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Introduction
Prostate cancer is the second most incident cancer among male 

population worldwide. It is the second leading cause of cancer death 
in American men [1]. There is no exact statistics on prostate cancer 
prevalence in Iran; however an estimation of 5 per 100,000 and 9 per 
100,000 has been reported by two investigators [2,3]. A possible reason 
for this lower incidence comparing with many other countries is that 
there are no national programs for screening of prostate cancer in Iran. 

Radiation therapy by itself or along with surgery and hormone 
therapy are the main treatments for prostate cancer [4]. However 
ionizing radiation can also have a harmful effect on healthy body 
tissues. Patients with prostate cancer who accede to radiation therapy 
usually experience some degrees of sexual dysfunction, gastrointestinal 
disorders and urinary tract problems [5].These toxicities are known to 
be dose-limiting, [6] and because higher radiation doses for patients 
with clinically localized prostate cancer are now considered standard of 
care [7], finding ways to decrease symptoms burden is crucial.

Recently some in vitro and in vivo studies showed radiosensitizing 
and radioprotective effects by some phytochemicals [8]. One of these 
phytochemicals is curcumin. Curcumin is the yellow coloring agent in 
the spice, turmeric. Turmeric has been long used as a spice and food 
additive in Iranian cuisines. Curcumin has been reported to protect 
various study systems, in vitro and in vivo, against the deleterious effects 
induced by ionizing radiation and to enhance the effect of radiation 

[9-11]. Therefore, curcumin has the potential to be very useful during 
radiotherapy of prostate cancer. 

The present pilot double blinded placebo controlled clinical trial, is 
designed to assess radioprotective effects of curcumin supplementation 
in patients with prostate cancer. To the best of our knowledge this is the 
first reported clinical trial testing curcumin supplement to test quality 
of life in patients with prostate cancer.

Materials and Methods
Between March 2011 and March 2013, all patients recently 

diagnosed with localized prostate cancer at the Department of Oncology 
at Besat Hospital were assessed for eligibility. Patients referred to local 
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Abstract

Background: Patients with prostate cancer who accede to radiation therapy usually experience several side 
effects and these toxicities are sometimes dose limiting. Some previous in vitro and in vivo studies have proposed 
a radioprotective role for curcumin, the yellow pigment of turmeric. 

Objectives: The purpose of this investigation was to assess the radioprotective effects of curcumin 
supplementation in patients with prostate cancer.

Methods: Forty prostate cancer patients undergoing external beam radiotherapy (EBRT) were randomly 
assigned to curcumin group, taking 3 g/d curcumin (6 × 500 mg capsules of BCM95 n=20), or placebo group 
(n=20). Quality of life was assessed by the Persian version of the European Organization for Research and 
Treatment of Cancer prostate cancer-specific quality of life questionnaire (QLQ-PR25).Analysis of covariance was 
used to compare radiotherapy related symptoms between groups following the intervention, adjusted for baseline 
symptoms.

Results: No differences in urinary symptoms, bowel symptoms, treatment related symptoms and sexual 
activity were observed between the curcumin and placebo groups before the intervention. The change in urinary 
symptoms across the 20-week period differed significantly between groups (p=0.011) and patients in the curcumin 
group experienced much milder urinary symptoms compared with the placebo group. No group differences were 
observed in any other domain of the QLQ-PR25.

Conclusions: Curcumin can confer radioprotective effect in patients with prostate cancer who undergo radiation 
therapy through reducing the severity of radiotherapy related urinary symptoms. However supplementation with 3 g/
day curcumin could not reduce the severity of bowel symptoms or other treatment related symptoms.
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curative radiotherapy with external beam radiotherapy (EBRT), in 
combination with hormone ablation, were invited to participate in the 
study (ClinicaltiralsNCT01917890). Adenocarcinoma of the prostate 
must be histologically confirmed on biopsy. All patients were with a life 
expectancy greater than 5 years. No metastatic disease must be detected 
during physical examination, standard radiography, bone scan, and 
magnetic resonance spectroscopy (MRS). Additional inclusion criteria 
were no prior hormone therapy, radiotherapy or systemic treatment for 
prostate cancer and no other malignancy. The exclusion criteria were 
clinical stage T3 or T4, Gleason score ≥ 8, serum PSA ≥ 20 ng/mL, other 
prior surgery for prostate cancer, concurrent participation in another 
clinical trial which would require approval upon entry to this trial, 
gastrointestinal disorders such as inflammatory bowel disease, reflux 
and peptic ulcers and any adverse reaction to curcumin. Forty five of 
78 eligible patients agreed to participate and 40 patients completed the 
study (Figure 1). All patients gave their written informed consent prior 
to participation. The study was approved by the ethical committee of 
National Nutrition and Food Technology Research Institute. 

