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Abstract

Curcumin is an ingredient of the root Curcuma longa, which is responsible for the characteristic yellow color of curcuma.
Curcumin is said to have the potential ability to fight malignant diseases and to have an anti-inflammatory effect. In addition, it
is used as a dietary supplement. However, one problem with the use of curcumin is its extremely low bioavailability. The aim of
this study is to systematically review and critically analyze clinical studies related to the pharmacokinetics (or bioavailability)
and to the use of curcumin in the treatment of malignant diseases. The platforms clinicaltrials.gov and PubMed served as the
database for the literature research. A total of 293 available studies on curcumin were filtered according to their focus (bio-
availability, therapy of malignant diseases) and other criteria (study results, main substance, topic reference, existing disease/
other research purpose, reference to malignant diseases). The studies were further analyzed regarding their outcome measures,
their design (number of participants, randomization, placebo group, masking, ethical standards, sponsor, primary outcome
measures, secondary outcome measures, study bias) and their findings. The analysis failed to convincingly demonstrate that
curcumin has a significant, positive effect on the therapy of malignant diseases. Regarding the increase in bioavailability,
positive results have been obtained, which are in proximity to the pharmaceutical industry. Independent studies could not
achieve increased bioavailability of curcumin. The available reviews in the literature also do not provide convincing evidence
for the efficacy of curcumin. Thus, at the time being, the use of curcumin in malignant diseases is not justified scientifically.
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Abbreviations options is, therefore, highly relevant and for some years
COX-2 Cyclooxygenase-2 has included the naturally occurring active ingredient
NF-xB Nuclear factor “kappa-light-chain-enhancer”  curcumin from the root curcuma. A true hype has arisen

of activated B-cells around curcumin and its potential effect on malignant dis-
MAG-OM3 Omega-3 fatty acids esterified in eases, which also had an impact on its research. Figure 1

monoglycerides shows the increasing time trend of studies on curcumin
PFS Progression-free survival on clinicaltrials.gov and pubmed.gov. However, interest

in curcumin is not only growing in the scientific com-

munity; the general public is also trying to find out more
Introduction about the substance and its potential effects, as shown by

Google searches (Fig. 2). The root Curcuma longa, which
Malignant diseases continue to pose significant challenges  is also widely used as a spice in Asia, contains various
to the healthcare system (https://health.ec.europa.eu/sys- curcuminoids (Fanca-Berthon et al. 2021). Curcumin
tem/files/2022-02/eu_cancer-plan_en_0.pdf, accessed 25 is one of these curcuminoids and is metabolized in the
September 2023). The search for innovative therapeutic ~ body in two metabolic phases (Liu et al. 2016). In phase 1
metabolism, NADPH-dependent reduction occurs, and in
phase 2 metabolism, the metabolites are made more water-
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prepared for excretion (Liu et al. 2016). After oral inges-
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20 min (Liu et al. 2016). After absorption, phase 1 and  Methods

phase 2 metabolism occur mainly in the liver and plasma,
followed by excretion in the urine (Liu et al. 2016). There-
fore, the problem of curcumin bioavailability can be attrib-
uted to its low absorption, rapid metabolism, short half-
life, and low tissue distribution (Anand et al. 2007). The
low bioavailability of curcumin is a limiting factor regard-
ing the pharmacological effect of the drug. In this critical
analysis, we analyze studies on the efficacy of curcumin
against malignant diseases as well as studies on ways to
increase bioavailability and thereby pharmacological effi-
cacy. Our data are placed into the context of three review
articles in the literature.
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The studies analyzed were limited to clinical trials, listed
on the clinicaltrials.gov website. For the keywords cur-
cumin and curcuma, 293 studies were found. From these
293 clinical trials, all studies relevant to this work were fil-
tered out in 3 rounds of filtering (Fig. 3). All studies were
included in Excel tables and were compared and analyzed.

