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Curcumin, a commercially available nutritional supplement, 
has been studied for use as a chemopreventive agent and an 
anti-cancer therapy in prostate cancer (1). The anti-tumor 
activity of curcumin and its analogues are well-documented 
from preclinical studies using prostate cancer models, 
including its effects on androgen receptor (AR) signaling and 
numerous downstream targets (e.g., VEGF, PTEN, NF-κB) 
(2-7). Curcumin was shown to down-regulate AR expression, 
limit AR binding to the androgen response element of 
the prostate specific antigen (PSA) gene, and reduce the 
expression of PSA in LNCaP cells (2). Pyridine analogues 
of curcumin were shown to have an inhibitory effect on 
CWR-22Rv1 AR activity and cell growth (5). Curcumin 
was also effective at delaying tumor growth and suppressing 
AR expression in a LNCaP xenograft model (3,8). A phase 
I clinical study also showed that an 8,000 mg dose could 
be given safely to humans with minimal toxicity (9). Given 
the minimal toxicity and promising preclinical activity, the 
rationale of adding curcumin to standard of care therapy (e.g., 
docetaxel) would become an attractive therapeutic option for 
patients with metastatic castration resistant prostate cancer 
(mCRPC) if clinical efficacy could be established. 

The single arm phase II study described by Mahammedi 
et al. in Oncology administered docetaxel (75 mg/m2 IV 
infusion, once every 21 days for 6 cycles) in combination 
with curcumin (6,000 mg orally, once daily) to 30 patients 
with mCRPC without prior chemotherapy treatment (10). 
An objective PSA response (defined as reduction in serum 
PSA of at least 50%) was obtained for 59% of patients 
(n=17), while 40% of patients with measurable or evaluable 

lesions (6 of 15 patients) had a partial response. The study, 
however, did not conduct a pharmacokinetic analysis to 
characterize the exposure-response relationship associated 
with curcumin plasma concentrations. The severe toxicities 
observed on study were attributable to the docetaxel 
component of therapy and 89% of patients were compliant 
with daily curcumin administration. The study also 
measured two biomarkers associated with neuroendocrine 
differentiation (NED), chromogranin A (CgA) and neuro-
specific enolase (NSE). The findings suggested a correlation 
between baseline CgA and baseline PSA, and some rationale 
for further use of NSE as a biomarker of treatment 
response. The median overall survival (OS) of the study 
was 18 months, with a statistically significant association 
of abnormal NSE values and higher OS (10). The patient 
sample size is too small to determine a relative benefit of 
this study. 

The median OS of curcumin in combination with 
docetaxel did not differ significantly from the landmark 
phase III  TAX-327 study that  assessed docetaxel 
monotherapy every 3 weeks (OS: 18.9 months) (11). Though 
Mahammedi et al. compared the response rate to that of the 
SWOG-9916 trial that examined docetaxel in combination 
with estramustine (PSA response rate: 50%), the median 
OS did not differ significantly from this study either (OS: 
17.5 months) (12). The lack of improvement in OS calls into 
question the clinical efficacy of the synergistic combination 
of curcumin with docetaxel. However, the investigators 
initiated a follow-up multicenter, randomized phase II study 
that is currently ongoing comparing the docetaxel and 
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curcumin combination to docetaxel monotherapy as first-
line treatment for mCRPC (Clinicaltrials.gov identifier: 
NCT02095717). Whether this study can demonstrate a 
favorable time to disease progression remains to be seen; it 
is also uncertain if pharmacokinetic assessments are being 
conducted (as suggested by Mahammedi et al.) to correlate 
with clinical outcome. 

