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Research Article

Introduction

The use of complementary and alternative medicine (CAM) 
by patients with cancer has steadily increased.1 The most 
common forms of CAM used by patients with cancer 
involve vitamins and minerals, diet therapy, massage ther-
apy, and herbal supplements. Fucoidan is a popular natural 
dietary supplement for cancer therapy. In Taiwan, the use of 
fucoidan as a supplemental intervention by patients with 
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Abstract
Patients with cancer use low-molecular-weight fucoidan (LMF) as a supplement to therapy. However, most studies of 
LMF are in vitro or conducted using animals. Concurrent chemoradiotherapy (CCRT) is the gold standard for locally 
advanced rectal cancer (LARC). This study investigated the quality of life (QoL) and clinical outcomes of patients with 
LARC taking LMF as a supplement to neoadjuvant CCRT. This was a double-blind, randomized, placebo-controlled study. 
The sample comprised 87 patients, of whom 44 were included in a fucoidan group and 43 were included in a placebo 
group. We compared their QoL scores and clinical outcomes before treatment, and at 1 month, 2 months, and 3 months 
posttreatment. Pretreatment and posttreatment gut microbiota differences were also compared. Although enhanced 
physical well-being (PWB) at 2 months and 3 months posttreatment in the fucoidan group were observed (both P < .0125), 
the improvements of the Functional Assessment of Cancer Therapy for Patients with Colorectal Cancer (FACT-C) were 
nonsignificant (all P > .0125). Skin rash and itching and fatigue were less common in the fucoidan group (both P < .05). 
Posttreatment, the genus Parabacteroides was significantly more common in the gut microbiota of the fucoidan group. LMF 
administration improved the QoL, skin rash and itching, fatigue, and gut microbiota composition of the patients with LARC 
receiving CCRT.
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cancer and patients with chronic disease has increased over 
the last decade, and the annual production value of fucoi-
dan-related products was reported to be more than US$100 
million.2 Fucoidan is the general term for a class of sulfated 
and fucosylated polysaccharides found in brown seaweed. 
Fucoidan was first described by Dr. Kylin in 1913 after his 
investigation of the low incidence of cancer in Okinawa, 
Japan.3 Subsequently, more than 1400 studies on its biologi-
cal activities have been conducted. The reported biological 
activities of fucoidan are diverse and include antitumor 
activity, immunomodulation, anticoagulation, enzyme inhi-
bition, blocking of lymphocyte adhesion and invasion, anti-
inflammation, and enhancement of the efficacy of 
chemotherapy.4-10 Therefore, fucoidan has become a widely 
used food supplement in the Asia–Pacific region, particu-
larly in Japan, China, Taiwan, and Australia.

Numerous extraction methods are used to produce fucoi-
dan products. Depending on the extraction method used, the 
molecular weight of fucoidan products can range from 
20 000 to 200 000 Da or from 400 to 5000 Da; fucoidan in 
the lower molecular weight range is known as low-molecu-
lar-weight fucoidan (LMF).11 The backbone of fucoidan 
consists of α-1,3-linked or α-1,4-linked repeated L-fucose 
and sulfate units and small quantities of D-galactose, 
D-xylose, D-mannose, and uronic acid.12 The biological 
activities of fucoidan are reported to be associated with its 
structure and molecular weight.13,14 LMF reportedly exhib-
its greater biological activity than does high-molecular-
weight fucoidan (HMF).13,14 Mabate et al investigated the 
impact of fucoidan on glucose metabolism, and concluded 
that fucoidan is a relevant, potentially dual therapeutic 
agent against diabetes and cancer.15 Hyperglycemia was 
reported to be associated with the risk and prognosis of 
colorectal cancer (CRC).16 The anticancer activities of 
fucoidan have been demonstrated in various types of can-
cers, including hepatocellular carcinoma, lung cancer, 
breast cancer, CRC, pancreatic cancer, prostate cancer, and 
melanoma.7,8,13,17-20

Previously, 3 clinical trials were conducted to evaluate the 
efficacy of fucoidan in patients with cancer. These 3 clinical 
studies were reported by Ikeguchi et al21 Tocaciu et al22 and 
Tsai et al respectively.2 Ikeguchi reported that a randomized 
trial was performed on 20 patients with advanced or recurrent 
CRC to be scheduled to receive FOLFOX6 or FOLFIRI che-
motherapy, and HMF derived from Cladosiphon okamura-
nus was administered to the fucoidan group. In Ikeguchi et al 
’s study, each patient received 150 mL/day of liquid that con-
tained 4.05 g fucoidan for 6 months from the initial day of 
chemotherapy. Their results demonstrated that fucoidan 
could reduce the frequency of fatigue in patients with unre-
sectable advanced or recurrent CRC during chemotherapy.21 
An open label non-crossover clinical trial, reported by 
Tocaciu et al, investigated the effects of oral fucoidan (derived 

from Undaria pinnatifida) over a 3-week period (500 mg 
capsule twice daily) in patients with breast cancer being 
treated with letrozole or tamoxifen. The results revealed that 
fucoidan of the studied form and dosage could be taken con-
comitantly with letrozole and tamoxifen without the risk of 
clinically significant interactions.22 Finally, we also con-
ducted a prospective, double-blind, randomized clinical trial 
including 54 patients with CRC who were divided into 2 
groups. The study group (28 patients) who orally received 4 g 
of LMF twice daily and the control group (26 patients), who 
orally received 4 g of cellulose powders twice daily at least 
3 months, demonstrated the benefits of LMF in improving the 
disease control rates (DCRs) of patients with CRC.2

CRC has become the most common malignancy in 
Taiwan.23 CRC is also a major contributor to cancer-
associated morbidity.24 Rectal cancers account for over 
one-third of CRC cases and are frequently diagnosed as 
locally advanced rectal cancer (LARC).25,26 Neoadjuvant 
concurrent chemoradiotherapy (CCRT) followed by sur-
gical resection is a standard treatment for LARC located 
in the middle or lower rectum.26 Neoadjuvant CCRT 
might increase the risk of adverse events (AEs), which 
may lead patients to be less willing to undergo preopera-
tive treatment. Based on the advantages of LMF in 
improving the disease control rates in mCRC2 and greater 
potency in its bioactivities than HMF in vitro and in 
vivo,27 we conducted the first prospective, randomized, 
double-blind, placebo-controlled trial to investigate the 
effects on quality of life (QoL) and clinical efficacy of 
LMF as a supplemental therapy in patients with LARC 
receiving neoadjuvant CCRT.

