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Abstract

The inability to recruit adequate protocol-appropriate patients is an increasingly difficult aspect of the clinical trial process which has caused significant delays in the progress of clinical trials leading to enormous financial loss. Improved patient recruitment presents one of the largest opportunities for pharmaceutical companies to eliminate delays in clinical trials, thereby making it possible to reduce time to market. The use of Internet in this recruitment process can have a big impact by facilitating communication between sponsors, patients and physicians. At this point of time e-recruitment cannot be the panacea for recruitment delays but can be a foil for traditional recruiting efforts and build relationships with potential patients. The Internet-based clinical trial sites can directly reach prospective patients and also develop strong relationships with physicians, who can serve as both potential investigators and recruiters. Armed with proper security measures, Internet can also serve as an effective information channel to facilitate communication between potential participants and sponsors which may improve patient recruitment for clinical trials. This will help reduce the cost and faster completion of the clinical trials.  
Introduction 

“The largest source of ‘lost days’ during the clinical trial phase is patient recruitment”. 
Aptly stated in a report by McKinsey Consultancy, “A Cure for Clinical Trials”, it clearly depicts one of the most significant challenges faced by the pharmaceutical industry 
today (1). Center Watch currently lists over 41,000 active industry- and government-sponsored clinical trials world wide (2), which shows the surge in the number of clinical trials conducted in the last few years. At the same time, the complexity and expense of bringing a single drug to market has sky-rocketed. The rapid pace of new drug development, combined with the sheer number of compounds undergoing research and testing, is placing tremendous stress on the biotech and pharmaceutical industries.  Patient recruitment and retention represents a critical stumbling block in clinical research.  This issue alone accounts for a significant portion of delays experienced in drug development and hence the resources consumed by the R & D budgets (3). The low rate of patient accrual also significantly influences the statistical power of many clinical trials. In a survey of 41 randomized trials in the United States, 34% accrued less than 75% of the planned patient sample (4).Therefore, it is essential for the sponsors to devise and to implement a comprehensive strategy to address issues like patient recruitment to prevent delay in the clinical trial process and eventual saving of hundreds of millions of dollars.
Technology always has had a considerable impact in the healthcare arena. The advent of Internet has revolutionized the global communication. By providing access to medical information, medical advice, and on-line support groups, the Internet is making it possible for patients to assume much greater responsibility for their healthcare. Very correctly, the clinical research centers are gradually embracing this changing dynamics of the doctor-patient relationship for their own advantage to accrue more and more patients for clinical trials through their web sites (5). The phenomenal rise of Internet has caused the paradigm shift in clinical trials which is being increasingly used as an efficient tool for patient recruitment resulting in early completion and low cost (6). 
New technologies can help companies conduct clinical research more efficiently and with higher levels of statistical accuracy. Not only do they enhance the speed and quality of clinical research through the use of security and encryption tools that are fully integrated into the new systems, but they may assure compliance with federal regulations. Furthermore, researchers can, at any point, determine the status of a trial, correct its course, validate new benefits, or terminate unproductive trials without incurring the time and expense involved in processing an entire patient population. That accelerated cycle will help the industry move towards the increase in drug targets that is necessary to tap the enormous amount of genomic data. It will also enable pharmaceutical companies to maintain the growth trajectories the public demands. By all apparent measures, the promise of new technologies in clinical research is effective medicine for an industry that takes pride in being on the cutting edge (7). 
Impediments to Patient Recruitment  

Center Watch reports that almost 50% of trial delays result from patient enrollment problems and 86% of American clinical studies fail to recruit the required number of subjects on time (2). In 1979, Louis Lasagna commented on a trial where out of 8027 possible candidates only 100 people participated (8). This led to what is now popularly called Lasagna’s Law: in any trial, the incidence of the disease studied will be reduced to 10% of the original estimate. It is now the most popular rationale for delays in clinical projects. 

