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Abstract
Chemotherapy-induced cognitive impairment (CICI) is an impairment of memory, learning power, concentration, reason-
ing, executive function, attention, and visuospatial during and after chemotherapy exposures. No proven safe and effective 
therapeutic regimen are available to improve cognitive function in CICI patients. To evaluate the safety and effectiveness 
of curcumin extract to improve cognitive function in CICI patients. This study was a double-blind randomized controlled 
trial clinical trial in patients with cervical carcinoma who underwent a carboplatin-paclitaxel chemotherapy regimen from 
March to October 2021 at single center hospital. Subjects divided into two groups that received curcumin and placebo caplets 
by dose escalation method from 240 to 400 mg intermittently (14 days on and 7 days off) between chemotherapy cycles. 
Cognitive function was evaluated pre- and post-therapy using the AFI questionnaire, Stroop test, and MoCA-Ina. A total of 
78 subjects were equally divided into the treatment and control groups. The percentage of drop-out, mortality, and adverse 
drug response were relatively comparable between each treatment arm. The group of subjects receiving curcumin extract 
experienced clinically and statistically significant improvements in cognitive function based on the Stroop test (∆ median 
8.57 vs. 2.46; Z − 4.503 vs. − 1.762; p  < 0.0001 vs. 0.078) and MoCA- Ina (∆ mean 1.53 vs. 0.72; Z − 2.99 vs. − 2.05; 
p < 0.003 vs. 0.04) versus placebo in between-group and between-subject analyses, respectively. Administration of curcumin 
extract with intermittent dose escalation regimen proved to be safe and able to improve cognitive function of CICI patients 
clinically and statistically significant.
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Introduction

Chemotherapy-induced cognitive impairment (CICI) is 
neurocognitive disorder in the aspect of memory, learning, 
concentration, reasoning, executive function, attention, and 
visuospatial during and after chemotherapy administration 
(Ren et al. 2019; Cardoso et al. 2020). Several chemothera-
peutic agents administered either as monotherapy or in 
combination may induce long term adverse effects against 

cognitive function, thus reducing their overall quality of life 
(Mounier et al. 2020). CICI has a relatively high prevalence 
among cancer patients who receive chemotherapy. Despite 
its magnitude, there are several reasons why CICI cannot 
be properly diagnosed and receive an appropriate treatment, 
mainly due to (1) reversible nature, despite in several stud-
ies, it was reported that cognitive function deficit can persist 
in the long term, (2) CICI symptoms are often minimal, thus 
the use of standard screening test for cognitive impairment 
such as MMSE may not be able to detect CICI accurately, 
(3) unstandardized CICI evaluation and diagnosis confirma-
tion, (4) variations in the process of diagnostic approach, (5) 
there has not been any treatment to prevent CICI or to main-
tain cognitive function among cancer patients who receive 
chemotherapy.

Curcumin (C21H20O6) is an active substance of natu-
ral herbs Curcuma xanthorriza roxb. Curcumin has been 
widely used as a staining agent and taste compliment in 
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food industry, as well as being used as a herbal medicine 
in Asian countries for centuries. It is used to treat vomiting, 
headache, diarrhea, and other diseases (Panahi et al. 2021). 
Recently, there has been multiple pharmacological studies 
done to investigate the antioxidant, antiinflamation, anticar-
cinogenic, and anti-bacterial effects of curcumin. Curcumin 
is a safe natural product to be consumed by humans (Abd 
El-Hack et al. 2021). Curcumin is also known to increase 
the effectiveness of chemotherapeutic agents via increas-
ing cancer cells sensitization against chemotherapy and 
protecting normal cells from chemotherapy damage (Tan 
and Norhaizan 2019). Protective effect and safety profiles of 
curcumin against central nervous system, particularly among 
subjects receiving chemotherapy, has never been studied 
before. Therefore, in this study, we would like to evaluate 
the safety profile of curcumin and if curcumin administration 
can maintain cognitive function and prevent CICI adminis-
tration among cancer patients receiving chemotherapy.