Materials and Methods

Study Design

The present study had a prospective, randomized, double-
blind, placebo-controlled design. We enrolled 110 eligible 
patients with LARC and randomly assigned them to either a 
fucoidan or a placebo group. All enrolled patients received 
neoadjuvant CCRT. In the fucoidan group, each patient 
orally received 4 g fucoidan BID. In the placebo group, each 
patient orally received 4 g cellulose powder BID. The inter-
vention period was 3 months. The primary endpoint was 
QoL, and the secondary endpoints were disease-free sur-
vival rates (DFS), overall survival rates (OS), AEs, and gut 
microbiota changes. All clinical data were collected after 
informed consent was obtained from the patients, and the 
study protocol was approved by the Institutional Review 
Board of Kaohsiung Medical University Hospital 
[Identification code: KMUHIRB-F(I)−20180113, approval 
date: November 9, 2018]. The study was registered at 
ClinicalTrials.gov (NCT04342949).
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Materials

The LMF powders were derived from Sargassum hemiphyl-
lum and prepared by Hi-Q Marine Biotech International 
(Taipei, Taiwan), which has a good manufacturing practice 
certification. Hi-Q Marine Biotech International’s LMF 
powder has been awarded the “symbol of national quality” 
certification in Taiwan. LMF was obtained through enzyme 
hydrolysis of the original fucoidan. The characteristics of the 
LMF were an average molecular weight of 0.8 KDa (92.1%), 
fucose content of 210.9 ± 3.3 mmol/g, and sulfate content of 
38.9% ± 0.4% (w/w).28 The extraction method was con-
ducted following previously reported protocols with techno-
logical modification.29 The LMF and cellulose powders 
were packaged in aluminum foil bags with the same appear-
ances and weights. Each package contained 4 g powder.

Participant Selection

The included participants in this study (1) were aged 
between 20 and 80 years, (2) had LARC confirmed through 
a pathology or radiology report, (3) had an Eastern 
Cooperative Oncology Group (ECOG) score between 0 and 
2, (4) had a life expectancy of at least 4 months, (5) were 
prepared to not breastfeed, (5) had no major underlying dis-
eases (e.g., cardiovascular disease, cerebrovascular disease, 
malignant hypertension, inadequate hematological func-
tion, kidney disease, or liver disease) or other malignancies, 
(6) and were willing to provide informed consent. Patients 
who did not meet the inclusion criteria or were unwilling to 
participate were excluded. In addition, patients who could 
not tolerate regular chemoradiotherapy or were lost to fol-
low-up within the therapeutic period or over 1 year were 
excluded. The demographic and clinical characteristics of 
the patients were recorded.

Randomization and Blinding

Patients were randomly assigned at a 1:1 ratio to the fucoi-
dan and placebo groups. A randomization table was created 
using Microsoft Excel (Microsoft, Redmond, WA, USA). 
After enrollment, each patient was assigned a project num-
ber representing a specific treatment plan. The randomiza-
tion list was only available to the sample manufacturer and 
was unblinded after the completion of the research.

Neoadjuvant CCRT

Chemotherapy regimen.  Patients underwent a modified 
FOLFOX6 (mFOLFOX6) regimen, which entailed a sched-
ule of mFOLFOX6 once every 2 weeks. Each cycle of chemo-
therapy involved an oxaliplatin (85 mg/m2) and folinic acid 
(400 mg/m2) infusion on day 1 followed by a 46-hour infusion 
of 5-fluorouracil (2800 mg/m2), repeated every 2 weeks. The 

patients received one or 2 cycles of induction mFOLFOX6 
before CCRT followed by 2 cycles of mFOLFOX6 concomi-
tantly administered during radiotherapy (RT) and an addi-
tional 2 to 3 cycles of consolidation mFOLFOX6 after CCRT. 
During the irradiation period, the dose of oxaliplatin was 
reduced to 65 mg/m2 to prevent severe diarrhea. After irradia-
tion completion, all patients continued mFOLFOX6 once 
every 2 weeks until 2 or 3 weeks before surgery.

Radiotherapy.  Patients were simulated in a supine position 
with computed tomography with a customized thermoplas-
tic immobilization device. All patients were instructed to 
void their bladder and then drink 300 mL of water 30 min-
utes before the simulation and irradiation. The total radia-
tion dose was delivered in a range of 45 to 50.4 Gy using a 
daily fraction of 1.8 to 2.0 Gy. We added a 1.5- to 2 cm clini-
cal target margin to account for the gross tumor volume. In 
addition to the clinical target margin, we added a planning 
target margin of 1 to 1.5 cm. All patients received external-
beam radiotherapy with either three-dimensional conformal 
or intensity-modulated radiation therapy.

Estimations of QoL and Comparison of Gut 
Microbiota

QoL.  The Functional Assessment of Cancer Therapy for 
Patients with Colorectal Cancer (FACT-C) was used to 
assess QoL.30 The scale comprises the FACT-Generic Scale 
(FACT-G, 27 items) and a colorectal cancer subscale (CCS, 
9 items). The FACT-G is divided into 4 domains, namely 
physical well-being (PWB, 7 items), social and family well-
being (SWB, 7 items), emotional well-being (EWB, 6 
items), and functional well-being (FWB, 7 items). Posi-
tively stated items are scored 0 to 4 points, and negatively 
stated items are scored on a scale ranging from 4 to 0 points. 
The scoring guidelines for the FACT-C were used to calcu-
late the scores of the items, domains, and the FACT-G and 
FACT-C total scales.31,32 The patient scores were validated 
pretreatment and at 1-month, 2-months, and 3-months post-
treatment. PWB consists of the ability to perform physical 
activities and carry out social roles that are not hindered by 
physical limitations and experiences of bodily pain, and 
biological health indicators.