EBRT was given as daily fractions of 2 Gy to achieve a total dose of 
74 Gy (5 times a week for about 8 weeks). Data were collected 1 week 
prior to radiotherapy onset, at the same time as randomization and 
intervention onset, and 3 months after radiotherapy and intervention 
completion.

Randomization 

Patients were randomly assigned to either the curcumin group 
(CG, n=43) or placebo group (PG, n=42) (Figure 1). Randomization 
was performed by administrative personnel outside the research 
project in a double-blind fashion. Random assignment was based on a 
computer-generated randomization list obtained using blocks of size 4.

Intervention

Curcumin capsules (BCM95 (Biocurcumin)) and their placebos 

were obtained as a generous donation from Arjuna Natural Extracts Ltd. 
Kerela, India, in 500 mg capsule form. Each curcumin capsule contained 
440 mg curcuminoids (347 mg curcumin, 84 mg desmethoxycurcumin, 
and 9 mg bisdesmethoxycurcumin) and essential oil of turmeric 38 mg 
and each placebo capsule contained 500 mg roasted rice flour.

Patients in each group took 3 grams of curcumin or placebo (as 6 × 
500 mg capsules, 2 capsules with each meal) since 1 week before onset 
of radiotherapy until completion of their radiotherapy. 

All patients were advised to avoid any changes in their usual dietary 
habits during intervention period.

Evaluation during study

A complete history [pathologic confirmation of malignancy, 
disease staging, prior therapy/surgery, and prior response(s)] and 
a physical examination, as well as blood tests (including a complete 
blood count and PSA) were done at baseline by a trained physician.

All patients were referred to Babak imaging center for MRS. MRI/
MRSI studies were performed on a 1.5 Tesla Sigma Horizon scanner 
(GE, Milwaukee, WI) using a combined pelvic phased array and 
endorectal coil (Medrad, Indianola, PA). MRSI data were obtained and 
processed using software developed at the University of California in 
San Francisco. 

Patients were weighed in light clothing and without shoes using 
a scale (Seca, Hamburg, Germany) and their height, measured with a 
stadiometer (Holtain Ltd, Crymych, United Kingdom), was used to 
calculate Body Mass Index (BMI). 

A validated semi-quantitative food frequency questionnaire (FFQ) 
[12] was used to evaluate dietary intake of patients. For the extraction 
of polyphenols intake from foods in FFQ, the phenol-Explorer database 
was used. Phenol-Explorer database contains data on the content of 
502 polyphenols in 452 foods [13].

The European Organization for Research and Treatment of Cancer 
(EORTC) prostate cancer-specific quality of life questionnaire module 
(QLQ-PR25) was used to assess urinary, sexual, and bowel function 
[14]. The questionnaire was translated from English into Persian 
and then translated back from Persian into English by a researcher 
fluent in both languages. Reliability (r=0.85) and construct validity 
(Cronbach alpha >0.7) had been determined in our pilot study with 
41 patients. The test-retest reliability was satisfactory (Pearson r=0.61 
to 0.93 for individual items and 0.85 for total score). The research 
team, several university faculty members, and a physician reviewed the 
pilot questionnaire to establish face validity and trustworthiness. The 
questionnaire was revised appropriately based on their feedback. Items 
were combined into several scales (from 1 to 100) according to EORTC 
rules. For the global health and function scales, a high score signaled 
a better QoL; for the symptom scales, a high score was indicative of a 
poorer QoL.

All the above evaluations were done at baseline (1 week before 
radiotherapy onset) and 3 months after radiotherapy completion. 