Materials and methods

This was a randomized, double-blind, placebo-controlled 
trial involving cervical cancer patients who underwent 
chemotherapy regimen of carboplatin-paclitaxel. We used 
a study code name of Curcumin PotentiaLApplicability and 
Rationale for Chemotherapy-Induced Cognitive Impariment 
Treatment EfficacY (abbreviated as CLARITY trial). The 
format of study report adhered to CONSORT statement. 
Study was conducted between March until November 2021. 
The main outcome in this study was the effectiveness of 
curcumin to prevent CICI among cervical cancer patients 
who underwent carboplatin-paclitaxel chemotherapy as 
measured using Attentional Functional Index (AFI), Stroop 
test, and Montreal Cognitive Assessment Indonesian Ver-
sion (MoCA-Ina) prior to and after chemotherapy session. 
Moreover, we also assessed the safety profile of curcumin 
according to drop out rate, frequency, and severity of adverse 
event among patients receiving curcumin. All subjects were 
recruited from Obstetrics and Gynecology clinic of Prof. 
Dr. I.G.N.G. Ngoerah Hospital, Denpasar between March 
to November 2021. Inclusion criteria for this study were 
patients with cervical cancer, currently or about to com-
mence carboplatin-paclitaxel treatment, patient was coopera-
tive, able to understand instruction and communicate well, 
and willing to participate in this study by signing informed 
consent after receiving full explanation with respect to 
the purpose of the study, potential benefits, and adverse 
effects resulting from the administration of curcumin. The 
exclusion criteria for this study were, patients with severe 
depression (as measured using Hamilton Depression Rating 
Scale ≥ 25), mental status decline due to various causes, his-
tory of receiving chemotherapy before this study, or history 

of receiving hormonal chemotherapy including tamoxifen, 
aromatase inhibitors, or androgen treatment, patients with 
central nervous system infection and/or systemic infection, 
patients with pre-morbid cognitive impairment due to neu-
rodegenerative diseases (including Alzheimer dementia, 
vascular dementia, frontotemporal dementia, Parkinson’s 
disease with dementia), patient with pre-morbid cognitive 
impairment due to other intracranial disorders (e.g. meta-
static brain tumors, history of traumatic brain injury with 
sequlae, history of intracranial infection with sequlae, his-
tory of autoimmune diseases), patients with contraindication 
for curcumin or prior allergic history to curcumin or gluten 
capsule. The protocol of this study had been approved by the 
Ethical Commission of Faculty of Medicine Udayana Uni-
versity with protocol no. LB.02.01/XIV.2.1/7933/2021. This 
study as conducted by adhering to WMA Helsinki Declara-
tion regarding ethical principal in medical research involving 
humans as research subjects.

Treatment protocols

All eligible subjects were randomized with a ratio of 1:1 by 
using random number generator. All subjects and investiga-
tors did not know subjects’ treatment status (treatment vs. 
placebo) until the information was disclosed by the principal 
investigator by the end of the study period. The curcumin 
dose administered followed the dose-escalation protocol, i.e. 
in the initial phase of the study period, subjects in the treat-
ment group received curcumin extract of 60 mg (3 caplets) 
4 times a day (total daily dose equals to 240 mg), whereas 
control group was given placebo caplet with similar dose 
and frequency of administration to the treatment group (i.e. 
4 times a day, 3 caplets per intake). Curcumin and placebo 
were administred continuously for 14 days and paused tem-
porarily for 7 days in between chemotherapy session. Cur-
cumin dose and the amount of placebo caplets administered 
were increased gradually by 80 mg for every next chemo-
therapy series until the dose given reached 400 mg per day 
(equivalent of 4 × 5 caplets, both on treatment and control 
group). The administration of both curcumin and placebo 
were given on maintained doses during the carboplatin-
paclitaxel series until the last series. Caplets containing 
curcumin extract were derived from Curcuma xanthorrhiza 
Roxb., packed inside a blistered and given the label “Cur-
cuma FCT 20 mg”, whereas placebo caplet contains starch 
with identical dimension, color, packaging, and label as to 
the curcumin extract. Every blister contains six caplets and 
was sealed from the factory. Blister containing curcumin or 
placebo were marked with “B1” or “BA1”, respectively. All 
caplets in the blister were produced and provided by Indo-
nesia SOHO Global Health.

If during the study period, there were subjects refusing 
to undergo treatment protocol, did not want to consume any 
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medications, refused to be reevaluated, or died, then the sub-
ject would be considered as dropped out. If there were any 
adverse event or adverse reaction pertaining to the adminis-
tered treatment, then the subject’s status whether or not to be 
involved in the study would be determined on an individual 
basis. If, whenever there were any serious adverse event or 
serious adverse reaction with respect to the treatment given, 
then the subjects would be immediately dropped out from 
the study and immediately referred to undergo treatment at 
the relevant health care facilities. If the drop-out percent-
age due to SAE or SAR was ≥ 5% between group, then the 
study would be considered to be prematurely terminated 
or halted while waiting for authority’s investigation. Every 
measured data then processed and analyzed statistically. All 
subjects who were dropped out was included in the statisti-
cal analysis.

