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ABSTRACT

Gastric cancer represents the fifth most commogeraznd the third leading cause
of cancer death over both sexes worldwide, withoskmi million cases and over 700
000 deaths estimated in 2012. The presence of dielater Pylori is a key
determinant of gastric cancer. However, other factincluding familial, genetic,
environmental and social characteristics appealdo have a role in the etiology of
this disease. Tobacco smoking has been associatiednereased risk of morbidity
and mortality from many diseases and for gastriocea Various epidemiologic
consortia have been established on several caboénsot yet on gastric cancer. A
pooled-analysis of worldwide case-control studiesynallow to investigate indebt
gastric cancer etiology. Particularly, this largataget will allow us to better
investigate life style characteristics includindp@aoco smoking, in relation to gastric
cancer. The Stomach cancer Pooling (StoP) Prcggeant international epidemiological
consortium. The inclusion criteria for study pagation are: a case-control study
design (including nested case-control analysesvel@rirom cohort study) and an
inclusion of at least 80 cases of gastric cangealding both cardia and non-cardia
location). The aim of my project is to conduct aleol analysis on data from already
available international studies, on the role ofammdm smoking in the etiology of
gastric cancer in particular, the number of cigeeetfper day and the duration of

smoking, using adequate statistical approaches.

During the first year of the PhD program, my propes focused on the two-stage
analysis. This method is used to analyze metaysisahnd could be applicable in a
case of pooled case-control analysis. The firgt efeehe method consists in calculate
adjusted study-specific odds ratios (OR) in orderovercome differences across
studies in terms of design or population. The sdaiap consists in summarize these
study-specific risks using meta-analytic methodsicivhtake into account the
heterogeneity across studies. During my second géaPhD program, | studied
various statistical methods regarding the analgéison-linear continuous variables.
In addition to transform continuous variables itegary, | considered more flexible
approaches including fractional polynomials. Durmyg third year of PhD program, |
focused my research on a way to adapt these Iaetstods to the analysis of pooled

case-control studies. In particular | chose to fastional polynomials in a two-stage
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method due to their simple interpretation and alscause their estimates can be easily

pooled through a two-stage analysis.

The first step analysis is to perform a fractiopalynomial for each study. For
each value of the power term (or couple of poweansefor the second-order fractional
polynomials), the second stage of the model isoperd. The pooled dose-response
relationship is estimated according to a bivarratedom-effects model. The estimate
of the trend components could be obtained usingrictesd maximum likelihood
(REML) or maximum likelihood (ML) estimation. Theecond-stage model is fitted to
the data considering each combination of the pderens. The best model, denoted by
the optimal power combination is defined as the mm@&mizing the deviance or the
Akaike Information Criterion (AIC), a penalized ékhood which takes into account

the number of parameter.

We analyzed data on 21 studies including 10,04@scasd 25,602 controls. To
investigate the relationship between tobacco sngpo&imd gastric cancer risk, we first
used a classical method, building categories ofkemsol) in terms of quantity; “never
smokers”, “<10 cigarettes per day”, “Between 112 cigarettes per day”, “>20
cigarettes per day” and 2) in terms of smoking tiona “never smokers”, “<10 year
of smoking”, “Between 11 and 30 years of smokin¥30 years of smoking”. We
analyzed these variable with a two-stage method fi$k significantly increase with
the number of cigarettes per day to reach an OR.29 (95% CI 1.06-1.57 )for
smokers of more than 20 cigarettes and, with dumat reach an OR of 1.32 (95% ClI
1.17-1.49) for smokers smoking for more than 30ryeampared to never smokers.
These effects of increasing risk are confirmed lkifjeiént statistical models of
analysis including linear model and fractionalymaimials, considering the number of

cigarettes per day and the duration as a continuaigble.

Results from our analysis confirm that there isagsociation between cigarette
smoking and gastric cancer risk. This risk increaseh the number of cigarettes and
the duration of smoking. These effects of increggisk are confirmed by different
statistical models of analysis including linear mledand fractional polynomials,

considering the number of cigarettes per day aeditination as continuous variables.



To our knowledge this is the first study using fi@gal polynomials through a
two-stage random effect methods for pooled casé&a@ostudies. Through this method
we were able to take into account study-specifigusichent variables and
heterogeneity across studies thanks to mixed effexteling. Categorization has the
advantage of a simple epidemiologic interpretatiod presentation result. However it
assumes that the relationship between the riskisdade and the exposure is flat
within intervals and also that there is a discantinin response when a category
cutpoint is crossed, which is unlikely realisticorGidering exposure variables may
avoid these limitations. The relationship betwegarette smoking and gastric cancer
risk may be discerned from the categorical analysis the analysis of the variable in
continuous through polynomials brought additionaformation in particular to

understand the possible threshold and possiblegelsan slopes.
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[. INTRODUCTION AND BACKGROUND

Gastric cancer represents the fifth most commorceraand the third leading
cause of cancer death over both sexes worldwidh,almost 1 million cases and over
700,000 deaths estimated in 2012[1]. Gastric cancétence rates vary widely across
different regions of the world and between men aoden. The majority of gastric
cancers were reported in developing countries (@B@0,000 cases and 550,000
deaths). The highest age-standardized incidenes (&SR) for gastric cancer were
found in Eastern Asia (24.2 per 100 000), Centnal Bastern Europe (13.5 per 100
000) and South America (10.3 per 100 000) and diaeest in North-America and in
Africa. Comparing genders, rates are 2- to 3-fohiigher in men than women
(worldwide ASR incidence respectively 17.4 andpeb 100 000 in 2012) [1].

[ No data [ Not applicable

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data source: GLOBOCAN 2012 f World Health
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, Map production: IARC W Organizaﬁon
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines World Health Organization SN

for which there may not yet be full agreement. © WHO 2015. Al rights reserved

Figure 1: Estimated stomach cancer incidence wadkehm 2012 in men
(Source Globocan 2032))
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The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data source: GLOBOCAN 2012

@) World Health
5 i . 0}

on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, Map production: IARC R ,'/,l‘,‘/ Orgamzaﬂon
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines World Health Organization SN

for which there may not yet be full agreement. © WHO 2015. All rights reserved

Figure 2: Estimated stomach cancer incidence wadiehim 2012 in women
(Source Globocan 2012])

Over the recent decades, gastric cancer mortabiesr steadily declined
worldwide [2] and although the reasons for theséliges are not fully understood.
Almost certainly, the reasons of these declinekidea more varied and affluent diet
and a better food, including refrigeration as veasithe control ohelicobacter pylori

(HP) infection, a key determinant of gastric cancer [3].

Other factors appear to have a role in the etioloigihe disease [4] some are not
modifiable such as age and sex whereas others, asiemoking andiP infection,
potentially are and prevention can be made indhattion.

Regarding the effect of diet, in 2007, the Worldh€@a Research Fund and the
American Institute for Cancer Research (WCRF/AlGRhcluded that non-starchy
vegetables, allium vegetables and fruit probablytgmt against cancer, and that salt
including salted and salty food increases the afsffastric cancer [5]. A meta-analysis
of studies on dietary patterns (defireegriori, i.e.,on the basis of specific data under
consideration) found an about two-fold differencegastric cancer risk between a
dietary pattern characterized rich in fruit and etafples and an another one
characterized rich in starchy foods, meat and [&}s The detrimental effects of
processed meat and grilled animal has also beagestegl by the WCRF/AICR [5].

-12 -



Tobacco smoking is an established risk factor ohynaancers and chronic
diseases. In particular, in the last years, sevstatlies confirmed a positive
association between smoking status and gastricecddt Two recent meta-analyses
considering 32 cohort studies [8] and 46 case-obstudies [9] showed a significant
increasing risk of gastric cancer of 53% and 69@spectively, in current smokers
compared to never smokers. A recent study estintated/orldwide burden of gastric
cancer attributable to tobacco smoking in 2012, fandd a median of 19.5% for men
and 3.0% for women [10].

Risk of gastric cancer was also reported to inereagh increasing doses and
duration of cigarette smoking. The meta-analysiscatiort studies [8] showed an
increasing trend in risk with a relative risk (RRrying from 1.3 for the lowest doses,
to 1.7 for 30 smoking cigarettes per day. A sigaifit trend in gastric cancer risk with
increasing duration was reported in the Europearediigation into Cancer and
Nutrition (EPIC) [11] and the Multiethnic Cohort @&C) study [12]. Similarly, a
recent meta-analysis considering 10 studies onmigasirdia adenocarcinoma reported
an over two-fold risk for smokers of more than 4@ars compared to never smokers
[13].

Risk has been generally found to be lower in forsraokers compared to current
smokers and seems to decrease with increasing \gace stopping smoking,

although none found statistically significant deesponse relationships [7, 11, 14-17].
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Figure 3: Joinpoint Analysis for gastric cancersiglected countries at all ages (men and
women), 1980-2005 (when available). Méa-J' ; Women Q9—9

(Source Bertuccio et al. International JournaCahcer 2009 [2])

Various consortia of epidemiological studies hagerbestablished during the last
two decades, to pool and analyze data on risk fadtwr breast, ovarian, head and
neck, pancreatic, thyroid and other neoplasms. & hiswed to identify, and to better
guantify the role of important risk factors for wars cancers [18, 19]. Because of
larger sample sizes, it also offers to considemomoon exposure, rare diseases, and
lead subgroup analyses with greater statisticalgpa¥van is possible in individual
studies (ref Smith-Warner). However, a similar povjhas not yet been conducted for
gastric cancer. A lot of large case-control studoes this neoplasm have been
conducted over the years, and a concerted strdtegthe joint analysis of these

investigations may allow new insights on gastricaea etiology.

The aim of my PhD was to work on a consortium adeceontrol studies on
gastric cancer, helping in the management of thgepr (creation of the core
variables, harmonization of the datasets and mpaation of international meeting) and

conducting analyses on risk factors using adecgtatestical approaches.
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During my first year of PhD, | studied the two-stagethod. This method is often
used to analyze meta-analysis and could be ap@itala case of pooled case-control
analysis [20, 21]. The first step of the methodsists in calculate adjusted study-
specific odds ratios (OR) in order to overcomeatdhces across studies in terms of
design or population. The second step consistarmmsarize these study-specific risks
using meta-analytic methods which take into acctlumheterogeneity across studies.

During my second year of PhD, | studied differeppr@aches to analyze continuous
risk variables. The standard approach is to caiegdne exposure but it exists other
methods avoiding cutpoints including non paramatrnethods (such as generalized
additive models) or parametrical methods using éeample fractional polynomial

regressions or regression splines.

During my third year of PhD, | focused my reseaoctha way to adapt these latest
methods to the analysis of pooled case-controliesudn particular | chose to use
factional polynomials in a two-stage method duth®r simple interpretation and also

because their estimates can be easily pooled thraigyo-stage analysis.

-15 -



II. STATISTICAL APPROACH FOR STUDYING CONTINUOUS RISK
FACTORS IN A CONSORTIUM OF CASE-CONTROL STUDIES

In these pooled data analyses, we will study tHecefof risk factors on the
occurrence of gastric cancer. The standard apprfmacthe statistical analysis is to
conduct aggregate analyses, using data as a udajaset and to estimate odds ratio
and corresponding 95 % confidence interval usindtivauwiable logistic regression
adjusted for the variable identifying the study aother potential confounding

variables.

However, in this case, some problems arise thaafgregate analyses cannot take

into account.

In fact, there is a problem of correlated or cliestiedata:

The binary outcome variable is observed gr@up or acluster
Each members of the group is correlated with therainembers of the same group
Each group could have its own specific variables

The variability across groups is high

Not grouped data Grouped data

To take into account this information, one of tippraaches that could be used is the
two-stage analysis methodThis method is often used to analyze meta-arsabysd
could be applicable in a case of pooled case-coaaysis [20, 21].

-16 -



The two-stage method is an approach that consistsstimating the effect of a
uniformly-defined exposure variable within eachdstuand then combining these

estimates across studies.

1. The two-stage analysis

1.1. The logistic regression model

We consider k studies (k=1,..., K). The first steptlod two-stage method is to
perform a logistic regression model for each stddye logistic regression describing
the effect of the exposure X on the disease, thelharacterized by the presence (Y=1)
or the absence (Y=0), adjusting for Z, a confouridat may differ across studies. The

model is written as,

Logit (P(Y = 1| X, Z) =0k + BiXik + YkZik (1)

where J: stratum of study {j=1,..kp
k: the identification of the study {k=1,...,K}

i individual cases and controls {i=1,.xh
o intercept
B: the parameter estimated for X

y: the parameter estimated for Z

The exposure X is uniformly defined across studiemsyever, the confounders hay
be specific to a particular study and may varyefirdtion across studies. To simplify

we assume only one confounder per study but tleasdy generalized to more.

-17 -



The logistic regression can be performed with tA& Software (SAS Institute Inc,
Cary, NC) using the®bc LOGISTICprocedure.

1.2. Test of homogeneity

To choose the adequate model of the second stitye dfvo-stage model, a test of
homogeneity between the studies is required. dwallto evaluate the consistency of

exposure effects across the studies.

The hypothesis of the test of homogeneity is:
Ho: B1=P2=...=P«

Hi: At least one of th@ is different

Under the null hypothesis t the test statisticagred by:

Q=YK wi (B — B)? (2)
where f = By Wi P and w, = —
z:£=1Wk . i

In particular,ﬁ is the estimation of the pooled exposure log-odatso rand oy?

represents the within-study variation of ﬁﬁe

The Q test statistic follows a Chdistribution with k-1 degrees of freedorf) ~
2
Xk—1-
When there is homogeneity of exposure effects acstglies, we can assume that the
variance across studie§? is null @2 = 0) and exposure effects can be estimated

througha fixed effect model

A high value ofQ indicates a high variability across studies ancenvithe null
hypothesis is rejected, it means that exposurectsffare not homogeneous between
studies; in this case, the pooled-exposure eféegénerally estimated usiagandom

effect model
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1.3. The fixed effect model

The fixed effect model is generally used when thgosure-effect is not different

across studies. The second stage of the modefireed by
L= [+ ex with Sr~N (5 O’,?)and ex~ N (0, O’,?)
Thus, the pooled-exposure effect is a simple weigjlatverage of thx

K
p = W with weights w;, equal to the inverse of the variance, w;, =
k=1"k
L _ 1
var(Bk)  o%’

The variance of the pooled effgtcts equal toVar(B) = 0 !

