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Abstract

Introduction and purpose: Colorectal cancer (CRC) is one of the most common neoplasms in
the world. In Poland, CRC has a third place in incidence. There are numerous well-established
risk factors for CRC, such as a western diet, low physical activity, alcohol consumption, and
cigarettes smoking. Currently, the role of the colonic microbiome and the overuse of antibiotics
is also highlighted in the pathogenesis of CRC. This review aims to assess the impact of

antibiotic use on CRC risk, clinical characteristics, and pathological features.

Material and methods: A comprehensive literature search was conducted through the
following databases: PubMed, Cochrane Library, Embase, and Google Scholar. Systematic
reviews, meta-analyses, clinical trials and observational studies were included if they were

relevant and provided data on the influence of antibiotics on CRC.

State of knowledge: This review identified several key systematic reviews with meta-analyses
of observational studies indicating that antibiotics have an impact on the onset, time of
development, and localisation of CRC. The classes and spectrum of antibiotics were found to

differ in the risk of occurrence of CRC.

Summary: Recently, great progress has been made in understanding a variety of antibiotics-
microbiota-cancer interactions. However, further research is needed to deepen our knowledge

about the contribution of antibiotic use to CRC. Clinicians should carefully consider the benefits



and risks of prescribing antibiotics, including possible long-term adverse events such as cancer

onset.
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Introduction

Colorectal cancer (CRC) is one of the most common neoplasms in the world. In 2022, 1 142 233
new cases of colon cancer and 729 707 new cases of rectal cancer were reported. 538 136 and
343 757 people died from colon and rectal cancer, respectively. Globally, CRC has a third place
in incidence and a second place in mortality (1). In Poland, CRC is the third most common
cancer in incidence, accounting for 12.4% of new cancer cases per year. CRC is the second
leading cause of cancer-related deaths in Polish men and the third in women (2). Despite the
fact that CRC incidence rates have been reduced in high-income countries, in Poland they are
increasing, including in young patients (3).

Numerous risk factors for CRC are known. Inappropriate diet, lack of physical activity, obesity,
inflammatory bowel diseases, alcohol consumption, and cigarette smoking play a role in the
pathogenesis of CRC (4). Although these risk factors are well established in the literature, there
is emerging new evidence for the development of CRC. One of the interesting areas that
requires further investigation is the influence of the gut microbiota on the incidence and
development of CRC (5). Scientists also emphasise the role of antibiotic overuse as a risk factor
for carcinogenesis in the large intestine (6).

Today, the excessive use of antibiotics has become a major concern for public health worldwide
(7). The growing resistance to antibiotics leads to a vicious circle of even greater antibiotic
consumption (8). In developed nations, antibiotics are used more frequently than in developing
countries, which is in line with the higher incidence of CRC in these first countries (3,9).
Antibiotics have a negative impact on the normal colonic microbiome, resulting in destruction
of protection against colonisation by pathogenic bacteria. Antibiotics also affect the secretion
of bacteriocins, which naturally acts against infection-induced inflammation (10). Chronic
inflammation is one of the hallmarks of cancer (11). Antibiotics kill the beneficial human
gastrointestinal microflora and promote the growth of pro-inflammatory pathogens. This
reshuffle in the composition of microorganisms results in an increase in the production of

reactive oxygen species, creating a favourable environment for tumour formation (12).



Fusobacterium nucleatum is one of the most common pathogenic bacteria found in cancer
samples, also identified in distant metastatic cancer cells (13). The contribution of this
bacterium increases in dysbiosis which may be the result of antibiotic therapy (14). Other pro-
inflammatory and carcinogenic bacteria settle in a niche after a healthy microbiota, as well.
Dysbiosis is an important trigger for the development of CRC. The gut microbiota is one of the
components of the human immune system that provides surveillance over the appearance of
unknown cells for the immune system, including cancer cells (11). It was proven that there is a

faecal bacterial distinction between CRC patients and healthy individuals (15).
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Figure 1. Process of development of colorectal cancer.

Materials and Methods:

A comprehensive literature search was conducted through the following databases: PubMed,
Cochrane Library, Embase, and Google Scholar databases from database construction to August
1, 2024. The search terms involved the following keywords: 'antibiotics', 'antimicrobial drugs',
'antibacterial agents', 'colorectal', 'colon’, 'rectal', 'cancer', 'malignancy', 'neoplasm', and

'neoplasia'. The search was not limited by language or region. Systematic reviews, meta-



analyses, clinical trials and observational studies were evaluated for eligibility. Studies were
excluded if they were not human studies or did not assess antibiotic exposure or the

development of colorectal neoplasia.

