Cell Reports

Medicine

Berberine for preventing colorectal adenoma recurrence
and neoplasm occurrence: 6-Year follow-up of a

randomized clinical trial

Graphical abstract

Berberine versus placebo for colorectal adenoma
recurrence and neoplasm occurrence: 6-year follow-up

after 2-year treatment cessation
Participant & Design m

T
o o o = Lost to follow-up
iy &5 (v=tie .o 0O
'n‘ * 6-year follow-up  No follow-up endoscopy '
N=895 (N=133)

Adenoma recurrence

Included in analysis
(N=648) e Neoplasm occurrence

Adenoma recurrence

Finished 2-year
berberine-placebo
treatment

Neoplasm occurrence

Berberine 34.7% 63.4%
kil 52.1% 71.0%
Highlights

)
treatment follow-up period

® Berberine can also reduce colorectal neoplasm and non-
advanced adenoma occurrence

® Berberine emerges as a promising candidate for
chemoprevention after polypectomy

T Tan et al., 2025, Cell Reports Medicine 6, 102293

S September 16, 2025 © 2025 The Author(s). Published by Elsevier Inc.

https://doi.org/10.1016/j.xcrm.2025.102293

Berberine prevents adenoma recurrence in the 6-year post-

Authors

Yong-Jie Tan, Tian-Hui Zou, Ke Yu, ...,
Yun Cui, Ying-Xuan Chen, Jing-Yuan Fang

Correspondence

yingxuanchen71@sjtu.edu.cn (Y.-X.C.),
jingyuanfang@sijtu.edu.cn (J.-Y.F.)

In brief

Tan et al. demonstrate that berberine has
the potential to serve as a long-term
chemopreventive agent against
colorectal adenoma recurrence and
neoplasm occurrence after polypectomy.
During the median 6-year follow-up
period after treatment cessation, the
adenoma recurrence rate in the berberine
group is 34.7% versus 52.1% in the
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SUMMARY

Berberine has been reported as a safe and effective pharmacological agent to reduce colorectal adenoma
recurrence after polypectomy. This retrospective cohort study is an extended follow-up of a previous clinical
trial (NCT02226185) during the post-treatment observational phase. We aim to evaluate the long-term protec-
tive effects of berberine on adenoma recurrence. Among 895 patients who finished the previous 2-year ran-
domized trial, we recruited 781 patients at 7 clinical centers across 6 provinces in China. The primary
outcome is adenoma recurrence. Between December 29, 2018, and October 10, 2024, 648 patients under-
went at least one colonoscopy during the follow-up. The protective effects of berberine persist for at least
6 years after treatment cessation, with lower adenoma recurrence rate (34.7% vs. 52.1%) and lower neoplasm
occurrence rate (63.4% vs. 71.0%). Berberine may serve as a potential long-term preventive agent against

adenoma recurrence after polypectomy.

INTRODUCTION

As the precursor of colorectal cancer, colorectal adenoma dem-
onstrates a high recurrence rate after endoscopic resection. '+
Recurrent colorectal adenomas can increase the incidence of
colorectal cancer due to genetic alterations over at least 10
years.® Chemopreventive interventions have demonstrated effi-
cacy in lowering colorectal adenoma recurrence, and several
relevant pharmacological agents and nutritional supplements
have been discovered: folic acid,” aspirin,” celecoxib,® cal-
cium,”® and vitamin D.%'° However, some of these agents and
supplements lack long-term follow-up data, or their use has
been restricted for potential side effects. Traditional medicine
has been playing an increasingly crucial role in cancer chemo-
prevention.''~'® Berberine (molecular formula: CoqH1gNO.), iso-
lated from the Chinese herb Coptis chinensis, has been used to
treat diarrhea and enteritis for centuries in China.'*'° Recent an-
imal studies have reported that berberine can inhibit colorectal
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tumorigenesis pathways and affect the tumor microenvironment
by altering microbiota composition, making it a potential chemo-
preventive agent for colorectal cancer.'®'®

