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Abstract
Participation of adult cancer patients in US based clinical trials has remained near 3% for decades.
Traditional research methodology reaches a small fraction of the target population with a fixed
number of predetermined sites. Solutions are needed to ethically increase patient participation and
accelerate cancer trial completion. We compared enrollment outcomes of traditional and patient
focused research methodologies.

A patient prioritized method (Just-In-Time, JIT) was implemented in parallel with traditionally
managed sites in three cancer trials. JIT research sites were initiated after candidate patients
presented, while traditional sites were initiated in advance. JIT sites enrolled with mean rates no
less than, and up to 2.75 fold greater than, traditional sites. Mean patients enrolled per site was
comparable (JIT-1.82, traditional-1.78). There were fewer non-enrolling JIT sites (2/28, 7%)
compared to traditional sites 19/52, 37%). This retrospective analysis supports JIT as a prospective
solution to increase cancer clinical trial enrollment and the efficiency of clinical trial
administrative activities.

Introduction
Therapeutic R&D and Cancer Patients: Why the Disconnect?

Today more than 11 million Americans are living with cancer or as cancer survivors.1 It is
estimated that in 2020 there will be 18 million patients who have experienced cancer, at an
annual cost of $158 billion.2–3 Progress in the treatment of cancer has been exceedingly
slow, but the new paradigm of molecular targeted therapeutics has the potential to be game
changing in medical oncology. Currently there are over 800 oncology drugs in
development,4 yet only 3% of adult cancer patients participate in clinical trials.5–6 Cancer
biology is moving rapidly forward, but the rate-limiting step to our ability to test clinical
hypotheses is our inability to enroll clinical trials quickly.

When cancer patients were asked about their experiences participating in clinical trials, over
90 percent responded positively.7 However, the vast majority of patients are never offered
clinical trial treatment opportunities. Realization of the medical and social potential of
precision cancer medicine demands greater participation of physicians and patients. The
outdated stigma of the patient as “guinea pig” needs to be eliminated.8–11 Clinical trial based
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treatment should be considered by each physician and patient as a balanced option in the
care continuum, particularly when standard treatment has low curative probability. We
describe an enrollment strategy for oncology clinical trials, designed to facilitate
participation by both patients and physicians.

Challenges of Modernizing Clinical Trials in the US
The molecular understanding of cancer is advancing rapidly, and a new generation of more
effective, targeted cancer drugs are taking center stage in cancer care.4 Yet, our system for
clinical testing of new agents has not kept pace with the revolution in cancer biology.
Clinical research methodology has traditionally been a ‘one size fits all’ proposition,
regardless of whether the indication being studied is common or rare. A fixed number of
cancer research sites are selected, based on estimated enrollment potential, and undergo an
extensive process of initiation prior to authorization to enroll subjects in the trial. The initial
focus is administrative, prioritizing site documentation, with the focus on regulatory and
procedural compliance (Figure 1A). With this approach, the medical and scientific research
intents come into play only in select locations and only after ‘regulatory’ formalities are
satisfied.12–13

The administrative process takes 2–12 months per site,12–13 depending on the type of
institution, at an estimated cost of $50,000 each,14 with no guarantee that patients will ever
be enrolled at a given site.15 The process is not objective but interpretative, and procedural
variability between trial sponsor, combined with duplication of effort across studies is highly
inefficient for investigators.13 The site-based approach is not designed for efficient
enrollment of subjects in a highly dispersed and segmented cancer population. Challenges of
the traditional model are compounded by competition between trials in the same indications,
low referral rates between practices, and procedural reimbursement between different levels
of patient insurance and various payors.16–17 In cancer clinical trials, it is common that 20–
30% of study centers never enroll a patient on a given study.13 Major advances in cancer
care require greater efficiency in the way we approach clinical trials.

