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Chapter 1
The History of Clinical Trials

Janice Hu, Justin Barr, and Georgia M. Beasley

1.1 Introduction

A clinical trial is a purposeful comparison of medical interventions, including pla-
cebos, against one another to determine the safest, most efficacious means of treat-
ing pathology. The history of clinical research in surgery sheds light on both the
successes and the challenges that academic surgeons faced when developing thera-
pies for their patients.

1.2 Early History

Clinical trials had little role in the ancient world where accepted disease theories
rendered them all but irrelevant. In many older cultures, disease and healing were
perceived to stem from supernatural and divine forces. In Greece during the fifth
century BCE, patients sought healing through “incubation,” or sleep, in temples
of the healing god Asclepius. It was around this time that a new form of medicine
arose, marking a major innovation in the treatment of disease. Unlike supernatu-
ral theories, Hippocrates’ method involved seeking the cause of illness in natural
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factors involving the composition of the body’s humors. An oeuvre of texts
known as the Hippocratic Corpus, written by numerous authors over many
decades until the first half of the fourth century BCE, established that physicians
could learn through observations and actions. Yet the ancient Greeks did not per-
form clinical trials to test their hypotheses. Moreover, the highly individualized
understanding of disease made broadly applicable treatments rare, vitiating the
value of clinical trials. The Greek had “freed himself of religion to become the
prisoner of philosophy” [1]. This dogma largely continued through the Roman
world [2].

In 1025 CE, the Persian physician Avicenna wrote the widely used medical
treatise The Canon of Medicine in which he laid down a precise guide for empiri-
cal investigation of the effectiveness of medical drugs and substances [3]. He rec-
ommended studying two cases of contrary types, along with the timing and
reproducibility of drug effects so that consequence and accident are not confused.
Moreover, he advocated for experimentation on the human body, since testing a
drug on a lion or a horse might not prove anything about its effect on man. The
pharmacology discussed in Avicenna’s treatise was used extensively in medical
schools across Europe as late as 1650 [4]. Although Avicenna advocated for the
empirical study of drugs, his Canon did not lead to the widespread engagement of
experiments and empiricism. Instead, the Medieval Era (800-1400 CE) was char-
acterized by textual dependence and interpretation that prized the authority of the
ancients over experimental evidence [5]. Moreover, while extant sources such as
the Hippocratic Corpus and the Canon defined elite, academic-based medicine,
the vast majority of medical care was delivered by untrained, unlicensed, and
irregular practitioners, most of whom were illiterate. This practice went largely
unrecorded and likely relied on a combination of superstition, tradition, and
empiricism.

1.2.1 Early Modern Era (1500-1800)

With the dawn of the early modern era in the sixteenth century, there was a general
intellectual shift away from dogmatic textual dependence and toward empirical
investigation. This was evident in multiple arenas including heliocentric theories of
astronomy put forth by Nicolaus Copernicus, anatomical observations made by
Andreas Vesalius, and navigational feats like those by Christopher Columbus. They
also appeared in medicine.

One of the first clinical trials was accidentally conducted in 1537 by the French
surgeon Ambroise Paré when he ran out of the boiling oil that was conventionally
used to treat bullet wounds and resorted to giving some soldiers a balm made from
egg yolks, rose oil, and turpentine [6]. He awoke the following morning to find that
patients who received the new treatment were resting well with little discomfort and
swelling, whereas those who were cauterized with oil were “feverish with much
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Fig. 1.1 Ambroise Par¢ et
I’examen d’un malade
[Ambroise Paré examining
a patient] by James
Bertrand (1823-1887),
from the Charles de
Bruyeres Museum
collection in Remiremont.
(Source: Ji-Elle, license
CC:BY-SA) [8]

pain and swelling about their wounds.” Reflecting on this experience, he noted
“I resolved with myself never more to burn thus cruelly poor men wounded with
gunshot” [7]. This observation, widely published, changed clinical practice as mili-
tary surgeons across Europe began to eschew boiling oil in favor of less painful
remedies (Fig. 1.1).

Systematic tests of disease management tackled the pre-fifteenth century Galenic
tradition of wound management, characterized by gradual “wet healing” that
involved forcing wounds open and applying emollients. This conventional method
often led to poor outcomes. From 1580 to 1583, Spanish surgeon Bartolomé Hidalgo
de Agiiero challenged this notion by examining hospital records, finding that his
own method of “dry healing”—cleaning the wound with white wine, removing
damaged tissue, bringing the edges together, applying drying compounds, and cov-
ering the wound with a bandage—Ied to a far lower mortality rate compared to the
Galenic technique [9].

The trend of empiricism continued to grow as physicians set forth hypotheses
and began testing them through observation. Paré and Agiiero belonged to a group
of sixteenth century practitioners who were willing to trust their observations and
personal experience over ancient traditions and dogma. Yet two centuries would
pass before the launch of the first rigorous prospective trial.

Scottish surgeon James Lind randomized six pairs of sailors to different treat-
ments for scurvy in 1747, finding that citrus fruits were the most effective therapy
[10]. Despite the soundness of his methods and the irrefragability of his results, his
conclusion had little impact on medical opinion in Britain, exposing an ongoing
theme through this history: the challenge of even the best clinical trial actually
changing medical practice. It ultimately requires many more decades, with thou-
sands of additional deaths, for professional opinion to adopt lemons as a scurvy
prophylactic.
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1.3 The Emerging Importance of Statistics

Comparative retrospective analyses played an important role in building toward
controlled trials in medicine and surgery. Statistics, or the practice of collecting and
analyzing large amount of numerical data, emerged as an important tool in treat-
ment evaluation. By the eighteenth century, several case series propelled arguments
about the utility, methods, and timing of limb amputations [11, 12]. Lithotomists
published numerical evidence on bladder stone removal, debating the merits of lith-
otripsy compared to lithotomy and examining mortality among age subgroups [13-15].
In the 1820s, Pierre-Charles-Alexandre Louis used his “numerical method” on
aggregated clinical data to cast doubt on the practice of bloodletting [16, 17].
Furthermore, statistics featured prominently in debates surrounding perioperative
innovations such as anesthesia and Lister’s “antiseptic method” of carbolic acid for
surgical wounds beginning in 1867 [18, 19]. This portended the clear role and need
for stronger evidence to evaluate theories of disease management. It also demon-
strated the shift from highly individualized disease states as understood in ancient
and medieval medicine to a more ontological notion of sickness where a single
intervention had the potential to apply to all patients suffering from the same pathol-
ogy. This critical theoretical transition made clinical trials relevant. Moreover, as
anesthesia and antisepsis allowed surgeons to delve further into internal organs and
conduct more elective procedures, there arose a clear need to provide proof of safety
and benefit.

1.4 Prospective Clinical Trials Begin

In the nineteenth century, surgeons joined in performing prospective trials by first
using nonrandom methods of treatment assignment such as alternate allocation. In
perhaps the earliest example of this, an 1816 medical dissertation describes how
military surgeons performed a controlled trial on 366 soldiers in the Peninsular War
to assess the effects of bloodletting for fever. Although there are uncertainties sur-
rounding the authenticity of this report [20], it nonetheless illustrates the emerging
desire among surgeons to control for factors other than the treatment of interest:

It had been so arranged, that this number was admitted, alternately, in such a manner that
each of us had one third of the whole. The sick were indiscriminately received, and were
attended as nearly as possible with the same care and accommodated with the same com-
forts. One third of the whole were soldiers of the 61st Regiment, the remainder of my own
(the 42nd) Regiment. Neither Mr. Anderson nor I ever once employed the lancet. He lost
two, I four cases; whilst out of the other third [freated with bloodletting by the third sur-
geon] thirty five patients died [21].

The last decades of the nineteenth century witnessed the publication of other
prospective surgical studies using alternate allocation. These included catheteriza-
tion for urethrotomies, capsulotomy following removal of cataracts, and pediatric
hernia management [22-24]. The goals of these researchers were twofold: (1) to



1 The History of Clinical Trials 5

make firmer distinctions among different interventions and (2) to demonstrate
impartiality. In 1893, W. T. Bull explained how alternate allocation reduced bias
when comparing a spring truss to a skein wool truss for the treatment of pediatric
hernias:

In children under the age of 1 year the worsted or so-called ‘hank truss’ has been exten-
sively tried. This truss has been very highly praised by some, and as strongly condemned by
others. During the past year an attempt has been made to give it an impartial trial, and
alternate cases up to the age of 1 year were treated by the ‘hank” and the light spring truss.
The results in 240 cases carefully followed up led us to discard the hank truss as a routine
method of treatment, although there are still a few cases—for example, very young and ill-
nourished infants where it fills a useful but temporary place [24].

Although prospective studies comparing groups of patients emerged into the pro-
fessional surgery landscape, individual patient outcomes remained powerful guides
for surgical management. After all, Bull still advocates for the use of the hank truss
in “a few cases” based on select patient characteristics. In fact, despite the emer-
gence of prospective controlled studies, case series feature prominently in the body
of published surgical evidence well into the late nineteenth and early twentieth cen-
turies [25]. Indeed, these retrospective studies helped surgeons select operative
techniques amidst the variability of their patient populations. They also led, how-
ever, to protracted debates about competing techniques and to the propagation of
now-defunct operations including treatments for ptosis, constipation, and auto-
nomic nerve dysfunction [26]. Surgeons tended to publish case series that promoted
their own opinions, leading to unresolved debates in areas such as radical mastec-
tomy and prostate surgery [27, 28]. Biased results continued to highlight the need
for more carefully designed investigations.

1.5 The First Randomized Clinical Trials

In order for the randomized trial to become the gold standard in guiding medical
practice, its various constituents, including controls, blinding, quantification, and
randomization, needed to undergo their own evolution [25]. The randomization
component in particular is important because it eliminates selection bias, balances
treatment groups with respect to confounders, and forms the basis of statistical tests
which assume equality of treatments. After R.A. Fisher demonstrated the utility of
randomization and novel statistical analysis techniques in agricultural research in
the 1920s, researchers began adapting this method in medicine.

The impetus for randomized trials also depended on the interaction between pro-
fessional interests and the regulatory environment. Scandals surrounding drug
safety and the for-profit pharmaceutical industry in the 1930s prompted clinical
trials in medicine. Journalists, consumer protection organizations, and federal regu-
lators began mounting a campaign for stronger regulatory authority by publicizing
a list of harmful products including radioactive beverages and ineffective “cures”
for diabetes and tuberculosis [29]. The Food and Drug Administration (FDA) began
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to require random assignment and control groups in pharmaceutical testing. As sur-
geons were relatively unaffected by these controversies, they enjoyed greater free-
dom in the early twentieth century to “adopt, adapt, or invent” through personal
experience and case studies [28]. After all, surgery physically rearranges body tis-
sues, and the end product is visible proof that an intervention has taken place. A
purported “magic pill” is much more vulnerable to skepticism.

In 1931, American researchers published an article in the American Review of
Tuberculosis depicting the first randomized controlled trial with blinding and pla-
cebo controls. Amberson and his colleagues used a coin flip randomizing tuberculo-
sis patients to receive either sanocrysin (a gold compound) or distilled water. The
resulting data demonstrated that all of the patients receiving sanocrysin suffered
adverse systemic drug effects, with no evidence of therapeutic benefit at follow-up
[30]. In the very same journal issue, Brock published a study arriving at very differ-
ent conclusions, that sanocrysin had “an outstanding clinical effect on exudative
tuberculosis in white patients,” although “very little effect in limiting the progres-
sion of disease in black patients” [31]. In comparison to Amberson’s trial, Brock’s
study was demonstrably weaker; he observed 46 patients who were given varying
dosages of sanocrysin, did not have an untreated control group, and did not control
for baseline differences in treatment setting and disease stage between black and
white patients [32]. Clinicians recognized that Amberson’s randomized controlled
trial provided stronger evidence, and thus gold therapy for tuberculosis fell into
disrepute throughout America.

The first multicenter trials addressing the treatment of pulmonary tuberculosis
with streptomycin were published in the United Kingdom in 1948 and the United
States in 1952. The British study included 107 patients from 7 centers and con-
cluded that streptomycin-treated patients experienced significantly better outcomes
compared to control patients. The Veterans Administration and the United States
Armed Services added to the body of evidence from multicenter trials, with good
success [33].

One of the earliest randomized controlled trials related to surgery was anesthesi-
ologist Henry Beecher’s 1955 investigation of three different anti-emetics for post-
operative vomiting [34]. The year 1958 saw the launch of several randomized
controlled trials on surgical procedures, including the management of upper gastro-
intestinal bleeding, prophylactic surgery for esophageal varices, internal mammary
artery ligation, and radical mastectomy [35-38]. Perhaps the largest and most well-
known early randomized controlled trial in surgery was performed by C. Goligher’s
team in Leeds and York in 1959. The study randomized 634 carefully selected
patients to one of three operations for duodenal ulcers. This trial helped lay the
design foundation for future trials in surgery. On the importance of random assign-
ment, the study remarks:

This method of randomization may strike some as very impersonal, but we would point out
that during the time the trial has been in progress surgical opinion throughout the country
on the choice of elective operation for duodenal ulceration has been so divided that in any
large hospital several different methods were already in use. Which one would be performed
on an individual patient has depended largely on the personal predilection of the particular
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surgeon to whom he happened to be referred and not on any accurate knowledge of the rela-
tive late results. Our trial has merely organized somewhat this pre-existing system of ran-
dom usage in order to extract more reliable information from it [39].

Randomized trials aimed, therefore, to settle the conflict of “divided” opinions in
the country regarding surgical management of specific diseases and to set a prece-
dent of basing treatments on proven effectiveness rather than on individual surgeon
preference. Yet the opening line of the quote clearly articulates how foreign and
potentially controversial this methodology was to surgeons in the 1950s and 1960s,
many of whom questioned the ethics of denying patients the treatment perceived to
be most efficacious.

Despite the lack of “high-quality evidence” provided by carefully designed
investigations, procedures such as vagotomy and subtotal gastrectomy, among many
others, came to be regularly practiced. How did this occur? And how did the stan-
dard of proof transform from expert opinion to more standardized trials? A focused
history of clinical research in breast cancer surgery offers a lens through which to
understand this phenomenon.

1.6 The History of Clinical Research in Breast Cancer
Surgery

Propelled by the theory that breast cancer spread centrifugally in the plane of sub-
cutaneous tissues and lymphatics, radical mastectomy remained a mainstay of sur-
gical treatment throughout the first half of the twentieth century [40]. William
Halsted did much to pioneer the radical mastectomy, performing the first “Halsted
mastectomy’ in 1882 [41]. He used clinical and pathologic findings from a series of
210 cases, of which he marked 42% as 3-year cures, results that surpassed those of
other surgeons at the time [42]. A 1924 review of 20,000 cases of breast cancer by
British statistician Janet Lane-Claypon reported that radical mastectomy offered
43.2% three-year survival rates compared to less than 30% survival from more con-
servative operations [43]. Halsted’s operation peaked in popularity after World War
II as the American Cancer Society pushed for early detection and removal of breast
cancers. Some surgeons, believing Halsted’s operation to be insufficient, pushed the
envelope even further through “superradical” operations such as removing ribs,
deep lymph nodes, limbs, and even internal organs to eradicate cancer cells [27]
(Fig. 1.2).

Several case series in Europe began to cast doubt on this prevailing theory,
reporting that, in stage I and II breast cancers, more conservative operations
resulted in similar survival rates compared to radical mastectomy [45-47].
Similarly, a few American physicians such as Barney Crile presented retrospective
data indicating that less radical procedures resulted in equal or better results with
fewer side effects compared to the Halsted approach [48]. Moreover, radiotherapy
pioneered at the Curie Institute in Paris emerged as a new modality for treatment,
and case series demonstrated that when it was either used alone or in combination
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Fig. 1.2 Original drawing
of the radical mastectomy
reported by William

S. Halsted in 1894.
(Source: William Stewart
Halsted, Surgical papers,
Wellcome Collection) [44]

with more conservative surgeries, radiation appeared to lend similar or better
results compared to radical mastectomy [49, 50]. Physician-historian Barron
Lerner points out the strength of a “natural experiment” by Smith and Meyer which
showed that simple mastectomies performed during World War II due to staff short-
age—therefore representing patients with similar disease severity compared to
patients treated in peacetime—Ied to similar results between simple and radical
mastectomies [27, 51].

Radical mastectomy remained standard of care, however. It was viewed as uneth-
ical to deprive patients of the ostensibly superior Halsted radical procedure. Surgery
carried a strong culture of reliance on expertise gained from firsthand operative
experience rather than on biostatistics. Even proponents of conservative surgery
such as Barney Crile did not advocate for randomized trials; they felt their personal
operative records held sufficient proof of the merits of their approach. Surgeons
were concerned that randomized trials would impede on their authority to make
individualized decisions for their patients [27].

As providers in the United States debated whether to perform randomized con-
trolled trials to study breast cancer surgery, these very trials were initiated in Europe.
Beginning in 1951, researchers used alternate allocation to compare simple mastec-
tomy and radiation with radical mastectomy, showing that the more radical proce-
dure afforded no additional survival benefit [52]. In 1958, radiotherapists Diana
Brinkley and J. L. Haybittle launched a randomized controlled study in Cambridge
comparing simple mastectomy to radical mastectomy, with all patients receiving
radiotherapy. Five- and ten-year survival was equivalent between the two groups [36].

Despite the apparent need for more rigorous studies, it was not until 1971 that the
first randomized controlled trial on breast cancer surgery began in the United States.
Bernard Fisher began enrolling breast cancer patients to compare radical mastec-
tomy with simple mastectomy [53]. At 25-year follow-up, the study found there was
no significant survival advantage gained from performing radical mastectomy to
remove occult positive nodes at the time of initial surgery or from radiation therapy.
These findings further supported the notion that outcomes from breast cancer
surgery relied not on radicality but rather on adequate control of local disease and
treatment of secondary tumor spread.
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Physician-historian David S. Jones points out that RCTs often were not required
or even relevant to promulgate changes in surgical practice [25, 38]. The rates of
radical mastectomy had already fallen from 50% in 1972 to 3% in 1981, long before
the publication of Fisher’s trial [54]. Operative management of breast cancer was
already shifting toward more conservative methods; therefore, the RCT made its
impact in tandem with other factors such as patient empowerment and new under-
standings of disease models [27, 54]. The history of breast cancer surgery research
illustrates the evolution from empiric clinical gestalt informing decisions to the use
of rigorous trials to support or refute longstanding theories. Randomized controlled
trials were not foundational to the move away from radical mastectomies, however,
and historically such trials have not shaped surgical practice nearly to the same
extent as they have shaped medicine.

1.7 Challenges in the Uptake of RCTs in Surgery

Randomized evaluations of surgical techniques are rare, and many interventions
have been widely adopted without rigorous evaluation. In the 1990s, an estimated
one half of interventions in internal medicine were based on evidence from RCTs,
compared to fewer than 25% of surgical interventions [55-57]. In the latter half of
the twentieth century, only 3.4% of all articles in the leading surgical journals were
randomized controlled trials [58]. This gradually rose to an estimated 10% by 2006
[59, 60].

There are several reasons for the large-scale delay in the uptake of RCTs in sur-
gery [25, 38]. One major reason stems from the blurred lines between clinical prac-
tice, innovation, and research, a phenomenon explored by scholars of surgical
history. Sally Wilde and Geoffrey Hirst describe how early twentieth century sur-
geons constantly combined theories about the body with empirical observations in
the operating room to innovate new techniques [61]. Surgeries are not controlled by
a regulatory body such as the FDA and can be performed without first undergoing
extensive evaluation; therefore, regulatory factors are not an impetus to devote the
funding and institutional organization required to support large-scale randomized
controlled trials [62]. In a survey of surgeons who had published papers describing
innovative surgeries, Reitsma and Moreno found that 14 of 21 surgeons confirmed
that their work was research, but only 6 had sought IRB approval, and only 7 men-
tioned the innovative nature of the procedure in the informed consent document
[63]. These findings demonstrated a clear need for education and possibly some
minimal criteria that define experimentation in performing surgical procedures. In
2009, the IDEAL Collaboration endorsed several suggestions geared toward
improving the assessment of surgical innovations, including the use of prospective
databases and registries as well as increasing the number of prospective studies with
adequate statistical control techniques [64].

Skeptics also felt that surgery was inherently not amenable to standardization,
particularly in comparison to medication, where pills maintain the exact same
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chemical composition and dose throughout a trial. In contrast, operations comprise
hundreds of steps that individual surgeons continually refine and innovate for each
particular patient in the hopes of achieving better outcomes [65]. Unlike a clinical
trial testing a new medication, variation in surgical skill and experience will allow
some surgeons to achieve an adequate result more quickly, whereas other surgeons
may need to perform the procedure multiple times to attain the same results.

The ethics of randomized controlled trials in surgery also carries complexities;
for instance, establishing evidence using randomized controlled trials would not be
ethical in some procedures due to the risk of harm in the nonoperative group.
Moreover, studies with placebo sham surgeries have been viewed as unethical
because the benefits cannot outweigh the risks of an invasive procedure [66].

1.8 Ethics and Regulation of Clinical Trials

The development of ethical standards with respect to medical experimentation has
been an ongoing concern [67]. Military surgeon Walter Reed utilized some of the
first written informed consents (in English and Spanish) for his yellow fever trials
in Cuba at the turn of the century [68]. The Nuremberg Code of 1949, issued in reac-
tion to Nazi experimentation, was the first document to set out ethical principles
based on informed consent. These principles were revised and released by the World
Medical Association in 1964 as the Declaration of Helsinki [69]. When thousands
of children were born with birth defects as a result of pregnant women taking the
drug thalidomide for morning sickness, the 1962 Kefauver-Harris Amendment to
the Food, Drug, and Cosmetic Act set forth legal requirements for “adequate and
well-controlled investigations™ prior to a drug’s approval by the FDA [29, 70]. In
1966, as Henry Beecher was about to publish his exposé on unethical clinical
research practices, the US Surgeon General requested that hospitals and universities
establish review boards [71].

One of the most infamous clinical trials where ethical principles were lacking
was the “Tuskegee Study of Untreated Syphilis” conducted by the US Public Health
Service from 1932 to 1972 [72, 73]. It involved nearly 400 black men with late-
stage syphilis. When penicillin was found to be an effective cure for syphilis in
1946, the subjects enrolled in the study were not offered this treatment and were not
informed of their diagnosis. Jean Heller of the Associated Press broke the story of
this study in 1972, revealing that the trial did not have a formal protocol. The mag-
nitude of the risks taken with the subjects involved led many to believe that the
Public Health Service had “played” with human lives [72]. The Tuskegee study
performed a key role in creating institutions and practices that govern the use of
human volunteers in US biomedical research today, but it also introduced a level of
distrust between patients and physicians and made the public wary of participating
in clinical studies.

In the wake of the tragic disregard for ethical principles in the Tuskegee Study,
the National Research Act was signed into law in 1974, culminating in the creation
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of the Belmont Report. It put forth three basic ethical principles: respect for persons
(to protect autonomy as well as those with diminished autonomy), beneficence (to
maximize possible benefits and minimize possible harm), and justice (to divide ben-
efits and burdens of research equally among individuals) [69, 74]. The principles of
the Belmont Report have been incorporated into every aspect of human research and
are the basis for ethical regulations in practice today.

To date, compared to medical therapies and devices, new surgical techniques
have arguably escaped the same type of scrutiny imposed by the FDA and
Institutional Review Boards (IRBs) [75]. Designation of a surgical innovation as
“experimental” has largely been left to the discretion of the surgeon. To address the
concerns that potentially harmful operations could be developed without rigorous
evaluation, the American College of Surgeons formulated guidelines in 1995 for the
evaluation and application of emerging procedures, urging that new technologies
require earlier and continued IRB review, scrutiny of the research protocol, along
with a thorough description of informed consent of subjects [63, 76].

The history of clinical research in surgery sheds light on the tension between
innovation and strict control. Not long ago, it was common practice for surgeons to
take novel operations and technology and apply them to patients after minimal
study. The gold standard for building evidence has now assumed the form of a rigor-
ous, expensive, multi-year process. Spurred appropriately by the desire to protect
patients from unethical conditions, researchers have foregone rapid innovation in
favor of safety. As surgeons navigate ways to improve surgical care, the scientific
community will continue to reevaluate the balance between innovation and
regulation.