Our previous randomized clinical trial was named Chemopre-
vention of Berberine in Adenoma Recurrence (CBAR) (NCT
02226185)'? for convenience in this study. The CBAR trial
used a double-blind, randomized, placebo-controlled, and
multicenter design to evaluate the chemopreventive effects of
berberine against colorectal adenoma recurrence. Over the
2-year randomized trial, the recurrence rates of colorectal ade-
noma and any kind of polypoid lesion remained significantly
lower without serious adverse events in the berberine group
than in the placebo group (36% vs. 47%, respectively; relative
risk [RR], 0.77; 95% confidence interval [Cl]: 0.66-0.91; p =
0.001; and 43% vs. 55%, respectively; RR, 0.77; 95% Cl:
0.67-0.89; p = 0.0002). These findings indicated the clinical
applicability of berberine for preventing recurrent colorectal
adenoma.
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This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yingxuanchen71@sjtu.edu.cn
mailto:jingyuanfang@sjtu.edu.cn
https://doi.org/10.1016/j.xcrm.2025.102293
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xcrm.2025.102293&domain=pdf

¢? CellPress

OPEN ACCESS

‘ 1136 eligible participants in CBAR trial

Cell Reports Medicine

Figure 1. Flowchart of participants in the
CBAR trial and CBAR-FE study
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After the end of the 2-year randomized CBAR trial, we con-
ducted the current retrospective study, named CBAR Follow-
up Extension (CBAR-FE) study; here, we extended the CBAR
trial by continuing to follow up with the trial participants over a
median of 6 years. We aimed to assess the long-term prevention
of berberine on colorectal adenoma recurrence after polypec-
tomy without continued supplementation.

RESULTS

Baseline characteristics of participants

Of the 1,136 participants who entered the CBAR trial, 895 finally
completed the 2-year randomized trial (432 in the berberine
group and 463 in the placebo group) (Figure 1). In total, 5
(1.2%) patients in the berberine group and 5 (1.1%) in the pla-
cebo group refused to participate in the CBAR-FE study. More-
over, 6 (1.4%) patients in the berberine group and 4 (0.9%) in the
placebo group died, whereas 46 (10.6%) in the berberine group
and 48 (10.4%) in the placebo group could not be contacted. Of
all 781 participants who entered the CBAR-FE study, 314
(83.7%) in the berberine group and 334 (82.3%) in the placebo
group received at least one follow-up colonoscopy after the
CBAR trial and therefore were included in the analysis. The base-
line demographic characteristics and colorectal adenoma risk
factors were well matched between the two groups (Table 1).

Primary outcome

After a median follow-up of 78.0 (interquartile range [IQR]: 73.0-
85.0) months, 34.7% (109/314) of patients in the berberine group
and 52.1% (174/334) of patients in the placebo group demon-
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334 completed CBAR-FE study
and included in analysis

significance in the third year, with the
increasing number of participants under-
going follow-up colonoscopies (odds ra-
tio [OR], 0.63; 95% CI: 0.41-0.97; p =
0.04), and remained stable from the fifth year (OR, 0.50; 95%
Cl: 0.35-0.70; p < 0.001).

We also analyzed recurrence rates of colorectal adenoma ac-
cording to different follow-up periods. With fewer than 60 colo-
noscopies conducted per treatment group during the first year
of follow-up, no significant difference was observed in the ade-
noma recurrence rate between the groups (Table S4). However,
the effects were significant during 1-3, 3-5, and >5 years of
follow-up, as well as <5 years of follow-up (Table S4). In the sub-
group analysis, we evaluated several subgroups based on pre-
determined baseline characteristics. None of the p values for
interaction were statistically significant (all p values for interac-
tion >0.05), indicating that the treatment effect of berberine
was consistently protective across all the subgroups analyzed
(Figure 3).

Secondary outcomes

During the 6-8 years of follow-up, 199 (63.4%) and 237 (71.0%)
patients in the berberine and placebo group demonstrated any
type of neoplasm, respectively (adjusted HR, 0.75; 95% CI:
0.62-0.91; p = 0.004) (Table 2). However, there was no statisti-
cally significant difference between the two groups in the sensi-
tivity analyses of neoplasm occurrence (adjusted HR, 0.83;
95% CI: 0.69-1.01; p = 0.06) (Table S2). Moreover, berberine
did not reduce neoplasm occurrence within 1, 1-3, and >5 years
of follow-up; notably, it appeared to be effective in the 3-to 5-year
and <5-year periods after the randomized trial (OR, 0.61; 95% ClI:
0.38-0.98; p = 0.04; and OR, 0.48; 95% Cl, 0.34-0.67; p < 0.001,
respectively) (Table S4). The occurrence rate of serrated lesion
was lower but not statistically significant in the berberine group
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Table 1. Baseline characteristics of the participants

