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Summary
Background: We previously reported a panel of novel faecal microbiome gene mark-
ers for diagnosis of colorectal adenoma and cancer.
Aim: To evaluate whether these markers are useful in detecting adenoma recurrence 
after polypectomy.
Methods: Subjects were enrolled in a polyp surveillance study from 2009 to 2019. 
Stool samples were collected before bowel preparation of index colonoscopy 
(baseline) and surveillance colonoscopy (follow-up). Fusobacterium nucleatum (Fn), 
Lachnoclostridium marker (m3), Clostridium hathewayi (Ch) and Bacteroides clarus were 
quantified in baseline and follow-up samples by quantitative polymerase chain reac-
tion (qPCR) to correlate with adenoma recurrence. Recurrence was defined as new 
adenomas detected >6 months after polypectomy. Faecal immunochemical test (FIT) 
was performed for comparison.
Results: A total of 161 baseline and 104 follow-up samples were analysed. Among 
patients with adenoma recurrence, Fn and m3 increased (both P < 0.05) while Ch 
were unchanged in follow-up versus baseline samples. Among patients without re-
currence, Fn and m3 were unchanged while Ch decreased (P  <  0.05) in follow-up 
versus baseline samples. Logistic regression that included changes of m3, Fn and 
Ch at follow-up compared with baseline achieved an area under receiver operating 
characteristic curve (AUROC) of 0.95 (95%CI: 0.84-0.99) with 90.0% sensitivity and 
87.0% specificity for detecting recurrent adenoma. Combination of m3, Fn and Ch at 
follow-up sample achieved AUROC of 0.74 (95%CI: 0.65-0.82) with 81.3% sensitivity 
and 55.4% specificity for detecting recurrent adenoma. FIT showed limited sensitiv-
ity (8.3%) in detecting recurrent adenomas.
Conclusion: Our combinations of faecal microbiome gene markers can be potentially 
useful non-invasive tools for detecting adenoma recurrence.
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1  | INTRODUC TION

Colorectal cancer (CRC) is one of the most common cancers world-
wide.1 Most CRCs begin as adenomas. Adenomatous polyps can be 
detected in 20%-40% of patients undergoing screening colonos-
copy, and their occurrence is associated with an increased risk of 
CRC. Although endoscopic removal of colorectal adenomas signifi-
cantly reduces the risk of CRC, regular surveillance examination is 
needed as risk of recurrence after polypectomy ranges from 37% to 
60%.2 Recently, non-invasive biomarkers for CRC including stool and 
plasma tumour DNA have been approved by the U.S. Food and Drug 
Administration (FDA).3,4 However, these DNA tests have low diag-
nostic accuracy for precancerous lesions, especially non-advanced 
adenomas, because genetic or epigenetic changes in cancerous cells 
are rarely present in small precancerous lesions.

Altered gut microbiota composition has been implicated in the initi-
ation and progression of adenomas and CRC.5-9 A direct causative role 
of gut microbiota for CRC development was demonstrated in germ-free 
animal models.10 Specific bacterial pathogens, such as Fusobacterium 
nucleatum (Fn)11-13 and Peptostreptococcus anaerobius,14 have been pro-
posed to promote colorectal tumorigenesis. We previously reported 
that certain bacterial gene markers in stool were useful as non-invasive 
tests for adenomas and CRC.6,15-17 Using probe-based duplex quantita-
tive polymerase chain reaction (qPCR) assays, we have identified a panel 
of bacterial gene markers of Fn, Lachnoclostridium sp. (m3), Clostridium/
Hungatella hathewayi (Ch) and Bacteroides clarus (Bc) for the detection of 
adenoma and CRC.15,16 Fn and Ch were found to be enriched in stool of 
patients with CRC.15 m3 is enriched in both adenoma and CRC, whereas 
Bc is enriched in normal subjects.15,16 Our previous findings indicated 
that these bacterial gene markers could also detect both advanced and 
non-advanced adenomas.16 We hypothesised that these bacterial gene 
markers would be effective in detecting recurrent adenomas. In this 
study, we evaluated the diagnostic accuracy of Fn, m3, Ch and Bc for 
adenoma recurrence following colonoscopic polypectomy.

