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Abstract: Purpose: Fucoidan is a dietary supplement which is commonly used by cancer patients.
However, despite evidence of positive effects in cell culture environments, there are currently no
clinical guidelines for supplementary use of fucoidan in cancer patients. This study aims to eval-
uate the effectiveness of fucoidan supplemental use. Methods: A systematic literature search was
conducted using databases including Cochrane Library, JBI, PubMed, Embase, and CINAHL. All
original studies on fucoidan for supplemental use in cancer patients were included. The search
was made in databases without time restriction. The outcomes included disease progression status,
inflammatory markers, nutritional status, adverse effects, and quality of life. The appraisal tool used
was JBI-MAStARI. Results: Four studies were included: One randomized controlled trial and three
quasi-experimental studies. Meta-analysis was not applied due to the heterogeneity of measurement
tools. Overall sample size was 118. Most participants were metastatic colorectal and gastric cancer
patients. Two studies revealed a significantly longer survival time and chemotherapy treatment
periods with fucoidan use. Positive but insignificant effects of disease control rate, inflammatory
markers, nutrition status, fatigue, and financial difficulty were shown in those using fucoidan. Con-
clusions: The results of this systematic review indicate that the effects of fucoidan were inconsistent
with clinical outcomes in metastatic or recurrent cancer patients. Only four studies were included,
and heterogeneity in methodologies and relatively small sample sizes limited the research consensus.
Although cause and effect between fucoidan and the survival time, disease control or adverse effects
could not be confirmed, this study includes the most research on fucoidan in humans.

Keywords: fucoidan; survival time; disease progression status; anti-inflammatory effects; nutrition
status; adverse effect; metastatic cancer patients

1. Introduction

The use of complementary and alternative medicine (CAM) has steadily increased,
particularly among cancer patients. CAM includes practices that are not typically part of
conventional medical care, such as homeopathy, acupuncture, osteopathy, chiropractic, diet,
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herbal medicines, and use of biologic products [1,2]. Up to 90% of cancer patients reported
consuming at least one type of CAM during their cancer treatment, and 70% of them did
not discuss potential use of CAM with their physicians prior to beginning treatment [3].
The most common CAM that cancer patients use are vitamins and minerals, natural
products, diet, massage, and herbs. Moreover, cancer patients spent US $52 billion on the
consumption of CAM in the US [4]. Fucoidan is one popular natural dietary supplement for
cancer therapy. In Taiwan, the use of fucoidan as a supplemental intervention has increased
in cancer patients and in chronic disease patients during the last decade, and the annual
production value of fucoidan- related products is more than US $100 million [5].

“Fucoidan” refers to a class of complex fucose-rich sulphated carbohydrate com-
pounds extracted from various species of brown, green, and red marine macroalgaes or
echinoderms [6]. The existence of fucoidan was confirmed in 1913 [7]. Fucoidan com-
pounds principally consist of a α-1, 3-linked or α-1, 4-linked backbone, mainly with re-
peated L-fucose and sulfate groups, along with small proportions of D-galactose, D-xylose,
D-mannose, and uronic acid. Variations of this basic structure are found in fucoidans from
different kinds of brown seaweeds [8]. The absorption, metabolism, biological activity, and
effect of fucoidan depend on the range of molecular weight, which vary depending on
the methods of extraction and seaweeds used. In one method of categorization, fucoidan
extracts up to 10 kilodalton (kDa) are called low molecular weight fucoidan (LMWF),
from 10 to 10,000 kDa are called middle molecular weight fucoidan (MMWF), and more
than 10,000 kDa are called high molecular weight fucoidan (HMWF) [6]. The influence
of fucoidan on the activity and function of immune cells varies depending on molecular
weight [9]. An extract including compounds ranging from 5–37 kDa has been shown to
increase cellular production of anti-oxidation and cytotoxicity [10], while HMWF may
enhance immune activity and prevent splenic cell necrosis [9]. Fucoidan has attracted
widespread attention from cancer patients and their families because of its benefits, such as
anti-oxidation, anti-cancer, anti-coagulation, anti-inflammatory, and anti-viral effects [11].
Therefore, fucoidan has become a broadly used supplemental therapy in many countries,
such as Japan, Taiwan, and Australia [12,13].

In animal experiments, all studies indicated the anti-cancer effects of fucoidan, in-
cluding anti-inflammation, anti-oxidation, anti-aging, lowering cholesterol, and stabilizing
blood sugar [14–17]. However, fucoidan research in humans is sparse, and the completed
studies were done in patients with cancer and hepatitis. In a randomized controlled trial
(RCT) study, the result showed that fucoidan may decrease the blood alanine transaminase
(ALT) level and maintain liver function in nonalcoholic fatty liver disease [15]. Among
breast cancer patients who were taking hormone therapy and fucoidan at the same time,
the pharmacokinetics were not influenced [12].

Many practitioners and cancer patients have shown interest in fucoidan products.
Several investigations of fucoidan have been carried out in the past decade. However,
most research was limited to in vivo or in vitro rather than clinical application and effects
evaluation [18,19]. Two review studies have evaluated information on the effects and
functions of fucoidan [18,19]. To date, no published review article has investigated the
effectiveness of supplemental purpose of fucoidan in cancer patients. In addition, there
are currently no clinical guidelines for supplementary use of fucoidan in cancer patients.
Therefore, this systematic review (SR) aims to evaluate clinical use and effectiveness of
fucoidan. The review results are necessary to establish recommendations of fucoidan use
for cancer patients and healthcare providers.