Berberine Placebo
(n=314) (n = 334) p value
Age, years
Median (IQR) 66.0 (60.0-71.0) 67.0 (59.0-72.0)
No. (%)
<60 73 (23.2) 93 (27.8) 0.18
>60 241 (76.8) 241 (72.2)
Gender, no. (%)
Male 213 (67.8) 222 (66.5) 0.71
Female 101 (32.2) 112 (33.5)
BMI, median 241 (22.0-25.8) 24.1(21.8-26.1) 0.70
(IQRY), kg/m?
Smoking, no. (%)
Smoker 43 (13.7) 47 (14.1) 0.89
Non-smoker 271 (86.3) 287 (85.9)
Family history of colorectal cancer, no. (%)
Yes 1(3.5) 14 (4.2) 0.65
No 303 (96.5) 320 (95.8)
Colorectal adenoma recurrence in the CBAR trial, no. (%)
Yes 129 (41.1) 162 (48.5) 0.06
No 185 (58.9) 172 (51.5)
Total follow-up time,  78.0 (74.0-85.0) 78.0(73.0-85.0) 0.67
median (IQR), m
Time to the first 22.0(12.042.3) 21.5(12.0-39.0) 0.68
colonoscopy after
the CBAR trial,
median (IQR), m
Time to the last 54.0 (36.0-74.0) 54.5(33.0-69.0) 0.88
colonoscopy after
the CBAR trial,
median (IQR), m
No. of follow-up colonoscopies, no. (%)
1 131 (41.7) 144 (43.1) 0.93
2-4 171 (54.5) 178 (53.3)
5-7 12 (3.8) 12 (3.6)
Total no. of follow-up 627 652
colonoscopies
Berberine use after the CBAR trial, no. (%)
No use 303 (96.5) 329 (98.5) 0.10
Any use 11 (3.5) 5(1.5)
No. of participants in the clinical center, no. (%)
1 64 (20.4) 70 (21.0) 0.84
2 48 (15.3) 41 (12.3)
3 43 (13.7) 43 (12.9)
4 45 (14.3) 49 (14.7)
5 27 (8.6) 26 (7.8)
6 43 (13.7) 58 (17.4)
7 44 (14.0) 47 (14.1)

Data are presented as median (IQR) or no. (%). Abbreviations: BMI, body
mass index, calculated as weight in kilograms divided by height in meters
squared; IQR, interquartile range. Percentages in some categories may
not add up to 100% due to rounding. See also Tables S1 and S8.

Table 2. Adenoma recurrence and neoplasm occurrence during
follow-up

Berberine  Placebo Adjusted HR

(n=314) (n=334) (95% ClI) p value
Adenomas 109 (34.7) 174 (52.1) 0.58 (0.45-0.74) <0.001
Neoplasms 199 (63.4) 237 (71.0) 0.75(0.62-0.91) 0.004

Data are presented as no. (%). An analysis of colorectal adenoma recur-
rence and neoplasm occurrence was conducted during the median
6-year follow-up. Adenomas only include traditional colorectal ade-
nomas. Neoplasms include colorectal cancer and polypoid lesions (colo-
rectal adenomas, serrated lesions [sessile serrated lesions, traditional
serrated adenomas, and hyperplastic polyps], and inflammatory polyps).
HRs, 95% Cls, and p values are calculated by adjusted multivariate Cox
regression model. Covariates include age, gender, clinical center, body
mass index (BMI), smoking, family history of colorectal cancer, hyperten-
sion and diabetes history, and medication use (e.g., calcium, statin, and
aspirin). Abbreviations: HR, hazard ratio; Cl, confidence interval. See also
Tables S2, S5, and S6.

compared with the placebo group (adjusted HR, 0.72; 95%
Cl: 0.52-0.99; p = 0.05) (Table S5). However, the occurrence of
hyperplastic polyps, sessile serrated lesions, and traditional
serrated adenomas did not significantly differ between the
berberine and placebo groups (18.8% vs. 24.0%, p = 0.11;
2.2% vs. 1.5%, p = 0.46; and 0.6% vs. 1.8%, p = 0.13, respec-
tively) (Table S6). In each group, colorectal cancer occurred in
only one participant (0.3% vs. 0.3%, p = 0.97) (Table S6).