2  | MATERIAL S AND METHODS

2.1 | Subject recruitment and stool sample 
collection

This retrospective study included subjects who were enrolled in a 
polyp surveillance programme conducted in a tertiary referral cen-
tre with a catchment population of 1.2 million between 2009 and 
2019 (CREC Ref No: 2010.198). Subjects found to have adenoma 
on index colonoscopy underwent polypectomy and had regular sur-
veillance colonoscopy according to international guidelines.2,18,19 
Consecutive subjects were eligible in this study if they provided 
stool samples within 1  month before bowel preparation of index 
colonoscopy (baseline) and/or surveillance colonoscopy (follow-up). 
Stool samples were excluded if subjects had taken antibiotics within 
3 months before stool collection. Recurrence was defined as at least 
one adenoma found on surveillance colonoscopy. To minimise the 

possibility that recurrent adenomas were due to missed lesions at 
index colonoscopy, we included only colonoscopy with satisfactory 
bowel preparation, adenomas identified more than 6 months after 
the index colonoscopy and colonoscopy performed by experienced 
colonoscopists with an adenoma detection rate of >30%. All polyps 
were evaluated by an experienced pathologist (TKF). Advanced ad-
enomas were defined as adenomas with a diameter of ≥1 cm, with 
a tubulovillous or villous component, or with high-grade dysplasia. 
Subjects were asked to collect stool samples in standardised con-
tainers at home, and delivered to the hospitals in insulating poly-
styrene foam containers. Stool samples were then stored at −80°C 
immediately for further analysis. The study was approved by the 
Joint NTEC-CUHK Clinical Research Ethics Committee (CREC Ref 
No: 2021.104). All subjects provided written informed consent.

2.2 | Stool DNA extraction and quantification of 
bacterial gene markers

Stool DNA extraction was performed using Norgen Stool DNA 
Isolation Kit (Norgen Biotek Corp) manually following the manu-
facturer’s instructions. DNA quality and quantity were determined 
using gel electrophoresis and a NanoDrop spectrophotometer. 
Faecal levels of four bacterial gene markers (Fn, m3, Bc and Ch) were 
quantified by qPCR. These markers have previously been shown to 
be enriched in CRC alone (Fn and Ch), both adenoma and CRC (m3), 
and healthy subjects (Bc). Primer and probe sequences targeting 
the markers and 16 s rDNA internal control have been verified for 
target specificity in our previous studies.15,16 Each probe carried a 
5′ reporter dye FAM (6-carboxy fluorescein) or VIC (4,7,2′-trichlor
o-7′-phenyl-6-carboxyfluorescein) and a 3′ quencher dye TAMRA 
(6-carboxytetramethyl-rhodamine). Primers and hydrolysis probes 
were synthesised by Invitrogen. qPCR amplifications were per-
formed on an ABI QuantStudio sequence detection system as 
previously described, with thermal cycler parameters of 95°C 
10 minutes and (95°C 15 seconds, 60°C 1 minute) × 45 cycles.15,16 
Positive controls of the markers and a negative control (H2O as 
template) were included in every experiment. Measurements 
were performed in triplicates for each sample. Relative level of 
each marker was calculated using delta Cq method as compared 
to internal 16 s rDNA control (Power (2, −[Cqtarget-Cqcontrol]) and 
shown as log value of “*10e6  +  1.” All samples were processed 
together regardless of baseline/follow-up samples and the status 
of adenoma recurrence. The technicians involved were blinded to 
the identity of stool samples. Quantification of microbiome mark-
ers using our qPCR platform has been verified to be stable on a 
batch of 20 randomly selected stool samples between different 
laboratories in our institution (all P  >  0.1 by paired t-tests). We 
included positive control samples in each experiment to monitor 
if deviation in quantification results occurred. Intra-assay coef-
ficients of variability (CVs) for Cq values were all <0.7%. Intra-
assay and inter-assay CVs for each marker were <5% and <9.5%, 
respectively.
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2.3 | Faecal immunochemical test

Quantitative OC-Sensor test was performed on an automatic 
OCsensor instrument (Eiken Chemical) according to the manufac-
turer’s instructions, using a positive cut-off value equivalent to a 
concentration of 100 ng of haemoglobin per millilitre (ng Hb/ml).