2. Methods
2.1. Study Design and Search Strategy

In November 2020, a systematic search of literature was performed in Cochrane
Library, Joanna Briggs Institute (JBI) library, PubMed, EMBASE, and CINAHL to identify
original studies that evaluated the efficacy of fucoidan in patients receiving cancer therapy.
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2.2. Eligibility, Selection, and Data Extraction

To select eligible articles for this review, population, intervention, comparators to the
intervention, outcomes (PICO), and study designs were first defined as described below.
The population was cancer patients who were more than 18 years old, and were undergoing
cancer treatment. The intervention was using fucoidan as a complementary treatment,
and the comparators could be none, usual care, or placebo. Outcomes included disease
progression status, anti-inflammatory status, nutritional status, adverse effects, and quality
of life. This review considered studies that focused on quantitative research, including
intervention studies, controlled clinical trials, randomized controlled trials (RCT), and
quasi-experimental studies. Studies published in English and Chinese were included in
this review. Studies on fucoidan conducted in vivo, in vitro or in cells were excluded from
this review. All studies were screened on the basis of title and abstract by two independent
researchers (CJW and YJW). Data were extracted from papers using the standardized data
extraction tool from JBI-MAStARI. The data extraction included specific details about the
interventions, populations, study methods, and outcomes that were significant to answer
the review questions.

2.3. Data Analysis

All results were subject to double data entry. The instruments for outcome measure-
ment were different among studies, therefore meta-analysis was not conducted.

Outcomes were grouped into two categories: (1) Clinical outcomes, including overall
survival, mean survival time, chemotherapy treatment periods, disease control status,
anti-inflammatory, and prognostic nutritional indexes (PNIs); and (2) patient-reported
outcomes, such as adverse effects and quality of life. The disease control status was defined
as rates of complete response (CR), partial response (PR), and stable disease (SD). The PNIs
was calculated following the serum albumin and total lymphocyte count.

2.4. Quality Assessment

The quality of each study was assessed using the JBI critical appraisal tools. The JBI
MAStARI instrument was used for RCT and quasi-experimental studies (non-randomized
experimental studies) [20]. The original JBI critical appraisal tool for RCT is a 13-question
checklist with four options (“yes,” “no,” “unclear”, and “not/applicable”). The items of the
RCT checklist included: (1) was true randomization used for assignment of participants
to treatment groups; (2) was allocation to treatment groups concealed, treatment groups
similar at the baseline; (3) were participants blind to treatment assignment, (4) were those
delivering treatment blind to treatment assignment; (5) were outcomes assessors blind
to treatment assignment; (6) were treatment groups treated identically other than the
intervention of interest; (7) was follow-up completed and if not, were differences between
groups in terms of their follow-up adequately described and analyzed; (8) were participants
analyzed in the groups to which they were randomized; (9) were outcomes measured in
the same way for treatment groups; (10) were outcomes measured in a reliable way;
(11) was appropriate statistical analysis used; (12) was the trial design appropriate; and
(13) were any deviations from the standard RCT design (individual randomization, parallel
groups) accounted for in the conduct and analysis of the trial?

The original JBI critical appraisal tools for quasi-experimental studies had nine items
with four options (“yes,” “no,” “unclear”, and “not/applicable”). The nine items included:
(1) is it clear in the study what is the ‘cause’ and what is the ‘effect’ (for sample, there
is no confusion about which variable comes first); (2) were the participants included in
any comparisons similar; (3) were the participants included in any comparisons receiving
similar treatment/care, other than the exposure or intervention of interest; (4) was there
a control group; (5) were there multiple measurements of the outcome both pre and
post the intervention/exposure; (6) was follow-up completed and if not, were differences
between groups in terms of their follow-up adequately described and analyzed; (7) were the



Healthcare 2022, 10, 923 4 of 12

outcomes of participants included in any comparisons measured in the same way; (8) were
outcomes measured in a reliable way; and (9) was appropriate statistical analysis used?

3. Results
3.1. Study Selection

There were 739 potentially relevant papers identified by literature searching. Based on
assessing the titles, 722 articles were excluded. Primary and secondary reviewers assessed
the abstracts of the 17 remained studies, and finally identified four articles that met the
inclusion criteria for this SR (Figure 1). The selected articles included one RCT and three
quasi-experimental studies.

Figure 1. Flow chart for identification and selection of studies.

3.2. Characteristics of the Included Studies

Table 1 shows the characteristics of the included studies. The four studies were
published from 2011 to 2018 and recruited patients with metastatic colorectal cancer or
advanced gastric cancer in Japan and Taiwan [5,13,21,22]. The number of patients ranged
from 20 [13] to 54 [5]. Three quasi-experimental studies were from Japan, and the RCT was
from Taiwan. The fucoidan was taken 4–4.05 g/day of LMWF liquid form [13,21,22] or
4 g of LMWF (low molecular weight fucoidan) powder twice a day [5] for 1 to 6 months.
All articles focused on patient-reported side effects, blood tests for toxicity analysis, and
survival time; and two of them focused on quality of life.
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Table 1. Detailed information of included studies.