1.9 Recent Times

As clinical trials became more complex, they required additional regulation and
administration. Clinical trials at academic centers often ran from specific medical
departments. Clinical trial offices (CTOs) emerged over the last two decades to
encompass administrative activities related to clinical trials, ranging from protocol
development to billing compliance. Their main goal was to enhance institutional
research capabilities. A review of CTOs at eight academic health centers in 2008
revealed, however, that there was little uniformity in the structure of functions
designated to the CTOs across institutions; some were gatekeepers on all budget-
ing and billing, and others provided educational or liaison services, while still oth-
ers wielded monitoring and auditing responsibilities for compliance [77]. This
review points to the challenge that institutions face when defining the structure of
clinical trial administration. CTOs will become increasingly important as there is
added pressure on academic organizations to focus their billing and compliance
activities, increase communication between researchers, consolidate education and
training, decrease costs and infrastructural redundancy, and increase visibility
of trials.
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To validate their results and share resources, randomized trials need collabora-
tion and organization among multiple institutions. The Early Breast Cancer Trialists’
Collaborative Group was a multinational effort to compile results from randomized
trials of adjuvant endocrine and cytotoxic treatments [78]. The creation of the
National Cancer Institute (NCI) in 1937 designated the start of federally sponsored
medical research in the United States and developed into the National Institutes of
Health in the post-World War II years. With the aim of facilitating cross-institutional
collaboration, the NCI created several cooperative cancer research groups including
the National Surgical Adjuvant Breast and Bowel Project. Collaborative research
arising from these groups has helped demonstrate that breast conservation surgery
is often better than radical mastectomy, for instance [79]. These multicenter trials
are attractive for a number of reasons, including large-scale patient recruitment to
achieve the needed numbers, attention to regulatory and ethical issues, as well as
marketing strategies. Mega-trials often include thousands of patients with signifi-
cant heterogeneity in demographics, clinical characteristics, comorbidities, and
associated therapies. One downside to applying the findings of a mega-trial to daily
medical practice is that group-averaged data are transferred to individual care often
with weak demographic and clinical associations [80]. For these reasons, the enthu-
siasm for international mega-trials has waned somewhat, and researchers have
started to focus their energies in more individualized patient-centered research—not
all that dissimilar from the patient-particular practices of Hippocratic physicians
2000 years ago. While there may never be a “perfect” trial, clinicians and research-
ers will continue to employ old, new, and yet-to-be-invented modalities to test the
therapeutic potential of interventions in the everlasting goal of providing the best
possible care to patients.
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Chapter 2
Ethics (Informed Consent and Conflicts
of Interest)

Check for
updates

Kara K. Rossfeld, Jordan M. Cloyd, Elizabeth Palmer, and Timothy M. Pawlik

2.1 Introduction

As a direct result of their health conditions, patients are inherently vulnerable in
their relationship with physicians. Lacking the experience or knowledge required to
understand complex medical decision, they must trust that their providers’ recom-
mendations are consistent with their values, goals, and expectations. Concurrently,
physician-investigators witness gaps in clinical knowledge and are motivated to
address these gaps through scientific discovery and clinical trials. The challenge
inherent in this task is that patients enrolled in clinical research may or may not
directly benefit from the research and its associated risks, although the welfare of
future patients is dependent on this research. Maintaining the highest ethical stan-
dards is therefore not only important to protect the health and rights of patients
involved in clinical trials but also to protect the integrity of the clinical research
enterprise.

2.2 History of Modern Biomedical Ethics

Evidence of principles guiding ethical behavior in medicine have been found dating
back to antiquity. These principles were evolving as the medical field advanced in
the nineteenth and twentieth centuries, but the watershed moment that shaped cur-
rent biomedical ethics was the 1947 Nuremberg trials of Nazi physicians who per-
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formed experiments on Jewish and other marginalized persons imprisoned in
concentration camps. These trials elevated the public discourse and highlighted the
need for an international consensus guiding human subjects research which led to
the creation of the Nuremberg Code [1]. This laid the foundation for the Declaration
of Helsinki created in 1964 by the World Medical Association [2]. The Declaration
of Helsinki established several important principles:

e There must be a scientific basis of the proposed research (preceded by appropri-
ate laboratory modeling).

» Risks to the research subjects must be carefully weighed against and must not
exceed potential benefits to the subjects or society.

* Research may not be performed without the informed consent provided freely by
the research subjects or their legal guardian.

e A research subject must be allowed to withdraw from a study at any time.

The Declaration of Helsinki has been revised and updated many times since the
original drafting, including in 1975 at which time the World Medical Association
recommended the establishment of independent committees to review and oversee
proposed research protocols [3].

At the same time in the United States, there was public outcry for protections of
human research subjects when it came to light in 1972 that hundreds of African
American men with syphilis were being studied by the Public Health Service while
withholding effective treatment and without consent [4]. Public outrage over the
Tuskegee Study scandal as well as other growing concerns related to biomedical
and pharmaceutical research [5] led to the creation of the National Research Act
in 1974.

The National Research Act authorized the creation of the National Commission
for the Protection of Human Subjects of Biomedical and Behavioral Research. This
body convened to establish detailed guidelines for human subjects research and also
published the Belmont report, which established autonomy, beneficence, and justice
as the primary principles guiding ethical clinical research. The National Commission
laid the groundwork for legislation now referred to as the Common Rule, or 45 CFR
46 [6]. Adopted by 16 government agencies in 1991, this legislation formalized
regulations for human subjects research. Among its many regulations was the
requirement for institutional review boards (IRBs) to oversee publicly funded
research in the United States.

2.2.1 The Final Rule

The Common Rule was revised in 2018 in an effort to modernize and reflect some
of the current challenges in medical research. Debate began in 2015 with the
release of the Notice of Proposed Rulemaking. Various stakeholders in healthcare,



2 Ethics (Informed Consent and Conflicts of Interest) 19

biomedical research, pharmaceutical industry, and patient advocacy groups pro-
vided input to the proposed changes. The resulting changes accurately reflected
the current state of biomedical ethics in the United States, capturing both the
strong desire to preserve autonomy but also recognizing the social good that
comes from biomedical research and the benefits of broad participation. For
example, one proposed change was to prohibit the use of leftover deidentified
biospecimens unless consent was obtained. This proposal was rejected by the
public as being overly burdensome to researchers without delivering clear benefits
or protections to patients [7].

The revised Common Rule, or Final Rule, was notable for several distinct
changes. In an attempt to restore autonomy and self-determination to research
subjects, informed consent documents must possess certain elements in an effort
to make them more understandable for the lay public [8]. In addition, the federal
code now allows patients to consent for future unspecified research on biospeci-
mens, known as broad consent. The legislation decreases the burden on IRBs by
expanding what research is included in the exempted category and decreasing
review requirements of low-risk research, with the goal of increasing time for
IRBs to attend to higher risk research. These changes to protections in federally
funded research are required by law in an effort to regulate research integrity, but
meeting these regulations alone does not inherently make endeavors in clinic
research ethical [9].

2.3 The Seven Features of an Ethical Clinical Trial

While the aforementioned documents and other guidelines provide principles and
regulatory measures for ethical human subjects research (Table 2.1), they fall short
of providing a digestible summation of what makes a clinical trial ethical. In 2000,
Emmanuel et al. sought to create an ethical framework by which to assess a pro-
posed clinical trial for ethical shortcomings. Seven components are outlined that
should be considered [10].

2.3.1 Societal Value

Nazi physicians put human subjects through horrific experiments in order to observe
morbidity and mortality without any future societal value [11]. Not to be repeated,
human subjects research must be of clear benefit to the field of medicine for the
improvement of care of patients and society. There must be sufficient evidence to
support the study, and there must be significant improvement in care anticipated for
future patients.
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Table 2.1 Guidelines on the ethics of clinical trials

K. K. Rossfeld et al.

Guideline Source Date | Reference
Nuremberg code Nuremberg Military 1947 | http://www.hhs.gov.proxy.lib.
Tribunal United States v. ohio-state.edu/ohrp/archive/
Brandt et al. nurcode.html
Declaration of World Medical 1964 | http://www.wma.net.proxy.lib.
Helsinki Association ohio-state.edu/
en/30publications/10policies/b3/
index.html
Belmont report National Commission for | 1979 | http://www.hhs.gov.proxy.lib.
the Protection of Human ohio-state.edu/ohrp/humansubjects/
Subjects of Biomedical guidance/belmont.html
and Behavioral Research
45 CFR 46 (Common | US Department of Health | 1991 | http://www.hhs.gov.proxy.lib.
rule) and Human Services ohio-state.edu/ohrp/humansubjects/
guidance/45cfr46.html
Good clinical International Conference | 1996 | http://www.fda.gov.proxy.lib.
practice: on Harmonization of ohio-state.edu/downloads/Drugs/&/
Consolidated Technical Requirements Guidances/ucm073122.pdf
guidance for Registration of
Pharmaceuticals for
Human Use
International ethical | Council for International | 2002 | http://www.cioms.ch/images/stories/
Guidelines for Organizations of Medical CIOMS/guidelines/guidelines_
biomedical research | Sciences and the World nov_2002_blurb.htm
involving human Health Organization
subjects

2.3.2 Scientific Validity

The study must be scientifically sound. For trials with randomization, clinical equi-
poise must exist. Equipoise is the concept that there is genuine uncertainty as to the
equivalency or superiority of one intervention compared to another [12]. If one
therapy was thought to be superior, then patients in the other arm of the study would
be receiving inferior care. This applies to procedural techniques as well. For exam-
ple, endoscopic mucosal resection of an early esophageal cancer offers a much less
morbid operation than esophagectomy. Data in patients with early esophageal can-
cers who were not surgical candidates first suggested that oncologic outcomes
might be equivalent with an endoscopic resection while sparing morbidity of an
esophagectomy [13, 14]. Once this was established [15], so too was the clinical
equipoise to allow ethical evaluation in surgically fit patients who would otherwise
be a candidate for an esophagectomy.

A flawed design or underpowered study is also ethically irresponsible. Not only
do such studies pollute the literature and waste valuable resources, patients have
been subject to the risks of the trial for no benefit [16]. Clinical researchers must
have a firm understanding of how to formulate the right research questions, how to
design appropriate trial protocols, and how to appropriately evaluate and interpret
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data. Collaboration with statisticians is a moral imperative if the investigators lead-
ing a study do not have a deep understanding of study design and statistical analysis.
Mentorship is invaluable while attaining these skills.

2.3.3 Fair Patient Recruitment

There must be justice in the method that participants are recruited to a study.
Historically, research has often been performed on patients with insufficient socio-
economic means to pay for their care otherwise [17], violating the principles of
justice and autonomy through coercion. For a study to be ethical, there must not be
exploitation of vulnerable populations inherent in the population being studied. For
this reason, incarcerated persons are often not included in human subjects research.
On the other hand, there also must not be intentional exclusion of vulnerable popu-
lations without a sound scientific basis. The burden of research risk must be shared
by all (not just economically disadvantaged patients), and there must not be special
access to trials and treatments based on one’s financial resources.

2.3.4 Satisfactory Balance of Risks and Benefits

Risks to patients enrolled in the study must be outweighed by potential benefits to
them and/or to society at large. Preclinical laboratory and animal modeling should
be performed in order to assess potential risks of new therapies or techniques.
Whenever possible, exposure to risks should be minimized, appropriate monitoring
of potential risks should be built into study design, and unanticipated harm to
research participants must be reported to appropriate study personnel in a proto-
colized fashion.

2.3.5 Independent Oversight

There must be an oversight committee reviewing the proposed research, ensuring
there are no violations of research ethics. For federally funded research, IRBs act as
a check on the researchers both in meeting regulatory requirements for appropriate
conduct of the study and also to identify potential conflicts of interest.

2.3.6 Informed Consent

To preserve autonomy, patients must be provided with the tools necessary to make
a well-informed decision about whether to participate in a trial. With the revisions
to the Common Rule, informed consent must begin with a concise summary of



22 K. K. Rossfeld et al.

information that would broadly assist with a patient’s decision to participate. It
should include all necessary information that a “reasonable person” would want to
know before deciding whether or not to participate, a legal albeit vague standard.
This includes the reason for the study, potential benefits, anticipated risks, and alter-
natives to trial participation. This process requires verification that these concepts
are understood by the research subject, even though, as will be discussed below, this
confirmation is often overlooked.

2.3.7 Protections of Research Subjects

Participants in trials must be granted certain protections, including the right to ter-
minate participation without repercussion. Protected health information and patient
privacy must be safeguarded. When unforeseen risks become apparent, appropriate
actions to protect the health of participants must be taken.

2.4 Innovation in the Design of Clinical Trials

Defining clear benefits to patients and/or society can occasionally pose challenges
in clinical trial design. This is particularly relevant in cancer research, as research
and development of treatments and techniques is an inherently slow process.
Significant time is required to take an idea through basic science and preclinical
modeling, institutional review board approval, accrual of trial participants, imple-
mentation of the intervention, and observation of the outcomes. Meanwhile, break-
throughs may happen within a discipline that render the benefit of a particular study
unclear or potentially even irrelevant.

There is therefore a moral imperative to ensure trial design is as efficient as
possible. One brilliant example of this is the I-SPY 2 Trial: Investigation of
Serial Studies to Predict Your Therapeutic Response with Imaging and Molecular
Analysis 2 [18]. This adaptive trial has enabled the study of numerous molecular
targeted therapies for breast cancer in the neoadjuvant setting in a relatively
short period of time. Tumor biomarkers and molecular subtypes are factored to
optimize the arm to which a patient is randomized. Response is determined by
evaluating pathologic response at the time of surgery rather than longer end-
points such as overall survival. Effective therapies are fast-tracked to the market,
ineffective therapies are dropped from the protocol, and new therapies enter the
pipeline. Granted, not all cancers are amenable to this type of trial, but it is a
prime example of a trial design that is flexible, responsive to new therapies
entering the market, and efficient thereby maximizing potential benefits of
the study.
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2.5 Informed Consent for Clinical Trials

The purpose of informed consent is to respect the autonomy of the individual and to
ensure that he or she is not utilized merely as a means to an end. Informed consent
requires that the consenting individual has the capacity to understand the various
risks and benefits of the proposed research and to be able to do so voluntarily with-
out coercion. Participants should be informed of their right to withdraw from a
study at any time without penalty. Verbal and written communication should be in
the native language and on an appropriate level for the participants to understand.
Apart from a few exceptions such as emergency research, research with minors, or
those who do not have decisional capacity, only the individual who will be the
research subject can give consent to participate in a research study. In the United
States, a written signature is required for consent to participate in a research study.
The US Federal Regulations (i.e., 45 CFR 46) and European Community Rules
(i.e., GCP guidelines) include three essential elements of a valid informed consent:
disclosure, comprehension, and voluntariness. With full disclosure, participants
must be informed of the nature and foreseeable risks of the trial along with the
therapeutic benefits that may or may not be a result of enrolling. They must be
aware of all appropriate alternative therapeutic options with a right to withdraw
without penalty. A statement regarding the extent to which the participant’s records
will be kept confidential is required. Appropriate information should be given to the
participant to explain who he or she should contact for any research-related adverse
event or for any other questions about the study. There are no good methods to
determine the comprehension of the participants with regard to the research.
However, the consent materials should be at an appropriate reading level (8th grade
reading level) and translated into the appropriate language as necessary. Finally,
voluntariness involves lack of coercion whether it is by the physician’s influence or
through monetary means. Compensation for travel or lost wages is acceptable; how-
ever, payment above and beyond those thresholds may cause some participants to
accept a higher level of risk than they normally might take on otherwise and is
considered unethical.

2.5.1 Patient Understanding Is Insufficient

While obtaining informed consent for a clinical trial is both ethically and legally
required, research suggests that patients frequently enroll in trials without a firm
understanding of what the trial entails, sometimes misunderstanding key concepts
[19]. Some concepts that are second nature in the conduct of high-quality research
like equipoise and randomization are particularly difficult for the general public to
grasp [20]. One systematic review demonstrated that patients adequately under-



24 K. K. Rossfeld et al.

stood the aims of the trials in which they were enrolled in only 54% of studies [21].
Patients are motivated to join a study for a number of reasons, and their decision is
often based on emotion—whether that is fear of not having an alternative or a desire
to be altruistic while potentially being helped [22]. Many patients just assume that
a new treatment is inherently better than the standard of care [23]. Regardless of
motivation, a research subject may consent without understanding, but it must be
recognized that the fault is not with the research subject. The onus is on the principal
investigator and the research team to ensure patients understand what they are
enrolling in.

2.5.2 Assessing Patient Understanding

While the revisions to the Common Rule represent a starting point to improve
patient understanding from the informed consent process (Table 2.2), these rules
are still fairly ambiguous. How to present information in a way that facilitates
comprehension for participants is poorly understood. While there is a growing
body of literature in this field, several obstacles exist, including determining
whether comprehension should be evaluated subjectively, objectively, or based
on patient perception of or satisfaction with their own understanding [24]. These
methods all carry their own ethical limitations. The current practice of subjec-
tive assessment by the research team based on the general interactions during
the informed consent process is inadequate—research subjects understand less
than we think, violating their right to self-determination. An objective assess-
ment of understanding (i.e., requiring potential research subjects to pass a quiz
in order to enroll) on the other hand might also be problematic both from ethical
and scientific standpoints as it may discourage or exclude patients with poor

Table 2.2 Requirements of informed consent

Document Begins with concise summary of information
organization

Required content * Foreseeable risk or discomfort

» Expected benefit to society or individual

* Alternative treatments

¢ Plan for maintaining confidentiality

* Description of compensation for injury and explanation of medical
therapies for said injury

* Contact information for questions and to report concerns

Right to discontinue participation

Excluded content  Exculpatory language absolving research team from liability
* Lists of facts

Adapted from Title 45: Public Welfare; Code of Federal Regulations Part 46.116 General require-
ments for Informed Consent
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literacy from participating. This would violate the principle of justice and may
lead to selection bias in the participant pool. Tools have been developed in an
attempt to measure understanding, deliberation, and the informed consent pro-
cess [25-28]. One of these tools measures the quality of the content delivered by
the research coordinator and evidence of patient understanding during the con-
sent process [29]. While this tool does not directly measure patient understand-
ing, it may be useful in auditing the quality of the interactions to providing
formative feedback to recruiters as a method for improving the informed consent
process.

2.5.3 What Patients Want from the Informed Consent Process

What do “reasonable persons” desire from the informed consent process? One qual-
itative study demonstrated that patients want advanced warning that they will be
approached for research [19]. Communication should be clear and devoid of jargon,
and they want adequate time with their physician and research coordinator. It must
be recognized that the amount of information and detail that patients want prior to
making a decision about participation varies, and (as much as possible), the research
team should respect these preferences [30]. As the task of deciding whether to par-
ticipate in a trial can be daunting to patients, they should be given adequate time to
consider their decision.

2.5.4 Optimal Presentation of Information

Studies have been performed to examine the impact of using audiovisual materi-
als to enhance understanding, although many of these studies are methodologi-
cally limited. In general, there is not enough evidence to indicate that audiovisual
materials enhance understanding of trials by research participants [31]. In one
study comparing 18 research protocols presented to patients either via the tradi-
tional written format, a booklet, a computer-assisted instructional program, or an
instructional video, no format proved superior in conveying information for
patient understanding as judged by a knowledge quiz. Unfortunately, on average,
no intervention group or demographic scored higher than 67% on the quiz [32].

While additional research is needed, digital platforms are a natural choice to
present complex information in a simplified understandable way, supplemented
with animations and graphics. This format carries potential for real-time assess-
ment of understanding, with additional built-in educational modules tailored to
concepts that patients incompletely understand [33]. Of course, this may be costly
to develop, and further research is needed to know if this type of interactive plat-
form would be helpful for increasing comprehension and/or recruitment.
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2.5.5 Special Considerations for Informed Consent

Informed consent must be obtained without coercion to be ethical and valid. As
such, the setting in which is obtained must be carefully considered. While any
patient may be subject to coercion by their physician or research team, one must be
particularly mindful of populations who may be vulnerable to agreeing to a trial
without due consideration. Vulnerable populations should be protected by specific
measures to ensure safety, informed consent, and absence of coercion. Individuals
with impaired decision-making capacity, children, and prisoners are groups identi-
fied by the National Commission whose voluntary written informed consents were
not considered feasible or seemed overly protective. In balancing the social good
that could arise from the research, as well as allowing these populations to have
access to its potential benefits, the National Commission determined that in light of
the principles of beneficence and justice, that research with a modified informed
consent or consent by proxy would be permissible. However, in order to maintain
the protection of these vulnerable populations, the commission described a neces-
sity requirement, where the research must be relevant to the vulnerable population
and cannot otherwise be done in a less vulnerable population. They also stipulated
that strict informed consent could be modified or waived if the research posed mini-
mal risk to the subjects. Minimal risk is defined as no more than the physical or
psychological harm that is normally encountered in the daily lives, or in the routine
medical, dental, or psychological examination of healthy persons.

Similarly, research in the elderly and the young deserves special mention. In
research with children, although they cannot legally give consent to enroll in a
research study, once they are of the age where they may understand the reasons for
and implications of the study, an assent from the child should be obtained in con-
junction with an appropriate consent from the parents [34]. Likewise, dissent from
the child should also be appropriately respected. In research of the elderly, addi-
tional attention must be paid to ensure these patients have capacity for complex
decision-making [35]. In situations where patients don’t have capacity (e.g., in mild
dementia), their surrogate decision-makers must be included in the consent process
while also ideally securing assent to trial participation from the patient.

Research in the emergency setting is another situation where obtaining informed
consent is difficult if not impossible to do. Patients may not be capable of providing
consent due to the acuity of their condition. The shortened timeframe before inter-
vention is also prohibitive for explaining the complexity of a trial and does not
afford patients time to deliberate upon their decision. Regardless, patients with
emergent surgical disease deserve high-quality research to inform their treatment.
Regulatory bodies recognize this need and provide exceptions for obtaining
informed consent for research on life-threatening conditions. For those conditions
that are not immediately life-threatening, there are several solutions for trials in the
emergency setting, first and foremost by engaging the community in which the
research is being performed, educating the community and seeking stakeholder
input [36]. In order for the requirement of informed consent to be waived in these
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situations, two criteria must be met: the research cannot be realistically carried out
in nonemergency settings, and the research must directly address the emergency
needs of the participants involved. As soon as consent or legal authorization becomes
feasible, it should be obtained from the individual or a proxy if indicated [37].

Lastly, clinical trials involving surgical innovation deserve mention. Surgical
innovation has been responsible for some of the greatest revolutions in the field of
medicine. Problem-solving is inherent in the work surgeons do, finding a way to
accomplish the goal of an operation, developing tools to accomplish certain tasks,
or decreasing morbidity. Often, there is not enough experience with new techniques
or tools to know the actual level of risk for a known complication, especially when
rates of the complication are low to begin with [23]. When enlisting patients in trials
examining new techniques or tools, physician-investigators must be transparent
with regard to the unknowns. If a surgeon is unable to be forthright about his or her
lack of experience with a technique or therapy, it should not be offered [38].

2.6 Conflict of Interest

Conflict of interest has become one of the core components in the ethics of medical
research. The two major areas where conflict of interest (COI) may arise in the
clinical research setting are the physician-researcher conflicts and financial con-
flicts. It is important to distinguish that a COl is the existence of competing inter-
ests which may lead to bias or result in harm. COI is often misconstrued as the
occurrence of bias and harm [39]. There is a scale on which a secondary interest
poses a risk of influence on a physician-investigator, and there is a range of harm
that may be done as a result of perpetration of a COI [40]. For example, the risk of
influence on a physician-investigator is less for accepting a free meal from a phar-
maceutical company as compared to the risk of influence on a physician-investiga-
tor given stock options for a drug he or she is investigating. The range of harm done
similarly can be broad, from undermining the patient-physician relationship by put-
ting pressure on a patient to participate in a trial to gross underreporting of adverse
effects or risks of an intervention. Many medical professional and industry organi-
zations have published codes for ethical behavior related to managing conflicts of
interests (Table 2.3), and researchers should be familiar with their own institutional
regulations.

2.6.1 Physician-Researcher Conflicts

Perhaps the most subtle form of COI and the most difficult to detect occurs when
physician-investigators become invested in a particular hypothesis or study. This
could be because a physician becomes convinced of the benefit of an intervention
from personal experience, despite equipoise in the larger community. In these
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Table 2.3 Guidelines for managing conflict of interest
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Organization

Document

Available at

American College of
Physicians

“Conflicts of Interest” ACP Ethics
Manual, 7th Edition

https://www.aamc.org/
download/482216/data/
protectingpatients.pdf

American College of
Surgeons

Code of Professional Conduct

https://www.facs.org/about-acs/
statements/stonprin

American Medical
Association

Conflicts of Interest in Research:
Code of Medical Ethics Opinion
7.14

https://www.ama-assn.org/
delivering-care/ethics/
conflicts-interest-research

Association of American

Protecting Patients, Preserving

https://www.aamc.org/

download/482216/data/
protectingpatients.pdf

Medical Colleges Integrity, Advancing Health:
Accelerating the Implementation of
COI Policies in Human Subjects

Research

AdvaMed Code of Ethics on
Interactions with Health Care
Professionals

Advanced Medical
Technology Association

https://www.advamed.org/
resource-center/
advamed-code-ethics-
interactions-health-care-
professionals

Pharmaceuticals and
Research and
Manufacturers of
America (PhRMA)

PhRMA Principles on Conduct of
Clinical Trials

https://www.phrma.org/
codes-and-guidelines/
phrma-principles-on-conduct-
of-clinical-trials

instances, there may be bias of the information the physician-investigator presents
to possible research participants, including the overselling of potential benefits of
joining a study or minimizing potential risks and options for alternative therapies,
undermining the informed consent process and the patient’s autonomy.

More visible yet are the tremendous pressures to produce results and publish,
including for promotion and tenure, in securing research funding (an increasingly
competitive resource), and in the cultivation of one’s local and national reputation.
These pressures may bias the physician-investigator in any number of ways, includ-
ing in how he or she recruits patients, manages or interprets data, or publishes
research findings.

2.6.2 Financial COI

Financial interests are the most visible forms of COI. Collaboration between
physician-investigators and industry is critical in bringing forward new therapies
and technologies to benefit the care of patients, but these relationships must be man-
aged with caution [41]. The late 2000s saw a number of lawsuits against pharmaco-
logic companies for illegal marketing practices and inappropriate payments to
healthcare providers. As a part of the Affordable Care Act in 2010, the Physician
Payments Sunshine Act was enacted requiring disclosure of industry payments to
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physicians in an effort to increase transparency [42]. While it represents a step for-
ward in accountability, there is still room for improvement in disclosure of COI in
medical literature [43]. Disclosure requires self-regulation that is inherently limited
by personal biases and self-perceptions and often disincentivizes physicians from
reporting by requiring additional paperwork or administrative procedures for the
evaluation of disclosed interests. Furthermore, there must be appropriate evaluation
of disclosed interests to determine if further actions must be taken by the institution,
and this may not occur effectively or at all [44].

Monetary reward for innovation, ingenuity, and improvement in most other
industries would go unquestioned. There are no easy solutions to the ethical dilem-
mas inherent in how physicians are rewarded to do the same [45], but we must
continue to examine these challenges, seek solutions, and strive to maintain the
integrity of the research we perform, so that we may be worthy to serve the suffering
through clinical care and research.