ZIIS=1 wi)

The sample estimates of the above quantities are:
g = Ziéz1 Wi B with W, = = (3)
K W e

1.4. The random effect model

The random effect model is generally used whenettposure effect is different
across studies. This supposes that the pooled-aseeffect Sk varies across studies

around the real paramef@mwith a variancé? according to the second-stage model:

Li= [+ bk + ex with Bk~ N (B, 6 + 6%) (4)

where [ is the pooled exposure log-odds ratio

bk are random effects wittk~ N (0,6?)
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0%represents the variability of the study-specifip@sure effectsbx

about the population megh
exare independent errors wigh~ N (0,04?)
ok’ represents the within-study variation of fhe

The estimation of the pooled-exposure effcis the weighted average of tifk |

weighted by the inverse marginal variance ofghas follows:

5 _ ko1 Bi , ~ _ 1
p = Ko, with Wy = 57402
(5)
and va) = !
Zlk<=1wk

To compute the estimation of the pooled-exposurecgfan estimate of the random
effects variance is required. Two methods are fatly used: themoment

estimation and thepseudo-maximum likelihood

The variance’? of a random effects model is a measure of therbgémeity across

studies (a fix effects model is a particular cabensd? = 0)

- The moment estimation 0f@2

The moment method compares the observed and egpetees of th&) statistic
[20].

Q=Xro1 Wi (Bk - 3)2
Thus,E(Q) = E[ Xi=q Wy B — P4
= YK wiE(B2) — X5, w E(f?)

— ) K _Zlk(=1WI%
_k—1+9 [Zk=1Wk Z—Iklek]
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=Q

The estimation of¢? can be derived resolving the equation above and

0 if
5 -
0 ifg<0
Where 8 = < _K(k_lz) (6)

Y4 W
Zg:ka_( = k/ZfﬂWk)

WhereQ andwi are described above. This estimator is unbiasddan-iterative.

Since the moment estimation 6f and the calculation o and# require matrix

calculations, the SAS procedurrdZ IML can be used.

- The pseudo-maximum likelihood estimation of?

The approach used to estimate the varid@id®y the maximum likelihood is the

restricted maximum likelihood (REML) method.

The estimator REML 062, , is:

L \2 2 72
o Sh=1(Br=Bw) (51%+9?r))
0641y = 62 ( | ) (7)
z:Ik<=1<a£+§(r))

Where[;’(r) is recomputed at theh iteration from (5)
60y =~ Zk (B — ,[?)2 — 67] is an initial estimate dof?

,[?(O) ZZ‘”—%‘, the weighted average of the study-spedfficis an initial
k=1

estimate of§

To obtaing, on first compute;ﬁ(o) andé(zo) and then iterates between comput&fg

and,[?(r) until convergence.
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These estimations can be performed with the SA8epiure ROC MIXED.

Among all risk factors considered in the StoP mbjesome variables can be
continuous. The standard approach to model conimudsk variables is 1) to
categorize the exposure into two or more categomesating dummy and then
calculating the effects using one category as eafa¥ group or 2) using a linear model
to describe the relation between exposure and teffdese methods present the
advantage of a simple epidemiologic interpretatian include a loss of statistical
efficiency and important errors in particular ietmeasured relation is not linear.[22]
The approaches to overcome limitations related hiesé methods can be non-
parametric (such as generalized additive models)parametric,i.e. fractional

polynomial regressions or regression splines.

During the third year of PhD, | decided to put anpbasis on the analysis of the
effect exposure variable measured on a continucaige shrough a two-stage analysis

using as reference a methods developed on metgsanaf published data [23].

| focused this analysis on fractional polynomiakcduse in the epidemiological
context it is a simple but flexible approach. | tasted it with the traditional analysis
using categories.

2. Fractional polynomials through a two-stage analysidirst step

We consider k studies (k=1,..., K). The first steptbé two-stage method is to

perform a logistic regression using fractional magials for each study.

Fractional polynomials were developed by Roystod @&ftman [24] to look for

nonlinearity. They are an extension of polynomialsere the exponents can be
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negatives and/or integer and are usually chosem tiee predefined set P={-2;-1;-
0.5;0;0.5;1;2;3}.

2.1. First order fractional polynomials

The polynomial is characterized by

FPix = ap + BrXi? + viZy

where X the exposition variable
Z the confounders
k: the identification of the study {k=1,..., K}
o intercept
y: the parameter estimated for Z

B: the parameter estimated for X
p the power term, g P={-2;-1;-0.5;0;0.5;1;2;3} with

<P = {Xp ifp#0
~ lnX ifp=0

For example,

p1=2 the model is A2 Bo+ P1 X2

p:= 0 the model is replace by EPo+ p1InX

Hence, there are 8 different first-order fractiopalynomials (FP1) models.

For p=1, the linear model is generated. From trezlgiined set P, some important
transformations are generated such as the invprsé)( the squared root (p=0.5), the

logarithm (p=0) and the quadratic (p=2) transfoiorat
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2.2. Second order polynomials

Second order polynomials are defined as follows

m
FPpk = a + Zﬂjkxkpj + il
Jj=1

where m the degree of the fractional polynons#al.j.m
k: the identification of the study {k=1,..., K}
o intercept
B: the parameter estimated for X
X the exposition variable
y: the parameter estimated for Z
Z the confounders
p the power terms,;jg P={-2;-1;-0.5;0;0.5;1;2;3} with
XPJ ifp#0
XPi = InX ifp=0
XPIInX ifp; = pj_s
For example,
if m=2, m=1 and p=2 the model is FP2f+ 1 X + P2 X2

if m=2 and p= p2 the model is replace by FEPBo+ B1 XP + B2 (XP In X)

Hence, there are 36 different second order fraatipolynomials (FP2) models. In
practice, it has been observed that it is rarebessary to consider degrees higher than
2 so we considered the second-order fractionalnmoiyal for the rest of this report.
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Second order fractional polynomials can be mongctamm unimodal (i.e. with a
maximum or a minimum point for some positive vabieX). The value of X for the

minimum or maximum point of the function, can beided from the formulae given

in the Table 1.

Table 1. Minimum or maximum point for second order fracabrpolynomials based on the
power (pl ; p2) values and the model estimafds; 62). r= -B1/p2.

Powers value p1=0 pZ0
p2=0 (pZp1) A (rpy) /P
p2#0 (p2£pl) (r/py) /P2 (rpy /py) Y/ ®2=PD)
pz=pl exp(r/2) exp(r = 1/py)

Models generated with the second-order fractiomdyrmmial technical are ranging

from U-shaped to J-shaped relationships

(-2,1) (-2,2)

Figure 4: Some examples of curve shape with sedegdee fraction polynomials

with p1=-2 and pvarying from -2 to 1.

The confounders WZmay be specific to a particular study and may vargefinition
across studies. To simplify, then we assume onég/anfounder per study but this is

easily generalized to more.
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3. Fractional polynomials through a two-stage analysissecond step

For each value of the power term (or couple of poteans for the second-order
fractional polynomials), the second stage of thelehcs performed.

The pooled dose-response relationship is estimatambrdingly to the bivariate

5=+ G+ ()
WRI(WESES

random-effects model:

Where wiandyp are the pooled trend component
ot is the within study variance matrix of th8 &tudy

92 is the between-studies variance matrix that hadeoestimated:
2 = (o) covlinia))
cov (g, i) var(u,)

erand e are independent error wit 22’;) ~ N(0,0%)

The estimateu=(u1, u2) of the trend component: and p2 could be obtained using

restricted maximum likelihood (REML) or maximumeilikhood (ML) estimation [25].

The second stage model is fitted to the data dernsig each combination of the
power terms. The best model, denoted by the optpoaler combination @ p) is
defined as the one minimizing the deviance or thailke Information Criterion

(AIC), a penalized likelihood which takes into aanbthe number of parameter .

Finally the expected log(OR) at exposure lexelan be estimated from the optimal

model as
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log(OR) = p1xPt + ppxP?
with a 95% confidence interval equalltg(OR) + 1.96 \/tycov(W)X
where X = (xP1, xP2) the power transformation for the assigned dose
tx is the transpose of X
cov() = (Tko (e + 7))
where T is the estimated 6, the between-studies variance matrix

vj is the estimated 0{7]-2, the within study variance matrix of th® |

study

These estimations can be performed with the SA8epiure ROC MIXED.

As a strategy for selecting the best model theotalhg selection procedure is
proposed [26, 27]

1. Overall association

Test the best FP2 model against the null modeguéidegrees of freedom. If the
test is not significant, it means that the effeicti® exposure is not significant.

The analysis can stop at this point.

2. Evidence for non-linearity

Test the best FP2 model against the straight kmegu3 degrees of freedom. If the
test is not significant, it means that the relaglop between the risk of disease and

the exposure, is linear. The final model is a gtraline.

3. Test the best FP2 against the best FP1 using 2eegf freedom. If the test is
not significant, the final model is FP1, otherwike final model is FP2.

We elaborated a SAS macro for both first-order sexbnd order polynomial through

a two-stage analysis.
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Ill. DESCRIPTION OF THE StoP PROJECT

The Stomach cancer Pooling (StoP) Project is agrnational epidemiological
consortium. The inclusion criteria for study papation are: a case-control study
design (including nested case-control analysesvelrirom cohort study) and an
inclusion of at least 80 cases of gastric cangealding both cardia and non-cardia

location).

To date, 34 studies from 14 countries agreed tocgaate (2 from Brazil, 1 from
Canada, 3 from Mexico, 2 from USA, from Greeceyehf Italy, 1 from Portugal, 1
from Russia, 2 from Spain, 3 from Sweden, 1 fronviaa 4 from China, 3 from Iran,
3 from Japan), for a total of around 13,000 casels3.,500 controls, and contacts are
ongoing with investigators involved in 6 other sasd(1 from Finland, 1 from Poland
and 3 from the USA), for potential inclusion of $leeinvestigations during the next

months (summary information on preliminary datailabée Table 2).

1. Characteristics of each study

Table 1 describe the main characteristics of eaatys

The study 7 from Canada (Principal investigator,k2lJohnson) [28] was conducted
in 8 provinces (British Columbia, Alberta, Saska&tstan, Manitoba, Ontario, Prince
Edward Island, Nova Scotia and Newfoundland) betwE294 and 1997. It included
1182 cases (379 women and 803 men) and 5039 cor{24b2 women and 2547

women) matched with cases on age and sex.

The study 14 MSKCC (Memorial Sloan Kettering CanCenter) (Pl: ZF Zhang) [29]
was conducted in New-York between November 1992 Biodember 1994. It

included 134 incident cases (99 men, 35 women) Bl controls (62 men, 70
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women) classified cancer-free after endoscopic @xaton in the same endoscopy
unit of the cases at the MSKCC.

The study 16 from New-York, USA (PI: J Muscat) (ubpshed data) was conducted
between 1980 and 1990 on 87 (78 men, 9 women)antidases and 261 hospital-
based controls matched to cases on age and sex.

The study 6 from the greater Athens area, GreeteXPTrichopoulos) [30] was

conducted between May 1981 and June 1984, on Idi@em cases (57 men, 53
women, mean age 64.5, range 34-85) with histoldgicanfirmed adenocarcinoma
of stomach and 100 hospital-based controls (49, rBénwomen, mean age 59.8,
range 34-84).

The study 1 from the greater Milan area, Italy (lLa Vecchia) [31] was conducted
between 1985 and 1997 on 769 incident, histololyicainfirmed cases of stomach
cancer (469 men, 300 women, median age 61 yearge rh9-80 years) and 2081
controls (1220 men, 861 women, median age 55 yeamge 19-80 years). Controls
were subjects admitted to the same network of talsps cases.

The study 3 from the greater Milan area, Italy (Bl:Negri) [32] was conducted
between 1997 and 2007 on 230 incident cases afigaancer (143 men, 87 women;
median age 63 years, range 22-80 years) and 54lso(286 men, 261 women,
median age 63 years, range 22-80 years), frequeatghed with cases by age and

sex. Controls were subjects admitted to the sarveonle of hospitals as cases.

The study 4 from Rome, Italy (PI: S Boccia) [33]sa@nducted from November 1999
to February 2005 on 76 cases (37 men, 39 womem, aga 66.1, range 32-89) and
260 control controls (145 men, 115 women, mean G88, range 30-91). Controls

were selected from the same hospital as cases atuthed to cases on age and sex.
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The study 5 from 4 areas in Italy (PI: D Palli) [3dvolved 2 areas with high death
rates for gastric cancer (1: Forli, Cremona anddmand 2: Florence and Siena) and 2
areas with low death rates for gastric cancer @xda and 4: Cagliari). It included
1229 cases (640 men, 376 women, median age 65)X5%icontrols (705 men, 454

women) matched with cases on age and sex.

The study 17 from Porto, Portugal (PIl: N Lunet)][8&s conducted between 1999
and 2006 and included 568 cases (353 men, 215 woagenrange 18-92) and 1585
controls. Cases and controls were frequency matoheage and sex. Controls were

part of a representative sample of the adult pdiomaf Porto.

The study 9 from Moscow, Russia (Pl: D Zaridze)][@@s conducted between 1996
and 1997 on 448 cases (248 men, 200 women) andh@ddital-based controls (292

men, 318 women).

The study 21from Spain (Pl: N Aragones) (unpublisitata) was conducted in
Asturias, Barcelona, Cantabria, Granada, HuelvanL&adrid, Murcia, Navarra and
Valencia, between 2008 and 2012. Around 400 int¢idases and 1800 controls were
included and were matched on age, gender and temi area. Controls were
selected in the general population residing in ¢caechment areas of the hospitals
where cases were recruited. The final dataset efstiudy is under preparation,
therefore the precise number of included subject®t yet available.

The other study from Spain, study 23, (Pl: J. Vedwopez) [37] was conducted
between January 1995 and March 1999 in 9 hospitadéicante and Valencia on 399
incident histological cases (265 men, 134 women) 485 hospital-based controls

(285 men, 170 women) frequency matched by sexaaggrovince of residence.

The study 22 from Sweden (Pl: O Nyren) [38] wasdtarted from 1989 to 1995 on
514 cases (348 men, 166 women) and 1164 contré&r(ien, 385 women). Controls
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were randomly selected from population registerd amre frequency matched to

cases on age and sex.

The two other studies 18 and 20 from Sweden (POrbini) (unpublished data) was
conducted in two counties of central Sweden, Vastaml and Uppsala on women
only for the first one and Vastmanland and Oredmmamen only for the second one.
They are nested case-control studies, derived thenBwedish mammography cohort
(93 cases and 372 controls) and the cohort of Saden studies (176 cases and 704
controls).

The study 2 from Harbin, China (PI: J Hu) [39] wamducted from March 1987 to
May 1989 on 266 newly diagnosed and histologicalbnfirmed stomach cancer
patients (206 Men and 60 women, median age 57 yearge 23-80). Controls were
533 patients (412 men, 121 women, median age B@era2-79) admitted to the same
hospitals for non-neoplastic and non-gastric degafases were not individually

matched to controls, but were well comparable by aud sex.