Author (Year),
Country Participants

Fucoidan
Source/Molecular

Weight

Intervention vs.
Control

Intervention
Period

Outcome
Measurements

(also See Table 2)

Randomized controlled trials

Tsai et al. [5]
Taiwan

Metastatic Colorectal
Cancer, n = 54
Median age:

57.46 ± 12.15(F)
62.38 ± 11.72(NF)

Sargassum
hemiphyllum,

LMF

4 g of LMF powder vs.
cellulose powder 6 months Clinical

Patient reported

Quasi-experimental study

Ikeguchi et al. [21]
Japan

Advanced or recurrent
colorectal cancer,

n = 20
Mean age:

71.3 ± 7.5(F)
69.6 ± 8.8(NF)

Cladosiphon
okamuranus,

HMF

150 ml/day liquid
(total 4.05 g fucoidan)

versus no fucoidan
6 months Clinical

Patient reported

Ikeguchi et al. [22]
Japan

Advanced gastric cancer,
n = 24

Mean age:
61.2 ± 11(F)

63.3 ± 16.2(NF)

Cladosiphon
okamuranus,

HMF

150 mL/day liquid
(total 4.05 g fucoidan)

versus no fucoidan
6 months

Takahashi et al. [13]
Japan

Metastatic cancer
n = 20

Mean age: 58.9
(Single group study)

Cladosiphon
novae-caledoniae,

LMF

400 mL/day liquid
fucoidan (total
4 g fucoidan)

4 weeks Clinical
Patient reported

Note: F: With fucoidan; NF: No fucoidan. LMF: lowmolecular weight fucoidan; HMF: high molecular
weight fucoidan.

Table 2. Important outcomes and results of included studies—clinical outcomes and patient-reported outcomes.

Variables Reference Results (Fucoidan Use Group vs. Control Group, or Fucoidan Only)

Clinical outcomes

Disease progression status

Survival time (ST)

Ikeguchi et al. [21] 8 (80%) vs. 6 (60%) patients still survived at 27th months, p = 0.314

Tsai et al. [5] 18.04 vs. 12.96 months, p = 0.092

Ikeguchi et al. [22] Mean survival time; 12.0 vs. 8.0 months, p = 0.039

Takahashi et al. [13] Median survival time; 13.0 (IL-1β level decreased) vs. 5.0 months (IL-1β level not decreased),
p = 0.02 (Single group study)

Progression-free survival (PFS)

Tsai et al. [5] 15.93 vs. 10.80 months, p = 0.075

Overall response rate (ORR)

Tsai et al. [5] 60.7% vs. 46.2%, p = 0.284

Disease control rate (DCR)

Tsai et al. [5] 92.8% vs. 69.2%, p = 0.026

Chemotherapy treatment periods

Ikeguchi et al. [22] 7.4 vs. 4.6 months, p = 0.004

Ikeguchi et al. [21] 19.9 vs. 10.8 cycles, p = 0.016

Anti-inflammatory change over time

Takahashi et al. [13]
(Single group study)

1.IL-1B (358.2→ 189.9, p = 0.01)
2.IL-6 (2198.6→ 1522.8, p = 0.02)

3.TNF-a (4819.4→ 3257.2, p = 0.03)

Prognostic nutritional indexes (PNIs)

Ikeguchi et al. [22] 47.6 vs. 39.4, p = 0.028
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Table 2. Cont.

Variables Reference Results (Fucoidan Use Group vs. Control Group, or Fucoidan Only)

Patient-reported outcomes Reference Results (fucoidan vs. control, or fucoidan change overtime)

Quality of life (QoL)

Takahashi et al. [13]

No significant difference over time
(QoL score 58.3 ± 5.3→ 58.3 ± 4.8; p = 0.92)

(Single group study)
(QoL tool: EORTC QLQ-C30)

Tsai et al. [5] No significant difference
(QoL tool: EORTC QLQ-CR29)

Adverse effects (AEs)

Takahashi et al. [13]
Financial difficulty score reduced

(QoL score 35.0 ± 7.0→ 20.0 ± 5.6; p < 0.01)
(AEs tool: EORTC QLQ-C30)

Ikeguchi et al. [21] General fatigue (Incidence 10% vs. 60%, p = 0.019)
(AEs tool: NCI CTCAE)

Tsai et al. [5]

Oral mucositis (Incidence 50% vs. 65.4%, p = 0.253)
Pruritus (Incidence 35.7% vs. 53.9%, p = 0.180)
Vomiting (Incidence 35.7% vs. 53.9%, p = 0.180)

Taste problem (Incidence 64.3% vs. 80.8%, p = 0.177)
Bloody stool (Incidence 14.3% vs. 30.8%, p = 0.145)
(AEs tool: NCI CTCAE and EORTC-QLQ-CR29)

Ikeguchi et al. [22]
Fatigue (3 vs. 7 patients, p = 0.098)

Diarrhea (0 vs. 3 patients, p = 0.064)
(AEs tool: NCI CTCAE)

Note: IL-1B: interleukin 1, beta; IL-6: interleukin 6; TNF-a: tumor necrotic factor-alpha. EORTC QLQ-C30:
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C30. NCI CTCAE:
National Cancer Institute Common Terminology Criteria for Adverse Events.