Statistical analyses

Statistical analyses were performed using SPSS 19.0 (SPSS, Chicago, 
IL). All analyses were conducted on an intention-to-treat basis. All 
p-values were two-tailed and the level of statistical significance was set 
at p < 0.05. Between-group differences at baseline were analyzed using 
the chi-square test and the independent t-test.Figure1: Flow of participants throughout trial.
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Analysis of covariance (ANCOVA) adjusting for baseline was used 
to evaluate the effect of the intervention on side effects using data from 
QLQ-PR25.

Results
The two randomized groups were well balanced with no significant 

differences in characteristics at baseline (Table 1). All the patients who 
completed the study (40 out of 45 patients), took all their supplements 
and because we used face to face interview for completion of 
questionnaires, there was no missing answer.

There was no significant difference between the 2 groups in terms 
of 4 subclasses of QLQ-PR25 (urinary symptoms, bowel symptoms, 
treatment-related symptoms and sexual functioning) at baseline 
(Table 2). The change in urinary symptoms across the 20-week period 
differed significantly between groups (p=0.011, Table 2). Following 
the intervention, participants in the curcumin group had significantly 
lower increase in urinary symptoms comparing with placebo group. 
No group differences were observed in any other domain of the QLQ-
PR25.

Figure 2 shows the number of patients with worsening different 
urinary symptoms 3 month after radiotherapy. As it is shown, patients 
in curcumin group experienced much milder problems in terms of 
most of the urinary symptoms specially urinate frequency during the 
day and limitation of their daily activities. Only 2 of our participants 
were wearing an incontinence aid so this part of questionnaire was not 
considered in our analysis.

Discussion
To our knowledge this is the first randomized controlled trial 

investigating the radioprotective effect of curcumin in prostate cancer 
patients. The primary finding of this analysis was that 3 g/day curcumin 
supplement can reduce the severity of radiotherapy related urinary 
symptoms in patients with prostate cancer.

The3g dose of curcumin was chosen based on the results of an in 
vitro study which has shown that curcumin in the concentration of 
2 µM can confer radiosensitizing activity on human prostate cancer 
cells and enhance apoptosis [15]. Also a clinical trial has shown that by 
taking 2 g of BCM95the concentration of 2 µM is achievable in plasma 
[16]. Moreover according to the previous studies, this dose is absolutely 
safe [17]. However this dose of curcumin did not appear to be effective 
at reducing the severity of bowel symptoms or other treatment related 
symptoms. In the case of sexual function, although participants 
in curcumin group had better condition compared with placebo 
group, this difference did not reach statistical significance. Hormone 
deprivation therapy of the patients can be a possible confounding 
factor which can mask the true effect of curcumin, however it was a 
part of patients’ treatment program and could not be omitted. The non 
dose-finding design of this clinical trial could be seen as a limitation 
because the real effective dose of curcumin for these symptoms cannot 
be discerned and higher doses may have better protective effects. 

In a recent clinical trial supplementation with 6 g/d of curcumin 
reduced the severity of radiation dermatitis in breast cancer patients 
[18]. Also, several in vitro and in vivo studies which were reviewed by 
Goel et al. have indicated that curcumin has the potential to be used as 
a radioprotective agent [19].

The majority of the acute urinary dysfunction caused by EBRT 
relates to inflammation and mucosal loss at the bladder neck and within 
the prostate and prostatic urethra [5]. Curcumin is a well-known and 
strong anti-inflammatory and anti-oxidant agent. The mechanisms 
responsible for the protective effect of curcumin on urinary were not 
specifically examined in this investigation. However some mechanisms 
have been proposed for the radioprotective effect of curcumin. In an in 
vivo study it had been shown that curcumin confers its radioprotective 
effect through decreasing gene expression of inflammatory (IL-1, 
IL-6, IL-18, TNFα, and lymphotoxin-β) and fibrogenic cytokine 
(TGFβ) [20]. Also it has been reported that curcumin scavenges free 
radicals, increases antioxidant status, inhibits lipid peroxidation, and 

Baseline variables CG (n=20) PG (n=20) P
Age (years) 69.58 ± 8.08 71.85 ± 8.33 0.394
Height (cm) 167.48 ± 6.09 167.63 ± 5.50 0.935
Weight (kg) 76.26 ± 10.79 75.53 ± 12.28 0.844
BMI (kg/m2) 27.17 ± 3.37 26.81 ± 3.68 0.750
Married 18(90) 19(95) 0.548
Gleason score 6.50 ± 0.97 6.83 ± 0.39 0.288
PSA (ng/ml) 12.98 ± 7.09 16.47 ± 5.94 0.130
Calorie intake (Kcal) 2145.38 ± 584.5 2199.41 ± 442.62 0.744
Total polyphenol intake (mg) 3315.27 ± 2019.38 2925.63 ± 1065.67 0.450

Abbreviations: CG, curcumin group; PG, placebo group; BMI, body mass index; PSA, prostate specific antigen. Results presented as mean ± s.d. or number of participants 
(percentage of participants)

Table1: Baseline characteristics of participants.