Patient Focused Solutions for Cancer Clinical Trials: A Landscape of Haystacks and
Needles

Approximately 15% of cancer patients are treated at major institutions and tertiary referral
centers. The research focus in institutions is on phase I and II trials, which tend to treat
patients with advanced disease and fewer remaining clinical options. The remaining 85% of
cancer patients are treated in thousands of private oncology practices and community or
government hospitals.18 The US cancer population is highly fragmented, and most patients
are not offered a clinical trial opportunity at any point in care. Up to 50% of private
oncology practices conduct no trials.19 In contrast to other parts of the world, where adult
cancer patient participation in clinical trials are higher,20 participation in the US has
remained stagnant at 3% for over two decades.5–6 Despite much attention to the
problem, 12,21 cancer trials proceed slowly in general and many are either not completed or
become medically obsolete while in underway.22–23 The challenges mount when we
consider the uniqueness of cancer as a research entity and the recent advances in cancer
medicine.

Stratification by genotypic and phenotypic abnormalities further divides histological cancers
into a myriad of clinically distinct diseases.24–25 Even common cancers, such as lung
carcinoma, become arrays of rare subtypes when viewed through research selection criteria
and molecular treatment criteria (Table 1). Rare cancers (< 40,000 annual cases) are further
segmented into treatment indications of a few thousand patients.26 As the intent to treat
population and predictability of patient presentation decrease, clinical trial enrollment
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becomes more difficult by traditional methods. A breakout solution is needed in clinical
research methodology, to create a functioning, efficient means of developing new cancer
drugs in the US.

Prioritizing Patients in Cancer Research: Aligning Form with Function
An efficient cancer research system requires: 1) the ability to identify rare patients within
the care system and connect the right patients to the right clinical trials as a part of medical
care; 2) research methods that appropriately support patient participation; and 3) maintaining
research quality and proper oversight. By making trials more accessible and utilizing
technology wisely, it should be possible to match cancer patients to appropriate clinical
trials in real time and bring research opportunities into consideration for best clinical care.
Cancer trials must align with the time limits of therapeutic selection, a matter of 2–4 weeks
versus 3–6 months. With any solution, patient protection and full regulatory compliance are
non-negotiable.

We report on a research methodology, developed to accelerate patient enrollment in cancer
clinical trials involving community based practice.27–28 The method, called Just-InTime
(JIT), is designed to leverage the collective patient population of many research ready
practices and to identify individual patients who are appropriate candidates for specific
clinical trials. Based on standard of care qualification review and patient interest, sites
rapidly complete trial registration and initiation in time to formally consent and screen
individual patients. JIT research is possible for research practices with the administrative
flexibility to register quickly and use a central IRB. We hypothesize the JIT system may
accelerate cancer trial enrollment rates and increase the probability that study sites enroll
one or more patients on study. Retrospective data are presented from three clinical trial case
studies in which the JIT system was implemented, and results are compared to traditionally
managed sites in the same studies. The feasibility of implementing a more widespread Just-
In-Time research system is considered.

Methods
A retrospective evaluation of three separate clinical trials which utilized a Just-In-Time (JIT)
research methodology was conducted. The studies included industry sponsored IND trials
for patients with pancreatic cancer, chronic myelogenous leukemia, and mantle cell
lymphoma. JIT enrollment and site performance outcomes were compared to traditionally
administered sites, which had been independently selected, activated, and managed by the
respective study sponsors. As such, comparisons were not prospectively controlled for all
potential factors affecting enrollment outcomes.

Traditional Site Management
Traditionally managed sites were selected and registered in the trials by the respective study
sponsors, according to their standard operating procedures (SOP) (Figure 1A). Selected sites
completed credentialing and documentation, contracting, and institutional review board
(IRB) review according to sponsor standard operating procedure (SOP). Upon regulatory
approval, traditional sites were supplied and initiated to begin enrolling patients. Ongoing
site management, IRB approval and reporting, and site monitoring were the responsibilities
of the respective study sponsors.