3.3. Methodological Quality of Included Studies

There was one RCT study which met the strict standards of RCT design. In this study,
a double-blind design was adopted to avoid the bias from demand characteristics or the
placebo effect. Fifty-four patients were randomly assigned to receive either fucoidan or
placebo groups [5]. Three quasi-experimental studies included a single group pre-and-post
evaluation study [13] and two studies with intervention and control groups but without
random allocation [21,22]. All studies presented in reliable outcome measurements and
applied appropriate statistical analysis methods.

The methodological quality of included studies ranged from medium to high, scored
using the JBI-MAStARI critical appraisal checklist presented in Appendix A.

3.4. Clinical Outcomes

All studies reported clinical outcomes as details presented in Table 2, including disease
progression status, inflammatory markers, and prognostic nutritional indexes (PNIs).

3.4.1. Disease Progression Status

Disease progression statuses were evaluated from the overall or mean survival time,
disease control status, and chemotherapy treatment periods. One study revealed that the
mean survival time was significantly longer than 4 months, in the fucoidan treatment group
than in the no fucoidan treatment group [22]. Another study specifically mentioned that
patients showed less interleukin 1-beta (IL-1B) in the fucoidan group and had significantly
longer median survival time, by 8 more months [13].

Only one study reported results of radiology that divided DCR into complete response
(CR) plus stable disease (SD), and progressive disease (PD). The second outcomes, which
included progression-free survival (PFS), overall response rate (ORR), and disease control
rate (DCR), indicated that DCR was significantly higher in the fucoidan group than in the
control group (92.8% vs. 69.2%, p = 0.026), and the fucoidan group also had a longer median
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follow-up period of 11.5 months5. Two studies reported significantly longer chemotherapy
treatment periods (7.4 months, p = 0.004) [22] and higher average number of treatment
cycles (19.9 cycles, p = 0.016) [21] in fucoidan groups than no fucoidan groups.

3.4.2. Anti-Inflammatory Effects

Takahashi indicated that patients showed decreased IL-1B after fucoidan adminis-
tration for two weeks and had a significantly longer survival time compared with IL-1B
non-responders (median survival time = 13.0 vs. 5.0 months; p = 0.02) [13]. The re-
sults showed that the values of three main pro-inflammatory cytokines, including IL-1B
(358.2 ± 62.7→ 189.9 ± 32.0, p = 0.01), IL-6 (2198.6 ± 564.3 → 1522.8 ± 367.0, p = 0.02),
and TNF-a (4819.4 ± 772.0→ 3257.2 ± 648.6, p = 0.03), were significantly reduced after
administration of fucoidan for two weeks.

3.4.3. Prognostic Nutritional Indexes (PNIs)

The PNI value was significantly greater in the fucoidan group than control group
(47.6 ± 6.1 vs. 39.4 ± 8.2, p = 0.028) post treatment [22]. This indicated that cancer patients in
the fucoidan group had significantly better nutrition profiles compared to their counterparts.

3.5. Patient-Reported Outcomes

All studies also measured patient-reported outcomes including adverse effects and
quality of life (Table 2).

3.5.1. Adverse Effects (AEs)

All studies applied the National Cancer Institute Common Toxicity Criteria (NCI
CTC) to evaluate AEs. One study reported the financial difficulty score as the AE measure
and found it was significantly improved after administration of fucoidan for four weeks
(35.0 ± 7.0→ 20.0 ± 5.6, p < 0.01) [12]. Moreover, patient-reported general fatigue was sig-
nificantly reduced in the fucoidan groups compared with the control group [21]. However,
comparisons in AEs showed no significant difference in two studies, although participants
in no fucoidan groups showed higher percentages of oral mucositis, pruritus, vomiting,
taste problems, bloody stool, fatigue, and diarrhea [5,22].

3.5.2. Quality of Life

One study used the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) [13], and one study used the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire
Core 29 (EORTC QLQ-CR29) [5] to examine changes in quality of life. However, neither
study found significant changes of quality of life the two groups [5,13].

4. Discussion

This SR found that the outcomes in this review indicated no poorer results or harmful
effects in participants who used fucoidan. Importantly, fucoidan had positive effects as
a supplemental treatment on better disease progression status (such as survival time,
disease control rate, chemotherapy treatment periods), good anti-inflammatory status,
PNIs, and less AEs (financial difficulty and fatigue). However, the heterogeneity in the
research contexts and methodologies leaded conservative conclusion of recommendation
in fucoidan use.

4.1. Disease Progression Status

The survival time is an important index of cancer treatment outcomes [23]. Results of
this SR indicated that participants in fucoidan groups had significantly prolonged survival
time. One study using a one group pre- and post-test study design showed significantly
prolonged medium survival time in participants whose IL-1β level decreased [13], and
the other quasi-experimental study showed significantly prolonged mean survival time in
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fucoidan use group [22]. According to the survival rate reports [24], many research studies
applied either the mean survival time or the medium survival time according to the scale
of study sample size. Both studies may offer valuable information on measuring outcomes
in new drugs or CAM intervention in clinical settings. However, in this SR, one study with
quasi-experimental study and one with single group study design in small sample sizes,
the result of survival time was treated with reserve.

