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Curcumin as Preventative for Cervical Cancer / Human papillomavirus in India

Veena Kasat

Abstract 

India experiences roughly one fourth of global cervical cancer cases. Rural regions and indigenous populations in India are at a disadvantage in the scope of HPV prevention, screening, and treatment. To date, the Gardasil® vaccine to prevent HPV is not affordable and unfeasible for regions in rural India; alternative financing options are silently progressing. A proposed screening and treatment program is inclusive of education, indigenous knowledge and outreach programs in communities and schools, proper training and human resource allocation for health personnel, compliance with regional culture, religion and traditional values and beliefs, and acknowledgement of insufficiency in nutrition and lack of proper hygiene and sanitation is of the highest consequence. The rhizome Curcumin of the indigenous Turmeric plant is an inexpensive and safe solution to counteract cervical cancer development before the optimal combination of HPV vaccine, screening, and treatment can be thoroughly implemented in rural regions of India. 

______________________________________


Overview

Global

Cervical cancer is widely prevented in developed countries, concurrently much of the disadvantaged developing world suffers from disease and premature death as a result of low socioeconomic status. According to the Alliance for Cervical Cancer Prevention, the regions largely affected by HPV and the onset of cervical cancer include Central and South America, the Caribbean, Sub-Saharan Africa, Melanesia and India. Global cervical cancer prevalence is approximately 493,000 cases per year; mortality from cervical cancer is estimated at 273,500 deaths worldwide. Cervical cancer has a highly disproportionate global distribution. 85% of yearly cervical cancer cases and annual mortality from cervical cancer occurs in developing countries; this percentage is in all likelihood an understatement due to data collecting methods and other obstacles.[endnoteRef:2] See figure on pg.2, Global incidence of cervical cancer projections, 2005.   [2:  Alliance for Cervical Cancer Prevention. The Case for Investing in Cervical Cancer Prevention. Seattle: ACCP; 2004. Cervical Cancer Prevention Issues in Depth, No. 3. ] 
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Geneva: World Health Organization: 2005.


The U.S. and Europe experienced higher rates of cervical cancer until the implementation of screening and treatment programs in the 1960s. In the U.S., cervical cancer rates have dropped 75% since the establishment of screening programs.[endnoteRef:3] In many developing countries epidemics such as AIDS and malaria are allotted priority interest. The estimated HIV prevalence rate in India for adults aged 15-49 years of age is 0.3%.[endnoteRef:4] HPV and consequentially cervical cancer require escalated attention and financial support, for when considering the incongruity HPV and cervical cancer have on gender, the burden of disease will only continue to weigh heavier for India and developing nations alike. Cervical cancer affects women typically during the middle ages of 40 to 50 years[endnoteRef:5], thus disturbing the lives of women who play prominent and important roles in society such as immediate and extended family care-takers, political and community leaders, and productive wage and salary earners. Half, if not more, of food production in Asia is executed by women. Typically, the future and well-being of children are largely dependent on the mother of the household, as she is primarily responsible for their welfare and her income has a greater chance of ensuring their health and nutrition. If the primary care-taker and income-earner is disabled due to disease, and its resulting death, the economic status of the family in entirety will suffer as a result of medical expenses and a loss of income and productivity. HIV/AIDS affects more young people in Asia, than middle-aged women. As only 2.9% of women middle-age or older are affected with AIDS, the burden falls upon the younger generations.[endnoteRef:6] Consequently, middle-aged women will require their health in order to care for their children and grandchildren who have a far larger likelihood of contracting HIV/AIDS. Furthermore, obstetrical care in underdeveloped rural regions are virtually nonexistent. The incidence rate of cervical cancer in India is 26.2 cases per 100,00 women[endnoteRef:7], compared to 7.7 cases per 100,000 women in the U.S.[endnoteRef:8] The figure below illustrates the discrepancy of the cervical cancer burden ranging from less developed to more developed countries, compartmentalized by age group.  [3:  Levin, Carol E. and Tsu, Viven D. (2008). Making the case for cervical cancer prevention: what about equity?. Reproductive Health Matters. 16.32 (Nov 2008): Pg. 104. ]  [4:  UNICEF. India Statistics.  April 16 2009. http://www.unicef.org/infobycountry/india_statistics.html. ]  [5:  Alliance for Cervical Cancer Prevention. The Case for Investing in Cervical Cancer Prevention. Seattle: ACCP; 2004. Cervical Cancer Prevention Issues in Depth, No. 3. p.11. ]  [6:  Ibid. ]  [7:  WHO/ICO Information Centre on HPV and Cervical Cancer (HPV Information Centre). Summary report on HPV and cervical cancer statistics in India. 2007. ]  [8:  Alliance for Cervical Cancer Prevention. The Case for Investing in Cervical Cancer Prevention. Seattle: ACCP; 2004. Cervical Cancer Prevention Issues in Depth, No. 3.] 
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India 

