Tabuchi et al.

2119

Table 2. Incidence rate ratios for SPC incidence according to drinking, smoking and joint behaviors, Poisson regression analyses

All SPCs Atcohol-related SPCs " Tobacco-related SPCs
Drinking and e i T
smoking behaviors . ) Adjusted Adjusted No. " Adjusted
at first cancer No. of cancer No. of IRRs* No. of IRRs! of the = IRRs?
diagnosis survivors (%) all SPC (95% Cl) the SPC 95% Cl) SPC (95% CI) -
Alcohot drinking
Never drinker 11,364 (40.9) 593 1 (reference) 206 1 (reference) 311 1 (reference)
(reference) : : S
Former drinker 3,139 (11.3) 255 1.25 (1.06-1.47) 117 1.77 (1.37-2.28) 179 1.43 (1.17-1.76)
Current light 9,642 (34.7) 677 0.99 (0.88-1.12) 262 1.15 (0.93-1.41) 471 1.12 (0.95-1.31)
.. drinker : : : : i : : ;
Current heavy 1,870 (6.7) 182 1.39 (1.15-1.67) 92 2.04 (1.55-2.70) 147 1.65 (1.33-2.05)
drinker
. Current drinker 1,747 (6.3) 77 1.03 (0.81-131) 25 0.98 (0.64~1.49) 55 1.37 (1.02-1.83)
(unknown : i k : S
amount)’
Tobacco smoking
* Never smoker 11,646 (41.2) | 492 1 (reference) 189 1 (reference) 226 1 (reference)‘ :
(reference) . i e o i
Former smoker 7,017 (25.3) 518 1.21 (1.03-1.41) 197 1.15 (0.90-1.47) 350 1.50 (1.22-1.84)
Current light 5,925 21.3) 460 1.49 (1.28-1.73) 189 1.53 (1.21-1.94) 334 2.03 (1.67-2.47)
smoker T i : ! ‘ L
Current heavy 3,208 (11.6) 305 1.80 (1.51-2.14) 124 1.65 (1.25-2.19) 244 2.59 (2.08-3.23)
smoker
~Current smoker 166 (0.6) 9 1.17 (0.60-2.28) 3 1.05 (0.33-3.31) 9 2.24 (1.14-4.40)
(unknown i : E : . R : s
: amount) .
Joint categories of drinking and smoking
Never-drinker/ 7,506 (27.0) 330 1 (reference) 129 1 (reference) - 148 1 (reference)
never-smoker ‘ ; : L : ;
(reference) :
Ever-drinker/never- 3,940 (14.2) 162 0.88 (0.73-1.08) 60 0.85 (0.62-1.17) 78 0.92 (0.69-1.22)
smoker
Never-drinker/ever- 3,858 (13.9) 263 1.21 (1.01-1.46) 77 0.95 (0.69-1.31) 163 151 (1.r17f1.94)
smoker : s ; G L
Ever-drinker/ever- 12,458 (44.9) 1,029 1.43 (1.21-1.69) 436 1.60 (1.22-2.09) 774 2.08 (1.65-2.62)
smoker
Never-drinker/ 7,‘506 27.0) k 330 1 (referenée) 129 1 (reference) - 148 1 (reference) -
never-smoker . : : ;
. (reference) . v ! e B
Current-drinker/ 3,340 (12.0) 138 0.89 (0.72-1.10) 51 0.87 (0.62-1.23) 71 1.00 (0.74~1.35)
never-smoker
Never-drinker/cur- 2,288 (8.2) 151 1.23 (1.00-1.53) 41 0.88 (0.60-1.29) - 90 1.49 (1.11-2.00)
- rent-smoker LT AR iRt : i ; S :
Current-drinker/ 6,464 (23.3) 557 1.52 (1.26-1.83) 247 1.77 (1.30-2.39) 441 2.36 (1.82-3.04)
current-smoker
Never—drinker/ 7,506 (27.0) . 330 1 (referénce) 129 1 (reference) 148 ‘1 (reference)
never-smoker : St R
‘(reference) : : ; i ; o : :
Heavy-drinker/ 166 (0.6) 13 1.81 (1.00-3.28) 7 2.62 (1.14-6.04) 8 2.35 (1.08-5.10)
never-smoker?
S 636 (2.3) 42 1.461(0.98-216) 9 -0.88 (0.40-1.92) 26 1.77 (1.04-2.98)
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Table 2. Inc:dence rate ratios for SPC incidence accordmg to drmkmg, smoking and joint behaviors, Poisson regressmn analyses (Continued)
i All SPCs Alcohol—related SPCs Tohacco-related SPCs
Drmkmg and ' o

smoking behawors s . 'Ad;usted

5 ,No. of cancer

; No. of

‘ ’AdiuSted,: ‘

at first cancer. ( IRRs?:
‘dlagnosw survivors (%) o allSPC - (95% Cl) i
Never—drmker/ k o k
heavy-smnker2 - : . £ -
Heavy dnnker/ 696 (2.5) 3.17 (2.19-4.61) 42
heavy-smoke?
,‘:Nev'er dﬁ'nke‘rl o