The study 8 from Taixing, China (PI: L Mu) [40] wesnducted in 2000 and included
206 cases (168 men, 68 women, range 30-82) andgtitbols (287 men, 128 women,
range 21-84) randomly selected in the general pojn. Cases and controls were

frequency matched by age and sex.

The study 12 from Shangai and Qingdao, China (Plsand ZF Zhang) [41] was
conducted between 1991 and 1993 on 951 incidemigpyi stomach cancer cases (621
men, 330 women, mean age 62.5) and 951 controls r(@&h, 330 women, mean age
62.1). Controls were selected from the general labjom in the same street or
community of the cases and matched to cases oarajysex.
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The study 13from Yangzhong, in Jiangsu provincéha southeast of China (Pl: ZF
Zhang) [42] was conducted from January 1995 to J885. It included 133 newly
diagnosed cases (93 men, 40 women) and 433 cor(@&¥ men, 219 women)

selected from a name list of residents in Yangzhong

The three studies 10, 11 and 19 were conducteddabd, Iran (PI: R Malekzadeh).

The first one [43] was conducted in 1999 for cas®$from 2003 to 2005 for controls.
It included 217 cases (151 men, 66 women, mean6ag® recruited through the
Ardabil cancer registry, and 394 controls (265 m&®9 women, mean age 64.3)

randomly selected form the annual household supt@lye health department.

The second one [44] was conducted from August 2005ugust 2007 on 286 cases
(210 men, 76 women, mean age 66.3) and 304 cor{dl5 men, 87 women, mean
age 62.9). Controls were not individually matchedcases and were selected to be
representative of the Ardabil population aged ot#tyears living in rural and urban

areas.

The third one [45] included 119 cases (86 men, 8&en, mean age 65.0) and 119

controls, selected from dyspeptic patients and neat¢o cases on sex, age and centre.

The study 15 from Aichi, Japan (Pl: K Matsuo) (ublshed data) was conducted
between 2001 and 2005. Cases were selected frofEREACC-II (Hospital-based
Epidemiologic Program at Aichi Cancer Canter-lludst which enrolled all first
outpatients visit aged 20-79, regardless of castaus. There were 1250 cases (882
men, 368 women). The 3911 controls were also resctuirom the participants of
HERPACC, and were subjects diagnosed as not haanger within 1-year from

random sampling. Cases and controls were indiviglnatched on age and sex.

The study 24 from Japan (PI: H. Ito and K. Mats[4#9)] included 2552 cases and
5138 hospital controls from the HERPACC-I (1988-200Controls were randomly
selected and individually age-, sex- and enrolnyeat-matched to cases with a 1: 2~3

case-control ratio.
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The study 25, 26 and 27 (PI: L. Lopez-Carillo and RHernandez-Ramirez) [47]

The first study [48] was conducted in Mexico citgtlween 1989 and 1990 on 220
histologically confirmed newly diagnosed cases (220 and 98 women) and 752
controls (296 men and 456 women). Controls wergueacy matched by age +/- 5
years and recruited from residents of the Mexityp mmietropolitan area

The second study [47] was conducted in Mexico dvgrida and Puebla in Mexico
between 1994 and 199 324 cases (133 men and 101 women) Histologicalfirmed
incident adenocarcinomas of the stomach and 46&aten(266 men and 202 women)
matched to case by age (5 years), sex and citgsaflence. Controls were recruited in the

same hospital as cases.

The third study [49] was conducted in Mexico digtween 2004 and 2005 on 248
cases (134 men, 114 women) and 478 controls (258and 220 women) recruited

from the general population.

Two studies 28 and 29, from Brazil were conductetiveen 1991-1994 (PIs: S.
Tsugane and G.S. Hamada), one was conducted one¥apBresilian [50, including

96 cases and 192 age-, sex-, and race-matchedlspraind one was conducted on
Non-Japanese Brazilian {Nishimoto, 2002 #541] idahg 236 cases and 236 age-,

sex-, and race-matched controls.

The study 30, from Japan [51] was conducted fro881® 2002 (PI: S. Tsugane) in 4
hospitals in Nagano and included 153 cases andag64, and sex-matched controls

(participants of health check-up).

The study 31, from Latvia began the recruitmen2@®7 and is still ongoing (PI: M.
Lja and E. Gasenko) (unpublished data) and prdgedhclude 400 cases and 1100

controls.
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Table 2. Characteristics of the 31 studies included inSteP project

Investigator

N N

Dataset Dataset

City/Region, Country (recruitment period) cases controls ?Va" harmo-
able nized

America - 6 studies 2424 7542
Sao Paulo, Brazil 1 S. Tsugane (1991-1994) 93 186 - -
Sao Paulo, Brazil 2 S. Tsugane (1991-1994) 226 226 - -
8 provinces, Canada K. Johnson, J. Hu (1994-1997)82 5039 X X
Mexico 1, Mexico L. Lopez-Carillo (2004-2005) 248 78 X -
Mexico 2, Mexico L. Lopez-Carillo (1989-1990) 220 5Z X -
Mexico 3, Mexico L. Lopez-Carillo (1994-1996) 234 68 X -
New York, MSKCC, USA 1  ZF. Zhang (1992-1994) 134 213 X X
New York, USA 2 J. Muscat (1980-1990) 87 261 X X
Europe - 13 studies 5102 11451
Athens, Greece D. Trichopoulos (1981-1984) 110 100 X X
Greater Milan, Italy 1 C. La Vecchia (1985-1997) 976 2081 X X
Greater Milan, Italy 2 E. Negri (1997-2007) 230 547 X X
Roma, Italy 3 S. Boccia (2006 ongoing) 164 444 X X
4 areas, Italy 4 D. Palli (1985-1987) 1016 1159 X X
Porto, Portugal N. Lunet (1999-2006) 568 1585 X X
Moscow, Russia D. Zaridze (1996-1997) 448 610 X X
10 provinces, Spain 1 N. Aragones (2008-2012) 4008001 X X
South East, Spain 2 J. Vioque (1995-1999) 399 455 X X
5 counties, Sweden 3 W. Ye (1989-1995) 514 1164 X X
2 counties (men), Sweden 1 N. Orsini (1997-1998) 93372 X X
2 counties (women), Sweden 2 N. Orsini (1997-1998) 176 704 X X
Latvia M. Leja (2007-ongoing) 215 430 - -
Asia - 10 studies 6133 12499
Harbin, China 1 J. Hu (1987-1989) 266 533 X X
Taixing, Jiangsu, China 2 L. Mu (2000) 206 415 X X
Shangai, Qingdao, China 3 Y. GuoPei (1991-1993) 951951 X X
Yangzhong, China 4 ZF. Zhang (1995) 133 433 X X
Ardabil, Iran 1 R. Malekzadeh (1999) 217 394 X X
Ardabil, Iran 2 R. Malekzadeh (2005-2007) 286 304 X X
Ardabil, Iran 3 R. Malekzadeh 119 119 X X
Aichi, Japan 1 K. Matsuo (2001-2005) 1250 3911 X X
Nagoya, Japan 2 H. Ito (1988-2001) 2552 5138 X -
Nagano, Japan 3 S. Tsugane (1998-2002) 153 301 - -

TOTAL - 31 studies

13659 31492

1List at October 2015.
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2. First main task of the project: harmonization of daasets

The first task consists on merging the differertadats, each one with its specific
variables as well as with different variable nanfesnat and codes, in order to create
a single uniform dataset for pooled data analyBesing my first year, | participated
on it. For that, we collected the variables avdddbr each study and we divided them
in several main topics as listed in Table 2. Farhestudy, we created a codebook
reporting which variables are present in each stildgir names and their codes.
Afterwards, we standardized the formats of varislteorder to make them uniform
between datasets and to make them available fdegaata analyses.

We began the work on harmonization on 9 groupsaaaibles (cards). These variables
were selected among those of first interest folyzea and those required in most

analyses particularly for adjustment. The harmdiusaof datasets is still ongoing.

-35 -



IV. APPLICATION ON THE RELATION BETWEEN CIGARETTE
SMOKING AND GASTRIC CANCER RISK

1. Studies included in the analysis

We analyzed data from 21 case-control studieseoStloP project, on 10040 cases
(6624 men, 3414 women) and 25602 controls (15,3@h,mM0,297 women) from
China (3 studies), Iran (2 studies) Japan, Cand8a& (2 studies), ltaly (4 studies),
Greece, Russia, Portugal, Spain (2 studies), areti&uw(3 studies).

Table 3 shows the distribution of cases and cantogl study, sex, age and other
potential and confounding factors. The proportiomen was slightly higher in cases
(66.0%) than in controls (59.8%). Cases were soraewlder and have a social class
lower than controls. They reported more frequeathystory of stomach cancer in first
degree relatives, consumed less vegetables and dnagi declared to drink more
alcohol than controls.

Table 3. Distribution of 10 040 cases of pancreatic carared 25602 controls according to

study center, sex, age, and other selected coesarigdtomach cancer pooling (StoP)
consortium.

Cases Controls
N % N %
Total 10040 25602
Study center
Asia 2946 29.3 5684 22.2
02. China 1 (Hu) 266 2.6 533 2.1
08. China 2 (Mu) 206 2.1 415 1.6
12. China 3 (Zhang-Yu) 711 7.1 711 2.8
10. Iran 1 (Malekzadeh) 217 2.2 394 15
11. Iran 2 (Malekzadeh) 286 2.8 304 1.2
15. Japan (Matsuo) 1260 12.5 3327 13.0
North America 2014 20.6 7253 28.3
07. Canada (Johnson) 1182 11.8 5039 19.7
14. USA (Zhang) 132 1.3 132 0.5
16. USA (Muscat) 700 7.0 2082 8.1
Europe 5080 50.6 12665 495
01. ltaly 1 (La Vecchia) 769 7.7 2081 8.1
03. Italy 2 (Negri) 230 2.3 547 2.1
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04. ltaly 3 (Boccia)

05. ltaly 4 (Palli)

06. Greece (Trichopoulos)

09. Russia (Zaridze)

17. Portugal (Lunet)

21. Spain 1 (Aragones-Martin)

23. Spain 2 (Vioque-Navarrete-Munoz)
18. Sweden 1 (Wolk-Orsini)

20. Sweden 2 (Wolk-Orsini)

22. Sweden 3 (Ye)

Sex
Male
Female

Age
<50
50-54
55-59
60-64
65-69
70-75
>75

Social class
Low
Intermediate
High
Missing

History of stomach cancer in first degree

relativest
No
Yes
Missing

Vegetables and fruit intake?

Low
Intermediate
High
Missing

Alcohol drinking (gr of alcohol/day)3

Never
Low (< =12)

Intermediate (>12 and <=47)

High (>47)
Missing

161
1016
110
450
692
441
401
88
161
561

6624
3414

1305
965
1302
1562
1811
1822
1273

5305

2681
1237
817

5014

876
4150

3027

3102

2998

913

2440
2080
2406
1134
1980

1.6
10.1
11
4.5
6.9
4.4
4.0
0.9
1.6
5.6

66.0
34.0

13.0
9.6
13.0
15.6
18.0
18.1
12.7

52.8
26.7

12.3
8.1

49.9
8.7
41.4

30.1
30.9

29.9

9.1

24.3
20.7
24.0
11.3
19.7

444 1.7
1159 4.5
100 0.4
611 2.4
1667 6.5
3441 13.4
455 8 1.
352 1.4
644 2.5
1164 4.5
15305 59.8
10297  40.2
5208 20.3
2631 10.3
3069 12.0
4018 15.7
4189 16.4
3822 14.9
2665 10.4
10354 404
7747 30.3
5385 21.0
2116 8.3
12678  49.5
1271 5.0
11653 45.6
6807 26.6
7655 29.9
8225 32.1
2915 11.4
7086 27.7
7257 28.3
5379 21.0
2262 8.8
3618 14.1
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No information available for studies China 1 (H@anada (Johnson), China 3
(Zhang-Yu), USA 2 (Muscat), Sweden 1 (Wolk-Orsisd Sweden 2 (Wolk-Orsini)

2No information available for the study USA (Muscat)

3Alcohol drinking was not available in category @nsumption for the study Iran 2
(Malekzadeh), China 3 (Zhang-Yu), Sweden 3 (Ye)

2. Exposure variable: Cigarette smoking

All studies in this pooled analysis provided infaton about cigarette smoking
status (never, former, and current smoker), nundfecigarettes smoked per day,
duration of smoking, and time since stopping. THougestions about cigarette
smoking were similar across studies, we conducteareful and detailed examination
of the comparability of smoking-related questionsharmonize the data from the

multiple studies included in this pooled analysis.

For the present analyses, ever cigarette smokees adedined as participants who had
smoked at least 100 cigarettes in their lifetimenore than one cigarette per day for at
least 1 year.

For some variable related to the duration of sngpland former smoker status, when
the type of smoking could not be deduce (cigargiifge or cigars) the data was not
considered. However, when the study did not providermation on the type of

smoking for the entire smoking variables we conmgdesmoking status (ever, never)

as valid for cigarette smoking.

3. Statistical methods

To estimate the association between cigarette sigakmd pancreatic cancer risk,
we used a two-stage modeling approach [52]. In fiis¢ stage, for categorical
variables we assessed the association betweemtteggamoking and gastric cancer for
each study by estimating the odds ratios (ORs)thedorresponding 95% Cls using
multivariable unconditional logistic regression reted These models included, when

-38 -



available terms for age (<40, 40-45, 45-50 50-%4;59, 60—-64, 65-69, 70-7475
years), sex, education (study-specific low, intediate, high), race/ethnicity (White,
Hispanic/Latino, Black/African american, other),cahol drinking consumption
(Never, low<12 gr/day, intermediate >147 gr/day, high >47 gr/day) and study

center for multicentric studies.

For continuous variable, we assessed the estimafitine odds ratios (ORs) and
the corresponding 95% ClIs using one-order and twerofractional polynomial

models. The best fitting model was define as treeramimizing the deviance.

Using a macro program we developed on SAS soft(@&AS Institute Inc, Cary,
NC) (See Supplements), 8 first-order and 36 seawddr fractional polynomial
models were generated with the power vector P={:4).5;0;0.5;1;2;3}. For each
models, the deviance was generated. In a first stepcompared all first-order
polynomials and then all second-order to the lineadel (model with a first-order
fractional polynomial with the power p=1).

For the number of cigarettes per day the best medsl defined with powers pl1=-2
and p2=2, FE= Bo + B1 (Num_Cigarettes) + B> (Num_Cigaretteg) And the same
powers was found for the duration of smoking=+Ppo + p1 (Years of smokingj + B2
(Years of smoking)

In the second stage, the pooled estimation waslledédtl using a random effects

model and the moment estimation method.