Approximately 20% of all new cervical cancer cases worldwide are diagnosed in India. India experiences 100,000 new cervical cancer cases yearly, with higher prevalence in rural regions.[endnoteRef:9] In the rural region of the Dindigul District in Tamil Nadu, India, a study was conducted by the International Agency for Research on Cancer to investigate prevalence and risk factors for HPV. Cervical cell samples were obtained from 1,891 women ranging from 16 to 59 years of age. According to the study, HPV prevalence was 16.9% out of 1,891 women, where as the world HPV prevalence rate in 157,879 women is only 10%.[endnoteRef:10] In the Tamil Nadu study, from the 16.9% of HPV cases, 21.9% of infections were involving more than one type of HPV. 22.5% of women infected were carrying HPV 16, followed by other high-risk strains of HPV 56, HPV 31, HPV 33, and HPV 18. (HPV high-risk types 16 and 18 are causes for 70% of cervical cancer.[endnoteRef:11]) Furthermore, it was found that higher HPV prevalence was negatively correlated to education levels and condom use.[endnoteRef:12] HPV 16, the most prevalent in India, is additionally grouped into phylogenic sets: European (E), Asian (As), Asian-American (AA), African-1 (Af1) and African-2 (Af2). A study shows that 92% of HPV 16 in India is of the E classification.[endnoteRef:13]  [9:  DE Anderson, P Greenwald, R Sinha, and SS McDonald. (2003). Cancer risk and diet in India. Journal of Postgraduate Medicine. 49.3 (July – Sept 2003): Pg.222. ]  [10:  WHO/ICO Information Centre on HPV and Cervical Cancer (HPV Information Centre). Senegal summary report. 2007. ]  [11:  Kumar, Meenakshi. (2008). Cervical cancer a silent killer. The Times of India. June 29, 2008.]  [12:  (2005 ). Epidemiology; Prevalence, types of HPV infection determined in rural women in southern India. Obesity, Fitness & Wellness Week. Pg. 623. ]  [13:  A. Peedicayil, M. Gnanamony, P. Abraham. (2007). An overview of human papillomaviruses and current vaccine strategies. Indian Journal of Medical Microbiology. 25.1: Jan-March 2007.] 


The biggest roadblock to HPV prevention, screening, and treatment programs in rural India is poverty, inclusively: poor nutrition, low education rates, dire sanitation, lack of hygiene and a deficit in sexual health and medical information are not conducive to immune system function or even mediocre awareness of disease. Additionally, undesirable social regard poses as a barrier to removing the communal shame surrounding issues of reproductive health as they pertain to women. Age, ethnicity, geography, and religion are all factors that may affect a girl or woman’s ability to receive treatment and care. Other socioeconomic barriers to girls and women seeking medical care for sexually transmitted infections include embarrassment surrounding examination procedures and fear of being diagnosed with a life-threatening illness. All of these qualms and concerns must be respected and addressed in educational outreach programs to provide women with accurate information they can adapt into their level of comfort. The Government of India has duty to reverse their stance on certain human rights ideals that have yet to be acknowledged and upheld, and achieve synchronization with international human rights standards concerning reproductive health. 

HPV & Cervical Cancer 

The most common cancer among Indian women is cervical cancer, HPV being the main agent of disease.[endnoteRef:14] At the pre-cancerous stage cervical cancer is preventable[endnoteRef:15], it takes years before the disease reaches a cancerous stage.[endnoteRef:16] When a woman is infected with HPV and the virus does not clear on its own, abnormal cells may develop within the cervix lining. If not treated in due time, the cells may develop to be precancerous and result in cervical cancer.[endnoteRef:17] See table below for transmission, symptoms, risk factors, diagnostics, prevention, and treatment of HPV and Cervical Cancer.  [14:  Mudur, G.S. “Attaker Disarmed.” The Telegraph. Feb. 21 2005. March 05 2009. http://www.telegraphindia.com.]  [15:  Sen, Benita. “Counting on Curcumin.” Jun. 16 2008. HT Media. March 08 2009. http://www.livemint.com.]  [16:  Kumar, Meenakshi. (2008). Cervical cancer a silent killer. The Times of India. June 29, 2008.]  [17:  Gardasil.com. “What is Cervical Cancer.” 29 April 2009. http://www.gardasil.com/hpv/human-papillomavirus/cervical-cancer/?WT.srch=1&WT.mc_id=GL047. ] 