Abbreviations: CG, curcumin group; PG, placebo group; ANCOVA, analysis of covariance; CI, confidence interval
aBetween-group change by ANCOVA adjusted for baseline values

Table2: Prostate cancer-specific quality of life.

1 week before radiation therapy onset 3 months after radiation completion Adjusted group differences in mean
change over 20 weeks

CG PG CG PG Mean 95% CI P valuea

Mean SD Mean SD Mean SD Mean SD
Urinary symptoms 16.2 6.5 18.8 5.6 24.2 15.8 38.7 16.3 -14.1 -24.7 -3.4 0.011
Bowel symptoms 16.2 19.2 19.5 22.2 25.0 12.4 20.0 18.0 5.4 -4.5 15.4 0.275
Treatment-related symptoms 27.2 14.9 25.0 9.4 39.2 17.2 31.1 16.6 7.9 -3.1 18.9 0.155
Sexual activity 18.3 24.7 22.5 25.5 16.7 22.9 20.8 25.3 -3.5 -19.0 12.0 0.652
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elevates glutathione S-transferases, glutathione peroxidase, superoxide 
dismutases, glutathione, and sulphydryl groups [21].

Another issue which makes curcumin supplementation during 
radiation therapy an interesting possibility is the fact that any 
exposure to radiation raises concern about the possibility of a second 
malignancy. A population based study of 17,845 prostate cancer 
patients compared secondary cancer incidence in patients treated with 
radical prostatectomy and radio therapy [22]. The results showed that 
the risk of rectal cancer, bladder cancer and lung cancer in patients 
treated with radiotherapy are significantly higher compared with those 
who underwent radical prostatectomy. Curcumin is a potent anticancer 
agent which suppresses all 3 stages of carcinogenesis: initiation, 
promotion, and progression [19] and can be a promising anti-cancer 
treatment. There is a common concern that using antioxidants during 
radiotherapy may reduce the efficacy of treatment by protecting tumor 
cells from radiation-induced cell death. Despite of controversies about 
the impacts of antioxidant supplementation during radiation therapy 
on its outcomes, some recent studies have reported promising effects 
[23,24]. In the present study MRI/MRS results and PSA levels of 
patients in CG and PG was not significantly differed, 3 months after 
intervention completion (0.12 ± 0.17 and 0.13 ± 0.06, respectively). 
Thus it seems that at least in short term, curcumin does not have any 
unfavorable effect on treatment outcomes. Several in vitro studies have 
also proposed a radiosensitizing activity for curcumin by inhibition 
of radiation-induced elevation of growth factors, cytokines, cyclins, 
nuclear factor-κB and tumor necrosis factor-α on tumor cells [21] and 
probably these mechanisms are blunting the radioprotective effects 
of curcumin in tumor cells. The study of molecular mechanisms 
of radioprotective effect of curcumin on normal tissues and its 
radiosensitization on tumor cells is on its way by our research team.

There are some limitations associated with this investigation 
including the small sample size and short duration of follow up. Larger 
clinical trials with different doses of curcumin are desirable to further 
confirm curcumin radioprotective effects in different organs. The 
questionnaire was pilot tested to establish construct validity, but the 
questionnaire cannot be declared reliable without test-retest analysis 
in other studies.

Conclusion
The present clinical trial has shown that curcumin can confer 

radioprotective effect in patients with prostate cancer who undergo 
radiation therapy through reducing the severity of radiotherapy related 
urinary symptoms which are of the most common side effects of 
radiation therapy [5]. However supplementation with 3 g/day curcumin 
could not reduce the severity of bowel symptoms or other treatment 
related symptoms. Further studies with larger sample sizes and higher 
doses of curcumin are required to further confirm radioprotective 
effects of curcumin on different organs.
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