For categorical variables, heterogeneity betweadia$ was evaluated using the

Q test statistic.

For categorical variables, we tested the lineandseacross levels of cigarette
smoking; we first estimated trends in each study/used the Wald test to estimate the
P value of the summary variable from the randoreet$f models (ref Smith-Warner
2006). To investigate whether the effect of cigaremoking was homogenous across
strata of selected covariates, we conducted armlgsatified by age, sex and

geographic area. Heterogeneity across strata vgassed using the Q test statistic.

Pooled estimations were generated using R soft@adethe function metagen

from the library “meta” (See supplements).
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Corresponding graphics and forest plot were creaséay R software and the library
“gplot”.

We also conducted a sensitivity analysis to evalube influence oHelicobacter
pylori (HP) infection information by excluding all studies haiut the information in a

first time and in a second time considering dAR positive controls.

4. Results

4.1. Category of smoker

The pooled ORs for gastric cancer according toreitg smoking habits are
given in Table 4. Concerning studies where the @ratatus was available, ORs was
1.19 (95% CI 1.08-1.30) for ever cigarette smokérd4 (95% CI 1.01-1.29) for
former cigarette smokers and 1.22 (95% CI 1.06)1fdOcurrent smokers, compared
with never smokers. Among current smokers, theirskeased with categories of the
number of cigarettes smoked per day. Compared ¥ermamokers, ORs were 1.05
(95% CI 0.88-1.26) for O to 10 cigarettes per dag7 (95% CI 1.11-1.45) for 10 to
20 cigarettes per day and 1.29 (95% CI 1.06-1.&i7)nfore than 20 cigarettes per day,
with a significant trend (p=0.005). The risk incsed also significantly with increasing
duration of smokingq valuefor trend p<0.0001) and with ORs in category edoal
1.04 (95%CI 0.94-1.16) for less than 30 years obldng, 1.32 (95% CI 1.16-1.49)
for a duration between 30 to 40 years of smoking &133 (95% CI 1.14-1.54) for
more than 30 years of cigarette smoking. A sigaificdecreasing trend in risk was
found with an increase time since stopping cigaretinoking (p=0.02) taking as

reference current smokers (Table 4).
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Table 4. Pooled odds ratios (ORs) and 95% confidence iater{Cls) for gastric cancer
according to cigarette and tobacco smoking habB8mach cancer pooling (StoP)
consortium.

Cases Controls 1
N % N % OR* (Cl 95%)

Total 10039 25596
Cigarette smoking status
Never smoker 4122 41.111396 44.5 1
Ever cigarette smoker 5510 54.813516 52.8 1.19 (1.08-1.30)

Former cigarette smoker 2775 27.67421 29.0 1.14 (1.01-1.29)

Current cigarette smoker 2735 27.26095 23.8 1.22(1.06-1.40)
Other than cigarette smoker 121 1.2 343 1.3 1.0%{0.50)
Missing 288 2.9 350 1.4
Intensity (cigarettes per day¥
0to<10 674 6.7 1820 7.1 1.05(0.88-1.26)
>10 to<20 1285 12.8 2696 10.5 1.27 (1.11-1.45)
> 20 748 75 1497 5.8 1.29(1.06-1.57)
missing 316 3.2 432 1.7
P value for trend 0.005
Cigarette smoking duration
(years)
0 to<30 2213 22.0 6921 27.0 1.04(0.94-1.16)
>30 to<40 1420 14.1 3031 11.8 1.32(1.16-1.49)
> 40 1661 16.5 3009 11.8 1.33(1.14-1.54)
missing 504 5.0 905 3.5
P value for trend <0.0001
TotaP 7657 18222
Time since stopping cigarette
smoking (years)
Never smoker 3204 41.8 8212 451 1
0 to <10 674 88 1543 8.5 1.15(0.95-1.39)
10 to <20 513 6.7 1391 7.6 1.07(0.94-1.23)
> 20 616 80 1718 9.4 1.03(0.87-1.21)
Other than cigarette smoker 121 1.6 343 1.9
Missing 280 3.7 482 2.6
P value for trend 0.1628
Time since stopping cigarette
smoking (years)
Current cigarette smoker 2249 29.44533 24.9 1
0 to <10 674 88 1543 8.5 0.92(0.73-1.16)
10 to <20 513 6.7 1391 7.6 0.82(0.72-0.94)
> 20 616 80 1718 9.4 0.84(0.66-1.07)
Other than cigarette smoker 121 1.6 343 1.9
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Missing 280 3.7 482 2.6

P value for trend 0.018
Pooled ORs were computed using random-effects rapdalidy-specific ORs were
adjusted, when available, for sex, age, race/athingocial class, alcohol drinking, fruit
and vegetable consumption and study center for iceualric studies.’Cigarette
smoking status was not available studies Chinahtifg) and Iran 3 (Malekzadeh).
3Current smokers onl§Time since stopping cigarette smoking was not aisél for
studies Greece (Trichopoulos), Canada (JohnsonhaCh(Mu), Iran 1 (Malekzadeh),
Iran 2 (Malekzadeh), USA 1 (Zhang), Sweden 1 (Wotkini), and Sweden 2 (Wolk-
Orsini)

A forest plot of the study-specific and the poof@Rs for gastric cancer risk

for ever smokers compared to never smokers are givEigure 5.

Study Cancer cases Controls OR 95% CI
01. ltaly 1 (La Vecchia) 435 1132 1.11 [0.90; 1.35] i
02. China 1 (Hu) 157 279 1.22 [0.88; 1.68] -+
03. ltaly 2 (Negri) 134 286 1.14 [0.80; 1.62] —
04. ltaly 3 (Boccia) 78 201 1.37 [0.87;2.16] ————
05. ltaly 4 (Palli) 614 715 0.95 [0.76; 1.19] j
06. Greece (Trichopoulos) 55 51 1.04 [0.49; 2.21] —
07. Canada (Johnson) 868 3101 1.41 [1.19; 1.68] .—
08. China 2 (Mu) 102 190 2.00 [1.15;3.47] —a—
09. Russia (Zaridze) 204 265 0.96 [0.68; 1.35] —
10. Iran 1 (Malekzadeh) 82 142 0.99 [0.68; 1.44] 1
11. Iran 2 (Malekzadeh) 114 108 1.12 [0.75; 1.69]
12. China 3 (Zhang-Yu) 337 295 1.42 [1.08; 1.86] -
14. USA 1 (Zhang) 89 73 1.46 [0.79; 2.70] ——
15. Japan (Matsuo) 773 1746 1.46 [1.15; 1.87] -
16. USA 2 (Muscat) 469 1306 1.40 [1.09; 1.79] -
17. Portugal (Lunet) 281 725 0.76 [0.58; 0.99] -
18. Sweden 1 (Wolk-Orsini) 31 127 0.98 [0.56; 1.73) :
20. Sweden 2 (Wolk-Orsini) 106 375 1.48 [0.97; 2.24] F
21. Spain 1 (Aragones-Martin) 249 1807 1.00 [0.77; 1.31] s
22. Sweden 3 (Ye) 297 563 1.37 [1.07;1.76) -
23. Spain 2 (Vioque-Navarrete-Munoz) 227 223 1.27 [0.886; 1.89] -+
Pooled estimate 5702 13710 1.19 [1.09; 1.31] <&
Heterogeneity: |-squared=45%, p=0.014
[ T I 1
025 05 1 2 4
QOdds Ratio

Figure 5: Pooled OR and corresponding 95% confidenterval for gastric cancer risk for
ever smokers compared to never smokers, Stomackrcpooling (StoP) consortium.

4.2. Number of cigarettes per day

A forest plot of the study-specific and the poo(@Rs for gastric cancer risk

for numbers of cigarettes smoked per day amongiusmoker compared to never
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smokers are given in Figure 6. The heterogeneitysacstudy was significant for each

category of consumption.
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a Study Cancer cases Controls OR  95% Cl

Study Cancer cases Controls OR 95% CI
01. taly 1 (La Vecchia) 142 339 1.12 [0.863 147 01, ltaly 1 (La Vecchia) & 239 105 [0.78; 141]
02. China 1 (Hu) % 78 0.70 [0.42;1.18] 02. China 1 (Hu) 61 102 1.29 [0.86; 1.95]
03. Italy 2 (Negr) m 163 1.03 [0.68; 1.56] 03. ltaly 2 (Negri) 2 46 1.38 [0.78; 2.43)
04. ltaly 3 (Boccia) 45 114 1.34 [0.79; 2.28] 04. ltaly 3 (Boccia) 8 39 105 [0.44: 2.54]
05. Italy 4 (Palli) 273 361 0.85 [0.66; 1.11] 05. ltaly 4 (Palli) 100 129 0.87 [0.63; 1.20]
06. Greece (Trichopoulos) 14 6 2.28 [0.58; 8.95] 06. Greece (Trichopoulos) 7 8 0.98 [0.27; 3.54]
07. Canada (Johnson) 548 1970 1.26 [1.06; 1.50] 07. Canada (Johnson) 21 244 0.51 [0.31; 0.83]
08. China 2 (Mu) 33 43 2.92 [1.42;5.99] 08. China 2 (Mu) 31 53 1.90 [0.95; 3.78]
09. Russia (Zaridze) 73 87 0.81 [0.53; 1.24] —— 09. Russia (Zaridze) 21 47 0.82 [0.45; 1.52]
10. Iran 1 (Malekzadeh) 22 43 1.01 [0.56; 1.82] — 10. Iran 1 (Malekzadeh) 10 17 1.01 [0.42; 2.45]
11. Iran 2 (Malekzadeh) 43 45 0.93 [0.54; 1.60] — 11. Iran 2 (Malekzadeh) 16 29 0.65 [0.30; 1.40]
12. China 3 (Zhang-Yu) 135 83 2.01 [1.41;2.86] —— 12. China 3 (Zhang-Yu) 58 78 0.89 [0.59; 1.34]
14. USA 1 (Zhang) 61 46 1.48 [0.76; 2.88] — 14. USA 1 (Zhang) 3 3 2,60 [0.36; 18.95]
15. Japan (Matsuo) 369 909 1.41 [1.16; 1.72] 1: fJaSp:g ((leﬂa(::i)) g? 1?13 133 m;; ;gzi
16. USA 2 (Muscat) 236 727 1.25 [0.96; 1.64] - usca : .07; 3.
17. Portugal (Lunet) 160 373 0.79 [0.58; 1.07] i 17. Portugal (Lunet) 26 109.0.65. (0.38; 1.42]
18. Sweden 1 (Wolk-Orsini) 12 72 0.83 [0.39; 1.78] = ;3 zweje” ; (“0::_85!"!) 13 223 %g [‘1"38: g,gg]
20. Sweden 2 (Wolk-Orsini) 58 230 1.37 [0.86;2.19] ——— s -SW9 en 2 (Wolk- ’;1‘"'), ; 28807 [0~ 0 '2a]
21. Spain 1 (Aragones-Martin) 199 1244 1.26 [0.96; 1.67] = 1::Spain 1 (Ardgones:Martin} 4 71 [0.40; 1.26]
y 22. Sweden 3 (Ye) 56 83 1.73 [1.16; 2.59]
22. Sweden 3 (Ye) i) S7401.16 [0.8671:501 4;5 23. Spain 2 (Vioque-Navarrete-Munoz) 25 18 1.80 [0.89; 3.65]
23. Spain 2 (Vioque-Navarrete-Munoz) 88 114 0.91 [0.58; 1.43] + - oP q . e
- _ Pooled estimate 674 1820 1.07 [0.90; 1.27]
Pooled estimate 2775 7421 1.15 [1.02; 1.30] ‘ GRS STa=AE1%, PR00076
Heterogeneity: I-squared=54.7%, p=0.0014 H r
! T ! ! 025 05 1 2 4
025 05 1 2 4 Basiraio
Odds Ratio
C Study Cancer cases Controls OR  95% CI d Study Cancer cases Controls OR 95% Cl
01. Italy 1 (La Vecchia) 134 380 1.03 [0.79; 1.35] 01. ltaly 1 (La Vecchia) 72 168 1.39 [0.98; 1.96]
02. China 1 (Hu) 60 85 1.52 [0.98;2.37] 02. China 1 (Hu) 9 17 1.27 [0.54; 3.03]
03. Italy 2 (Negri) 25 58 1.06 [0.61; 1.84] 03. ltaly 2 (Negri) " 18 1.54 [0.66; 3.59]
04. Italy 3 (Boccia) 15 33 1.43 [0.67; 3.06] gg- ::a:yi$°ﬁ_0)|a) 8:3 ;i 1?: {g.gg; ‘:.gi}
05. ltaly 4 (Palli) 143 121 1.25 [0.91; 1.71] - Italy 4 (Palli ! .75; 1.
06. Greece (Trichopoulos) 18 17 1.27 [0.47; 3.38] 08. Greece (Trichopoulos) 16 20 0.55 [0.19; 1.58]
07. Canada (Johnson) 71 471 0.84 [0.63;1.13] 07. Canada (Johnson) 51 253 1.05 [0.74; 1.49]
08. China 2 (Mu) 28 67 1.33 [0.66; 2.67] 08. China 2 (Mu) 9 8 4.80 [1.38; 16.64]
09. Russia (Zaridze) 52 74 1.12 [0.69; 1.80] 09. Russia (Zaridze) 58 56 1.45 [0.89; 2.39]
10. Iran 1 (Malekzadeh) 15 26 0.90 [0.43; 1.88] 10. Iran 1 (Malekzadeh) 35 56 1.00 [0.60; 1.69]
11. Iran 2 (Malekzadeh) 38 31 1.39 [0.76; 2.54] 11. Iran 2 (Malekzadeh) 17 3 5.87 [1.52;22.71)
12. China 3 (Zhang-Yu) 126 113 1.39 [0.98; 1.96] 12. China 3 (Zhang-Yu) 18 21 1.08 [0.54; 2.17]
14. USA 1 (Zhang) 15 14 1.19 [0.42; 3.43] 14. USA 1 (Zhang) 10 9 1.62 [0.48; 5.42]
15. Japan (Matsuo) 199 389 1.79 [1.42;2.25] 15. Japan (Matsuo) 162 308 1.93 [1.50; 2.49]
16. USA 2 (Muscat) 106 249 1.57 [1.11; 2.22] 16. USA 2 (Muscat) 96 242 1.65 [1.17; 2.33]
17. Portugal (Lunet) 68 159 0.86 [0.58; 1.28] —— 17. Portugal (Lunet) 27 84 0.50 [0.29; 0.89]
18. Sweden 1 (Wolk-Orsini) 5 12 2.01 [0.60; 6.70] = 18. Sweden 1 (Wolk-Orsini) 1 1.3.41 [0.18; 64.95]
20. Sweden 2 (Wolk-Orsini) 16 48 1.85 [0.92; 3.71] T 20. Sweden 2 (Wolk-Orsini) 4 7 214 [0.51; 9.02]
21. Spain 1 (Aragones-Martin) 18 214 0.50 [0.25; 1.01] ——— 21. Spain 1 (Aragones-Martin) 8 75 0.77 [0.31; 1.91]
22. Sweden 3 (Ye) 66 83 2.16 [1.45;3.22] —— 22. Sweden 3 (Ye) 8 23 0.81 [0.34; 1.93]
23. Spain 2 (Vioque-Navarrete-Munoz) 67 52 1.75 [1.05; 2.93] ——— 23. Spain 2 (Vioque-Navarrete-Munoz) 47 39 1.53 [0.85; 2.73]
Pooled estimate 1285 2696 1.28 [1.10; 1.48] < Pooled estimate 748 1497 1.29 [1.06; 1.57] <
Heterogeneity: I-squared=53%, p=0.0024 : Heterogeneity: |-squared=50.8%, p=0.0041 H
r T T 1 I T T 1
025 05 1 2 4 025 05 1 2 4
Odds Ratio Odds Ratio

Figure 6: Pooled OR and corresponding 95% confidenterval for gastric cancer risk for former smiakéa), smokers of less than 10 cigarettes (b),
smokers of 10 to 20 cigarettes (c) and smokersasérthan 20 cigarettes (d) compared to never srapkgomach cancer pooling (StoP) consortium.

