001) Risk factors

for cancer of the oral cavity and oropharynx in Cuba. Br J Cancer 85: 46-54.

PLOS ONE | www.plosone.org

10

42.

43.

Alcohol Cessation, Laryngeal & Pharyngeal Cancers

Szymanska K, Hung R]J, Wunsch-Filho V, Eluf-Neto J, Curado MP, et al. (2011)
Alcohol and tobacco, and the risk of cancers of the upper aerodigestive tract in
Latin America: a case—control study. Cancer Causes Control 22: 1037-46.
Day GL, Blot W], Shore RE, McLaughlin JK, Austin DF, et al. (1994) Second
cancers following oral and pharyngeal cancers: role of tobacco and alcohol.
J Natl Cancer Inst 86(2): 131-7.

March 2013 | Volume 8 | Issue 3 | e58158