In the first filtration, the studies were examined for the
following parameters: main substance, topic reference,
study results on clinicaltrials.gov or pubmed.gov, use
of curcumin in existing diseases, reference to therapy of
malignant diseases, research in healthy subjects. Using
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Fig. 1 (continued)
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Fig.3 The filtering process of
all analyzed studies
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these parameters, the studies were narrowed down to 165
trials. These clinical trials were now divided into two main
groups: the use of curcumin in existing diseases and the
use in healthy subjects. From each of these main groups,
the most common indications were determined. The analy-
sis was then limited to the two most frequent indications
(bioavailability and curcumin in relation to malignant dis-
eases). The detailed analysis was performed on 52 studies
of the same indications. In order to further differentiate
studies related to the effect of curcumin in malignant dis-
eases, the studies were divided into two further catego-
ries. Active treatment describes studies that deal with
active parameters of the treatment of malignant diseases
(for example, inhibition of tumor growth). Treatment of
concomitant complaints describes studies that deal with
the effect of curcumin on the side effects of malignant
diseases or the therapy of malignant diseases (for example,
fatigue, radiation dermatitis).

The 52 studies were divided into groups, based on their
publication status. Both groups were analyzed and compared
with the following parameters: placebo group, location, gen-
der, average age of subjects, condition, enrollment, actual

@ Springer

Publications
n=22

number of participants, patient dropouts, randomization,
way of administration, combined dose/day, formulation of
curcumin, duration of application, primary outcome meas-
ure timeframe, reference to malignant diseases (active treat-
ment, treatment of concomitant complaints). The Student
T-test was used to compare the data obtained from these two
groups (studies with and without published results) and to
verify significant differences. Just 22 out of the 52 selected
studies revealed published results (Fig. 4). Subsequently,
all published results were evaluated and analyzed regarding
their outcome measures. Each study was checked for study
bias during the method critique.

Results

Comparison between studies
with and without published results

The applied 7-test found significant differences in the com-
parative parameter “combined dose/day” between studies
with and without publications. Studies with published results
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Fig.4 Proportion of studies
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studies analyzed
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used on average twice the dose of curcumin (5.015 g ver-
sus 2.54 g). Phase I clinical trials showed that curcumin is
safe for humans even at high doses (12 g/day), but still has
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low bioavailability (Anand et al. 2007). So far, no relation
between increased dosage and improved bioavailability of
curcumin has been proven.

Furthermore, the parameters of active treatment and
treatment of concomitant complaints in relation to cur-
cumin and malignant diseases were also studied in relation
to published and unpublished results. Sixty percent of the
studies on active treatment of malignant diseases by cur-
cumin did not have published results (Fig. 5). Fifty per-
cent of the studies on the treatment of side effects of the
therapy of malignant diseases by curcumin have published
results (Fig. 6). Regarding all published studies on curcumin
and malignant diseases, 50% of the studies investigate the
“active treatment.” Fifty percent of the studies investigate
the “treatment of concomitant complaints” (Fig. 7). The
anti-inflammatory effect of curcumin was investigated as
the primary outcome measure in 86% of the published stud-
ies concerning the “treatment of concomitant complaints”
(Fig. 8). Accordingly, half of the existing publications about
curcumin and malignant diseases are not about the actual
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Fig. 7 Distribution of all published studies in relation to curcumin
and malignant diseases
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Fig. 8 Outcome measures of publications in the category of treatment
of concomitant complaints

effect of curcumin on the same malignant diseases, but about
the control of side effects of the therapy. The side effects
examine to 86% the anti-inflammatory effect of curcumin.
The anti-inflammatory effect has been examined in 2020
in a metanalysis of 32 clinical trials (Ferguson et al. 2021).

Use of curcumin in malignant diseases

Of a total of 36 studies on malignant diseases, 16 studies
were published (Fig. 9).