-44 -



Figure 7 represented the relation between gasricer risk and the number of
cigarette smoking. The relation is fitted by a firacal polynomial. For the number of
cigarettes per day the best fitting model was @efiwith powers pl=-2 and p2=2,
FP= Bo + B1 X2 + B2 X2 This curve represented the increasing risk ofrgasancer
with increasing risk of smoking cigarettes per diiyshowed that the risk increased
slightly for up to 2 packs of cigarettes and theréase appeared to be stronger after.

The fractional polynomial is significantly differefrom linear model (p<0.0001)

4.0 7 ———Linear model
— Fractional polynomials
20 - |
g et
o R
10 o =~ ..:.:::::ZZZI:_____________________
0.5

| | | | | |
0 20 40 50 80 100

Mumber of smoking cigarettes per day

Figure 7: Relation between number of smoking cigieseper day and risk of gastric cancer
fitted by a fractional polynomial BB Bo+ B1 X2 + B2 X2 and a linear model, Stomach cancer
pooling (StoP) consortium.

Table 5 showed a contrast between results acrésgarecal model, linear model and

fractional polynomials.
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Table 5. Contrast of pooled odds ratios (ORs) and 95% denfie intervals (ClIs) for gastric

cancer estimated according to the number of smogiggrettes per day and in continuous
through a linear model and second-order fractiggaynomials. Stomach cancer pooling
(StoP) consortium.

Cigarettes per day

Categorization Fractional polynomials
Range OR cat Range plsier:]ft. OR linear OR FP2
Never 1.00 Never 0 1.00 1.00

1-10  1.07(0.90-1.27) 1-10 5  1.03(1.02-1.04)0070.99-1.00)
11t020 1.28(1.10-1.48) 11-30 15  1.11 (1.0%)1.11.01 (0.99-1.02)
21 + 1.29 (1.06-1.57) 31-50 25  1.19(1.11-1.25)0110.98-1.05)

51-60 35  1.27(1.17-1.37) 1.03 (0.96-1.10)

61-70 45  1.36(1.22-1.50) 1.05 (0.93-1.18)

71-80 55  1.46(1.28-1.65) 1.07 (0.89-1.28)

65  1.56(1.33-1.81) 1.10 (0.85-1.42)

75  1.67 (1.40-1.98) 1.14(0.81-1.59)

The association between the number of cigaretteskethin category and
gastric cancer risk was further assessed in stfasax, age and geographic area. We
noticed a stronger effect of duration for men ingmokers for less than 10 years, for
young smokers for more than 30 years (Figure &nil&i risks were found for cardia
and non-cardia gastric cancer cases. Considerilygstudies with the information on
HP infection, effects of cigarette smoking did not er&lly when taking into account
controls with a positiveHP infection test in our analyses. We further conster
separately controls recruited from hospital andséhaecruited in the general

population. Risks appeared to be slightly highghaanalyses with hospital controls.
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Variable

Sex

Age

Area

Site*

HP

Controls

Strata

Men

Women

<55->=65

>65

Europe

Asia

America

Cardia

Non cardia

Studies with the information
Only positive <:ontrols3
Hospital-based 4

5
Population-based

Categories

Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20

Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20

Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20

Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20

Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20

Former

0to <=10
>10 to <=20
>20
Former

0to <=10
>10 to <=20
>20
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Figure 8: Pooled odds ratios (ORs)1 and 95% confidéntervals (Cls) for gastric cancer
according to cigarette smoking status in stratseaf age, geographic area, cancer site,
Helicobacter Pylori infection, controls recruitmeStomach cancer pooling (StoP)
consortium.

The study Italy 3 (Boccia) and Spain 2 (Viogue) evaot considered because controls weréH&ll
negative

Considered studies : China 2 (Mu), Iran 1, IrafMalekzadeh), Japan (Matsuo), Portugal (Lunet),
Russia (Zaridze), Spain 1 (Aragones-Martin), Swekiévie)

2Considered studies: Italy 1 (La Vecchia), Italy Negri), Italy 3 (Boccia), Italy 4 (Palli), Canada
(Johnson), Russia (Zaridze), Iran 1, Iran 2 (Madeleh), USA 1 (Zhang), Japan (Matsuo), USA 2
(Muscat), Portugal (lunet), Sweden 1, Sweden 2 R/@ksini), Spain 1 (Aragones-Martin), Sweden 3
(Ye), Spain 2 (Vioque)
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The study Greece (Trichopoulos) was not considbesgdwuse all its cases had a non-cardia neoplasm
For the category 10-20 cig/day, the study 14 US&Hang) was not considered because of lack of
cases

For the category >20 cig/day, studies Ol.ltal\4 Yecchia) and 18.Sweden 1 were not considered
because of lack of cases.

SPooled ORs were computed considering only contwith a positive test ohelicobacter pylori
infection

“Considered studies: Italy 1 (La Vecchia), ChinaHu)( Italy 2 (Negri), Italy 3 (Boccia), Greece
(Trichopoulos), USA 1 (Zhang), Japan (Matsuo), US@uscat), Spain 2 (Vioque)

SConsidered studies: Italy 4 (Palli), Canada (JohjisChina 2 (Mu), Iran 1, Iran 2 (Malekzadeh), i@hB
(Zzhang-Yu), Portugal (lunet), Sweden 1, Sweden 2IROrsini), Spain 1 (Aragones-Martin), Sweden 3
(Ye)

The study Russia (Zaridze) was not consideredignahalysis because it considers both hospitalgemeral
population controls

4.3. Duration of smoking in years.

A forest plot of the study-specific and the pool@Rs for gastric cancer risk
for the duration of smoking cigarettes compareddwer smokers are given in Figure
9. The heterogeneity across study was significaht for the category of smokers for
more than 30 years.
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ad  Study Cancer cases Controls OR 95% CI b Study Cancer cases Controls OR 95% CI

01. Italy 1 (La Vecchia) 25 118 0.79 [0.49; 1.27] —— 01. Italy 1 (La Vecchia) 201 622 1.13 [0.89; 1.43]
02. China 1 (Hu) 5 19 049 [0.17; 1.37] 02. China 1 (Hu) 52 124 0.85 [0.55; 1.31]
03. Italy 2 (Negri) 9 28 0.88 [0.39; 2.01] 03. Italy 2 (Negri) 57 116 1.23 [0.79; 1.91]
04. Italy 3 (Boccia) 7 44 097 [0.39; 242) 04. Italy 3 (Boccia) 24 88 1.17 [0.64; 2.16)
05. ltaly 4 (Palli) 24 57 051 [0.30; 0.85] ——— 05. Italy 4 (Palli) 143 175 0.99 [0.72; 1.34]
06. Greece (Trichopoulos) 5 6 0.94 [0.17; 5.28] + 06. Greece (Trichopoulos) 10 16 0.79 [0.25; 2.52]
07. Canada (Johnson) 80 561 0.86 [0.65; 1.14] —.I— 07. Canada (Johnson) 292 1286 1.21 [1.00; 1.47]
08. China 2 (Mu) 1 1.13.03 [0.45; 375.93] 08. China 2 (Mu) 15 23 3.00 [1.15;7.78]
09. Russia (Zaridze) 12 33 0.59 [0.28; 1.28] 09. Russia (Zaridze) 63 124 0.89 [0.58; 1.36]
10. Iran 1 (Malekzadeh) 10 15 1.09 [0.46; 2.59] 10. Iran 1 (Malekzadeh) 23 56 0.78 [0.44; 1.38]
11. Iran 2 (Malekzadeh) 17 15 0.99 [0.42; 2.34] 11. Iran 2 (Malekzadeh) 13 17 0.83 [0.34; 1.99]
12. China 3 (Zhang-Yu) 1 12 1.00 [0.42; 2.40] 12. China 3 (Zhang-Yu) 109 71 2.06 [1.39; 3.06]
14. USA 1 (Zhang) 7 1 142 [043; 4.72) 14. USA 1 (Zhang) 38 41 1.30 [0.64;2.62)
15. Japan (Matsuo) 28 108 1.01 [0.64; 1.58] " 15. Japan (Matsuo) 236 712 1.16 [0.94; 1.43]
16. USA 2 (Muscat) 20 116 064 [0.36; 1.12] — 16. USA 2 (Muscat) 174 508 1.34 [1.00; 1.80]
17. Portugal (Lunet) 17 125 0.35 [0.19; 0.65] < @—— 17. Portugal (Lunet) 105 316 0.87 [0.62; 1.23]
18. Sweden 1 (Wolk-Orsini) 3 14 095 [0.25; 3.71] 18. Sweden 1 (Wolk-Orsini) 6 35 0.87 [0.32; 2.36)
20. Sweden 2 (Wolk-Orsini) 3 32 0.56 [0.16; 1.98] 20. Sweden 2 (Wolk-Orsini) 26 119 1.11 [0.63; 1.98]
21. Spain 1 (Aragones-Martin) 12 134 0.65 [0.30; 1.39] = 21. Spain 1 (Aragones-Martin) 55 516 1.09 [0.73; 1.62]
22. Sweden 3 (Ye) 31 94 0.88 [0.56; 1.41] —— 22. Sweden 3 (Ye) 98 207 1.31 [0.94; 1.81]
23. Spain 2 (Vioque-Navarrete-Munoz) 20 33 0.69 [0.35 1.38] & 23. Spain 2 (Vioque-Navarrete-Munoz) 83 95 1.11 [0.70; 1.77]
Pooled estimate 347 1576 0.77 [0.67; 0.89] < Pooled estimate 1823 5267 1.14 [1.04; 1.26]
Heterogeneity: I-squared=0%, p=0.5343 . . H | . Heterogeneity: |-squared=17.9%, p=0.2269 r ; ! H . ;
0.25 0.5 1 2 4 0.25 0.5 1 2 4
Qdds Ratio QOdds Ratio
C Study Cancer cases Controls OR 95% ClI

01. Italy 1 (La Vecchia) 194 359 1.17 [0.91; 1.51]

02. China 1 (Hu) 97 135 1.65 [1.12; 2.44]

03. Italy 2 (Negri) 62 135 1.11 [0.73; 1.69]

04. Italy 3 (Boccia) 45 60 1.71 [0.98; 3.01]

05. Italy 4 (Palli) 394 426 0.98 [0.77;1.25]

06. Greece (Trichopoulos) 40 29 1.14 [0.50; 2.63]

07. Canada (Johnson) 311 1060 1.15 [0.94; 1.40]

08. China 2 (Mu) 16 19 2.26 [0.85; 6.00]

09. Russia (Zaridze) 129 108 1.20 [0.81; 1.78]

10. Iran 1 (Malekzadeh) 49 71 1.12 [0.70; 1.78]

11. Iran 2 (Malekzadeh) 84 76 1.22 [0.78; 1.91]

12. China 3 (Zhang-Yu) 198 184 1.31 [0.96; 1.78)

14. USA 1 (Zhang) 4 19 2.03 [0.87;4.72]

15. Japan (Matsuo) 497 894 1.96 [1.62; 2.38]

16. USA 2 (Muscat) 275 675 1.62 [1.23;2.12]

17. Portugal (Lunet) 155 276 0.81 [0.59; 1.11]

18. Sweden 1 (Wolk-Orsini) 21 76 0.97 [0.51; 1.84]

20. Sweden 2 (Wolk-Orsini) 77 222 1.78 [1.14;2.77]

21. Spain 1 (Aragones-Martin) 135 914 1.14 [0.84; 1.56]

22. Sweden 3 (Ye) 168 262 1.58 [1.19;2.10]

23. Spain 2 (Vioque-Navarrete-Munoz) 124 95 1.60 [1.02; 2.50]

Pooled estimate 3115 6095 1.32 [1.17; 1.49]

Heterogeneity: |-squared=57.9%, p=0.0005 H

T T T 1
025 05 1 2 4
Qdds Ratio

Figure 9: Pooled OR and corresponding 95% configl@émerval for gastric cancer risk for subjects kimg less than 10 years (a), between 10 and 3&year
(b) and more than 30 years (c) compared to nevekars, Stomach cancer pooling (StoP) consortium.
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Figure 10 represented the increasing risk of gasaincer with increasing duration of
smoking fitted by a linear model and by a fractiopalynomial. The best fitting
model was defined with powers p1=-2 and p2=2=HR + p1 X2 + B> X2. This graph
provided the evidence of strong non linear dosatigeiship between risk of gastric
cancer and increasing duration of cigarette smokKirge fractional polynomial is
significantly different from linear model (p<0.000RAIC=-645.5. The fractional

polynomial suggested a stronger increase of ritde @D years of smoking.

4.0 ——— Linear model F
— Fractional polynomials
20
r
o
18 7
0.5

| | | | |
0 20 40 60 80

Cigarette smoking duration {years)

Figure 10: Relation between duration of smoking askl of gastric cancer fitted by a
fractional polynomial FB= Bo + B1 X2 + B2 X2, and a linear model, Stomach cancer
pooling (StoP) consortium.

Table 6 showed a contrast between results acrésgarecal model, linear model and

fractional polynomials.
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Table 6. Contrast of pooled odds ratios (ORs) and 95% denfie intervals (ClIs) for gastric

cancer estimated according to the number of smogiggrettes per day and in continuous
through a linear model and second-order fractiggaynomials. Stomach cancer pooling
(StoP) consortium.