Taxon abundance.  We used a Fe-Col fecal collection device 
(Alpha Laboratories, Eastleigh, UK) to collect stool sam-
ples and prevent contamination. Stool samples were col-
lected from each patient before and after treatment. 
Metagenomics DNA extraction of the stool samples, quality 
control of the sequencing data, and taxonomic classification 
were performed in accordance with our previously reported 
protocol.33 The differentially abundant microbes of the 
fucoidan and placebo groups were compared.
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Efficacy and Safety Outcome Measures

The assessment of tumor responses was typically performed 
after 6 or 7 cycles of the interventional treatment. Response 
measurements were derived from the Response Evaluation 
Criteria in Solid Tumors, Version 1.1.34 AEs were moni-
tored and graded in each cycle in accordance with the 
National Cancer Institute-Common Terminology Criteria 
for Adverse Events, Version 4.3 (http://ctep.cancer.gov/
reporting/ctc.html).

Study Endpoints

The primary endpoint of QoL was determined from FACT-C 
scores. The secondary endpoints were DFS (defined as the 
time from randomization to recurrence of tumor or death), 
OS (defined as the time from the date of randomization 
until the date of death or the last date of follow-up), overall 
response rates (ORRs; defined as confirmed complete 
responses and partial responses), DCRs (defined as com-
plete responses, partial responses, and stable disease cases), 
AEs, and changes in gut microbiota.

Statistical Analysis

The data of patients who completed neoadjuvant CCRT and 
were not lost to follow-up over 1 year were included for 
analysis. Continuous variables are presented as means ± 
standard deviations, and dichotomous variables are pre-
sented as frequencies and percentages. All statistical analy-
ses were performed using SPSS version 21.0 (IBM, 
Armonk, NY, USA). The clinicopathological characteristics 
of the 2 groups were compared using chi-square tests and P 
values of <.05 were considered significant. The QoL scores 
between the 2 groups were compared using independent 
sample t tests and P values of <.0125 were considered sig-
nificant due to considerations of multiple comparisons and 
Bonferroni correction. The DFS and OS were evaluated 
using the Kaplan–Meier method, and the log-rank test was 
used to compare time-to-event distributions.

Results

Study Population and Disposition

Between November 2018 and December 2021, 107 patients 
with a diagnosis of LARC were enrolled in the present 
study. Among these patients, 9 were excluded (4 patients 
were older than 80 years, 3 patients had stage IV rectal can-
cer after restaging, and 2 patients did not receive CCRT). 
Ninety-eight patients with LARC were included in this 
clinical trial. Although 91 completed neoadjuvant CCRT, 4 
were lost to follow-up over 1 year. Finally, 87 patients with 
LARC were unblinded. Of these patients, 44 were included 

in the fucoidan group, and 43 were part of the placebo 
group. The CONSORT diagram is presented in Figure 1.

The demographic and clinical characteristics, including 
sex, age, ECOG score, ORR, DCR, relapse, and early 
relapse, did not differ significantly between the fucoidan 
and placebo groups (all P > .05, Table 1).

Comparison of QoL Scores

PWB consists of the ability to perform physical activities 
and carry out social roles that are not hindered by physical 
limitations and experiences of bodily pain, and biological 
health indicators. SWB is building and maintaining healthy 
relationships and having meaningful interactions with oth-
ers. EWB refers to how well people are able to accept and 
manage their emotions and cope with challenges through-
out life. FWB is defined as the ability of a person to perform 
the usual tasks of daily living and to carry out social roles. 
CCS is defined as 9 additional concerned items including 
stoma care for colorectal cancer patients. We compared the 
scores of the 8 health-related QoL (HRQoL) measures of 
the FACT-C between the fucoidan and placebo groups 
before treatment. The QoL scores of the groups were simi-
lar before treatment, with no significant differences 
observed (Table 2). The overall FACT-C (maximum score: 
136), which is a summary measure of the PWB, SWB, 
EWB, FWB, and CCS domains, scores were not signifi-
cantly different between the groups although the mean 
scores of the fucoidan group were higher than those of the 
placebo group at 1 month, 2 months, and 3 months posttreat-
ment (89.98 vs 89.15, P = .832; 92.38 vs 88.35, P = .335; 
and 91.47 vs 86.39, P = .226, Table 2). The PWB (maximum 
score: 28) mean scores of the fucoidan group significantly 
differed from those of the placebo group at 2 months post-
treatment (23.36 vs 21.18, P = .007, Table 2) and 3 months 
posttreatment (23.27 vs 21.12, P = .006, Table 2).

Efficacy Outcomes and Safety Measures

The database used for final analysis was locked on June 30, 
2022. At the cut-off time, the median time of follow-up was 
25.0 months [interquartile range (IQR), 18.0-32.0 months]. 
The ORRs and DCRs did not differ significantly between 
the fucoidan and placebo groups (P = .973 and P = .543, 
respectively, Table 1). The median DFS were not reached 
and were nonsignificant in both groups (hazard ratio [HR], 
0.730; 95% confidence interval [CI], 0.272-1.962, P = .582; 
Figure 2A). The 24- and 36-month DFS were higher in the 
fucoidan group than in the placebo group (24-month: 86% 
vs 76%; 36-month: 80% vs 76%, Figure 2A). The median 
OS were also not reached and nonsignificant in both groups 
(HR, 0.175; 95% CI, 0.020-1.503, P = .071, Figure 2B). The 
24- and 36-month OS were higher in the fucoidan group 

http://ctep.cancer.gov/reporting/ctc.html
http://ctep.cancer.gov/reporting/ctc.html
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than in the placebo group (24-month: 100% vs 91%; 
36-month: 96% vs 83%, Figure 2B).

The rates of 2 AEs occurring was significantly lower in 
the fucoidan group than in the placebo group (skin rash/
itching: 0% vs 9.3%, P = .038 and fatigue: 75.0% vs 95.3%, 
P = .008, Table 3). The most common severe AEs in the 
fucoidan group were neutropenia (2.3%) and anemia 
(2.3%), and neutropenia (6.9%) was the most common 
severe AE (≥Grade III) in the placebo group. However, the 
differences in the rates of severe AEs were nonsignificant 
between the groups (fucoidan vs placebo group: 4.6% vs 
9.3%, P = .381, Table 3).

Comparison of Gut Microbiota

We compared the changes in the pretreatment and posttreat-
ment gut microbiota obtained from the stool samples of the 
fucoidan and placebo groups. The most significantly 
increased genus of microbiota in the fucoidan group com-
pared with that in the placebo group was Parabacteroides 
(P = .015, Figure 3).