Traditionally, sponsors select a group of investigators who are responsible for the most or all of the recruitments in a given trial. Recruitment rates vary from site to site depending on the investigators’ capability and it always has proved elusive to pin point the best recruiter in the industry.  Recruitment through investigators alone is not enough to meet the required enrollment numbers as number of participants continues to escalate every year with the growing numbers of clinical trials. The investigators make an informed guess most of the time, which could be wrong and of course, they are commonly over-optimistic about recruitment. The trial investigators generally appreciate the importance of trial participation, but frequently are unaware of trials available at the nearby centers (9, 10). That the physician-investigators find it difficult to remember which clinical trials are active for a particular malignancy and the corresponding eligibility criteria is also being reported (9, 11). So it’s no wonder that industry blames investigators, collectively, for the slow enrollment and subsequent chronic delays in drug development (12). These problems are compounded by paper-based information distribution that are known to be expensive, slow and error-prone (10). Due to general low level of awareness patients normally do not initiate discussion with their physicians regarding clinical trials but at the same time physicians too often do not have the resources to identify the protocol-appropriate suitable participants (9, 13). Reliance on physicians, hospital records or clinical laboratories data for recruitment has been found to be largely unsuccessful (13, 14). To fulfill enrollment targets, sponsors often provide grants to the investigators for local outreach efforts, such as print advertising or local radio, however these efforts are found to be too inconsistent and ineffective. Employing various media strategies like television, radio, and print or direct mail campaigns can reach extensive populations quickly and can also result in high patient yields but these traditional media campaigns are quite expensive, risky and inefficient for achieving recruitment goal (15). Wei et al discussed in details the various barriers to clinical trial enrollment (16). It is broadly divided into two categories: patient-related barriers and physician-related barriers.
 Patient-related barriers include:

· Unwillingness

· Time constraints

· Transportation

· Insurance denial

· Distrust of the medical establishment

· Lack of information about clinical trials, and
· Difficulty with informed consent.
Physician-related factors include:

· Disagreement with trial design

· Lack of time

· Lack of resources for follow-up

· Unwillingness to randomize treatment

· Excessive financial burden

· Difficulty with informed consent

· Lack of available protocol, and

· Infringement on the physician-patient relationship.  

 Various other factors which add equally to the recruitment woes can be highlighted as follows (17):
· Difficulties in motivating patients to switch traditional therapies with experimental therapy 

· Stringent protocol-guided  inclusion criteria 

· Insufficient pre-screening, and  

· Competition from rival trials.  
Internet, Healthcare and Clinical Trials 

Since its birth in 1960s when it was applied only for very restricted military uses it took almost three decades for the Internet to come out of its shackles of limitations. In 1990, thanks to Tim Berners-Lee who developed a protocol for information dissemination with broader public appeal, the World Wide Web emerged (18, 19). World Wide Web since then till now has grown in a phenomenal scale and has become a nearly indispensable tool for education, government, business, and media and most importantly for medicine and research (20). Its unrestricted, uncensored characteristics made Internet a very cost effective common household name for contributing and sharing information globally. 

Eventually, a new branch of medical informatics also emerged which is enabling patients to access medical information directly through Internet. On-line medical services are being used by an increasing number of patients who are becoming more educated about their medical decisions. The interaction between Internet savvy patients and physicians has enhanced and improved. Healthcare system is gradually becoming consumer-centric and consumer-focused due to uninhibited access to information via Internet. The information explosion in the healthcare sector triggered by Internet has provoked a significant decline in consumers’ dependence on various choices of managed care provider. In the United States, internet-based medical services are being used by an increasing number of patients as they are finding this eruption of information very helpful and convenient. But the amber light of caution should be kept on lest this online research challenges the traditional role of physicians providing care. At the same time the physicians should also be encouraged to take the lead in building new relationships with their patients by using the Web-based technologies (5). 
The essence of a clinical trial is comparison between a group of patients receiving treatment with the intervention in question and a group of patients receiving placebo or standard treatment (21). History of medicine has many examples of clinical trials and investigations. In the mid-20th century Randomized Controlled Trial emerged as the most powerful and scientifically sound way to establish the efficacy and safety of medication (22). Though conceptually simple, modern clinical trials are quite complex necessitating considerable resources to plan a study protocol, obtain funding, recruit patients, conduct the trials which are most often multi-centered, and to analyze data. Use of Internet resources may cut down the expense and development time of a clinical trial. Various aspects of a clinical trial like protocol development, funding information, processes of patient registration, randomization, data collection and analysis, publication etc can be easily acquired from multitude of websites and online resources. With its tremendous capability of information dissemination, Internet may facilitate the positive outcome of a trial to a patient’s bedside with ease and rapidity. It is noteworthy that, the FDA has said that information on clinical trials with therapies for life-threatening illnesses should be made available to the public via the Internet (23). 

