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Abstract

Background: Intestinal Fusobacterium nucleatum (F. nucleatum) infection has been implicated into the progression of colorectal

cancer (CRC). However, F. nucleatum as a biomarker in 5-fluorouracil (5-FU) resistance of CRC has not been fully analyzed by

comparing with other types of gut microbiota. This meta-analysis aimed to compare the diagnostic performance of intestinal

Fusobacterium nucleatum, Bacteroides fragilis and Escherichia coli in 5-FU resistance to colorectal cancer and provide evidence-

based data to clinical practice. Methods: Comprehensive searches of PubMed, Embase, Cochrane Library and Web of Science

databases were conducted by the following key words: “Fusobacterium nucleatum”, “5-Fluorouracil resistance”, “Bacteroides

fragilis”, “Escherichia coli” and “colorectal cancer(s)”. A total of 11 studies were selected according to the preestablished

inclusion and exclusion criteria and analyzed by Review Manager 5.4 software. The sensitivity, specificity, positive likelihood

ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR) and their corresponding 95% confidence interval (CI)

of each eligible study were summarized. Results: Overall sensitivity and specificity of F. nucleatum detection in 5-FU resistance

of CRC were 0.65 (95% CI:0.60-0.69) and 0.70 (95% CI:0.59-0.87), respectively. Its PLR and NLR in detecting colorectal cancer

were 2.57 (95% CI:1.47-3.21) and 0.52 (95% CI:0.43-0.63). DOR value was 4.92 (95% CI:2.23-7.33), which significantly exceeds

the performance of B. fragilis (DOR: 0.53, 95% CI:0.31-0.82) and E. coli (DOR: 0.63, 95% CI: 0.57-0.76) for indicating 5-FU

resistance of CRC. Conclusion: Compared with B. fragilis and E. coli, intestinal F. nucleatum is a valuable biomarker for 5-FU

resistance to colorectal cancer.

Introduction

5-Fluorouracil (5-FU) remains the cornerstone of palliative and adjuvant chemotherapy of colorectal cancer
(CRC) [1, 2]. The majority of patients with advanced CRC are initially responsive to the implementation of
5-FU-based combination regimens and 5-FU pro-drugs [3, 4]. However, the 5-year survival rate eventually
demonstrates lower than 10% in these CRC patients [5]. Unfortunately, colorectal tumors are generally
not responsive to novel immune checkpoint therapy [6]. Thus, it is of paramount significance to elucidate
the underlying risk factors of 5-FU resistance, which aims to reform the guidelines of 5-FU diagnostics and
treatments for CRC patients.

CRC chemoresistance results from the complex crosstalk between gene regulation and the environment.
Accumulating evidence indicates that gut microbiota is linked to the initiation and development of CRC via
affecting intestinal inflammation and DNA mutations [7-10]. However, few studies have focused on their host
response to CRC treatment. This systematic review has summarized the clinical correlations between 5-FU
resistance of CRC and three common intestinal bacteria, includingFusobacterium nucleatum , Bacteroides
fragilis andEscherichia coli .
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Fusobacterium nucleatum (F. nucleatum , Fn ), a human’s oral cavity colonizer, has been frequently reported
to enrich in stools from CRC patients as compared with the normal controls [11-13]. The previous study
has revealed that F. nucleatumoverabundance could impair the therapeutic efficacy of 5-FU by inducing
LC3-II expression, autophagic flux and autophagosome synthesis in colorectal cancer [14]. Besides, the
amount of F. nucleatumis associated with the upregulation of BIRC3 in CRC cells cocultured with Fn ,
which revealed Fn inhabiting in intestinal lumen of CRC patients can directly impair the efficacy of 5-FU
[15].Bacteroides fragilis (B. fragilis ), is the most frequent anaerobe isolated from clinical cases of diarrhea,
peritonitis, intra-abdominal abscesses and sepsis [16-19]. Several studies showed the significant correlation
between the presence of B. fragilisin stool or colonic biopsy specimens and poor prognosis of CRC [20-22].
The detection of B. fragilis may be a potential marker for the diagnosis of colorectal cancer. Despite the
fact thatEscherichia coli (E. coli ) is a commensal bacterium of the human microbiota and represents the
most common cultivable, gram-negative, aero-anaerobic bacteria [23, 24], various studies have demonstrated
a clear link between mucosa-adherent E. coliand colorectal cancer [20, 25].

Although mechanisms and causalities between the above three intestinal bacteria and 5-FU resistance of
CRC have been still uncovered, some studies have explored the diagnostic performance of their presence in
feces or tumor tissues in 5-FU-treated CRC patients. This meta-analysis has summarized the published data
which aims to evaluate the value ofF. nucleatum , B. fragilis or E. coli detection in 5-FU efficacy for CRC
treatment.