Discussion

CRC has been the most common cancer in Taiwan since 
2006, according to data published by the Ministry of Health 

Figure 1.  CONSORT diagram of this clinical trial. CCRT, concurrent chemoradiotherapy.
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and Welfare of Taiwan. Therefore, identifying treatment 
strategies for CRC has become a critical topic.35 Neoadjuvant 
CCRT followed by surgical resection is a standard treatment 
regimen for LARC located in the middle or lower rectum.26,36 
Neoadjuvant CCRT has an effectiveness rate of approxi-
mately 40%–80%.37,38 However, administration of CCRT 
induces some AEs and may decrease QoL. The results of this 
research indicate that LMF administration during neoadju-
vant CCRT treatment may have reduced the deterioration in 
QoL, particularly PWB, caused by CCRT and altered the dis-
tribution of some gut microbes posttreatment.

Cancer itself induces inflammatory reactions, which 
cause symptoms such as pain, fever, anorexia, weight loss, 
fatigue, poor QoL, and cachexia in its terminal stages. 
These inflammatory reactions may also affect therapeutic 

efficacy.39-42 In addition, chemotherapy for advanced cancer 
induces inflammatory reactions, which may result in many 
side effects and accelerate tumor growth.43 A study reported 
that LMF exerts anti-inflammatory effects by inhibiting key 
pro-inflammatory activities in polymorphonuclear neutro-
phils activated by exposure to bacterial products.44 In 2018, 
Takahashi et  al reported that fucoidan ingestion signifi-
cantly reduced the main proinflammatory factors including 
IL-1, IL-6, and TNF-α, but QoL scores, including fatigue, 
stayed almost stable without significant changes during the 
study period.45 Our study demonstrated that LMF could 
improve PWB and significantly reduce the frequency of 
chemotherapy-related fatigue. In other words, LMF allows 
patients to maintain a healthy QoL and thus to carry out 
their daily activities with less fatigue or stress than the con-
trol patients.

No study has investigated the hematological effect of 
fucoidan administration in vivo. In the current study, the 
anemia, neutropenia, and thrombocytopenia grades were 
similar in the groups. Fucoidan reportedly protects against 
liver injury and liver fibrosis in mice.46,47 However, the 
association between fucoidan administration and improve-
ments in impaired liver function is nonsignificant. Similarly, 
LMF was observed to protect renal tubular cells from injury 
and reduce blood urea nitrogen and creatinine levels in 
mice.48,49 In the present study, the rates of grade I acute 
renal injury in the groups were similar, and no severe renal 
function injury was recorded. Park et al reported that LMF 
could promote dermal wound healing through complex and 
coordinated antioxidant, anti-inflammatory, and growth 
factor–dependent activities.50 In our study, increases in skin 
rash and itching and fatigue symptoms were significantly 
greater in the placebo group than in the fucoidan group.

We report the long-term survival outcomes. Although 
the DFS and OS were not significantly different between 
the 2 groups in the present study, the fucoidan group 
seems to have a trend of better OS but not have a trend of 
better DFS. The 2-year DFS of the fucoidan and placebo 
groups were 86% and 76%, respectively. The 3-year DFS 
were 80% and 76%, respectively. The 2-year OS of the 
fucoidan and placebo groups were 100% and 91%, respec-
tively, whereas the 3-year OS were 96% and 83%, respec-
tively. Therefore, a longer follow-up time is required to 
determine if superior DFS and OS are associated with 
fucoidan administration. In the comparisons of the pre-
treatment and posttreatment gut microbiota of the 2 
groups, the genus that exhibited the most significant dif-
ference was Parabacteroides. Ezeji et al reported that the 
Parabacteroides genus is associated with beneficial and 
pathogenic effects on human health.51 To date, 
Parabacteroides distasonis has only been reported to 
have beneficial effects on CRC. Several researchers have 
reported that levels of P. distasonis in stool are inversely 
correlated with the presence of intestinal tumors.52

Table 1.  Demographic Characteristics and Posttreatment 
Efficacies of Fucoidan Group and Placebo Group.

Fucoidan group 
(N = 44)

Placebo group 
(N = 43)  

Characteristic N (%) N (%) P-value

Gender .428
  Male 25 (56.8) 28 (65.1)  
  Female 19 (43.2) 15 (34.9)  
Age .158
  ≧ 65 y/o 23 (52.3) 16 (37.2)  
  < 65 y/o 21 (47.7) 27 (62.8)  
ECOG NA
  0 0 (0) 0 (0)  
  1 44 (100) 43 (100)  
Best response .833
  pCR 19 (43.2) 16 (37.3)  
  PR 21 (47.7) 23 (53.5)  
  SD 3 (6.8) 2 (4.6)  
  PD 1 (2.3) 2 (4.6)  
ORR .973
  pCR + PR 40 (90.9) 39 (90.7)  
  SD + PD 4 (9.1) 4 (9.3)  
DCR .543
  pCR + PR + SD 43 (97.7) 41 (95.4)  
  PD 1 (2.3) 2 (4.6)  
Relapse .546
  Yes 7 (15.9) 9 (20.9)  
  No 37 (84.1) 34 (79.1)  
Early relapse .438
  Yes 3 (6.8) 5 (11.6)  
  No 41 (93.2) 38 (88.4)  

P-value was calculated with Chi-Square test.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; pCR, 
pathologic complete response; PR, partial response; SD, stable disease; 
PD, progressivs disease; ORR, objective response; DCR, disease-control 
rates; Relapse, local recurrence or distant metastasis occurs during the 
period of follow-up; Early relapse, local recurrence or distant metastasis 
occurs within 12 months postoperatively.
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Table 2.  Comparison Between The Fucoidan Group and Placebo Group by FACT-C Health-Related Quality of Life Mean Scores 
Before Treatment, After 1-month Treatment, After 2-month Treatment, and After 3-month Treatment.