Moreover, the studies evaluated in this SR only included metastatic and recurrent
gastro-intestinal cancer patients, and this outcome may not be generalizable to patients of
other types of cancer. A literature review on patient’s needs indicated that the common
unmet needs for advanced cancer patients were emotional support, dealing with fatigue,
and being informed about benefits as well as side effects of treatment [25], and the use
of fucoidan may improve survivor’s dealing with fatigue and side-effects of treatment.
Therefore, the use of fucoidan may be clinically complementary to more traditional treat-
ments. The DCR mainly relied on image examination and response evaluation criteria in
solid tumors, which is an objective assessment guideline [26] Evidence suggests that PFS,
ORR, and DCR are crucial indices for evaluating cancer treatment response and the effect
of drug activity against cancer. However, the PFS is limited because of the variation of
inter-rater reliability [27,28], and only one study in this SR included the above-mentioned
indices as outcome measurements [5]. Nevertheless, only the DCR outcome was signif-
icant in this RCT study, despite meeting the RCT appraisal requirements. However, the
results remained conservative for clinical application due to the small sample sizes in these
selected studies.

4.1.1. Inflammatory Markers

Fucoidan was approved to be an anti-inflammatory substance in vitro and in vivo [29].
In this SR, only Takahashi found significant reductions in inflammatory markers in the
fucoidan group [13]. Literature suggested that chemotherapy-induced symptoms were
associated with inflammatory markers. For instance, fatigue was related to IL-1B, IL-6, and
tumor necrosis factor-alpha (TNF-a) [30]. Therefore, fucoidan might lessen inflammatory
reactions, which may also reduce side effects of chemotherapy.

4.1.2. Adverse Effects

In this SR, one study found significantly reduced fatigue [21] and another suggested
significantly reduced financial difficulty [13] in fucoidan groups. Two studies found that the
AE incidences of AEs, such as athrombocytopenia, peripheral neuropathy, liver dysfunction,
oral mucositis, pruritus, vomiting, taste problems, and bloody stool, were reduced in those
who used fucoidan; however, the AE reduction was not statistically significant [5,21]. The
possible reasons for this lack of significance may because of the small sample sizes and the
heterogeneity of the samples. For example, Ikeguchi et al. recruited only 20 participants
but included six types of cancer [21]. Tsai et al. included only metastatic colorectal cancer
patients; therefore, the sample was homogeneous and the observation time period of AEs
was not reported [5]. Moreover, this study only reported the difference of incidence without
comparing the severities of AEs between fucoidan and the control group; it might fail to
determine the real difference between groups.

Financial difficulty was significantly improved after four weeks of the fucoidan
use [13]. This result was different from some studies of CAM utilization, which con-
cluded that financial difficulty worsened in those who used [31,32]. This might be because
the studies in this SR were mainly sponsored by research institutes who are the sellers
of commercial fucoidan, while the CAM in other studies represented an extra expense
to participants [31,32].

Fucoidan products are expensive, but studies selected in this SR did not investigate
the cost-effectiveness of fucoidan use. If cancer patients would like to use fucoidan during
chemotherapy, it would cost about 10 USD/day in Taiwan. The use of fucoidan would
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be expected to last for a long time for cancer patients. Therefore, fucoidan would be only
recommended for those cancer patients who can afford it.

4.1.3. Quality of Life

Quality of life did not show significant improvement in fucoidan groups. This result
was aligned with research of CAM in various countries, such as Malaysia, Ethiopia, and
Korea [31–33]. It may because the quality of life does not change over short periods,
and the disease characteristics as well as treatment plans of advanced cancers were so
different. From the literature, we may conclude that common reasons for using CAM in
advanced cancer patients were improving immune functions, maintaining physical energy,
and psychological well-being; these expected factors are usually related to impact quality
of life [34,35].

4.2. Strengths and Limitations

This is the first SR to examine the effectiveness of fucoidan in metastatic or recurrent
cancer patients. The results indicate that there are positive effects of fucoidan on disease
progression status, inflammatory markers, nutritional status, and fatigue. Some limitations
of this review need to be addressed. Firstly, only four articles focused on the effects of
fucoidan, and only one of them was an RCT study. Second, outcome measurement tools
varied widely among studies, which largely increased the difficulties in integrating and
interpreting those research results together. Third, the results of individual outcome in
different studies were inconsistent, and the sample populations were mainly limited to
metastatic and recurrent gastro-intestinal cancer patients. Therefore, it remains unclear
whether the effects of fucoidan in other types of cancer would be similar.

4.3. Implications for Clinical Practice

Results of this SR indicate that patients of metastatic or recurrent gastric and colorectal
cancer who used fucoidan as a complementary treatment had significantly prolonged
survival time, better anti-inflammatory profiles, and reduced fatigue. However, only four
studies were included in this SR, the overall sample size was relatively small, and the
participants were advanced gastro-intestinal cancer patients. Therefore, fucoidan might be
recommended for metastatic or recurrent gastro-intestinal cancer patients, if their financial
status allows. However, further RCT studies with larger sample sizes in this area are needed
in order to confirm the effects of fucoidan in different diseases and obtain generalizable
results. Meanwhile, the sampling homogeneity with a single type of cancer should be noted.
Although this review paper indicated the limitations of research population as participants
were recruited from metastatic or recurrent cancer patients with gastro-intestinal cancers,
fucoidan could still be a beneficial supplement for patients with various diseases due to its
multiple mechanisms in disease treatments [14–17].

4.4. Suggestions for Future Research

In further research in the future, in addition to enrolling a larger sample size, research
in different cancer types and stages and even in various diseases should be considered;
this may increase the evidence of fucoidan in humans, and its effects or benefits to clinical
patients could be further explored and confirmed.