Advanced colorectal adenomas occurred in 13 (4.1%) and
17 (5.1%) patients in the berberine and placebo groups, respec-
tively (adjusted HR, 0.99; 95% Cl: 0.96-1.02; p = 0.57)
(Table S5). Moreover, non-advanced colorectal adenoma occur-
rence rate was lower in the berberine group than in the placebo
group (adjusted HR, 0.56; 95% Cl: 0.43-0.71; p < 0.001)
(Table S5); however, high-risk colorectal adenoma occurrence
rate did not significantly differ between the berberine and pla-
cebo groups (adjusted HR, 0.84; 95% ClI: 0.56-1.25; p = 0.38).

We analyzed the number and size of colorectal adenomas and
neoplasms in participants who had accurate recordings (167 in
the berberine group and 169 in the placebo group) (Table S7).
The total number and the average number of colorectal ade-
nomas and neoplasms were much lower in the berberine group,
with a statistically significant smaller size. Large serrated lesions
(>1 cm in size) were also much less in the berberine group
(p < 0.001).

Event-free period analysis

We used Kaplan-Meier curves to analyze the event-free period
in the berberine and placebo groups and compared outcome
risks by using univariate and adjusted multivariate Cox regres-
sion models. The results suggested that berberine significantly
improved the event-free period rate of colorectal adenoma recur-
rence compared with the placebo group (HR, 0.61; 95% CI: 0.48-
0.77; adjusted HR, 0.58; 95% CI: 0.45-0.74; p < 0.001, log rank
test) (Figure 4A). The time point with the largest risk ratio was
6.9 years after the randomized trial, with 43.0% and 18.5% of
the berberine and placebo group patients remaining event-free,
respectively. Moreover, the berberine group demonstrated a
higher event-free period rate of neoplasm occurrence than the
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Figure 2. Cumulative adenoma recurrence
by year

Cumulative colorectal adenoma recurrence per
follow-up year after the 2-year randomized trial.
ORs and 95% Cls are calculated by multivariable
logistic regression and illustrated on the graph
using points and lines, respectively. Covariates
include age, gender, clinical center, body mass
index (BMI), smoking, family history of colorectal
cancer, hypertension and diabetes history, and
medication use (e.g., calcium, statin, and aspirin).
The ratios in the berberine and placebo lines are
the ratio of cumulative number of recurrent ade-
noma participants to the cumulative number of
participants who underwent colonoscopy in the

Berberine 38/168 | 56/217 | 70/244 | 92/283 | 105/300 | 109/313 | 109/314 two groups, respectively. ORs, lower and upper
Placebo 19/57 | 58/187 | 84/238 | 116/271 | 147/309 | 161/325 | 172/333 | 174/334 limits of 95% Cls, and p values of the two groups
OR 061 | 061 | 063 | 051 | 050 | 050 | 046 | 045 i'; <p0'j)sﬁ'1tjg <“3.‘(’)Z'1.tAhserﬁ§t'i‘én;f’ o:z, gaojs’
R LA 023 | 037 | 0.41 035 | 035 | 036 | 033 | 032 ratio: CI, confidence interval.
Iy e 164 | 102 | 097 | 075 | 070 | 070 | 064 | 062 See also Table S4.
p value 033 | 0.6 | 0.04 | 0.001" |<0.001™|<0.001""|<0.001""|<0.001""
*, p<0.05; **, p<0.01; ***, p<0.001

placebo group (HR, 0.80; 95% CI: 0.66-0.96; adjusted HR, 0.75;
95% ClI: 0.62-0.91; p = 0.02, log rank test) (Figure 4B). The time
point with the largest risk ratio was 5.2 years after the randomized
trial, with 35.5% and 24.0% of the berberine and placebo group
patients remaining event-free, respectively. Similarly, the event-
free period rate of non-advanced colorectal adenoma occur-
rence was also significantly higher in the berberine group (HR,
0.59; 95% CI: 0.46-0.75; adjusted HR, 0.56; 95% CI: 0.43-
0.71; p <0.001, log rank test) (Figure S1A); however, the serrated
lesions and high-risk colorectal adenoma occurrence did not
differ significantly between the two groups in terms of the
event-free period (HR, 0.76; 95% CI: 0.55-1.05; adjusted HR,
0.72; 95% CI: 0.52-1.00; p = 0.10; and HR, 0.87; 95% CI: 0.59-
1.29; adjusted HR, 0.84; 95% ClI: 0.56-1.25; p = 0.48, log rank
test, respectively) (Figures S1B and S1C).