Outcome evaluation

Subjects within two groups were evaluated for Attentional 
Functional Index (AFI), Stroop color and word test (also 
known as Stroop test), Montreal Cognitive Assessment Indo-
nesian version (MoCA-Ina) by trained general practitioners 
under independent neurologists’ supervision and blinded to 
this study. AFI is a subjective measurement comprises of 
16 questions. AFI was meant to evaluate individual percep-
tions with respect to their effectiveness in performing dailiy 
activities requiring attention, working memory, and executive 
function. Every components of AFI questions were measured 
using 10 mm straight line with score ranging from 0 (not 
at all) to 10 mm (very good or significant). Subjects were 
asked to fill AFI independently by giving a single vertical 
line that intersect the horizontal straight line scale of each 
question according to their subjective judgment. The higher 
the AFI score represents the better individual’s cognitive 
performance and its impact toward daily activities. Moreo-
ver, Stroop test consists of (1) text describing the color and 
printed with the same color as the correspondiong text (word 
card/W), (2) printed as colored box (color card/C), and (3) 
printed as discongruent text and color (color-word card/CW). 
Subjects were, in turn, asked to mention the word or color as 
many and as accurate as possible within 45 s. Only the right 
answers were counted in this test (C, W, and CW). We then 
performed a CW prediction score with the following formula: 
Pcw = 45∕{((45 ×W) + (45 × C))∕(W × C)} . Subsequently, 
we subtract CW score with Pcw to obtain interference score 
(IG). Negative IG score reflects subject’s pathological impair-
ment in inhibiting interference or noise, and vice versa. Stroop 
test is reliable to assess subject’s ability to inhibit cognitive 
intereference derived from other stimuli that comes in during 
the simultaneous processing of a certain stimulus (Scarpina 
and Tagini 2017). The Stroop test is useful in evaluating a 
person’s selective attention and executive function. A person’s 

ability in the Stroop test is determined by his or her level of 
attention to focus on the correct stimulus, while ignoring 
other stimuli as confounders. The ability to inhibit dominant 
responses also reflects good executive function. Thus, the 
Stroop test is often as a screening tool to detect subtle, sub-
clinical brain damage and cognitive impairment, as well as 
a tool to measure a person’s mental flexibility (Braga et al. 
2022; Friedman and Robbins 2022). The MoCA-Ina test is a 
series of neurocognitive tests that can detect the spectrum of 
mild cognitive impairment to dementia efficiently and objec-
tively. The MoCA-Ina test is a version that has been adapted 
into Indonesian and has been tested for validity and reliabil-
ity. MoCA-Ina measures six cognitive domains including (1) 
attention, (2) memory and learning, (3) language, (4) visuos-
patial, and (5) executive function. The MoCA-Ina test focuses 
on the executive function of the frontal lobe and attention so 
that it can detect impaired cognitive function that is not domi-
nant in the memory domain, including CICI. The MoCA test 
has been used successfully to detect the incidence of CICI in 
hematological malignancies in previous studies (Kotb et al. 
2019). Evaluation of cognitive function in the form of AFI test, 
Stroop test, and MoCA-Ina was performed at the beginning of 
the study (baseline) and repeated for each subject in the first 
60 min after the last series of chemotherapy was given.

Statistical analysis

All data were tested for normality. Categorical and interval 
data related to the basic characteristics of research subjects 
were evaluated using the chi-square test and independent t-test 
if the data were normally distributed or the Mann Whitney test 
if the data were not normally distributed. Differences in the 
scores of each component of the AFI test, Stroop test scores, 
and total MoCA-Ina scores between the curcumin therapy 
group and the control (between group) were evaluated using an 
independent t test if the data were normally distributed or the 
Mann Whitney test if the data were not normally distributed. 
Meanwhile, the differences in the scores of each component of 
the AFI test, Stroop test scores, and the total MoCA-Ina score 
were evaluated using paired t-test if the data were normally 
distributed and the Wilcoxon signed rank test if the data were 
not normally distributed. Interval data used a 95% confidence 
interval range and p value < 0.05 was considered statistically 
significant. All statistical analyzes were performed using IBM 
SPSS Statistics series 20 software (IBM, San Francisco).

Results

Subjects’ selection process

Steps of subjects’s selection can be seen in Fig. 1. A total 
of 122 subjects were evaluated according to the eligibility 
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criteria in order to participate in this study. Among these, 
40 people did not meet the eligibility criteria, 3 people 
refused to participate, and 1 person was not allowed to 
participate by the doctor in-charge of the patient. Thus, 78 
people met the eligibility criteria and were randomized 1:1 
to 39 people each allocated to each of the group (curcumin 
extract and placebo). Among all subjects, none refused 
the administered treatment. In the course of treatment, 
3 and 7 subjects receiving curcumin extract and placebo 
respectively lost contact because they could not be con-
tacted since the first series of chemotherapy. Furthermore, 
2 and 1 person died in the curcumin extract and placebo 
groups, respectively, while 3 subjects in the treatment 
group suffered from unwanted drug responses including 
palpitations, paresthesias, and diarrhea (1 person each). 
Meanwhile, as many as 2 people on the placebo group 
had diarrhea. All subjects who experienced an undesirable 
drug response stopped participating in this study (dropped 
out), nevertheless, the data that had been obtained were 
still subjected to statistical analysis (ITT).