Four studies achieved the primary outcome measures and
thereby an effect of curcumin (Fig. 10). Figure 11 shows
the published studies that achieved their primary outcome
measures in relation to the predefined categories “active
treatment” and “treatment of concomitant complaints.” Out
of a total of 7 publications, one publication in the category
“treatment of concomitant complaints” achieved the pri-
mary outcome measures. Out of 8 publications in the cat-
egory “active treatment,” three studies achieved the primary

@ Springer

Fig.9 Proportion of publications in relation to all studies available on
the subject of curcumin and malignant diseases

Positive results on malignant diseases

Yes; 4; 11% __ ‘

—No;32;89%

Fig. 10 Proportion of studies with proved, primary outcome meas-
ures regarding all available studies, on the effect of curcumin on
malignant diseases

outcome measures. A total of four publications with positive
primary outcome measures, in relation to the effect of cur-
cumin on malignant diseases, were analyzed. Table 1 pre-
sents the method critique and indicates possible study bias
of the studies with positive research results. Two out of four
publications on the effect of curcumin and malignant dis-
eases are burdened by study bias. The detailed results of the
studies are listed in combination with the method critique
in the discussion.

Bioavailability

Out of a total of 16 studies on clinicaltrials.gov, seven stud-
ies were published (Fig. 12). Six of these published stud-
ies were able to successfully prove their primary outcome
measures. Similar to studies on malignant diseases, study
biases were frequently found in studies on the bioavailability
of curcumin. Table 1 shows the industry sponsoring of the
studies. Four out of 7 studies on bioavailability were funded
by pharmaceutical companies. Every study that successfully
proved a higher bioavailability of curcumin was founded by
an industrial company (Fig. 13). Out of a total of 16 stud-
ies, 15 investigated the bioavailability of curcumin after
oral consumption. Only one study investigated the effects of
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Fig. 11 Proportion of studies
with proven, primary endpoints
out of all available studies

on the effect of curcumin on

malignant diseases, regarding 6
the categories active treatment

and treatment of concomitant 5
complaints

Number of studies
w

No evaluated No evaluated
results

Prevention

intravenous administration of curcumin. The detailed results
of the studies are listed in combination with the method cri-
tique in the discussion.

Discussion

Table 1 shows the method critique of all published stud-
ies with successfully proven primary outcome measures.
The very right column lists any study bias. Study biases
were found in 11 out of 13 studies after the methodological
review. Table 2 shows all published studies with their cor-
responding results.

Malignant diseases
Curcumin on the expression of COX-2 and NF-kB

A clinical study on the effect of curcumin on patients
with pancreatic cancer investigated the influence of cur-
cumin on the expression of COX-2 and NF-kB (Table 2,
NCT00094445). COX-2 expression levels decreased signifi-
cantly after oral administration of 8 g curcumin/day (p <
0.03, Student’s 7 test) (Dhillon et al. 2008). A downregula-
tion of NF-kB was also observed but did not reach statistical
relevance (Dhillon et al. 2008). Despite the downregulation
of both factors, no clinical response was observed in many
patients, which was attributed in the study to the measure-
ment in PBMC, which does not reflect what is occurring in
the tumor itself (Dhillon et al. 2008). This study was not
randomized and did not include a placebo group (Table 1,
NCT00094445). In addition, another study analyzed in our

a1

Results

Observed
effect of
curcumin

Observed
effect of
curcumin

No significant
effect of
curcumin

No significant
effect of
curcumin

results

Treatment of concomitant complaints Active treatment (cancer)

work found no significant change in COX-2 expression with
oral administration of 2 g curcumin/day (Tuyaerts et al.
2019). However, this study conducted 11 years later was
only performed on 7 participants and did not have a pla-
cebo group or randomization. Both studies are affected by
study bias and do not allow a clear statement on the effect
of curcumin on COX-2 expression due to the different
results. COX-2 was investigated regarding its overexpres-
sion in tumor cells, which contributes to tumor growth. The
idea was to inhibit tumor growth by inhibiting COX-2. The
role of COX-2 inhibitors in tumor therapy has been investi-
gated in clinical trials and reported as promising in a review
(Hashemi Goradel et al. 2019). Successfully demonstrating
the downregulation of COX-2 would not create a new treat-
ment method, but at most an alternative to the already exist-
ing COX-2 inhibitors such as celecoxib and etoricoxib.