2.7 Conclusions

The medical field continues to make impressive strides forward in research and
development. As it does so, there will continue to be challenges in the ethical nature
of how science is applied. As demonstrated, the challenges to be met are multifac-
eted from understanding how we execute the very principles that have dominated
biomedical research ethics such as informed consent to how we might revolutionize
research to make it more efficient and worthwhile. It is critical to public trust and
the special privilege afforded to physician-investigators that we are able to navigate
ethical dilemmas, recognize when ethical lines are being crossed, and effectively
self-regulate. It is equally important to recognize that the research field will present
unforeseen ethical dilemmas, just as breakthroughs today were unimaginable at the
turn of the last century. The time to hone these skills is now, so that we may be
equipped for ethical challenges that lay ahead.
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Chapter 3

Generating a Testable Hypothesis
and Underlying Principles of
Clinical Trials

Cecilia G. Ethun and Shishir K. Maithel

A well-designed and executed clinical trial can be one of the most powerful and
definitive ways to assess the effectiveness and safety of an intervention(s). Thus,
thorough knowledge of the underlying principles of clinical trials is required for any
investigator choosing to embark on such an endeavor. This chapter will elaborate on
three important aspects of clinical trial development: defining clinical trials, devel-
oping a research question, and generating a testable hypothesis.

3.1 Defining Clinical Trials

We define a clinical trial as a prospective study that employs one or more interven-
tions and evaluates the subsequent effect on one or more outcomes in human sub-
Jjects. Inherent in this definition are several key features that differentiate clinical
trials from other types of research studies [1]. First, a clinical trial must be prospec-
tive, not retrospective. Study participants are followed forward from a prespecified
and well-defined point in time, known as “time zero.” How time zero is defined
depends on the type of intervention, the outcome measure in question, and the trial
design. Further discussion of trial design can be found in Chap. 4. In contrast to a
clinical trial, a case-control study is a retrospective study that identifies subjects
based on the presence or absence of a disease or outcome and looks backward in
time to examine the subjects’ exposure to particular risk factors.

A clinical trial must also involve at least one intervention. This may be a single
intervention or a combination of interventions; may be diagnostic, preventative,
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therapeutic, or educational in nature; and may utilize drugs, devices, techniques,
systems, programs, and/or schedules. Regardless of how the intervention is struc-
tured, it should be predefined by investigators and applied to study subjects in a
standardized manner with the intention of having some effect (or lack thereof) on
the outcome(s). Methods for ensuring quality and standardization are discussed in
Chap. 7. A study that follows subjects prospectively but does not involve an active
intervention is considered an observational study, not a clinical trial.

Finally, although similar principles can be employed in plant-, animal-, and
laboratory-based studies, clinical trials must involve human subjects [2]. This
important distinction requires careful consideration and adherence to ethical stan-
dards and safety guidelines by the investigators, which are discussed in detail in
Chaps. 2, 11, and 12.

3.2 Developing a Research Question

Once an investigator understands the basics of what a clinical trial is, they can start
to focus on the development of their own study, beginning with a question. After all,
every good clinical trial starts with a good question. While not specific to clinical
trials, using the FINER criteria can help guide investigators when thinking about the
question that their clinical trial intends to address [3]. First, the question should be
feasible. Feasibility considerations include the cost of the trial and available fund-
ing, the expected duration, the sample size needed, the difficulty of and expertise
required for the intervention, and access to the patient population being studied.
While the final details of the study are not necessary at this stage, performing crude
calculations and having general knowledge of what your trial might entail are
important aspects of determining trial feasibility when formulating your study ques-
tion [4-6]. Second, the question must be interesting. That is not to say that it has to
be headline grabbing, about an en vogue topic, or applicable to society as a whole.
But it should be of interest to the investigators, the study subjects, and the intended
audience, however broad or narrow. Third, the question should be novel. It should
fill a gap in, expand upon, or refute the existing literature on the topic [4].

Fourth, the question should be ethical. The ethics of a study question involves
both general research ethics and the concept of equipoise [7]. This principle relies
on the investigators and expert community being relatively uncertain of the merits
(or lack thereof) of the intervention(s) on the proposed outcome. One classic exam-
ple is the parachute question: does using a parachute improve survival in skydivers
jumping at 10,000 feet compared to not using a parachute? There is no uncertainty
that using a parachute improves survival and, more importantly, that not using a
parachute would result in certain death; thus, there cannot possibly be equipoise to
justify such a study. The concept of equipoise is also one of the primary drivers for
the relative decrease in the use of placebo or no treatment control arms. That is, in
many cases, a well-established standard-of-care treatment already exists and is often
based on the results of first generation trials that demonstrated efficacy of an inter-
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vention over a placebo or no treatment. Therefore, in order to maintain equipoise,
any future clinical trials should be designed to compare newer interventions to the
existing standard-of-care. Fifth, the question should be relevant. It should be impor-
tant and contribute both to current and future research, as well as to patient care.
While the FINER criteria can help investigators think about the study question in
broad terms, using the PICO format helps investigators write out the specifics of the
research question [4]. PICO stands for the patient population (P) of interest, the
planned intervention (I), the comparison (C) or control group, and the outcome (O)
being measured. Time (T) is often added to PICO to describe the time frame during
which the study will take place. Using the PICO(T) format to develop the study
question enables investigators to establish the framework of the study upfront,
which can then be used as a guide for specific inclusion and exclusion criteria,
choice of study design, and determining the outcome measurement tool [4, 5].

3.3 Generating a Testable Hypothesis

The next step for investigators is to frame the study question in the form of a testable
hypothesis. There are several key points to keep in mind when generating a hypoth-
esis. First, the hypothesis should be a statement, not a question. It should be clear and
declarative, avoiding words like, “may,” “might,” or “could,” and it should be specific
[8]. If the investigators follow the PICO(T) format when developing their study ques-
tion, being specific in writing the hypothesis—that is, including the patient popula-
tion, the intervention, and the comparison or control group—should be easy [4].

The hypothesis should also include a prediction regarding the outcome, which
may be directional or nondirectional [5]. In general, in clinical trials, there are three
possible outcomes: that the intervention has a positive effect, has a negative effect,
or has no effect. The directionality of a hypothesis refers to whether the investiga-
tors predict that the difference in the outcome will be in one specific direction (either
explicitly positive or explicitly negative). An example of a directional hypothesis is
that drug X will improve survival compared to drug Y. Stating that drug X will affect
survival compared to drug Y is an example of a nondirectional hypothesis—investi-
gators are merely predicting that drug X will change the outcome in some way, but
don’t explicitly state whether that will be positive or negative.

Before choosing whether or not to use a directional hypothesis, however, it is
important for investigators to understand the statistical implications of that deci-
sion—that is, the directionality of a hypothesis directly affects how the null (Hy) and
alternative hypotheses (H,) are defined and can be used to justify either one-sided
(for directional hypotheses) or two-sided (for nondirectional hypotheses) tests of
significance [9]. Using a directional hypothesis, Hy may be that drug X improves
survival, while H is that drug X does not improve survival. Although this may seem
reasonable, it is important to realize that hidden within H, are both the possibilities
that drug X has no effect on survival or that drug X actually worsens survival. In this
example, a one-sided test of significance would not differentiate between drug X
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having no effect and having a negative effect on survival, even if the “truth” were
that drug X worsens survival. While one-sided tests have greater statistical power to
detect a difference in the predicted direction (i.e., it would be easier to find a signifi-
cant improvement in survival if the “truth” was, in fact, that drug X improved sur-
vival), the possibility of failing to uncover the opposite outcome (in this case, that
drug X is harmful) is enough for many investigators to avoid using one-sided tests.
Indeed, two-sided tests of significance are more commonly used and most often
preferred [5, 9].

Next, the hypothesis must be testable. The study variables must lend themselves
to being observed, measured, and analyzed, and there has to be more than one pos-
sible outcome. To that end, the hypothesis cannot be an opinion or a fact. A testable
hypothesis is also one that is feasible, a feature that has been discussed previously
in this chapter with regard to the study question. Patient advocacy groups must be
utilized and consulted when designing a study and generating a hypothesis as ulti-
mately, a clinical trial will only be successful if patients agree to enroll. Finally, and
perhaps most importantly, the hypothesis should be written a priori, or before the
data are collected. The hypothesis should drive collection of the data, not be written
as a result of the data.

3.4 Conclusion

Writing and executing a clinical trial is a daunting task, and one that is often unsuc-
cessful for a wide variety of reasons. Because of this, understanding the founda-
tional concepts of clinical trials—the definition of a clinical trial, the study question,
and the hypothesis—is of critical importance. Mastery of these principles will give
investigators a strong start in the right direction and the best opportunity for success.
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Chapter 4 @
Trial Design: Overview of Study Designs b

Puneet Singh, Yu Shen, and Kelly K. Hunt

4.1 Introduction

Clinical trials are fundamentally the investigation of human subjects under experi-
mental conditions. For these trials to be successful, they must be well planned in the
design phase to evaluate the prespecified outcomes. Thus, it is imperative for the
investigators to understand clinical trial design which follows a typical progression
from preclinical studies in animals to phase -1V trials as described in this chapter
(Fig. 4.1).

Phase | e 0 Phase Ill
Preclinical N=10s = N = 100s - 1000s Phase IV
studies N = 10s — 100s

* Firstin humans . s ing f * Randomized * Post-marketing
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Fig. 4.1 Overview of clinical trials
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4.2 Phase I Trials

Once preclinical studies in animals are conducted to determine potentially appropri-
ate doses in humans, a phase I trial is initiated as the “first-in-humans” trial. Phase
I trials are also referred to as dose escalation or human pharmacology studies, and
the goal is to test safety and toxicity of the experimental condition and identify a
safe dose for humans, typically for a pharmaceutical drug [1]. Furthermore, the
enrolled subjects do not have to have the same disease condition; for example, a
drug or combination of drugs may be tested in patients with different solid tumors.
The primary endpoint is determination of a safe dose which differs based on the
type of drug. For cytotoxic medications, this dose is known as the maximal tolerated
dose (MTD) in contrast to biomarker-based dose finding for targeted medications
where the optimal and safe dose may be a better endpoint [2, 3]. Additionally, phase
I trials may include secondary endpoints such as drug tolerability, dosing interval,
route of delivery, and pharmacokinetics/pharmacodynamics (PK/PD) [4]. As this is
the first phase in testing the safety of a drug, the number of subjects enrolled will be
on the order of tens.

The most commonly utilized strategy for dose escalation, particularly for cyto-
toxic drugs, is the 3 + 3 design, even though the design has been found to have poor
performance in general. In this dose escalation strategy, three subjects receive a
medication at a dose based on preclinical studies and are monitored for dose-
limiting toxicities (DLTSs). Successive cohorts of three patients are enrolled with
increasing doses until a DLT occurs. If one DLT occurs, then an additional three
patients are given that dose and monitored; however, if two or three DLTs occur,
then the next lower dosing level is expanded with three patients [4, 5]. This strategy
is used until reaching the MTD which is subsequently the dose for phase II trials [5].
Due to the limitations and suboptimal performance of the 3 + 3 design, additional
dose escalation strategies have emerged, including the accelerated-titration design
and the model-based designs. The accelerated-titration design allows for rapid
increases in the initial doses evaluated in single-patient cohorts until a DLT occurs
at which point the strategy reverts to the traditional 3 + 3 design [5]. Model-based
designs, of which the continual reassessment method based on Bayesian principles
is one example, use data from all prior treated patients to mathematically model
dose and toxicity [4—6]. These strategies may be more efficient in determining the
MTD and allowing for a more rapid transition to phase II studies.

In oncology, there has been a significant growth in molecularly targeted agents
(MTAs), and these agents are introduced in phase I studies. The PARP inhibitor,
Olaparib, introduced in an enriched cohort of BRCA I and II mutation carriers with
advanced solid tumors, is an example of this type of agent [7]. This trial used a
modified accelerated-titration design with three patients enrolled at a dose that was
doubled if no DLTs occurred versus expansion of the cohort to six if one DLT
occurred. If two DLTs were observed, that was determined to be the maximum
administered dose. Table 4.1 depicts the dose escalation strategy employed in the
trial. The objectives were consistent with a phase I trial: evaluation of safety, docu-
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Table 4.1 Dose-escalation scheme utilized in a phase I trial of a PARP inhibitor, Olaparib, in an
enriched cohort of BRCA I and II mutation carriers with advanced solid tumors

Median
Dose level and Number of | Total number | number of Number of dose-limiting
schedule patients of cycles cycles toxicities in cycle 1 (%)
10 mg daily. 2 out 3 12 2 0(0)
of 3 weeks
20 mg daily, 2 out 3 5 2 0(0)
of 3 weeks
40 mg daily, 2 out 5 15 2 0(0)
of 3 weeks
80 mg daily, 2 out 3 9 4 0(0)
of 3 weeks
60 mg bid. 2 out of | 4 10 2 0(0)
3 weeks
100 mg bid. 2 out 4 15 3 0(0)
of 3 weeks
100 mg bid 5 8 2 0(0)
continuously
200 mg bid 20 94 4 0(0)
continuously
400 mg bid 8 41 2.5 1(12.5)
continuously
600 mg bid 5 13 2 2(40)
continuously

Reprinted with permission [7]

mentation of adverse events, DLTs, determination of the MTD, and the PK/PD pro-
file of the drug. This trial identified the doses used for the subsequent phase II trials
of Olaparib in advanced breast [8] and ovarian cancer [9].

4.3 Phase II Trials

The primary purpose of phase II trials is to test the early efficacy of a drug or inter-
vention and may be referred to as “therapeutic exploratory” studies [1]. They serve
as screening trials for effective drugs that can move on to pivotal phase III trials,
which are more costly [10]. Conducted in a larger (on the order of tens to hundreds)
cohort of patients, phase Il trials are often single arm studies in one disease type that
measure objective response as the primary endpoint of efficacy [11]. Other tradi-
tional endpoints of efficacy such as disease-free survival may be included.
Occasionally, in phase IIB trials, there is a control arm with or without randomiza-
tion or a comparison to a historical control group. The goal is to provide preliminary
findings for hypothesis generation or designing future phase III trials, since phase IT
trials are often not adequately powered to show efficacy for the most important
clinical endpoints of interest (e.g., disease-free or overall survival) [1, 5]. Another
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Fig. 4.2 ACOSOG Z1041, a phase II trial of neoadjuvant systemic therapy with standard chemo-
therapy and Trastuzumab. FEC fluorouracil, epirubicin, cyclophosphamide [12]

secondary objective of phase II trials is to further refine the safety profile of a drug
including adverse events and PK/PD data [1, 5]. Phase II trials of medical devices
similarly test efficacy and safety in a small cohort of subjects.

The early trials investigating trastuzumab (Herceptin®, Genentech Inc.) in human
epidermal growth factor receptor 2 (HER2)-positive breast cancer are exemplary of
the progression of drug development through the phases of clinical trials. Following
on the finding that trastuzumab was more effective in treating HER2-positive meta-
static breast cancer when given in combination with chemotherapy, Buzdar et al.
designed a phase II study to assess the efficacy of this treatment strategy in the
neoadjuvant (preoperative) setting in early stage, operable breast cancer patients.
Patients were randomized to a chemotherapy regimen consisting of 4 cycles of
paclitaxel followed by 4 cycles of 5-fluoruracil, epirubicin, and cyclophosphamide
versus the same chemotherapy regimen with weekly trastuzumab for 24 weeks
(Fig. 4.2) [12]. The primary endpoint was pathologic complete response (pCR; no
evidence of invasive disease) in the breast and axilla. For all 42 randomized patients,
the addition of trastuzumab resulted in a significantly higher pCR rate of 65.2%
compared to 26.3% with chemotherapy alone (p = 0.016). This resulted in the insti-
tutional data monitoring committee recommending discontinuation of the control
arm. Secondary safety endpoints included toxicity data and instances of dose reduc-
tion. The promising preliminary data on high pCR rates with the addition of trastu-
zumab to anthracycline- and taxane-based chemotherapy led to the development of
the phase III ACOSOG Z1041 trial evaluating the impact of sequential versus con-
current delivery of trastuzumab with anthracyclines on pCR rates in HER2-positive
breast cancer [13, 14].

4.4 Phase III Trials

Phase III trials or “therapeutic confirmatory” or “comparative efficacy’ trials are the
gold standard of evidence-based medicine. They are most often double-blinded,
randomized controlled trials (RCTs) that evaluate efficacy and safety of a drug with
a population of hundreds to thousands of patients and compare the drug, interven-
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tion, or medical device to a control arm. Phase III trials are typically more costly
and take longer to complete; thus, it is imperative to appropriately screen potential
therapies in phase II studies. Factorial design, specifically the 2 x 2 design, is a
methodology to evaluate two different drugs or interventions at the same time by
randomizing patients to treatment A, treatment B, both, or none. Although this
allows for simultaneous assessment of two experimental conditions, it assumes no
interaction between the conditions which may be a limitation in the analysis and
interpretation of this type of study [15]. Newer adaptive designs combine phase 11
(learning stage) with phase III (confirmatory stage) in a seamless phase II/III trial
allowing for faster and less costly drug development [5, 16].

There are two main categories of phase III trials: comparative efficacy or equiva-
lency trials. Comparative efficacy studies are the most common and are superiority
trials that compare the experimental arm to a control arm, which may be standard of
care or placebo, to determine if the experimental condition is superior. The objective
of equivalency trials is to demonstrate that the experimental therapy is equivalent to
the control within a prespecified margin. A subset of equivalency trials is the non-
inferiority trial that investigates if the experimental arm is not less effective than the
control arm again within a prespecified margin [1]. Interpretation of results differs
based on the intention of the trial.

Several landmark RCTs were conducted by the National Surgical Adjuvant
Breast and Bowel Project (NSABP) and randomized patients to different surgical
treatments. NSABP B-04 was one of the earliest trials evaluating the local-regional
management of breast cancer [17, 18]. Over 1000 clinically node-negative patients
were randomized to radical mastectomy, total mastectomy with axillary lymph node
dissection (ALND), or total mastectomy with regional irradiation and ALND only
if the patient developed clinically positive nodes in follow-up. An additional 586
subjects who were clinically node positive were randomized to radical mastectomy
or total mastectomy with regional irradiation (Fig. 4.3). Although survival rates
were lower for patients with clinically positive nodes versus those with clinically

| Operable Breast Cancer|

| Clinical Node-Negative | | Clinical Node-Positive |
Radical Total Total Radical Total
Mastectomy Mastectomy Mastectomy Mastectomy Mastectomy
+ + +
ALND XRT XRT

Fig. 4.3 NSABP B-04—Phase III trial design with randomization occurring to surgical treatments
based on nodal status. ALND axillary lymph node dissection, XRT regional nodal irradiation.
(Adapted with permission [18])
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negative nodes, there was no difference in survival endpoints between the different
treatment arms in each group. Thus, radical mastectomy, which had long been the
standard of care for breast cancer patients, was replaced with less radical surgical
approaches [17]. More recently, the ACOSOG Z0011 trial was designed as a phase
IIT non-inferiority trial to evaluate the clinical outcomes of ALND versus no specific
axillary treatment in early stage breast cancer patients with positive sentinel lymph
nodes [19]. A total of 891 subjects with early stage, clinically node-negative breast
cancer found to have 1-2 positive sentinel lymph nodes at the time of breast conser-
vation surgery were randomized to ALND or no further axillary surgery (SLND
alone) (Fig. 4.4). The primary endpoint was overall survival; the authors concluded

Fig. 4.4 ACOSOG Z0011 70011 Study Design Schema
phase III trial design.
SLND sentinel lymph node .
dissection, ALND axillary Biopsy Proven
lymph node dissection.
(Reprinted with permission
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that sentinel lymph node dissection alone did not result in inferior overall survival
compared to ALND for this well-defined patient population [19, 20]. Both NSABP
B-04 and ACOSOG Z0011 are examples of phase III trials that were designed with
survival endpoints as the primary objective, as is common in oncology RCTs, and
were practice changing.

The vast majority of phase III trials are pharmaceutical trials, whereas medical
device and surgical intervention trials make up a smaller percentage [21, 22]. This
is in part due to both real and perceived limitations and barriers that exist with non-
pharmacologic trials. Surgical trials are more likely to be discontinued compared
to nonsurgical trials due to poor recruitment of subjects. Lack of funding and nega-
tive interim results may further contribute to trial closure earlier than planned.
There may also be patient concerns regarding randomization to surgical trials, par-
ticularly ones assessing nonoperative versus operative management [22].
Investigation of medical devices can be associated with significant learning curves
that affect the performance of the device, and there is increased difficulty to blind
in these trials. The timing of a trial also must be considered, since devices undergo
many modifications during testing in humans, and the device may become outdated
while the trial is being completed [21]. While RCTs remain the gold standard, they
can be difficult to conduct when investigating surgical interventions or medical
devices.

4.5 Phase IV/Device Trials

Once a drug or medical device gains market approval from a regulatory agency such
as the Food and Drug Administration (FDA), a phase IV study or post-market study
is undertaken to further evaluate the long-term safety. While the FDA has required
this since 2007, less than half of these studies are conducted [1]. The goal is to iden-
tify less common or long-term adverse events. Phase IV trials may evaluate the drug
or device in a cohort with expanded eligibility to simulate real-world situations or
investigate cost effectiveness [23]. Although not routinely conducted, this type of
study is important, particularly when considering that 20% of drugs will obtain
black box warnings, and 4% will be withdrawn due to safety issues during this
phase [1].

An example of a phase IV trial is the single-arm prospective trial of the safety
and effectiveness of the Magseed® (Endomagnetics, Inc.). The Magseed is a metal-
lic magnetic device for localization of non-palpable breast lesions and received
FDA approval in 2016. A post-marketing study of this device was conducted in
107 patients to evaluate for any adverse events and the rate of surgical retrieval of
the Magseed along with the lesion of interest. No adverse events occurred, and
100% of the Magseeds were surgically retrieved providing additional confirma-
tory evidence to the use of this device for localization of non-palpable breast
lesions [24].



44

P. Singh et al.

4.6 Conclusion

Clinical trials are essential for evaluating experimental therapies in human subjects.
Although surgical and device trials may have different challenges than traditional
drug trials, an understanding of clinical trial design will allow the investigators to be
successful at each phase.
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Chapter 5
Defining the Study Cohort: Inclusion
and Exclusion Criteria

Emily Z. Keung, Lisa M. McElroy, Daniela P. Ladner,
and Elizabeth G. Grubbs

5.1 Introduction

This chapter addresses and reviews the importance of defining the study cohort by
means of appropriate eligibility criteria (inclusion and exclusion) in the design of a
clinical trial. In a clinical trial, the study cohort is also referred to as the study group
or subjects. Defining the study cohort begins with clearly defining study-specific
eligibility criteria. The National Institutes of Health (NIH) defines eligibility criteria
as “the standards that determine whether individuals should be permitted to enter a
clinical study,” encompassing both inclusion and exclusion criteria [1]. It is essen-
tial that these criteria are well-defined and appropriate to answer the key questions
of the study. Eligibility criteria should (1) be clear, such that eligibility of subjects
can be determined easily; (2) be practical, allowing for feasible recruitment of the
required sample size; (3) permit the study results to be generalizable to the target
population of the study intervention; and (4) establish the ethical foundation of
the study.
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5.2 Overview of Inclusion and Exclusion Criteria

Eligibility criteria consist of a set of inclusion criteria that defines the target patient
population of the study intervention and a set of exclusion criteria that refines the
study population to remove expected sources of bias and variability [2]. Overly
restrictive inclusion and exclusion criteria may limit patient accrual and access to
trials and result in studies that fail to capture the heterogeneity of the patient popula-
tion that will use the intervention after approval. However, heterogeneity of the
study population can decrease the accuracy, reliability, and generalizability of the
findings of the study [3].

5.2.1 Inclusion Criteria

Inclusion criteria are the list of requirements that all study subjects have to meet in
order to qualify for a clinical trial. Inclusion criteria determine which study subjects
are required to meet the study goal of the clinical trial and are defined during the
design phase of the clinical trial. To optimize the ability to attribute the measured
study outcomes to the tested intervention, inclusion criteria need to be carefully
selected to minimize the impact of confounding characteristics or variables on the
clinical trial outcome(s). Study subjects included in the study cohort of a clinical
trial should be representative of the general population or target population for the
intervention and be able to develop the outcome of interest. Therefore, characteris-
tics of study subjects need to be appropriately matched with the central goal of the
study in mind. For example, inclusion criteria may consider age, level of fitness,
menstrual cycle phase, use of specific medications, risks to develop certain disease
states, and tobacco use.

In addition, study subjects need to be accessible for enrollment into the clinical
trial. Furthermore, study subjects need to fully understand the nature of the study
intervention and have the ability to provide informed consent and, most importantly,
be willing to participate in the clinical trial.

5.2.2 Exclusion Criteria

Exclusion criteria outline which individuals should not be enrolled into the clini-
cal trial, regardless of their potential to develop the outcome of interest. Exclusion
criteria serve to protect individuals who are at high risk of developing adverse
effects from the study intervention, as well as minimize confounding of the study
outcomes by individuals with excessive medical comorbidities. Exclusion criteria
must be chosen so as to maintain the balance between defining a study population
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Grade| ECOG Performance Status
0 Fully active, able to carry on all predisease performance without restriction.
1 Restricted in physically strenuous activity but ambulatory and able to carry out
work of a light or sedentary nature, eg light house work, office work.
2 Ambulatory and capable of all selfcare but unable to carry out any work activities. Up and
about more than 50% of waking hours.
3 Capable of only limited selfcare, confined to bed or chair more than 50% of waking hours.
4 Completely disabled. Cannot carry on any selfcare. Totally confined to bed or chair.
5 Dead

Fig. 5.1 ECOG performance status

that is best suited to answer the study question and maintaining the largest pool
possible of individuals that are eligible for enrollment. Poorly written or vague
exclusion criteria expose the study to bias; therefore, all exclusion criteria must
be clearly and strongly justified with specific rationale [4]. Exclusion criteria
should be listed as positive statements, such as “prior diagnosis of hypertension,”
rather than negatively stated inclusion criteria, such as “no history of hyperten-
sion.” Individuals who fail to adhere to pretest requirements, suffer from exten-
sive comorbidities that complicate attributing study outcome to the intervention,
or are unlikely to be available for follow-up should be excluded from the study
cohort. Patients with poor performance status (PS), defined as a score of 2 on the
ECOG rating scale (Fig. 5.1), are often excluded from clinical trials as they tend
to have poorer responses to treatment, shorter survival, and possibly greater risk
for toxicity than patients with PS scores of O—1 [5]. Vulnerable populations, such
as children, pregnant women, and the elderly, or others in whom the interventions
might be harmful should also be considered for exclusion, depending on the study
objective [6].