	
	HPV
	Cervical Cancer

	Transmission
	Sexually transmitted: contact with genital skin 
	· HPV remains in cervical cells and interferes with tumor-suppressor protein (p53)
· High Risk types of HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 7)[endnoteRef:18] that initiate  abnormal cell growth  [18:  National Cancer Institute. “Human Papillomaviruses and Cancer: Questions and Answers.” U.S. National Institutes of Health. 2 Feb. 2008. 29 April 2009. http://www.cancer.gov/cancertopics/factsheet/risk/HPV. ] 

· Persistent HPV infection

	Symptoms
	· Genital warts
· (None)
	· (None)
· Abnormal vaginal bleeding
· Unusual heavy vaginal discharge
· Pelvic pain 
· Bladder pain/pain during urination
· Bleeding between regular menstrual periods, after sexual intercourse, douching, or pelvic exam

	Risk Factors 
	· Multiple sexual partners
· Early sexual debut[endnoteRef:19] [19:  A. Peedicayil, M. Gnanamony, P. Abraham. (2007). An overview of human papillomaviruses and current vaccine strategies. Indian Journal of Medical Microbiology. 25.1: Jan-March 2007.] 

· Clinical history of venereal diseases[endnoteRef:20] [20:  Ibid. ] 

· Smoking[endnoteRef:21] [21:  National Cancer Institute. “Human Papillomaviruses and Cancer: Questions and Answers.” U.S. National Institutes of Health. 2 Feb. 2008. 29 April 2009. http://www.cancer.gov/cancertopics/factsheet/risk/HPV.] 

· High parity[endnoteRef:22]  [22:  Ibid. ] 

	· HPV infection and all risk factors associated with HPV
· High HPV viral load
· Impaired cell immunity[endnoteRef:23]  [23:  A. Peedicayil, M. Gnanamony, P. Abraham. (2007). An overview of human papillomaviruses and current vaccine strategies. Indian Journal of Medical Microbiology. 25.1: Jan-March 2007.] 

· Long-term use of oral contraceptives[endnoteRef:24] [24:  Ibid. ] 

· Poor nutrition[endnoteRef:25] [25:  Ibid. ] 



	Diagnostics 
	· Pap Smear test to detect abnormal cervical cells (cytology)
· Histology
· HPV DNA detection to identify high-risk HPV DNA types: Hybrid capture second generation (HC2), polymerase chain reaction (PCR)
· VILI (visual inspection with Lugol’s iodine)
· VIA (visual inspection after application of acetic acid solution)
· Cervical biopsy 
· DVI (direct visual inspection)
	· If Pap test is uncertain, HPV test: cells collected from cervix and lab analysis for viral DNA to detect high-risk types of HPV
· Colposcopy of abnormal areas (lighted instrument to examine vagina and cervix)
· Biopsy of abnormal areas

	Prevention
	· Vaccine: Gardasil®
· No sexual activity 
· Routine Pap smear (once every 3 years following sexual debut, no later than age 21)[endnoteRef:26] [26:  National Cancer Institute. “Human Papillomaviruses and Cancer: Questions and Answers.” U.S. National Institutes of Health. 2 Feb. 2008. 29 April 2009. http://www.cancer.gov/cancertopics/factsheet/risk/HPV.] 