2.4 | Sample size calculation

In our pilot study of 40 subjects, the mean levels of m3 upon follow-
up at 1-5 years were 5.924 (log of relative level of m3/16s rDNA 
control) and 2.569 in patients with and without recurrent adeno-
mas, respectively. We estimated that a total of 70 subjects would 
be required to detect a difference of 2.7 with a SD of 4.0 to achieve 
80% power at a two-sided significance level of 5%. To adjust for 
possible confounding effects of covariates, we further increased 
the total sample size by a variance inflation factor of 1.25 to a total 
of 88 subjects (44 subjects per group) with follow-up stools.

2.5 | Scoring algorithms and cut-off values

The combined score of four bacterial gene markers (4Bac) using a 
logistic regression model (4Bac score =  I1 + β1*Fn + β2*m3 + β3*Bc 
+  β4*Ch) was determined in our previous study.16 To discriminate 
patients with recurrent adenoma from those without recurrence 
as determined by colonoscopy and histological examination, the 
combined score of follow-up markers is: I2 + βx*m3followup + βy*Chfo

llowup  +  βz*Fnfollowup, whereas the combined score of baseline and 
follow-up markers is: I3 + (βi*Fnfollowup - βii*FnBaseline) + (βiii*m3followup-
βiv*m3Baseline)  +  (βiv*Chfollowup-βvi*ChBaseline). I represents the inter-
cept, β represents the regression coefficient and markers represent 
the corresponding relative levels. Cut-off values were determined by 
receiver operating characteristic (ROC) analyses that maximised the 
Youden index (J = Sensitivity + Specificity −1).20

2.6 | Statistical analysis

Values were expressed as median (IQR, interquartile range) or 
mean ± SD where appropriate. The differences in levels of bacterial 
gene markers were determined by Mann-Whitney U test or paired t-
test. Mann-Whitney U test was used to assess trends of changes at 
follow-up compared with baseline whereby groups at different time 
points and different status were considered independent of each 
other. Paired t-test was performed for comparison between paired 
baseline and follow-up in the same patient. Continuous clinical and 
pathological variables were compared by t-test or one-way ANOVA. 
ROC curves were used to evaluate the diagnostic values of bacterial 
gene markers or models in distinguishing between patients with and 
without recurrent adenomas. Pairwise comparison of ROC curves was 
performed using a non-parametric approach.21 All tests were done by 

Graphpad Prism 5.0 (Graphpad Software Inc.) or MedCalc Statistical 
Software V.18.5 (MedCalc Software bvba, Ostend, Belgium; http://
www.medca​lc.org; 2018). P < 0.05 was taken as statistical significance.

3  | RESULTS

3.1 | Clinical characteristics

A total of 222 consecutive eligible subjects who had adenomas at 
baseline colonoscopy were included in this study: Group I: 118 sub-
jects had stool samples collected before index colonoscopy; Group II: 
61 subjects had follow-up stool samples collected before surveillance 
colonoscopy; and Group III: 43 subjects had both baseline and follow-
up stool samples. Stool samples collected from 154 subjects with nor-
mal index colonoscopy were included for marker comparison. A total 
of 161 baseline stool samples were collected before index colonoscopy 
from Group I and Group III, whereas 104 follow-up stools were col-
lected before surveillance colonoscopy from Group II and Group III.