7,506 27.0)
‘never: moker Ny i e
(referen‘ )

2,945 (10.6)

Non -heavy ever
drinker/never-
smoker2

 saowa

heavy‘ever~ -
_smoker’ .

Non -heavy ever- 8,031 (28.9)
drinker/Non-
heavy ever-

smoker®

1 (eference)
0.87 (0.70-1.07)
122(1.00-1.48) ¢

1.31 (1.09-1.57)

4.34 (2.36-7.96)

0.88 (0.62-1.26)

453 1.82 (1.42-2.35)

1.62 (1.21-2.17)

260

!Adjusted for age groups and calendar periods at first cancer diagnosis, sex, stage, first cancer site, follow-up interval and drinking and smoking

(each other).

2When heavy categories were used, subjects with missing amount were excluded.

SPC = subsequent primary cancer; No. = patients number; IRR =
Bold = statistical significance of p < 0.05.

cohort.?® However, we should not recommend non-drinkers
to drink lightly on the basis of the results of this study, since
it was not an intervention and additionally because drinking
alcohol was certainly defined as a carcinogen (Group 1) by
the International Agency for Research on Cancer, and safe
levels of alcohol consumption for preventing carcinogenesis
have not been defined to date.?” Thus, to reduce SPCs inci-
dence among cancer survivors, it may be necessary (i) to
reduce or stop alcohol use, (ii) to stop smoking tobacco and
(iif) dual users (especially heavy users) should be treated as a
high-risk population for behavioral-change intervention in
the future.

In the independent model (without interaction term), heavy
and former drinkers had significantly higher risk for SPCs than
never drinkers, regardless of first cancer sites, after adjustments
for covariates including smoking, while light drinkers did not.
In contrast, all tobacco smokers showed higher risk for SPCs
than never smokers, regardless of the smoking intensity, after
adjustments for alcohol drinking and others. These findings
confirm previous evidence and add a novel aspect about the
risk of alcohol and tobacco use for SPCs, because the risk of
alcohol consumption and smoking intensity had not been eval-
uated in previous studies of comprehensive cancer patients,"**
and, furthermore, there were no data for.the interaction
between drinking and smoking on SPCs, even in previous stud-
ies for breast and, head and neck SPCs.*'"?® In our previous
study, which focused on smoking,14 ex-smokers showed 20-
30% less risk for SPCs than current smokers. The results sug-

incidence rate ratio; Cl = confidence interval.

gested that smoking cessation may decrease the risk for SPCs,
although this suggestion was based on the counterfactual inter-
pretation from an observational study. In the current study,
heavy drinkers showed higher risk for SPCs, especially for
alcohol-related SPCs, than never drinkers. We also assume
they show a higher risk than light drinkers, then, the compara-
tive results of "light drinker versus heavy drinker" are analo-
gous to the above-mentioned results from smoking categories
in a previous study.'* Thus, the findings of the current study
also suggest that reducing alcohol use may decrease the risk for
SPCs among cancer survivors. However, we should interpret
this finding carefully, because this is an observational study
with possible unmeasured confounding. Furthermore, the risk
for drinkers did not appear in a complete dose-dependent
manner: ie., current light drinkers shawed less risk for SPCs
than former drinkers. Many abstainers might stop drinking
because of their alcohol-related health problem such as
alcohol-related cirrhosis or genetic predisposition like
aldehyde-dehydrogenase-2 deficiency.?® Characteristics that
were not measured in the study, such as comorbidity and
genetics, might differ between current heavy, light, former and
never drinkers.