· No cigarette smoking or exposure to secondhand smoke
· Condom use

	Prevention of HPV infection:
· Routine pap smear, follw up on abnormal pap smear
· Limit the number of sexual partners
· No sexual activity
· No cigarette smoking or exposure to secondhand smoke
· Condom use
· HPV vaccine - Gardasil®


	Treatment 
	· None: body will clear naturally
· Cyrosugery to treat lesions: freezing to destroy viral tissue
· LEEP (loop electrosurgical excision procedure): removal of viral tissue using a hot wire loop
· Conventional surgery
· Laser therapy (laser beam to cut abnormal tissue)
Local treatment:
· Application of antiviral agent cidofovir
· Curcumin (under study)
 
	Early invasive cancer:
· Radical hysterectomy
· Internal/external radiation therapy

Advanced cancer stage:
· Internal/external radiation therapy
· Chemotherapy 




Cervical cancer or the onset of HPV is not commonly or openly discussed within Indian society due to societal and gender-based stigmas that exist. To make matters worse, most women in India rarely get diagnosed at a pre-cancerous stage; because sexual organs are affected, they endure severe pain and suffering, oftentimes without any other option.[endnoteRef:27] One cause of the reluctance of Indian women to undergo HPV testing stems from the stigma and fear of being labeled as maintaining concurrent sexual relationships. In urban areas the situation is not as grave, as women do have access to testing services, although utilization is an additional issue.  [27:  Kumar, Meenakshi. (2008). Cervical cancer a silent killer. The Times of India. June 29, 2008. ] 


Virology

As the HPV enters a host cell, it fuses with the host cell and launches production of viral proteins. Formation of proteins E6 and E7 will lead to the development of cancer within the cell. Proteins E6 and E7 bind to P53 and Rb genes respectively, which are crucial tumor suppressors in humans; in consequence, the P53 and Rb genes are incapable of functioning properly. As Curcumin is introduced, it averts the HPV-infected cells from constructing the E6 and E7 proteins, thus controlling DNA damage. With the lack of E6 and E7 proteins, the P53 and Rb genes contained in the infected host cell can function successfully in tumor suppression; cancer cells are unable to grow and the HPV-infected cells will be prompted to commit cellular suicide. 

Suggested Proposal & Recommendations
Phase I. 

Diagnostics

Visual inspection with acetic acid (VIA) and visual inspection with Lugol’s iodine (VILI) should be implemented as routine HPV screening methods in rural India, as they are the most conducive to the developing world. VIA is performed using application of 3% acetic acid solution; abnormal cells will appear as white lesions visible to the naked eye. Using the VILI method, iodine is applied to the cervix and abnormal cells would appear pale or dark yellow to the naked eye, while normal cells take on dark shades of brown or black. If detected, a cervical biopsy would be performed to screen for cancer.[endnoteRef:28] Women who are 30 years of age and over, who are most at risk of developing pre-cancerous lesions, should undergo cervical screening at 10-year periods to maximize coverage and treatment.  [28:  A. Peedicayil, M. Gnanamony, P. Abraham. (2007). An overview of human papillomaviruses and current vaccine strategies. Indian Journal of Medical Microbiology. 25.1: Jan-March 2007. ] 


While VIA and VILI are disease and symptom-based screening methods that monitor cells for HPV; QIAGEN, a Dutch diagnostic testing company that provides sample and assay technologies, has developed an innovative viral infection based HPV test that can be conducted prior to the development of any indicative symptoms. “FastHPV” was engineered specifically with incentives to reduce the incidence of cervical cancer in developing countries. FastHPV is accurate and designed specifically for health programs of limited infrastructure and financing. Additionally, healthcare personnel with limited training will be able to conduct the FastHPV test. Cervical/vaginal cells need to be collected, and using the FastHPV test they are analyzed using a kit containing a built-in water supply. The kit is portable, battery-operated, and able to withstand extreme temperatures – of up to 40 degrees Celsius, for up to a month’s time. FastHPV produces results in less than two hours and thirty minutes. In a successful FastHPV trial in rural regions of China, the accuracy of FastHPV has surpassed that of VIA by almost 50%. [endnoteRef:29] The request for market approval for FastHPV in India and China is currently in progress.[endnoteRef:30]  One may argue that a screening campaign may transpire to unnecessary treatment in many cases where women are actually able to clear the infection naturally.  [29:  PRNewswire – AsiaNet. (2007) New version of QIAGEN HPV test could reduce cervical cancer risk. Asia Pulse News. (Nov. 08, 2007)]  [30:  “Qiagen Reports Positive Trial for HPV Diagnostic Test in China.” Seeking Alpha. Nov. 09 2007. March 10 2009. < http://seekingalpha.com/article/53565-qiagen-reports-positive-trial-for-hpv-diagnostic-test-in-china>. ] 


Mass-HPV screening by utilization of a test such as FastHPV would be costly, factoring in the cost of the portable kits themselves, and a greater expense to accrue staff to administer the tests and accordingly treat women who are infected. Once HPV is diagnosed, additional treatment costs will accrue. For this reason VIA and VILI screening methods are currently most appropriate for rural India. With the haunting plausibility of developing terminal cervical cancer, the cost of screening via more expensive methods, and appropriately medicating and clearing the infection in one woman outweighs the scenario that she may clear the infection without the help of any medical or natural agent. 

