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ABSTRACT

Background and aims Colorectal cancer (CRC) is the
third most common cancer for women and men and the
second leading cause of cancer death in the USA. There is
emerging evidence that the gut microbiome plays a role
in CRC development, and antibiotics are one of the most
common exposures that can alter the gut microbiome.
We performed a systematic review and meta-analysis to
characterise the association between antibiotic use and
colorectal neoplasia.

Methods We searched PubMed, EMBASE, and Web of
Science for articles that examined the association between
antibiotic exposure and colorectal neoplasia (cancer or
adenoma) through 15 December 2019. A total of 6031
citations were identified and 6 papers were included in
the final analysis. We assessed the association between
the level of antibiotic use (defined as number of courses
or duration of therapy) and colorectal neoplasia using a
random effects model.

Results Six studies provided 16 estimates of the
association between level of antibiotic use and colorectal
neoplasia. Individuals with the highest levels of antibiotic
exposure had a 10% higher risk of colorectal neoplasia
than those with the lowest exposure (effect size:
1.10,95%Cl 1.01 to 1.18). We found evidence of high
heterogeneity (1>=79%, p=0.0001) but not of publication
bias.

Conclusions Higher levels of antibiotic exposure is
associated with an increased risk of colorectal neoplasia.
Given the widespread use of antibiotics in childhood and
early adulthood, additional research to further characterise
this relationship is needed.

INTRODUCTION

Colorectal cancer (CRC) is the second
leading cause of cancer death worldwide,'
and the incidence is increasing among
younger adults in a number of countries.” It
has been hypothesised that antibiotics may
play a role in CRC pathogenesis through
its effects on the gut microbiome.” Antibi-
otics are thought to induce a change in the
composition of the gut microbiome and
create a proinflammatory state that promotes
the formation of cancer cells.”® Several bacte-
rial species have been implicated in CRC
pathogenesis, most notably Fusobacterium
nucleatum.”™ Quantitative PCR experiments

,! Garrett Yoon," Mengmeng Du,? Peter Liang'®

have shown that patients with CRC have
increased proinflammatory bacteria in their
stool compared with healthy controls.* Simi-
larly, other established CRC risk factors such
as red and processed meat consumption are
also associated with overgrowth of proinflam-
matory bacteria in the gut.'* '’

Although antibiotics are one of the most
commonly prescribed type of medications
worldwide,'"™™® the association between
antibiotic use and colorectal neoplasia
(adenoma or cancer) has not been clearly
delineated.'**! Therefore, we conducted a
systematic review and meta-analysis to quan-
tify the relationship between antibiotic use
and development of colorectal neoplasia in
adults.

MATERIALS AND METHODS

Study selection and inclusion/exclusion criteria
We followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
guidelines to conduct the search and review.*
Two authors (CA-N and GY) independently
searched PubMed, Web of Science, and
Embase. The search was conducted from
inception of each database until 15 December
2019 without language restrictions, using
predetermined search criteria. The search
terms were the following for PubMed:
(“Colonic Neoplasms”’[Mesh] OR “Rectal
Neoplasms”[Mesh] OR  “Polyps”[Mesh]
OR  “Adenomatous Polyps”’[Mesh] OR
“Colorectal Neoplasms”’[Mesh] OR “Colonic
Neoplasms” or “Colonic Neoplasm” or
“Rectal Neoplasms” or “Rectal Neoplasm”
or “Adenomatous Polyps” or “Adenomatous
Polyp” or “Colon Cancer” or “Rectal Cancer”
or “Polyps” or “Polyp”) AND (“Anti-Bacterial
Agents”[Mesh] OR “Anti-Bacterial Agents”
OR “Anti-Bacterial Agent” OR “Antibiotic”
OR “Antibiotics”). Similar terms were used
for database searches on Embase and Web
of Science (online supplemental table 1).
Titles and abstracts were screened by the
same two authors, and disagreements were
resolved by a third author (PL). Only human
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observational studies that provided a risk estimate for the
association between antibiotics and colorectal adenoma
or cancer were included. There were no restrictions on
the age of study participants. Studies on any class of anti-
biotics prescribed for any indication were included, if the
endpoint was colorectal adenoma or cancer. Studies were
excluded if they did not assess antibiotic exposure or
the development of colorectal neoplasia. All in vitro and
animal studies were excluded. The main outcomes of
interest were the associations between ever versus never
and highest versus lowest antibiotic use and colorectal
neoplasia.