The SPC risk might differ according to first cancer sites
(Supporting Information Table S6), although the small sam-
ple size made the statistics unstable. According to the com-
bined categories of first cancer sites, cancer survivors of both
alcohol- and tobacco-related first cancer site (i.e., mouth/
pharynx, esophagus, liver and larynx) showed higher risk for
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Table 3. Incidence rate ratros for SPC incidence accordmg to dnnknng, smokmg and the interactions, Pmsson regression analyses

CAlL SPCS & 5

A[cohol—related:SPCs Tabacoo related SPCs

* Drinking and -
- smoking - No(%)of 5 o ¢ )
" behaviors at first . cancer ;‘Adiusteday; No. of il Adjusted b No.nf Adjusted
“cancer diagnosis survivors IRRs1(95% C) . the SPC  IRRs' (95% C) the SPC  IRRs® (95% (o)
Never drinker 11,364 (40.9) 593 1 (reference) 206 1 (reference) 311 1 (reference)
(reference)
CEverdrinker  16,398(59.1) 1,191 088 (073-1.08) 496  085(062-1.17) 852 092 (0.69-1.22)
Never smoker 11,446 (41.2) 492 1 (reference) 189 1 (reference) 226 1 (reference)
(reference)
j,Ever smoker 16,316 (588) 1,202 121 (1.01-1.46) 513  095(0.69-1.31) 937 151 (1.17-1.94)
Ever drinker and 12,458 (44.9) 1,029 1.33 (1.05-1.68) 436 1.97 (1.33-2.92) 774 1.50 (1.08-2.09)
ever smoker
(interaction
term)
Never drinker 11,3‘64(1@0;9) o593 ,1'(reference)\ 206 ‘ ;,1‘ (referenjte) Rt 1‘\‘(referen¢e).ll j '
~ (reference) L o r ~ St
Current drinker 13, 259 (47 8) 936 0.89 (0 72— 1 10) 379 0. 87 (0 62 1 23) 673 1 OO (O 74 1 35)
fNever smoker .. 11 446 (41 2) 400 . 1 (reference) Co189 1 (reference) 226 1 (refe 'nce}
. (Geference) e , L : Gl : ~
Current smoker 9, 299 (33 5) 774 ’1.23 (0.99—1.53) 316 0.88 (0.60—1.29) 587 1 49 (1 11 2 00)
Current drinker 6,464 (23.3) 557 1.38(1.05-1.81) 247 231 (1.45-3.68) 441 1.58 (1.09—2 28);
~and current : : Sl e SRS s s ,
~smoker (inter-
“a‘ctron‘term) - F i L o s [
Never drinker 11,364 (40.9) 593 1 (reference) 206 1 (reference) 311 1 (reference)
(reference)
Heawy drinker 1,870 (67) 182 1.81(1.00-328) 92 262 (1.14-6.08) 147  2.35(1.08-5.10)
Never smoker 11,446 (41.2) 492 1 (reference) 189 1 (reference) 226 1 (reference)
(reference)
Heavy smoker 3208 (11.6) 305 146 (098-2.16) 124  088(040-1.92) 244 177 (1.04-2.98)
Heavy drinker 696 (2.5) 84 1.20 (0.60-2.39) 42 1.89 (0.64-5.58) 72 1.21 (0.50-2.92)

and heavy
smoker (inter-
action term)

*Adjusted for age groups and calendar periods at first cancer diagnosis, sex, stage, first cancer site, follow-up interval, drinking, smoking and inter-

action term.
SPC = subsequent primary cancer; No. = patients number; IRR =
Bold = statistical significance of p <0.05.

SPCs than those of neither related cancer sites, even after
adjustment for individual alcohol and tobacco use at first
cancer diagnosis (Supporting Information Tables S2-S3).
From an etiological point of view, patients with cancer of
these sites were considered to have high alcohol and/or
tobacco consumption before the cancer diagnosis. Because
the data at the time of diagnosis could only capture a partial
aspect of time-dependent drinking and smoking behaviors,
our categorization might underestimate the potential long-
term effect of alcohol and tobacco use. For example, former
heavy use over the course of a lifetime could not be adjusted
for. To determine an individual risk for SPCs, appropriate
assessment of lifetime consumption of alcohol and tobacco

Int. J. Cancer: 137, 2114-2123 (2015) © 2015 UICC

incidence rate ratio; Cl = confidence interval.

might be necessary, especially for cancer survivors of alcohol-
and tobacco-related sites.