Trained personnel to perform screening tests and administer the appropriate diagnosis and subsequent treatment are absolutely required in order for a new HPV prevention and treatment system to function correctly. In rural India it would be a better option to exclusively train female nurses, health personnel, traditional healers, and midwives to perform these tasks, for the security and comfort of women introduced to new procedures and practices regarding their sexual health. In deliberation of program and staff implementation in rural regions, the matter of the global human resource scarcity and nurse migration becomes relevant and needs to be addressed; the magnitude of population growth has far surpassed the region-specific available quantity of professional health personnel.

Natural Treatment 

Natural healers or self-treatment remedies for ailments are common in rural India, due to lack of resources to obtain basic medical care. Curcumin, the root and rhizome of the Tumeric plant, Curcuma longa L., has been employed to obstruct the formation of tumorous cancer cells in women infected with HPV. Biologist Buhdev Das of the Institute of Cytology and Preventive Oncology (ICPO) has been studying the relationship between curcumin and HPV since 2000. In an article dated February 21, 2005 from The Telegraph Calcutta, India, Das and a student demonstrated that curcumin is effective in inactivating the HPV inside cervical cancer cells, thus inhibiting the transformation of cells from normal to tumor:[endnoteRef:31] Within a flask containing a million cervical cancer cells infected with HPV, it is evident that the cervical cancer cells are producing viral proteins. Curcumin is added into the mix in the form of drops, and within 24 hours later the viral genes that were once amalgamated with the human genomes become hindered by the curcumin in viral gene expression and are no longer producing viral proteins. Following the introduction of curcumin, the viral genes still remain in the human cell as nontoxic genome fragments. Dr. Das foresees the formation of curcumin into tablet form, which could be placed at the cervix as curcumin is released into the infected cervical cells to prohibit the growth of cancer strains.[endnoteRef:32] [31:  Mudur, G.S. “Attaker Disarmed.” The Telegraph. Feb. 21 2005. March 05 2009. http://www.telegraphindia.com.]  [32:  Ibid. ] 


Turmeric is an herbal extract with roots in the ginger genus of herbs in the Curcuma botanical group. The root and rhizome of the Curcuma longa L. plant is crushed into turmeric powder. Turmeric is the source of Curcumin, which is the main biologically active compound within turmeric that gives turmeric its medicinal properties and yellow complexion. Curcumin has proved to inhibit anti-oxidant, anti-inflammatory, antiviral, antibacterial, antifungal, and anticancer properties. Turmeric is used by many cultures, and extensively in Indian and South Asian cuisine. Historically, turmeric has been used for medicinal purposes, flavoring, and as a dye since 600 BC. India is the world’s primary producer of turmeric, it is also grown in China and Indonesia.[endnoteRef:33] More than 80% of India’s population utilizes natural therapy and herbs to prevent and remedy illnesses.[endnoteRef:34] Ayruveda, or science of life, is a method of traditional medicine and treatment widely practiced and accepted in India. As one of some 1,400 medicinal plants in India[endnoteRef:35], Turmeric is considered a ritualized female-wellness fertility plant and is customary for females to utilize.   [33:  “Spices and Herbs: Turmeric.” Culinary Café. March 09 2009 http://www.culinarycafe.com/Spices_Herbs/Turmeric.html. ]  [34:  S. Bhungalia, T. Kelly, S. Van De Keift, M. Young. “Indians.” Indian Health Care Beliefs and Practices.  Asian Health, Baylor University. 16 April 2009. http://bearspace.baylor.edu/Charles_Kemp/www/indian_health.htm.  ]  [35:  Ibid.   ] 
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The healthcare burden in rural India expands from solely financial, to lost hours of work, requirement of long distances spent traveling, methods for childcare, waiting for results, and in some cases returning or traveling even further to city centers for treatment. After all factors are considered, the probability that individuals and families in this situation would seek medical care is slim. In situations as such, before regional screening and treatment programs are feasible, curcumin is an appropriate alternative solution. Curcumin is cheaper to obtain and its use is only reliant on awareness and education on HPV and cervical cancer. At this moment curcumin could serve as an emergency response to HPV in rural India. 