But on the flip side, the biggest threats to Web-based clinical trials are the security risks and the maintenance of privacy. The FDA has guidelines that impact on the use of open systems, i.e. the Internet that requires security which complies with FDA regulations (CFR 21 part11). The main concerns are authenticity, data integrity, audibility, confidentiality and quality. The International Conference on Harmonization (ICH) guidelines on Good Clinical Practice (GCP) also has regulations regarding the security of data, and whose principles are in line with those of FDA. The vulnerabilities of a computer system are physical security, data integrity, availability, and audit trial within the database. Electronic data collection, transmission and storage are at mercy of unscrupulous elements and hackers. Existent online security measures perhaps are not enough to assure the study participants. Security is a central issue in the Internet-based clinical trials and there is a definite need for enhanced security. The greatest advantage is the ability to centralize study information and manage multi-centered trials in real time and at lower cost (24). Jules Mitchel, President of Target Health Inc, New York, surmised the benefits of Web-based clinical trials as follows (25): 
· More rapid access to trial data

· More rapid access to trial progress

· Higher quality data entry due to edit and logic checks at the time of data entry
· Elimination of double-key entry

· Elimination of commercially paper Case Report Forms

· Alerts to safety and enrollment issues at the time of data entry

· Faster time to data lock

· Seamless integration with electronic NDA submissions. 
Patient Recruitment and Internet  
Attracting and retaining suitable participants provides a constant challenge to the sponsors and CROs. To minimize the well-recognized enrollment barriers the most sensible approach is to increase the public awareness of and access to clinical trial information disseminated through improved methods like Internet (10). At the behest of US Food and Drug Modernization Act of 1997, the Department of Health and Human Services established an online registry of clinical trials for both the government and private sectors which resulted in launching of a new trial registry in February 2000, and the home page banner reads “linking patients to medical research” (26, 27). Various other commercial web sites also have been launched with the business idea of linking willing participants with clinical trials (1, 28, 29).
Thus, the Internet can help alert patients when clinical trials are looking to recruit patients and help educate them about the clinical trial process. It can also be used by patients as a way to locate clinical trials and find out if they are eligible. Using the internet and other interactive technologies, the patient can listen, see pictures, seek information, ask questions and be fully informed about their participation in the trial. Higher levels of understanding create greater trust and commitment which ultimately leads to trial success. An additional advantage of Web-based recruitment is that websites have more freedom to discuss a clinical trial than traditional avenues and often there are forums where patients can discuss concerns and issues with other patients. But then one should be cautious enough not to allow financial incentives to interfere with ethical informed consent (30). 
Internet-based patient recruitment is a valid and successful route to increase speed of clinical development. Proof comes from Cancer Help UK where cancer patients in the UK are being quite proactive about finding clinical trial information from its web site (31). The Internet also allows recruiters to keep in touch with large groups of patients without sacrificing the depth of information. The audience for Web-recruitment or eRecruitment is inherently more targeted than traditional advertising. Patients who visit recruitment websites are a captive audience because they are actively seeking information on a particular disease. As a result of more targeted audience, the cost of recruitment decreases. Fortunately for pharmaceutical firms, the Internet opens a window to millions of patients whose doctors do not refer patients to clinical trials. 
Beyond the increased audience, Web-based recruiting offers several other advantages to pharmaceutical companies. For example, the audience for Web recruitment is inherently more targeted than traditional advertising. Patients that come to recruitment websites are a captive audience because they are actively seeking information on a particular disease. In comparison, during a TV spot or a radio advertisement, the majority of those receiving the information would not be interested as they are not affected by the particular ailment. 

As a result of a more targeted audience, the cost of recruitment decreases. In fact, according to an executive at one interviewed Web-based recruiting firm, Web-based recruitment is as many as two to ten times less expensive than traditional media. 

One last advantage of Web-based patient recruitment is that websites have more freedom to discuss a clinical trial than traditional avenues. For example, on the Web, pharmaceuticals can describe the trial (i.e. no injections) and talk about the facts of the disease (32). 
Once a patient indicates interest in participating in a particular trial, he is then screened for eligibility, and provided with the information necessary for informed consent and a consent form for signature. The necessary data for enrollment into the study is then collected. A study website can provide detailed information about the clinical trial presented in terms which the general public can understand. An online questionnaire can screen for potential participants, and eligible patients, who elect to participate, can be directed to the enrollment page and consent forms, made available for downloading from the website. This paradigm necessitates that potential participants have access to the Internet and that they be reasonably familiar with computers. To access the Internet, potential participants would require a personal computer, a Web browser, and access to the Internet via an Internet Service Provider. Given these requirements, this method of patient recruitment could lead to selection bias. Surveys conducted on the demographics of Internet users show that the average user is young, white, employed, well-educated, with a higher social-economic status, and suburban. Those who lack the resources for online access (for example, those with a disability that prevents access, or those who are socially disconnected or lack knowledge about Internet access joints in the community) would be less likely to use the Internet and would therefore be underrepresented; whereas professionals working in the computer or telecommunications industries would likely be overrepresented.