The lack of a correlative pharmacokinetic analysis is a 
major limitation to the study presented by Mahammedi et al. 
Curcumin is poorly absorbed and undergoes extensive phase 
II metabolism (e.g., glucuronidation and sulfation) (13).  
Despite the administration of high doses, the measurements 
of free curcumin plasma concentrations are consistent 
with very low exposures by comparison (AUC0−24 of 
13.74±5.63 nMole·h/mL) (9). Although a majority of 
curcumin is glucuronidated or sulfated in plasma, the 
concentrations of these metabolites are still consistent with 
poor bioavailability (14). An analysis of the conjugated 
metabolites showed significant interpatient variability in 
maximum plasma concentrations (Cmax) and steady state 
concentrations 2 to 6 hours post dose (0 to 125 ng/mL 
and 22 to 41 ng/mL respectively) (14). The formation of 
phase II metabolites and limited bioavailability hinder 
the reproducibility of pharmacokinetic data across a 
patient population and reduce the likelihood of significant 
responses to therapy. Additionally, more recent preclinical 
assessments show that curcumin potently inhibits 
OATP1B1, OATP1B3, and CYP3A4 in human liver 
microsomes, suggesting a decrease in hepatocyte-mediated 
uptake and metabolism of docetaxel (15). The measurement 
of curcumin and docetaxel plasma concentrations is 
necessary to validate a clinically significant drug exposure 
and subsequent improvements in clinical response. The 
correlation of curcumin therapy to clinical benefit is 
unclear with the omission of a pharmacokinetic analysis by 
Mahammedi et al. 

Much research has been focused on optimizing 
curcumin’s pharmacokinetic profile. One approach 
has included the use of piperine to inhibit hepatic and 
intestinal glucuronidation, which was shown to increase the 
bioavailability of free curcumin by 2,000% in humans (16).  
A large effort to improve curcumin pharmacokinetics 
has involved the development of nanoformulations 
incorporating the use of liposomes, cyclodextrins, polymers 
and other unique systems of delivery (17). Curcumin-based 
nanoparticle formulations could circumvent issues of poor 
oral absorption (likely via intravenous administration), 
better control the exposure in plasma, and possibly improve 

deposition into tumor tissue. One example includes an 
anti-PSMA conjugated curcumin loaded poly(lactide-co-
glycolide) (PLGA) nanoparticle, which has demonstrated 
target selectivity to prostate cancer cells expressing PSMA 
both in vitro and in vivo (18). Another formulation that 
co-encapsulates docetaxel and curcumin in lipid-polymer 
hybrid nanoparticles was shown to inhibit tumor growth in 
mice bearing PC-3 prostate cancer xenografts, suggesting 
the synergy of the treatment combination (19). 

Curcumin derivatives might also provide a promising 
alternative to nanoformulations. A notable curcumin analog 
is ASC-J9, which was discovered via structure-activity 
relationship (SAR) studies (20). ASC-J9 has been shown to 
inhibit tumor growth in mice with CWR-22Rv1 xenografts 
and degrade both full-length and splice variant ARs (6,21). 
More recently, ASC-J9 was shown to degrade ARs with the 
F876L mutation in C4-2 and DU-145 cells, and suppress 
prostate cancer stem/progenitor (S/P) cell invasion via the 
alteration of EZH2/STAT3 signaling in mice with CWR-
22Rv1 CD133+ S/P xenografts (22,23). The preclinical data 
of ASC-J9 suggests anti-tumor activity against commonly 
reported pathways of treatment resistance in patients with 
mCRPC (24). Additionally, the incorporation of ASC-J9 
into PLGA nanoparticles induced the apoptosis of estrogen 
dependent breast cancer cells (MCF-7 cells) at lower doses 
than the pure compound (25). While the preclinical studies 
of these novel curcumin formulations and derivatives are 
promising, their clinical benefit has yet to be determined. 