Data extraction

We extracted the following data for all studies: country,
year of publication, study design, participant age, data
source, sample size, inclusion and exclusion criteria,
type and duration of antibiotic exposure, duration of
follow-up, confounders included in the models, and
neoplasia outcome. We chose the risk estimate for all
antibiotics combined rather than specific antibiotic
classes when available. Adjusted OR and 95% CI rela-
tive to never users or the lowest level of exposure were
recorded.

Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to ascer-
tain the risk of bias in three categories: selection of
study groups, comparability of the groups, and ascertain-
ment of exposures.23 Two authors (CA-N and GY) inde-
pendently assessed each study and a third author (PL)
resolved any disagreement. Studies with 7-9 points on
the NOS were considered good quality, while those with
4-6 points and 0-3 points were considered fair and low
quality, respectively.

Statistical analysis

We used a random effects model using the Dersimonian
and Laird method to compute the effect size and 95% CI
for any lifetime antibiotic use versus no antibiotic use and
for the comparison between the highest users of antibi-
otics and those who had no antibiotic use. The estimate
of heterogeneity was taken from the Mantel-Haenszel
model. A sensitivity analysis was conducted excluding
one study that measured adenoma instead of cancer as
the outcome. We evaluated for heterogeneity using the
I? statistic and considered values of 25%, 50%, and 75%
as low, moderate and high heterogeneity, respectively.**
Begg’s test, Egger’s test, and the funnel plot were used to
assess for publication bias both visually and using statis-
tics. Statistical significance for heterogeneity and publi-
cation bias was set at p<0.05. All analyses were performed
with Stata/IC V.12.1 for Mac.

RESULTS

Exclusion strategy

Our search identified 6031 studies. Articles were excluded
if they studied animal models (n=31), did not examine

antibiotic exposure (n=1964), did not measure colorectal
neoplasia (n=158), or made no reference to either the
exposure or outcome of interest (n=3826). After the title
screen, we reviewed 16 abstracts, 10 of which examined
antibiotic prophylaxis prior to CRC resection to prevent
postoperative infection. These studies were excluded and
the remaining six manuscripts were included in the anal-
ysis (figure 1).

Description of studies

Table 1 shows details of the six included studies. Four
were nested case—control studies drawn from large popu-
lation databases based in the UK, the Netherlands, and
Taiwan.” ™ The other two were cohort studies based in
the USA and Finland.* ** The outcome was colon and
rectal cancer in three studies,%_28 CRC in two studies,25 2
and adenoma in one study.” Except for two studies that
respectively examined diabetics and female nurses,?” *°
the others were representative of the general population.
A total of 73405 cases of colorectal neoplasia were iden-
tified from over 4 million participants, and the median
duration of follow-up ranged from 5 to 8.1 years. All
studies analysed the association between antibiotic expo-
sure and colorectal neoplasia with adjustment for rele-
vant covariates, although how exposure was ascertained
and quantified differed by study. When risk estimates
based on both number of prescriptions and cumulative
dose were presented, we selected the former. Of the six
studies (table 1), exposure was defined as number of
prescriptions or courses in four studies® ™’ * and dura-
tion of use in two studies.”® ™ Three of the six studies
also reported exposures to anti-anaerobic and anti-
aerobic antibiotics separately.”** One study measured
exposure during two different age ranges (20-39 years
vs 40-59 years),” and we only included the estimate for
the younger age range because we assumed a priori that
exposure in earlier adulthood is of greater importance
to carcinogenesis later in life. All studies were of good
quality, with scores of 7-8 on the NOS. Therefore, we did
not perform any sensitivity analysis or meta-regression
based on study quality.

Risk of colorectal neoplasia among users of antibiotics
Only a single study of individuals with diabetes in Taiwan
assessed the relationship between ever versus never anti-
biotic exposure and colorectal neoplasia.’” The authors
found any antibiotic use was not significantly associated
with colon (effect size (ES): 1.06, 95% CI 0.89 to 1.26) or
rectal cancer (ES: 0.98,95% CI 0.8 to 1.2).