5.2.3 Prior Therapy

Prior therapy is often listed in the inclusion/exclusion criteria. Inclusion/exclusion
criteria may require study participants to be treatment naive for multiple reasons.
Patients previously treated with standard or investigational therapy may be more
likely to have poorer health status, toxicity from treatment, resistance to study
drug acquired during prior therapies, or altered response to study treatment and
thus may compromise internal validity and need to be excluded from the study
cohort [5].

Alternatively, prior therapy may be an inclusion criterion in trial design.
Regulatory approval for a study drug may be easier to attain in the second-line set-
ting, or when the established therapy has failed for a given patient [5]. Additionally,
patients usually should have the best known available treatment for their disease
prior to enrolling in a clinical trial investigating an unproven therapy.
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5.2.4 Ensuring External and Internal Validity

Internal validity is provided when the measured changes between the intervention
and control groups can be ascribed to the study intervention. External validity is
provided when the measured changes due to the intervention apply to and can be
reproduced in the general population. While internal validity is dependent on the
homogeneity of the study cohort, external validity depends on heterogeneity. The
inclusion and exclusion criteria together determine how heterogeneous the study
sample is and thus the internal and external validity of the clinical trial results. The
use of exclusion criteria leads to homogeneity, which can improve the internal
validity but may compromise external validity or the generalizability of the study to
the general population. While broad inclusion criteria increase external validity and
may facilitate the recruitment of study subjects, they may also introduce inconsis-
tency into the study cohort and thereby increase the likelihood of confounding of
the study results. Thus the inclusion and exclusion criteria must be chosen to achieve
a balance between ensuring the accuracy of the study results and the generalizability
of those results to the population at large. Small pilot clinical trials benefit from
cohort homogeneity where treatment differences can be more easily demonstrated,
while larger clinical trials require sufficient heterogeneity to prove generalizabil-
ity [7, 8].

5.3 Other Considerations in Developing Eligibility Criteria
and Participant Accrual for Clinical Trials

5.3.1 Study Sample Size

The size of the study cohort that is required to detect a measurable difference
between intervention and control group depends on the nature of the measured con-
dition, how precise of an intervention effect is desired, the availability of the study
participants, and the ability to follow-up with the study participants over the desired
length of time. The sample size of an RCT should be determined a priori and
reported transparently with scientific justification. Sample size calculations should
be performed during the planning phase of a clinical trial and involve the consider-
ation of multiple factors, including the study’s objective, type of primary end point
to be analyzed, planned analyses, treatment allocation ratio if more patients are to
be randomized to one group versus another, allowance of cross-over between study
groups, anticipated recruitment rate, estimated number of dropouts, expected under-
lying event rate in the control group, expected magnitude of treatment effect that the
trial is required to detect, the degree of certainty that such detection should occur
(the statistical power [1-(the risk of a type II error [beta])]), and the significance
level that qualifies as “detected” (the risk of a type I error [alpha]) [9—12]. Clinical
trials that aim to detect a small treatment effect often require very large sample



5 Defining the Study Cohort: Inclusion and Exclusion Criteria 51

sizes. It is therefore advisable, in an effort to maintain recruitment feasibility, to
determine the smallest cohort size required to demonstrate a significant treatment
effect. The determination of the sample size has to take into account logistical chal-
lenges and differences between the control and experimental group, such as loss to
follow-up, dropout, or non-adherence of study subjects to the intervention [13, 14].
Clinical trials that require large sample sizes must employ effective techniques and
strategies to attract and retain participants, which may include educational sessions
about the clinical trial, videos or interactive computer programs conveying the
importance of the study question, as well as financial incentives [15]. Using con-
tinuous rather than categorical variables to measure outcomes can reduce the sam-
ple size required. Other effective approaches to reduce the required sample size for
clinical trials may involve paired measurements, where study subjects act as their
own controls (time control), or the recruitment of additional study subjects into the
control group. Finally, preliminary findings from a clinical trial can be further
explored with a clinical follow-up study that employs larger sample sizes and there-
fore detects smaller differences between the control and intervention group.

5.3.2 Maintaining Feasibility of a Clinical Trial

To ensure the study feasibility, study and protocol design as well as inclusion and
exclusion criteria must be clearly delineated, keeping study location, recruitment
method, and individual patient factors in mind. To maintain the feasibility of a clini-
cal trial, the following questions should be considered: What level of recruitment
support may be required to offset protocol design challenges? What kind of investi-
gators will be most likely to provide high recruitment for the clinical trial? Does the
study design deter study subjects or specific groups (e.g., Hispanics, women) from
participation, and how might this be changed or mitigated? Can the study afford to
prioritize certain groups of study subjects over another? What are the projected
enrollment rates for various study sites and recruitment methods? Once the study
inclusion and exclusion criteria have been established, the study protocol needs to
be optimized in terms of study sites, recruitment methods, and access to potential
study subjects. The time, expertise, and resources required to successfully recruit
study participants are frequently underestimated and can lead to delays or disrup-
tions in study if recruitment is not optimally planned [8].

5.3.3 Study Cohort Recruitment

There is an array of recruitment methods that are employed for optimal recruitment
of subjects into human research studies [8, 16, 17]. For large clinical studies
with broad selection criteria, common recruitment methods include the use of
advertisements, such as newspaper, radio, television, and internet advertisements.
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Additionally, telephone reminders, monetary incentives, and providing additional
study information have proven effective. Some research organizations maintain a
database of potential participants, where consent is provided ahead of time by
potential subjects, allowing them to be contacted for research studies. Smaller stud-
ies with more narrow selection criteria may employ more directed methods, such as
approaching an investigator’s own patients, students, or employees via a third party,
or performing a medical record review to identify prospective subjects who will
then be contacted and asked to participate in the study either in person or by tele-
phone or mail. Large-scale epidemiological studies and other population-based
studies may identify study subjects through registries, multi-institutional medical
record review, or national databases. In order to ensure the feasibility of the clinical
trial, recruitment methods, the cost, and access to potential study subjects need to be
carefully considered when defining the study selection criteria.

5.4 Ethical Considerations

Eligibility criteria for clinical trials are designed to not only define the study popula-
tion and permit collection of safety and efficacy data specific to the intended popu-
lation but importantly also protect patients from undue harm [18]. Selection criteria
must meet certain baseline ethical criteria. The safety of the participants must be
considered with respect to both their baseline level of health and the possibility of
experiencing adverse events as a result of study participation. In addition, all sub-
jects must have the capacity to understand the nature of the study in order to provide
informed consent. Standards in place to guide researchers on the ethical inclusion of
subjects in research, including special populations, are discussed below.

5.4.1 The Belmont Report

The Belmont Report, issued by the National Commission for the Protection of Human
Subjects of Biomedical and Behavioral Research in the 1970s, protects vulnerable
populations from systematic inclusion in research and also protects vulnerable groups
such as women and minorities from systematic exclusion from research. This report
provides the basic ethical principles and guidelines for the conduct of research with
human subjects, including clarification about the distinctions between medical prac-
tice and research. The Belmont Report put forth three basic ethical principles: (1)
respect for persons (individuals should be treated as autonomous agents, and persons
with diminished autonomy are entitled to protection), (2) beneficence (persons are to
be treated in an ethical manner not only by respecting their decisions and protecting
them from harm but also by making efforts to secure their well-being), and (3) justice
(who should receive the benefits of research and bear its burdens?). The principles of
the Belmont Report have been incorporated into every aspect of human research and
serve as the basis for ethical regulations in clinical trials today [19].
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5.4.2 Women and Minorities

Federal law requires that women and minorities be included in all clinical research
studies, as appropriate for the scientific goals of the work proposed [20]. The NIH
Policy and Guidelines on the Inclusion of Women and Minorities as Subjects in
Clinical Research [20, 21] encourage the inclusion of women and racial and ethnic
minorities as subjects in clinical trials. The intent of the NIH guidelines is to ensure
that both the burden and the benefits of clinical trials are evenly distributed through-
out society and require that all NIH-funded clinical trials determine the effect of the
study intervention on both men and women and study subjects from diverse racial
and ethnic backgrounds. In some situations, it may be acceptable to exclude study
subjects based on gender or race. Acceptable reasons for exclusion include (1) inap-
propriate burden to the participants’ health, (2) research questions that are only
relevant to one sex/gender or racial/ethnic group, (3) if sufficient data already exist
for one sex/gender or race/ethnicity, and (4) if preliminary evidence strongly sug-
gests no difference between sex/gender and racial/ethnic groups. Research plans
must therefore address (1) the targeted/planned distribution of the study subjects by
sex/gender and racial/ethnic groups, (2) the selection criteria of the study subjects
and the rationale for the selection of sex/gender and racial/ethnic study subjects for
the proposed study design in relation to the scientific objectives, (3) a compelling
rationale if the exclusion of any sex/gender or racial/ethnic group is proposed, and
(4) a description of the proposed outreach programs for recruiting study subjects of
both sex/gender and racial/ethnic groups.

5.4.3 Inclusion of Children

The Twenty-First Century Cures Act, enacted December 13, 2016, requires the NIH
to address the consideration of age as an inclusion variable in research involving
human subjects, to identify criteria for justification for any age-related exclusions in
NIH research, and to provide data on the age of participants in clinical research
studies. The NIH Policy and Guidelines on the Inclusion of Individuals Across the
Lifespan as Participants in Research Involving Human Subjects [22] state that indi-
viduals of all ages, including children (i.e., individuals under the age of 18) and
older adults, must be included in all human subjects research conducted or sup-
ported by the NIH, unless there are scientific or ethical reasons not to include them.
Acceptable reasons for exclusion include the following: (1) the study question is not
relevant to children, (2) there are laws or regulations which prohibit the inclusion of
children in research, (3) the knowledge being sought is already available for children
or is being obtained from another ongoing study, and (4) a separate, age-specific
study in children is warranted and preferable. Other reasons to exclude children
from recruitment into a clinical trial include insufficient available data to estimate
the potential risks of the intervention for children or if the study design is aimed at
collecting further data on pre-enrolled adult study subjects [21]. If children are
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included in the clinical trial, the study plan must include the rationale for selecting
children and the selected age ranges. The study plan must also describe the expertise
the study team provides to manage children of those ages and the suitability of the
study facilities for children. The sample size of the recruited children needs to be
large enough to contribute meaningful results for the study.

5.5 Balancing Patient Protection and Participation

Overly restrictive inclusion and exclusion criteria may limit study accrual, patient
access to trials, and generalizability of the study intervention [2]. As regulatory
approval is based on data from the enrolled study population, unnecessarily strin-
gent eligibility criteria result in studies that fail to reflect the heterogeneity of the
patient population who might benefit from the study intervention [18]. Thus, eligi-
bility criteria must balance ability to discern differences in efficacy and safety out-
comes among a less homogeneous group of patient participants and patient safety
with applicability and generalizability of study results. In oncology trials, for
instance, specific populations are often excluded, such as patients at the extremes of
age or those with human immunodeficiency virus (HIV), brain metastasis, history
of prior cancer, or organ-system dysfunction [18]. However, there have been recent
initiatives to re-examine and modernize clinical trial eligibility criteria for oncology
clinical trials to promote greater patient access [23, 24]. The American Society of
Clinical Oncology-Friends of Cancer Research established several working groups
(Organ Dysfunction, Prior or Concurrent Malignancy, and Comorbidities Working
Group, Minimum Age Working Group, HIV Working Group, Brain Metastases
Working Group) composed of experts in trial disease and conduct to examine how
eligibility criteria could be more inclusive; their recommendations were recently
published [25-28].

5.6 Reporting Selection Criteria

To properly interpret and comprehend results of an RCT, readers must understand
the study design, conduct, and analysis [29]. Investigators should transparently con-
vey which study subjects were studied and how they were selected. Well-defined,
consistent selection criteria allow for ease in reporting study results and allow the
reader to understand which patient population the clinical trial intervention applies
to and, thereby, which of their patients might benefit most from the studied
intervention. Unfortunately, many clinical trials inadequately describe the study
population or poorly justify their inclusion/exclusion criteria, making their interpre-
tation difficult and significantly reducing their value [4, 29].

In the 1990s, initiatives to improve the quality of randomized controlled trial
reporting led to the development and publication of the CONSORT (Consolidated
Standards of Reporting Trials) statement by an international group of clinical trial-
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ists, statisticians, epidemiologists, and biomedical editors [30]. Since revised, the
CONSORT statement [31] is an evidence-based set of recommendations for the
standardized reporting of results from RCTs in a complete and transparent fashion
that includes a 22-item checklist (Fig. 5.2) and flow diagram (Fig. 5.3) and which
assists the critical appraisal and interpretation of study results.

Item Reported
pic no  Checklist item on page no

Title and abstract
1a  Identification as a randomised trial in the title
1b  Structured summary of trial design, methods, results, and conclusions (for specitic guidance see CONSORT for abstracts)

Introduction

Background and 2a  Scientific background and explanation of rationale
objectives 2b  Specific objectives or hypotheses
Methods
Trial design B3a  Description of trial design (such as parallel, factorial) including allocation ratio
38b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons
Participants 4a  Eligibility criteria for participants
4b  Settings and locations where the data were collected
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were
actually administered
Outcomes 6a  Completely defined pre-specified primary and secondary outcome measures, including how and when they

were assessed
6b  Any changes to trial outcomes after the trial commenced, with reasons
Sample size 7a  How sample size was determined
7b  When applicable, explanation of any interim analyses and stopping guidelines
Randomisation:

Sequence 8a  Method used to generate the random allocation sequence
generation 8b  Type of randomisation; details of any restriction (such as blocking and block size)

Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers),
concealment describing any steps taken to conceal the sequence until interventions were assigned
mechanism

Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to
interventions
Blinding 11a  If done, who was blinded after assignment to interventions (for example, participants, care providers, those
assessing outcomes) and how
11b  If relevant, description of the similarity of interventions
Statistical methods ~ 12a  Statistical methods used to compare groups for primary and secondary outcomes
12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses
Results
Participant flow (a ~ 13a  For each group, the numbers of participants who were randomly assigned, received intended treatment, and
diagram is strongly were analysed for the primary outcome

recommended) 13b  For each group, losses and exclusions after randomisation, together with reasons
Recruitment 14a  Dates defining the periods of recruitment and follow-up

14b  Why the trial ended or was stopped
Baseline data 15  Atable showing baseline demographic and clinical characteristics for each group

Numbers analysed 16  For each group, number of participants (denominator) included in each analysis and whether the analysis was
by original assigned groups
Outcomes and 17a  For each primary and secondary outcome, results for each group, and the estimated effect size and its
estimation precision (such as 95% confidence interval)
17b  For binary outcomes, presentation of both absolute and relative effect sizes is recommended
Ancillary analyses 18  Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing
pre-specified from exploratory

Harms 19 Allimportant harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Discussion

Limitations 20  Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Ger i 21 Ger isability (external validity, applicability) of the trial findings

Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
Other information

Registration 23  Registration number and name of trial registry

Protocol 24 Where the full trial protocol can be accessed, if available

Funding 25 Sources of funding and other support (such as supply of drugs), role of funders

Fig. 5.2 CONSORT 2010 checklist of information to include when reporting a randomized trial.
We strongly recommend reading this statement in conjunction with the CONSORT 2010
Explanation and Elaboration for important clarifications on all the items. If relevant, we also rec-
ommend reading CONSORT extensions for cluster randomized trials, non-inferiority and equiva-
lence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional
extensions are forthcoming: for those and for up to date references relevant to this checklist, see
Wwww.consort-statement.org.
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Fig. 5.3 CONSORT 2010 flow diagram

5.7 Modifying Selection Criteria

Analysed (n=)
+ Excluded from analysis (give reasons) (n= )

Under certain circumstances, it may be necessary to modify the original study eligibil-
ity criteria after recruitment has been initiated. Although the post hoc modification of
study eligibility criteria may increase recruitment, such alterations can result in chal-
lenges of interpretation of the study results, as there might be significant differences
in the study cohort prior and after the change in the study protocol. For this reason, the
modification of study selection criteria should be regarded only as a last resort, as it
carries the risk of compromising the integrity and the safety of the clinical trial [6].
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5.8 Conclusion

This chapter focused on the importance of defining the study cohort of a clinical
trial by means of carefully considered eligibility criteria. Eligibility criteria
should be developed and defined during the planning phase of a clinical trial with
the study goals in mind. Inclusion and exclusion criteria determine who is eligi-
ble to participate in a clinical trial. Eligibility criteria should represent the inter-
vention’s target population while protecting the safety of trial participants and be
sufficiently narrow to ensure internal study validity. However, overly restrictive
eligibility criteria can hinder trial accrual, restrict understanding of the interven-
tion’s risk-benefit profile, and limit the applicability and generalizability of study
results.
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Chapter 6
Pragmatic Trials and Approaches
to Transforming Care

Peter G. Stock, Rita Mukhtar, Hila Ghersin, Allison Stover Fiscalini,
and Laura Esserman

When considering medical interventions and tools for learning and advancing a
field, one perspective is to test a drug, device, or intervention in a highly controlled
setting, where inclusion and exclusion criteria are very strict. Such criteria can limit
the impact of bias and confounders, while providing rigor in assessing the impact of
an intervention. However, when evaluating data from a clinical trial and assessing
whether these criteria apply to the patient who sits in front of you, this approach
creates a challenge: such strict criteria often mean that the person for whom you
want to apply “the evidence” is not appropriate. For this reason, there has been a
move to conduct more pragmatic trials that are designed to test the effectiveness of
the intervention in broad routine clinical practice. Often, interventions that show a
dramatic impact in the setting of a clinical trial fail to be effective in broader set-
tings. This phenomenon is called regression to the mean [1]. So one way to try to
approach the assessment of drug, device, and surgical interventions is to evaluate
them using a pragmatic trial approach.This establishes a broader base for the inter-
vention and, prospectively, you can identify the subgroups where the interventions
could be found to be more effective. This improves applicability of the results.

Schwartz and Lellouch describe a pragmatic trial as one which informs a clinical
or policy decision by providing evidence for adoption of the intervention by real-
world clinical practice [2]. In a comprehensive overview, Ford and Norrie [3]
describe multiple features of a pragmatic trial, including (1) a design to show the
real-world effectiveness of the intervention in broad patient groups, (2) approaches
to improve the effectiveness of the intervention, (3) inclusion of a population that is
relevant for the intervention and a control group treated with an acceptable standard
of care, and (4) outcomes which are meaningful and conducted and analyzed at a
high standard of quality.
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In this chapter, we describe four different examples of how pragmatic approaches
are being used to generate evidence, evolve trial designs, and change practice. The
first is a unique trial that led to the acceptance of solid organ transplantation in
people infected with HIV. The second is a PCORI (Patient Centered Outcomes
Research Institute)-funded trial, which encourages the inclusion of a broad popula-
tion to generate evidence. The third is an approach to modernize guidelines for
inclusion or selection for organ transplantation. And finally, we discuss how
changes in practice require a change in how we approach trial design. When clini-
cians begin to act on data and early outcome measures, traditional randomization
and follow-up is impossible, thus requiring creative approaches to continue to
advance the field. For this example, we will briefly describe trials in the neoadju-
vant breast cancer setting and the challenges posed as early endpoints prove to be
highly prognostic.

6.1 HIV and Transplant: Safety and Efficacy of Solid Organ
Transplantation in the HIV-Infected Recipient

A pragmatic approach was necessary in the design of an NIH multicenter trial to
determine the safety and efficacy of liver and kidney transplantation in people
infected with HIV. The impetus for the trial was to provide evidence for whether
or not to allow transplantation in an HIV-infected person and whether or not it
should become a clinical care standard. At the time the trial was initiated, HIV
positivity was a strict contraindication to transplantation in the vast majority of
transplant centers. The need to establish effectiveness of this approach was
essential. Organ donors are a scarce resource, and the number of people who
could benefit from transplantation far exceeds the availability of deceased donor
organs. Using an organ donation in a setting where it might have a high risk of
failure was therefore considered unethical. However, as HIV became a chronic
disease and organ failure emerged as the major life-threatening illness in HIV-
infected patients, an ethical dilemma emerged. Should patients classically
excluded from trials of and registries for transplantation continue to be excluded?
For that reason, a trial was designed which explicitly tested the safety of trans-
plantation in a population typically excluded from trials and care. The NIH trial
met all the features of pragmatic trials as outlined by Ford and Norrie [3]. The
particular challenge the investigators faced with unique funding issues and
recruitment of patients and investigators is also described below. Of interest,
funding of standard of care as part of trials is a common challenge faced by many
pragmatic trials.

Toward the late 1990s, it became apparent that people infected with the human
immunodeficiency virus (HIV) were no longer dying from progression of HIV to
AIDS. HIV infection was effectively controlled with combined antiretroviral ther-
apy (cART) and so had evolved into a chronic condition. However, based on the
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comorbidities associated with HIV, there was an increasing incidence of end-stage
kidney and liver disease in people with well-controlled HIV. At the time, due to
concerns regarding potential exacerbation of an already immunocompromised state
with the immunosuppression required for liver or kidney transplantation, people
infected with HIV were not considered candidates for transplantation. Concurrently,
our transplant center at the University of California, San Francisco (UCSF) was see-
ing an increasing number of HIV patients referred for liver and kidney transplanta-
tion. Notably, HIV nephropathy had become the third most common cause of
end-stage renal failure in young people of African descent. Hepatitis and HIV
shared many of the same risk factors and end-stage liver disease had become a sig-
nificant cause of death in people infected with HIV. It is in that setting that we faced
the challenge of developing a clinical trial to assess the safety and efficacy of solid
organ transplantation in HI'V-infected individuals.

6.1.1 Funding the Trial

Obtaining funding for a large multicenter trial studying the safety and efficacy of
solid organ transplantation was particularly challenging, in that third-party payers
did not provide reimbursement for the clinical costs of transplants in people with
HIV infection. In addition to our center, several transplant programs across the
state and country were recognizing the increasing need for solid organ transplanta-
tion in this population, and community activists facilitated a meeting of third-party
payers in San Francisco. During that public meeting, our transplant team presented
data suggesting that it was time to move forward with a clinical trial in light of the
increasing number of well-treated HIV-infected people with end-stage liver and
kidney disease. We also discussed the importance of having a standardized
approach and protocol, so that the results regarding safety and efficacy of trans-
plantation in the HIV-infected recipient could be generalized to transplant centers
across the country. Interestingly, activists that were present at this public hearing
were concerned that having a formal study protocol translated to a “no payment”
verdict from third-party payers, who do not reimburse “experimental” procedures.
This skepticism by community activists had its genesis from the poor initial
response to the HIV epidemic by the National Institutes of Health and lack of ini-
tial funds for research in the early days of the HIV crisis. The local community
activists staged a protest in front of the UCSF hospital, despite the fact that we
were advocating for transplantation in HIV-infected people with end-stage liver
and kidney disease. However, their concern shed light on the complexity of the
issues and the need to support a pilot. Suffice it to say that the activists were instru-
mental in terms of procuring funding from the state of California for a pilot safety
and efficacy trial; the data from the pilot trial formed the preliminary data neces-
sary to secure funding for the large NIH multicenter trial (HIV-TR). The NIH
multicenter HIV-TR was a prospective non-randomized, unblended safety and
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efficacy trial which followed 175 kidney transplant and 125 liver transplant recipi-
ents and followed the patients from active listing on the UNOS waiting list through
transplantation.

6.1.2 Recruitment of Study Participants

This prospective study was designed to include HIV-infected patients with end-
stage liver or kidney disease with well-controlled HIV; the goal was to establish
safety and efficacy so HIV would no longer be viewed as a contraindication to
transplantation. Inclusion/exclusion criteria therefore required CD4+ T-cell counts
>200 cells/ml for kidney transplant recipients and >100 cells/ml for liver transplant
recipients (lower counts in chronic liver disease anticipated as a result of splenic
sequestration), levels that were viewed as the threshold of T-cell counts for fighting
opportunistic infections. Kidney transplant recipients had to have undetectable
HIV-1 RNA, whereas liver recipients could have detectable HIV-1 RNA if a fully
suppressive cART regimen could be maintained following liver transplant. The
less rigid requirement for liver transplant recipients related to the fact that some
components of cART were hepatotoxic and therefore had to be stopped to prevent
exacerbation of the chronic liver disease. Patients with a history of opportunistic
infections or cancers without effective therapeutic options were also excluded from
the trial. These fairly broad criteria were used as they reflected good control of
HIV-1 infection on cART and a better likelihood of being able to tolerate the addi-
tional immunosuppression required following transplantation. Furthermore, based
on our preliminary data from a pilot trial using the same inclusion/exclusion crite-
ria, liver and kidney transplant recipients tolerated the procedure and the required
immunosuppression without loss of HIV control and progression of HIV to
AIDS. As the goal of the trial was to encourage transplantation into real-world
practice, precise immunosuppressive protocols were not dictated—the more
restrictive the protocol, the less likely we would be able to enroll patients and have
the support of transplant centers across the country. Furthermore, we wanted to be
able to evaluate the relative efficacy of the various strategies as a means of improv-
ing future outcomes.

