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Abstract

Background & Aims: Use of antibiotics affects the composition of thensbiome and might

affect development of colorectal polyps, which arecursors to colorectal cancer.

Methods: We performed a nested case—control study in Swefléh, 744 patients with a
colorectal polyp (cases) in the nationwide gastesitinal ESPRESSO histopathology cohort,
using unaffected full siblings as controls (n=9380Polyps were classified by morphology
SnoMed codes into conventional adenomas and sépatgps. Through linkage to the
Prescribed Drug Register, we assessed use andativaudispensations of antibiotic until one

year prior to polyp diagnosis for cases and thblirgy controls.

Results: During a median study period of 6.9 years, compar#id non-users, users of
antibiotics (28,884 cases [63.1%] and 53,222 giptiontrols [57.0%]) had a higher risk of
colorectal polyps. Risk increased with higher nunddedispensations (odds ratio [OR] foi6

dispensations, 1.33; 95% ClI, 1.25-1.43).4«<.0001). We observed a stronger association with
polyps for broad-spectrum antibiotics (odds ra@&], 1.23; 95% CI, 1.18-1.29) than for
narrow-spectrum antibiotics (OR, 1.05; 95% CI, +010), and for tetracyclines and quinolones
(OR, 1.21) than penicillin and other classes (Oiged from 1.04 to 1.16). The findings
remained robust with several sensitivity analyseduding use of a 2-year lead-in period for
antibiotic assessment and correction for misclesdion in controls. Use of broad-spectrum
antibiotics was more strongly associated with aEkerrated polyps (OR, 1.29; 95% CI, 1.21—-
1.38) compared with risk of conventional adenon@R,(1.17; 95% CI, 1.11-1.24). We found

no differences in risk of colon vs rectal polypshhantibiotic use Rheterogeneity™>0.10). We found



stronger associations for younger (<50 years) @sradults 50 years) for users of quinolones,

sulfonamides, trimethoprim, and cephalosporPigefaction<0.001).

Conclusions:In a nationwide case—control study in Sweden, aftepunting for hereditary and
early life environmental factors, antibiotic usesnessociated with increased risk of colorectal
polyps. Our findings indicate a role for intestidgkbiosis in early stages of colorectal

carcinogenesis.

Key words: anti-aerobic, anaerobic, bacteria, sessile serzb/p



Need to Know

Background: Use of antibiotics affects the compaosibf the microbiome and might affect

development of colorectal polyps, precursors tomrdtal cancer

Findings: A nationwide case—control study of 45,addlts with a colorectal polyp and 93,307
unaffected full sibling controls found an 8% incean risk of colorectal polyps associated with
users of any antibiotics and a 33% increase inassociated with at least 6 dispensations of
antibiotics. Antibiotic use was more strongly asatad with higher risk of serrated polyps than

conventional adenomas.

Implications for patient care: Intestinal dysbiosight contribute to early stages of colorectal

carcinogenesis. Strategies should be developegtitece these effects of antibiotics and prevent

colorectal cancer.



Introduction

Colorectal cancer (CRC) is the second leading cafisancer death worldwideThe overall
death rate of CRC has been decreasing at the deml(-13.5% from 1990 to 2017)ikely
driven by the increasing use of CRC screening.tekisever, substantial increases in CRC
mortality have been seen in less developed regmaricularly south Asia and central Latin
America (20.4%). Moreover, an increasing trendasfyeonset CRC that occurs in adults
younger than 50 years has been noted across sesgi@is® Although lifestyle factors, such as
smoking, Western diet, and obesity, have an estadi role in CRC and may contribute to 40-
60% of CRC cases and deaths in many countrfédentifying other modifiable risk factors for

CRC remains a priority to improve prevention effort

Increasing evidence suggests a role of the gutoiota in initiation of CRC.Compositional
shifts in the gut microbiota have been observauhiiients with CRC precursors, namely
colorectal polyps, compared to healthy individfaldn support of the role of dysbiosis in CRC,
exposure to antibiotics have been associated nitteased risk of CRC in several studiés.
However, the findings remain inconsistent, paraciyl for specific classes of antibiotics and the
differences by tumor subsite. Moreover, it remadamgely unknown whether antibiotics play a

role in the early stage of CRC developmént.