5. Conclusions

Fucoidan may have positive benefits on survival time, disease control rate, reducing
side effects during chemotherapy treatment periods, lowering inflammatory markers, and
minimizing in patients’ fatigue, whether in patients with cancer metastatic or recurrent.
Fucoidan should be recommended for metastatic or recurrent gastric or colorectal cancer
patients who can afford the expense. Further studies should be done to confirm the effects
of fucoidan on cancer patients in longitudinal research design, ideally recruiting patients
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with varied cancer types or patients with other diseases; thus, the use of fucoidan could be
more comprehensively evaluated.

Author Contributions: The contribution of each author is as follows. L.-C.L., Y.-J.W. and C.-J.W.
worked on the research design and search strategy, data analysis, and manuscript writing; H.-F.H. and
T.-P.Y. helped with the literature search and discussed with members in this research team. Finally,
S.-L.T. helped with the English edit and review of the manuscript. All authors have read and agreed
to the published version of the manuscript.

Funding: This study was funded by China Medical University CMU107-N-06.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All of the included literatures could be found in online databases.

Conflicts of Interest: The authors declared no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Appendix A

Table A1. Appraisal result of study quality for quasi-experimental studies using the JBI-MAStARI
(see Method Section 2.4 for questions 1–9).

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Score

Ikeguchi et al. [21] Y Y N/A Y Y Y Y Y Y 8
Takahashi et al. [13] Y U U U Y Y Y Y Y 7
Ikeguchi et al. [22] Y Y N/A Y Y Y Y Y Y 8

Y = yes, N = no, U = unclear, N/A = not applicable.

Table A2. Appraisal result of study quality for the RCT using the JBI-MAStARI (see Method Sec-
tion 2.4 for questions 1–13).

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Score

Tsai et al. [5] Y Y Y Y Y U U Y Y Y Y Y U 10

Y = yes, N = no, U = unclear, N/A = not applicable.

References
1. Buckner, C.A.; Lafrenie, R.M.; Denommee, J.A.; Caswell, J.M.; Want, D.A. Complementary and alternative medicine use in

patients before and after a cancer diagnosis. Curr. Oncol. 2018, 25, e275–e281. [CrossRef] [PubMed]
2. National Health Service (NHS). Complementary and Alternative Medicine. 2018. Available online: https://www.nhs.uk/

conditions/complementary-and-alternative-medicine (accessed on 15 January 2021).
3. Bahall, M. Prevalence, patterns, and perceived value of complementary and alternative medicine among cancer patients:

A cross-sectional, descriptive study. BMC Complement. Altern. Med. 2017, 17, 345. [CrossRef] [PubMed]
4. John, G.M.; Hershman, D.L.; Falci, L.; Shi, Z.; Tsai, W.Y.; Greenlee, H. Complementary and alternative medicine use among US

cancer survivors. J. Cancer Surviv. 2016, 10, 850–864. [CrossRef] [PubMed]
5. Tsai, H.L.; Tai, C.J.; Huang, C.W.; Chang, F.R.; Wang, J.Y. Efficacy of Low-Molecular-Weight Fucoidan as a Supplemental Therapy

in Metastatic Colorectal Cancer Patients: A Double-Blind Randomized Controlled Trial. Mar. Drugs 2017, 15, 122. [CrossRef]
6. Senthilkumar, K.; Manivasagan, P.; Venkatesan, J.; Kim, S.K. Brown seaweed fucoidan: Biological activity and apoptosis, growth

signaling mechanism in cancer. Int. J. Biol. Macromol. 2013, 60, 366–374. [CrossRef]
7. Luthuli, S.; Wu, S.; Cheng, Y.; Zheng, X.; Wu, M.; Tong, H. Therapeutic Effects of Fucoidan: A Review on Recent Studies. Mar.

Drugs 2019, 17, 487. [CrossRef]
8. Wu, L.; Sun, J.; Su, X.; Yu, Q.; Yu, Q.; Zhang, P. A review about the development of fucoidan in antitumor activity: Progress and

challenges. Carbohydr. Polym. 2016, 154, 96–111. [CrossRef]
9. Jang, J.Y.; Moon, S.Y.; Joo, H.G. Differential effects of fucoidans with low and high molecular weight on the viability and function

of spleen cells. Food Chem. Toxicol. 2014, 68, 234–238. [CrossRef]
10. You, S.G.; Yang, C.; Lee, H.Y.; Lee, B.Y. Molecular characteristics of partially hydrolyzed fucoidans from sporophyll of Undaria

pinnatifida and their in vitro anticancer activity. Food Chem. 2010, 119, 554–559. [CrossRef]

http://doi.org/10.3747/co.25.3884
http://www.ncbi.nlm.nih.gov/pubmed/30111972
https://www.nhs.uk/conditions/complementary-and-alternative-medicine
https://www.nhs.uk/conditions/complementary-and-alternative-medicine
http://doi.org/10.1186/s12906-017-1853-6
http://www.ncbi.nlm.nih.gov/pubmed/28666435
http://doi.org/10.1007/s11764-016-0530-y
http://www.ncbi.nlm.nih.gov/pubmed/26920872
http://doi.org/10.3390/md15040122
http://doi.org/10.1016/j.ijbiomac.2013.06.030
http://doi.org/10.3390/md17090487
http://doi.org/10.1016/j.carbpol.2016.08.005
http://doi.org/10.1016/j.fct.2014.03.024
http://doi.org/10.1016/j.foodchem.2009.06.054