State of knowledge:

Use of antibiotics and risk of CRC

Most of the studies included in this review show that antibiotics increase the risk of CRC by
approximately 10% (6,16-18). However, the relationship between antibiotic exposure and the
appearance of CRC is not simple because it is influenced by the class of antibiotics, the location
of the tumour, the time period between antibiotic exposure and diagnosis, the duration and

intensity of antibiotic therapy.

Type of antibiotics and risk of CRC

Particular antibiotic classes are associated with different potential risks of CRC. The systematic
review and meta-analysis conducted by Simin J. et al. provided evidence that cephalosporins
(ES=1.33, 95% CI: 1.15-1.52), nitroimidazoles (ES =1.28, 95% CI: 1.10-1.49), quinolones
(ES=1.23, 95% CI: 1.17-1.29), sulfonamides (ES=1.17, 95% CI: 1.14-1.20), penicillins
(ES=1.16, 95% CI: 1.07-1.25), and modestly macrolides and lincosamides (ES =1.04, 95%
CI: 1.00-1.08) increase the incidence of CRC. There was no clear connotation for other
antibiotic classes studied. Broad-spectrum antibiotics, in contrast to narrow-spectrum ones,
were risk factors for CRC (ES =1.70, 95% CI: 1.26-2.30 and ES=1.11, 95% CI: 0.93-1.32,
respectively) (19). However, the results of other meta-analyses are not completely consistent
with the results of the aforementioned paper. Weng L. et al. did not demonstrate an increased
risk of CRC for quinolones (OR = 1.15, 95% CI: 0.95-1.39) and sulfonamides (OR = 1.06, 95%
CI: 0.99-1.13) (20), while Qu G. et al. did not show a higher probability of CRC for
cephalosporins (OR = 1.07, 95% CI: 0.99-1.16) and sulfonamides (OR = 1.07, 95% CI: 0.98—



1.16) (6). The differences between antibiotic classes in the risk of CRC are partially explicable.
For example, quinolones are known to cause DNA damage (21) which is also an important
mechanism of carcinogenesis (11). On the other hand, quinolones are type II topoisomerase
inhibitors and microtubule inhibitors. Thus, this class of antibiotics presents cytotoxic activity
against cancer cells (22). Regarding broad-spectrum antibiotics, they facilitate colonisation
with pathogenic bacteria to a greater extent than narrow-spectrum antibiotics (23).
Metronidazole in one meta-analysis was found to decrease the risk of CRC (OR = 0.82, 95%
CI: 0.68-0.98) (20). Some preliminary studies suggest that metronidazole has anticancer
properties. It represses tumour growth to some extent, supresses liver metastasis, and regulates
the structure of intestinal flora (24).

Ancke-Nash C. et al. showed that the risk of CRC appears to be higher for anti-anaerobic agents
compared to anti-aerobic agents. The risk of colon cancer in those who have ever used anti-
anaerobic antibiotics is even twice as high as in never-users (ES = 2.31, 95% CI: 2.12-2.52)
(16). This observation is biologically plausible because the human gastrointestinal tract is
mostly colonised by anaerobic microbial flora. The most predominant are members of the genus
Bacteroides and anaerobic gram-positive cocci, such as Peptostreptococcus sp., Eubacterium
sp., Lactobacillus sp., and Clostridium sp. (25). Anti-anaerobic antibiotics exert a stronger
effect on bacterial composition in the intestine, leading to dysregulation of the mucosal immune
system (26). Surprisingly, one meta-analysis showed that the use of anti-aerobic antibiotics was
associated with a lower risk of rectal cancer (OR = 0.93, 95% CI: 0.88-0.98) (6). However, this
finding requires cautious interpretation due to the limited number of high-quality studies
focused on the association between aerobic/anti-anaerobic antibiotics and colon and rectal

cancer.

Sidedness of CRC

The current largest systematic review and meta-analysis by Weng L. et al., which consists of
5 164 138 patients, revealed that antibiotic use is associated with the risk of left colon cancer,
but not with right colon cancer and rectal cancer (20). The reason for this difference could be a
high degree of microbial activity, e.g. biofilm formation and fermentation in the distal colon
(27). Another meta-analysis did not show an increased risk of colon or rectal cancer apart, only

for CRC collectively (6). Other scientific reports show that there is a spatial differentiation of



the impact of the antibiotic class. For example, penicillins have been shown to increase the risk
of developing cancer only in the proximal colon and not in more distal parts of the large intestine
(28). A possible explanation for this observation is that the right colon is the site of the first
exposure to penicillins. Subsequently, these drugs can undergo modification or degradation in

the distal colon and rectum, diminishing their anti-anaerobic effects (29).