Fucoidan group 
(N = 44)

Placebo group 
(N = 43)  

Domains
Maximum 

score Mean (SD) Mean (SD) P-value

Physical Well-Being (PWB) 28  
  Before treatment 22.77 (4.23) 21.55 (3.75) .216
  After 1-mo treatment 22.70 (3.70) 21.83 (5.23) .374
  After 2-mo treatment 23.36 (3.51) 21.18 (3.80) .007
  After 3-mo treatment 23.27 (3.70) 21.12 (3.37) .006
Social/Family Well-Being (SWB) 28  
  Before treatment 19.89 (5.51) 18.50 (5.72) .252
  After 1-mo treatment 19.62 (4.73) 19.17 (6.27) .708
  After 2-mo treatment 18.77 (5.06) 19.07 (6.17) .802
  After 3-mo treatment 18.68 (5.26) 19.46 (6.31) .529
Emotional Well-Being (EWB) 24  
  Before treatment 18.29 (4.69) 17.07 (4.90) .237
  After 1-mo treatment 17.16 (4.64) 16.67 (4.59) .626
  After 2-mo treatment 16.20 (5.17) 16.04 (7.38) .878
  After 3-mo treatment 16.91 (5.66) 15.77 (3.83) .273
Functional Well-Being (FWB) 28  
  Before treatment 13.89 (6.14) 12.21 (7.55) .259
  After 1-mo treatment 14.07 (5.71) 14.09 (6.08) .984
  After 2-mo treatment 15.50 (5.22) 14.65 (7.38) .539
  After 3-mo treatment 13.89 (6.28) 13.51 (6.11) .779
Colorectal Cancer Subscale (CCS) 28  
  Before treatment 17.48 (4.52) 17.23 (5.51) .821
  After 1-mo treatment 17.05 (4.56) 17.12 (3.67) .937
  After 2-mo treatment 18.54 (5.31) 17.39 (5.39) .319
  After 3-mo treatment 18.70 (4.96) 16.53 (4.40) .034
FACT-C Trial Outcome Index (TOI) 84  
  TOI = PWB + FWB +CCS  
  Before treatment 53.18 (12.75) 50.00 (16.16) .183
  After 1-mo treatment 53.66 (10.78) 53.28 (12.62) .880
  After 2-mo treatment 57.41 (11.49) 53.23 (14.30) .137
  After 3-months treatment 55.89 (13.35) 51.16 (11.70) .083
FACT-G General scores for health-related quality of life 108  
  FACT-G = PWB + SWB +EWB +FWB  
  Before treatment 74.94 (16.65) 68.33 (19.70) .095
  After 1-mo treatment 73.53 (12.63) 72.00 (17.81) .646
  After 2-mo treatment 73.84 (14.10) 70.96 (15.84) .373
  After 3-mo treatment 72.79 (17.05) 69.85 (17.48) .387
FACT-C Scores for health-related quality of life colorectal 136  
  FACT-C = PWB + SWB +EWB +FWB +CCS  
  Before treatment 92.41 (20.00) 85.58 (24.49) .157
  After 1-mo treatment 89.98 (15.59) 89.15 (20.60) .832
  After 2-mo treatment 92.38 (18.43) 88.35 (20.29) .335
  After 3-mo treatment 91.47 (21.12) 86.39 (17.48) .226

The statistical analysis was used by independent t-test. P value was considered to be significant (P < .0125) by Bonferroni correction.
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Figure 2.  Cumulative disease-free survival (DFS) rates and overall survival (OS) rates of the 87 enrolled patients with locally 
advanced rectal cancer (LARC), obtained using the Kaplan–Meier method. Differences in DFS and OS were analyzed using the log-
rank test. The results demonstrated that (A) The DFS did not significantly differ between the 2 groups (P = .528). The 2-year DFS of 
the fucoidan and placebo groups were 86% and 76%, respectively, and the 3-year DFS were 80% and 76%, respectively. (B) The OS 
did not significantly differ between the 2 groups (P = .071). The 2-year OS of the fucoidan and placebo groups were 100% and 91%, 
respectively, and the 3-year OS were 96% and 83%, respectively.

Table 3.  Common Adverse Events and Severe Adverse Events of The Fucoidan Group and Placebo Group.

Fucoidan group (n = 44) Placebo group (n = 43)  

  n (%) n (%)  

Grade 1 2 3 4 1 2 3 4  P-value

Hematologic AE
  Anemia 27 (61.4) 12 (27.3) 1 (2.3) 0 (0) 30 (69.8) 6 (13.9) 1 (2.6) 0 (0) .467
  Neutropenia 20 (45.5) 17 (38.6) 1 (2.3) 0 (0) 25 (58.1) 11 (25.6) 3 (6.9) 0 (0) .357
  Thrombocytopenia 19 (43.2) 1 (2.3) 0 (0) 0 (0) 24 (55.8) 1 (2.3) 0 (0) 0 (0) .490
Non-hematologic AE
  Skin rash/itching 0 (0) 0 (0) 0 (0) 0 (0) 4 (9.3) 0 (0) 0 (0) 0 (0) .038
  Nausea 3 (6.8) 2 (4.6) 0 (0) 0 (0) 3 (6.9) 0 (0) 0 (0) 0 (0) .368
  Vomiting 14 (31.8) 0 (0) 0 (0) 0 (0) 14 (32.6) 0 (0) 0 (0) 0 (0) .941
  Diarrhea 6 (13.6) 4 (9.1) 0 (0) 0 (0) 4 (9.3) 2 (4.6) 0 (0) 0 (0) .554
  Fatigue 33 (75.0) 0 (0) 0 (0) 0 (0) 41 (95.3) 0 (0) 0 (0) 0 (0) .008
  Neuropathy 10 (22.7) 0 (0) 0 (0) 0 (0) 9 (20.9) 0 (0) 0 (0) 0 (0) .839
  Alopecia 10 (22.7) 0 (0) − − 15 (34.9) 0 (0) − − .210
  Oral mucositis 2 (4.5) 0 (0) 0 (0) 0 (0) 1 (2.3) 0 (0) 0 (0) 0 (0) .570
  Insomnia 5 (11.4) 0 (0) 0 (0) 0 (0) 3 (6.9) 0 (0) 0 (0) 0 (0) .479
  Impaired liver function 13 (29.5) 0 (0) 0 (0) 0 (0) 21 (48.8) 0 (0) 0 (0) 0 (0) .065
  Acute renal injury 6 (13.6) 0 (0) 0 (0) 0 (0) 8 (18.6) 0 (0) 0 (0) 0 (0) .528
  Severe AEs Grade 3&4 Grade 3&4 P-value†

  2 (4.6%) 4 (9.3%) .381
  Anemia 1 1  
  Neutropenia 1 3  

P-value was calculated by the Chi-Square test (2-sided).
Abbreviations: AEs, adverse events.
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This study has some limitations. First, although this is a 
prospective, double-blind study, the use of a larger sample 
size would have enhanced the credibility of the findings. 
Second, some patients were excluded because of noncom-
pletion of neoadjuvant CCRT and loss to follow-up over 
1 year. Third, because of the insufficient follow-up time, an 
evaluation of the long-term efficacy, particularly in terms of 
the OS, was not possible.