Results

Literature screening and characteristics of eligible studies. A total of 233 articles were identified
using the search strategies, including 113 articles from PubMed, 5 articles from Cochrane library, 115 articles
from Web of Science. Totally, 184 articles were excluded after careful filtration. Among them, 148 articles
were duplicates and 36 had inappropriate abstracts and titles. Then the left 49 full-text articles were assessed
for their eligibility, which contains 8 articles without diagnostic method, 13 articles without exact data on
recurrence rates, 11 articles without using F. nucleatum , B. fragilisor E. coli as the single biomarker and
6 articles with other chemotherapeutics included. Finally, 11 articles were included in this meta-analysis,
which involved 443 participants (200 CRC patients with high F. nucleatum abundance and 243 CRC patients
with lowF. nucleatum abundance, 144 CRC patients with high B. fragilis abundance and 121 CRC patients
with low B. fragilisabundance, 400 CRC patients with high E. coli abundance and 26 CRC patients with
low E. coli abundance). The selection process is illustrated in Figure 1.

Basic characteristics and diagnostic performance of F. nucleatum ,B. fragilis or E. coli in these 11 stud-
ies are shown in Table 1. Fecal gut microbiota was evaluated by RNA in situhybridization (RNA-ISH),
quantitative real-time PCR (RT-PCR), droplet digital PCR or multiplex PCR. All studies included in the
meta-analysis used the histopathological examination as the gold standard. Figure 2 shows an overview of
the methodological quality results. In general, the overall quality of the eligible studies was high.

Heterogeneity. It is known that the threshold effect, one source of heterogeneity, can be determined by
calculating the Spearman correlation coefficient between sensitivity and specificity for all included studies.
However, in our meta-analysis, Spearman’s rank correlation coefficient was -0.94, calculated by an equation
using logarithm of sensitivity and 1-specificity. SROC distributed advisably (AUC: 0.79, 95% CI: 0.74-0.81;
Figure 3), which indicated no statistical significance (P = 0.83). Then we performed the meta-regression
based on the variables, including ethnicity, median age, detection methods, CRC patients’ number, sample
size of 5-FU resistance to explain this heterogeneity (Table 1). Among the five factors, sample size of 5-FU
resistance was identified as statistically significant (P = 0.012), indicating that sample size of CRC patients
with 5-FU resistance was responsible for the relatively high heterogeneity.

Diagnostic performance in meta-regression analysis. As forest plot revealed significant heterogeneity
between studies, single-factor meta-regression analysis was applied to screen the potential variables impacting
on the pooled data. The performance of F. nucleatum for 5-FU resistance of CRC is shown in forest plot
(Figure 4): pooled sensitivity: 0.65 (95% CI:0.60-0.69), specificity: 0.70 (95% CI:0.59-0.87), PLR: 2.57 (95%
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CI:1.47-3.21), NLR: 0.52 (95% CI:0.43-0.63) and DOR: 4.92 (95% CI:2.23-7.33). In contrast, the performance
of B. fragilis for 5-FU resistance of CRC is lower than F. nucleatum (Figure 4): pooled sensitivity: 0.51 (95%
CI:0.42-0.54), specificity: 0.36 (95% CI:0.21-0.53), PLR: 0.82 (95% CI:0.79-0.95), NLR: 1.55 (95% CI:1.01-
1.62) and DOR: 0.53 (95% CI:0.31-0.82). The performance of E. coli for 5-FU resistance of CRC manifested
remarkably higher sensitivity but poor specificity (Figure 4): pooled sensitivity: 0.93 (95% CI:0.90-0.95),
specificity: 0.06 (95% CI:0.04-0.92), PLR: 0.99 (95% CI:0.94-1.05), NLR: 1.57 (95% CI:0.87-1.76) and DOR:
0.63 (95% CI:0.57-0.76).

Discussion

In this meta-analysis, F. nucleatum test showed better discrimination ability for detecting 5-FU resistance
in CRC patients as compared with B. fragilis and E. coli . To the best of our knowledge, ours is the first
meta-analysis to assess the diagnostic value of F. nucleatum , B. fragilis and E. coli test for discriminating
CRC patients with 5-FU-based regimen. The pooled DOR was 4.92 (95% CI:2.23-7.33), indicating the
test’s relatively high discrimination ability. The pooled sensitivity and specificity were 64.9% and 69.6%,
respectively, suggesting the test’s superior ability for ruling out CRC patients which are not suitable for
5-FU-based regimen. However, the PLR and NLR of the test was 2.57 (95% CI:1.47-3.21) and 0.52 (95%
CI:0.43-0.63), respectively, which shows that CRC patients with 5-FU resistance have approximately 2.57
times higher possibility of testing positive F. nucleatum compared with subjects without 5-FU resistance, as
well as 52% chance of an CRC individual having 5-FU resistance if the test of F. nucleatum is negative. The
performance of the fecal F. nucleatum test in the pooled PLR and NLR did not achieve the requirements of
clinical practice, and remains to be modified for clinical confirmation and exclusion purposes. Nonetheless,
the pooled results suggest that the fecal F. nucleatum test has better discrimination ability thanB. fragilis
and E. coli in clinical practice of suitable 5-FU-based therapy for CRC patients.