Cutaneous T-cell lymphoma (CTCL)

An in vitro study investigated the antitumoral effect of
curcumin on CTCL cell lines (Table 2, NCT00969085). It
observed that curcumin could induce apoptosis in CTCL
cells (Zhang et al. 2010). Furthermore, an increased apop-
tosis rate was found in patients with an increased percentage
of circulating tumor T-cells compared to healthy subjects
(Zhang et al. 2010). The study was conducted as an in vitro
study. Especially with a compound like curcumin, which
is characterized and limited by its low bioavailability, an
in vitro study can only provide directional results (Table 1,
NCT00969085). The complex pharmacokinetics cannot be
disregarded; therefore, the results of the study cannot be
directly transferred to the human organism.
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Fig. 12 Proportion of studies published on the topic of curcumin bio-
availability
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Fig. 13 Proportion of industry-sponsored studies in relation to all
available bioavailability studies

Curcumin in combination with paclitaxel in patients
with breast cancer

A study investigated the efficacy of curcumin in combina-
tion with the chemotherapeutic drug paclitaxel in patients
with metastatic breast cancer (Table 2, NCT03072992).
The subjects were divided into a paclitaxel and curcumin
combination group and a group with paclitaxel as mono-
therapy (Saghatelyan et al. 2020). A significantly higher
objective response rate (ORR) was observed in patients
receiving curcumin in combination with paclitaxel (Saghat-
elyan et al. 2020). The ORR in the curcumin group was

50.7%, while the paclitaxel monotherapy group was 33.3%
(p<0.05) (Saghatelyan et al. 2020). Treatment continued for
12 weeks and included a subsequent observation period of
4 weeks (Saghatelyan et al. 2020). Three months after the
end of treatment, a re-analysis was performed on the sub-
jects and the observed benefits of the treatment group with
curcumin paclitaxel combination remained (Saghatelyan
et al. 2020). A slightly increased PFS was observed in the
curcumin group compared to the placebo group. However,
the difference in PFS did not reach statistical significance
(p = 0.3495) (Saghatelyan et al. 2020). No study bias was
detected (Table 1, NCT03072992).

Increase in muscle mass in patients with anorexia-cachexia
syndrome

Patients with locally advanced or advanced head and neck
cancer were treated with 4 g curcumin (oral administration)
over a period of 8 weeks. The primary outcome measure was
muscle mass (Table 2, NCT04208334). Patients with head
and neck cancer in particular lose a lot of skeletal muscle in
anorexia-cachexia syndrome due to increased energy con-
sumption and systemic inflammation (Thambamroong et al.
2022). Curcumin was supposed to counteract this through
its anti-inflammatory characteristics (Thambamroong et al.
2022). The study observed an average gain in muscle mass
of 0.46 kg muscle mass in the patients treated with cur-
cumin, after the interval of 8 weeks (Thambamroong et al.
2022). Patients receiving placebo lost an average of 1.05 kg
of muscle mass (Thambamroong et al. 2022). A significant
difference was found between the placebo group and the
subjects receiving curcumin (Thambamroong et al. 2022).
An important factor here was the inhibition of the NF-kB
signaling pathway, which is involved in the degradation of
the skeletal muscles (Thambamroong et al. 2022). Inhibition
of the NF-kB pathway has also been observed in patients
with pancreatic cancer, as discussed earlier (Dhillon et al.
2008). No study bias was detected (Table 1, NCT04208334).

Bioavailability
Micelles

Two of the studies analyzed investigated a possible increased
bioavailability of curcumin due to a micelle compound
(Table 2, NCT01925287, NCT03621865). It was observed
that the maximum plasma concentration and the correspond-
ing AUC were significantly higher after administration of
curcumin micelles and micronized curcumin than after the
administration of native curcumin (Schiborr et al. 2014).
One of the studies observed 24 times higher bioavailability
in a 24-h interval with a specific curcumin micelle formula-
tion (Turmipure GOLD™) compared to curcuma standard

@ Springer
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extract (Fanca-Berthon et al. 2021). In addition, a dose of
300 mg of the micellar curcumin combination was found to
have a higher plasma concentration than a dose of 1500 mg
of curcuma standard extract (Fanga-Berthon et al. 2021). It
is important to consider that the results of both studies were
affected by industry sponsoring (Table 1, NCT01925287,
NCTO03621865). This study bias could lead to a reporting of
the studies in favor of the contributing or funding company.