In all, 48 of the 104 post-polypectomy subjects were found to 
have adenomas at follow-up colonoscopy, seven of which were 
advanced adenomas. Detailed clinical characteristics are shown in 
Tables 1 and 2. In all, 42 of the 104 (40.4%) patients underwent sur-
veillance colonoscopy in less than 3 years. Among them, 7 had en-
doscopic submucosal resection/endoscopic submucosal dissection 
for large or laterally spreading adenomas (surveillance interval: 0.8-
2.4  years), 3 had sessile serrated adenomas (surveillance interval: 
1-1.6  years), 1 had multiple (>10) adenomas (surveillance interval: 
1 year), 17 had a family history of first-degree relatives with colorec-
tal neoplasia, 3 had a family history of other cancers (surveillance 
interval: 1 year) and 11 requested shorter surveillance interval due 
to anxiety or other miscellaneous reasons (surveillance interval: 1-
2.3 years). None of the patients had repeated colonoscopy due to 
incomplete polyp removal and all patients had clear resection margin 
at index colonoscopy. There was no difference in the mean surveil-
lance intervals between patients with and without recurrent ade-
noma in the overall cohort (2.3 ± 1.2 years versus 2.5 ± 1.2 years; 
P  =  0.26), or in the subgroup with surveillance interval  <  3  years 
(1.3 ± 0.4 years versus 1.3 ± 0.5 years; P = 0.57).

3.2 | Stool bacterial gene markers increased with 
adenoma recurrence

Compared with normal controls, the levels of Fn, m3 and Ch were sig-
nificantly higher while that of Bc was significantly lower in patients 
with adenoma at baseline (Figure 1A). We first compared the levels 
of four bacterial gene markers Fn, m3, Ch and Bc in baseline stool 
samples of subjects with adenomas and in follow-up stool samples 
with and without recurrent adenomas after polypectomy. In group III 
with paired samples, Fn (P < 0.05) and m3 (P < 0.0001) were signifi-
cantly increased in follow-up samples with recurrent adenomas but 
not in samples without recurrence compared with baseline samples. 

http://www.medcalc.org
http://www.medcalc.org
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Ch showed a non-significant decrease in follow-up samples with no 
recurrent adenoma (P = 0.066) but no change in those with recur-
rence, whereas Bc showed no change in follow-up stool samples re-
gardless of adenoma recurrence status (Figure 1B). These findings 
were further validated in an enlarged dataset involving all samples 
from Groups I to III (Figure 1C).

3.3 | Paired stool samples showed a high accuracy 
in detecting adenoma recurrence

We found a significant increase in the level of m3 and combined levels 
of four markers (Fn, Ch, m3 and Bc) in the follow-up samples compared 
with baseline samples in subjects who developed adenoma recurrence 
(P < 0.05 by matched-pair tests) (Figure 2A). In contrast, there was no 
significant change in levels of bacterial gene markers in follow-up sam-
ples in subjects with no recurrence (Figure 2B). Using a logistic regres-
sion model that included changes in the markers at follow-up compared 
with baseline stools, we found that m3 alone showed a good perfor-
mance for detecting adenoma recurrence with an AUROC of 0.843 
(95% CI: 0.700-0.936) (P < 0.0001), sensitivity of 85.0% and specificity 
of 87.0%. Using logistic regression to combine all the bacterial gene 
markers, the combination of m3, Fn and Ch achieved an AUROC of 
0.950 (95%CI: 0.837-0.993) with sensitivity of 90.0% and specificity of 
87.0% for detecting recurrent adenoma (Figure 3). FIT showed limited 
sensitivity (8.3%) in detecting recurrent adenomas, most of which were 
non-advanced adenomas. Adding FIT to this panel of combined bacte-
rial gene markers did not improve the diagnostic performance.