The study by Mahammedi et al. did not provide a 
strong rationale for developing combination docetaxel and 
curcumin therapy in patients with mCRPC. Despite not 
demonstrating a significant improvement in OS, the study 
inadvertently emphasized the importance of generating 
exposure-response data in clinical studies and the notable 
deficiencies of curcumin as a therapeutic agent. The success 
of curcumin as an anti-cancer therapy will depend on the 
development of an enhanced formulation and/or analog to 
generate a favorable pharmacokinetic profile and improved 
efficacy, followed by biomarker-driven studies to validate 
its mechanism of action and identify the subset of patients 
most likely to respond to the treatment regimen. The 
future clinical utility of curcumin will likely be determined 
following continued efforts to optimize the compound’s 
delivery and structure activity relationship. 

Acknowledgments

Funding: This research was supported by the Intramural 



© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(Suppl 6):S1107-S1110 tcr.amegroups.com

S1109Translational Cancer Research, Vol 5, Suppl 6 November 2016

Research Program of the National Institutes of Health, 
National Cancer Institute, Center for Cancer Research. 
The content of this publication does not necessarily 
reflect the views or policies of the Department of Health 
and Human Services, nor does mention of trade names, 
commercial products, or organization imply endorsement 
by the US Government.

Footnote

Provenance and Peer Review: This article was commissioned 
and reviewed by the Section Editor Hongchao He MD, 
PhD (Department of Urology, Shanghai Ruijin Hospital, 
Shanghai Jiaotong University School of Medicine, 
Shanghai, China).

Conflicts of Interest: Both authors have completed the 
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2016.11.04). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Devassy JG, Nwachukwu ID, Jones PJ. Curcumin and 
cancer: barriers to obtaining a health claim. Nutr Rev 
2015;73:155-65.

2. Teiten MH, Gaascht F, Eifes S, et al. Chemopreventive 
potential of curcumin in prostate cancer. Genes Nutr 
2010;5:61-74. 

3. Jordan BC, Mock CD, Thilagavathi R, et al. Molecular 
mechanisms of curcumin and its semisynthetic analogues 
in prostate cancer prevention and treatment. Life Sci 
2016;152:135-44.

4. Wei X, DU ZY, Cui XX, et al. Effects of cyclohexanone 
analogues of curcumin on growth, apoptosis and NF-κB 
activity in PC-3 human prostate cancer cells. Oncol Lett 
2012;4:279-84. 

5. Zhou DY, Zhao SQ, DU ZY, et al. Pyridine analogues of 
curcumin exhibit high activity for inhibiting CWR-22Rv1 
human prostate cancer cell growth and androgen receptor 
activation. Oncol Lett 2016;11:4160-6. 

6. Lin TH, Lee SO, Niu Y, et al. Differential androgen 
deprivation therapies with anti-androgens casodex/
bicalutamide or MDV3100/Enzalutamide versus anti-
androgen receptor ASC-J9(R) Lead to promotion versus 
suppression of prostate cancer metastasis. J Biol Chem 
2013;288:19359-69. 

7. Du Y, Long Q, Zhang L, et al. Curcumin inhibits cancer-
associated fibroblast-driven prostate cancer invasion 
through MAOA/mTOR/HIF-1α signaling. Int J Oncol 
2015;47:2064-72.

8. Hong JH, Lee G, Choi HY. Effect of curcumin on the 
interaction between androgen receptor and Wnt/β-catenin 
in LNCaP xenografts. Korean J Urol 2015;56:656-65.

9. Cheng AL, Hsu CH, Lin JK, et al. Phase I clinical trial 
of curcumin, a chemopreventive agent, in patients with 
high-risk or pre-malignant lesions. Anticancer Res 
2001;21:2895-900.

10. Mahammedi H, Planchat E, Pouget M, et al. The New 
Combination Docetaxel, Prednisone and Curcumin in 
Patients with Castration-Resistant Prostate Cancer: A 
Pilot Phase II Study. Oncology 2016;90:69-78.

11. Tannock IF, de Wit R, Berry WR, et al. Docetaxel plus 
prednisone or mitoxantrone plus prednisone for advanced 
prostate cancer. N Engl J Med 2004;351:1502-12.