There are several limitations of this study. First, because
self-reported alcohol and tobacco consumption can be unreli-
able due to the changeable nature of drinking and smoking
habits or underreporting: i.e., we did not consider behavioral
changes after the initial diagnosis of cancer,”® the analyses
may produce a conservative result. Furthermore, there were
differences in drinking and smoking patterns between joint
categories: e.g., the proportion of heavy drinkers was higher
among ever-drinker/ever-smoker (13.7%) than among ever-
drinker/never-smoker (4.2%). Such differences were not
adjusted for in the analyses using joint categories and
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Table 4. SIRs, EARs and Poisson regression results for specific SPC according to joint behaviors (ever-drinker/ever-smoker vs. never-drinker/

never-smoker)

Siteof SPC ' SIRs (95% CI)

Mouth/ 7 1.73 (0.69-3.56) 2.9

pharynx'?
Esophagus’? 2 28
Stc:macvh2 11.2
Liver'? 33 41,783 31 22 (0 84— 1 71) 5.9

1 27 (o 68—2 17) 2
1.06 (0.57-1.82)

42,835.2

40,613.8

Uterus 15 37,825.2

Prostate 6 42,659.8
i ‘KJdney/urm 16 41,
~tract/

~ bladde?” o ;
Thyrmd 15 41, 183 2 3.64 (2.04-6.00) 10 9
Blood 24 41,1248 1.97 (1.26-2.93) 118
Other 14 417195 109 (0.60-18) 1.2

60 53,460.7

189

35 546951
27 54957.2

4. 38 (3.34-5. 63)

463 238 063689
Sugts dsomsm w5 wacsre
443648 178 (154-2.06) 831 139 (0.90-215)
S
118 52, 133 (L10-159) 290 147 0.86-251)
11 569085 0.65(032-1.16) —60  0.24 (0.08-0.67)

1.84 (0.80-4.21)
| 254 (0.37-17.28)
3.13 (1.95-5.02)

133 (0.92-186) 8.4
313 (1.94-4.79) 143

0.27 (0.07-0.96)
082 (0.42-161)
0.85 (0.35-2.09)

1.64 (0.53-3.82) 1.9
130 (0.91-181) 81
1.03 (0.68-1.50) 0.9

56 430 5

*Alcohol-related cancer sites.
2Tobacco-related cancer sites.

3Results for ever-drinker/ever-smoker vs. never-drinker/never-smoker (reference).
“Adjusted for age groups and calendar periods at first cancer diagnosis, sex, stage, alcohol-related first cancer site, follow-up interval and the joint

category.

SIR = standardized incidence ratio; EAR = excess absolute risk; SPC = subsequent primary cancer; IRR =

val; No. = patients number; NA = not applicable.
Bold = statistical significance of p < 0.05.

interaction terms. Because the examination of combinations
of and interactions between drinking and smoking was lim-
ited in the current study, further investigation is required in
the future”® Second, drinking and smoking may be associ-
ated not only with each other, but also with other risk-taking
behaviors such as use of other addictive substances, unheal-
thy diet and little physical exercise.”® This may lead to an
overestimation of the results. Third, because the statistical
methods used in the study censored patients at the time of
death, competing risks such as death from other diseases
were considered in the analyses.” However, bias due to compet-
ing risks was not completely eliminated: i.e., there might be
underreporting of subsequent cancers related to competing
risks from comorbidity conditions and shortened life expectan-
Fourth, although we used all, alcohol-related and
tobacco-related cancer sites, other categorizations such as
both-alcohol-and-tobacco-related sites might be also appropri-
ate for evaluating the joint effect of alcohol and tobacco use.

cies’®

incidence rate ratio; Cl = confidence inter-

We may need to consider this approach in a separate analysis.
Fifth, all cancer survivors may undergo more intense screening
efforts after the initial cancer diagnosis. Screening bias of this
nature may have resulted in overestimates of second primary
cancers among these cancer survivors.”® Last, although the
large sample size is a strength of this study, this is an
institution-based cohort. Despite these limitations, this study
may have a strength: because a randomized trial to assign peo-
ple to drink alcohol is not feasible as well as those to make peo-
ple smoke tobacco, we have to base our best judgment on
observational data such as that collected in this study.”*

In conclusion, because the joint effect of alcohol and
tobacco use on subsequent cancer incidence had been clearly
evident in the general population and cancer patients of lim-
ited sites such as wupper aerodigestive tract and
breast,5#1%?>2® our research only additionally confirmed the
evidence among comprehensive cancer survivors. However,
these two modifiable lifestyle factors remain highly prevalent
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even in cancer patients who are often hospitalized and in
contact with medical professionals; thus our findings will
reinforce the necessity for medical facilities to provide sup-
port for patients to adapt their lifestyles.
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