Subjects’ baseline characteristics

The basic characteristics of the research subjects can be seen 
in Table 1. Subjects in the placebo group had a tendency to 
be older, although not significant. The level of education 
has a relatively homogeneous distribution between groups 
with most of them having a high school education back-
ground. Meanwhile, some of the subjects in both groups 
had a diagnosis of cervical carcinoma stages 2 and 3. Mean-
while, approximately one third of the subjects in both groups 
had just undergone the second series of chemotherapy. The 
cumulative doses of the chemotherapy regimens of carbo-
platin and paclitaxel between the two groups were relatively 
homogeneous.

The scores of each AFI component 1–5 and 7–13 were 
not significantly different between groups of subjects 
receiving curcumin compared to placebo. Meanwhile, the 
mean score of AFI 6 was significantly higher in the group 
of subjects receiving curcumin (73.28 vs. 59.26; 95% CI 
4.80–23.25; p = 0.003). Meanwhile, the initial data for the 

Fig. 1  A diagram of subjects’ selection process
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Stroop and MoCA-Ina tests were relatively homogeneous 
between groups.

Effect of curcumin extract on cognitive function 
and subjects’ effectiveness in performing daily 
activities subjectively

The role of curcumin extract on cognitive function and 
subjects’ effectiveness in performing daily activities were 
subjectively evaluated and compared with placebo. The 
patient’s cognitive function and independence in perform-
ing daily activities were evaluated using the AFI question-
naire. Groups of subjects receiving both curcumin extract 
and placebo were evaluated for differences in median and 
IQR AFI scores of each component at the end of the study 
period (after therapy) and baseline (baseline) [within group 
analysis]. Then the group of subjects who received cur-
cumin extract was compared with the group of subjects 
who received placebo regarding the difference in the AFI 
scores of each component between the two (between group 
analysis).

Evaluation of the AFI component in the group receiv-
ing the curcumin extract showed a significant difference 
between the component 11 and 13 AFI scores, namely an 
increase in the median [IQR] of both components at the end 

of the treatment period compared to the baseline (AFI 11 
median = 7.00, Z=-1.188, p = 0.235; AFI 13 median = 51, 
Z=-4.983, p < 0.001). This indicates that subjects receiv-
ing curcumin extract felt an increased frequency of errors 
in daily activities and mood changes to become irritable or 
irritable at the end of the study period. Meanwhile, the group 
receiving placebo also experienced a significant increase in 
AFI scores of components 12 and 13 at the end of the study 
period compared to baseline (AFI 12 median = 4.00, Z = 
− 1.966, p = 0.049; AFI 13 median = 9.00, Z = − 4.899, 
p < 0.0001). This also indicates worsening memory function 
and changes in the subject’s mood to become irritable and 
irritable at the end of the period compared to the beginning 
of the study.

The placebo group experienced an increase in AFI scores 
components 1, 2, 4–8 at the end of the treatment period than 
at the beginning of the study, but the placebo group also 
experienced an increase in AFI scores 10 to 13 which was 
inversely proportional to cognitive function and fluency in 
performing daily activities. This indicates an inconsistency 
in the subject’s personal perception of cognitive function and 
its impact on daily activities. Meanwhile, the group of sub-
jects receiving curcumin showed a decrease in AFI scores 
of components 1, 5, 6, 7, 9 at the end of the treatment period 
compared to the beginning of the study, while the group 

Table 1  Subjects’ baseline characteristics

*SD standard deviation; p value significant at < 0.05

Parameters Treatment group (n = 39) Placebo group (n = 39) P

Age (mean ± SD*) 46.74 ± 10.67 50.46 ± 7.02 0.074
Education  level† (n, %)
 Illiterate 3 (7.7) 5 (12.8) 0.524
 Elementary 7 (17.9) 12 (30.8)
 Junior high school 7 (17.9) 6 (15.4)
 Senior high school 16 (41.0) 13 (33.3)
 Scholar//Diploma 6 (15.4) 3 (7.7)