Trials of the Curcumin compound in response to HPV and cancer deterrence have commenced at ICPO, All India Institute of Medical Sciences, Chittaranjan National Cancer Institute, and Tata Memorial Hospital, in India. The trials are financed by the Indian Council of Medical Research in conjunction with the Department of Biotechnology. Curcumin trials are quoted to be cost over a crore rupees (U.S. 10 million dollars) and will prolong in excess of three years.[endnoteRef:36] Studies are also being conducted at medical institutions worldwide; in North America studies have been employed to study the effect curcumin has on HPV and cervical cancer prevention by numerous institutions such as The American Association for Cancer Research in San Francisco, California, The University of Texas, Arlington, The University of Arizona, and over 80 other scientific organizations in the United States.[endnoteRef:37]  A culmination of this ongoing research will conceivably create a foundation for the further development of medicines and treatments that duplicate the defenses employed by curcumin in cancer prevention. A study conducted in Kerala, India at the Regional Cancer Centre and published in Molecular Carcinogenesis found significant results in curcumin’s anti-cancerous properties; curcumin was found in fact to be cytotoxic to cervical cancer cells, dependent on both concentration and time. This cytotoxic activity was found to be more in HPV16 and HPV18 infected cells, which are high risk for cervical cancer.[endnoteRef:38]  [36:  Menon, Ramesh. “Scientific Interest Surging in Yellow Magic.” India Together. March 21 2006. March 08 2009. http://www.indiatogether.org/2006/mar/hlt-tumeric.htm. ]  [37:  Menon, Ramesh. “The Magic of Tumeric.” Boloji.com, Health and Fitness. Jan. 13, 2007. April 18, 2009. http://www.boloji.com/health/articles/01051.htm. ]  [38:  Chandrasekhar S., and Pillai, M. (2006). Antitumor action of curcumin in human papillomavirus associated cells involves downregulation of viral oncogenes, prevention of NFkB and AP-1 translocation, and modulation of apoptosis. Molecular Carcinogenesis. Vol 45, pp.320-332. http://cat.inist.fr/?aModele=afficheN&cpsidt=17715613. ] 


Dr. Basu of the Chittaranjan National Cancer Institute (CNCI) in Kolkata, India, coincides that since HPV is a local infection, the locally applied actor being curcumin can plausibly disengage the virus. Researchers at CNCI are projecting curcumin to become obtainable in the form of a vaginal tablet or cream. As we move towards the future, trails and studies will determine the efficacy of curcumin in treating HPV and cervical cancer. As safety is a concern, people with allergies to plants in the Curcuma genus may have an allergy to turmeric.[endnoteRef:39]  Biologist Bhudev Das of the Institute of Cytology and Preventive Oncology in India expresses concern regarding the duration of time Curcumin will be active in blocking proteins E6 and E7, and whether the RNA synthesis will resume once the Curcumin has been expended, as the strain variance is determined by cancer-promoting binding disparities of E6 and E7. [endnoteRef:40]  [39:  “Turmeric and Curcumin.” Medline Plus. March 01 2008. National Standard Research Collaboration. March 08 2009. http://www.nlm.gov/medlineplus/druginfo/natural/patient-turmeric.html. ]  [40:  Mudur, G.S. “Attaker Disarmed.” The Telegraph. Feb. 21 2005. March 05 2009. http://www.telegraphindia.com.] 


Furthermore, Associate Professor of Biochemistry at Wake Forest University School of Medicine, Suzy V. Torti, observed an added complexity; curcumin inhibits cancerous tumor growth by a process called chelation that isolates iron in cells and tissues, which may involve a need for tumor cells to retain iron. Thus, if women are utilizing curcumin for cancer prevention and simultaneously consuming iron supplements, the curcumin could become deactivated by the iron.[endnoteRef:41] An additional concern of the efficacy of curcumin in cervical cancer prevention is that curcumin may act as a carcinogenic and exert oxidant properties following metabolic activation, reveals S. Kawanishim, S. Oikawa, and M. Murata of Japan’s department of environmental and molecular medicine.[endnoteRef:42] [41:  American Institute for Cancer Research. (2006). Stronger than Iron, Curcumin may Prevent Tumors. AICR ScienceNow. Vol. 15, Winter 2006. ]  [42:  Sen, Benita. “Counting on Curcumin.” Jun. 16 2008. HT Media. March 08 2009. http://www.livemint.com.] 