Time between antibiotic exposure and CRC diagnosis

The time it takes antibiotics to increase the risk of cancer is controversial. The study by Zhang
J. et al. found that antibiotic use increases the risk of CRC only after 10 years (28). Another
study showed that the risk of CRC was increased in individuals who used antibiotics between
3 and 8 years (ES =1.37, 95% CI: 1.10 to 1.70) versus between 2 and 7 years prior to diagnosis
(ES = 1.33, 95%CI: 1.08 to 1.64) (30). As is generally known, colorectal adenomas are
precursor lesions to CRC. It takes about a decade for adenomas to develop in a malignant
tumour (31). Cao Y. et al. showed that long-term use of antibiotics increases the risk of
colorectal adenoma. The association is marginally stronger for left-sided adenomas than for
distal adenomas, but similar for low-risk and high-risk ones (32). The most harmful seems to
be the use of antibiotics in newborns and infants. This early exposure probably predisposes to
many chronic diseases, including cancer (33). Preclinical experiments showed that antibiotic
administration, especially in the first years of life, leads to loss of biological diversity in the gut

microbiota and sustained metabolic derangements (34).

Duration of antibiotic exposure and CRC risk

The prolonged use of antibiotics seems to be more harmful than the short course of antibiotic
therapy. Qu G. et al. proved that antibiotic use that exceeds 60 days increased the risk of CRC
(OR = 1.22, 95% CI: 1.07-1.40). Similarly, prescribing more than five prescriptions for
antibiotics compared to none was significantly associated with the incidence of CRC (OR =
1.39, 95% CI: 1.06-1.83) (6). Sanyaolu L. et al. showed that a higher exposure defined as more
than six courses during the study period is associated with an increased risk of CRC (OR = 1.20,

95% CI: 1.10-1.32). (18)



Early-onset CRC

Early-onset CRC is defined primarily as the diagnosis in patients younger than 50 years of age.
It accounts for approximately 10% of CRC cases and its prevalence is increasing, especially in
wealthy countries (35). It should be noted that most risk factors for CRC exert their effect later
in life. On the contrary, the association between antibiotic use and the incidence of CRC is
expressed more strongly in younger people than in older people. Antibiotics are estimated to
increase the risk of CRC by approximately 50% in people under 50 years of age. The results of
a British case-control study based on a national clinical database showed that antibiotic
consumption was associated with colon cancer, particularly in patients under 50 years of age
(adjusted OR = 1.49, 95% CI: 1.07-2.07). No association was found with rectal cancer (36).
The systematic review and meta-analysis by Weng L. et al. found that antibiotic use increases
the risk of early-onset CRC (OR = 1.19, 95% CI: 1.07-1.30) (20). On the contrary, Nguyen et
al. demonstrated that antibiotic exposure is not associated with the risk of early-onset CRC (37).
From a health policy point of view, the implementation of earlier colonoscopy screening should

be considered in high-risk patients with prior excessive antibiotic use.

Other cancers

The role of antibiotics in the morbidity of other cancers was also investigated. The results
remain inconsistent. Petrelli F. et al. demonstrated that antibiotics increased the risk of breast,
gastric, lung, pancreatic, bladder, renal, prostate, liver, and biliary tract cancers, but not
oesophagus, uterine, ovarian, and cervix cancers. Antibiotics have even been shown to have a

protective effect on ovarian and cervical cancers. In this latter even by 25% (17).

Basic data
Author Guangbo Johanna Chino Lifang Weng
Quetal. Siminetal. | Aneke-Nash | etal.
et al.
Year of publication 2020 2020 2021 2022
Databases searched 3 3 3 4




Time frame inception - | inception - | inception - | inception -
Nov 2019 Feb 2020 Dec 2019 Jun 2020
Number of studies included 10 6 15
Types of studies included 2 cohort, 8 | 2 cohort, 8 | 2 cohort, 4|2 cohort, 13
case-control | case-control | case control | case-control
Number of patients 4 853 289 4147560 | 4058 557 5164 138
Risk of CRC - OR*/ES**
(95% CI)
All antibiotics 1.09* (1.02- | 1.17** 1.10** 1.11* (1.05-
1.17) (1.05-1.30) | (1.01-1.18) |1.18)
Anti-anaerobic antibiotics 1.22* N/A N/A 1.24* (1.02-
(1.04-1.44) 1.52)
Anti-aerobic antibiotics 1.03* N/A N/A 1.07* (1.00-
(0.98-1.08) 1.15)
Penicillins 1.09* 1.16** N/A 1.09* (1.02-
(1.04-1.13) | (1.07-1.25) 1.16)
Quinolones 1.15* 1.23** N/A 1.15* (0.95-
(1.03-1.35) | (1.17-1.29) 1.39)
Cephalosporins 1.07* 1.33** N/A 1.36* (1.02-
(0.99-1.16) | (1.15-1.52) 1.82)
Macrolides and lincosamides 1.02* 1.04 (1.00- | N/A 1.03* (0.97-
(1.00-1.04) | 1.08) 1.08)
Sulfonamides 1.07* 1.17** N/A 1.06* (0.99-
(0.98-1.16) | (1.14-1.20) 1.13)
Tetracyclines 0.99* 0.97 (0.94, | N/A 0.99* (0.92—
(0.94-1.03) | 1.00) 1.07)
Nitroimidazoles and nitrofurans | 1.06* 1.28** N/A 1.08* (0.84-
(0.83-1.36) | (1.10-1.49) 1.40)
Broad-spectrum antibiotics N/A 1.70** N/A N/A