Cervical cancer stage (n, %)
 1 6 (15.4) 4 (10.3) 0.670
 2 16 (41.0) 21 (53.8)
 3 15 (38.5) 13 (33.3)
 4 2 (5.1) 1 (2.6)

Series of chemotherapy (n, %)
 First 8 (20.6) 8 (20.5) 0.197
 Second 12 (30.8) 15 (38.5)
 Third 7 (17.9) 7 (17.9)
 Fourth 8 (20.5) 4 (10.3)
 Fifth 1 (2.6) 5 (12.8)
 Sixth 3 (7.7) 0 (0)
 Paclitaxel cumulative dose (median [IQR]) mg 660.00 [585.70] 567.18 [1822.40] 0.181
 Carboplatin cumulative dose (median [IQR]) mg 1456.00 [1060.40] 1096.60 [1127.70] 0.407
 Curcumin cumulative dose (median [IQR]) mg 7840.00 [11.200] N/A
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also showed an increase in AFI scores of components 10, 
11, and 13. This indicates that subjects receiving curcumin 
extract had a decreased perception of cognitive function and 
effectiveness in performing daily activities after receiving 
therapy.

According to between group analysis, there was no signif-
icant difference in median and IQR between groups receiv-
ing curcumin extract versus placebo for all components of 
the AFI score (Table 2). Thus, the personal perception of 
cognitive function in the two groups of subjects is relatively 
comparable and tends to worsen with increasing cycles and 
doses of chemotherapy.

Effects of curcumin extract on selective attention 
and subjects’ executive function

Furthermore, an analysis was carried out regarding the role 
of curcumin extract on subjects’ selective attention and 
executive function which were evaluated objectively using 
the Stroop test. The groups of subjects who received both 
curcumin extract and placebo were evaluated for differences 
in median and IQR of final (after treatment) and baseline 
(baseline) IG scores [within group analysis]. Then the group 

of subjects who received curcumin extract was compared 
with the group of subjects who received placebo regarding 
the difference in GI scores between the two (between group 
analysis). Based on Table 3, it was known that there was a 
statistically significant difference between the median initial 
and final IG scores in the group receiving curcumin extract. 
IG experienced a significant increase (∆ median = 8.57) 
indicating an improvement in selective and executive atten-
tion function in subjects who had CICI but consumed cur-
cumin extract (Z = − 4.503; p < 0.0001). Furthermore, there 
was also an improvement in the IG score of the placebo 
group at the end of the examination compared to the baseline 
condition, namely an increase of 2.46 points (∆ median), but 
not statistically significant (Z= −  1.762; p = 0.078).

Between group analysis showed that the median dif-
ference in IG scores (∆ median = 5.76) was significantly 
higher in the group receiving curcumin extract (median 
[IQR] = 4.70 [9.74]) compared to placebo recipients 
(median [IQR]) = − 1.06 [6,2]; Mann–Whitney U = 268.5; 
p  < 0.0001). This indicates that the administration of cur-
cumin extract in patients with CICI provides a protective and 
curative effect on selective attentional and executive func-
tions significantly compared to placebo.

Effects of curcumin extract on overall cognitive 
function

Global cognitive function was evaluated based on the 
MoCA-Ina score. Comparison of MoCA-Ina scores was 
carried out before and after therapy (within group analy-
sis) in each treatment group and the difference in the mean 
difference in MoCA-Ina scores between groups at the end 
of the study period (between group analysis). Based on 
Table 4, there was an improvement in the MoCA-Ina score 
at the end of the treatment period compared to the base-
line (baseline). The difference in the mean improvement of 
MoCA-Ina scores in the group receiving curcumin extract 
was 1.53 points, which was statistically significant (Z = 
− 2.99; p < 0.003). Meanwhile, improvements in MoCA-
Ina scores were also found in the placebo group, although 
with a smaller difference in scores, namely 0.72 points and 
statistically significant (Z = − 2.05; p = 0.04).

Furthermore, an intergroup analysis was conducted with 
respect to the difference in the mean MoCA-Ina scores 

Table 2  Subgroup analysis of each AFI components between treat-
ment and control group

*P significant at < 0.05

Parameters Curcumin group 
(median [IQR])

Placebo group 
(median [IQR])