3.4 | Faecal bacterial gene markers as a standalone 
test for diagnosing adenoma recurrence

As shown in Figure 1B,C, the levels of Fn, m3 and Ch were signifi-
cantly increased in follow-up stools with recurrence as compared 
with those without recurrence (P < 0.05), whereas the level of Bc 
showed no difference. Using follow-up stool samples without base-
line samples for comparison, combining three markers (Fn, m3 and 
Ch) could detect recurrent adenoma with an AUROC of 0.741 (95%CI: 
0.646-0.822) and sensitivity of 81.3% (Figure 4A). In addition, faecal 
levels of Fn, m3 and Ch showed no difference in subjects with base-
line or recurrent adenomas in the proximal colon versus distal colon 
(Figure 4B1 and Figure 4B2). Adding FIT to this panel of combined 
bacterial gene markers did not further improve the diagnostic per-
formance. Correlation analysis showed no significant correlations 
between age and individual markers or the combined score of m3, 
Fn and Ch for recurrent adenoma in the follow-up cohort (P > 0.4). 
On multivariate analysis, the levels of m3 and Ch (P < 0.01), and the 
combined score of m3, Fn and Ch (P  <  0.0001) were independent 
risk factors for adenoma recurrence. As there were significant im-
balances in some baseline characteristics including male gender, co-
morbidity, number and size of adenomas between subjects with and 
without recurrent adenomas (Table 2), we further performed logistic 
regression analysis and found that none of these factors was a signif-
icant predictor of adenoma recurrence. m3ChFn appeared to be the 
only significant factor in the logistic regression model for recurrent 
adenomas. Pairwise comparison of ROC curves showed no signifi-
cant difference between the model consisting of m3ChFn alone and 

Variables
Patients with baseline 
adenoma (n = 222)

Patients with recurrent 
adenoma (n = 48)

Mean age ± SD year 60.0 ± 5.3 63.9 ± 4.7

Male gender (%) 139 (62.6) 30 (62.5)

Co-morbidity (%) 123 (55.4) 47 (97.9)

Adenomaa

Non-advanced (%) 55 (24.8) 41 (85.4)

Advanced (%) 167 (75.2) 7 (14.6)

Mean number of adenomas ±SD 2.2 ± 1.8 1.8 ± 1.2

Number of patients with >5 
adenomas (%)

16 (7.2) 0 (0)

Adenoma size ±SD mm 10.2 ± 8.5 5.1 ± 4.2

Location (%)

Proximal 55 (24.8) 15 (31.2)

Distal 96 (43.2) 19 (39.6)

Both 66 (29.7) 14 (29.2)

Unknown 5 (2.3) 0 (0)

Histology (%)

Tubular 156 (71.3) 44 (91.7)

Villous 66 (29.7) 4 (8.3)

aThe advanced adenomas were adenomas 1 cm or larger in size, with a tubulovillous or villous 
component, or with high-grade or severe dysplasia.

TA B L E  1   Clinical characteristics of 
patients with baseline and recurrent 
adenomas
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the model combining the four clinical characteristics and m3ChFn 
(P = 0.135; Figure 4C).

4  | DISCUSSION

To the best of our knowledge, this is the first study showing that 
faecal bacterial gene markers can effectively detect recurrent ad-
enomas after polypectomy. By quantifying changes in faecal levels 
of our novel bacterial gene markers after index colonoscopy, we 
found a high accuracy of these markers in detecting adenoma recur-
rence. The combination of m3, Fn and Ch yielded the best AUROC 
and showed 90% sensitivity. The addition of FIT did not increase 
the diagnostic sensitivity for recurrent adenoma. Our findings have 
demonstrated the potential of using faecal bacterial gene markers in 
detecting early precancerous lesions.

Different bacterial gene markers showed different activities in 
relation to adenoma recurrence. We found that our panel of bac-
terial gene markers remained unchanged 1 month after removal of 
adenoma,16 which suggested that polypectomy does not lead to 
immediate change in the gut microbial environment. In the pres-
ence of recurrent adenoma, m3 and Fn further increased, whereas 
Ch remained unchanged. In contrast, m3 and Fn remained com-
parable to baseline levels, whereas Ch decreased further in the 
absence of recurrent adenoma. Therefore, a combination of m3, 
Fn and Ch is useful for detecting recurrent adenoma. Importantly, 
faecal levels of m3, Fn and Ch were not different between recur-
rent adenomas in the proximal and the distal colon, indicating that 
the sensitivity of these markers is not affected by the location of 
lesions. Combination of these markers not only provides a non-
invasive means of detecting recurrent adenoma, but also offers 
hope to lower the risk of colorectal neoplasms by modulation of 

gut microbiota in subjects who had high levels of unfavourable 
bacterial markers.