6.1.3 Recruitment of Investigators

Although there was no shortage of HIV-infected patients who were in need of liver
or kidney transplantation and who met the broad entry criteria, a bigger challenge
was identifying centers in each geographic region to participate in this trial. A major
obstacle was appropriate safety concerns related to risks of HIV transmission to the
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teams performing the transplants. Needle sticks are not uncommon in the operating
room and, of course, can happen with routine blood draws as part of routine man-
agement. With the help of the HIV providers, antiretroviral regimens which are
effective against the strain of HIV for each recipient were made available for imme-
diate use in the event of a needle stick. Furthermore, participation in the surgical
procedure was optional for residents, technicians, and nurses—although at UCSF
we did not have a single instance where the staff did not want to participate. There
were a few needle sticks in the operating room, and antiretroviral preparations were
immediately available. Fortunately, to our knowledge, there were no transmissions
of HIV to healthcare workers in this study in long-term follow-up. A second obsta-
cle to participation was center concern for poorer outcomes in this higher-risk group
of transplant recipients. Transplantation is one of the most regulated fields and
center-specific results are monitored and made available in the public record. If
center results drop below a given threshold, transplant centers are at risk for losing
referrals, as well as insurance coverage. For this reason, we enrolled centers that
could take the additional risk without impacting center-specific results in a signifi-
cant way. By having a large number of centers with a geographic spread, we were
able to accomplish this goal. Finally, in order to encourage center participation, we
welcomed participation of basic scientists in each center to become involved with
the mechanistic studies examining the impact of immunosuppression on the immune
response in HIV-infected individuals. The ability to engage the basic scientists in
the study enabled broader support for the study and helped to encourage participa-
tion in the study. As well, it improved our application for funding because we
included state-of-the-art mechanistic studies. By including the entire transplant
team, from basic scientists to pharmacologists to clinicians, we increased our ability
to get funding, and we improved our ability to recruit centers of excellence across
the country and therefore enhanced broad participation in this trial.

6.1.4 The Trial, Outcomes, Impact on Practice, and Future
Directions

The strategy to recruit 20 centers across the country in areas with a broad geographic
distribution in regions with a high incidence of HIV infection was successful. The trial
enrolled 175 kidney transplant recipients and 125 liver transplant recipients who met
the inclusion/exclusion criteria. This cohort of HIV-positive transplant recipients was
compared to matched HI'V-negative registry controls. For the kidney transplant recipi-
ents, the cohort of HIV-positive recipient was not only compared to matched registry
controls but also a subset of HIV-negative kidney transplant recipients over the age of
65. This later subset was a chosen since this cohort, like HIV-positive kidney trans-
plant recipients, is a selected group with higher risk factors but considered candidates
for transplantation. We felt this was an import comparator, in that deceased donor
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organs are a scarce resource, and we were hopeful the trial would demonstrate that the
utilization of this scarce and valuable resource in people with HIV infection was com-
parable to the HI'V-negative recipients. Similarly, the liver transplant cohort was com-
pared to matched SRTR controls. Without going into the details, transplantation was
associated with survival benefit for HIV-infected liver recipients with model for end-
stage liver disease score (MELD) greater than or equal to 15 (p < 0.0002). In HIV-
positive kidney recipients, unmatched and risk-matched analyses indicated a
marginally significant hazard ratio (HR) for graft loss (unmatched 1.3 (p = 0.07) and
risk-matched 1.5 (p = 0.052)); no significant increase in risk of death was observed
[4]. More details on the four publications from this trial will not be described in this
chapter, but should be reviewed for details [5—7]. Critically, however, the results of
this pragmatic trial have resulted in the removal of HIV positivity as a contraindica-
tion to transplantation.

Although the safety and efficacy of solid organ transplantation in the HIV-
infected recipient was the primary goal of HIV-TR, the secondary analyses and
mechanistic studies continue to impact strategies for providing better care in this
cohort. Interestingly, there was a higher than expected incidence of rejection in both
liver and kidney recipients, and strategies for decreasing rejection have been devel-
oped based on the mechanistic studies. Surprisingly, certain antiretroviral drugs
may have an impact on blocking the immune response, and certain immunosuppres-
sive drugs may have an impact on decreasing the HIV viral reservoir. Of equal sig-
nificance, national laws have been changed to permit the utilization of organs from
HIV-positive deceased donors for use in HIV-positive recipients. At the end of the
HIV-TR trial, there were over 350 HIV-positive recipients on the national waiting
list, and using the HIV-positive organs in these recipients will permit transplantation
in a more expeditious manner, further improving results in HIV-infected people in
need of solid organ transplantation.

6.2 WISDOM: Women Informed to Screen Depending
on Measures of Risk

Created as part of the Affordable Care Act, the Patient-Centered Outcomes Research
Institute (PCORI) has a category for funding pragmatic trials that are patient-
centered and address issues that are common and important to the population as a
whole. PCORI has several stipulations for their pragmatic clinical trials. One is that
the trials must be patient-centered and broadly inclusive of the populations affected
by the condition being studied. Another stipulation is that the results be generated in
5 years. Patient-centered outcomes must be highlighted in the study, with patient
advocates playing a central role on the study team from the beginning. As well,
investigators must have a plan to address the gap between the generation of evi-
dence and adoption of results. One of the more challenging barriers in performing
this and other pragmatic trials is that funding for clinical interventions must be
covered as part of clinical care rather than with PCORI funds.
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Breast cancer screening in the USA is extremely contentious, and there are pub-
lic disagreements among major professional organizations regarding appropriate
guidelines. The radiology societies recommend annual screening starting at 40, the
US Preventive Services Task Force recommends biennial screening for women
50-74 years of age, and other organizations fall in-between. Women are caught in
the middle. But breast cancer is not one disease, and women do not have the same
risk factors, so it is extremely unlikely that a one-size-fits-all approach is best.
Furthermore, screening itself is not harmless. Among its known harms are high rates
of false-positive recall and biopsy and overdiagnosis and overtreatment [8].

The Athena Breast Health Network was launched initially as a collaboration
between all the University of California medical centers and Sanford Health with
the goal of integrating care and research across the spectrum from screening and
prevention to treatment and survivorship. One of the key gaps in care that the net-
work was keen to address was to integrate into the screening process the vast
advances in our understanding of the biology of breast cancer and breast cancer risk
assessment. The WISDOM study (Women Informed to Screen Depending on
Measures of risk) is our response [9]. WISDOM aims to change the paradigm for
breast cancer screening, by testing a new personalized approach to screening and
prevention against one-size-fits-all annual mammography. By starting with risk
assessment, the goal is to personalize a plan for prevention and screening and learn
how to do more for those that need it and less for those that do not. Reflecting the
pragmatic design, WISDOM has few restrictions on enrollment. We encourage all
women with no history of breast cancer between the ages of 40 and 74 to go to wis-
domstudy.org and join the study. The aim is to enroll 100,000 women.

One of the more interesting aspects of WISDOM is its “preference-tolerant”
design that was developed in partnership with our patient advocates. It is a critical
component to ensure a pragmatic approach to enrollment. Women are encouraged
to be randomized. We explain that randomization is the best way to learn and answer
the question about safety. Most women spend 35 years of their life getting screened
for breast cancer. Over the course of 5 years, the results will be available, and all
participants will then know the best option. However, if women feel strongly about
one option or the other, they can choose to join the observational cohort and choose
the arm in which they want to participate. They have the choice of joining either the
annual or personalized arm. That way no person is excluded from joining the trial.
Rather than including only those who are willing to be randomized, we explicitly
designed the study to have a randomized component as well as an observational
arm. This strategy means that there is no barrier to enrollment. Persons who feel
strongly can choose the arm in which they want to participate rather than be
excluded. This addresses a very important bias. Those who are not willing to be
randomized can still be represented. It enables learning about patient preferences
and, for those who are not at equipoise, which arm of the study they prefer. As well,
pragmatic approaches to inclusion and exclusion ensure that adoption is broader.
There are many questions that can be answered, whether a person is randomized or
chooses an intervention (rates of intervention, e.g., biopsy). There are some ques-
tions that are best answered with a randomized cohort (safety and efficacy) and
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some where choice is offered (e.g., assessing patient preference). Finding ways to
include as broad a population as possible also affords the ability to evaluate each
cohort to understand the inherent biases in recruiting only a randomized cohort.

Another fundamental approach to ensuring broad representation among various
populations is ensuring ease of access to the trial. WISDOM does not require
patients to go to a specific clinical site for study visits. The majority of enrollment
and participation occur online, and participants continue to see their regular provid-
ers for their care, including for their mammograms. As well, we have been able to
partner with a company that can send spit kits for genetic testing directly to a per-
son’s home. The trial is now translated into Spanish, and we are expanding across
the country and targeting specific populations to increase diversity of subjects
enrolled.

6.2.1 Funding the Trial and the Interventions

There is currently a gap in funding of pragmatic comparative effectiveness trials, in
that clinical procedures that are experimental are not covered by payers, but simi-
larly are not covered by traditional funding agencies, PCORI included. In the case
of WISDOM, the cost of the genetic testing required for the risk-based screening
approach fell into this funding nether region. We pursued a Coverage with Evidence
Development (CED) policy when designing WISDOM, which was inspired by
Medicare’s CED policy. CED and CEP (Coverage with Evidence Progression) sup-
port evidence development within the healthcare system for new applications of
existing technologies. For example, the use of a genetic testing for women with a
family history of breast cancer is already standard of care; genetic testing is not
experimental. And with changes in the legal framework and advances in the tech-
nology of next-generation sequencing, the quality of testing has improved (there are
now nine genes where mutations are associated with a significant increase in the
risk of breast cancer) as the costs (from some companies) have dramatically dropped,
where the test is approximately the cost of a mammogram. So, within the WISDOM
study, the test is used for all women (regardless of family history) in the personal-
ized screening arm to identify the highest-risk women and maximize the potential
for prevention within the context of a clinical trial.

In the years prior to the study’s inception and during the initial recruitment years,
the WISDOM team worked to adapt the CEP framework with private payers, such
as Blue Shield of California. By working with private payers, whose members
would fall into the study population, the WISDOM study could make the case for
evidence development in a real-world setting befitting of the pragmatic trial. The
WISDOM CEP framework expanded too after endorsement from the Blue Cross
Blue Shield Association [10]. Nearly a dozen regional Blue Cross Blue Shield plans
agreed to participate in WISDOM as a pilot for CEP within their organization. The
intent was to offer the trial broadly, but challenges to implementation were
considerable.
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The intent of CEP-based clinical research is to deliver study services nationally
by developing scalable billing and study procedures that reduce administrative bur-
den. The WISDOM study uses a unique national provider identification (NPI) and
tax identification number (TIN) for all billing services that can be used as the study
scales [11]. This has markedly reduced administrative overhead and has centralized
claim submission as the study has expanded outside California. Although the
WISDOM study sites include numerous medical centers, all study-related clinical
services are billed by a single NPI under the University of California Office of the
President’s Center for Health Quality and Innovation (CHQI). This minimized sys-
tem and workflow changes to the payer systems, allowing for more rapid adoption
with minimal resources.

To ensure a maximal number of study participants could participate in the
study, the WISDOM study approached employers with self-insured plans and
Medicaid as well. In general, health plans are not generally staffed or configured
to support direct “marketing” of a benefit like WISDOM to their large self-funded
clients. The WISDOM team directly engaged with larger self-insured and flex-
funded employers. This active collaboration allowed employers to approach their
TPA to implement CEP for their employees and dependents. These benefits
would be administered by the third party administrator (TPA) on behalf of and
with the support of the employers. By working with these groups, which often
can dictate their own plan coverage, the WISDOM study was able to expand the
eligible study population through CEP.

6.2.1.1 Recruitment of Study Participants

Another aspect of pragmatic trials is to address the implementation and the frame-
work used for implementation. In order to broadly recruit for the study, we needed
to make the trial available to everyone in the population. In order to get companies
and payers to agree to partner with us, we could not restrict accrual to specific sites
but needed to broaden our ability to recruit patients. This also required us to be
practical in how we recruited patients and collected data.

We used modern tools to set up the study, using a cloud-based platform based on
Salesforce (Salesforce Inc., San Francisco) and their integrated analytics for real-
time capture of trial accrual. We also partnered with a number of companies that are
modernizing the approach to delivering tests (e.g., Color Genomics) and collecting
imaging data (Life Image).

6.2.1.2 Data Collection Is Pragmatic

Enrollment and participation is online. Participants provide electronic consent and
complete online questionnaires in their study portal. Saliva-based genetic testing
kits are mailed to the participant’s home and mailed back directly to the lab at Color.
All study documents and communications are completed online. Mammography
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records are obtained through a variety of channels, including direct integration with
local electronic medical records, Mammosphere patient portal, and electronic fax.
Mammosphere has partnered with WISDOM to provide an electronic portal for
digital health record ascertainment and exchange between providers, in response to
recent HIPAA requirements to provide electronic health records to requesting
patients. The pragmatic approach to data collection and participation in WISDOM
has enabled broad recruitment and access to the study. Many traditional barriers to
trial participation, including transportation, availability of trials at local care facili-
ties, and inconvenience, are all overcome by our pragmatic trial recruitment
approach.

6.2.1.3 The Trial, Outcomes, Impact on Practice, and Future Directions

The WISDOM study is ongoing, and we have recruited over 22,000 women at the
time of writing this chapter. In order to reduce the time from study results to having
an impact on guidelines, we have employed a stakeholder-engagement model and
have recruited leaders from every sector, including the major guideline and quality
standard bodies, payers (insurers and self-insured companies), advocates, researchers,
clinical leaders, and technology partners. All stakeholders are encouraged to advise
and engage in evaluating the simulations of results in an effort to reduce the time it
will take to accept and adopt finding from the study. This multi-stakeholder model
enables participation from organizations like the National Committee for Quality
Assurance (NCQA), which independently accredits insurance companies through the
HEDIS measure. A higher HEDIS score indicates higher quality, so health plans may
be concerned about participating if it lowers their HEDIS score for breast cancer
screening. However, the WISDOM protocol is consistent with HEDIS requirements,
as the HEDIS measures were recently changed to accommodate the range of guide-
lines [12]. If the study demonstrates the value of risk-based screening and identifies
opportunities to further adapt screening frequencies based on risk, current HEDIS
rules may need revision. The multi-stakeholder model enables organizations like the
NCQA, US Preventive Services Task Force, and American Cancer Society to incor-
porate findings from CEP trials into their measure definitions or guidelines.

Stakeholders have also become champions as the study expanded nationwide.
For example, the WISDOM study worked with various plan leadership, from orga-
nizations like the Blue Cross Blue Shield Association, to align strategic goals. In
2017, the Blue Cross Blue Shield Association announced the CEP framework to
endorse expansion of the WISDOM study to additional participating pilot Blue
Cross Blue Shield companies [10]. Our broad stakeholder group meets annually in-
person to review study progress, to discuss challenges and opportunities, and to
review modeled study outcomes in order to advise on study implementation and
build a strategy for dissemination.

The WISDOM study incorporates a number of important pragmatic trial ele-
ments and, if successful, could serve as a model for other screening trials. It includes
both randomization and individual choice. It includes a coverage with evidence
model that allows payers to contribute to the advancement of the field and accelerate
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change; WISDOM also includes a strategy whereby advances in the field are incor-
porated as the trial proceeds, ensuring that the trial will not be out of date when the
results are published. Results are collected in real time, using a modern software
platform. And finally, the stakeholder model helps guideline and policy makers to
have a seat at the table and discuss and view results in real time to decrease the gap
between release of results and change in practice. WISDOM is therefore an excel-
lent example of how pragmatic trial design choices can influence policy, guidelines,
and the speed of adoption of results.

6.3 Transplantation in the Setting of Breast Cancer History:
A Pragmatic Approach to Changing Policy Through
Modernization of Inclusion and Exclusion Criteria

Pragmatic approaches should also allow us to address important opportunities to
improve policies and creative approaches to generate confirmatory data. For patients
with unique clinical problems or several concurrent conditions, there is often a lack
of prospective data to use for guiding management decisions. When existing data
generated in highly controlled settings are applied to patients in these particular
situations, care can be suboptimal. One potential area that could benefit from a
pragmatic approach is the intersection between organ transplantation and manage-
ment of underlying disease states such as cancer.

Breast cancer is the most common malignancy diagnosed in women annually,
and therefore it is a common comorbid condition in patients with end-stage renal
disease (ESRD). Of the two million patients who have ESRD worldwide, about 5%
will also have a diagnosis of breast cancer [13]. Historically, pre-transplant malig-
nancies like breast cancer have been viewed as a contraindication to kidney trans-
plantation. Uncertainty about cancer recurrence and subsequent mortality, coupled
with concerns regarding the judicious use of scarce donor organs in patients who
have a limited prognosis, have prevented this patient population from immediate
kidney transplantation [14]. Research from the Israel Penn International Transplant
Tumor Registry reported that patients with pre-existing breast cancer have high
recurrence rates after transplantation, ranging from 5.4% to 63.6% [15, 16]. Based
on the results from studies like this, organizations and institutions have implemented
waiting times ranging from a minimum of 2-5 years to ensure that breast cancer
recurrence is unlikely to occur prior to receiving kidney transplantation.

However, this mandatory years-long waiting period leads to increased morbidity and
potentially mortality. Patient with ESRD who wait for kidney transplantation rely on
dialysis, which has a 5-year survival rate of 35% [13]. Many of the current transplanta-
tion guidelines recommend equivalent waiting times for patients who are at low and
high risk of breast cancer recurrence and fail to account for tumor characteristics like
biomarkers and grade—factors that inform this risk. While the field of breast cancer has
changed dramatically and our ability to predict outcome and predict response to therapy
has greatly improved, the integration of this information into other fields has lagged. The
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example of how the advances in science of management of breast cancer should influ-
ence transplant decisions (for donors and recipients) is an example of an important but
unique clinical situation for which a pragmatic approach would speed up the implemen-
tation of diagnostics that could help patients with ESRD avoid potentially unnecessary
waiting times, substantial morbidity, and potentially increased mortality.

6.3.1 Applying Scientific Advances to the Classification
of Breast Cancer to Inform Transplant Eligibility

Recently, a small case series showed how wait time was eliminated for two patients
with ESRD and prior breast cancer [17]. These patients were able to receive immedi-
ate kidney transplants based on recurrence risk scores generated by genomic expres-
sion profiling assays (e.g., Oncotype DX and MammaPrint). Individualizing patients’
risk of breast cancer recurrence by using molecular assays in combination with tumor
pathology could potentially impact a large number of patients who might normally be
excluded from life-saving interventions based on data that are not personalized.
Additionally, it is the most aggressive, high-risk cancers that are likely to be driven by
immunosuppression. In triple-negative tumors, for example, immune infiltrates are
more common, and reversal of local immunosuppression has dramatically improved
that chance of complete response [18]. On the other hand, molecularly low-risk
tumors are “cold” and lack immune infiltrates and are not likely to be influenced by
immunosuppression. Since the risk and timing of recurrence differ by molecular risk
status, tailoring waiting time to breast cancer subtype is a more reasonable approach
to avoid unnecessarily delaying transplantation. Additionally, our understanding of
prognosis is improved by incorporation of response to therapy. Guidelines should
reflect such modern approaches to breast cancer management [19, 20].

6.3.2 Lack of Standards and Consensus Among Transplant
Surgeons and Nephrologists

Additionally, a survey of 129 transplant surgeons and nephrologists from 14 coun-
tries and 32 states confirms that the existing guidelines for managing kidney trans-
plantation decisions in patients with breast cancer are inadequate. 74.8% of
respondents felt current guidelines are not sufficient to inform their decision-making
if faced with a potential kidney transplant candidate who has a breast cancer diag-
nosis. Of the providers that were surveyed, 27% didn’t think there were standard
guidelines for this patient population, and 9% weren’t aware of the guideline recom-
mendations. Furthermore, transplant management for patients who have a history of
breast cancer varied among providers and differed depending on geographic loca-
tion and beliefs about immunosuppression’s role in breast cancer recurrence. Lack
of consensus in the transplant community contributes to variable access to poten-
tially life-saving organs for breast cancer patients.
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6.3.3 Recommendations for the Future and Impact
on Practice: Not Every Question Requires a Trial

Conducting pragmatic trials for patients with ESRD and breast cancer could inform
new guidelines in the field and improve patient outcomes. Alternatively, new criteria
could be set and real-world evidence can be used to determine the outcomes.
Especially given that transplant patients are in registries, any patients with a history
of breast cancer can be followed closely. Results at 5 years would be sufficient to
inform the field. This is the ultimate pragmatic study.

6.4 1-SPY TRIALS: Investigation of Serial Studies to
Predict Your Therapeutic Response with Imaging and
Molecular AnalySis

A final example of a pragmatic trial design is the I-SPY TRIAL, which uses an
adaptive strategy to enable rapid learning in a high-risk setting to facilitate the iden-
tification of optimal drug combinations to cure patients. An adaptive design is
defined as “a design that allows modifications to the trial and/or statistical proce-
dures of the trial after its initiation without undermining its validity and integrity”
[21]. The purpose is to make clinical trials more flexible, efficient, and fast. Drug
development in oncology usually focuses on the metastatic setting where phase I
(safety and dose finding), II (signal-generating), and III (efficacy) trials are
conducted in people with advanced disease before proceeding to the early treatment
setting. The current approach in trials is to test one drug at a time that patients are
still curable (high risk for recurrence but still early stage and curable). This approach
is slow and extremely expensive. It can take 15-18 years for a drug to go from a
phase I study to standard of practice. Trastuzumab, the antibody directed against the
Her2 oncoprotein, is an excellent example, where the time to get the drug tested and
into common practice was 18 years. The FDA is extremely interested in new and
more efficient approaches to trial design and has encouraged the use of adaptive
designs [22]. I-SPY 2 is an adaptive study in high-risk early-stage breast cancers
that is designed to accelerate the process of finding the right drugs for the right
patients at the right time. It is focused on testing drugs at an earlier stage of the
disease.

6.4.1 [-SPY 2 Description

I-SPY 2 is a multi-site, adaptive platform trial that has evolved into a platform for
translational research. The goals are to drive drug development to the early-stage,
high-risk setting, where women’s lives can be saved, and to rapidly learn which
combinations of agents have the best chance of curing patients.
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Breast cancer is heterogeneous and ranges from indolent disease to very aggres-
sive disease. As well, the timing of risk for recurrence can range from 3-5 years to
15-20 years. High-risk, fast-growing breast cancers can be characterized molecu-
larly [23], and the risk for recurrence is largely in the first 5 years after diagnosis.
These are the types of tumors that benefit from chemotherapy. Also, these are the
tumors that, if you change the order of therapy and start with systemic therapy first
(neoadjuvant chemotherapy), you can assess response to therapy by the time a
patient has definitive surgical therapy. This simple change in the order of therapy
does not change the outcome, but does allow much more efficient learning about
what is working and for whom. And for these types of cancers, the degree of
residual tumor is highly prognostic. Over the last 20 years, we and others have
worked to establish an early endpoint, complete pathologic response (and residual
cancer burden) [24], to predict 3-year event-free and distant recurrence-free sur-
vival [25].

There are several key innovations that have led to the success of this trial plat-
form. One is the use of early endpoints to accelerate learning and changing the
order of therapy to enable an early readout (pathology to measure response to ther-
apy) in the course of care. The other is the use of biomarker and imaging guidance
and the ability to identify the category of patients at risk for early recurrence for
inclusion in the study. The third is the use of a platform, instead of a trial for every
drug tested. The trial is designed pragmatically to test, in parallel, a number of
agents/combinations so that the trial can become an engine for learning. Drugs
come in and out of the trial by protocol amendment, saving significant time com-
pared to writing and reviewing a new protocol for each new drug. The fourth is the
use of new tools for real-time data capture. A longitudinal Bayesian adaptive model
is used to predict “graduation” of agents that reach a threshold of an 85% predicted
probability of success in a confirmatory 1:1 randomized neoadjuvant therapy trial
of 300 patients. The purpose of the graduation threshold is to identify those agents
with a big signal so we can focus on those combinations most likely to improve
outcomes for patients. I-SPY 2 is a phase II trial designed to identify what is most
likely to succeed in a focused subsequent phase III trial and avoid one of the biggest
problems in oncology trials, where 70% of phase III trials fail. Finally, the trial is
collaborative by design and has included the FDA, pharmaceutical and biotechnol-
ogy companies, academic centers, and patients at the table from the inception. The
trial design leverages a pre-competitive framework to align incentives and drive
efficiency [26-28].

Several agents have graduated, and one of the most striking results was the near
tripling of pathological complete response (pCR) with pembrolizumab added to
Taxol, which was recently confirmed in a follow-on phase III trial [29, 30]. To date,
18 drugs and combinations have entered into the trial over the last decade, with
many more in the pipeline [31-33]. There are currently 20 major academic sites in
the network, with 4 more, including community cancer center networks, slated to
enter in 2020. Over 20 companies participate. When the trial started, it was the first
trial to bring multiple pharma companies into the same trial.
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6.4.2 Future of Adaptive Trials in the Neoadjuvant Setting

Early endpoints are increasingly being accepted by both regulators and clinicians
because they provide prognostic information that matters to patients [34]. The
impact of achieving a pCR is very significant, and trials and care have evolved to
adapt care based on response to therapy. This has led to a change in clinical practice,
making it extremely difficult to conduct a standard randomized controlled trial.
Much like with the HIV epidemic, patients and their oncologists know that their
outcome will be better if they can achieve a complete response. Furthermore, a
number of trials now demonstrate that targeted therapy can increase the chance of
survival for those with substantial residual disease [31, 35].