Intravenous, liposomal curcumin

Liposomal curcumin was studied intravenously at doses of
10-400 mg/m? to determine its safety and bioavailability
(Storka et al. 2015). Liposomal curcumin was infused into
healthy volunteers at 2-h intervals. An increase in plasma
concentrations of curcumin (Cmax 42-2575 ng/ml) and its
metabolite tetra hydro curcumin (THC, Cmax 41-265 ng/ml)
was observed (Storka et al. 2015) (Table 2, NCT01403545).
After completion of the infusion, plasma concentrations
decreased to undetectable levels within 6-60 min (Storka
et al. 2015). In addition, an increase in the MCV of eryth-
rocytes was observed from a dose of 120mg/m? and higher,
although the effect was reversible in all subjects (Storka et al.
2015); the change in erythrocyte morphology limits intrave-
nous administration of liposomal curcumin above a dose of
120mg/m? (Storka et al. 2015). This study was funded by a
relevant pharmaceutical company and is therefore affected
by industry sponsoring (Table 1, NCT01403545).

Curcuminoids in combination with omega-3 fatty acids

Four hundred milligrams of curcuminoids in powder form,
400 mg of curcuminoids with rice oil, and 400 mg of cur-
cuminoids with omega-3 fatty acids mixed with monoglyc-
erides (MAG-OM3) were compared in terms of plasma
concentrations of curcuminoids (Aguilera et al. 2022). No
difference was found between the 3 formulations in terms

Sponsoring

= Relevant company

100%

Fig. 14 Proportion of industry-sponsored studies, in terms of all stud-
ies, that observed increased bioavailability of curcumin

of maximum plasma concentration; all formulations reached
their maximum plasma concentration after 4 h (Aguilera
et al. 2022). After comparing the plasma concentrations of
the 3 formulations 1 h after ingestion, a significantly higher
concentration of curcumin and total curcuminoids was
observed in the subjects of the MAG-OM3 group (Aguil-
era et al. 2022). The plasma concentration increased more
quickly, although it could not exceed the maximum plasma
concentrations of the other formulations (Aguilera et al.
2022) (Table 2, NCT04382014). This study is affected by
industry sponsoring (Table 1, NCT04382014).

Figure 14 shows that all publications related to the bio-
availability of curcumin that successfully demonstrated
their primary outcome measures were affected by industry
sponsorship. Industrial sponsorship of studies with success-
fully proven primary outcome measures is significantly more
frequent.

Comparison of our study with three review articles

We compared our data with three review studies on this topic
using a common set of parameters. All four studies are ana-
lyzed and compared in Table 3. One comprehensive study
deals with the effect of curcumin on malignant diseases and
the side effects of cancer chemotherapy and radiotherapy
(Karaboga Arslan et al. 2022). Twenty-one studies from the
period 2010-2020 were analyzed. Sixteen of these studies
addressed the effectiveness of curcumin in the treatment
of malignant diseases and 5 studies addressed the effect of
curcumin on the side effects caused by chemo and radio-
therapy. It was concluded that curcumin shows a promising
effect on malignant diseases and combating the side effects
of radiation and chemotherapy. However, further long-term
studies need to be conducted (Karaboga Arslan et al. 2022).
The analysis showed no significant efficacy of curcumin on
malignant diseases in any study as well.