Several studies have implicated microbial dysbiosis in the ae-
tiology of colorectal adenomas.22 For instance, changes in the gut 
microbial community composition have been reported in faecal 
samples and tissues of adenoma.7,23 Alteration in gut microbiota 
was reported at 3 months after adenoma resection but there was 
no significant change in the main phyla including Fusobacteria,24 
suggesting that changes in bacteria associated with adenoma re-
currence may occur at a later time point. It has been demonstrated 
that Fn induced inflammation and modulated host immune response 
to promote tumour development.11,12 Ch has been shown to pro-
mote colonic epithelial cell proliferation in mouse models.25 The 
Lachnoclostridium species carrying m3 is likely to play an important 
role in adenoma recurrence but its role in promoting colorectal tu-
morigenesis and adenoma recurrence remains unknown. We spec-
ulate that these unfavourable bacteria may trigger host immune 
responses to further promote the development of recurrent ade-
nomas. Functional studies are required to evaluate the role of these 
bacteria in promoting adenoma recurrence.

There is a huge unmet need for non-invasive biomarkers to mon-
itor adenoma recurrence. Current guidelines recommend colonos-
copic surveillance at variable intervals after polypectomy, depending 
on the characteristics of the lesions.2,19 Colonoscopy can be invasive 
and uptake is low due to suboptimal compliance. A recent national 
survey of CRC screening showed that stool-based tests were pre-
ferred to colonoscopy.26 Accurate detection of early or small pre-
cancerous lesions is clinically relevant because these early lesions 
account for over 30% of adenomas found on surveillance colonos-
copy. In the current study, our markers could detect adenoma recur-
rence with reasonable sensitivity. This non-invasive approach may 
inform the optimal timing of surveillance colonoscopy in the future.

TA B L E  2   Baseline clinical characteristics of patients with and without recurrence

Variables
Patients without recurrent adenoma 
(n = 56)

Patients with recurrent adenoma 
(n = 48) P value

Mean age ± SD year 60.3 ± 6.3 61.6 ± 4.7 0.25

Male gender (%) 23 (41.1) 30 (62.5) 0.03

Co-morbidity (%) 19 (33.9) 30 (62.5) 0.006

Mean number of adenomas ± SD 1.7 ± 1.0 2.3 ± 1.6 0.04

Number of patients with >5 adenomas (%) 0 (0) 3 (6.3) 0.10

Adenoma size ± SD mm 9.7 ± 4.7 13.7 ± 10.3 0.01

Location (%)

Proximal 11 (19.6) 13 (27.1) 0.61

Distal 29 (51.8) 21 (43.8)

Both 16 (28.6) 14 (29.2)

Histology (%)

Tubular 37 (66.1) 34 (70.8) 0.68

Villous 19 (33.9) 14 (29.2)
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Our study has a number of strengths. First, we have prospectively 
collected serial stool samples for up to 10 years. Polyps removed were 
assessed by an experienced pathologist to eliminate inter-observer 
variation. Second, we previously showed that our bacterial gene mark-
ers were independent risk factors for CRC,15,16 and these markers 
were not affected by age or gender in the current study cohort (data 

not shown). Third, unlike stool DNA or plasma DNA tests that target 
genetic/epigenetic changes from cancerous cells, our bacterial gene 
markers can detect CRC, advanced and non-advanced adenomas. 
With paired baseline and follow-up stools, our markers (Fn, m3 and Ch) 
could diagnose recurrent adenoma with an AUROC of 0.950 and sen-
sitivity of 90%. We hypothesised that if the gut microbiome becomes 