12. Petrylak DP, Tangen CM, Hussain MH, et al. Docetaxel 
and estramustine compared with mitoxantrone and 
prednisone for advanced refractory prostate cancer. N 
Engl J Med 2004;351:1513-20.

13. Sharma RA, McLelland HR, Hill KA, et al. 
Pharmacodynamic and pharmacokinetic study of oral 
Curcuma extract in patients with colorectal cancer. Clin 
Cancer Res 2001;7:1894-900.

14. Dhillon N, Aggarwal BB, Newman RA, et al. Phase II trial 
of curcumin in patients with advanced pancreatic cancer. 
Clin Cancer Res 2008;14:4491-9. 

15. Sun X, Li J, Guo C, et al. Pharmacokinetic effects 
of curcumin on docetaxel mediated by OATP1B1, 
OATP1B3 and CYP450s. Drug Metab Pharmacokinet 
2016;31:269-75.

16. Shoba G, Joy D, Joseph T, et al. Influence of piperine on 

http://dx.doi.org/10.21037/tcr.2016.11.04
http://dx.doi.org/10.21037/tcr.2016.11.04
https://creativecommons.org/licenses/by-nc-nd/4.0/


© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(Suppl 6):S1107-S1110 tcr.amegroups.com

S1110 Schmidt and Figg. Docetaxel plus curcumin in prostate cancer

the pharmacokinetics of curcumin in animals and human 
volunteers. Planta Med 1998;64:353-6.

17. Yallapu MM, Nagesh PK, Jaggi M, et al. Therapeutic 
Applications of Curcumin Nanoformulations. AAPS J 
2015;17:1341-56.

18. Yallapu MM, Khan S, Maher DM, et al. Anti-cancer 
activity of curcumin loaded nanoparticles in prostate 
cancer. Biomaterials 2014;35:8635-48. 

19. Yan J, Wang Y, Zhang X, et al. Targeted nanomedicine 
for prostate cancer therapy: docetaxel and curcumin co-
encapsulated lipid-polymer hybrid nanoparticles for the 
enhanced anti-tumor activity in vitro and in vivo. Drug 
Deliv 2016;23:1757-62. 

20. Ohtsu H, Xiao Z, Ishida J, et al. Antitumor agents. 
217. Curcumin analogues as novel androgen receptor 
antagonists with potential as anti-prostate cancer agents. J 
Med Chem 2002;45:5037-42.

21. Yamashita S, Lai KP, Chuang KL, et al. ASC-J9 suppresses 

castration-resistant prostate cancer growth through 
degradation of full-length and splice variant androgen 
receptors. Neoplasia 2012;14:74-83.

22. Wang R, Lin W, Lin C, et al. ASC-J9(®) suppresses 
castration resistant prostate cancer progression via 
degrading the enzalutamide-induced androgen receptor 
mutant AR-F876L. Cancer Lett 2016;379:154-60.

23. Wen S, Tian J, Niu Y, et al. ASC-J9(®), and not Casodex 
or Enzalutamide, suppresses prostate cancer stem/
progenitor cell invasion via altering the EZH2-STAT3 
signals. Cancer Lett 2016;376:377-86. 

24. Robinson D, Van Allen EM, Wu YM, et al. Integrative 
clinical genomics of advanced prostate cancer. Cell 
2015;161:1215-28. 

25. Verderio P, Pandolfi L, Mazzucchelli S, et al. 
Antiproliferative effect of ASC-J9 delivered by PLGA 
nanoparticles against estrogen-dependent breast cancer 
cells. Mol Pharm 2014;11:2864-75.

Cite this article as: Schmidt KT, Figg WD. The potential role 
of curcumin in prostate cancer: the importance of optimizing 
pharmacokinetics in clinical studies. Transl Cancer Res 
2016;5(Suppl 6):S1107-S1110. doi: 10.21037/tcr.2016.11.04