We identified the weaknesses of this study. First, the number of patients and studies included were relatively
small, which may affect the overall quality of evidence. Second, these studies lacked a unified criterion for
F. nucleatum , B. fragilis and E. colipositive expression. Thus, larger-scale, multicenter and higher-quality
studies are required to confirm our findings in the future, allowing a better comparison of analytical results
of F. nucleatum on clinical outcomes.

In conclusion, the fecal F. nucleatum test shows better discrimination ability for detecting whether 5-FU-
based regimen is suitable for a colorectal cancer patient in our meta-analysis. We certainly recognize that
our suggested method is incomplete, mainly from the limited sample size, but it is indicated that the fecal
F. nucleatum test represents at least a starting point toward non-invasive and accurate procedures in the
detection of 5-FU resistance for CRC treatment.

Methods

Search strategy. Four electronic databases were systematically searched from July 2005 to March 2021:
PubMed, Embase, Cochrane Library and Web of Science. The following keywords were used in the literature
search: “5-Fluorouracil (5-FU)”, “5-Fluorouracil (5-FU) resistance”, “Colorectal Cancer(s)”, “colorectal car-
cinoma(s)”, “colorectal neoplasm(s)”, “colorectal tumor(s)”, “Colorectal cancer(s) recurrence”, “colorectal
carcinoma(s) recurrence”, “colorectal neoplasm(s) recurrence”, “colorectal tumor(s) recurrence”, “Fusobac-
terium nucleatum ”, “Fusobacterium spp.”, “F. nucleatum ”, “Fn ”, “Bacteroides fragilis ”, “Bacteroides
spp.”, “B. fragilis ”, “Escherichia coli ”, “Escherichia spp.” and “E. coli ”. Furthermore, the listed referent
studies and relevant review articles were also examined.

Inclusion and exclusion criteria . The inclusion criteria were as follows: (1) Correlation of F. nucleatum
to 5-FU resistance or CRC recurrence; (2) A clinical study of CRC patients with intact data ofF. nucleatum
positive and F. nucleatum negative cases,B. fragilis positive and B. fragilis negative cases as well as E. coli
positive and E. coli negative cases; (3) Contains clear recurrence rates data; (4) All patients were treated with
standard 5-FU-based regimen; (5) The diagnosis of CRC progression should be based on histology; (6) The
detection of F. nucleatum ,B. fragilis and E. coli should be based on quantitative polymerase chain reaction
analysis, fluorescence in situhybridization or 16S rRNA sequencing; (7) The samples (feces or tissues) should
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be stored at -20°C to -80°C soon after collection; (8) The articles should be original articles.

The exclusion criteria were as follows: (1) Exact data on recurrence rates are not given; (2) Studies that
did not include the necessary data for calculating true-positive (TP), false-positive (FP), true-negative (TN)
and false-negative (FN) of F. nucleatum , B. fragilisor E. coli in 5-FU resistance of CRC; (3) Use of other
treatments or no chemotherapy; (4) Letters, reviews, conference abstracts and duplicate publications.

Data extraction and assessment. Based on the selection and inclusion criteria, two authors independently
screened the title, abstract and full text of the retrieved studies. The third author excluded the irrelevant
studies and cross-checked the data. The following information from each article was extracted: the first
author’s name, the year of publication, sample size, sample type,F. nucleatum , B. fragilis and E. coli positive
and negative groups, and recurrence of CRC patients after 5-FU treatment. The parameters in results were
summarized by bivariate mixed-effects models. The pooled TPs, FPs, TNs and FNs, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR), and their 95% confidence interval (CI)
were extracted for mapping forest plot. The data of the included studies were extracted into a spreadsheet
and copied into Review Manager 5.4.

According to the Quality Assessment of Diagnostic Accuracy Studies (QUADAS), which is recommended
by the Cochrane Collaboration. The quality of each study was assessed by QUADAS tool which includes 14
items covering patient spectrum: reference standard, disease progression bias, verification bias, review bias,
clinical review bias, incorporation bias, test execution, study withdrawals and indeterminate results. Each
of the 14 items in the QUADAS checklist is scored as “yes”, “no” or “unclear”. QUADAS tool provides
more transparent rating of bias and applicability of primary diagnostic accuracy studies. If the QUADAS
score is less than 10 points, the study is identified as low methodological quality [35].