Just-In-Time Study Sites
Just-In-Time (JIT) sites were selected from research practices of the Pharmatech Oncology
Research Network, based on scientific interest in the clinical trial and in the treatment option
for prospective patients. Sites received advance training in conducting trials with the JIT
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methodology and support to pre-identify qualified patients using standard of care procedures
(Figure 1B). A centrally supported research administration system was utilized to reduce site
administrative workload and complete site registration, approvals and initiation, with a
target of 10 business days from notice of a physician-patient interest to full site initiation to
enroll. The investigator IRB review and approval time were shortened to 48 hours. No study
related procedures were performed prior to site initiation and patient consent. Initiated JIT
study centers functioned identically to traditional sites with regard to sponsor SOP and
subsequent patient enrollment.

Data Analysis
Enrollment performance was determined on a site basis from the number of qualified
patients enrolled by each study center initiated and the number of months that the site was
authorized to enroll patients into the clinical trial. These data and total enrollment are
reported as absolute counts. Non enrolling sites were included in the enrollment rate analysis
and considered separately. Mean enrollment rates were determined as:

Formula 1

Results
Study 1 – Pancreatic Cancer

NCT00116389 was an IND phase II clinical trial for patients with stage IV, chemo-naive
pancreatic adenocarcinoma. Target enrollment was 60 patients. Based on entry criteria, the
study population in the US was estimated to be 10,800, indicating that the study population
is a rare cancer. The study sponsor selected 16 study centers and, at 13 months into the
study, elected to open additional sites using the Just-In-Time (JIT) model as a prospective
strategy to complete enrollment. A candidate patient identification group of 38 JIT capable
sites was established from which 8 sites were initiated as study centers. The study was fully
enrolled in 20 months (Table 2).

Traditional sites enrolled 42 patients over a period of 20 months. JIT sites enrolled 20
patients in 7 months. The overall mean enrollment rates (patients/site-month) were 0.131 by
traditional and 0.357 by JIT sites. The total patient enrollment by traditional sites was 2.1
times greater than JIT sites; however, the comparative enrollment rate of JIT sites was 2.72
times that of traditional sites. Mean total patients enrolled per site was identical, with 2.5 per
traditional and 2.5 per JIT site. Twelve percent of traditional sites (2/16) failed to enroll one
patient, while 0% of JIT sites (0/8) initiated failed to enroll.

Case Study 2 – Chronic Myelogenous Leukemia
NCT00574873 was an IND phase III clinical trial for patients with newly diagnosed, chronic
phase, Philadelphia chromosome positive chronic myelogenous leukemia (CML). Target
enrollment was 502 patients globally. Based on entry criteria, the study population in the US
was estimated to be 3,250 annually, indicating a very rare cancer. The study sponsor
selected 14 primarily institutional study centers, and 6 months into the study, opted for JIT
as a means to enroll a proportion study subject from the community practice setting. A
candidate patient identification group of 35 JIT ready sites was established, from which 14
were initiated. The study was fully enrolled in 23 months (Table 3).

Traditional sites enrolled 17 patients over a period of 23 months. JIT sites enrolled 23
patients in 17 months. Mean enrollment rates (patients/site-month) were 0.052 by traditional
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and 0.097 by JIT sites. The overall patient enrollment and comparative enrollment rates of
JIT sites were 1.43 and 1.83 times greater than traditional sites respectively. Mean total
patients enrolled per site was comparable (traditional = 1.21, JIT = 1.64). Twenty eight
percent (4/14) of traditional sites failed to enroll one patient, while 0% (0/14) of JIT sites
initiated failed to enroll.

Case Study 3 – Mantle Cell Lymphoma
NCT00891839 was a IND phase II clinical trial for patients with relapsed or treatment
refractory mantle cell non-Hodgkins lymphoma (ongoing at submission), with a target
enrollment of 52 patients. Based on entry criteria, the study population in the US was
estimated to be approximately 5,000 annually. The study sponsor initiated 22 traditional
sites, both institutional and private practice, and they undertook the JIT methodology as a
means toward added enrollment. A candidate patient identification group of 27 JIT ready
sites was established from which 6 sites were initiated. The study is ongoing and data are
presented to date. (Table 4).