Healthcare 2022, 10, 923 11 of 12

11. Moussavou, G.; Kwak, D.H.; Obiang-Obonou, B.W.; Maranguy, C.A.; Dinzouna-Boutamba, S.D.; Lee, D.H.; Pissibanganga, O.G.;
Ko, K.; Seo, J.I.; Choo, Y.K. Anticancer effects of different seaweeds on human colon and breast cancers. Mar. Drugs 2014,
12, 4898–4911. [CrossRef]

12. Tocaciu, S.; Oliver, L.J.; Lowenthal, R.M.; Peterson, G.M.; Patel, R.; Shastri, M.; McGuinness, G.; Olesen, I.; Fitton, J.H. The Effect
of Undaria pinnatifida Fucoidan on the Pharmacokinetics of Letrozole and Tamoxifen in Patients with Breast Cancer. Integr.
Cancer Ther. 2018, 17, 99–105. [CrossRef] [PubMed]

13. Takahashi, H.; Kawaguchi, M.; Kitamura, K.; Narumiya, S.; Kawamura, M.; Tengan, I.; Nishimoto, S.; Hanamure, Y.; Majima, Y.;
Tsubura, S.; 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, 282–291. [CrossRef] [PubMed]

14. Wu, C.Y.; Chen, Q.C.; Syu, W.J.; Yih, K.H.; Wang, H.F. A Preliminary Study on the Application of Anti-Aging Cream with Small
Molecular Fucoidan to Skin. HungKuang Acad. Rev. 2017, 79, 207–222. [CrossRef]

15. Shih, P.H.; Shiue, S.J.; Chen, C.N.; Cheng, S.W.; Lin, H.Y.; Wu, L.W.; Wu, M.S. Fucoidan and Fucoxanthin Attenuate Hepatic
Steatosis and Inflammation of NAFLD through Modulation of Leptin/Adiponectin Axis. Mar. Drugs 2021, 19, 148. [CrossRef]
[PubMed]

16. Hwang, P.A.; Hung, Y.L.; Chien, S.Y. Inhibitory activity of Sargassum hemiphyllum sulfated polysaccharide in arachidonic
acid-induced animal models of inflammation. J. Food Drug Anal. 2015, 23, 49–56. [CrossRef]

17. Lin, H.V.; Tsou, Y.C.; Chen, Y.T.; Lu, W.J.; Hwang, P.A. Effects of Low-Molecular-Weight Fucoidan and High Stability Fucoxanthin
on Glucose Homeostasis, Lipid Metabolism, and Liver Function in a Mouse Model of Type II Diabetes. Mar. Drugs 2017, 15, 113.
[CrossRef]

18. Hsu, H.Y.; Hwang, P.A. Clinical applications of fucoidan in translational medicine for adjuvant cancer therapy. Clin. Transl. Med.
2019, 8, 15. [CrossRef]

19. Wang, Y.; Xing, M.; Cao, Q.; Ji, A.; Liang, H.; Song, S. Biological Activities of Fucoidan and the Factors Mediating Its Therapeutic
Effects: A Review of Recent Studies. Mar. Drugs 2019, 17, 183. [CrossRef]

20. Tufanaru, C.; Munn, Z.; Aromataris, E.; Campbell, J.; Hopp, L. Chapter 3: Systematic reviews of effectiveness. In JBI Manual for
Evidence Synthesis; Aromataris, E., Munn, Z., Eds.; JBI: Adelaide, Australia, 2020; Available online: https://synthesismanual.jbi.
global (accessed on 15 December 2020).

21. Ikeguchi, M.; Yamamoto, M.; Arai, Y.; Maeta, Y.; Ashida, K.; Katano, K.; Miki, Y.; Kimura, T. Fucoidan reduces the toxicities of
chemotherapy for patients with unresectable advanced or recurrent colorectal cancer. Oncol. Lett. 2011, 2, 319–322. [CrossRef]

22. Ikeguchi, M.; Saito, H.; Miki, Y.; Kimura, T. Effect of fucoidan dietary supplement on the chemotherapy treatment of patients
with unresectable advanced gastric cancer. J. Cancer Ther. 2015, 6, 1020–1026. [CrossRef]

23. Oncology Center of Excellence; Center for Drug Evaluation and Research (CDER); Center for Biologics Evaluation and Research
(CBER) at the Food and Drug Administration; Food and Drug Administration. Clinical Trial Endpoints for the Approval of
Cancer Drugs and Biologics Guidance for Industry. 2018. Available online: https://www.fda.gov/media/71195/download
(accessed on 15 January 2021).