Therefore, to better understand the role of artitsan the development of CRC precursors, we
performed a nationwide nested case-control stu@waden among patients with a colorectal
polyp and their unaffected full sibling controlseWsed sibling controls to reduce confounding

by hereditary and shared environmental factors.



Materials and methods

Study population

Sweden has a public health care system with uraveoverage. Individual-level data from
various national registries were linked based enuthique personal identity number assigned at
birth to all Swedish resident$ Participants with polyps were drawn from the ESBRB study
(Epidemiology Strengthened by histoPathology RepiorSweden) that included gastrointestinal
(GI) biopsies from all 28 pathology departmentSimeden between 1965 and 201t
ESPRESSO, histopathologic findings were defineddmes of topography and morphology (a
Swedish modification of the Systematized Nomencéati Medicine [SnoMed] coding system).
We used topography codes of T67 (for colon) and (f@8rectum) in combination with SnoMed
codes to identify colorectal polypSFor conventional adenomas, we used the SnoMedsaxfde
M82100 (tubular adenoma), M82630 (tubulovillousramtea), and M82611 (villous adenoma).
Serrated polyps included hyperplastic polyps asdikeserrated polyps (SSPs). We used the
SnoMed code of M72040 for hyperplastic polyps, aseld a combination of SnoMed codes
(M82160, M82130, and M72041) and free text seanctSEPs. The accuracy of polyp

identification has been described in our previdusies®*?

Information on antibiotic use was derived from 8wedish Prescribed Drug Register, which has
collected information on all medications prescribedhe entire Swedish population since July 1,

2005%° To ensure that we had at least one-year informatioantibiotic use, we identified



participants with the first diagnosis of coloregtalyps aged at least 18 years in ESPRESSO
since July 1, 2006. To minimize the influence ofduitary predisposition and shared early life
exposures, we selected unaffected full siblingsasficipants with polyps as the control group.
We excluded individuals who had a history of CRG.r&duce the influence of missed cancers at
the time of endoscopy, we also excluded individudie had a diagnosis of CRC within the first
6 months after the diagnosis of polyps for casestheir sibling controls. After further

excluding individuals with inflammatory bowel disea(IBD), unspecified histology of polyps,
and erroneous records on the date of diagnosishasé without sibling controls, a total of
45,744 polyp cases and 93,307 matched sibling @isntrere included in the study (see
flowchart inFigure 1). The mean number of sibling controls per case2v@gstandard

deviation [SD], 1.4). The study was approved by3heckholm Ethics Review Board. Informed

consent was waived by the board since the studystiiasly register-basetf.

Exposure and covariate assessment

We identified antibiotic use from the register gsthe World Health Organization (WHO)
Anatomical Therapeutic Chemical (ATC) codes forttierapeutic subgroup of antibacterials
approved for systemic usage. To minimize reverssaldy, we assessed the total number of
antibiotic dispensations up to one year prior ®dragnosis of polyps for cases and their sibling
controls. We examined antibiotics according tolg@enicillin, cephalosporins, macrolides,
fluoroquinolones, tetracyclines, sulfonamides, atiters) and categorization (anti-anaerobic and
anti-aerobic; narrow and broad-spectriBupplementary Table ). Details of covariate

assessment are described in$lopplementary Methods



Statistical analysis

We calculated means (SD) for continuous variabhespgercentages for categorical variables
among cases and controls. We used conditionaltiogegression to calculate the odds ratio
(OR) and 95% confidence interval (ClI) of coloregalyps according to use of antibiotics (yes,
no) and cumulative dispensations (0, 1, 2, 3-5#)dWe considered two models: model 1 was
adjusted for age (continuous), sex (binary), arat @& birth (continuous); and model 2 was
further adjusted for income levels (quintiles), eation (9 years or less, 10-12 years, >12 years,
missing), total number of prior clinic visits (qtiles), Charlson comorbidity score (continuous),
and major comorbidities with a prevalence of astd#®6 (all binary, including diabetes,
cardiovascular disease, non-colorectal cancer, tisease, chronic pulmonary disease,
connective tissue disease, and peptic ulcer disdgseswas calculated using the number of
dispensations as a continuous variable. We alsduzted several sensitivity analyses. First, to
minimize confounding by utilization of endoscopiaens, we assessed use of endoscopic exams
at the time of polyp diagnosis for cases and timeitched sibling controls using the established
procedure codes in the patient registfiemd included this variable in the multivariabledab
Second, given the potential confounding effectimplking and that patients with chronic
pulmonary disease are frequently prescribed witladhispectrum antibiotics, particularly
tetracyclines, we performed a sensitivity analpsiexcluding individuals with a history of
chronic pulmonary disease. Third, because divditi€uelates to antibiotic prescription,
inflammation in the colorectum and possibly polyaghostics, we excluded individuals with
diverticular disease in another sensitivity analyBourth, to minimize reverse causality, we