Cigarette smoking duration (years)

Categorisation Fractional polynomials

Range OR cat Range Ref. point OR linear OR FP2

Never Never 0 1.00 1.00

1-10 0.77 (0.67-0.89) 1-10 5 1.04 (1.03-1.04).0011.00-1.00)

11to30 1.14(1.04-1.26) 11-30 20 1.17 (1.13®1.2 1.06 (1.02-1.08)

31+ 1.32(1.17-1.49) 31-50 40 1.37 (1.28-1.45)25711.10- 1.38)
51-60 55 1.54 (1.40-1.67) 1.52(1.21-1.85)
61-70 65 1.67 (1.49-1.84) 1.79 (1.31-1.85)
71-80 75 1.81 (1.59-2.02) 2.17 (1.43-3.17)

The association between smoking duration and gasdricer risk was further assessed
in strata of sex, age and geographic area. Weatbticstronger effect of duration for

men in for smokers for less than 10 years, for gosimokers for more than 30 years
(Table 7).
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Table 7. Pooled odds ratios (ORs) and 95% confidence iater(Cls) for gastric cancer according to cigarstteking duration in strata of selected
covariates among 10040 cases and 25602 controlmagh cancer pooling (StoP) consortium.

Never 0<10 years >10<30 years >30 years
Ca:Co Ca:Co OR (95% CI) Ca:Co OR (95% CI) Ca Co OR (95% CI)
Overall 4120:11390 347:1576 0.77 (0.67-0.89) 1823:5267 1.14 (1.0431.2315:6095 1.32 (1.17-1.49)
Sex
Men 1597:4484 270:978 0.86 (0.73-1.02)  1482: 3824 .21 (1.06-1.38) 2751:4942 1.39 (1.20-1.60)
Women 2523:6906 77:598 0.58 (0.43-0.77) 341:1443 11 (0.94-1.30) 364:1153 1.17 (0.98-1.40)
P for interaction 0.0183 0.3977 0.1482
Age
<55 961:3624 124:826 0.74 (0.58-0.95) 842:2678 (0298-1.48) 427:982  1.50 (1.19-1.90)
<55 -<65 1076:3152 102:358 0.75 (0.59-0.96) 486:1326 12mp-1.41) 1148:2224 1.46 (1.24-1.71)
>65 2083:4610 121:392 0.99 (0.74-1.33) 4951263 (0EB-1.19) 15402889 1.15 (1.02-1.30)
P for interaction 0.2587 0.2884 0.0295
Geographic
area
America 551:2644 107:688 0.83 (0.65-1.06) 504:1835 1.25 (1.07-1.47) 630:1754 1.40 (1.04-1.91)
Asia 1358:2884 72:170 1.00 (0.71-1.42) 448:1003 010282-1.75) 941:1379 1.51 (1.22-1.86)
Europe 2211:5862 168:718 0.67 (0.55-0.82) 871:2429 1.07 (0.96-1.20) 1544:2962 1.21 (1.05-1.39)
P for interaction 0.1177 0.2823 0.2075

Pooled ORs were computed using random-effects rmpsieidy-specific ORs were adjusted, when availdblesex, age, race/ethmicity, social
class, alcohol drinking, fruit and vegetable conptiom and study center for multicentric studiBeference category
Ca, cases, Co, controls
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5. Discussion

Results from our analysis confirm that there isagsociation between cigarette
smoking and gastric cancer risk. A 20% excessaigiastric cancer was found among
current smoker. This risk significantly increasehathe number of cigarettes per day
to reach 29% of excess risk for smokers of mora 2@cigarettes and, with duration
to reach 32% of excess risk for smokers smokingrfore than 30 years compared to
never smokers. The effect of duration seems todmeewhat stronger in younger
subjects and in men. However, this risk declineth wmes since stopping and seems
to reach the level of never cigarette smokers sliicgears after quitting.

These effects of increasing risk are confirm byfedént statistical models of
analysis including linear model and fractionalymaimials, considering the number of

cigarettes per day and the duration as a continuauable.

The categorization of the number of smoking cigaseeheeds to be interpreted
carefully. In almost all cases, cigarette consuampis assessed by self-report. Because
cigarettes are packaged in packs of 20, smokern aofépresent their cigarette
consumption around that number or multiples of nemif packs per day and the
number of cigarette can be biased.

These results are consistent with previous metiysem The OR estimates for
current cigarette smokers were slightly lower thhat reported in the previous
investigations which found an increasing risk colsgd between 1.5 and 1.6 [8, 9,
53].

Among strength of the study, the StoP includedional and detail data about
cigarette smoking for about 10,000 cases and 25¢@@frols, which provided a
unique opportunity to investigate and quantify aately the dose- and duration- risk
relationships, and among former smokers, the patrisk with time since stopping.
Our study included a large number of subjects,easing our ability to examine

relationships between risk factor and gastric carisk.

Another advantage of our study was detailed infeéionaon important covariates,

we adjusted on major risk factor of gastric caraseat conducted stratified analysis by
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demographic factors including sex, age and geogragriea. Having information on
the main risk factor of gastric cancer, we coulddlesubanalyses on studies with
helicobacter pylori infection information and padiarly fixing the effect of HP

infection analyzing only controls with a positivefection to HP (all cases being

supposed to be infected to HP).

We were able to take into account heterogeneityosascrstudy because of
appropriate statistical methods and particularly seelld confirm our main results

thanks to alternative statistical methods to areabjantinuous variables.

The relationship between cigarette smoking andrigasancer may be discerned
from the categorical analysis, but the analysishef variable in continuous through
polynomials brought additional information in padiar to understand the possible
threshold and a possible change in slopes. Moreowera pooled analysis
heterogeneity across study can brought differemcethe meaning and definition of

cutpoints choice and interpretation could be biased

Moreover, fractional polynomials are an approachngparent, informative,
flexible and more realistic than estimation usiatggories.

However if categorization should be done, in patécfor continuous confounders
but to avoid excessive bias caused residual confognat least four categories are
needed [54, 55].

The point of this thesis is to adapt fractionalyp@imials to be used in a two stage
analysis. This method has been developed previdiysRota et al. to use specifically
in meta-analyses. We decided to adapt it to poocese-control studies (and it would
be the same for individual patient data meta aealy€uring my second year of PhD,
| considered also restricted cubic spline as a aetfor studying non-linear
relationship. Analyses on aggregated data gavdasimasults, but splines are more

complex in particular in the choice of the numbed éhe value of nodes.

To our knowledge all studies on individual patiefdta meta-analysis which

considered continuous variable through spline, tivaal polynomials and other
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models from the GAM family, based their analisis @rone-stage approach. This
method consists in fitting a regression model, gahe a random effect model,
adjusting for confounding variables and the effetcthe study [56]. However, the
availability of confounding variable can varies @s study, and it is the cas in the
StoP project, the variable adjustment need to beiceed. For this reason the use of
the two-stage analysis in the StoP project is table and also preferable in order to

include all the study members of the consortium.

However, when the majority of missing data arerémsults of non-availability of
certain variables in some studies, the use of buthiple imputation and the missing-
data indicator could be helpful in order to compagsults between a one-stage and
two-stage analysis [57]. Nevertheless, It would likely to introduce a bias in
comparison with the complete case-method [58] ahdcastage approach would be
prefered[57].
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V. CONCLUSION AND PERSPECTIVES

During my PhD, | took part of the international sortium of case-control studies on
gastric cancer, the “Stomach cancer Pooling (SRB)ect” and specifically in the study
of adequate methods to analyze continuous variables pooled case-control studies.
During this 3 year, | went 6 months at the Moumtashospital in New York to work with
Prof. Paolo Boffetta, | had the chance to be in@dlin two projects on alcohol and cancer

which both allowed me to write two scientific pudations.

Since a large harmonized data are available irf5tbP project (23 studies), | could apply
the statistical methods | studied and learn ondobamoking and gastric cancer risk. |
analyzed in particular continuous risk variablesnfbber of smoked cigarettes per day and
the smoking duration) through the classical apgmpatategorizing the continuous
variable, the linear model and fractional polyndmi#irst and second order), all methods
in a two-stage approach. The three methods ledntdas conclusions regarding the
association between smoking and gastric cancer lmgkpolynomials gave additional

information in particular to understand the possthbreshold and changes in slopes.

Further considerations could be lead in the futurgarticular regarding if other flexible
methodsj.e. spline or methods from the GAM family, bring sinmil@sults. Moreover, in
order to take advantage of the large number ofscasd controls, continuous variables it
could be interesting to compare our result to asiage approach overcoming to missing

variables using multiple imputation or missing-diai@icator methods [59].
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SUPPLEMENTS

1. SAS Macro for fractional polynomials

/ * * * * * * * *hkkkkhkkkkkkhkkkkkkk
MACRO MFP

Macro that build the dataset in order to fit first order fractional

polynomials

Input parameters->

powers: vector containing the list of powers we wan t to try in our
fractional polynomials vector

data: dataset containing our dataset

var. dependant continuous variable

kkkkkkkhhhhhhhhhkkkkkkkkkkkkkkkhkhhhhhhhhhhhhhrhhrrx *****************/

%racr o MFP1(powers,data,var,num_studies);

*** count the number of different powers to test ;

proc iml;

a=ncol({&powers}); [* counter of the number of power in the vector

*/

create tt from a[colname= "n_powers" ; /* create a dataset which

contained a */
append from a;

data s;
set tt;
call symput( ‘cont' ,n_powers);
run;
quit;
*** create a dataset with the value of p1 in funzio ne of its rank in
the vector;
%doj= 1 %to &cont; /* counter of the power pl */
%let a= %qscan(&powers,&j,  %str ());
data new;
set &data;
%if &ane 0 %then %da [* pl different from 0 */
pl=&var*(&a); %end;
%else %dg [* p1=0%/
pl=log(&var); %end;
run;
% | ogi sti cl(new,&a,&j,&risposta,&num_studies);
%end
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/**************************************************

MACRO LOGISTIC

OGGETTO: fit the logistic regression on the variabl
Input parameters->

dataset: dataset containing the transformed variabl
pl: the transformed explicative variable

index: index which for the 8 polynomials

y: represent the explained variable
num_studies: the number refered to the last study ¢

B S e e T R R e e T e e

options  symbolgen mprint ;
%racr o logisticl(dataset,pl,index,y,num_studies);

%let nstudy=1;
%do %while ( %length (%scan(&studies,&nstudy,

%let stud= %scan(&studies,&nstudy," ");

*** create a dataset for each study;
data st&stud,
set &dataset;
if va2=&  stud.
run;

and va?2 in (&studies);

*** compute the logistic model for each study and f
taking out the beta estimate and the coresponding v
title "Study &stud." ;
proc logistic data=st&stud;
class &&study& stud.
model &y=pl &&study&
*where va2=&stud.;

stud.

kkkkkhkkkkkkkkkkkkx

e for each power

e with the power

onsidered

*****************/

B

or each power
ariance;

[ ref=FIRST param=ref;

/ link=logit covb;

ods output ParameterEstimates=StimaBeta&stud

CovB=StimaCov&stud
run;
quit;

[*FitStatistics=Fit_for_label&i*/

*** create a dataset with betas for each power;
data StimaBeta&stud;
set StimaBeta&stud;
powers_1=&p1;

va2=&stud;

if Variable eq "pl" ;

drop ClassVal0 DF WaldChiSq ProbChiSq;
run;

quit;

*** create a dataset with the variances for each po
data StimaCové&stud,;
set StimaCové&stud;
if Parameter eq
va2=&stud,;
rename pl=var_pil;
keep pl va?;
run;

%let nstudy=

Pl

%eval (&nstudy+1);
%end;
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*** Create a dataset merging beta estimates of each

with each power;

data beta;

set

%let nstudy=1;

%do %while ( %length ( %scan(&studies,&nstudy,
%let stud= %scan(&studies,&nstudy,"");
Stimabeta&stud
%let nstudy= %eval (&nstudy+1);

%end

b=1;
run;

*** Create a dataset merging variance estimates of

together with each power;

data covb;

set

%let nstudy=1;

%do %while ( %length (%scan(&studies,&nstudy,
%let stud= %scan(&studies,&nstudy," ");
Stimacové&stud
%let nstudy= %eval (&nstudy+1);
%end,

run;

*** Create the dataset "longformat” with the varian
needed for the proc mixed;

proc transpose data=covb out=w(drop=_name_);
var var_p1,;

run;

proc iml;

use w;

read all into d;

d={ O}/|d;

nc=ncol(d);

num=1:nc;

colname=cat( 'CovP' ,num);

create longformat from d [colname=colname];
append from d;

quit;

*** Estimate the pooled beta for each power.

M1-M8 datasets contain the pooled beta for each pow
F1-F8 datasets ccontain -2logV AIC ... for each pow
title "Pooled" ;

proc mixed data=beta covtest cl;

class vaz;

model estimate=b /noint solution cl covb;

random b /subject=va2 g solution type=un;

repeated /subject=va2 group=va2 type=un;

parms/parmsdata=longformat hold= 2to & num_studies.

ods output SolutionF=m&index FitStatistics=f&index
run;quit;
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data m&index;
set m&index;
powers_1=&p1;
run;

* F1-F8 datasets ccontain -2logV for each power;
data f&index.verosim;

set f&index;

if Descr eq "-2 res log verosim" ;

*if Descr eq "-2 Res Log Likelihood";
powers_1=&p1l;

run;

* F1-F8 datasets ccontain AIC for each power;
data f&index.aic;

set f&index;

if Descr eq "AIC (minore & meglio)" ;
*if Descr eq "AIC (smaller is better)";
powers_1=&p1;

run;

* create an only one dataset merging F1-F8 with -2I
data fitverosim;
set
%dol= 1 %to &cont;
f&l.verosim
%end
run;

* create an only one dataset merging F1-F8 with AIC
data fitaic;

set

%dol= 1 %to &cont;
f&l.aic

%end,

run;

* create an only one dataset with beta estimates fo
data coeffl;
set
%dol= 1 %to &cont;
mé&l
%end;
run;
%rend;
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/************************************************** kkkkkhkkkkkkkkkkkkx

MACRO MFP2

Macro that build the in order to fit second order f ractional
polynomials

Input parameters->

powers: vector containing the list of powers we wan t to try in our
fractional polynomials vector

data: dataset containing our data

var: dependant continuous variable

num_studies: the number refered to the last study ¢ onsidered

* * * * * *****************/

%racr o MFP2(powers,data,var,num_studies);

proc iml;
a=ncol({&powers}); /* counter of the number of power in the vector */
create tt from a[colname= "n_powers" ; /* create a dataset which

contained a */

append from a;

data s;

set tt;

call symput( ‘cont' ,n_powers);
run;

quit;