Conclusions

This is the first prospective, randomized, double-blind, pla-
cebo-controlled trial to evaluate the efficacy of LMF as a 
supplemental therapy in patients with LARC. Numerous 
studies have demonstrated the anticancer effects of LMF and 
reported its considerable potential for cancer treatment. Our 
study demonstrated the advantages of LMF for improving 
QoL, particularly in PWB, fatigue, and skin itching during 
the period of CCRT, and increasing microbial levels of the 
Parabacteroides genus. This study can inform the imple-
mentation of cancer therapies, particularly those involving 
the combination of chemotherapy and radiotherapy.

Animal Studies

N/A

Author Contribution

Conception and design: HLT and JYW. Development of method-
ology: HLT and JYW. Acquisition of data: YSY, PJC, YTC, 
YCC, WCS, TKC, and CWH. Analysis and interpretation of data 
(e.g., statistical analysis, bioinformatics, computational analysis): 
HLT and JYW. Writing, review, and/or revision of the manu-
script: HLT and JYW. Administrative, technical, or material sup-
port: YSY, PJC, YTC, YCC, WCS, TKC, and CWH, and TCY. 

Study supervision: HLT and JYW. All authors contributed to the 
article and approved the submitted version.

Availability of Data and Materials

The data and materials analyzed in the current study are available 
from the corresponding author on reasonable requests.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: The 
low-molecular-weight fucoidan and cellulose powder used in this 
project were manufactured and provided free of charge by Hi-Q 
Marine Biotech International (Taipei, Taiwan). This work was 
supported by the Ministry of Science and Technology (MOST 
109-2314-B-037-046-MY3, MOST 111-2314-B-037-070-MY3, 
MOST 111-2314-B-037-049), and the Ministry of Health and 
Welfare (12D1-IVMOHW02), the health and welfare surcharge 
on tobacco products, Kaohsiung Medical University Hospital 
(KMUH111-1R31, KMUH111-1R32, KMUH111-1M28, 
KMUH111-1M29, KMUH111-1M31) and Kaohsiung Medical 
University. In addition, this study was supported by the Taiwan 
Precision Medicine Initiative grant and Taiwan Biobank of 
Academia Sinica, Taiwan, ROC.

Ethics Approval

Approval of the research protocol by an Institutional Reviewer 
Board: The study protocol was approved by the Institutional 
Review Board of Kaohsiung Medical University Hospital 
[KMUHIRB-F(I)-20180113].

Figure 3.  Comparison of the changes of the pretreatment and posttreatment gut microbiota of the 2 groups. The levels of 4 genera, 
particularly those of the genus Parabacteroides (P = .015), differed significantly between the fucoidan and placebo groups.



10	 Integrative Cancer Therapies 

Informed Consent

All informed consent was obtained from the subjects.

Registry and the Registration No. of the Study/
Trial

NCT04342949

ORCID iD

Jaw-Yuan Wang  https://orcid.org/0000-0002-7705-2621

References

	 1.	 Buckner CA, Lafrenie RM, Dénommée JA, Caswell JM, 
Want DA. Complementary and alternative medicine use in 
patients before and after a cancer diagnosis. Curr Oncol. 
2018;25(4):e275-e281. doi:10.3747/co.25.3884

	 2.	 Tsai HL, Tai CJ, Huang CW, Chang FR, Wang JY. Efficacy 
of Low-Molecular-Weight fucoidan as a supplemental ther-
apy in metastatic colorectal cancer patients: A double-blind 
randomized controlled trial. Mar Drugs. 2017;15(4):122. 
doi:10.3390/md15040122

	 3.	 Zhang Z, Teruya K, Yoshida T, Eto H, Shirahata S. Fucoidan 
extract enhances the anti-cancer activity of chemotherapeutic 
agents in MDA-MB-231 and MCF-7 breast cancer cells. Mar 
Drugs. 2013;11(1):81-98. doi:10.3390/md11010081

	 4.	 Ale MT, Maruyama H, Tamauchi H, Mikkelsen JD, Meyer 
AS. Fucoidan from Sargassum sp. And Fucus vesiculosus 
reduces cell viability of lung carcinoma and melanoma cells 
in vitro and activates natural killer cells in mice in vivo. 
Int J Biol Macromol. 2011;49(3):331-336. doi:10.1016/
jijbiomac.2011.05.009

	 5.	 Zhu Z, Zhang Q, Chen L, et al. Higher specificity of the activ-
ity of low molecular weight fucoidan for thrombin-induced 
platelet aggregation. Thromb Res. 2010;125(5):419-426. 
doi:10.1016/j.thromres.2010.02.011

	 6.	 Kim KT, Rioux LE, Turgeon SL. Alpha-amylase and alpha-gluco-
sidase inhibition is differentially modulated by fucoidan obtained 
from Fucus vesiculosus and Ascophyllum nodosum. Phytochem. 
2014;98:27-33. doi:10.1016/j.phytochem.2013.12.003

	 7.	 Wang L, Wang X, Wu H, Liu R. Overview on biological 
activities and molecular characteristics of sulfated polysac-
charides from marine green algae in recent years. Mar Drugs. 
2014;12(9):4984-5020. doi:10.3390/md12094984

	 8.	 Wang P, Liu Z, Liu X, et al. Anti-metastasis effect of fucoi-
dan from Undaria pinnatifida sporophylls in mouse hepa-
tocarcinoma Hca-F cells. PLoS One. 2014;9(8):e106071. 
doi:10.1371/journal.pone.0106071

	 9.	 Lean QY, Eri RD, Fitton JH, Patel RP, Gueven N. 
Fucoidan extracts ameliorate acute colitis. PLoS One. 
2015;10(6):e0128453. doi:10.1371/journal.pone.0128453

	10.	 Huang CM, Huang MY, Tsai HL, et al. Pretreatment neutro-
phil-to-Lymphocyte ratio associated with tumor recurrence 
and survival in patients achieving a pathological complete 
response following neoadjuvant chemoradiotherapy for 
rectal cancer. Cancer. 2021;13(18):4589. doi:10.3390/can-
cers13184589