The remaining studies all reported risk estimates based
on level of antibiotic exposure. Compared with individ-
uals with the lowest level of antibiotic exposure, those with
the highest level of exposure, as defined in table 1, had a
10% higher risk of colorectal neoplasia (ES: 1.10, 95% CI
1.01 to 1.18, I’=79%, n=15) (figure 2). Visual inspec-
tion of the funnel plot generated from the Begg’s test
showed no evidence of publication bias (figure 3). Simi-
larly, the Egger’s test showed no evidence of publication
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Manuscripts available for screening (n=6031)
Manuscripts from Pubmed (n=3015)
Manuscripts from Embase (n=2180)
Manuscripts from Web of Science (n=836)

Title screen (n=5995)

{ Duplicate articles excluded (n=36) ]

Articles that referenced cancer butnot antibiotics in humans (n=1964)
Articles that referenced antibiotics but notcancerin humans (n=158)
Articles that referenced neither antibiotics nor cancer in humans (n= 3826)

Articles in animal models (31)

Abstracts reviewad
(n=16)

Articles that referenced prophylactic

Full text articles reviewed
(n=86)

Articles included in the analysis
(n=6)

Figure 1 Flow diagram of study selection.

bias (p=0.24). A sensitivity analysis excluding the study by
Cao et al that examined adenoma rather than cancer
showed similar results (ES: 1.08, 95% CI 1.001 to 1.17,
’=81%, n=14).

Risk of CRC among those who used anti-anaerobic
antibiotics versus anti-aerobic antibiotics

In the three studies that distinguished anti-anaerobic
versus anti-aerobic agents,”"29 the risk for cancer
appeared stronger for anti-anaerobic compared with
anti-aerobic agents and for colon compared with rectal
cancer (table 2). For example, in the study by Wang et
al,’” the risk of colon cancer in those who ever used anti-
anaerobic antibiotics was twofold higher than never users
(ES: 2.31,95% CI 2.12 to 2.52), while there was no differ-
ence for ever versus never users for anti-aerobic agents

(ES: 0.94, 95% CI1 0.79 to 1.12).

Time between antibiotic exposure and CRC risk

Three of the studies also examined timing of antibiotic
exposure and the risk of colorectal neoplasia.”*™* Two
studies found that antibiotic use more than 10 years
prior to diagnosis was associated with an increased risk
of colorectal neoplasia, but there was no increased risk
associated with antibiotic use 5 years before diagnosis.*®*’
In the study by Zhang et al,*® antibiotic use more than 10
years prior to colon cancer diagnosis was associated with
greater risk (ES: 1.17, 95% CI 1.06 to 1.31) than no use,
but there was no difference for antibiotic use within the
10 years preceding diagnosis (ES: 1.00, 95% CI 0.89 to
1.10). Similarly, the third study found that CRC risk was
slightly increased in individuals who used antibiotics 3-8

use of antibiotics prior to surgical
resection of cancer (n=10)

years (ES: 1.37, 95% CI: 1.10 to 1.70) vs 2-7 years prior to
diagnosis (ES: 1.33, 95% CI: 1.08 to 1.64).*

DISCUSSION

In this systematic review and meta-analysis of six observa-
tional studies with more than 4 million participants, we
found that individuals with the highest level of exposure
to antibiotics were 10% more likely to develop colorectal
neoplasia compared with those with the lowest exposure.
In addition, based on a subset of studies, the associa-
tion seems stronger for earlier exposure, anti-anaerobic
agents, and colon rather than rectal cancer.

Although the role of antibiotics in the pathogenesis of
colorectal neoplasia is not entirely clear, our main finding
appears biologically plausible based on some potential
mechanisms that have been previously described. Animal
experiments have shown that antibiotic use, especially
early in life, leads to loss of biodiversity in the colonic
microbiome and long-lasting metabolic derangements.”
Antibiotics change the gut microbiome by promoting
the growth of proinflammatory bacteria that increase
the production of reactive oxygen species, creating
a microenvironment that promotes tumour forma-
tion.!* 132 g nucleatum, one of the most well-studied
anaerobic bacteria, produces a cell surface protein that
aids in attachment to the colonic epithelial cells. Gene
expression studies show that this cell surface protein is
overexpressed in human CRC cells compared with adja-
cent normal tissue from the same individuals.” ** Fuso-
bacterium has also been identified in distant metastatic
cells in patients with CRC.” Other anaerobic bacteria
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Author Year Antibiotic Intensity Tumour/Cancer Type ES* (95%Cl) Weights
Boursi 2015 Penicillins 510 courses CRC L ad 120(1m, 1.3 w41
Soursl 2015 Macrolides >10 courses cRe T s aidas -
Boursi 2015 TMP-SMX 510 courses CRC S 114 (004,138 ta
Sours! 2015 Cephalosporins  >10 courses e L ey .
Boursi s Tetracyclines >10 courses CRe _+‘-— s_—enLn o
Boursi 2015 Quinolones >10 courses CRC —r— 0.8 (0.7, 1.5) 14
Soursl S Nitroimidazoles >10 courses — e .
Kilkkinen 2008 All Antibiotics  >6 prescriptions 210" = 118(104,1.20 -
Kilkkinen 2008 All Antibiotics »6 prescriptions Rectal - 1.0 (990, 1.97) a2
Cao! 2018 All Antibiotics 8 ontds Adenoma ‘~—-.-— 1.36.(1.00,1.79) I
Wang 2014 All Antibiotics  highest tertile Colon - . -
Weng 2014 All Antibiotics  highest tertile Rectal _*'{_- bl b o
Dik 8 All Antibiotics  >7 prescriptions  C"C 1 3 110,144 .
Thang 2019 All Antibiotics  >60 days Coton o L7 LN o
Zhang 2019 All Antibiotics 60 days Rectal 085 (0.79,0.09) A
Total (95% CI) O 110 (101, 1.98) 100
Overall (I-Squared = 77.9%, p=0.0001)