Multiple outcome events during follow-up

There were cases of multiple colorectal adenoma recurrence and
multiple neoplasm occurrence. To evaluate these multi-events,
we used the Anderson and Gill model to analyze with adjustment
for similar cofounding factors as aforementioned. We found that
multi-recurrence of colorectal adenoma and multi-occurrence
of non-advanced adenoma remained significantly lower in the
berberine group (adjusted HR, 0.67; 95% CIl: 0.54-0.83;
p < 0.001; and adjusted HR, 0.66; 95% CI: 0.53-0.82; p < 0.001,
respectively) (Figure S2); however, the between-group difference
in neoplasm occurrence became nonsignificant with regard to
multiple occurrence (adjusted HR, 0.88; 95% CI: 0.76-1.02;
p =0.10).

DISCUSSION
In this post-treatment follow-up study of the CBAR trial, we

found that a 2-year berberine treatment had prolonged chemo-
prevention effects against colorectal adenoma recurrence and
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neoplasm occurrence in polypectomy patients over a median
observation time of 78.0 months (6 years). Compared with that
during the CBAR trial, the chemopreventive effects of berberine
were more evident in the post-treatment period, whereby the
recurrence rate of colorectal adenoma decreased further.

Many in vivo and in vitro studies have reported that berberine
can inhibit harmful microbiota related to colorectal tumorigen-
esis pathways and modulate the tumor microenvironment.'®"”
In addition to inhibiting colorectal cancer through gut microbiota,
berberine has been widely demonstrated to resolve hyperlipid-
emia,”® diabetes,?’ and other metabolic disorders through gut
microbiota interactions.?>* Considering the prolonged effects
of berberine, intermittent dosing might maximize the chemopre-
ventive effects of berberine on colorectal adenoma recurrence
while minimizing side effects. The intermittent period and related
mechanisms warrant further analysis.

Our subgroup analysis did not reveal significant differences in
certain groups. There may be other potential modifiers not
considered, such as socioeconomic status, race, and ethnicity.
Only one participant in each of the berberine and placebo
groups eventually developed colorectal cancer during the
6-year follow-up period. According to the eighth edition of the
AJCC Cancer Staging Manual,>®> the placebo group patient
had stage IIA colorectal cancer, whereas the berberine group
patient had in situ colorectal cancer. This may be due to our total
follow-up duration being 6-8 years—shorter than the average
duration of 10 years during which adenoma-to-carcinoma alter-
ations occur.® Moreover, advanced colorectal adenoma and
high-risk colorectal adenoma detection rates were lower in our
study compared with others®®; this result might be attributable
to the frequent endoscopic surveillance of our participants.
Any polyp detected during colonoscopy was promptly removed,
preventing its progression to advanced and high-risk colorectal
adenoma. Restricted by the lack of endoscopic examinations on
the number and size of colorectal adenomas or neoplasms, we
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Events/N
p value for
Berberine Placebo HR (95% CI) pvalue | i
interaction
(n=314) (n=334)
Age :
<60 23/73 40/93 0.61 (0.36-1.02) I—H 0.06 1.00
260 86/241 134/241 0.61 (0.46-0.80) i : <0.001
Gender :
Male 76/213 121/222 0.60 (0.45-0.80) i 0.001 0.62
Female 33/101 53/112 0.64 (0.41-0.98) —E— 0.04
BMI, kg/m?
<24 54/155 85/163 0.64 (0.46-0.90) = 0.01 0.69
224 55/159 89/171 0.58 (0.41-0.81) - 0.002
Smoking
Smoker 14/43 24/47 0.61(0.31-1.17) I—I—-l 0.14 0.92
Non-smoker 95/271 150/287 0.60 (0.47-0.78) HE- <0.001 '
Family history of colorectal cancer
Yes 7M1 714 1.57 (0.52-4.72) I—I—l 0.43 0.14
No 102/303 167/320 0.58 (0.46-0.75) [ <0.001 '
Hypertension
Yes 2477 50/87 0.51(0.31-0.83) —=E— 0.007 0.42
No 85/237 124/247 0.65 (0.49-0.85) HE 0.002
Diabetes
Yes 10/27 17/33 0.63 (0.29-1.39) I—l—l 0.25 0.97
No 99/287 157/301 0.61 (0.47-0.78) Hi- <0.001
Calcium use
Yes 317 4/5 0.38 (0.07-1.97) I—I—l 0.25 0.63
No 106/307 170/329 0.61 (0.48-0.78) HEH <0.001
Statin use
Yes 13/32 20/33 0.41 (0.20-0.85)  |fiff=—ri 0.02 0.25
No 96/282 154/301 0.63 (0.49-0.81) HiE- <0.001
Aspirin use :
Yes 13/38 22/36 0.35(0.17-0.70)  jiilfm—i 0.003 0.09
No 96/276 152/298 0.65 (0.50-0.84) - 0.001
Recurrence of adenomas in the CBAR trial .
Yes 59/129 96/162 0.75 (0.54-1.03) I—H 0.08 047
No 50/185 78/172 0.53 (0.37-0.75) [ <0.001
Recurrence of advanced adenomas in the CBAR trial .
Yes 8/13 10/19 1.22 (0.48-3.10) I—-I—l 0.68 0.08
No 101/301 164/315 0.58 (0.45-0.75) Fi= <0.001