Traditionally, study participants have signed consent documents by hand, but new legislation in both the United States and Canada has given legal weight to digital signatures for the purpose of facilitating electronic commerce. A digital signature is a unique string that special software creates by applying a mathematical function and an encryption key to a message or file. The unique string confirms both the file author's identity and the maintenance of the integrity of the file during its transmission. If accepted as ethical and legal for clinical trials, digital signatures would save the step of mailing hand-signed consent forms to the coordinating centers. Regardless of the method used to obtain consent, it is important that the study participants are appropriately informed of the potential risks and benefits of the trial intervention, and of their rights regarding their electronic information. It is necessary to offer patients the option of not having their information handled electronically (for those that refuse) and to give them the option to request removal of their electronic information from the electronic environment. In terms of informed consent, an argument could be made that all eligible patients should speak to a study representative (in person or on the phone) in order to ensure that the complexity of the study and confidentiality issues are clearly communicated and understood prior to proceeding with registration into the clinical trial. In-person contact with all trial participants would help with verification of the baseline data collection and help guard against people who might attempt to pose as a patient for mischievous reasons.

Online Randomization is another exciting prospect which can have a great impact in the patient recruitment and retention process in Internet-based clinical trials. The method of dividing subjects into groups is called random allocation or randomization and is necessary to ensure that any baseline differences between groups are due to chance alone. This prevents selection bias and ensures validity of certain statistical tests. Several methods of randomizing have been used over the years, including coins, dice, cards, lots, spinning wheels, random number tables, and random number generators on computers. For multi-center trials a central coordinating center often serves as the randomization center and participating centers access the randomization allocation by a 24-hour phone service. As an alternative to this service, which can be expensive, there are several online randomization programs (some free of charge and some commercial) that can generate random allocations. Paradigm, a Dutch Web-based randomization package, the UK Medical Research Council and www.randomization.com websites are offering free guides through interactive studies (33). 
There are some depressing statistics associated with e-recruitment but the findings that patients are at least motivated to get involved and are likely to become more aware of potential trials, thanks to the Internet, means that clinical trial sponsors can afford to be more optimistic (34). 
Formica et al highlighted the feasibility of conducting a clinical trial on the Internet that focused on outbreaks and required frequent participant contact. Participant recruitment was unproblematic and the researchers were able to exceed their recruitment goal in a short period of time. Overall participant retention in the trial was high and 91% of participants completed the trial (35). 
In another Internet-base clinical trial feasibility study, McAlindon et al reported high levels of participants’ satisfaction and willingness to participate in similar trials in future (36). 
City of Hope National Medical Center, California, developed a Web-enabled database of oncology clinical trials information called Clinical Trials On-Line (CTOL). CTOL (http://www.infosci.coh.org/ctol ) is designed to minimize the impediments to the clinical trials’ patient recruitment by exploiting the Internet and its promising role as a global medical information resource. It proved that if used efficiently and effectively, Internet can circulate clinical trial information to physicians, patients and the general public. Internet-based clinical trials can have a great impact on patient accrual reducing the time, cost and error associated with paper-based information distribution (37).     
It is reported that as far as the recruitment of the cancer patients to the clinical trials is concerned, only 2% to 4% of all adult patients with newly diagnosed cancer participate (38). OncoLink (www.oncolink.org), is the oldest and one of the largest general cancer information resources on the Internet. The first reported broad Web-based cancer clinical trials matching service used this website to recruit patients and concluded that a significant number of cancer patients are willing to use Internet to assist them in finding clinical trials (39). But then there is a word of caution. Despite the potential benefit of the database, there is a distinct risk of recruiting a biased population into the database (15, 33). 

Cutting Edge Information’s study shows that Web-based patient recruitment fills, on an average, 20% of a trial’s patient quota when it is used (40). The effectiveness of the Internet in identifying trial participants is demonstrated by the experience of Veritas Medicine (41). They reported:
· 85% of patients matching to studies online proactively offer detailed medical profiles and contact information.