F I G U R E  1   Changes in faecal bacterial markers in post-polypectomy subjects as compared to patients with baseline advanced adenoma. 
A, Comparison of the levels of four faecal bacterial markers in baseline stool samples collected before index colonoscopy between 
patients diagnosed with advanced adenoma and subjects confirmed with normal colon. B, Comparison of the levels of four faecal bacterial 
markers between baseline stool samples collected before index colonoscopic diagnosis of advanced adenoma and follow-up stools before 
surveillance colonoscopy from subjects who developed recurrent adenoma and those without recurrence in group III subjects with paired 
baseline and follow-up stools. (C) Comparison of the levels of four faecal bacterial markers between baseline stool samples and follow-up 
samples from all subjects recruited in this study. Fn, fusobacterium nucleatum; m3, Lachnoclostridium marker m3; Ch, Clostridium hathewayi; Bc, 
Bacteroides clarus; no-R, no-recurrence; R, recurrence

(A) (B) (C)
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less healthy after polypectomy, such unfavourable gut environment 
would promote adenoma recurrence, whereas the risk of recurrence 
will be low if the gut microbiome remains stable or improves.

Our study also had some limitations. First, the sample size is 
small which may result in overfitting of the diagnostic model with-
out cross-validation and preliminary data from the paired sample 
group needs to be confirmed in larger prospective studies. Second, 
diagnostic performance of the biomarkers for stool samples col-
lected at a single time point was lower than diagnostic performance 
of paired stool samples. Further effort should focus on improving 
performance of these biomarkers based on a single time point stool 
test given that it is more user-friendly in clinical practice than test-
ing paired stool samples. Third, we cannot exclude the possibility 
of missed lesions at index colonoscopy which could be misclassified 

as recurrent adenoma. However, measures have been taken to mi-
nimise the likelihood of missed lesions. Fourth, the small number 
of subjects with advanced adenoma at surveillance precluded the 
use of these markers in predicting recurrent advanced versus non-
advanced adenomas. It is logical to believe that higher levels of bac-
terial gene markers may indicate a higher likelihood of recurrence 
of advanced adenoma. However, we previously showed that the 
sensitivity of our bacterial gene markers was similar for both ad-
vanced and non-advanced adenoma.16 Therefore, “more abnormal” 
levels of markers are likely to be more indicative of recurrence of 
adenoma but may not differentiate advanced and non-advanced 
lesions. Future larger studies would be needed to investigate the 
correlation between marker levels and recurrence of advanced 
adenoma.

F I G U R E  2   Changes in bacterial markers at follow-up (FU) versus baseline for diagnosis of recurrent adenoma. A, The four bacterial 
markers and their combined score 4Bac showed no significant difference between baseline and FU stools in patients without recurrence. B, 
Significant increases in m3 and 4Bac were detected in FU stools as compared to baseline stools in patients with recurrence. Fn, fusobacterium 
nucleatum; m3, Lachnoclostridium marker m3; Ch, Clostridium hathewayi; Bc, Bacteroides clarus; 4Bac: Combined score of Fn, m3, Ch and Bc 
previously devised for diagnosis of CRC and adenoma

(A)

(B)

F I G U R E  3   Performances of logistic regression models involving changes in FU stools versus baseline stools in discriminating patients with 
recurrence from those without recurrence. The model combining changes in Fn, m3 and Ch showed the best performance. Fn, fusobacterium 
nucleatum; m3, Lachnoclostridium marker m3; Ch, Clostridium hathewayi; Bc, Bacteroides clarus; 4Bac: Combined score of Fn, m3, Ch and Bc
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In summary, we have identified a panel of novel bacterial gene 
markers in stool that is a potentially useful non-invasive tool for 
detecting adenoma recurrence. Our findings offer hope to inform 
health authorities and guideline committees to review current strat-
egies for CRC screening.
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