These changes in practice are good for patients. However, it requires creativity in
thinking about how to address clinical trials in the neoadjuvant setting. If you ran-
domize women to standard of care or even an experimental drug plus standard of
care and they do not get a great response, they will go on to get additional agents
after surgery. That makes long-term endpoints extremely difficult to compare. Early
endpoints are the key to advancing turns in knowledge. But once early endpoints are
established, then clinicians and patients will not simply accept a poor outcome but
will and should look for opportunities to further improve their chance of a good
outcome. The implication is that our science and clinical trial designs will have
to change.

Through a program project grant (PO1CA210961) and the support of the Quantum
Leap Healthcare Collaborative (trial sponsor), we are designing the next generation
of I-SPY 2 with the explicit 5-year goal of getting 90% of patients to a pCR and a
distant recurrence-free survival of 92% or higher. “I-SPY 2 Plus” will establish a
new paradigm for clinical trials by encouraging the escalation/de-escalation of treat-
ment depending upon an individual’s response. I-SPY 2 Plus will leverage the
Bayesian adaptive, biomarker-driven approach of the current I-SPY 2, combined
with the “Sequential Multiple Assignment Randomized Trial” or “SMART” trial
model that facilitates multiple randomizations within the same trial. In this hybrid
model, patients who fail to respond to the therapy for which they have been initially
randomized may be subsequently randomized to a second (and, in some cases, third)
biologically targeted therapy as a “second chance” to achieve pCR. A further inno-
vation will feature an additional, confirmatory arm that serves as a seamless transi-
tion from phase II to phase III development—a “Regulatory Evidence Generation”
arm—designed to establish a more efficient means of gathering the evidence
required for regulatory approval of an agent/combination. As [-SPY 2 Plus prepares
for its launch transition in 2020, a number of supporting innovations in statistics and
data acquisition and management are currently underway.

It is often true that trials are designed in a way that maximizes their chance of
success, as journals and investigators are most interested in positive results.
However, that is really not always the best chance to learn. In the era of personalized
medicine, we should not be looking for large trials with a small benefit and a p value
that is significant only because a large number of subjects are included. We should
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be looking to find the interventions that have the greatest impact on specific sub-
types of disease, and we should be designing trials to escalate interventions if risk is
high and response to therapy is poor, while de-escalating therapy if risk is low and
response is excellent. As well, we should be designing trials to enable rapid learn-
ing, such as adaptive (Bayesian) trials, which are more efficient. If such trials are
designed to exploit the range of biology and cross disease signatures, what emerges
can inform the field about where interventions are most likely to succeed. If there
are early endpoints that are good surrogates of long-term outcomes, then we can
design trials efficiently to get the most patients to the best early endpoints as quickly
as possible.

The I-SPY trial highlights the need to develop pragmatic solutions to adapt to
learning and change in the field and to enable rapid learning, even as new therapies
emerge and standard of care evolves. It is critical that we design trials that can suc-
ceed and lead the way in an ever-changing environment.

6.5 Conclusions

There are many ways to learn, and randomized trials are one of the tools that should
be employed to help advance the field. However, there are limitations to trials that
have tight inclusion and exclusion criteria, and often, the findings from these trials
may not apply to a broad population. In addition, there is inherent bias in a trial that
requires randomization, as it only includes those who are willing to be randomized,
or who specific physicians approach. Trials can be designed in pragmatic ways, to
be more inclusive in the population, and also include populations that might
otherwise be ignored. And there are ways to learn and modify guidelines in a prag-
matic way without doing a trial and then use real-world evidence to generate the
confirmatory evidence.

Our trials should be more patient-centered and designed to learn efficiently. Our
trials should look more like our care, and our care should look more like pragmatic
trials. The place we need to get to is one where learning naturally occurs in the
course of care. Pragmatic trials are designed to help ensure our findings will be of
greatest benefit to the patients we serve. But if we are to reach this goal, the prag-
matic trial itself must continue to evolve.
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Chapter 7
Clinical Trials: Ensuring Quality
and Standardization

Mihir M. Shah and Darren R. Carpizo

7.1 Introduction

The number of clinical trials in the United States and worldwide is increasing rap-
idly. ClinicalTrials.gov, which started in year 2000, registered a total of 2119 trials,
whereas in 2019, that number is 309,531, which is nearly a 150-fold increase [1].
Of the 309,531 trials registered in 2019, 244,831 (79%) are interventional, with
25,857 - or approximately 11% - involving a surgical procedure. With this rise in
the number of clinical trials, there is an increased need to ensure that human sub-
jects research being conducted is done in a manner that is ethical and the data col-
lected, analyzed, and reported are of high quality and transparent. To meet this
need, organizations ranging from academic centers to large consortia that conduct
clinical trials to the National Institutes of Health now have implemented training
programs and defined standards for all professionals participating in the conduct of
clinical trials. We will review some of these standards as well as other components
of clinical trials to ensure quality and standardization.
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7.2 Good Clinical Practice (GCP)

An international platform for establishing ethical and scientific quality standard for
the following aspects of clinical trials involving human subjects—designing, con-
ducting, recording, and reporting. This protects the rights, safety, and well-being of
trial subjects [2].

The primary purpose of the International Council for Harmonisation (ICH) GCP
guidelines is to enable mutual acceptance of clinical data by the following regula-
tory authorities—European Union, Japan, and United States—thereby offering a
unified standard. Intention is to result in improvement in clinical trial quality and
efficiency and producing reliable results while protecting human subjects [3].

7.3 The Collaborative Institutional Training Initiative (CITI)

The CITI program provides high-quality, peer-reviewed, web-based educational
courses in research, ethics, regulatory oversight, responsible conduct of research,
research administration, and other topics pertinent to the research enterprise [4].
Regularly designed and updated materials include:

e Enhancing the knowledge and professionalism of personnel conducting research.

e Education of members, administrators, and the leadership of the ethics
committee.

* Promoting ethical research at organizations.

The CITI program was founded in March 2000. It now includes more than 20
subject areas (including biosafety and biosecurity, conflicts of interest, GCP, infor-
mation privacy and security, and responsible conduct of research) [4]. A million
learners access these materials annually at thousands of organizations. Many orga-
nizations, extending from universities to clinical research organizations and the
National Institutes of Health (NIH), require CITI training certificates to conduct
clinical trials. Effective as of 2017, the NIH requires GCP training to be re-certified
every 3 years [5]. In addition, the CITI program not only offers GCP courses accept-
able for the NIH policy, but also training on specific topics of interest to NIH-
funded researchers [6].

7.4 Reporting of Adverse Events

7.4.1 Investigator Responsibility

The primary responsibility for adverse event (AE) identification, documentation,
grading, and assignment of attribution is upon the clinical investigators, with ulti-
mately the principal investigator being responsible for reporting it in a timely manner
[7]. Any serious AE must be immediately reported to the sponsor by investigators [8].
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7.4.2 Sponsor Responsibility

The sponsor should immediately inform the FDA and all participating investigators
about any new significant AEs or risks with respect to investigational new drug
(IND) or investigational device exemption (IDE). The following should be included
in the annual report in addition to the summary of the previous year’s clinical inves-
tigation [7]:

e Most frequent and most serious AEs.

e IND and IDE safety reports.

e Subjects who died (with the cause of death).

e Subjects who dropped out in association with AE (irrespective of its relation to
the drug/device).

Grading of AE is critical and must be documented by medical personnel directly
involved in the clinical care of protocol subjects [7]. Grading relates to the severity
of AE for the purposes of reporting (Table 7.1).

Increasing evidence suggest that the severity and incidence of AEs are underes-
timated and underreported by physicians [9, 10]. Factors responsible for this
include less attention to mild, subjective, or expected toxicities, less attention to
toxicity in lieu of efficacy, increased patient volume, physician time constraints and
limited resources for managing data, and unstructured/inadequate elicitation of all
toxicities from the patient [9, 11]. In view of this, a standardized patient-centered
method of AE reporting has been developed by the NCI—incorporation of this tool
in clinical trials could help improve and complement physician reporting of
AEs [12].

Table 7.1 Severity of adverse event

Grade | Description

0 No AE
(within normal limits)

1 Mild
Asymptomatic or mild symptoms, observations (clinical or diagnostic) only without any
intervention

2 Moderate

Minimal, local, or non-invasive intervention (e.g., packing, cautery) indicated, limiting
age-appropriate instrumental activities of daily living (ADL)

3 Severe
Medically significant but not immediately life-threatening, hospitalization or
prolongation of hospitalization indicated, disabling, limiting self-care ADL

4 Life-threatening consequences
Urgent intervention indicated
5 Death
(related to AE)

Developed from:  https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/
aeguidelines.pdf
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7.5 Standard Operating Procedures (SOP)

A set of comprehensive instructions that define and standardize procedures in clini-
cal trials are called SOP [13]. The main objective is to help the investigators and the
research team stay compliant with the GCPs that govern the conduct of clinical
research. SOP that are well-written and well-managed allow consistent execution of
research-related activities in a standardized manner.

7.6 Case Report Form (CRF)

A document developed to record the required patient information to be reported to
the sponsor in a clinical trial [14]. A well-designed CRF represents essential con-
tents of the study protocol for optimal data collection [15]. This includes adverse
events and serious adverse events. Figure 7.1 illustrates a typical serious adverse
event form. The information that is recorded typically includes date and details of
the event, comments from treating physician and the principal investigator, and
classification of serious AE (Table 7.1), in addition to other details depicted in the
form (Fig. 7.1). Nowadays, electronic CRFs (eCRFs) are typically used, as
opposed to traditional paper CRF. eCRF is designed to facilitate capture of data
with minimal errors, and regulatory authorities are willingly accepting submis-
sions when validated systems are used to capture data electronically [16]. CRFs
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are crucial to capture key data in order to allow a meaningful analysis. The guide-
lines to design a CRF are outside the scope of this chapter and are available in the
literature [15].

7.7 Electronic Data Management Systems (EDMS)

EDMS are comprehensive standardized systems built through collaboration with
prominent research organizations to streamline research operations. An example of
such a system is OnCore.

OnCore is a premier application for managing clinical research data. OnCore not
only has refined clinical research management functionality but also fully inte-
grated patient registries, biospecimen management, billing compliance, and elec-
tronic data capture functionality. Over 50 leading clinical research institutions have
chosen the OnCore system to manage and expand their portfolios of clinical tri-
als [17].

Complion is another platform built by clinical researchers for clinical research-
ers. It is a cloud-based eRegulatory platform. It improves efficiency, compliance,
and transparency for research sites and sponsors. It is established with the intention
to institute the highest level of compliance with less amount of work, so the involved
personnel can focus on what matters [18]. Complion is usually controlled by the
regulatory department.

7.8 Data and Safety Monitoring Board (DSMB)

The primary roles of the DSMB include approval of the final protocol prior to
enrollment and review of aspects of study progress periodically (patient enrollment,
protocol compliance, data quality and completeness, adverse events, safety). In
addition, the DSMB makes recommendations on continuation, modification, or ter-
mination of the trial [19].

The DSMB is essentially mandatory as it increases awareness of complications
in clinical trials in order to ensure safety of the patients enrolled in the trial. The
DSMB should consist of members that include at least one expert in the clinical
aspects of the disease/patient population being studied, a biostatistician, and often
ethicists [19].

The DSMB meetings are usually held at least annually and likely more often
based on the requirement of the trial being monitored. Each meeting consists of an
open session, closed session, and final executive session—the details of which can
be found via this link: https://deainfo.nci.nih.gov/grantspolicies/datasafety.pdf.

For the safety of patients enrolled in the clinical trial and for the integrity of the
data, the DSMB must have access to unmasked data. Some biostatisticians are of the
opinion that the DSMB should be unmasked to treatment identity beginning from
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the initial data review [20]. As far as the request of the DSMB for unmasking the
trial data is honored, it is acceptable if the awardee leading the trial desires to keep
some data masked.

7.9 Consolidated Standards of Reporting Trials (CONSORT)

The purpose of development of the CONSORT statement was to help authors report
randomized controlled trials [21]. The statement offers a minimum standard set of
items for reporting of clinical trials. In addition to improving quality of reporting in
medical journals [22-25], it has been officially endorsed by hundreds of journals,
including high-impact journals and prominent editorial groups [26]. It is advisable
that the principal investigator should review the CONSORT statement while design-
ing a clinical trial, and especially the checklist and the flowchart. Additional details
can be viewed at the following link, where the updated guidelines of the 2010
CONSORT statement are published: https://www.bmj.com/content/340/bmj.c332.

7.10 Clinical Research Organization (CRO)

Multi-site clinical trial success depends on achieving quality across participating
sites. Individual sites may not have the policies and procedures to accomplish this.
Organizations like cooperative groups, consortia, and networks fill this need. These
organizations have various attributes, such as commercial versus non-profit, being
associated with a foundation or not, and specific geographical participation. Some
provide comprehensive CRO-type resources, and others may offer their services
“cafeteria style”, including the site management organization (SMO) model.

Many efficiencies are gained using such an organization. They typically have
created the policies and procedures rooted in common standards across participat-
ing sites. The organization ensures that these common standards meet the local
regulatory requirements and comply with site institutional requirements. Services
are provided centrally, allowing the organization to collect, compile, and confirm
necessary documents and data per the protocol. Often, a Clinical Trial Management
System (CTMS) is used. Various site regulatory documents are stored related to the
particular study. Central processing of Adverse Events and Outside Safety Reports
is another example of the way this kind of organization assures compliance
across sites.

Consortia and similar organizations provide oversight to multi-site studies much
like how an institution’s clinical trial office oversees their own single-site study.
Consortia can efficiently manage adherence to GCP across multiple sites with a
systematic approach. Standardization is built into the study-specific database, usu-
ally within a Clinical Trial Management System, and automated processes assure
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quality throughout the lifetime of the study [27]. These tools are used according to
standard operating procedures written for the compliance needed in clinical trials.

Consortia incorporate language to operationalize the multi-site study within the
protocol. Protocol-specific forms (¢CRFs) are created for all sites to use, permitting
standardized data collection. Site staff are trained on eCRF guidelines. Queries on
data entry check pending and acceptable format. Queries are scheduled for the
needed frequency, and output is sent to the appropriate staff within the consortia and
at participating sites for resolution. This remote monitoring ensures accurate data is
available for accrual and safety tracking. Alerts are programmed to detect stopping
rule criteria and safety reporting triggers [28]. Consortia use processes like these to
work with the site staff as a team ensuring quality [29].

7.11 Clinical Research Professionals (CRPs)

CRPs work in a wide range of settings and variety of organizations. Most centers
require their CRPs to be certified in their roles via various examinations provided by
organizations such as the Association of Clinical Research Professionals (ACRP) or
the Society of Clinical Research Associates (SOCRA). Certification by such orga-
nizations attests to a standard of knowledge, education, and experience that is well
recognized by the clinical research community. These standards promote recogni-
tion and continuing excellence in the ethical conduct of clinical trials [30]. Many
institutions require their CRPs to obtain these certifications prior to their promotion
to include greater responsibility and leadership opportunities.

7.12 Conclusion

Ensuring quality and standardization in today’s clinical trials in surgery is no differ-
ent than in pharmaceutical trials. It requires specialized training among all individu-
als participating in the study, not just the study investigators. There are now many
online resources for obtaining such training and well-recognized organizations that
provide online certifications. In the digital age, the key to creating high-quality data
involves the building and use of high-quality software systems designed for the
needs of each clinical trial and ensuring that the data entered is correct and updated
regularly. In an age where more multi-center studies are needed, consortia in both
academia and industry have created an even greater need to ensure data management
systems are of high quality and meet the needs of investigators. These consortia have
different practices, and it is imperative for the surgeon investigator to understand this
and focus on this early in the trial’s life to identify potential problems before they
happen. Identifying problems early on will allow the changes to be made in the soft-
ware to ensure data collection is of the highest quality for the remainder of the trials.
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Chapter 8

Steps in Device and Drug Pathway
Development: Clinical Trials, Similarities,
and Differences

Timur P. Sarac

8.1 Preliminary Work Before Human Trials

8.1.1 The Idea and Documentation

New devices and drugs are developed from unmet needs. The range of the unmet
need varies; for example, there may be inadequate therapeutic options for a malig-
nancy, or there are no minimally invasive options to treat complex ascending aortic
aneurysms. In order to protect your intellectual property, it is important to be as
descriptive as you can and document your descriptions in dated files or notebooks.

8.1.2 The Patent

Obtaining a patent legally protects you from anyone else using your idea. The pro-
cess of obtaining a patent can be time consuming and very expensive. The average
United States patent costs approximately $20,000. Extending this to the European
Union, Asian, and South American countries in conglomerate can cost over
$100,000. The initial process begins with confirming whether or not there is an
existing patent with the same or similar idea. Prior to retaining a patent attorney, one
can do the search on their own through the United States Patent and Trademark
Office (USPTO.gov) or through Google Patents (patents.google.com). Do not be
discouraged if you happen to find “prior art,” as your idea may have a different slant.
Once you are convinced of the uniqueness of your idea or invention, hiring a patent
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attorney is the next step. The patent attorney will also research the idea, and if there
is agreement that there is no prior art, then the attorney will usually have you file a
provisional patent application. This provisional application sets the date and time
for patent protection, but not the final content [1]. A provisional application includes
a description and drawing(s) of an invention. Drawings may be required for under-
standing the subject matter sought to be patented but not formal patent claims,
inventors’ oaths, or declarations [2]. The USPTO does not conduct a formal review
of provisional patents, and therefore a provisional application will never become a
patent on its own. However, the provisional patent application can be subsequently
converted into a non-provisional “utility patent” application by the applicant, at
which point the application is examined as a utility application [3]. The provisional
application is also not “published,” but becomes a part of the record, along with any
later non-provisional application file that references it, and thus becomes “public”
upon issuance of a patent claiming its priority benefit. This allows you 1 year to
fine-tune the description and argument which will be put into writing. This final
“utility patent” consists of a thorough description of the invention, illustrations, and
lastly “claims,” which are the specifics of the idea that are unique and protected
from anyone else commercializing the invention.

Once the patent is filed, you may not hear back from the patent and trademark
office for 18-24 months. The patent is assigned to an examiner who is part of a
special arts unit in the field of the invention. It may take 18 months for the examiner
to even pick up the patent. Once the examiner reviews the patent, he/she searches
again for prior art both in the United States and abroad. When this is complete, they
will issue an office action, which outlines the examiner’s findings. It is very unusual
for them to issue the patent immediately. More likely, they will reject several aspects
of the patent, and you will then be given an opportunity to respond. After several go
rounds, several more months, and many bills, a conclusion is finally reached.
Hopefully, your idea will be unique enough to get a patent, which starts with a
USPTO issuance of what is termed as “Notice of Allowance” for the unique claims,
which results in an issued patent. There are several more fees for this. The patent’s
life is 20 years, and over the next 20 years, you are required to pay maintenance fees
for the patent. In addition, it is not unusual for the patent examiner to say there are
more than one invention within the patent and ask you to separate out the two, with
the second idea being filed as a “divisional” patent.

An important follow-up is that while you file the original patent and continue to
work on your invention, new and additional material may come to light. In these
circumstances, you can add to the patent by filing either a “continuation” or a “con-
tinuation in part (CIP)” with the United States Patent and Trademark Office. A CIP
application permits a patent applicant to add new subject matter to the existing dis-
closure of the parent application, while retaining the priority date for claims based
on the original disclosure [4]. The claims of the CIP can be directed to the new
subject matter, the old subject matter, or a combination of the two. In contradistinc-
tion, “continuation application” inherits the parent application’s priority date—but
itis limited to the parent application’s disclosure. New developments since the orig-
inal patent filing cannot be described in a continuation application, as new matter
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cannot be added to a continuation application. Instead, a continuation allows an
inventor to add new claims to a parent application, as long as the application has not
been approved or abandoned. With a continuation application, an inventor may
increase the scope of his application without having to file an entirely new applica-
tion, avoiding losing the original filing date. An important point for continuation
applications is that they may only edit the claims.

8.1.3 Prototypes, Studies, Nuts, and Bolts

Concurrent to filing the patent, developing a drug or device requires a basic proto-
type or proof of concept. This leads to justification for continuing or altering your
current path. It is important to keep extremely accurate records, as the Food and
Drug Administration (FDA) requires you to maintain a design history file [5].

It is helpful to make computer animated designs and perform finite element anal-
ysis (FEA) prior to construction of prototypes for both medical devices and drugs.
This allows for computer simulation of areas of fatigue. Traditionally, this is neces-
sary for new drugs designed from X-ray crystallography [6]. The FDA will want to
review this during their safety analysis. Next comes the prototype phase, which
usually has the intent of proof of concept. Following satisfactory prototype con-
struction, there are several required tests necessary before you can proceed with
human trials. Some examples include mechanical strength testing, accelerated
fatigue analysis, bioburden testing, and acute and chronic animal studies. For medi-
cal devices and drugs, the FDA has published Office of Device Evaluation “Guidance
Documents” which provide an outline to follow and these can be found on their
website [7]. It is important to note that to proceed with a clinical trial for a new
implantable medical device or drug, the design of the device or drug cannot change
once you initiate clinical trials. This is called “design freeze.” Any change may pre-
cipitate the need for the inventor to repeat several of the preclinical steps, including
new animal studies.

The cost to bring a new medical device and new drug to market is incredibly
expensive. The preclinical work alone can surpass $10,000,000. The clinical trials
themselves are even more expensive, because the regulatory pathways are stringent
and require strict auditing for extended periods. Funding can come in the way of
grants (e.g., SBIR/STTR), venture capital, or a major technology company venture
arm. Contract research organizations (CROs) evolved to manage the process includ-
ing the trials, and their industry itself has grown to several billion dollars. These
companies provide support to the pharmaceutical, biotechnology, and medical
device industries in the form of research services outsourced on a contract basis. A
CRO may provide services such as biopharmaceutical development, commercial-
ization, preclinical research, clinical research, clinical trial management, X-ray core
lab, and pharmacovigilance for adverse outcomes. Many CROs specifically provide
clinical-study/clinical-trial support for drugs and/or medical devices and range from
large, international full-service organizations to small, niche specialty groups.


https://en.wikipedia.org/wiki/Pharmaceutical_industry
https://en.wikipedia.org/wiki/Biotechnology
https://en.wikipedia.org/wiki/Medical_device
https://en.wikipedia.org/wiki/Medical_device
https://en.wikipedia.org/wiki/Outsourcing
https://en.wikipedia.org/wiki/Pre-clinical_development
https://en.wikipedia.org/wiki/Clinical_research
https://en.wikipedia.org/wiki/Pharmacovigilance

90 T. P. Sarac

CROs that specialize in clinical-trial services can offer their clients the expertise of
moving a new drug or device from its conception to FDA/EMA marketing approval,
without the drug sponsor having to maintain a staff for these services [8].

An important component of all trials involving new medical device and drugs is
the establishment of a Data Safety and Monitoring Board (DSMB), an independent
group of experts who monitor patient safety and treatment efficacy data while a
clinical trial is ongoing [9]. The primary mandate of the DSMB is to protect patient
safety. If a serious adverse event (SAE) occurs more commonly in the experimental
arm compared to the control arm, then the DSMB would strongly consider termina-
tion of the study. This evaluation has to be made in consideration of risk/benefit of
the new therapy. In many cases, the experimental arm could cause serious adverse
events (e.g., chemotherapy), but the resulting improvement in survival may out-
weigh the adverse events. If the experimental arm is proven to be undeniably supe-
rior to the control arm, the DSMB may recommend termination of the trial. This
would allow the company sponsoring the trial to get regulatory approval earlier and
to allow the superior treatment to get to the patient population earlier. This is usually
an uncommon event, as the statistical evidence needs to be very high through pre-
scribed power analyses done prior to the study initiation. Also, there may be other
reasons to continue the study, such as collecting more long-term safety data. Futility
is not as widely recognized as safety and benefit, but it actually can be the most
common reason to stop a trial. For example, suppose a trial is one-half completed,
but the experimental arm and the control arm have nearly identical results. It’s likely
in no one’s interest to have this trial continue. In this circumstance, it is extremely
unlikely that the trial would continue to its normal end, as it would be unlikely that
there would be statistical evidence needed to convince a regulatory agency to
approve the treatment [10]. The company sponsoring the study could save money
for other projects by abandoning this trial. Also, current and potential trial partici-
pants could be freed to take other treatments rather than continue this experimental
treatment which is unlikely to benefit them.

8.2 Human Trials: Medical Devices

The Medical Device Amendments of 1976 to the Federal Food, Drug, and Cosmetic
Act established three regulatory classes for medical devices. The three classes are
based on the degree of control necessary to assure the various types of devices are
safe and effective [11]. Class [—The device presents minimal potential for harm to
the patient. Forty-seven percent of all medical devices fall into this category, and
95% are exempt from the regulatory process. If a device falls into a generic category
of exempted class I devices, a premarket approval (PMA) application (PMA) and
FDA clearance are not required (see below) before marketing the device in the
United States. However, the manufacturer is required to register their establishment
and list their generic product with FDA. Some examples may include band aids,
enemas, manual stethoscopes, and mercury thermometers. Class II—These pose
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some risk, but in general the risks are very minor. Some examples include powered
wheelchairs, crutches, and some over-the-counter testing kits. Forty-three percent
of medical devices fall under this category. Class III—These devices are deemed
necessary to sustain and support life and limb. They are commonly implanted or
present potential risk of illness or injury. Examples of class III devices include
implantable pacemakers and stents. Ten percent of medical devices fall under this
category. These devices require a premarket approval (PMA) from the FDA [12].
Manufacturers must submit a premarket approval (PMA) application to the FDA if
they wish to market any new products that differ in design or contain new materials
from products already on the market. A PMA submission must provide valid scien-
tific evidence collected from preclinical and human clinical trials showing the
device is safe and effective for its intended use. If the device you are researching is
life sustaining or presents any potential of unreasonable risk of illness or injury, you
should search FDA’s premarket approval (PMA) releasable database [13]. All
United States and many foreign countries’ clinical trials are required to be regis-
tered on ClinicalTrials.gov.