excluded antibiotic dispensations within 2 yearpallyp diagnosis. Finally, because polyps are



common and sibling controls may have undetectegipgallue to lack of national screening
programs in Sweden, we performed two additionalysea to account for outcome
misclassification in sibling controls using the hed proposed by Fox etf’abnd to assess the
relationship between antibiotic use and polyp @skording to the likelihood of outcome
misclassification in sibling controls (details a®scribed in the Supplementary Materials). All

these sensitivity analyses were adjusted for theesset of covariates as in the primary analysis.

Furthermore, we examined the risk of polyps acewdo type of antibiotics and major

individual classes of antibiotics. We performedgraip analyses according to histology
(conventional adenomas and serrated polyps) arldcatton (colon and rectum) of polyps, and
calculate the® for heterogeneity using the contrast test mefidehr conventional adenomas,

we further examined the associations accordingeaarost advanced histology a patient had (the
precedence order being villous adenoma [n=397{ltvillous adenoma [n=7,784], and tubular
adenoma [n=15,716]). Given the speculated rol@®fut microbiota in early-onset CRC, we
conducted a secondary analysis by stratifying atiogrto age. We calculatdifor interaction

using Wald test for the product term between ageaatibiotic use.

We used SAS 9.4 for the analyses. All statistiesid were two-sided with the significance level

of 0.05.

Results
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Table 1shows the basic characteristics of participarte mean age was 60.6 (SD, 11.8) years
for cases and 60.8 (11.8) years for sibling costuring a median follow-up of 6.9 years,
28,884 cases (63.1%) and 53,222 sibling contralOgh) had at least one dispensation of
antibiotics. Among antibiotic users in cases, titerival between the first recorded dispensation
and polyp diagnosis ranged from 1.0 to 12.8 yaaesd{an, 5.0 years; interquartile range, 3.0-7.2
years). There were more users for narrow- thandssp&ctrum antibiotics (47% vs. 34% in
controls) and for anti-aerobic than anti-anaeraloitbiotics (56% vs. 8% in controls). Common
classes of antibiotics included penicillin, tetrelayes, and quinolones. Cases had a higher

number of clinic visits and comorbidities than siglcontrols.

Table 2 shows the association of antibiotic use with ogkolorectal polyps. Compared with
non-users, users of antibiotics had a higher ristotorectal polyps. The OR (95% CI) was 1.31
(1.26-1.36) in the model adjusted for age, sexkarid year only; and attenuated to 1.08 (1.04-
1.13) after further adjustment for other covarialdse change appeared to be due to a
cumulative effect of multiple covariates ratherrtltiiven by individual covariates. A stronger
association was found for broad-spectrum (multatsle OR=1.23, 95% CI=1.18-1.29)
compared with narrow-spectrum antibiotics (1.08,1141.10), and for tetracyclines (1.21, 1.16-
1.27) and quinolones (1.21, 1.14-1.28) compared pénicillin (1.04, 1.00-1.09) and other

classes.

We conducted a sensitivity analysis by accountargpbtential misclassification of polyp status
in controls Supplementary Table 3. The associations of total and different clasges
antibiotics with polyp risk were all strengthenedth the OR ranged from 1.72 to 2.14. The OR
was 1.84 (95% Cl, 1.17-2.95) for any antibioticd &3 (95% ClI, 1.33-3.56) for broad-

spectrum antibiotics. In the sensitivity analysigtier adjusted for use of prior endoscopic
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exams (8.9% in cases and 0.9% in controls), simglsults were observed (OR for any
antibiotics=1.07, 95% CI=1.02-1.12; OR for broagapum antibiotics=1.21, 95% CI=1.16-
1.27). Moreover, the results did not essentiallgrge, after excluding individuals with a history
of chronic pulmonary disease who were more likelyse tetracyclines and other broad-
spectrum antibiotics (OR for broad-spectrum antibgs=1.18, 95% CI=1.13-1.24; OR for
tetracyclines=1.16, 95% CI=1.10-1.22), excludingjwwduals with diverticular disease (OR for
broad-spectrum antibiotics=1.18, 95% CI=1.13-1.28)] excluding antibiotic dispensations

within 2 years of polyp diagnosis (OR for broad-&pem antibiotics=1.15, 95% CI=1.08-1.22).