0.23

433

Figure 2 Forest plot of the association between highest versus lowest antibiotic exposure and colorectal neoplasia.
"Estimates for exposure at age 20-39 years were used. CRC, colorectal cancer; ES, effect size; TMP-SMX, trimethoprim-

sulfamethoxazole.

have also been implicated. For example, enterotoxigenic
Bacteroides fragilis produces toxins that are abundant in
the stool of patients with CRC and more so in advanced
disease.”® Genetic analysis has also found an overexpres-
sion of the enterotoxin gene in pre-malignant tissue
compared with normal colonic tissue.”

The small number of available studies precluded us
from formally assessing the relationship between timing
of exposure or antibiotic class and colorectal neoplasia.
However, given the long lag time between exposure to
established risk factors such as smoking and CRC devel-
opment,” it seems entirely plausible that earlier exposure
to antibiotics may also increase risk. The suggestion that
anti-anaerobic antibiotics may have a greater association
with CRC than anti-aerobic antibiotics likely indicates
the greater impact of the former on the predominantly
anaerobic gut microbiome.” In the three studies that

Funnel plot with pseudo 95% confidence limits
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Figure 3 Funnel plot of level of antibiotic exposure and risk
of colorectal neoplasia. RR, relative risk.

presented estimates for colon and rectal cancer sepa-
rately, two studies found a significant association between
high levels of exposure to antibiotics and colon cancer
but not rectal cancer.® *® The third study found no asso-
ciation between antibiotic use and colon or rectal cancer
overall, but for anti-anaerobic agents a significant associa-
tion was observed for colon but not rectal cancer.”” These
findings suggest the risk of antibiotic exposure may differ
for colon and rectal cancer.

A major strength of this paper is the group of large
population-based studies that were included in the anal-
ysis. Most of the studies used data prospectively collected
from electronic health records over many years, which
minimises recall bias. However, several limitations should
be noted. First, because antibiotic dose was categorised
differently by study, we were unable to precisely quantify
the relationship between level of exposure and neoplasia
risk across all studies. Pooling various categories of high
versus low exposure provided a useful framework to
conduct the analysis but inherently decreases the preci-
sion of the estimate. Therefore, the magnitude of associa-
tion in the summary estimate should be interpreted with
caution. Furthermore, as with all observational studies,
association does not prove causation. Second, most of
the studies measured the dose of prescribed antibiotics,
which does not account for medication adherence.
Third, because most studies used outpatient data that
only included oral antibiotics, we had insufficient data
to stratify the results by oral versus parenteral route of
administration. Fourth, the variability in geographical
location and time period during which antibiotic expo-
sure was ascertained raises the possibility that drug formu-
lation and dosage may be differentin the studies. Fifth, all
included studies were conducted in developed nations,
which use antibiotics more frequently than developing
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Table 2 Level of aerobic versus anti-anaerobic antibiotic use and risk of colorectal cancer