(1.26-2.30)




Narrow-spectrum antibiotics N/A 1.11 (0.93-| N/A N/A
1.32)

More than 60 days of antibiotic | 1.22* N/A N/A N/A

therapy (1.07-1.40)

More than 5 prescriptions for | 1.39* N/A N/A N/A

antibiotics (1.06-1.83)

Risk of colon cancer -

OR*/ES** (95% CI)

All antibiotics 1.07* 1.06** 1.06** (0.89 | 1.12* (1.03-
(0.99-1.16) | (0.89-1.26) | to 1.26) 1.21)

Anti-anaerobic antibiotics 1.28* N/A 2.31** (2.12 | N/A
(1.04-1.58) t0 2.52)

Anti-aerobic antibiotics 1.02* N/A 0.94** (0.79 | N/A
(0.98-1.05) to 1.12)

Penicillins 1.09* N/A N/A N/A
(1.05-1.12)

Quinolones 1.09* N/A N/A N/A
(1.04-1.15)

Cephalosporins 1.71* N/A N/A N/A
(0.69-4.23)

Macrolides and lincosamides N/A N/A N/A N/A

Sulfonamides N/A N/A N/A N/A

Tetracyclines N/A N/A N/A N/A

Nitroimidazoles and nitrofurans | N/A N/A N/A N/A

Exposure to antibiotics more | N/A N/A 1.17** (1.06 | N/A

than 10 years before diagnosis to 1.31)

Exposure to antibiotics less than | N/A N/A 1.00** N/A

10 years before diagnosis (0.89-1.10)

Risk of
OR*/ES** (95% CI)

rectal cancer -

10




All antibiotics 1.03* 1.01** 0.98** (0.80 | 0.98* (0.89—
(0.92-1.16) | (0.96-1.06) |to1.20) 1.08)

Anti-anaerobic antibiotics 1.07* N/A N/A N/A
(0.90-1.26)

Anti-aerobic antibiotics 0.93* N/A N/A N/A
(0.88-0.98)

Penicillins 1.17* N/A N/A N/A
(0.81-1.70)

Quinolones 0.92* N/A N/A N/A
(0.86-1.00)

Cephalosporins 1.40* N/A N/A N/A
(0.67-2.95)

Macrolides and lincosamides N/A N/A N/A N/A

Sulfonamides N/A N/A N/A N/A

Tetracyclines N/A N/A N/A N/A

Nitroimidazoles and nitrofurans | N/A N/A N/A N/A

Table 1. Results of the most important systematic reviews with meta-analyses on the topic of
antibiotic influence on CRC. Abbreviations: CRC — colorectal cancer, OR — odds ratio, ES —
effect size, CI — confidence interval, N/A — not applicable. Bold font indicates statistical
significance. Red font indicates an increased risk of cancer. Green font indicates a decreased

risk of cancer.

Conclusions

In the literature, there are many studies on the relationship between antibiotic consumption and
CRC development. The association between antibiotic use and CRC remains a topic of
discussion. Recently, great progress has been made in understanding a variety of antibiotics-
microbiota-cancer interactions. The systematic reviews and meta-analyses included in this
article clarify current knowledge. Nevertheless, there are still unexplored issues, such as the
comparison of the oral and parenteral antibiotics route of administration. The effect of
antibiotics on malignant neoplasms in other sites also appears to be an interesting research
direction. More research is needed to deepen our understanding of the contribution of antibiotic

use to CRC. Actually, there are mainly observational studies that are not able to depict a causal

11



relationship. On the other hand, conducting randomised controlled trials in this research area
seems to be a challenge. The large number of participants that should be followed for a long
period limits the feasibility of clinical trials in this scientific field. Antibiotic stewardship should
be of crucial importance and a priority in health policy. Clinicians should carefully consider the
benefits and risks of prescribing antibiotics, including possible long-term adverse events such

as cancer onset.
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