When polyps were classified into conventional asea® and serrated polyps, antibiotic use
showed a generally stronger association with ssrpblyps than conventional adenomas
(Figure 2A). The difference was particularly prominent foodd-spectrum antibiotics (OR for
serrated polyps=1.29, 95% CIl=1.21-1.38; OR for emtonal adenomas=1.17, 95% CI=1.11-
1.24; Prheterogeneiiy 0.04) and anti-anaerobic antibiotics (OR for seaagolyps=1.20, 95%
CI=1.08-1.34; OR for conventional adenomas=1.02 @3=0.93-1.12Pheterogeneiy0.03). NO
differences were observed for the association tibiatics with colon or rectal polyp$igure

2B). When conventional adenomas were further classly histology $upplementary Figure

1), we found that most of the antibiotic groups &htb be more strongly associated with higher
risk of villous adenomas than tubulovillous or tl#niadenomas, although the confidence

interval for villous adenomas were wide due toliimted case number (n=397).

A dose-response relationship was observed whehbiatntiuse was assessed by cumulative
dispensationsRn<0.0001,Table 3). The increased risk of polyps did not emergel 35
dispensations of antibiotics (OR=1.19, 95% CI=11126) and became higher with at least 6

dispensations (OR=1.33, 95% CI=1.25-1.43). Agdia,associations appeared stronger for

12



broad-spectrum than narrow-spectrum antibioticstaAistically significant trend was found for
anti-anaerobic but not anti-aerobic antibioticth@ligh the number of cases with more than two
dispensations of anti-anaerobic antibiotics waslisfma572). The risk of polyps also increased
with more dispensations of penicillin, tetracycnand quinolone${,<0.0001), but not with

other classes.

In the stratified analysis by age, althoughRfer interaction was less than 0.05 for overall
antibiotic use and several individual categorieardfbiotics, most of the differences in ORs
were fairly modest, except for a particularly sgenassociation with increased risk of polyps in
younger than older adults for quinolones, sulfortssiand trimethoprim, and cephalosporins
(Pinteractionr<0.001,Supplementary Figure 3. For example, the OR (95% CI) for quinolones was
1.33 (1.08-1.62) in adults aged <50 years and (L1d-1.33) in>70 years; the OR for
sulfonamides and trimethoprim was 1.37 (1.08-1i7%50 years and 1.10 (0.94-1.29%R0

years.

Discussion

In this nationwide case-control study, even aftmoanting for hereditary and early life
environmental factors, we found that patients wittplorectal polyp were more likely to have
been exposed to antibiotics than their unaffecilglthgs. The risk elevation of colorectal polyps
associated with antibiotic use was higher for brspédctrum compared to narrow-spectrum

antibiotics, and for tetracyclines and quinolonespared to penicillin and other classes. The

13



associations became stronger after accountingoi@ngial misclassification in the control group
due to the unknown polyp status. Our findings camp@nt earlier reports of an association
between antibiotics and increase risk of CRC awngige novel evidence for the role of the gut

dysbiosis in early development of colorectal nesigla

Exposure to antibiotics induces pervasive changése gut microbial community. Although the
overall community can be largely restored withiweeks after antibiotic treatment, the recovery
varies between individuals and classes of antitsaind is often incompleté.?® Particularly,
repeated exposures to antibiotics can lead tosispent regime shift! A recent study in the UK
reported that use of antibiotics, primarily antred®c antibiotics, was associated with an
increased risk of colon cancer, but a lower riskeatal cancel® In contrast, anti-anaerobic, but
not anti-aerobic, antibiotics were associated withigher risk of both colon and rectal cancer in
a case-control study in patients with type 2 diebét Taiwarl? Increasing data suggest that the
pro-CRC effect of gut dysbiosis starts early incoawgenesis. Patients with colorectal polyps
have already demonstrated substantial shifts imahgposition of the gut microbiofa’

However, existing epidemiologic evidence is largalyss-sectional and unable to address
whether microbial alterations are a cause or careseze of colorectal carcinogenesidoreover,
given the long latency period of CRC and that iifeccan be associated with the clinical

presentation of CRC, short-term studies using CR@a endpoint are prone to reverse causality.