%doj= 1 %to &cont; /* counter of the power pl */
%dok= 1 %to &cont; /* counter of the power p2 */

%if &j=&k %then %dg /[* pl=p2*/
%let a= %qscan(&powers,&j,  %str ());
data new;
set &data;
%if &ane 0 %then %dg [* pl=p2 different from 0 */
pl=&var**(&a);
p2=&var**(&a)*log(&var);
%end
%else %dqg [* pl=p2=0*/
pl=log(&var);
p2=(log(&var))** 2;
%end
run;

% | ogi sti c2(new,&a,&a,&k&j,&risposta,&num_studies);

%end

%else %dg /* pl not equal to p2 */
%let a= %qscan(&powers,&j,  %str ());
%let b= %qscan(&powers,&k, %str ());
data new;
set &data;
%if &ane OAND&bne 0 %then %dg /*pland p2 notequal
to 0 */
pl=&var**(&a);
p2=&var**(&b);
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%end
%else %if &aeq O AND&bne 0 %then %da /* pl=0 but p2

not equal to 0 */

pl=log(&var);
p2=&var**(&b);
%end
%else %dqg
pl=&var**(&a);
p2=log(&var);
%end
run;
% | ogi sti c2(new,&a,&b,&j&k,&risposta,&num_studies);

%end;
%end;
%end,
%rend;
/ * * * * * *kkkkkkkkkkkhkkkkkk
MACRO LOGISTIC2
OGGETTO: fit the logistic regression on the variabl e for each power

Input parameters->

dataset:  dataset containing the transformed variab le with the
power
pl: the transformed explicative variable
p2: the transformed explicative variable
index: index which for the 36 polynomials
y: represent the explained variable
num_studies: the number refered to the last study ¢ onsidered
* * * * * *****************/

options  symbolgen mprint ;
%racr o logistic2(dataset,pl,p2,index,y,num_studies);

%let nstudy=1;
%do %while ( %length (%scan(&studies,&nstudy, D)) B

%let stud= %scan(&studies,&nstudy,” ");

*** create a dataset for each study;

data st&stud;
set &dataset;

if va2=& stud. and va2 in (&studies);

run;
*** compute the logistic model for each study and f or each couple of
powers taking out the beta estimate and the corespo nding variance;

title "Study &stud." ;

proc logistic data=st&stud;

class &&study& stud. [/ ref=FIRST param=ref;
model &y=pl p2 &&study& stud. /link=logit covb;
ods output ParameterEstimates=StimaBeta&stud

CovB=StimaCov&stud ;

run;
quit;
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*** create a dataset with betas for each power;
data StimaBeta&stud;

set StimaBeta&stud,;

powers_1=&p1;

powers_2=&p2;

va2=&stud,;

if Variable = "pl" or variable= "p2" then output;

drop ClassVal0 DF WaldChiSq ProbChiSq;

run;

quit;

*** create a dataset with the variances for each po wer;

data StimaCové&stud,;

set StimaCové&stud;

if Parameter = "pl" then do; plbis=pl;end;
var_p1st&stud=lagl(plbis);

if Parameter= "p2" then do;cov_plp2st&stud=pl; var_p2st&stud=p2;end;
if Parameter= "p2" then output;

keep var_plst&stud var_p2st&stud cov_plp2st&stud;

run;

%let nstudy= %eval (&nstudy+1);

%end;

*** Create a dataset merging beta estimates of each study together
with each power;
data beta;
set
%let nstudy=1;
%do %while ( %length (%scan(&studies,&nstudy, D)) B
%let stud= %scan(&studies,&nstudy," ");
Stimabeta&stud
%let nstudy= %eval (&nstudy+1);
%end

if variable= "pl" thenbl= 1;elsebl= 0O;
if variable= "p2" then b2= 1;else b2= 0;

run;

*** Create a dataset merging variance estimates of each study
together with each power;
data covb;
merge
%let nstudy=1;
%do %while ( %length ( %scan(&studies,&nstudy, ")
%let stud= %scan(&studies,&nstudy,"");
Stimacové&stud
%let nstudy= %eval (&nstudy+1);
%end

run;

*** Create the dataset "longformat” with the varian ces in the format
needed for the proc mixed;

proc iml;

use covb;
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read all into d;

d={ O}l OHN O}ld;

nc=ncol(d);

num=1:nc;

colname=cat( 'CovP' ,num);

create longformat from d [colname=colname];
append from d;

quit;
data _null_;
call symput( 'num_col' ,&num_studies* 3+3);

run;

*** Estimate the pooled beta for each power.

M1-M88 datasets contain the pooled beta for each co uple of power.
F1-F888 datasets ccontain -2logV AIC ... for each ¢ ouple of power;
title "Pooled" ;

ods graphics on;

proc mixed data=beta covtest cl;

class vaz;

model estimate=b1 b2 /noint solution cl covb;
random b1l b2 /subject=va2 g solution type=un;
repeated /subject=va2 group=va2 type=un;

parms/parmsdata=longformat hold= 4 to &num_col;

ods output SolutionF=m&index FitStatistics=f&index ;
run;

quit;

ods graphics off;

data m&index;
set m&index;
powers_1=&p1;
powers_2=&p2;
run;

data f&index.aic;

set f&index;

if Descr eq "AIC (minore &€ meglio)" ;
powers_1=&p1l;

powers_2=&p2;

run;

data f&index.verosim;

set f&index;

if Descr eq "-2 res log verosim" ;
powers_1=&p1;

powers_2=&p2;

run;

data fitaic;

set

%dol= 1 %to &cont;

%dom=1 %to &cont;
f&l&m.aic

%end,

%end
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run;

data fitverosim;

set

%dol= 1 %to &cont;

%dom=1 %to &cont;
f&l&m.verosim

%end;

%end

run;
proc sort data=fitaic;by Value; run;
proc sort data=fitverosim;by Value; run;

* create an only one dataset with beta estimates fo r each power;
data coeff2;
set
%dol= 1 %to &cont;
%dom=1 %to &cont;
m&l&m
%end
%end;

run;

%rend;

2. R programs for fractional polynomials
Example of program to build the graphic

#second order polynomials
etal<- -0.00002
beta2<- 0.000022

numcig<-seq(0.01,100,1)
a<-numcig”-2
b<-numcig”"2

matx<-cbind(a,b)

predicted<-exp(betal*at+beta2*b)
cov<-matrix(nrow=2,ncol=2)

cov[l,1]<- 2.07E-11
cov[l,2]<- -212E-13
cov[2,1]<-cov[1,2]

cov[2,2]<- 8.48E-10

Ib_predicted<-exp((betal*atbeta2*b)-1.96*sqrt(drag{x%*%cov%*%t(matx))))
ub_predicted<-exp((betal*a+beta2*b)+1.96*sqrt(dmagix%*%ocov%*%t(matx))))
predicted[1]<-1

Ib_predicted[1]<-1
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ub_predicted[1]<-1
predicted

#linear trend

beta<- 0.007640

var<- 0.001136
predicted_lin<-exp(beta*numcig)

Ib_predicted_lin<-exp((beta*numcig)-1.96*sqrt(nugisiart(humcig)))
ub_predicted_lin<-exp((beta*numcig)+1.96*sqrt(nugtearct(numcig)))
summary(numcig)

predicted

# graph FP e linear together

plot(numcig,predicted,type="1",xlab="Number  of  sniof cigarettes per
day",ylab="OR",xlim=c(0,100),ylim=c(0.5,4),log="yaxt="n")
axis(2,at=c(0.5,1,2,4),las=1)

polygon(c(numcig, rev(numcig)), c(ub_predicted,(Hevpredicted)),
col ="gray87", border = NA)
lines(numcig,lb_predicted, type="l',Ity=3)
lines(numcig,ub_predicted, type="l',Ity=3)
lines(numcig,predicted, type='"I"lwd=2)
lines(numcig,predicted_lin,col="black",Ity=5)
legend(28,4.4, c("Linear model”, "Fractional polymals"),
col=c("black","black"),lty=c(5,1),lwd=c(1,2),bty="h

3. SAS programs for analysis of the 2 stage methodréit step

/ * kkkkkhkhkhhhhkhhkhkkkkx

MACRO TWO STEP
dataset -> dataset to analyse
studies -> macrovariable with the studies considere d
case_control -> outcome variable (val case/control)
exposure -> exposure variable
exp_ref_cat -> reference category
strata -> strata variable (if | don't want to condu ct a stratified
analysis, put ")
format_exp -> exposure variable format
num_studies -> the number of the last study conside red

*****************/

%racr o twostep
(dataset,studies,case_control,exposure,exp_ref_cat, strata,format_exp,
num_studies);

ods trace on;
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%let nstudy=1;

%do %while ( %length ( %scan(&studies,&nstudy, N);

%let stud= %scan(&studies,&nstudy,"");

%if &strata eq " %then %dqg

*** for each study a logistic regression is perform ed with its
specific adjustment;

proc logistic data=&dataset ;

title "Study &stud." ;

format &exposure ;

class &exposure (ref= "&exp_ref cat" ) &&study&stud / param=ref;

model &case_control= &exposure &&study&stud ;
where va2=&stud;
ods output ParameterEstimates=beta_study&stud;
estimates */
run;
quit;
%end;
%else %dg

*** in strata of the strata variable;

proc sort data=&dataset;by &strata;run;
proc logistic data=&dataset ;

title "Study &stud." ;

format &exposure ;

/* output of beta

class &exposure (ref= "&exp_ref cat" ) &&study&stud / param=ref;

model &case_control= &exposure &&study&stud ;
by &strata;
where va2=&stud;
ods output ParameterEstimates=beta_study&stud,
estimates */
run;
quit;
%end;

*** \We created a dataset with the only variables we
pooled analysis;

data beta&stud,;

set beta_study&stud;

study=&stud;

if variable eq "&exposure"
&exposure=input(ClassValo, best12. );
format &exposure & format_exp. .;
label &exposure= "&exposure"

drop df WaldChiSq ProbChiSq variable ClassValo;
run;

%if &strata eq " %then %dqg

proc freq data=&dataset noprint;

table &exposure * &case_control /out=freqsé&stud;

where va2=&stud;

run;  /* nota. The proc freq allow to have the number of
controls in each strata in order to be used in the
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%end,

%else %da

proc freq data=&dataset noprint;

table &exposure * &case_control /out=freqs&stud;
by &strata;

where va2=&stud;

run;

%end

data freqsé&stud;
set freqs&stud,;

study=&stud;

format &exposure & format_exp. . ;
run;
%if &strata eq " %then %dqg

proc sort data=freqs&stud;by study &exposure;run;
proc transpose data=freqs&stud out=t_freq&stud (dr
rename=(COL1=CASES COL2=CONTROLYS));

var count;

by study &exposure;

where &exposure ne . a and &exposure ne
run;
%end;
%else %dqg

proc sort data=freqs&stud;by study &exposure &stra
proc transpose data=freqs&stud out=t_freq&stud (dr
rename=(COL1=CASES COL2=CONTROLYS));

var count;

by study &exposure &strata;

where &exposure ne . a and &exposure ne
run;
%end

%let nstudy= %eval (&nstudy+1);
%end;

ods trace off;

data beta_all_studies;
set

%let nstudy=1;
%do %while ( %length ( %scan(&studies,&nstudy,

%let stud= %scan(&studies,&nstudy,” ");
beta&stud

%let nstudy= %eval (&nstudy+1);
%end;

run;

data fregs_all_studies;

-76 -

op=_NAME_ _LABEL_

ta;run;
op=_NAME_ _LABEL_

B



set

%let nstudy=1;

%do %while ( %length (%scan(&studies,&nstudy,
%let stud= %scan(&studies,&nstudy,” ");

t_freq&stud

%let nstudy= %eval (&nstudy+1);
%end,

where study ne . and (CASESne . AND CONTROLS ne

run;

proc datasets lib=work nolist;

delete Beta_studyl-Beta_ study&num_studies Betal-Be
freqsl-freqs&num_studies t_freql-t freq&num_studies

quit;

%if &strata eq " %then %dqg
proc sort data=beta_all_studies;by study &exposure;
proc sort data=freqs_all_studies;by study &exposure

data &exposure;
merge beta_all_studies (in=a) freqs_all_studies (i
if a and b;

by study &exposure;
format study $studyb. ;
run;

PROC EXPORT DATA= &exposure
OUTFILE= "&dir.&exposure..csv"
DBMS=CSV REPLACE;

RUN;

%end,

%else %da

proc sort data=beta_all_studies;by study &exposure
proc sort data=freqs_all_studies;by study &exposure

data &exposure._&strata;

merge beta_all_studies (in=a) freqs_all_studies (i
if a and b;

by study &exposure &strata;

format study $study. ;

run;

PROC EXPORT DATA= &exposure._&strata

OUTFILE= "&dir.&Exposure._&strata..csv"

DBMS=CSV REPLACE;
RUN;

%end %rend;
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/**************************************************

kkkkkhkkkkkkkkkkkkx

MACRO TWO STEP to alyse the TREND

dataset -> dataset to analyse

studies -> macrovariable with the studies considere
case_control -> outcome variable (val case/control)
exposure -> exposure variable

exp_ref_cat -> reference category

strata -> strata variable (if | don't want to condu
analysis, put ")

format_exp -> exposure variable format
num_studies -> the number of the last study conside

kkkkkkkhhhhhhhhhkkkkkkkkkkkkkkkhkhhhhhhhhhhhhhrhhrrx

%racr o twosteptr
(dataset,studies,case_control,exposure,exp_ref cat,
num_studies);

ods trace on;

%let nstudy=1;
%do %while ( %length (%scan(&studies,&nstudy,

%let stud= %scan(&studies,&nstudy,” ");

%if &strata eq " %then %dqg
proc logistic data=&dataset ;
title "Study &stud." ;
format &exposure ;
class /*&exposure (ref="&exp_ref cat")*/
model &case_control= &exposure &&study&stud ;
where va2=&stud,
ods output ParameterEstimates=beta_study&stud;
estimates */
run;
quit;
%end;
%else %dg
proc sort data=&dataset;by &strata;run;
proc logistic data=&dataset ;
title "Study &stud." ;
format &exposure ;
class /*&exposure (ref="&exp_ref cat")*/
model &case_control= &exposure &&study&stud ;
by &strata;
where va2=&stud,
ods output ParameterEstimates=beta_study&stud,
estimates */
run;
quit;
%end;

data beta&stud;
set beta_study&stud;

study=&stud,;
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)}

&&study&stud / param=ref;

/* output of beta

&&study&stud / param=ref;