· 70% of patients connected with trial sites through their online service would not have called a doctor’s office or 1-800 number for clinical trial information; and

· 18,000 patients are referred annually through Veritas Medicine directly to investigative sites.   
Internet recruitment may prove quite effective if trials are conducted on a larger scale. In that case the right newsgroups, right incentives and right wordings need to be chosen and used. Researchers using Internet recruitment in their studies should make sure that participants can easily identify the study website as belonging to a legitimate organization such as a university. Instead of a single one, several strategies can be adopted to guarantee good response rates in all situations.  The variables to be kept in mind are study characteristics, target populations, type and amount of incentives, sponsorships, length of questionnaires, text used for recruitment and follow-up strategies (34).  
Despite various advantages of web-based clinical trial it is yet to catch up with the industry in a big way. Several issues arising from Internet recruitment have been addressed. Various users and stake-holders have outlined the key considerations regarding the Internet recruitment services as follows (42):

Sponsors:

· Confidentiality

· Measurability

· Compliance with laws and regulations

· Ease of use

· Flexibility

· Information accuracy

Patients:

· Anonymity

· Information accuracy

· Confidentiality

· Ease of use

· Tailored information

· Ability to discuss with a medical professional

· Support and help in getting to the site where trial is running

Clinical Trial Sites:

· Sensitivity to the issues faced by staff

· Easy mechanism to enable patients to be seen by staff 

· No time-consuming procedure or extra paper works 

· Pre-checking of eligibility criteria 

· Consideration of workload generated by additional patients

Several effective and replicable methods for e-recruitment have been outlined but many trial teams lack sufficient knowledge about how and when to apply them. This is seen as a hindrance to accept Internet as a tool to patient recruitment. Despite various advantages of Web-based clinical trials it is yet to catch up with the industry in a big way. Joseph Avellone has come out with a trouble-shooting guide which discusses five ways of optimizing Internet recruitment (43). The five ways are as follows;

1) Determining a sensible trial protocol: People suffering from chronic clinical conditions which affect quality of life and can be treated in the ambulatory setting, feel more comfortable surfing Internet for their health options. 

2) Developing e-recruitment plans during pre-launch phase: Early deployment saves time and work educating clinical sites, integrates other recruitment activities and obtains requisite review board approvals.

3) Building enrollment campaign from the ground up: Using traditional recruitment campaign tools initially to build up the awareness and woo participants followed by incorporating a campaign website.

4) Using Web sites screening as an adjunct to media campaigns: A campaign site increases referrals by 10% to 50%.

5) Deploying multi-trial screening websites and databases: Trial participants who do not fit into a specific protocol can be directed to be matched into any other trial protocol thus saving time and money.   
Conclusion 

Spending for drug research is on rise, yet new drug applications (NDA) are falling (44). These two apparently contradictory trends are both linked to the area of patient recruitment. The clinical trial recruitment process is undergoing a dramatic change. The penetrance of Internet in the population offers the possibility of rapid recruitment of participants. The leaders of pharmaceutical industry would agree to the fact that time is of the essence in the development of new drugs. With millions of dollars at stake for each new compound, accelerated clinical trial recruitment is one of the most serious issues to consider. The growing use of the Internet to recruit patients could not have come at a better time. This nagging and costly problem of patient recruitment can be handled effectively through the proper use of the Internet. The distribution of clinical trials information over the Internet continues to evolve. It is becoming an increasingly viable and valuable medium for reaching study subjects. The pressure to recruit and retain patients in clinical trials is growing among the sponsors and CROs. The Internet is fast emerging as an extremely important resource in this aspect supplementing traditional approaches. A medium that offers the capability of disseminating information to a large number of potential patients has many merits. As long as the process is managed effectively, with the needs of the patients as guiding principle, all stakeholders will benefit. Internet-based clinical trials are most suitable with safe intervention. The medical disorder can be confirmed by remote means and the outcome measures can be applied by electronic transmission. This method also offers opportunities for studying treatments quickly and efficiently. It is envisaged that, in the fullness of time, the Internet will be used alongside existing mechanisms to enable more patients to choose trial participation as an option. It will be very interesting to follow how Internet evolves and matures in the coming years and contributes positively to the patient recruitment minimizing time and cost involved.  
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