The pathway to market for a PMA may follow one of four pathway applications.
The first is a 510(k) application; the second is an investigational device exemption
(IDE); the third is a humanitarian device exemption (HDE); and the fourth is an
investigational new drug (IND). The following will describe each of these:

82.1 510(k)

Once the preclinical data are assembled, the next step in the PMA process may be
to perform a human clinical safety and efficacy trial, which will be described below.
However, on occasion, a simpler pathway is available, called a “premarket notifica-
tion 510(k)” submission. A 510(k) is a premarket submission made to the FDA to
demonstrate that the device to be marketed is at least as safe and effective as another
predicate device deemed substantially equivalent. Only a small percentage of 510(k)
s require clinical data to support the application. Another situation may be that
investigational use also includes clinical evaluation of modifications of a current
device or new intended uses of legally marketed devices. In these circumstances,
while preclinical work is needed, it is not subject to market approval like a (PMA
21CR 807.92(a)(3)) [14]. Only a small percentage of 510(k)s require clinical data to
support a marketing clearance by the FDA. Under a 510(k) application, before a
manufacturer can market a medical device in the United States, they must demon-
strate to the FDA’s satisfaction that it is substantially equivalent (as safe and effec-
tive) to a device already on the market. If FDA rules the device “substantially
equivalent,” the manufacturer can market the device. If the device you are research-
ing has been in commercial distribution before 1976 or is substantially equivalent to
adevice already on the market, you should search FDA’s 510(k) releasable database
[15]. After 1976, 510(k) is a premarket submission made to the FDA for a legally
marketed device (21 CFR 807.92(a)(3)) [14] that is not subject to PMA. Submitters
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must compare their device to one or more similar legally marketed devices and
make and support their substantial equivalence claims through preclinical data. The
legally marketed device to which equivalence is drawn is commonly known as the
“predicate.” Although devices recently cleared under 510(k) are often selected as
the predicate to which equivalence is claimed, any legally marketed device may be
used as a predicate.

A device is substantially equivalent if it has the same intended use as the predicate.
Additionally, it must have the same technological characteristics as the predicate.
Another option is that it has the same intended use as the predicate, but it has different
technological characteristics and does not raise different questions of safety and
effectiveness, and the information submitted to FDA demonstrates that the device is
at least as safe and effective as the legally marketed device. A claim of substantial
equivalence does not mean the new and predicate devices must be identical. Substantial
equivalence is established with respect to intended use, design, energy used or deliv-
ered, materials, chemical composition, manufacturing process, performance, safety,
effectiveness, labeling, biocompatibility, standards, and other characteristics.

All manufacturers (including specification developers) of class II and III devices
and select class I devices are required to follow design controls (21 CFR 820.30)
during the development of their device [16]. The holder of a 510(k) must have
design control documentation available for FDA review during a site inspection. In
addition, any changes to the device specifications or manufacturing processes must
be made in accordance with the quality system regulation (21 CFR 820) and may be
subject to a new 510(k). Additional information is found on the webpage: “Is a new
510(k) required for a modification to the device?”” Of note, the FDA does not per-
form 510(k) pre-clearance facility inspections. The submitter may market the device
immediately after 510(k) clearance is granted. The manufacturer should be pre-
pared for an FDA quality system (21 CFR 820) inspection at any time after 510(k)
clearance [17].

8.2.2 Investigational Device Exemption (IDE)

An investigational device exemption (IDE) [18] allows an investigational device that
is the subject of a clinical study to be used in order to collect safety and effectiveness
data required to support a PMA application. All clinical evaluations of investiga-
tional devices, unless exempt, must have an approved IDE by the FDA before the
study is initiated. The FDA does not disclose the existence of an IDE because the
information is considered confidential. The IDE application and process can be long
and arduous. Fortunately, the FDA has a mechanism to escort the medical device
developer through the process by doing a “pre-IDE meeting” [19]. An IDE limits the
distribution of an investigational device only to the sites identified in the IDE appli-
cation. In addition to FDA requirements, clinical studies of devices are also moni-
tored by institutional review boards (IRBs) located at hospitals or other facilities
where the clinical studies are conducted. The purpose of an IRB’s review is to assure
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ethical principles are in place for patient selection criteria and that adequate informed
consent information is provided to highlight the risks to patients. The IRB acts as the
FDA’s surrogate to oversee the protection of human subjects who participate in the
clinical studies. The initial risk determination of a clinical study and/or device is
made by an IRB in most cases. The IRB determines if a device/clinical study is sig-
nificant or non-significant risk. The FDA can overrule any risk determination made
by an IRB. If the IRB determines that a device/clinical study is a significant risk, the
applicant must submit an IDE application to the FDA. The FDA must approve the
application prior to the applicant enrolling patients in the clinical study. If the IRB
determines that the clinical study/device is non-significant risk, the applicant can
enroll patients without submitting an IDE application to the FDA. The clinical study
will be monitored by the IRB under the abbreviated requirements of the IDE regula-
tions in 2/ CFR 812.2(b) [20]. Typical requirements include informed consent from
all patients, labeling for investigational use only, strict and close monitoring of the
study, and meticulous records and reports. CROs can do much of this.

An approved IDE permits a device to be shipped lawfully for the purpose of
conducting investigations of the device without complying with other requirements
of the Food, Drug, and Cosmetic Act that would apply to devices in commercial
distribution. Therefore, the sponsors are not required to submit a PMA or premarket
notification, register their establishment, or list the device while the device is under
investigation. Sponsors of IDEs are also exempt from the quality system (QS) regu-
lation except for the requirements for design control [21]. There are no preprinted
forms for an IDE application; however, an IDE application must include certain
required information. For example, the sponsor must demonstrate that there is no
reason to believe that the risks to human subjects from the proposed investigation
outweigh the anticipated benefits to subjects. Others include demonstrating that the
importance of the knowledge to be gained in the study is scientifically sound and
that there is reason to believe that the device as proposed for use will be efficacious.

Once an IDE application is submitted, the FDA has 90 days to approve. However,
in the 90-day period, the clock can stop, as the FDA may send back several ques-
tions that they want you to address before they allow you to proceed. An IDE study,
like an IND below, takes form in clinical trial phases. Medical device clinical trials
are different from drug trials in that only patients with the condition which the
device is designed to treat are involved. They are traditionally comprised of three
different types of studies [22]:

1. Feasibility study—Feasibility studies are the first human studies conducted in
device development. They are used to establish preliminary safety and effective-
ness of the device. They also set the study design for the next stage of the trial,
the pivotal study. The emphasis on these trials is placed on safety, and the study
numbers are small.

2. Pivotal study—Pivotal studies are also performed to demonstrate that the device
is safe and effective for a specific use within a defined patient population. The
patient numbers are significantly higher, and the results of a pivotal study are
used to gain final regulatory approval to market the device through the PMA.
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3. Post-market study—These are run either as a condition of approval in addition to
meet a business objective. Post-market studies are similar to phase I'V clinical
drug trials, in that the goal is to better understand long-term effectiveness of the
device and potential adverse events associated with the use of the device over
extended periods of time.

8.2.3 Humanitarian Device Exemption (HDE)

Humanitarian device exemptions are available for devices where the rarity of the
disease precludes enough patient numbers to satisfy the safety and effectiveness of
scrutinized clinical IDEs. The Humanitarian Use Device (HUD) Program desig-
nates medical devices that are intended to benefit patients in the treatment or diag-
nosis of a disease or condition that affects or is manifested in not more than 8000
individuals in the United States per year as eligible for humanitarian device exemp-
tion (HDE). The concept came from the Orphan Drug Act (ODA) of 1984, where a
rare disease is defined as a condition that affects fewer than 200,000 people in the
United States. Currently, in the United States, only a portion of the 7000 known rare
diseases have approved treatments. As a result, it has been difficult to gather enough
clinical evidence to meet the FDA standard of reasonable assurance of safety and
effectiveness. In order to address this challenge, Congress included a provision in
the Safe Medical Devices Act of 1990 to create a new regulatory pathway for prod-
ucts intended for diseases or conditions that affect small (rare) populations. This is
the HDE Program. An HDE is an approval process provided by the United States
FDA allowing a medical device to be marketed without requiring evidence of effec-
tiveness, but does maintain the safety component. The FDA calls a device approved
in this manner a “humanitarian use device” (HUD) [23]. Under section 520(m)(6)
(A)() of the FD&C Act, an HUD is only eligible to be sold for profit after receiving
approval if the device is intended for the treatment or diagnosis of a disease or con-
dition that falls under one of two categories. First, it occurs in pediatric patients or
in a pediatric subpopulation, and such device is labeled for use in pediatric patients
or in a pediatric subpopulation in which the disease or condition occurs. Second, it
occurs in adult patients in such low numbers that the traditional pathway for devel-
opment of the device for such patients is impossible, highly impracticable, or
unsafe. The number of HDE devices that may be sold for profit is limited to a quan-
tity known as the annual distribution number (ADN). If the FDA determines that an
HDE holder is eligible to sell the device for profit, the FDA will determine the ADN
and notify the HDE holder. The ADN is calculated by taking the number of devices
reasonably necessary to treat or diagnose an individual per year and multiplying it
by 8000. For example, if the typical course of treatment using an HDE device, in
accordance with its intended use, requires the use of two devices per patient per
year, then the ADN for that HDE device would be 16,000 (i.e., 2 x 8000). If the
number of devices distributed in a year exceeds the ADN, the sponsor can continue
to sell the device but cannot earn a profit for the remainder of the year.
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8.3 Human Trials: New Drugs

8.3.1 Investigational New Drug (IND)

The FDA’s role in the development of a new drug begins when the drug’s sponsor
(usually the manufacturer), having screened the new molecule for pharmacological
activity and acute toxicity potential in animals, wants to test its diagnostic or thera-
peutic potential in humans. At that point, the molecule changes in legal status under
the Federal Food, Drug, and Cosmetic Act and becomes a new drug subject to spe-
cific requirements of the drug regulatory system. This takes form as an IND applica-
tion. Current federal law requires that all drugs are required to be approved by
specified applications before they are transported or distributed across state lines.
Because a sponsor will probably want to ship the investigational drug to clinical
investigators in many states, it must seek an exemption from that legal requirement.
The IND is the means through which the sponsor technically obtains this exemption
from the FDA [24].

INDs are similar to IDEs in that they are long arduous processes which take many
years to navigate both preclinical and clinical work. The FDA recognizes this and
therefore provides guidance documents to outline the required steps. The guidance
documents represent the FDA’s current thinking on a particular subject [24]. These
documents provide FDA review staff and applicants/sponsors with guidelines to the
processing, content, and evaluation/approval of applications and also to the design,
production, manufacturing, and testing of regulated products. They also establish poli-
cies intended to achieve consistency in the FDA’s regulatory approach and establish
inspection and enforcement procedures. For both devices and drugs, guidance docu-
ments are not regulations or laws, so they are not enforceable, either through adminis-
trative actions or through the courts. Alternative approaches to the guidance documents
may be used if it satisfies the requirements and are negotiated with the FDA. A list of
the specified areas and documents can be found on their website [25, 26].

There are two IND categories, which are commercial and research. These are
further divided into three types, which subsequently will be described. First, an
Investigator IND is submitted by a physician who both initiates and conducts an
investigation and under whose immediate direction the investigational drug is
administered or dispensed. A physician might submit a research IND to propose
studying an unapproved drug or an approved product for a new indication or in a
new patient population. The second is an Emergency Use IND, which allows the
FDA to authorize use of an experimental drug in an emergency situation that does
not allow time for submission of an IND in accordance with specific outlined
policies (21CFR, Section 312.23 or Section 312.20) [27]. It is also used for patients
who do not meet the criteria of an existing study protocol, or if an approved study
protocol does not exist. The third is a Treatment IND, which is submitted for experi-
mental drugs showing promise in clinical testing for serious or immediately life-
threatening conditions while the final clinical work is conducted and the FDA
review takes place.
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During a new drug’s early preclinical development, the sponsor’s primary goal is
to determine if the product is reasonably safe for initial use in humans and if the
compound exhibits pharmacological activity that justifies commercial development.
When a product is identified as a viable candidate for further development, the
sponsor then focuses on collecting the data and information necessary to establish
that the product will not expose humans to unreasonable risks when used in limited,
early-stage clinical studies. Given the complexity of the process, again similar to
IDEs, the FDA provides a means to facilitate a streamlined process through a pre-
IND meeting [28]. Several meetings may be required, and the FDA can give guid-
ance as to whether the application is adequate or whether additional preclinical
work is necessary. The review divisions are organized generally along therapeutic
classes and can each be contacted from the online site. Additionally, any biologic
product may fall under an IND even if it is considered a device, and guidance should
be sought as to which pathway is required [29].

The IND application must contain information in the following three broad
areas, which are very similar to medical device requirements:

1. Animal pharmacology and toxicology studies—This is preclinical data to permit
an assessment as to whether the product is reasonably safe for initial testing in
humans. Also included are any previous experiences with the drug in humans
(often foreign use).

2. Manufacturing information—This is information pertaining to the composition,
manufacturer, stability, and controls used for manufacturing the drug substance
and the drug product. This information is assessed to ensure that the company
can adequately produce and supply consistent batches of the drug. This is similar
to QA procedures for medical devices.

3. Clinical protocols and investigator information—This provides detailed proto-
cols for proposed clinical studies to assess whether the initial-phase trials will
expose subjects to unnecessary risks. In this process, a thorough evaluation is
done on the trial physician’s capabilities. Finally, this contains commitments to
obtain informed consent from the research subjects, to obtain review of the study
by an institutional review board (IRB), and to adhere to the investigational new
drug regulations.

Once the IND is submitted, the sponsor must wait 30 calendar days before initi-
ating any clinical trials. During this time, the FDA has an opportunity to review the
IND for safety to assure that research subjects will not be subjected to unreasonable
risk. However, if the FDA has questions, the 30-day period stops until the questions
are answered to the FDA’s satisfaction.

Similar to IDE Applications, INDs set the investigator up for clinical trials. New
drug clinical trials for drugs are divided into four phases:

e Phase [—The drug is tested on a small group of healthy individuals. This phase
is used to determine the appropriate dosing, how humans react to the drug, and
possible side effects. This phase is different than medical devices, as implants are
not done on healthy patients.
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e Phase [I—Here, the drug is administered to a larger group of people, usually
divided into two groups: one which receives the experimental drug and one
which receives a placebo. This part of the study allows researchers to determine
the relative safety and effectiveness of the drug. Again, this is different than
medical devices, as there is no placebo group in medical device trials.

e Phase I[II—This phase involves testing the drug on a larger population (between
several hundred and several thousand individuals) to confirm its effectiveness, its
benefits, how it compares to other treatments, and possible adverse reactions.
When phase III is complete, pharmaceutical companies can request FDA
approval to introduce the drug to the market.

* Phase [IV—Often referred to as post-marketing surveillance trials and similar to
medical devices, phase IV studies are conducted after the drug has received per-
mission from the FDA to be sold. In this phase, pharmaceutical companies can
compare their drug to other drugs in the market and monitor the drug’s long-term
efficacy.

8.3.2 New Drug Accelerated Process: Orphan Drug
Application [30]

In rare circumstances, the traditional pathway to getting a new drug approved is not
feasible and a potentially significant therapeutic product is withheld. The FDA has
another pathway to thoroughly evaluate these “orphan drugs,” similar to an HDE for
medical devices. The Office of Orphan Products Development’s (OOPD) mission is
to advance the evaluation and development of products (drugs, biologics, devices,
or medical foods) that demonstrate promise for the diagnosis and/or treatment of
rare diseases or conditions. The OOPD evaluates scientific and clinical data submis-
sions from sponsors to identify and designate products as promising for rare dis-
eases and to further advance scientific development of such promising medical
products. The office also works on rare disease issues with the medical and research
communities, professional organizations, academia, governmental agencies, indus-
try, and rare disease patient groups [31].

OOPD provides incentives for sponsors to develop products for rare diseases.
The program has successfully enabled the development and marketing of over 600
drugs and biologic products for rare diseases since 1983. In contrast, fewer than ten
such products supported by industry came to the market between 1973 and 1983.
The Orphan Grants Program has been used to bring more than 60 products to
marketing approval. The Humanitarian Use Device Program has been the first step
in approval of 70 humanitarian device exemption approvals. The Orphan Drug
Designation Program provides orphan status to drugs and biologics which are
defined as those intended for the safe and effective treatment, diagnosis, or preven-
tion of rare diseases/disorders affecting either fewer than 200,000 people in the
United States or more than 200,000 persons but they are not expected to recover the
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IND IDE | 510(k)

Preclinical
Animal Yes Yes Variable
Pharmacology and toxicology Yes Yes Yes
Design control Yes Yes Yes
Design history file Yes Yes Yes

Clinical
PMA application Yes Yes Variable
Pre-FDA meeting Yes Yes Yes
Phases 4 3 Variable
Healthy volunteer testing Yes No No
Placebo in pivotal trial Yes No No
Rare diseases Orphan drug HDE HDE
DSMB Yes Yes No
ClinicalTrials.gov required Yes Yes Yes

Grants Program [32]

costs of developing and marketing a treatment drug. Another component of this is
the Rare Pediatric Disease Priority Review Voucher Program. This program permits
a sponsor who receives an approval for a drug or biologic for a “rare pediatric dis-
ease” to qualify for a voucher that can be redeemed to receive a priority review of a
subsequent marketing application for a different product. The OOPD administers
three extramural grant programs: the Orphan Products Clinical Trials Grants
Program which provides funding for clinical research that tests the safety and effi-
cacy of drugs, biologics, medical devices, and medical foods in rare diseases or
conditions, the Orphan Products Natural History Grants Program which supports
studies that advance rare disease medical products development through character-
ization of the natural history of rare diseases and conditions, and the Pediatric
Device Consortia (PDC) Grants Program which provides funding to develop non-
profit consortia to facilitate pediatric medical device development (Table 8.1).
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Chapter 9
Statistics: Setting the Stage

M. Abdullah Arain, Adil H. Haider, and Zain G. Hashmi

9.1 Introduction

This chapter introduces fundamental statistical concepts in the design of clinical
trials that must be considered early on in the planning phases of a project.

A clinical trial is a prospective experimental research study where participants
are assigned to one or more intervention arms to assess the impact of those interven-
tions on various predefined health outcomes [1]. Clinical trials are often conducted
to definitively answer clinically relevant questions while overcoming many of the
limitations of observational studies. In the hierarchy of evidence-based medicine
(EBM), results from clinical trials are considered the highest-quality evidence to
drive clinical practice [2]. However, shortfalls in study design, methodology, data
analysis, and result interpretation can potentially undermine the value of these stud-
ies and reduce their applicability to the general practice. This chapter introduces
fundamental statistical concepts in the design of clinical trials that must be consid-
ered early on in the planning phases of a project. Over the next few pages, we will
dive into the concepts of study design in surgical trials, randomization, allocation
sequences, allocation concealment, and blinding and will also touch upon non-
randomized trials, pragmatic trials, and superiority and inferiority trials. Eventually,
statistical errors and power of the study will be discussed along with sample size
considerations.
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9.2 Setting the Stage

The two important considerations in the development of a clinical trial include (1)
asking a clinically important question and (2) having a statistically sound study design
to help answer that question. While statistical nuances must be appreciated and under-
stood at each stage of the trial, ignoring them at the design stage can have disastrous
downstream consequences. In this regard, only a carefully designed trial that advances
clinical knowledge can justify its high costs and resource-intensiveness.

A clinical trial can generally be divided into five phases: planning, execution,
documentation, analysis, and publication. The term study design is often used in
medical literature to assign an appropriate type to the study while it in fact should
refer to the overall planning of all the five phases that together yield a comprehen-
sive publication [3]. Since conducting a trial is a resource-intensive and time-
consuming affair, it is extremely disappointing to report less than ideal results just
because enough attention was not paid while planning the study.

Plannini » Execution » Documentation » Analysis » Publication

The Consolidated Standards of Reporting Trials (CONSORT) statement is a set
of guidelines that was first introduced in 1996, with the goal of standardizing trial
design and conduct. This includes a checklist and a flowchart aimed at standardizing
the reporting of clinical trials and guiding the authors on how to be clear, complete,
and transparent about their reporting. The statement has undergone several improve-
ments in the last decade to not only aid the reporting of information but also help the
readers, reviewers, and scientific journal editors to understand the trial’s design,
conduct, statistical analysis, and interpretation and critically appraise the publica-
tion. The checklist has become a standard of practice when reporting trial data and
has been adopted by more than 500 medical journals. The statement also provides a
uniformity to the clinical trial literature for later researchers to conveniently select
reliable, relevant, and valid studies to include in systematic reviews and meta-
analyses [4].

The statistical aspects of a study design include the type of study, sampling, col-
lection of data, and measurement of outcomes/endpoints [5].

9.3 Study Design

Clinical trials fall under the experimental arm of analytical studies investigating the
effect of an intervention on the study population. Randomized controlled trials,
when designed, carried out, and reported appropriately, represent the most rigorous
method of hypothesis testing and are a gold standard in assessing effectiveness of
healthcare interventions. However, the results from these trials can suffer from
residual biases, especially if adequate methodological diligence is not ensured [6].
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Additionally, even though randomization greatly increases the validity of a study,
not all clinical trials can be randomized. This is especially true for surgical trials,
since the decision to undergo a surgical procedure, when an indication for that pro-
cedure exists, is not something that the patients would be willing to leave up to
randomization [7]. Outcomes from inadequately designed trials cannot only mis-
guide physicians making treatment decisions for patients at an individual level but
also misinform policy makers devising a national public health policy [4]. To over-
come these potential pitfalls, a sound understanding of both randomized and non-
randomized trials is necessary.

9.4 Randomization

Randomization is the process by which all the study participants possess an equal
chance of being assigned to either the experimental or the control groups. This not
only removes any selection biases that can potentially impact the outcomes by
randomly distributing the patient characteristics between the groups but also equil-
ibrates all confounding factors yielding a control group that is almost exactly con-
gruent to the treatment group. Any disproportionate assignment to either group
would skew the results, by introducing conscious and unconscious prejudices, and
make the conclusion invalid. Therefore, any subsequent difference in outcomes
between the groups can be demonstrated, after being evaluated by the use of prob-
ability theory and the level of significance between the different outcomes, to
either be the result of difference in intervention or be merely due to chance alone
[2, 7, 8]. Randomization also enables multiple levels of blinding (masking) of the
intervention from the stakeholding parties like the researchers, participants, and
evaluators [8].

There are many processes that can be used to randomize the participants. The
aim of each process is to limit bias and to assemble a similar cohort of individuals
between groups, and therefore the process should only be administered to the indi-
viduals who agree to participate in the study to ensure the purity of the process.

9.4.1 Fixed Allocation Randomization

Randomization by fixed allocation means that the assignments to the separate
groups would be made at a predefined probability. Usually this proportion is set at
an equal allocation (1:1); however, some situations may allow or even necessitate an
unequal allocation (2:1). Some researchers argue that unequal allocation is not con-
sistent with the true equipoise of RCTs and tends to introduce a bias to the results;
however, others argue that a 2:1 allocation would have minimal effect on the power
of the study but could potentially, with a fixed sample size, decrease the cost of the
trial significantly. It can, in fact, increase the power of the study by registering a
bigger sample size if the funding of the trial is fixed [7, 9]. For example, the
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Scandinavian Simvastatin Study for coronary heart disease prevention, with a fixed
sample size and a 2:1 allocation ratio, showed a 3% decrease in power while saving
34% of the cost [10].

9.4.1.1 Simple Randomization

Considered to be the most elementary of the randomization processes, sometimes
being as basic as rolling a fair dice or tossing a fair coin, simple randomization
conserves the absolute unpredictability and bias prevention of each intervention
allotment and thus outclasses all other methods of allocation generation, irrespec-
tive of their sophistication and complexity. However, this unpredictability can
sometimes become a challenge when the sample size is small because there is then
a higher likelihood of disparity in group allocation by chance alone. This disparity
diminishes as sample size increases [2, 8].

Fair coin tossing, dice rolling, and shuffled deck of cards dealing are examples of
manual methods of drawing lots. These methods, though theoretically ideal for ran-
dom allocation of intervention, are practically susceptible to non-random contami-
nation. A series of tosses with identical outputs could entice the researchers to
intervene with the result of the toss because they perceive the randomness of these
results to be non-random. These methods also are difficult to implement and do not
leave an audit trail and therefore are not the recommended methods of random sam-
pling. Instead, sequence generation by a table of random numbers or computer gen-
eration of random numbers is reliable, unpredictable, reproducible, and easily
traceable and should be confidently used in trials [8].

Many investigators have a less than ideal understanding of randomization and
frequently assume non-random approaches like alternate assignment and haphazard
sampling to be random. Quasi-random is a term commonly used to refer to the
assignment of intervention groups based on pre-intervention tests, and while the
term may have the word random in it, it serves no more than a misnomer for an
approach which completely goes against the ideology of randomization. Assignments
based on medical record numbers or date of birth (where odd numbers are placed in
one group and even in the other) or alternate assignments (e.g., ABABAB) are non-
random methods that are mostly mistaken as random. Systematic sampling should
not be considered randomized sampling as well because the outcomes are not, theo-
retically and practically, based on chance alone. Any study not detailing its random-
ization process or defining its randomization by a non-random method should be
approached with caution [8].