/* output of beta



if variable eq "&exposure"

&exposure=input(ClassValo, bestl2. );
format &exposure & format_exp. . ;
label &exposure= "&exposure"

drop df WaldChiSq ProbChiSq variable ClassValo;
run;

%if &strata eq " %then %dqg
proc freq data=&dataset noprint;
table [*&exposure **/ &case_control /out=freqs&stud;
where va2=&stud and &exposure ne o
run;  /* nota. La proc freq mi serve per tabulare numero di casi e
controlli entro ogni strato per il forest plot */
%end;
%else %dg
proc freq data=&dataset noprint;
table [* &exposure **/ &case_control /out=freqs&stud;
by &strata;
where va2=&stud and &exposure ne .
run;
%end;

data freqsé&stud;
set freqs&stud,;

study=&stud;

format &exposure & format_exp. .;
run;
%if &strata eq " %then %dqg
proc sort data=freqs&stud;by study &exposure;run;
proc transpose data=freqs&stud out=t_freq&stud (dr op=_NAME_ _LABEL_
rename=(COL1=CASES COL2=CONTROLYS));
var count;
by study &exposure;
where &exposure ne . a and &exposure ne .C;
run;
%end;
%else %dg
proc sort data=freqs&stud;by study &exposure &stra ta;run;
proc transpose data=freqs&stud out=t_freq&stud (dr op=_NAME_ _LABEL_
rename=(COL1=CASES COL2=CONTROLYS));
var count;
by study &exposure &strata;
where &exposure ne . a and &exposure ne .C;
run;
%end;

%let nstudy= %eval (&nstudy+1);
%end,

ods trace off;
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data beta_all_studies;
set

%let nstudy=1;
%do %while ( %length (%scan(&studies,&nstudy, E))

%let stud= %scan(&studies,&nstudy,” ");
beta&stud

%let nstudy= %eval (&nstudy+1);
%end;

run;

data fregs_all_studies;
set

%let nstudy=1;
%do %while ( %length ( %scan(&studies,&nstudy, Y):
%let stud= %scan(&studies,&nstudy,” ");

t_freq&stud

%let nstudy= %eval (&nstudy+1);
%end;

where study ne . and (CASESne . AND CONTROLS ne .);
run;

proc datasets lib=work nolist;

delete Beta_studyl-Beta_study&num_studies Betal-Be ta&num_studies
freqsl-freqs&num_studies t_freql-t freq&num_studies ;

quit;

%if &strata eq " %then %dqg

proc sort data=beta_all_studies;by study &exposure; run;

proc sort data=freqs_all_studies;by study &exposure ;run;

data &exposure;

merge beta_all_studies (in=a) freqs_all_studies (i n=Db);
if a and b;

by study &exposure;

format study $study. ;

run;

PROC EXPORT DATA= &exposure
OUTFILE= "&dir.&exposure.tr.csv"
DBMS=CSV REPLACE;

RUN;

%end;
%else %dag
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proc sort data=beta_all_studies;by study &exposure &strata;run;
proc sort data=freqs_all_studies;by study &exposure &strata;run;

data &exposure._&strata;

merge beta_all_studies (in=a) freqs_all_studies (i n=b);
if a and b;

by study &exposure &strata;

format study $study.

run;

PROC EXPORT DATA= &exposure._&strata
OUTFILE= "&dir.&Exposure._&strata.tr.csv"
DBMS=CSV REPLACE;

RUN;

%end

%rend;

4. R programs for analysis of the 2 stage method: sewd step

cigday<-read.csv(file="F:\DOTTORATOWRELAZIONE TERO
ANNOWSASWSMOKING\DATASETS FOR R\\cigarette _dagarcsv")
attach(cigday)

library(meta)

# cigday

# 1="Never smoker"

# 2="Former cigarette smoker"

# 3="0to 10"

# 4="11 to 20"

# 5="> 20"

# 6="Other than cigarette smoker";

# ALL STRATA INTO ONE GRAPH
me<-metagen(TE=Estimate[cigarette_day!="Never smpke
seTE=StdErr[cigarette_day!="Never smoker"], studkthdy[cigarette_day!'="Never
smoker"], sm="OR",n.e=CASES][cigarette_day'!'="Nevaogker"],
n.c=CONTROLS]cigarette_day!'="Never smoker"],

byvar=cigarette _day[cigarette_day!="Never smokkkl=0.95,level.comb=0.95,
comb.random=TRUE,comb.fixed=FALSE,method.tau="DL")

setwd("F:\DOTTORATO\WRELAZIONE TERZO ANNOWRESULTSmMoking
forest plot pdf\\")

pdf(file="cigarette_day.pdf",paper = "a4", widthl, height = 11,pagecentre=T,
pointsize=7)
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forest.meta(me,pooled.totals=FALSE,pooled.eventsHERmlab="",xlab="0dds
Ratio",ref=1,overall=TRUE,print.12=T,leftlabs=c(\8ty","Cancer
cases","Controls","OR","95% CI"),xlim=c(0.25,4),cauare="black",col.by="black",
addspace=TRUE,print.tau2=FALSE,rightcols=FALSEdels=c("studlab","n.e","n.c"
,"effect”,"ci"),print.byvar=FALSE text.random="Paal estimate",
ff.random.labels=0.5,ff.random=0.5,ff.hetstat=8ikize=8,squaresize=1)

dev.off()

# Subset: Former cigarette smoker

me<-metagen(TE=Estimate[cigarette_day=="Formerrett@smoker"],
seTE=StdErr[cigarette_day=="Former cigarette snipker

studlab=study[cigarette _day=="Former cigarette sngksm="OR",
n.e=CASES]cigarette_day=="Former cigarette smoker"]
Nn.c=CONTROLS[cigarette _day=="Former cigarette smtke
byvar=area[cigarette_day=="Former cigarette smgkkavel=0.95,level.comb=0.95,
comb.random=TRUE,comb.fixed=FALSE,method.tau="Dttle="Former cigarette
smoker")

setwd("F:\DOTTORATO\WRELAZIONE TERZO ANNOWRESULTSmMoking
forest plot pdf\\")

pdf(file="cigarette_day 1- Former cigarette smokepdf", paper = "a4r", width = 10,
height = 10, pagecentre=T, pointsize=10)

forest.meta(me, pooled.totals=TRUE, pooled.everfd3ff, smlab="", xlab="0dds
Ratio", ref=1, overall=TRUE, print.I12=T, leftlabs&&tudy”, "Cancer cases",
"Controls”, "OR", "95% CI"), xlim=c(0.25, 4), priftyvar=F, col.square="black",
col.by="black", addspace=TRUE, print.tau2=FALSEhtcols=FALSE,
leftcols=c("studlab", "n.e", "n.c", "effect", "ci;"text.random="Pooled estimate",
ff.random.labels=2, sortvar=me$studlab, ff.randonfEhetstat=1, fontsize=11,
squaresize=1)

dev.off()

tiff(filename = "F\\DOTTORATOWRELAZIONE TERZO
ANNOWRESULTS\Smoking forest plot tif\\cigarettéay 1- Former cigarette
smokerAREA.tiff", width = 230, height = 230, its.= "mm", res=300)
forest.meta(me, pooled.totals=TRUE, pooled.everf3ff, smlab="", xlab="0dds
Ratio", ref=1, overall=TRUE, print.12=T, leftlabsfStudy", "Cancer cases",
"Controls”, "OR", "95% CI"), xlim=c(0.25, 4), prifiyvar=F, col.square="black",
col.by="black", addspace=TRUE, print.tau2=FALSIghtcols=FALSE,
leftcols=c("studlab", "n.e", "n.c", "effect", "ci;"fext.random="Pooled estimate",
ff.r-andom.labels=2, sortvar=me$studlab, ff.randagffhetstat=1, fontsize=11,
squaresize=1)

dev.off()

# Subset: 0 to 10

me<-metagen(TE=Estimate[cigarette_day=="0 to 10",
seTE=StdErr[cigarette_day=="0 to 10"], studlab=gfadjarette day=="0 to 10"],

-82-



sm="0OR", n.e=CASES]cigarette_day=="0 to 10",
Nn.c=CONTROLS[cigarette_day=="0 to 10"], byvar=ameg@rette _day=="0 to 10"],
level=0.95, level.comb=0.95, comb.random=TRUE, cdixdéd=FALSE,
method.tau="DL", title="0 to 10")

setwd("F:\DOTTORATOW\RELAZIONE TERZO ANNOWRESUL NS moking
forest plot pdf\\")

pdf(file="cigarette_day 2- 0 to 10.pdf", paper 4t'g width = 10, height = 10,
pagecentre=T, pointsize=10)

forest.meta(me, pooled.totals=TRUE, pooled.ever®&3H, smlab="", xlab="0dds
Ratio", ref=1, overall=TRUE, print.I2=T, leftlabsE&&tudy", "Cancer cases",
"Controls", "OR", "95% CI"), xlim=c(0.25, 4), priftyvar=F, col.square="black",
col.by="black", addspace=TRUE, print.tau2=FALSEhtcols=FALSE,
leftcols=c("studlab", "n.e", "n.c", "effect", "ci;"text.random="Pooled estimate",
ff.random.labels=2, ff.random=1, ff.hetstat=1, fmpé=11, squaresize=1)
dev.off()

tiff(filename = "F\\DOTTORATOWRELAZIONE TERZO
ANNOWRESULTS\Smoking forest plot tif\\cigarettéay 2- 0 to 10AREA.tiff",
width = 230, height =230, units ="mm", res=300

forest.meta(me, pooled.totals=TRUE, pooled.everf3ff, smlab="", xlab="0dds
Ratio", ref=1, overall=TRUE, print.12=T, leftlabs&&tudy”, "Cancer cases",
"Controls”, "OR", "95% CI"), xlim=c(0.25, 4), priftyvar=F, col.square="black",
col.by="black", addspace=TRUE, print.tau2=FALSIghtcols=FALSE,
leftcols=c("studlab", "n.e", "n.c", "effect", "ci;"fext.random="Pooled estimate",
ff.random.labels=2, ff.random=1, ff.hetstat=1, ®neé=11, squaresize=1)

dev.off()

# Subset: 11 to 20

me<-metagen(TE=Estimate[cigarette_day=="11 to 20"],
seTE=StdErr[cigarette_day=="11 to 20"], studlabdgfaigarette day=="11 to 20"],
sm="0OR", n.e=CASES[cigarette_day=="11 to 20"],
n.c=CONTROLS]cigarette_day=="11 to 20"], byvar=dcegarette_day=="11 to 20",
level=0.95, level.comb=0.95, comb.random=TRUE, cdixdéd=FALSE,
method.tau="DL", title="11 to 20")

setwd("F:\DOTTORATO\WRELAZIONE TERZO ANNOWRESULTSmMoking
forest plot pdf\\")

pdf(file="cigarette_day 3- 11 to 20.pdf", paperadt”, width = 10, height = 10,
pagecentre=T, pointsize=10)

forest.meta(me, pooled.totals=TRUE, pooled.everfd3ff, smlab="", xlab="0dds
Ratio", ref=1, overall=TRUE, print.I12=T, leftlabs&&tudy”, "Cancer cases",
"Controls”, "OR", "95% CI"), xlim=c(0.25, 4), priftyvar=F, col.square="black",
col.by="black", addspace=TRUE, print.tau2=FALSIghtcols=FALSE,
leftcols=c("studlab", "n.e", "n.c", "effect", "ci;"fext.random="Pooled estimate",
ff.random.labels=2, ff.random=1, ff.hetstat=1,t®pne=11, squaresize=1)
dev.off()
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tiff(filename = "F:\\DOTTORATO\RELAZIONE TERZO
ANNOWRESULTS\Smoking forest plot tif\\cigarettéay 3- 11 to 20AREA.tiff",
width = 230, height =230, units ="mm", res=300

forest.meta(me, pooled.totals=TRUE, pooled.ever®&3H, smlab="", xlab="0dds
Ratio", ref=1, overall=TRUE, print.12=T, leftlabsE&Study", "Cancer cases",
"Controls”, "OR", "95% CI"), xlim=c(0.25, 4), priftyvar=F, col.square="black",
col.by="black", addspace=TRUE, print.tau2=FALSEhtcols=FALSE,
leftcols=c("studlab", "n.e", "n.c", "effect", "ci;"text.random="Pooled estimate",
ff.r-andom.labels=2, sortvar=me$studlab, ff.randonfEhetstat=1, fontsize=11,
squaresize=1)

dev.off()

# Subset: > 20

me<-metagen(TE=Estimate[cigarette_day=="> 20"] BeStdErr[cigarette_day==">
20"], studlab=study[cigarette_day=="> 20"], sm="OR
n.e=CASES]cigarette_day=="> 20"], n.c=CONTROLS[cagte _day=="> 20"],
byvar=area[cigarette_day=="> 20"], level=0.95, lesx@mb=0.95,
comb.random=TRUE, comb.fixed=FALSE, method.tau="[itle="> 20")

setwd("F:\DOTTORATO\WRELAZIONE TERZO ANNOWRESULTSmMoking
forest plot pdf\\")

pdf(file="cigarette_day 4- up 20.pdf", paper = "g4width = 10, height = 10,
pagecentre=T, pointsize=10)

forest.meta(me, pooled.totals=TRUE, pooled.everi®&3H, smlab="", xlab="0dds
Ratio", ref=1, overall=TRUE, print.I2=T, leftlabsE&&tudy", "Cancer cases",
"Controls", "OR", "95% CI"), xlim=c(0.25, 4), cohsare="black", col.by="black",
addspace=TRUE, print.tau2=FALSE, rightcols=FALS#tdols=c("studlab”, "n.e",
"n.c", "effect", "ci"), text.random="Pooled estineat ff.random.labels=2,
ff.random=1,ff.hetstat=1,fontsize=11,squaresize=1)

dev.off()

tiff(filename = "F:\\DOTTORATO\RELAZIONE TERZO
ANNOWRESULTS\Smoking forest plot tif\\cigarettéay 4- up 20AREA.tiff",
width = 230, height = 230, units = "mm", res=300)
forest.meta(me,pooled.totals=TRUE,pooled.events=HRilab="",xlab="0dds
Ratio",ref=1,overall=TRUE,print.12=T, leftlabs=c({l&ly","Cancer
cases","Controls","OR","95% CI"),xlim=c(0.25,4),ptibyvar=F,
col.square="black",col.by="black",addspace=TRUHptau2=FALSE,rightcols=FA
LSE, leftcols=c("studlab”,"n.e","n.c","effect","gitext.random="Pooled
estimate",ff.random.labels=2,sortvar=me$studlaifidom=1,ff.hetstat=1,fontsize=1
1,squaresize=1)

dev.off()
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