24. Ben-Aharon, O.; Magnezi, R.; Leshno, M.; Goldstein, D.A. Median Survival or Mean Survival: Which Measure Is the Most
Appropriate for Patients, Physicians, and Policymakers? Oncologist 2019, 24, 1469–1478. [CrossRef] [PubMed]

25. Wang, T.; Molassiotis, A.; Chung, B.P.M.; Tan, J.Y. Unmet care needs of advanced cancer patients and their informal caregivers: A
systematic review. BMC Palliat. Care 2018, 17, 96. [CrossRef] [PubMed]

26. Litiere, S.; Collette, S.; de Vries, E.G.; Seymour, L.; Bogaerts, J. RECIST—Learning from the past to build the future. Nat. Rev. Clin.
Oncol. 2017, 14, 187–192. [CrossRef]

27. Mushti, S.L.; Mulkey, F.; Sridhara, R. Evaluation of Overall Response Rate and Progression-Free Survival as Potential Surrogate
Endpoints for Overall Survival in Immunotherapy Trials. Clin. Cancer Res. 2018, 24, 2268–2275. [CrossRef]

28. Shi, Q.; Sargent, D.J. Meta-analysis for the evaluation of surrogate endpoints in cancer clinical trials. Int. J. Clin. Oncol. 2009,
14, 102–111. [CrossRef]

29. Park, J.; Cha, J.D.; Choi, K.M.; Lee, K.Y.; Han, K.M.; Jang, Y.S. Fucoidan inhibits LPS-induced inflammation in vitro and during
the acute response in vivo. Int. Immunopharmacol. 2017, 43, 91–98. [CrossRef] [PubMed]

30. O’Higgins, C.M.; Brady, B.; O’Connor, B.; Walsh, D.; Reilly, R.B. The pathophysiology of cancer-related fatigue: Current
controversies. Support. Care Cancer 2018, 26, 3353–3364. [CrossRef]

31. Chui, P.L.; Abdullah, K.L.; Wong, L.P.; Taib, N.A. Quality of Life in CAM and Non-CAM Users among Breast Cancer Patients
during Chemotherapy in Malaysia. PLoS ONE 2015, 10, e0139952. [CrossRef]

32. Erku, D.A. Complementary and Alternative Medicine Use and Its Association with Quality of Life among Cancer Patients
Receiving Chemotherapy in Ethiopia: A Cross-Sectional Study. Evid. Based Complement. Altern. Med. 2016, 2016, 2809875.
[CrossRef]

33. Jang, A.; Kang, D.H.; Kim, D.U. Complementary and Alternative Medicine Use and Its Association with Emotional Status and
Quality of Life in Patients with a Solid Tumor: A Cross-Sectional Study. J. Altern. Complement. Med. 2017, 23, 362–369. [CrossRef]

http://doi.org/10.3390/md12094898
http://doi.org/10.1177/1534735416684014
http://www.ncbi.nlm.nih.gov/pubmed/28008779
http://doi.org/10.1177/1534735417692097
http://www.ncbi.nlm.nih.gov/pubmed/28627320
http://doi.org/10.6615/HAR.201703.79.16
http://doi.org/10.3390/md19030148
http://www.ncbi.nlm.nih.gov/pubmed/33809062
http://doi.org/10.1016/j.jfda.2014.05.004
http://doi.org/10.3390/md15040113
http://doi.org/10.1186/s40169-019-0234-9
http://doi.org/10.3390/md17030183
https://synthesismanual.jbi.global
https://synthesismanual.jbi.global
http://doi.org/10.3892/ol.2011.254
http://doi.org/10.4236/jct.2015.611111
https://www.fda.gov/media/71195/download
http://doi.org/10.1634/theoncologist.2019-0175
http://www.ncbi.nlm.nih.gov/pubmed/31320502
http://doi.org/10.1186/s12904-018-0346-9
http://www.ncbi.nlm.nih.gov/pubmed/30037346
http://doi.org/10.1038/nrclinonc.2016.195
http://doi.org/10.1158/1078-0432.CCR-17-1902
http://doi.org/10.1007/s10147-009-0885-4
http://doi.org/10.1016/j.intimp.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/27987467
http://doi.org/10.1007/s00520-018-4318-7
http://doi.org/10.1371/journal.pone.0139952
http://doi.org/10.1155/2016/2809875
http://doi.org/10.1089/acm.2016.0289


Healthcare 2022, 10, 923 12 of 12

34. Paul, M.; Davey, B.; Senf, B.; Stoll, C.; Munstedt, K.; Mucke, R.; Micke, O.; Prott, F.J.; Buentzel, J.; Hubner, J. Patients with advanced
cancer and their usage of complementary and alternative medicine. J. Cancer Res. Clin. Oncol. 2013, 139, 1515–1522. [CrossRef]
[PubMed]

35. Yildirim, Y. Patterns of the use of complementary and alternative medicine in women with metastatic cancer. Cancer Nurs. 2010,
33, 194–200. [CrossRef] [PubMed]

http://doi.org/10.1007/s00432-013-1460-y
http://www.ncbi.nlm.nih.gov/pubmed/23832609
http://doi.org/10.1097/NCC.0b013e3181c295ac
http://www.ncbi.nlm.nih.gov/pubmed/20357652

	Introduction 
	Methods 
	Study Design and Search Strategy 
	Eligibility, Selection, and Data Extraction 
	Data Analysis 
	Quality Assessment 

	Results 
	Study Selection 
	Characteristics of the Included Studies 
	Methodological Quality of Included Studies 
	Clinical Outcomes 
	Disease Progression Status 
	Anti-Inflammatory Effects 
	Prognostic Nutritional Indexes (PNIs) 

	Patient-Reported Outcomes 
	Adverse Effects (AEs) 
	Quality of Life 


	Discussion 
	Disease Progression Status 
	Inflammatory Markers 
	Adverse Effects 
	Quality of Life 

	Strengths and Limitations 
	Implications for Clinical Practice 
	Suggestions for Future Research 

	Conclusions 
	Appendix A
	References