0 1 2 5
—
Favour to berberine

E——
Favour to placebo

Figure 3. Subgroup analysis

Subgroup analysis of colorectal adenoma recurrence include age, gender, body mass index (BMI), smoking, family history of colorectal cancer, hypertension and
diabetes history, medication use (e.g., calcium, statin, and aspirin use), as well as previous recurrence status of colorectal adenoma and advanced colorectal
adenoma in the CBAR trial, calculated by univariate Cox regression model. p values for interaction <0.05, significant. Abbreviations: HR, hazard ratio; ClI,
confidence interval.

t29

only analyzed 336 participants with accurate records. However, 1year®?’ or 2 years?® of treatment but not 4 years of treatmen

we still found that patients in the berberine group tended to have
adenomas and neoplasms less in number and smaller in size.
Large serrated lesions, as increasing risk factors of colorectal
carcinogenesis, showed the same trend.

Many clinical trials have reported on chemoprevention of post-
resection adenoma recurrence. For instance, low-dose aspirin
has been noted to prevent colorectal adenoma recurrence after

Folic acid (1 mg, daily) reduced adenoma recurrence risk 5 years
after treatment.” At 3-5 years after treatment, supplementation
of calcium (1,200 mg) plus vitamin D (1,000 IU) daily could not
prevent adenoma recurrence.’ There were other clinical trials
on the secondary prevention of colorectal adenoma, almost all
of which were observational analysis of continued supplementa-
tion of certain agents and mostly in follow-up of 1-5 years.
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Figure 4. Event-free period of colorectal adenoma and neoplasm
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(A) Colorectal adenoma and (B) colorectal neoplasm. HRs and 95% Cls are calculated by univariate and adjusted multivariate Cox regression models. p values
are calculated by log rank test. Abbreviations: HR, hazard ratio; Cl, confidence interval.

See also Figure S1.

However, our CBAR trial demonstrated the chemopreventive ef-
fects of berberine during the treatment period. The current study
further indicated that the preventive effect of berberine improved
and lasted at least 6 years without supplementation. Berberine, a
traditional Chinese medicine drug, may thus be a relatively safe,
cheap drug with worldwide applicability.

In the present study, the median colonoscopy follow-up interval
was 3 years—more frequent than that in some studies in Western
countries. Surveillance intervals tend to differ by country accord-
ing to their adenoma incidence and local conditions. For instance,
in the United States, the current guidelines suggest that low-risk
patients (1-2 adenomas or sessile serrated adenoma, <10 mm)
should be followed up every 5-10 years, those with advanced ad-
enomas or traditional serrated adenomas should be surveilled
every 3-5 years, and patients with more than 10 adenomas should
be followed up every 1 year.’°? In contrast, the Chinese
consensus guidelines recommend that all patients should be fol-
lowed up every 1-3 years after polypectomy and that, for patients
with advanced colorectal adenomas, this follow-up interval
should be shortened to 3-6 months.®* The Chinese consensus
guidelines are based on features of Chinese patients and their
medical conditions, summarizing outcomes in recent clinical tri-
als, meta-analyses, systematic reviews, and expert opinions.>*=¢