Anti-anaerobic agents, Anti-aerobic agents,

Author Outcome Level of exposure ES (95% Cl) ES (95% Cl)
Zhang?® Colon 0 days Reference Reference
Zhang®® Colon 1-15days 1.07 (1.03 t0 1.12) 1.00 (0.96 to 1.05)
Zhang?® Colon 16-30days 1.10 (1.04 to 1.16) 1.11 (1.03 to 1.20)
Zhang?® Colon 31-60days 1.12 (1.06 to 1.19) 1.00 (0.90 to 1.12)
Zhang?® Colon >60 days 1.14 (1.07 to 1.21) 0.97 (0.86 to 1.10)
Zhang?® Rectal 0 days Reference Reference
Zhang?® Rectal 1-15days 1.01 (0.95 to 1.07) 0.96 (0.90 to 1.03)
Zhang®® Rectal 16-30days 0.96 (0.89 to 1.04) 0.92 (0.81 to 1.05)
Zhang?® Rectal 31-60days 0.97 (0.89 to 1.06) 0.84 (0.70 to 1.01)
Zhang®® Rectal >60 days 0.88 (0.80 to 0.97) 0.84 (0.68 to 1.03)
Wang?®’ Colon No use Reference Reference
Wang?®’ Colon Any use 2.31 (2.12 to 2.52) 0.94 (0.79 to 1.12)
Wang?®’ Colon Lowest tertile of number of 3.77 (3.39 to 4.20) 0.90 (0.75 to 1.08)
prescriptions
Wang?®’ Colon Second tertile of number of 1.90 (1.67 to 2.16) 0.99 (0.82 to 1.20)
prescriptions
Wang?®’ Colon Highest tertile of number of 1.27 (1.10 to 1.46) 0.77 (0.63 to 0.94)
prescriptions
Wang?’ Rectal No use Reference Reference
Wang?’ Rectal Any use 1.69 (1.50 to 1.90) 0.93 (0.76 to 1.14)
Wang?’ Rectal Lowest tertile of number of 2.47 (2.13 to0 2.86) 0.88 (0.71 to 1.09)
prescriptions
Wang?®’ Rectal Second tertile of number of 1.35 (1.13 to 1.62) 0.99 (0.80 to 1.23)
prescriptions
Wang?’ Rectal Highest tertile of number of 1.10 (0.91 to 1.35) 0.82 (0.65 to 1.05)
prescriptions
Dik?® CRC No use Reference Reference
Dik?® CRC 1-2 prescriptions 1.12 (1.03 to 1.23) 1.08 (0.99 to 1.18)
Dik*® CRC 34 prescriptions 1.27 (1.02 to 1.58) 1.01 (0.90 to 1.13)
Dik* CRC 5-7 prescriptions n/a 1.09 (0.95 to 1.25)
Dik*® CRC 8 or more prescriptions n/a 1.25 (1.08 to 1.45)
Dik?® CRC 5 or more prescriptions 1.45 (1.07 to 1.97) n/a

CRC, colorectal cancer; ES, effect size; n/a, not available.

nations." Although data from developing nations are
lacking, there is no reason to suspect the pathophysi-
ology would differ by geography. Sixth, the inter-relation
between antibiotic use and CRC may be susceptible to
confounding by indication. Chronic bacterial infection
of the colon can cause inflammatory Changes,“_43 a
well-known risk factor for colon cancer. Therefore, the
carcinogenesis attributed to the hypothesised remodel-
ling of the gut microbiome through antibiotic admin-
istration may actually be mediated by inflammation.
However, data from in vitro and animal studies suggest
that antibiotics change the microbiome by increasing
the growth of bacteria that promote a proinflammator
environment which promotes tumour formation.'? 1! 3122
Lastly, we observed a high level of heterogeneity, which

is likely due to differences in study design and patient
population. We used a random effects model to partially
account for these variations. While there was no evidence
of publication bias, the power to detect bias is low when
sample sizes are small.*!

Those with the highest exposure to antibiotics had
the greatest risk of colorectal neoplasia when compared
with those who used antibiotics the least. Short-term
effects of antibiotic use such as Clostridium difficile infec-
tion and drug resistance have long been recognised.
However, our results add to accumulating evidence that
repeated use of antibiotics may also increase the risk of
colorectal neoplasia. This highlights the importance of
antibiotic stewardship in order to minimise inappro-
priate use.
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In summary, a systematic review and meta-analysis
found that individuals with the highest exposure to anti-
biotics were moderately more likely to develop colorectal
neoplasia compared with those with the lowest exposure.
These results support the proposed mechanism of anti-
biotics leading to gut dysbiosis and subsequent carcino-
genesis. Further studies are needed to delineate whether
neoplasia risk difters for specific classes of antibiotics.
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