Therefore, to shed light on the role of gut micataiin initiation of colorectal carcinogenesis,
we focused on generally asymptomatic CRC precummisexamined antibiotic exposures at a
median of 5 years prior to diagnosis of coloreptd/ps. By further excluding polyp cases
diagnosed within one year after exposure assessmemhinimized any influence of reverse

causality. In line with our findings, prior evidenin CRC also suggest an early-acting effect of

14



antibiotics. Two studies found that use of antic®inore than 10 years before the cancer
diagnosis were more strongly associated with irsg@&RC risk, compared to antibiotic use
within 10 years before CRC diagno&i&® For conventional adenomas, we found that antitsoti
tended to be more strongly associated with villadsnomas than tubular and tubulovillous

adenomas, indicating potential role of antibioticghe malignant transformation of precancers.

Furthermore, we found a stronger association foadispectrum than narrow-spectrum
antibiotics. This is not unexpected, since antibowith broad-spectrum activity can influence a
wide variety of microbial populations and producrd-lasting effects on the microbidta.
Among the broad-spectrum antibiotics, we found iq@adarly strong association for tetracycline
and quinolone family of antibiotics with increasesk of both colon and rectal polyps. These
findings contrast with a recent study that obseméaneficial association of tetracyclines with
rectal cancet® While there is some evidence for the anti-inflartomaeffects of tetracyclines,
doxycycline, the most commonly used agent withetétracycline family in our study
population, increased colonic tumor multiplicitydapromoted metastasis in amvivo study?’
Moreover, exposure to tetracyclines has been agsocivith increased risk of other Gl disorders,
such as IBD and irritable bowel syndroffie?® As for quinolones, these drugs are commonly
prescribed for Gl infections and have been assettwith higher CRC risk in several prior

studied 1

CRC is a heterogeneous disease. Conventional adesnamad serrated polyps represent two
distinct groups of precursors for the adenoma-naroa pathway and the serrated pathway,
respectively’ Compared to other CRCs, serrated CRCs are maly lix haveBRAF mutation
and microsatellite instability. Some risk facta@sch as smoking and obesity, have been more

strongly associated with serrated polyps than coiimeal adenoma¥. Positivity ofF.

15



nucleatum, one of the most studied pro-CRC microbes, has bsesociated with
clinicopathological and molecular features of sedaeoplasid.Despite these data, no study
has yet examined whether antibiotic use was dffitiaity associated with adenomatous versus
serrated colorectal neoplasia. In the current stweyfound that antibiotic use was more strongly
associated with increased risk of serrated polyps tonventional adenomas (for 11 out of the
12 studied antibiotic categoridsigure 2A), suggesting a particularly important role of gut
dysbiosis in the serrated pathway of colorectapresia. Further studies assessing CRC by
molecular features will be important to better ustend the mechanisms through which gut

microbiota influences CRC.

Strengths of our study include the use of a langépnally representative sample, a validated
approach for polyp ascertainment, and linkage eftétional drug registry that has virtually
complete information on all drug dispensationsludmg antibiotics. Moreover, our use of full
sibling controls eliminated any confounding effetethnicity and hereditary predisposition and

minimized the confounding by shared environmerdatdrs.