In 2001, the United States Patent and Trademark Office declined and invalidated the patenting rights for Patent No. 5401504: Turmeric. USPTO ruled that Turmeric’s medicinal properties were simply not patentable. As for curcumin’s natural anti-cancer properties, no company will be able to reap the benefits.[endnoteRef:43] From a global observance of the profit-driven avaricious corporate pharmaceutical industry one can concur that if there is no incentive to fund research based on profits then perhaps there is no reason for research. On the contrary, as curcumin is studied for its anti-cancerous properties and utilized in prevention of cervical cancer, the profit spans further than the palm of a pharmaceutical executive, to the local and global economy and well-being of women; alternatively to large monetary sums, pay-offs from research come in forms of health and sustained productivity. Curcumin is a safe and inexpensive option containing relatively low toxicity in the fight against cancer, in comparison to treatment that causes adverse reactions in cancer patients such as chemotherapy. Until obtaining and effectively delivering a HPV vaccine in rural India becomes possible, screening methods of VIA and VILI can be utilized along with the natural resource Curcumin to deter the onset of cervical cancer.    [43:  “The most powerful compound in botanical medicine.” Tumeric-Curcumin.com. 08 March 2009 http://www.tumeric-curcumin.com. ] 


Phase II
Vaccine

1.5 to 2 million more women will die during each 5 year postponement period in introducing a vaccine for HPV to developing countries.[endnoteRef:44] If a cost-effective HPV vaccine were to become available to developing countries, vaccination campaigns to compliment already existing screening and treatment programs would be the greatest defense to guard women against HPV and cervical cancer, however, momentarily completely idealistic considering its financial burden. The Gardasil® vaccine was approved by the FDA in 2006; Gardasil protects females from the two strains of HPV (16 and 18) which are responsible for 70% of all cervical cancers.[endnoteRef:45] The Centers for Disease Control and Prevention recommends the Gardasil vaccine for young women aged 11 to 26.[endnoteRef:46] A mass vaccination campaign administered in India of the Gardasil vaccine will cost about 5,000 to 6,000 Rs per shot, ($97.00 - $116.00 dollars) and a set of three shots is required to complete the particular vaccination process.[endnoteRef:47] At this cost, the HPV virus and onset of cervical cancer will be nothing close to immobilized in rural India or in cities whose dwellers cannot even afford food. In addition, India along with many other developing countries are yet to realize a comprehensive immunization program against all terminal childhood infections; there is a small likelihood that a vaccination campaign for an unfamiliar, rather elongated condition such as HPV would seem crucial.  [44:  Agosti, Jan M. and Goldie, Sue J. (2007). Introducing HPV Vaccine in Developing Countries – Key Challenges and Issues. New England Journal of Medicine. Vol. 356:1908-1910. 10 May, 2007. ]  [45:  Saarman, E. “Why is the HPV Vaccine So Expensive.” Jun. 11 2007. Discover Magazine Online.]  [46:  Ibid.  ]  [47:  Kumar, Meenakshi. (2008). Cervical cancer a silent killer. The Times of India. June 29, 2008.] 


In response to the situation, The Global Alliance for Vaccines and Immunization declared in June 2008 that it would most likely subsidize HPV vaccination in the world’s 72 poorest countries; these countries would pay $0.15 or $0.20 per dose.[endnoteRef:48] A differential pricing strategy is an alternative option for the vaccination route in order to ensure that populations have access to pharmaceuticals at reduced and optimistically affordable costs. In the case of differential pricing for the Gardasil® vaccine, high-income and low-income countries would pay respectively different prices to obtain the vaccine; this system is formed via joint agreements between two principal parties, i.e. drug manufacturer and procurer, patent proprietor and manufacturer, or purveyor and the government or health ministry of the receiving country.  [48:  Levin, Carol E. and Tsu, Viven D. (2008). Making the case for cervical cancer prevention: what about equity?. Reproductive Health Matters. 16.32 (Nov 2008): Pg. 104.] 