	11.	 Ye J, Li Y, Teruya K, et  al. Enzyme-digested fucoidan 
extracts derived from seaweed mozuku of cladosiphon novae-
caledoniae kylin inhibit invasion and angiogenesis of tumor 

cells. Cytochem. 2005;47(1-3):117-126. doi:10.1007/s10616-
005-3761-8

	12.	 Li B, Lu F, Wei X, Zhao R. Fucoidan structure and bio-
activity. Mol. 2008;13(8):1671-1695. doi:10.3390/mole-
cules13081671

	13.	 Wu L, Sun J, Su X, Yu Q, Yu Q, Zhang P. A review about 
the development of fucoidan in antitumor activity: prog-
ress and challenges. Carbohydr Polym. 2016;154:96-111. 
doi:10.1016/j.carbpol.2016.08.005

	14.	 Sanjeewa KKA, Lee JS, Kim WS, Jeon YJ. The potential of 
brown-algae polysaccharides for the development of antican-
cer agents: an update on anticancer effects reported for fucoi-
dan and laminaran. Carbohydr Polym. 2017;177:451-459. 
doi:10.1016/j.carbpol.2017.09.005

	15.	 Mabate B, Daub CD, Malgas S, Edkins AL, Pletschke BI. 
Fucoidan structure and its impact on glucose metabolism: 
implications for diabetes and cancer therapy. Mar Drugs. 
2021;19(1):30. doi:10.3390/md19010030

	16.	 Cheng HC, Chang TK, Su WC, Tsai HL, Wang JY. Narrative 
review of the influence of diabetes mellitus and hyperglycemia 
on colorectal cancer risk and oncological outcomes. Transl 
Oncol. 2021;14(7):101089. doi:10.1016/j.tranon.2021.101089

	17.	 Senthilkumar K, Manivasagan P, Venkatesan J, Kim SK. 
Brown seaweed fucoidan: biological activity and apoptosis, 
growth signaling mechanism in cancer. Int J Biol Macromol. 
2013;60:366-374. doi:10.1016/jijbiomac.2013.06.030

	18.	 Palanisamy S, Vinosha M, Marudhupandi T, Rajasekar P, 
Prabhu NM. Isolation of fucoidan from Sargassum poly-
cystum brown algae: structural characterization, in vitro 
antioxidant and anticancer activity. Int J Biol Macromol. 
2017;102:405-412. doi:10.1016/j.ijbiomac.2017.03.182

	19.	 van Weelden G, Bobiński M, Okła K, van Weelden WJ, 
Romano A, Pijnenborg JMA. Fucoidan structure and activ-
ity in relation to anti-cancer mechanisms. Mar Drugs. 
2019;17(1):32. doi:10.3390/md17010032

	20.	 Lin Y, Qi X, Liu H, Xue K, Xu S, Tian Z. The anti-cancer 
effects of fucoidan: a review of both in vivo and in vitro 
investigations. Cancer Cell Int. 2020;20:154. doi:10.1186/
s12935-020-01233-8

	21.	 Ikeguchi M, Yamamoto M, Arai Y, et al. Fucoidan reduces 
the toxicities of chemotherapy for patients with unresect-
able advanced or recurrent colorectal cancer. Oncol Lett. 
2011;2(2):319-322. doi:10.3892/ol.2011.254

	22.	 Tocaciu S, Oliver LJ, Lowenthal RM, et  al. The effect of 
Undaria pinnatifida fucoidan on the pharmacokinetics of letro-
zole and tamoxifen in patients with breast cancer. Integr Cancer 
Ther. 2018;17(1):99-105. doi:10.1177/1534735416684014

	23.	 The website of Health Promotion Administration, Ministry of 
Health and Welfare, Taiwan. https://www.hpa.gov.tw/Pages/
List.aspx?nodeie-119. https://www.hpa.gov.tw/EngPages/List.
aspx?nodeid=1042 

	24.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin. 2018;68(6):394-424. 
doi:10.3322/caac.21492

	25.	 Huang MY, Huang CW, Wang JY. Surgical treatment fol-
lowing neoadjuvant chemoradiotherapy in locally advanced 
rectal cancer. Kaohsiung J Med Sci. 2020;36(3):152-159. 
doi:10.1002/kjm2.12161

https://orcid.org/0000-0002-7705-2621
https://www.hpa.gov.tw/Pages/List.aspx?nodeie-119
https://www.hpa.gov.tw/Pages/List.aspx?nodeie-119
https://www.hpa.gov.tw/EngPages/List.aspx?nodeid=1042
https://www.hpa.gov.tw/EngPages/List.aspx?nodeid=1042


Tsai et al	 11

	26.	 Glynne-Jones R, Wyrwicz L, Tiret E, et  al. Rectal Cancer: 
ESMO clinical practice guidelines for diagnosis, treatment 
and follow-up. Ann Oncol. 2017;28(suppl_4):iv22-iv40. 
doi:10.1093/annonc/mdx224

	27.	 Hwang PA, Hung YL, Phan NN, et  al. The in vitro and in 
vivo effects of the low molecular weight fucoidan on the 
bone osteogenic differentiation properties. Cytotechnology. 
2016;68(4):1349-1359. doi:10.1007/s10616-015-9894-5

	28.	 Hwang PA, Phan NN, Lu WJ, Ngoc Hieu BT, Lin YC. Low-
molecular-weight fucoidan and high-stability fucoxanthin 
from brown seaweed exert prebiotics and anti-inflammatory 
activities in caco-2 cells. Food Nutr Res. 2016;60:32033. 
doi:10.3402/fnr.v60.32033.