Our study also has several limitations. First,deal confounding cannot be excluded,
particularly because we lacked data on indicatfonsntibiotic use and major CRC risk factors,
such as smoking and adiposity status. Howeverpbservations for the dose-response
relationship and differences in the associatiomssacclasses of antibiotics that have common
indications suggest that confounding by indicai®anlikely to fully explain our findings.
Furthermore, we adjusted for the Charlson comatps&tiore and several major individual
comorbidities that are strongly associated withlangand obesity. Second, the Prescribed
Drug Register does not contain antibiotics datenfiepatient care or use of parenteral

antibiotics. However, more than 75% of parentenéibéotics in Sweden consisted of

16



benzylpenicilliri* that has a limited impact on the microbittahird, because the Drug Register
did not start until 2005, we were unable to assessof antibiotics in the remote past. However,
this is less of a concern for studies of coloreptayps, which represent the very early alterations
in the continuum of colorectal carcinogenesis. Bguhe polyp status of sibling controls is
largely unknown due to the lack of endoscopic suregprograms. However, any
misclassification in the control group could onbve attenuated our effect estimates, as
demonstrated in our sensitivity analysis. Findltg prescription patterns may differ between

countries and thus the generalizability of our ifitvg$ needs to be confirmed.

In conclusion, antibiotic use was associated witlieased risk of colorectal polyps. The
association was stronger for broad-spectrum atitiisiand tetracyclines and quinolones. A
greater risk elevation associated with antibiotves also noted for serrated polyps compared to
conventional adenomas. Our findings support agbthe gut dysbiosis in early colorectal

carcinogenesis.
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Figure Legends

Figure 1. Flowchart of participant selection

Abbreviations: ESPRESSO, Epidemiology StrengthdnelistoPathology Reports in Sweden;

IBD, inflammatory bowel disease.

Figure 2. Multivariable association between antibiotic ued ask of conventional adenomas

and serrated polyps (A), and colon and rectal ().
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Table 1. Basic characteristics of study participants

Cases (n=45,744) Sibling Controls

(n=93,307)
Age, year, mean (SD) 60.6 (11.8) 60.8 (11.8)
<50 years 7,884 (17.2) 15,837 (17.0)
>50, <60 years 9,047 (19.8) 22,007 (23.6)

>60, <70 years

>70 years
Women, n (%)
Birth year, mean (SD)
Year of diagnosis, n (%)

2006-2007

2008-2010

2011-2013

>2014
Total number of prior clinic visit, mean (SD)
Antibiotics dispensations, n (%)

No

1

2

3-5

>6
Use of narrow-spectrum antibiotics, n (%)
Use of broad-spectrum antibiotics, n (%)
Use of anti-aerobic antibiotics, n (%)
Use of anti-anaerobic antibiotics, n (%)
Use of antibiotics by class, n (%)

Penicillin

Tetracyclines

Quinolones

Macrolides

Sulfonamides and trimethoprim

Cephalosporins and other non-penicillin beta-lastam

Other classes
Charlson comorbidity score, mean (SD)*
Individual comorbidity, n (%)*

18,330 (40.1)

10,483 (22.9)

23,564 (51.5)
1951 (12)

4,481 (9.8)
12,316 (26.9)
14,050 (30.7)
14,897 (32.6)
1555.3)

16,860 (36.9)
8,094 (17.7)
5,629 (12.3)
8,563 (18.7)
6,598 (14.4)
23,465.35
19,094 71

28,437 (62.2

4,330Y9.5

22,414 (49.0)
11,670 (25.5)
6,701 (14.7)
5,262 (11.5)
3,854 (8.4)
2,680 (5.9)
2,959 (6.5)
0.8 (1.1)

34,300 (36.8)

21,163 (22.7)

45,851 (49.1)
1951 (12)

8.8 (12.9)

40,085 (43.0)
17,583 (18.8)
10,970 (11.8)
14,719 (15.8)
9,950 (10.7)
43,453 (46.6)
31,788 (34.1)
52,267 (56.0)
7,382 (7.9)

41,419 (44.4)
18,578 (19.9)
10,672 (11.4)
8,700 (9.3)
6,278)(6.
4,586 (4.9)
5,124 (5.5)
5 (@.0)



Myocardial Infarction

Congestive Heart Failure
Peripheral Vascular Disease
Cerebrovascular Disease
Dementia

Chronic Pulmonary Disease
Connective Tissue Disease-Rheumatic Disease
Peptic Ulcer Disease

Mild Liver Disease

Diabetes without complications
Diabetes with complications
Paraplegia and Hemiplegia