Traditional sites enrolled 33 patients over a period of 14.5 months. JIT sites enrolled 8
patients in 13 months. The overall enrollment of traditional sites was 4·1 times greater than
JIT sites, in proportional to sites numbers by type; however the mean enrollment rates
(patients/site-month) were 0.10 by traditional and 0.103 by JIT sites. Mean total patients
enrolled per site was comparable (traditional = 1.5, JIT = 1.3). Fifty nine percent (13/22) of
traditional sites failed to enroll one patient, while 33% (2/6) of JIT sites failed to enroll.

Discussion
Cancer incidence is projected to increase in the US 45% by 2030 and may double globally in
the same time frame.29 Despite the clear need to accelerate the development of cancer
medicines, the US struggles with very low patient participation in cancer trials and a
systematic inefficiency in our cancer research infrastructure. As the molecular understanding
of cancer and the clinical availability of precision therapeutics increasingly guide treatment
selection, our capacity to readily evaluate new targeted drug candidates, particularly in
combination, will depend on the ability to connect cancer patients to appropriate clinical
trials studying highly selective molecular indications within specific clinical contexts.
Research solutions are needed to increase patient access to clinical trials within the context
of patients’ locally based cancer care.

Such solutions should encompass several key needs: 1) establish greater connectivity
between cancer patients and clinical trials as component of care; 2) reduce the need for
patients to travel to receive investigational treatments; 3) reduce the administrative burden
associated with cancer trials; 4) align administrative tasks with patient care; and 5)
accelerate trial enrollment with no compromise in the protection of research patients. A
fundamental change in the cancer research system requires more participation of the 85% of
patients in the community setting and systematic adoption of investigational treatment as a
component of patient care. Setting a higher bar for administrative efficiency is required to
meet the demands of patient focused clinical research and is expected to reduce the costs of
conducting trials.

We report preliminary results obtained in three clinical trials that employed a patient
directed research methodology known as Just-In-Time (JIT). The JIT system prioritizes
identification of appropriate patients across a larger number of sites, versus administrative
management of a fixed number of sites (Figure 1). This should result in a broader detection
system, tuned for patient identification across a network of research sites and should enable
the identification of many more candidate patients with a research indication than is possible
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using a fixed-site model. By placing patient identification foremost, the research challenge
shifts to on-time delivery of clinical trial logistics to support individual patient care. The rate
limiting issue is the amount of time that is acceptable for clinical staging and selection of
therapy. Patients may not be subjected to administrative treatment delay in order to have
access to a clinical trial. In the three studies evaluated, the activities associated with
individual sponsor SOP for site selection, regulatory approval, and site initiation required a
high level of collaboration between sponsor, CRO, IRB, and investigator30, but site
initiation was consistently delivered within the 10 day target period. IRB review of research
oversight and patient protection responsibilities and procedures has determined that the JIT
methodology is fully compliant with CRF 21 Parts 50 and 56.31

The case studies presented here compare enrollment performance of the JIT methodology to
traditionally managed cancer research sites. In each clinical trial, JIT sites enrolled with
mean rates at least equivalent to, and up to 2.75 fold higher than, traditional sites. The
aggregated enrollment rate for all three studies was 30% higher in favor of JIT (JIT 0.16,
traditional 0.12). A potential economic concern expressed by study sponsors has been that
JIT sites may fail to enroll the initial patient or enroll only one patient on study. We cannot
rule this out, but aggregated results in these three trials demonstrate that JIT sites enrolled at
least as many patients per site as traditional sites did (JIT 1.82, traditional 1.78). Only 7.1%
of JIT sites (2 of 28 total), failed to enroll a patient in these three trials, in contrast to
traditional sites, which had an aggregated non-performance rate 36.5% (19 of 52 total).

Financial analysis was not performed; however, the results suggest an efficiency of research
resource utilization in favor of the JIT methodology. Prospective comparison of traditional
and ‘pure’ JIT methodologies under ideal conditions was not possible here. In each trial, JIT
implementation involved compromises in traditional sponsor SOP to accommodate JIT and
modifications of JIT to meet sponsor SOP. The present results support the concept that
patient focused clinical research methodologies such as JIT are clinically feasible and
capable of accelerating clinical trial enrollment in studies of rare cancers, where subjects are
challenging to recruit.