	29.	 Haugan K, Karunakaran P, Blatny JM, Valla S. The phenotypes 
of temperature-sensitive mini-RK2 replicons carrying mutations 
in the replication control gene trf A are suppressed nonspecifically 
by intragenic cop mutations. J Bacteriol. 1992;174(21):7026-
7032. doi:10.1128/jb.174.21.7026-7032.1992

	30.	 Ward WL, Hahn EA, Mo F, Hernandez L, Tulsky DS, Cella D. 
Reliability and validity of the functional assessment of cancer 
therapy-colorectal (FACT-C) quality of life instrument. Qual 
Life Res. 1999;8(3):181-195. doi:10.1023/a:1008821826499

	31.	 Wong CK, Lam CL, Mulhern B, et al. Measurement invari-
ance of the functional assessment of cancer therapy-colorectal 
quality-of-life instrument among modes of administration. 
Qual Life Res. 2013;22(6):1415-1426. doi:10.1007/s11136-
012-0272-x

	32.	 Nair CK, George PS, Rethnamma KS, et al. Factors affect-
ing health related quality of life of rectal cancer patients 
undergoing surgery. Indian J Surg Oncol. 2014;5(4):266-273. 
doi:10.1007/s13193-014-0346-z

	33.	 Chen YC, Chuang CH, Miao ZF, et al. Gut microbiota compo-
sition in chemotherapy and targeted therapy of patients with 
metastatic colorectal cancer. Front Oncol. 2022;12:955313. 
doi:10.3389/fonc.2022.955313

	34.	 Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines 
to evaluate the response to treatment in solid tumors. European 
Organization for Research and Treatment of Cancer, National 
Cancer Institute of the United States, National Cancer 
Institute of Canada. J Natl Cancer Inst. 2000;92(3):205-216. 
doi:10.1093/jnci/92.3.205

	35.	 Chen PJ, Su WC, Chang TK, et  al. Oncological outcomes 
of robotic-assisted total mesorectal excision after neoadju-
vant concurrent chemoradiotherapy in patients with rectal 
cancer. Asian J Surg. 2021;44(7):957-963. doi:10.1016/j.asj-
sur.2021.01.018

	36.	 Chen YC, Tsai HL, Li CC, et al. Critical reappraisal of neoad-
juvant concurrent chemoradiotherapy for treatment of locally 
advanced colon cancer. PLoS One. 2021;16(11):e0259460. 
doi:10.1371/journal.pone.0259460

	37.	 Crane CH, Skibber JM, Birnbaum EH, et al. The addition of 
continuous infusion 5-FU to preoperative radiation therapy 
increases tumor response, leading to increased sphincter preser-
vation in locally advanced rectal cancer. Int J Radiat Oncol Biol 
Phys. 2003;57(1):84-89. doi:10.1016/s0360-3016(03)00532-7

	38.	 Huang CM, Huang MY, Huang CW, et al. Machine learning 
for predicting pathological complete response in patients with 
locally advanced rectal cancer after neoadjuvant chemoradio-
therapy. Sci Rep. 2020;10:12555. doi:10.1038/s41598-020-
69345-9

	39.	 Vendramini-Costa DB, Carvalho JE. Molecular link mecha-
nisms between inflammation and cancer. Curr Pharm Des. 
2012;18(26):3831-3852. doi:10.2174/138161212802083707

	40.	 Coussens LM, Zitvogel L, Palucka AK. Neutralizing 
tumor-promoting chronic inflammation: a magic bullet? 
Medical-Related. 2013;339(6117):286-291. doi:10.1126/sci-
ence.1232227

	41.	 Fernandes JV, Cobucci RN, Jatobá CA, Fernandes TA, de 
Azevedo JW, de Araújo JM. The role of the mediators of 
inflammation in cancer development. Pathol Oncol Res. 
2015;21(3):527-534. doi:10.1007/s12253-015-9913-z

	42.	 Huang CW, Chen YC, Yin TC, et al. Low-molecular-weight 
fucoidan as complementary therapy of fluoropyrimidine-
based chemotherapy in colorectal cancer. Int J Mol Sci. 
2021;22(15):8041. doi:10.3390/ijms22158041

	43.	 Bruchard M, Mignot G, Derangère V, et al. Chemotherapy-
triggered cathepsin B release in myeloid-derived suppres-
sor cells activates the nlrp3 inflammasome and promotes 
tumor growth. Nat Med. 2013;19(1):57-64. doi:10.1038/
nm.2999

	44.	 Moraes J, Frony A, Barcellos-de-Souza P, et  al. 
Downregulation of microparticle release and pro-inflamma-
tory properties of activated human polymorphonuclear neutro-
phils by LMW fucoidan. J Innate Immun. 2019;11(4):330-346. 
doi:10.1159/000494220

	45.	 Takahashi H, Kawaguchi M, Kitamura K, et al. An exploratory 
study on the anti-inflammatory effects of fucoidan in relation 
to quality of life in advanced cancer patients. Integr Cancer 
Ther. 2018;17(2):282-291. doi:10.1177/1534735417692097

	46.	 Li J, Chen K, Li S, et  al. Pretreatment with fucoidan from 
fucus vesiculosus protected against conA-induced acute 
liver injury by inhibiting both intrinsic and extrinsic apopto-
sis. PLoS One. 2016;11(4):e0152570. doi:10.1371/journal.
pone.0152570.

	47.	 Li J, Chen K, Li S, et al. Protective effect of fucoidan from 
fucus vesiculosus on liver fibrosis via the TGF-β1/Smad path-
way-mediated inhibition of extracellular matrix and autoph-
agy. Drug Des Devel Ther. 2016;10:619-630. doi:10.2147/
DDDT.S98740

	48.	 Chen J, Cui W, Zhang Q, et al. Low molecular weight fucoi-
dan ameliorates diabetic nephropathy via inhibiting epithelial-
mesenchymal transition and fibrotic processes. Am J Transl 
Res. 2015;7(9):1553-1563.

	49.	 Jia Y, Sun Y, Weng L, et al. Low molecular weight fucoidan 
protects renal tubular cells from injury induced by albumin 
overload. Sci Rep. 2016;6:31759. doi:10.1038/srep31759

	50.	 Park JH, Choi SH, Park SJ, et  al. Promoting wound heal-
ing using low molecular weight fucoidan in a full-thickness 
dermal excision rat model. Mar Drugs. 2017;15(4):112. 
doi:10.3390/md15040112

	51.	 Ezeji JC, Sarikonda DK, Hopperton A, et al. Parabacteroides 
distasonis: intriguing aerotolerant gut anaerobe with emerg-
ing antimicrobial resistance and pathogenic and probiotic 
roles in human health. Gut Microbes. 2021;13(1):1922241. 
doi:10.1080/19490976.2021.1922241

	52.	 Gu S, Zaidi S, Hassan MI, et  al. Mutated CEACAMs dis-
rupt transforming growth factor beta signaling and alter the 
intestinal microbiome to promote colorectal carcinogen-
esis. Gastroenterol. 2020;158(1):238-252. doi:10.1053/j.gas-
tro.2019.09.023