Wilcoxon 
signed rank 
Z

P

AFI 1 −1.00 [13.00] 0 [18.00] − 0.906 0.365
AFI 2 3.00 [18.00] 3.00 [18.00] − 1.000 0.317
AFI 3 4.00 [18.00] 1.00 [16.00] − 0.150 0.881
AFI 4 1.00 [16.00] 0.00 [15.00] − 0.065 0.948
AFI 5 0 [18.00] 3.00 [12.00] − 1.115 0.265
AFI 6 0 [16.00] 2.00 [15.00] − 1.265 0.206
AFI 7 0 [14.00] 1.00 [10.00] − 0.996 0.319
AFI 8 0 [10.00] 0 [17.00] − 0.640 0.522
AFI 9 −2.00 [9.00] 0 [11.00] − 0.881 0.378
AFI 10 5.00 [16.00] 4.00 [13.00] − 0.955 0.339
AFI 11 3.00 [13.00] 5.00 [14.00] − 0.040 0.968
AFI 12 5.00 [17.00] 3.00 [13.00] − 0.540 0.589
AFI 13 0 [15.00] 4.00 [15.00] − 0.875 0.382

Table 3  IG Score Profiles at 
beginning and end of study 
period between treatment and 
control group

*P significant at < 0.05

Parameters Initial IG score 
(median [IQR])

Final IG score 
(median [IQR])

∆ median 
 (IGfinal-IG 
initial)

Wilcoxon 
signed rank 
Z

P

Treatment group (n = 39) − 0.71 [13.56] 7.86 [15.22] 8.57 − 4.503 < 0.0001*
Placebo group (n = 39) 3.6 [15.32] 6.06 [15.08] 2.46 − 1.762 0.078
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between the groups receiving curcumin extract and pla-
cebo. The results obtained that the difference in the mean 
MoCA-Ina scores was higher in the curcumin receiving 
group (1.54 ± 3.09) than the placebo (0.72 ± 1.99) with a 
mean difference between groups of 0.82 points but not sta-
tistically significant (Mann–Whitney U 615.5, p = 0.142).

Subgroup analysis showed a non-significant differ-
ence between the mean differences of each component of 
MoCA-Ina between treatment groups. Similarly, based 
on subgroup analysis of each component of MoCA-Ina in 
each treatment group (within group analysis). In general, 
the results were not much different between before and 
after the treatment period with a few exceptions. The group 
receiving curcumin extract experienced improvements in 
naming function (∆ mean ± SD = 0.18 ± 0.51; Z = - 1.072; 
p = 0.038) and memory delay (∆ mean ± SD = 0.56 ± 1.21; 
Z = − 2.654; p = 0.008) which was statistically significant 
after the treatment period. Meanwhile, in the placebo group, 
there was a statistically significant improvement in orienta-
tion function between before and after the treatment period 
(∆ mean ± SD = 0.31 ± 0.69; Z = − 2.588; p = 0.01).

Effect of curcumin extract on neuronal damage, 
inflammatory, and oxidative stress biomarkers

The administration of curcumin extract significantly 
decreased the median GFAP, IL-6, and Isoprostane in the 
treatment group, while in the control group, the median 
GFAP, IL-6, and Isoprostane tended to increase. In the 

treatment group, the median difference in the largest 
decreases was obtained sequentially, namely IL-6, iso-
prostane, and GFAP. Meanwhile, in the control group, the 
median difference in the largest increases was obtained 
sequentially, namely isoprostane, IL-6, and GFAP (Table 5).

Discussion

CICI is a relatively common problem in cancer patients 
who are currently undergoing or have completed chemo-
therapy regimens. The incidence of CICI varies but tends to 
be high, between 17 and 70% (Lv et al. 2020). Carcinomas 
suffered by women tend to have a high prevalence of CICI. 
For example, in breast carcinoma, CICI may account for 
75% of all subjects undergoing chemotherapy (Wefel et al. 
2015). Meanwhile, in ovarian cancer, the prevalence of CICI 
reaches 70% of the total patients (Pearre and Bota 2018). 
Whereas in cervical carcinoma, 64.5% of subjects reported 
subjective cognitive impairment after undergoing chemo-
therapy (Zeng et al. 2017). Thus, the high prevalence of 
CICI to date has not been matched by adequate diagnosis 
and treatment efforts. For example, until now there is no 
universal and uniform CICI diagnostic criteria. Cognitive 
function examination methods also differ in each health 
facility, both for research and therapeutic purposes. Fur-
thermore, until now there is no clinical and scientifically 
proven therapeutic regimen that can prevent the occurrence 
of CICI, or improve impaired cognitive function after suf-
fering from CICI.