Renal Disease

Cancer

Moderate or Severe Liver Disease
Metastatic Carcinoma

AIDS/HIV

1,967 (4.3)
1,347 (2.9)
1,198 (2.6)
2,655 (5.8)
137 (0.3)
4,246 (9.3)
13865 (
1,352 (3.0)
852 (1.9)
3,092 (6.8)
1,099 (2.4)
264 (0.6)
714 (1.6)
14,006 (30.6)
259 (0.6)
428 (0.9)
34 (0.1)

3,883 (4.2)
2,114 (2.3)
1,275 (1.4)
4,791 (5.1)
402 (0.4)
5,208 (5.6)
1,205 (1.3)
1,224 (1.3)
1,012 (1.1)
3,608)3
724 (0.8)
467 (0.5)
782 (0.8)
18,690 (20.0)
339 (0.4
1,870 (2.0)
51 (0.1)

* The complete list of ICD codes for comorbiditispresented in Supplementary Table 2.



Table 2. Association between use of antibiotics and riskadbrectal polyps

Nonusers Users OR (95% CI)

e boa 0 Mo Mo ™ woser wosszr
All antibiotics 16,860 40,085 28,884 53,222 1(Br6-1.36) 1.08 (1.04-1.13) 0.0003
Narrow-spectrum antibiotics 22,279 49,854 23,4653,443 1.23(1.18-1.27) 1.05(1.01-1.10) 0.01
Broad-spectrum antibiotics 26,650 61,519 19,094 ;78R 1.40 (1.35-1.46) 1.23(1.18-1.29) <0.0001
Anti-aerobic antibiotics 17,307 41,040 28,437 B1,2 1.30 (1.25-1.35) 1.08 (1.04-1.13) 0.0003
Anti-anaerobic antibiotics 41,414 85,925 4,330 82,3 1.23(1.16-1.31) 1.10(1.03-1.18) 0.006
Penicillin 23,330 51,888 22,414 41,419 1.21 (11126) 1.04 (1.00-1.09) 0.04
Tetracyclines 34,074 74,729 11,670 18,578 1.30¢1.42) 1.21(1.16-1.27) <0.0001
Quinolones 39,043 82,635 6,701 10,672 1.36 (1.28) 1.21(1.14-1.28) <0.0001
Macrolides 40,482 84,607 5,262 8,700 1.28 (1.3601 1.14 (1.08-1.22) <0.0001
Sulfonamides and trimethoprim 41,890 87,029 3,8546,278 1.26 (1.18-1.35) 1.16 (1.08-1.24) <0.0001
g;f’izﬁl'iffggg]; ;r;‘?n‘;ther NON-43.064 88,721 2,680 4,586 1.24 (1.15-1.34) 111341.23)  0.005
Other classes 42,785 88,183 2,959 5,124 1.16{@m) 1.07 (0.99-1.16) 0.10

*Conditional logistic regression was used with atijpent for age (continuous), sex (binary), and péairth (continuous).
tMultivariable model was further adjusted for ineofavels (quintiles), education (9 years or le€s12 years, >12 years, missing),
total number of prior clinic visits (quintiles), @ison comorbidity score (continuous), and majonctbidities (all binary, including
diabetes, cardiovascular disease, non-coloreatalecaliver disease, chronic pulmonary diseasenective tissue disease, and peptic

ulcer disease).



Table 3. Association between cumulative dispensations tbics and risk of colorectal polyps

No prior 1 prior 2 prior 3-5 prior >6 prior P
use dispensation dispensations  dispensations  dispensations trend

All antibiotics

No. of cases 16,860 8,094 5,629 8,563 6,598

No. of sibling controls 40,085 17,583 10,970 14,719 9,950

OR (95% CI)* 1 (ref) 0.95(0.90-1.01) 1.05(0.9822) 1.19(1.12-1.26) 1.33(1.25-1.43)<0.0001
Narrow-spectrum antibiotics

No. of cases 22,279 9,482 5,267 5,982 2,734

No. of sibling controls 49,854 19,115 9,906 10,152 4,280

OR (95% CI)* 1 (ref) 1.00 (0.95-1.05) 1.02 (0.969) 1.17(1.10-1.25) 1.19(1.09-1.30) 0.03
Broad-spectrum antibiotics

No. of cases 26,650 8,184 4,196 4,424 2,290

No. of sibling controls 61,519 15,269 6,714 6,543 ,262

OR (95% CI)* 1 (ref) 1.12 (1.06-1.18) 1.32(1.232). 1.37(1.28-1.47) 1.38(1.25-1.52)<0.0001
Anti-aerobic antibiotics