Limitations of the study

The current study has some limitations. First, the numbers of par-
ticipants undergoing colonoscopy varied from 1 to 7 at different
follow-up intervals; thus, those with adenoma at last colonos-
copy were more likely to have more frequent surveillance colo-
noscopy. Nevertheless, the number of colonoscopies, time to
the first/last follow-up colonoscopy after the CBAR trial, and me-
dian follow-up intervals did not significantly differ between the
berberine and placebo groups. Second, some patients refused
to participate, and some were lost to follow-up, which may
have impacted the generalizability of our findings. Nevertheless,
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baseline characteristics did not differ between the two groups.
Third, given the low frequency of some outcome events, the po-
wer of the analysis of the individual outcomes might have been
low. Fourth, given that statistical methods for right-censored
data are more mature and versatile, we based our primary anal-
ysis on right-censored statistical methods and supplemented
it with an interval-censoring analysis to assess the potential
impact of these methodological limitations on our results. Impor-
tantly, the interval-censored results were consistent with the
findings of our primary right-censored analysis. Fifth, the treat-
ment efficacy of berberine might be mediated by long-term gut
microbiota changes, but we did not further investigate the poten-
tial mechanisms. Sixth, there might be other potential confound-
ing factors, such as genetic variants, diet, and lifestyle, which
may also influence adenoma recurrence. We have endeavored
to include a comprehensive range of relevant covariates to mini-
mize bias as much as possible. Nonetheless, some confounding
factors remain unavoidable and warrant further investigation.
Finally, we only got part of the number and size of recurrent colo-
rectal adenomas, and we did not analyze their locations, all of
which warrant further assessment.

In conclusion, at 6-8 years after treatment, berberine can pre-
vent colorectal adenoma recurrence and colorectal neoplasm
occurrence without continual supplementation. Thus, it might
be a crucial secondary chemopreventive agent for colorectal ad-
enoma and a potential candidate for colorectal cancer.
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

The Chemoprevention of Berberine in Adenoma Recurrence (CBAR) (NCT02226185)'° trial was a prospective, double-blind, ran-
domized, multicenter, and placebo-controlled study, investigating the chemopreventive effects of berberine on colorectal adenoma
recurrence in patients aged 18-75 years who had undergone endoscopic polypectomy six months before recruitment at seven clin-
ical centers across six provinces in China. The seven clinical centers included Renji Hospital, Shanghai Jiao Tong University School of
Medicine; The Seventh Medical Center of PLA General Hospital; The Affiliated Drum Tower Hospital of Nanjing University Medical
School; Nanfang Hospital, Southern Medical University; Zhongshan Hospital, Xiamen University; Shanghai Tenth People’s Hospital,
Tongiji University; General Hospital, Tianjin Medical University. The design, inclusion and exclusion criteria were described else-
where."® In total, 1136 eligible participants were recruited over November 14, 2014 to December 30, 2016, and 1:1 randomized to
receive either berberine (0.3 g twice daily) or placebo tablets for 2 years until the last involved participant finished the 2-year treatment
on December 29, 2018. At 1 year after recruitment (IQR: 11.3-13.7 months), 895 participants underwent the first follow-up colonos-
copy. Those who had recurrent colorectal adenomas no longer followed up colonoscopy (116/432 in the berberine group and 168/
463 in the placebo group), but they still continued to receive treatment accompanied with the rest 611 participants till 2 years. The
unblinding was performed after the end of the CBAR trial.

The CBAR-FE study (NCT06629051) recruited all participants who completed the 2-year randomized treatment in the CBAR trial
(432 in the berberine group and 463 in the placebo group). This study was conducted during the post-treatment observational phase
of the CBAR trial. On October 10, 2024, 6-8 years after the completion of the 2-year treatment, we lost 114 CBAR trial participants to
follow up. We obtained informed consent from the remaining 781 participants and obtained follow-up information. Among the 781
participants, 133 did not undergo follow-up colonoscopies after the CBAR trial, so we included 648 participants into analysis (314
from the berberine group and 334 from the placebo group). All participants had provided written informed consent for participation.
This study was based on the Declaration of Helsinki and Guidelines for Good Clinical Practice. This study was approved by the Ethics
Committee of Renji Hospital, Shanghai Jiao-Tong University School of Medicine; study approval was also obtained from the ethics
committees in the other six participating clinical centers.

Patient characteristics
The median (IQR) age of 648 participants in the berberine and the placebo groups was 66.0 (60.0-71.0) years and 67.0 (59.0-72.0)
years, respectively. The proportion of males was 67.8% in the berberine group and 66.5% in the placebo group (Tables 1 and S1).