Curcumin extract from the natural plant Curcuma xan-
thorrhiza Roxb. has been widely studied its benefits as a 
medical and adjuvant therapy (Panahi et al. 2021). Cur-
cumin extract has several advantages, including having a 
pleiotropic effect as anti-inflammatory, antioxidant, and 
antiapoptotic (Panahi et al. 2021; Abd El-Hack et al. 2021). 
Furthermore, curcumin extract also has anti-carcinogenic 
effects. Thus, the combination of various mechanisms of 
action makes curcumin extract a comprehensive therapeutic 
modality to prevent or treat cellular damage, especially due 
to exposure to neurotoxic and oxidative stress chemothera-
peutic agents (Liu et al. 2019; Akbari et al. 2020). In addi-
tion, curcumin extract also has a low toxicity index, so it has 
a broad and safe therapeutic window profile (Aggarwal et al. 
2016). Clinically, curcumin extract has been widely tested 

Table 4  MoCA-Ina profile 
scores at the beginning and end 
of the study period between 
treatment and control group

*P significant at < 0.05

Parameters Initial MoCA-Ina 
score (mean ± SD)

End MoCA-Ina 
score (mean ± SD)

∆ mean Wilcoxon 
signed rank Z

P

Treatment group (n = 39) 24.23 ± 4.25 25.77 ± 3.44 1.53 − 2.99 0.003*
Placebo group (n = 39) 23.49 ± 4,89 24.21 ± 4.29 0.72 − 2.05 0.04

Table 5  Median changes of GFAP, IL-6, and Isoprostane at the 
beginning and end of the study period between treatment and control 
group

*P significant at < 0.05

Parameters Treatment group (n = 39) Placebo group (n = 39)

∆ GFAP
Median (IQR) − 0.29 (0.60) 0.01 (0.80)
P* 0.004
∆ IL-6
Median (IQR) − 16.26 (47.85) 4.09 (47.70)
P* 0.003
∆ Isoprostane
Median (IQR) − 9.65 (66.83) 19.83 (76.52)
P* 0.009
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and is known to have neuroprotective effects. For example, 
curcumin extract can inhibit cognitive function impairment 
caused by the oxidative stress of cigarette smoke (Muthura-
man et al. 2019). In the context of chemotherapy, curcumin 
has been shown to improve neurogenesis and synaptogen-
esis that play a role in brain plasticity, as well as increase 
hippocampal autophagy so that it can suppress the process 
of apoptosis in the central nervous system, after exposure 
to cisplatin-based chemotherapy (Yi et al. 2020). Thus, 
administration of curcumin extract in carcinoma patients 
undergoing chemotherapy regimens can help prevent, even 
improve, the symptoms of CICI. A case report documented 
the administration of one form of the active substance cur-
cumin (theracurmin) proved to be able to completely treat 
impaired cognitive function in patients with previously diag-
nosed CICI (Erken et al. 2020).

In this study, a comparison was made between groups 
of subjects who received curcumin extract derived from 
Curcuma xanthorrhiza Roxb. The dosage formulation and 
therapeutic regimen of curcumin extract were determined 
by the researchers themselves after going through an exten-
sive study, considering that there was no standard regimen 
related to this. The dosing method was carried out in an 
escalating manner and at the time of this study, drug holi-
days were still given at intervals of 1 week for every 2 weeks 
of therapy, to ensure safety and prevent unwanted drug reac-
tions. In this study, the drop-out rates were 20.5% and 25.6% 
in the treatment arm and placebo respectively, which were 
still within reasonable limits for the experimental clinical 
research category (Bell et al. 2013). The drop-out rate was 
not significantly different between the treatment and control 
groups, including the number of subjects who died (2 and 
1 person, respectively). Furthermore, there was 1 subject 
in each arm who experienced a response to the unwanted 
effects of treatment, namely diarrhea and dyspepsia. Both 
complaints are mild and resolve on their own after discon-
tinuation of therapy (self-limited upon treatment discon-
tinuation). Meanwhile, two undesirable response effects in 
the treatment group, namely palpitations and paresthesias 
were considered unrelated to the administration of curcumin 
extract and potentially caused by the chemotherapy regimen, 
based on the assessment by the PI and the pharmacovigi-
lance team.

Administration of curcumin extract did not improve the 
subject’s perception of cognitive function and effectiveness 
in carrying out daily activities subjectively. Subjects who 
underwent chemotherapy regimens actually felt a worsen-
ing of cognitive function and independence as the series 
and dose of chemotherapy increased. Similar findings also 
occurred in the control group. This was actually predicted 
by the research team, considering that based on the natu-
ral course of subjects with CICI, more than half (65%) of 
worsening perception of cognitive function occurred at the 

end of the chemotherapy regimen (Li and Caeyenberghs 
2018). This is thought to be related to the accumulation of 
chemotherapy doses because the incidence of CICI is dose-
dependent (Malacrida et al. 2019; Schagen et al. 2022), cou-
pled with the possible side effects of other chemofetherapy 
such as pain, tingling, and anemia that can reduce quality of 
life and affect mood or affective subjects in general (Lewan-
dowska et al. 2020; Burgess et al. 2021). This is important 
to clarify, considering that the AFI questionnaire measures 
cognitive function subjectively, only based on the subject’s 
personal perception.