Conclusions
The JIT methodology is presently more applicable in community based practice than
institutional research centers. This is primarily due to the institutional administrative process
and the time required for local IRB review, which together often take 3–6 months to register
for a trial. This time frame is simply not practical in the context of patient care. Our results
suggest that the higher the potential for non-enrolling traditional sites, the higher the value
of the JIT system. Conversely, in indications where there are many prospective patients and
traditional sites enroll patients consistently, the JIT methodology may offer less value. The
economic potential of JIT for administrative efficiency and putative cost savings for site
participation need to be further explored. More thorough analyses of comparative enrollment
performance, administrative efficiency, economic impact, and patient safety verification on
study are ongoing. A major goal for development of the JIT research concept must be to
increase patient access to cancer clinical trials as a treatment option in all stages of clinical
care. The Just-In-Time methodology is proposed as one solution whereby investigators in
community practice can offer their patients more investigational treatment options, by
combining with many practices to identify rare cancer patients, connect them with
appropriate clinical trials, and enabling cancer patients to access research based treatment
while remaining in the community.
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Figure 1. Comparison of Clinical Trial Management Methodologies
A – The traditional site based approach to clinical trials prioritizes site selection, typically
through a pre-study site qualification visit (SQV), registration, institutional review board
(IRB) and regulatory site approval, study specific training and site initiation visit (SIV).
These administrative activities precede the goal of identifying and enrolling patients. B –
The Just-In-Time methodology prioritizes patient identification, by a large group of capable
investigators. Research administrative activities are delivered on an accelerated basis after a
prospective research patient is identified and pre-qualified through standard of care
assessments.
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Table 1

Clinical Trials of Targeted Cancer Therapy Makes Many Cancers Rare

Selection Criteria Adjusted Study Population Estd. Patients (US)

Non-Small Cell Lung Cancer LC Incidence 222,000
Deaths 157,000 (12)
NSCLC – 80%

125,600

Histological/Stage Non squamous – 60%
IIIb/IV = terminal
First line – 80% (IIIb becomes IV)
Measurable Disease -80%

48,200

Biomarker Specificity EGFR over expression (non-squamous) (13) – 20%
Kras mutation (14) – 30% 2,900

Risk Exclusions Central or cavitory lesions – 70%
Hemoptysis – 90%
CNS metastases – 80%

1,450

General Selections Organ function
Performance status, etc. – 80% 1,200

Pancreatic Cancer Incidence – 43,000
Deaths – 36,800 (12) 36,800

Histological/Stage Inoperable, advanced or metastatic – 80%
First line – 100% 29,500

Biomarker Specificity SPARC – 80% (15) 23,500

Risk Exclusions History of coagulopathy – 90% (first line)
Anticoagulants – 50% 10,600

General Selections Organ function
Performance status, etc. – 60% 6,400
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Table 2

Clinical Trial Enrollment Performance - Pancreatic Cancer

Parameter JIT Sites Traditional Sites

Patients enrolled 20 42

Months of enrollment 7 20

Sites Initiated 8 16

Non-enrolling sites 0 2

Patient accrual rate (pts/site*mo) 0.357 0.131
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Table 3

Clinical Trial Enrollment Performance - Chronic Myelogenous Leukemia

Parameter JIT Sites Traditional Sites

Patients enrolled 23 17

Months of enrollment 17 23

Sites Initiated 14 14

Non-enrolling sites 0 4

Patient accrual rate (pts/mo*site) 0.097 0.053
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Table 4

Clinical Trial Enrollment Performance - Mantle Cell Lymphoma

Parameter JIT Sites Traditional Sites

Patients enrolled 8 33

Months of enrollment 13 15

Sites Initiated 6 22

Non-enrolling sites 2 13

Patient accrual rate (pts/mo*site) 0.103 0.100
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