No. of cases 17,307 8,271 5,679 8,386 6,101

No. of sibling controls 41,040 17,904 10,938 14,289 9,136

OR (95% CI)* 1 (ref) 0.95(0.90-1.01) 1.05(0.981m) 1.19(1.13-1.26) 1.33(1.24-1.43)<0.0001
Anti-anaerobic antibiotics

No. of cases 41,414 2,965 793 439 133

No. of sibling controls 85,925 5,189 1,229 728 236

OR (95% CI)* 1 (ref) 1.08 (1.00-1.17) 1.20(1.039). 1.18(0.97-1.44) 0.76 (0.53-1.10) 0.36
Penicillin

No. of cases 23,330 9,487 5,186 5,633 2,108

No. of sibling controls 51,888 19,149 9,660 9,383 223

OR (95% CI)* 1 (ref) 0.98 (0.93-1.03) 1.06 (0.993). 1.14(1.07-1.22) 1.23(1.11-1.36) <0.0001
Tetracyclines

No. of cases 34,074 6,685 2,423 1,899 663

No. of sibling controls 74,729 11,554 3,509 2,589 269

OR (95% CI)* 1 (ref) 1.13(1.07-1.19) 1.33(1.224) 1.37(1.24-1.52) 1.43(1.20-1.69) <0.0001
Quinolones

No. of cases 39,043 3,902 1,443 1,049 307



No. of sibling controls 82,635 6,354 2,211 1,607 050

OR (95% CI)* 1 (ref) 1.20(1.12-1.29) 1.32(1.189). 1.16(1.01-1.32) 1.12(0.88-1.42) <0.0001
Macrolides

No. of cases 40,482 3,453 961 630 218

No. of sibling controls 84,607 5,903 1,506 949 342

OR (95% CI)* 1 (ref) 1.12 (1.04-1.21) 1.15(1.082). 1.33(1.12-1.57) 1.01 (0.76-1.36) 0.08
Sulfonamides and trimethoprim

No. of cases 41,890 2,617 657 434 146

No. of sibling controls 87,029 4,159 1,109 751 259

OR (95% CI)* 1 (ref) 1.19 (1.10-1.30) 1.09 (0.9249). 1.09 (0.89-1.34) 1.06 (0.76-1.48) 0.31
Cephalosporins and other non-
penicillin beta-lactams

No. of cases 43,064 2,045 408 176 51

No. of sibling controls 88,721 3,541 663 317 65

OR (95% CI)* 1 (ref) 1.17 (1.07-1.29) 1.01(0.828) 0.89(0.64-1.22) 1.11 (0.57-2.18) 0.09
Other classes

No. of cases 42,785 1,786 502 415 256

No. of sibling controls 88,183 3,098 862 725 439

OR (95% CI)* 1 (ref) 1.11 (1.00-1.23) 1.10(0.9B3) 1.04 (0.84-1.27) 0.83 (0.64-1.08) 0.20

*Multivariable conditional logistic regression mddeas adjusted for age (continuous), sex (binargyr of birth (continuous),

income levels (quintiles), education (9 years es]d.0-12 years, >12 years, missing), total nurabprior clinic visits (quintiles),

Charlson comorbidity score (continuous), and megonorbidities (all binary, including diabetes, dax@scular disease, non-

colorectal cancer, liver disease, chronic pulmormggase, connective tissue disease, and pepécdikease).
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Figure 2A
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Figure 2B
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What You Need to Know

Background: Use of antibiotics affects the compaosibf the microbiome and might affect

development of colorectal polyps, precursors tomrdtal cancer

Findings: A nationwide case—control study of 45,addlts with a colorectal polyp and 93,307
unaffected full sibling controls found an 8% incean risk of colorectal polyps associated with
users of any antibiotics and a 33% increase inassdociated with at least 6 dispensations of
antibiotics. Antibiotic use was more strongly asatad with higher risk of serrated polyps than

conventional adenomas.

Implications for patient care: Intestinal dysbiosight contribute to early stages of colorectal

carcinogenesis. Strategies should be developegtitece these effects of antibiotics and prevent

colorectal cancer.