Furthermore, administration of curcumin extract was 
shown to improve selective attentional and executive func-
tions as assessed by the Stroop test. Stroop test is an effi-
cient, accurate, and objective method of evaluating cogni-
tive function. The group of subjects who received curcumin 
extract was shown to have significantly improved attention 
and executive function, both clinically and statistically, com-
pared to the control group. This is evidenced by the patho-
logical condition in the group of subjects receiving curcumin 
extract at the beginning of the study (baseline) compared to 
normal conditions in the control group, as indicated by a 
negative interference score (IG) in the first group. However, 
administration of curcumin extract could improve cognitive 
function dramatically at the time of this interim study. The 
Stroop test is a dynamic and time-dependent evaluation of 
cognitive function and covers many cognitive areas, includ-
ing specific attention, executive, working memory, conflict 
monitoring, and visuospatial (Periáñez et al. 2021). Thus, 
the improvement in cognitive function evaluated based on 
the Stroop test is valid evidence that curcumin extract can 
objectively improve the cognitive function of CICI patients, 
even though the patient’s personal perception does feel that 
cognitive function is worsening.

The group of subjects receiving curcumin extract also 
experienced improvements in global cognitive function at 
the end of the treatment period compared to the baseline, 
as evaluated by MoCA-Ina. MoCa-Ina scores increased 
by a mean of 1.53 points at the end of the study period 
and were clinically and statistically significant. However, 
between group analysis (between group analysis) did not 
show a significant difference in MoCA-Ina scores between 
groups receiving curcumin extract compared to placebo, 
although the treatment group had a higher score of 0.82 
points. This has also been predicted by the research team, 
considering that MoCA-Ina is a dementia evaluation modal-
ity that tends to be persistent and multi-domain. While CICI 
is acute, dynamic, and transient. So the use of MoCA-Ina 
is considered less sensitive to detect small but significant 
changes in CICI, for example to assess the therapeutic effect 
or intervention as carried out in this study. However, the 
use of the MoCA questionnaire to evaluate CICI has been 
carried out previously (Kotb et al. 2019) and in this study 
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a significant improvement in cognitive function was found 
between before and after treatment with curcumin extract.

Finally, we also noted objective evidence of reduction 
in neuronal damage, inflammatory and oxidative stress bio-
markers. In this study, the administration of curcumin extract 
significantly reduced median GFAP concentration. GFAP 
levels correlate with the extent and severity of neuronal dam-
age, thus seeing the serum levels declining post-treatment 
indicates neuroprotective effects of curcumin extract toward 
neurons (Amalia 2021; Abdelhak et al. 2022). Curcumin 
extract administration also dramatically reduced median 
serum isoprostane levels, whereas the reverse was true for 
placebo group. Isoprostane is known as a sensitive bio-
marker for neuronal oxidative stress (Signorini et al. 2018; 
Sidorova and Domanskyi 2020), therefore its reduction indi-
cates anti-oxidant effect of curcumin against chemotherapy’s 
adverse effects. The latter effect may also correlates with 
the dramatic reduction of median serum IL-6 levels among 
treatment group, whereas IL-6 serum levels were found to 
increase among control group. Curcumin, thus also exerts its 
anti-inflammatory properties and can be proven on a clini-
cal level. The inflammation and oxidative stress interacts 
and modulates each other, and curcumin extract seemed to 
ameliorate both of this events simultaneously.

Based on the results of the analysis of this study, valid 
evidence was found that the administration of curcumin 
extract with the new regimen was proven to be safe and 
effective in improving cognitive function in patients with 
CICI due to carboplatin-paclitaxel chemotherapy regimen. 
Currently, there are still several research questions that 
require answers along with the completion of this interim 
study, including whether the administration of curcumin 
extract can maintain the integrity of the cognitive function of 
subjects receiving chemotherapy, whether the dosage regi-
men of curcumin extract without interruption of therapy is 
proven to be more effective in preventing and/or improving 
CICI, and whether the subject’s personal perception of cog-
nitive function and effectiveness in performing daily activi-
ties, as well as global evaluation of cognitive function can 
show significant improvement after long-term administration 
of curcumin extract.

Conclusion

Administration of curcumin extract with a dose escala-
tion system of 320–400 mg once every 2 weeks during the 
administration of carboplatin-paclitaxel-based chemotherapy 
was proven to improve cognitive function of patients with 
clinical and statistical significance. Administration of cur-
cumin extract with this dosage regimen has also been shown 
to have a good safety profile.
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