If a vaccine campaign were to be implemented in India, areas where child marriage and therefore early sexual debut are customary necessitate priority targeting, as this would be the most cost-effective tactic to combat the onset of HPV considering the vaccine is no longer effective after a person has become infected with the virus. Primary school vaccination programs would be successful, and additional community outreach programs would aim to reach girls not enrolled in or attending school. Community acceptance of vaccination programs is a relevant issue when considering large-scale vaccination campaigns, however forthcoming preliminary data from Instituto de Investigacion Nutncional’s studies in Peru, Uganda, and Vietnam display favorable attitudes toward HPV immunization and school vaccination plans. The three selected developing countries for the school vaccination study are intrinsically different, but akin in the sense that they are all lacking an effective all-encompassing health and education infrastructure, not dissimilar to India. Cultural similarities are evident among the three countries studied and India, especially concerning the generally acquiescent role of women in familial relationships and society. Preliminary data from the Peru study showed that girls who are in accordance with in-school vaccination have a 90% rate of completing all three required doses of the vaccine. This study also illustrated that the obstacle to communities receiving the vaccine was simply lack of education and awareness of the implications that cervical cancer could have on an individual, familial, and community unit. Concerns also included future fertility complications and any potential dangers of the vaccine.[endnoteRef:49] [49:  Ibid. ] 


Once a vaccine should become widely available in India, visual inspection with acetic acid (VIA) and visual inspection with Lugol’s iodine (VILI) should be implemented as routine HPV screening methods in rural India. As villages in remote regions are educated and informed on basic reproductive and sexual health, the phenomenon of HPV, and available screening methods such as VIA and VILI, this enlightenment should naturally spread to surrounding regions and continue to advance by word of mouth as women will innately support the wellbeing of their kin. Thus, a capacity for increased HPV awareness will be built and sustained. 

Conclusion and Recommendations 

In both proposed phases of approaches to combating HPV and the onset of cervical cancer, nutrition needs to be directly addressed as a strategy to prevent and aid in treatment of HPV. HPV is ephemeral, and 70% of women with an operational and effective immune system are able to clear the infection within one year.[endnoteRef:50] Sustaining the health of girls and women will aid in initially offsetting disease and speed treatment methods, as well as the recovery and prevention cycles. Studies have suggested that maintaining a diet rich in carotenoids, fruits, and vegetables, paired with the recommended intake of vitamin C and vitamin E may decrease the risk of developing cervical cancer.[endnoteRef:51] [50:  A. Peedicayil, M. Gnanamony, P. Abraham. (2007). An overview of human papillomaviruses and current vaccine strategies. Indian Journal of Medical Microbiology. 25.1: Jan-March 2007.]  [51:  E Anderson, P Greenwald, R Sinha, and SS McDonald. (2003). Cancer risk and diet in India. Journal of Postgraduate Medicine. 49.3 (July – Sept 2003): Pg.222.] 


Secondly, education is universally pertinent to HPV prevention. Topics of sexual and reproductive health need to be addressed toward adolescent and teenage boys and girls, especially because early marriage is common in India. Personal hygiene needs to be a component to the education children and adults receive. Stigma behind condom use needs to be removed, as this issue is a part of the larger interest in women’s empowerment, in a predominately male-dominated society. Availability of contraceptives must be amplified. 

Considering HPV is preventable before it progresses into a cancerous phase, there is a prevention-window of about 10 years before the cancer advances to a severe stage.[endnoteRef:52] The Government of India and health officials must recognize the threat that HPV and cervical cancer have to the population. Advocacy for implementation of region-specific programs encompassing methods of education, prevention, screening and treatment must be initiated immediately as the virus is time-sensitive. In the present situation, Curcumin is a safe, natural, culturally accepted, and inexpensive remedy to offset cervical cancer in women infected with HPV. Initiatives put in place to educate women on HPV and cervical cancer, and the specific medicinal uses of curcumin with regards to cervical cancer prevention would be a valuable step in tackling the cycle of infection and disease before funding and infrastructure allows for further prevention and treatment measures with well-known and higher reported efficacy levels to be implemented in rural India. Tracking, monitoring, and evaluation systems must also be formulized and put into place in order to consistently realize the full value of programs.  [52:  Sen, Benita. “Counting on Curcumin.” Jun. 16 2008. HT Media. March 08 2009. http://www.livemint.com.] 
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Figure 1. Age-specific cervical cancer mortality
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