METHOD DETAILS

Study design

We obtained follow-up information through the Hospital Information System query, face-to-face talk, or telephone call (Table S8).
We tracked endoscopic examinations, major medical events, colorectal surgical procedures, family history of colorectal cancer,
chronic disease history, and medication and other supplement use (e.g., aspirin, statin, calcium and berberine use). We recorded
every endoscopy of 648 participants, including the number, size, and pathological classification of polypoid lesions (if available)
(Table S7). All endoscopic examinations and polypectomies were performed by experienced endoscopists who were blinded to
the grouping of participants. All endoscopies reached the caecum with Boston bowel preparation scores (BBPS) > 6 and with-
drawal time >6 min. Pathological diagnosis was based on the 5" WHO classification of colorectal tumors.

Outcomes

The primary outcome was colorectal adenoma recurrence in terms of the overall recurrence rate, cumulative recurrence rates per
follow-up year, and recurrence rates during different periods (within 1 year and after 1-3, 3-5, and >5 years). Only traditional
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colorectal adenomas (excluding traditional serrated adenomas and sessile serrated lesions) were considered as colorectal ade-
nomas in this study.

Secondary outcomes were all neoplasms occurrence rates, including colorectal cancer and polypoid lesions (colorectal ade-
nomas, serrated lesions [sessile serrated lesions, traditional serrated adenomas, and hyperplastic polyps], and inflammatory polyps),
as well as those of advanced, non-advanced, high-risk colorectal adenomas at any colonoscopy during the follow-up duration. Here,
an advanced colorectal adenoma was defined by the presence of a >10 mm adenoma, or with features of high-grade dysplasia, or
villous histology (>25% villous), whereas a high-risk colorectal adenoma was defined by the presence of >1 advanced colorectal
adenomas or >3 colorectal adenomas.

QUANTIFICATION AND STATISTICAL ANALYSIS

In the analysis of baseline characteristics, continuous variables with a normal distribution were presented as means with standard
deviations (SDs) and differences in means were assessed with the Student’s t test; continuous variables with a nonnormal distribution
were presented as medians with interquartile ranges (IQRs) and differences in medians were assessed with Wilcoxon rank-sum test
for pairwise comparisons or the Kruskal-Wallis test for multiple comparisons; and categorical variables presented as counts and per-
centages were assessed with the x2 or Fisher test (Tables 1, S1, and S7).

We calculated the risk of colorectal adenoma recurrence and neoplasm occurrence by adjusted multivariate Cox regression
model, with covariates including age, gender, clinical center, body mass index (BMI), smoking, family history of colorectal cancer,
hypertension and diabetes history, and medication use (e.g., calcium, statin, aspirin) (Tables 2 and S5). Categorical variables
were presented as counts and percentages. Although participants who did not undergo follow-up colonoscopies were censored
at their last colonoscopy, we conducted sensitivity analysis by repeating adjusted multivariate Cox regression model assuming
that the 133 patients without follow-up colonoscopy had no recurrence of adenoma/neoplasm, regardless of group assignment
(Table S2). Given that the exact time of adenoma recurrence or neoplasm occurrence is only known to lie between two successive
colonoscopies, we also applied a Case Il interval-censoring statistical analysis to validate the results (Table S3).

We employed multivariate logistic regression model to evaluate the risk of colorectal adenoma recurrence and neoplasm occur-
rence in different follow-up periods (within 1 year and after 1-3, 3-5, and >5 years), the cumulative adenoma recurrence per follow-up
year, and the detection of CRC and serrated lesions (Table S4; Figure 2; Table S6). The covariates were the same as above.

Subgroup analyses of colorectal adenoma recurrence included age, gender, BMI, smoking, family history of colorectal cancer, hy-
pertension and diabetes history, medication use (e.g., calcium, statin, and aspirin use), as well as previous recurrence status of colo-
rectal adenoma and advanced colorectal adenoma in the CBAR trial by univariate Cox regression model. p values for interaction in
these subgroup analyses were calculated to evaluate whether the protective effect of berberine varied significantly across different
subgroups (Figure 3).

We used Kaplan-Meier survival curves to analyze the event-free period. HRs and 95% Cls were calculated by univariate and
adjusted multivariate Cox regression models, and the significance was analyzed using the log rank test (Figures 4 and S1). We
also evaluated multiple recurrence and occurrence in one participant at different follow-up time by using the Andersen and Gill
(AG) model to compare the berberine and placebo groups with adjustments for the aforementioned covariates (Figure S2).

All p values were two-sided, and p < 0.05 was considered to indicate statistical significance.

ADDITIONAL RESOURCES

The study was registered at clinicaltrials.gov (NCT06629051).
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