Mansouri et al. (2020) published a systematic review on
the effects of curcumin in tumor cells. A total of 22 studies
were analyzed (Table 3). It was concluded that curcumin
could be used as an effective combination in cancer therapy.
The conclusions, different from ours, could be attributed to
different data sources. In addition, we differentiated between
the categories active treatment and treatment of concomitant
complaints, which further narrowed down the positive results
regarding the treatment of malignant diseases with curcumin.
For example, the positive result of the review (Mansouri et al.
2020) regarding the improvement of skin problems in patients
with malignant diseases would fall into the category treatment
of concomitant complaints in our work. Accordingly, it would
not be listed as a positive result of curcumin on malignant
diseases. Furthermore, the different results could be due to dif-
ferences in the analysis and resulting evaluation of the studies,
in terms of method critique. In addition, in our work we have
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to bioavailability
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Study bias
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The analysis failed to
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of studies
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52

Research question Number

studies related
to the pharma-

cokinetics (or
bioavailability)

“The aim of
this study is
to system-
atically review
and critically
analyze clinical
and to the use
of curcumin in
the treatment
of malignant
diseases”

eases: a Critical

bioavailability
analysis

curcumin in
relation to its
and effect on
malignant dis-

Table 3 (continued)
Clinical trials on

Study

established a connection between the possible cancer therapy
by curcumin and the simultaneous problem of bioavailability.

Howells et al. (2021) published a systematic review on
314 randomized clinical trials, specifically related to the pre-
vention of malignant diseases through curcumin (Table 3).
Of the analyzed studies, 100 identified significant changes
within their participant groups regarding the primary out-
come measures (Howells et al. 2021). Despite the substan-
tial number of studies showing positive results, the authors
concluded that factors such as the varying number of par-
ticipants and the dosage of the supplement would prevent a
more definitive conclusion (Howells et al. 2021). They found
evidence for the use of curcumin in cancer prevention but
also recommended further well-documented international
multi-site studies (Howells et al. 2021).

Thus, the existing review papers on the topic of curcumin
and malignant diseases yielded only partially convincing
conclusions, at best. In our work, we have pursued the goal
of illustrating a complete picture of the study situation on
the clinical applicability of curcumin. This also includes
the analysis of the bioavailability of curcumin, which has
a major influence on the clinical efficacy of curcumin but
is rarely in the focus of studies. But with the poor bioavail-
ability of curcumin, systemic effects are hard to explain. Fur-
thermore, we have evaluated the existing results on malig-
nant diseases with the help of methodological critique and
analysis of the study design (Fig. 3). We thus present a new
interface between the bioavailability and the clinical effect
of curcumin in relation to malignant diseases.

Future studies and limitations of our study

Interest in curcumin is growing, and so is research (Fig. 3).
Looking at all 293 studies listed on clinicaltrials.gov, the
field of bioavailability plays a subordinate role at only 5.5%
of all studies, which is in stark contrast to its relevance. The
controversial studies on COX-2 and the in vitro findings on
apoptosis in cell lines of T-cell lymphoma must be clarified
by further research. The publications of the studies listed on
clinicaltrials.gov are very rarely directly linked to each other
and are therefore hard to find. We cannot guarantee to have
found every publication through our research.

Conclusions

Many of the studies listed on clinicaltrials.gov on the use of
curcumin in malignant diseases did not yield any publica-
tions. Fifty percent of the publications on this topic did not
investigate the actual active effect of curcumin on malig-
nant diseases, but the effect of curcumin on the side effects
of the therapy of malignant diseases (Fig. 7). Since 86%
of the studies on the adverse effects deal with the already
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investigated anti-inflammatory effect of curcumin, no new
research objective is being pursued here (Fig. 8). Rather,
areas that have already been investigated were given a new
context. Publications on active treatment of malignant dis-
ease by curcumin are strongly affected by study bias and
rarely provide positive results (Table 1). Regardless of the
indication, every in vivo study working with curcumin is
burdened by the problem of low bioavailability. The publica-
tions examined that found an increase in bioavailability were
100% affected by industry sponsorship (Fig. 14). Further-
more, there are very few results that support each other. No
study was identified showing that curcumin has a clinically
relevant effect in tumor patients such as an increase in qual-
ity of life or even prolongation of life. Therefore, at the time
being, there is no solid scientific basis for advertising the
use of curcumin in tumor patients which is in stark contrast
to the public hype about curcumin and the large number of
scientific studies on this topic.
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