Statistical analysis. All analyses were conducted by the Review Manager 5.4 software. The available
data were analyzed in the meta-analysis, and the outcomes are presented as forest plots and funnel plot. To
calculate the combined OR and its 95% confidence interval (CI ), heterogeneity was assessed using P -values
in the pooled analyses which represents the percentage of total variation across the studies. If the P value
was less than 0.01, then the summary estimate was analyzed in a random-effects model (DerSimonian-Laird
method). Otherwise, a fixed-effects model (Mantel-Haenszel method) was applied. In addition, publication
bias was detected by visual examination of the funnel plot symmetry, with asymmetry suggesting possible
publication bias. It was also assessed by the Begg and Egger test in the meta-analysis. If the P value was
less than 0.05, the study is classified as publication bias and the meta-trim method would be conducted.

Table1. Characteristics and summary results of included studies

First Author Year Country Median Age Assay Method Intestinal Bacteria TP FP FN TN Sample size Sensitivity Specificity PPV NPV PLR NLR
G. Serna et al. [26] 2020 Spain 71 RNA-ISH F. nucleatum 13 9 7 56 85 65.1% 86.2% 59.1% 88.9% 4.69 0.41
Sheng Zhang et al. [15] 2019 China 58 RT-PCR F. nucleatum 34 20 17 23 94 66.7% 53.5% 63.0% 57.5% 1.43 0.62
Tachung Yu et al. [14] 2017 China 62 RT-PCR F. nucleatum 58 21 29 65 173 66.7% 75.6% 73.4% 69.2% 2.73 0.44
Yanglong Chen et al. [27] 2019 China 59 droplet digital PCR F. nucleatum 25 20 17 29 91 59.5% 59.2% 55.6% 63.0% 1.46 0.68
Jing Li et al. [28] 2020 China 58 RT-PCR B. fragilis 22 13 17 7 59 56.4% 35.0% 62.9% 29.2% 0.87 1.25
Xingming Deng et al. [29] 2018 China 51 multiplex PCR B. fragilis 6 13 11 26 56 35.3% 66.7% 31.6% 70.3% 1.06 0.97
Jun Li et al. [30] 2020 China 59 RNA-ISH B. fragilis 54 36 48 12 150 52.9% 25.0% 60.0% 20.0% 0.71 1.88
John Nemunaitis et al. [31] 2013 America 52 RT-PCR E. coli 3 2 1 0 6 94.7% 13.8% 41.9% 80.0% 1.10 0.38
Clemens Unger et al. [32] 2001 Germany 62 droplet digital PCR E. coli 44 25 2 3 74 95.7% 10.7% 63.8% 60.0% 1.07 0.41
Maria Liljefors et al. [33] 2008 Sweden 63 RNA-ISH E. coli 31 68 4 4 107 88.6% 5.6% 31.3% 50.0% 0.94 2.06
Jeremy Shapiro et al. [34] 1999 America 56 multiplex PCR E. coli 42 147 3 5 197 93.3% 3.3% 22.2% 62.5% 0.97 2.03

RT-PCR: Real-Time polymerase chain reaction; RNA-ISH: RNA in situhybridization; TP: True Positive;
FN: False Negative; FP: False Positive; TN: True Negative; F. nucleatum : Fusobacterium nucleatum ; B.
fragilis : Bacteroides fragilis ; E. coli : Escherichia coli ; PPV: Positive Predictive Value; NPV: Negative
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Predictive Value; PLR: Positive Likelihood Ratio; NLR: Negative Likelihood Ratio.

Figures

Figure 1. Flow chart of the systematic review and meta-analysis process.

(a)
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(b)

Figure 2. An overview of the methodological quality results. (a) Risk of bias and applicability concerns
summary. (b) Risk of bias and applicability concerns graph.
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Figure 3. SROC assessment of diagnostic performance of F. nucleatum (black circle), B. fragilis (red
rhombus) and E. coli (green square) for 5-FU resistance of colorectal cancer. SROC distributed advisably
(AUC: 0.79, 95% CI: 0.74-0.81), which indicated no statistical significance (P = 0.83). SROC: Summary
receiver operator characteristic curve.
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Figure 4. Forest plot of the pooled diagnostic sensitivity and specificity of F. nucleatum , B. fragilis and E.
coli for 5-FU resistance of colorectal cancer. CI: Confidence interval. TP: True Positive; FN: False Negative;
FP: False Positive; TN: True Negative; F. nucleatum : Fusobacterium nucleatum ; B. fragilis : Bacteroides
fragilis ; E. coli :Escherichia coli .
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