9.4.1.2 Restricted Randomization

Restricted randomization (also called blocked randomization) benefits the research-
ers who require an equal group size in between groups. It restricts large imbalances
in sample size by influencing the acquisition of an allocation sequence that could
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lead to unequal group sizes. The most commonly used variation of restricted ran-
domization is by random combinations of equal-sized blocks. Participants are
examined in blocks of, for example, four individuals at one time. Using this block
size will yield six possible combinations of 2 As and 2 Bs in each block (AABB,
BBAA, ABAB, BABA, ABBA, BAAB). A random number sequence will then be
utilized to select one out of the six blocks, and the sequence of allocation in that
particular block is followed for the first four participants. Subsequently, one of these
six block combinations will be randomly selected again and its allocation sequence
followed for the upcoming four participants and so forth [2, 8]. The downside to this
is that some studies could develop an extremely strict exclusion criteria, to keep the
population pool comparable, but would end up markedly regulating the participant
enrollment and jeopardizing the generalizability of the results [7]. The random allo-
cation rule is another form of restricted randomization where the eventual group
sizes would be equal. Often, after the selection of total sample size, a subset is
assigned Group A and the remaining end up being Group B. It can be explained by
placing in a bowl 100 balls labeled “A” and 100 balls labeled “B” for a total sample
size of 200. Then one ball will be drawn at random without replacement and the
participant placed in the corresponding group [8].

9.4.1.3 Stratified Randomization

While striving to remove selection bias, randomization tends to establish unwanted
chance imbalances. These imbalances can be prevented by dividing the population
into strata of prognostic factors (e.g., smokers and nonsmokers). These stratified
groups would then undergo blocking randomization to finally yield separate block
randomization sequences for the different combinations of prognostic factors.
Stratification without blocking would serve no purpose. Even though it is a valid
and useful method to curb chance imbalances, the complex stratification procedure
provides little benefit in large-scale studies where the effect of chance selection
eventually gets balanced on its own. The complicated process can become over-
whelming during participant enrollment and sometimes can be a limiting factor for
trial collaborations. A possible benefit of stratified randomization is stratification by
center in multicenter trials. For small trials, stratification not only provides proper
balance between sample groups but also raises the power and precision of the study
[2,7,8].

9.4.2 Adaptive Allocation Randomization

Adaptive randomization allows for changes in the probability of allocation to
the intervention groups with the passage of time. A problem commonly faced
with small-sized trials is that simple randomization (with or without stratifica-
tion of important prognostic variables) results in imbalance of covariates in the
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intervention groups. This can lead to incorrect interpretation of research out-
comes [7, 11, 12].

Baseline adaptive randomization, like the covariate adaptive randomization
(minimization), though in itself is of a non-random nature, is an acceptable and
valid alternative mode of randomization in such scenarios. Here, all important prog-
nostic factors (covariates) are identified before the initiation of the trial, and every
new participant is assigned sequentially to the specific intervention group by relat-
ing their covariates to the already specified ones while keeping in mind the previous
allocations to each group. This method achieves balanced groups with respect to
numbers and covariates [7, 11, 12].

Response adaptive randomization allows for adjustments in group allocations by
evaluating intervention responses. Of these, the “play the winner” style assigns the
succeeding participant by relying on the previous participant’s response to the inter-
vention. A positive response places the successive participant in the same group,
and a negative response shifts the next assignment to the other group. In the “two-
armed bandit,” the probability of positive results keeps on adjusting as the outcome
for each participant is added to the count and more and more participants are added
to the group with the superior intervention [7].

9.5 Allocation Concealment

After randomization of the study population by allocation sequences, the next cru-
cial step is to implement the allocation sequence in an impartial and unbiased fash-
ion by concealing the sequence until the patient assignments to the intervention
group. Allocation concealment refers to the prevention of foreknowledge of the
treatment assignment, thus shielding those who enroll participants from being influ-
enced by this knowledge [4]. An unconcealed study defeats the entire purpose of
randomization. Allocation concealment is a widely misunderstood concept. Many
researchers delve into conversations about randomization techniques when discuss-
ing it and some consider it to be related to blinding. Both of these concepts are
inaccurate. Allocation concealment, in reality, is the approach used to implement
the allocation sequences generated by randomization. Individuals admitting partici-
pants to the study should enroll individuals without having any knowledge regard-
ing allocation of intervention groups for the participants. Any such knowledge has
a potential to introduce bias and exaggerate treatment effects producing greatly het-
erogeneous results than should be expected [2, 13]. Popular methods to conceal
allocation include use of opaque envelopes to assign groups, a method not widely
recommended, or the use of distance randomization, where allocation sequences are
handled by a central randomization service and the investigators have to contact the
service for each enrolled participant, placing a gap between recruiters and group
allocators [2].
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9.6 Blinding

After randomization, there would be a group receiving the (new) intervention and
another being administered the control, which could be the already existing stan-
dard of care or a placebo. Clinical trials always pose a risk that the knowledge of the
benefit of the intervention in the stakeholders (e.g., participants, investigators, ana-
lysts) can definitely introduce biases into the study and greatly impact the trial out-
comes leading to unacceptable results. The participants, if informed of their assigned
intervention, with a previous understanding of the advantages of that intervention,
could be led to report positive results even if they did not feel a difference. The
investigator, if informed of the intervention group, with a previous perception of
potential drawbacks of the intervention, would be led to record negative results even
if none actually existed. When analysts have knowledge about which groups they
are analyzing, a previous inclination to either one could potentially lead them to
over-analyze or under-analyze to produce results that agree with their inclination.
Knowledge of the groups can potentially change the delivery of care to either group
to adjust for a conceived limitation that the group suffers.

To curtail this probable bias, the trial can be blinded; that is, the participants,
investigators, and data handlers can be prevented from knowing which participant
belongs to which group, thus preventing the stakeholders from projecting their
expected outcomes onto the actual results.

A trial may be single-blinded, where the participants in the group do not know
details of their assigned intervention; double-blinded, where both the participants
and investigators are kept unaware of the assigned intervention; or triple-blinded,
where in addition to the participants and investigators, the data analysts are also kept
ignorant of the assignments. Rapid un-blinding should be possible in the design of
the study to counter any major harmful effects [2, 14, 15].

It is important to distinguish between allocation concealment, which happens
before the randomization process is begun to nullify selection bias, and blinding,
which happens post-randomization and reduces detection and performance bias.
The overall bias reduction is more significant with allocation concealment than with
blinding, and the best approach is to employ both when conducting a study [2, 16].

9.7 Non-randomized Studies

In non-randomly assigned controlled studies, two groups are analyzed against each
other, one receiving the new intervention while other being the control. This is very
similar to an RCT, except the groups are assigned in a non-random manner. Instances
where such a study is acceptable could be when the practicality of large-scale
administration of the study is a likely impediment or when the logistic requisites of
a standard RCT cannot be fulfilled and concerns of costing and patient acceptability
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become the possible limiting factors. However, the study groups being evaluated
still need to be comparable.

Non-randomized studies are discouraged in circumstances where numerous con-
founding variables are being assessed, the endpoints are multifactorial, or there is a
lack of evidence in terms of what outcomes to expect. If the researcher is able to
identify the confounders and adjust the analysis accordingly, the evidence produced
by these studies would be acceptable given the constraints of performing an RCT in
a similar situation.

9.7.1 Advantages of the Non-randomized Trial

The benefit of having a control group even in a non-randomized study can never be
underestimated. The control group helps maintain the internal validity of the study
by nullifying the impact of temporal trends (other aspects of disease and its care),
the regression to the mean (outlying values moderating over time), and the learning
curve of the surgeon on the outcomes of the study and facilitates the investigator to
deal with these elements during the design of the study. The use of non-randomized
control can also increase the generalizability of the study by enrolling a heteroge-
neous population spread across multiple providers.

9.7.2 Disadvantages of the Non-randomized Trial

The most elementary flaw of non-randomized trials is the confounding bias. The
direction of this bias is quite variable and unpredictable. Bias introduced by just
selectively registering healthier or sicker patients can turn the results in favor or
against the intervention, respectively. Therefore, any “hand-picking” of the subjects
must be avoided if possible. These studies also fail to account for social, cultural,
economic, and clinical variables which have a potential to affect the outcomes. For
a better internal and external validity of the study, it must be replicable and be
adjustable to various clinical settings for it to have the desired impact [17].

9.7.3 Examples of Non-randomized Trials

Historical control studies trials are an example of non-randomized trials where the
intervention group is compared to a previously assessed historical control group.
In this method, everyone receives the intervention. However, they may be limited
by changes in diagnostic/therapeutic approaches that accrue over time and thus
inherent biases can arise. An example would be the difficulty ascribing a mortality
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difference to an intervention among patients with coronary artery disease versus
historical controls.

Withdrawal studies involve placing participants off treatment to assess the actual
benefit of a treatment which has never been proven to be of benefit but is somehow
common practice. However, this only allows the most stable patients on the treat-
ment to be selected for the study [7].

Concurrent trials include the crossover design where subjects serve as their own
internal control. All subjects are used twice, once in the intervention arm and once
in the control arm. Randomization for treatment sequence is also carried out. The
major advantage of this method is to account for paired comparisons and mitigate
variability secondary to inter-individual differences. Carryover effects are an impor-
tant consideration for crossover studies. These are effects that “carry over” to the
upcoming intervention of the trial from the previous intervention. To counter this
effect, studies ensure “wash-in” and “wash out” periods for the succeeding and
preceding interventions, respectively. Usually, if more than one intervention is
being compared, then a Latin square matrix (n X n) is utilized to ensure that every
succeeding intervention is preceded or followed by any other intervention just once.
It is believed that this fixed concatenation provides a better control over the carry-
over effects than by randomization [14].

Factorial study designs commonly involve two interventions to be assessed
against the control and a 2 x 2 design is a commonly used factorial design. An
important assumption that these studies make is that interventions X and Y indepen-
dently have no interactions with each other [7].

Control X+Y
X + Control Y + Control

9.8 Special Considerations for Surgical Trials

Surgical trials can be classified as those evaluating minor changes in surgical tech-
nique, major changes in surgical technique, or surgical versus non-surgical treat-
ments [7]. A common source of error in all these situations can be attributed to the
inherent technical variability in the performance of procedures; attempts must be
made to mitigate and account for these effects. This especially holds true for novel
procedures where the trialist must account for the “learning curve,” which entails to
the experience of the surgeon on the new procedure which would impact patient
selection, operative skills, post-operative care, and additional medical therapy. One
way to prevent this is to postpone the initiation of such a trial until adequate exper-
tise has been achieved. Failure to do so may result in an elevated risk of adverse
effects and could potentially bias the final results against the new intervention [18].
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The underlying principle of equipoise that there must exist a true uncertainty
about an intervention’s effect in order to justify a clinical trial is even more impor-
tant for surgical trials. Many patients are concerned about enrolling in surgical tri-
als, especially those involving a novel surgical procedure. A careful explanation of
the trial’s intents and purpose rooted in equipoise often helps allay these concerns
and should always be employed at the time of consent.

Additionally, it may not always be practical to maintain blinding in surgical tri-
als. For example, a comparison of open versus minimally invasive techniques may
be hard to blind. However, minor variations in surgical techniques may be amena-
ble to various blinding methods. Moreover, keeping the analytical teams remote
from clinical interaction may help maintain blinding in certain situations.
Irrespective, careful attention must be paid to enforce and maintain blinding when-
ever possible.

9.9 Pragmatic Trials and Comparative Effectiveness
Research

Randomized controlled trials are conducted to assess if intervention has a biologic
impact under strict controlled settings. These trials aim to demonstrate the “poten-
tial” of a treatment. Pragmatic controlled trials (PCTs), also called effectiveness
trials, are conducted to measure the effectiveness of a treatment in a real-world set-
ting. These trials aim to reach a maximum generalizability of the results while also
making sure that the differences in outcomes are a result of the intervention and not
due to chance or confounders. In other words, PCTs strive to maintain high external
and internal validity [16].

A proposed distinction between explanatory trials (RCTs) and pragmatic trials is
that RCTs confirm a physiological or clinical hypothesis while pragmatic trials
guide a clinical or policy decision by providing evidence for adoption of the inter-
vention into real-world clinical practice. The need to distinguish between the two
became necessary when it was realized that many trials did not adequately inform
practice because they were optimized to determine efficacy rather than effective-
ness. Since RCTs are performed with relatively small sample sizes, at locations
where experienced investigators are conducting these studies with a highly selected
population of participants, they could potentially be overestimating benefits and
underestimating harm.

The Pragmatic—Explanatory Continuum Indicator Summary (PRECIS) tool
attempts to clarify the concept of pragmatism and provides a guide, scoring system,
and graphical representation of the pragmatic features of a trial. Included variables
are the recruitment of investigators and participants, the intervention and its deliv-
ery, follow-up, and the nature, determination, and analysis of outcomes. Most trials
could be deemed pragmatic with regard to at least one of these dimensions, but very
few end up being pragmatic in all areas [19].
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In pragmatic trials, few restrictions are placed on the inclusion criteria to reflect
the variation that would exist in the general patient population to ensure generaliz-
ability. A larger sample size is needed to cater to the heterogeneity of the population
characteristics. These trials usually compare a new treatment to an already existing
standard of care rather than a placebo and therefore are preferable as surgical trials
where using a placebo or a sham intervention could be considered unethical.
Pragmatic trials allow surgeons the flexibility (within set constraints of a real-world
setting) to employ their own approaches to the various patients, while also imple-
menting the intervention under trial to the randomly assigned patient. This flexibil-
ity in the pragmatic protocols enables academic surgeons to have their conventional
practice while also doing research within a defined framework. Instead of measur-
ing surrogate and objective outcomes, like in RCTs, the pragmatic trials focus on
patient-centric outcomes like improvement in quality of life (QoL) and follow-up of
patients for a longer duration of time. Surgical trials tend to have features of both
explanatory trials and pragmatic trials and therefore exist along the continuum of
the two designs. Trials designed to eventually aid the clinician to make the best pos-
sible decisions for their patients will prove to be most useful [16].

Comparative effectiveness research (CER) differs from clinical trials (especially
pragmatic clinical trials) in that it is the conduct and generation of evidence, which
incorporates results from observational and experimental researches, including
RCTs, to compare the benefits and harms of different interventions to prevent, diag-
nose, treat, and monitor a clinical condition in the everyday settings and helps
improve the delivery of care. A clinical trial is not CER in and of itself; however,
CER uses results from clinical trials to inform clinical care. In general, CER aims to
assist consumers, clinicians, purchasers, and policy makers to make informed deci-
sions and improve healthcare outcomes for individual patients and patient popula-
tions [20].

9.10 Superiority/Inferiority Trials

The type of RCT being conducted depends on the aim of the trial itself. If the aim is
demonstrating that the intervention (E) is superior to the control (C), then it is con-
sidered to be a superiority trial and the statistical tests executed are the superiority
tests. If the results are significant, it could be concluded that intervention produces
significantly better outcomes than the control. On the other hand, non-significant
results are difficult to categorize as they obviously do not show superiority but also
essentially do not show that the intervention was not as equally effective as the con-
trol. In fact, there will always exist a small difference in effects when two treatments
are non-identical and yet the primary effect could very much be similar. The differ-
ent interventions could also have the same primary effect but have secondary quali-
ties that could make one more preferable over the other, and it was situations like
this that have led to the inception of non-inferiority trials (NITs). Non-inferiority
trials could be performed if it is ethically not appropriate to create a placebo group,
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which is a problem that is commonly encountered in surgical trials. NITs could also
be a viable option if the primary outcomes between the groups are expected to be
similar but secondary outcomes or safety profiles are anticipated to be better with
the new intervention or the new treatment is cheaper and/or easier to administer and
is more likely to be applicable in real-life situations [21].

9.11 Outcomes

All RCTs assess response variables or endpoints (outcomes) for which the groups
are analyzed against each other. RCTs generally have a diverse set of variables
being assessed and the investigator must define and specify the importance of each
output variable during the design phase of the study. Each variable could be one of
three types of response variables that are measured: dichotomous (measuring event
rates), continuous (measuring mean values), and time to event (measuring hazard
rates) [4, 7].

The primary endpoint is the predefined response variable that holds the greatest
significance for all the involved parties (the patients, investigators, financers, and
policy makers) and is mostly the treatment effect variable used when calculating the
sample size. It is likely that a trial could be assessing multiple primary variables;
however, this comes with its own issues of result interpretation and is discouraged.
All other outcomes being evaluated are termed secondary outcomes, and these
could be outcomes that were expected and observed and also those which were not
expected but were still observed. Adverse effects should always be given impor-
tance, irrespective of their status as primary or secondary outcomes. The variable
should be defined in way that a third party reading the study should be able to under-
stand and use the same variables. Appropriate use of previously validated guidelines
or scales is recommended to enhance the quality of the measurement and make
future comparisons possible.

Any unplanned digression from the initially approved protocol must be reported.
All changes to the selection criteria, intervention itself, data recording, analytical
adjustments, and the reported outcomes ought to be clearly reported [4].

9.12 Types of Errors and Statistical Power

Statistical considerations must be made early during the planning phases of a clini-
cal trial in order to truly understand the results and avoid pitfalls in sample size
calculations, power, and statistical significance. Usually the null hypothesis, which
states that no observed difference exists between two (or more) groups, is tested
using appropriate statistical tests. Several types of errors can occur when interpret-
ing these results which are discussed here.
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9.12.1 Typel Error (a)

This is the probability of detecting a statistically significant difference when in fact
no difference exists, that is, the chance of a false-positive result.

9.12.2 P-Value (p) and Significance Level (Alpha)

P-value is the probability of a type I error, that is, the probability of detecting a dif-
ference as large (or larger) as the actual difference observed given that the null
hypothesis is true. The significance level (alpha) refers to the probability that is
decided a priori, while p-value refers to calculated value obtained after performing
a statistical test. Typically, the null hypothesis is rejected if the p-value is less than
the chosen alpha. Alpha is often chosen arbitrarily but is conventionally set at 0.05
(1 in 20 chance of being incorrect) or 0.01 (1 in 100 chance of being incorrect). In
general, the larger the alpha, the larger the required sample size.

9.12.3 Type II Error (f)

This is the probability of not detecting a statistically significant difference when in
fact a difference truly exists, that is, the chance of a false-negative result.

9.12.4 Power (1-p)

Power is the probability of detecting a statistically significant difference when in fact
a difference truly exists, or alternatively, the probability of rejecting a null hypothesis
when it is false. In simpler terms, power quantifies the ability of a study to find true
differences. Beta depends on alpha, the sample size, and the measure of true
difference between variables (delta). In general, the higher the power, the larger the
required sample size. Usually, alpha is set at 0.05 or 0.01 and beta is set at 0.90 or
0.95, while delta and sample size are variable. Delta is typically based on prior
research findings and is set at the minimal level at which the differences between
groups still remain clinically meaningful.

‘When null hypothesis (H) is
Statistical result True False

Reject null hypothesis (Hy) Type I error (o) Power (1-p), correct result

Fail to reject null hypothesis | Correct result Type II error (B)
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9.13 Sample Size Considerations

A clinical trial should have a sufficient sample size that would ensure the detection
of a statistically significant, clinically meaningful effect of an intervention if in fact
it truly exists. The end goal is to determine the most conservative sample size in
order to avoid overestimates (failure to enroll, high costs) and underestimates
(inconclusive results).

The exact details of accurate sample size calculation are beyond the scope of this
discussion. However, a few broad concepts need to be understood in order to have
a clear view of its mechanics. As alluded to before, in calculating sample sizes, beta
and alpha are usually set by convention, while delta is estimated based on prior
research. The larger the delta, the smaller the sample size needed to detect a true
difference. These differences are typically tested using two-sided tests to detect dif-
ferences in either direction (since a new treatment may perform better or worse than
standard of care/placebo). The significance level used for sample size calculations
for two-sided tests is twice that of a one-sided test; therefore, the choice of hypoth-
esis testing has a bearing on sample size calculation. Another design consideration
of sample size calculations for clinical trials is the allocation ratio for the probabil-
ity of assignment to the treatment groups. Most researchers choose a 1:1 allocation
ratio for their trials, which means the probability of assignment to the two groups is
equal. Although a 1:1 allocation ratio usually maximizes trial power, ratios up to 2:1
minimally reduce the power [4, 22] and require a higher sample size. Lastly, many
clinical trials routinely call for interim analyses to serve as an early warning system.
If the treatment is overwhelmingly useful or harmful or an expected difference does
not result, the trial may need to be stopped earlier due to safety concerns or to pre-
serve resources. When performing these interim analyses, careful consideration of
the sample size and initial significance level must be undertaken and adjusted for
since the rate of incorrectly rejecting the null hypothesis will be larger.

9.14 Conclusion

Clinical trials, when planned and executed correctly, represent one of the best strate-
gies to determine the clinical benefit or harm as a direct consequence of a new thera-
peutic intervention. Meticulous, upfront attention during the early design phases of
a clinical trial will not only save precious resources, but also will result in the
advancement of clinical therapeutics.
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Chapter 10
Clinical Trials: Handling the Data

Douglas S. Swords and Benjamin S. Brooke

10.1 Introduction

Clinical trials constitute a central role in answering questions about the efficacy of
different surgical interventions, including new treatments and known interventions
that warrant further study or comparison. Randomization is necessary to discern
treatment effects for surgical interventions with modest to marginal effect sizes.
This process involves prospectively assigning human subjects to one or more inter-
ventions in a randomized fashion under conditions that are controlled by the inves-
tigator and then evaluating their effects on health-related, behavioral, or
patient-reported outcomes. To carry out and interpret the findings from clinical tri-
als, surgical investigators need to understand all the nuances of methodology includ-
ing how to handle the data and appreciate issues that might influence the analysis.
The purpose of this chapter is to review the methodological considerations that are
intrinsic to designing, interpreting, and reporting clinical trials.

10.2 Hypothesis Testing

Clinical trials are undertaken to provide data that will help answer scientific ques-
tions where the truth is unknown. Yet before undertaking a trial to answer this ques-
tion, an investigator must first state their scientific hypothesis where they think the
truth lies based on existing evidence. Hypothesis testing is an approach for choosing
between two competing possibilities and is central to statistical inference.
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Importantly, it provides an objective framework for making decisions using proba-
bilistic methods rather than simply relying upon subjective impressions.

In clinical trials that compare outcomes between two or more groups, a hypoth-
esis is proposed for the statistical relationship between different groups. The
assumption that there is no difference in outcomes between groups is called the null
hypothesis (Hp). In comparison, the alternative hypothesis (H,) is the investigator’s
scientific hypothesis that specifies a difference between groups and which data is
being collected to answer. To test if H; is true, an investigator needs to show that the
probability that the observed data satisfied the null hypothesis is very unlikely. But
erroneous conclusions with regard to the null hypothesis can sometimes occur by
chance alone and be categorized into two types of random error: type I and type II.

10.2.1 Type I Errors

Type I errors, also called alpha errors, occur when researchers erroneously reject
the null hypothesis. Specifically, it is inferred that there is a difference in outcomes
when in fact there is no difference between groups. This is considered a false-
positive result. Statistical testing is used to quantify the likelihood of a type I error
occurring within predetermined probabilities. A p-value indicates the probability
that observed differences between groups might be due to chance alone. In other
words, the difference may not be based on the effect of the intervention being tested.
The threshold for statistical significance is conventionally set at a p-value of 0.05,
signifying that the likelihood of the observed differences being due to chance alone
might occur 5 times out of 100 tests. Although a likelihood of 5% falls short of
absolute certainty, this level of confidence is generally accepted as scientific proof
and used throughout the scientific literature.

Type I errors can occur when the research question and analysis have not been
specified a priori, or when multiple statistical tests are performed in a study with
several subgroups. A study with over 20 comparisons, for instance, will be expected
by chance alone to have at least one false-positive finding with a p-value set at 0.05.
When 20 or more comparisons are necessary in a given study, a Bonferroni correc-
tion or Hochberg sequential procedure can be used to protect against a type I error
occurring. The Bonferroni correction works by testing each hypothesis at a signifi-
cance level that is determined by the alpha level (i.e., p-value) divided by the num-
ber of comparisons or hypotheses. For example, if a clinical trial was planned to test
20 different hypotheses at a p-value of 0.05, the Bonferroni correction would test
each comparison at 0.05/20 = 0.0025 to meet statistical significance.

Beyond multiple comparisons in a clinical trial, however, there has been a lot of
debate around using the p-value threshold of 0.05 for determining statistical sig-
nificance and type I errors. A recent letter to the journal Nature signed by over 800
scientists argues that it’s inappropriate to conclude that there is “no difference” or
“no association” in a clinical trial just because a p-value is larger than a threshold
such as 0.05 or, equivalently, because a confidence interval includes zero [1].
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These authors’ argument is that it is illogical to dichotomize the concept of statisti-
cal significance when it is, in reality, a continuum. Dr. John Ioannidis, who has
written extensively on the replication crisis in biomedicine, argues that such an
approach promotes bias and allows pharmaceutical companies to use the weak
suggestion of benefit to promote their products [2]. He recommends lowering stan-
dard p-value thresholds from 0.05 to 0.005 [3], which would move about 1/3 of
statistically significant results in the biomedical literature from “significant” to
“suggestive” [4]. While this debate is unlikely to be definitively solved, it is impor-
tant that surgeons involved in clinical trials be aware of the merits of both
viewpoints.

10.2.2 Type II Errors

Type II errors, also called beta errors, occur when researchers erroneously confirm
the null hypothesis. In this instance, it is inferred that there is no difference in out-
comes when, in reality, a difference exists. This is considered a false-negative result
and often arises when the sample size is simply insufficient to detect small but clini-
cally important differences in outcomes. When a study’s sample size is too small to
detect differences in outcomes between comparison groups, it is said to lack suffi-
cient statistical power. But once a study is complete, no amount of analysis can
correct for insufficient statistical power. Before starting a prospective study,
researchers should perform a “power calculation,” which involves determining the
minimum size of a meaningful difference in outcomes and then calculating the
number of observations required to show that difference statistically. The sample
size of most clinical trials is calculated with a power of 80-90%, meaning that there
is a 10-20% chance of not finding a difference when one exists (i.e., p error).
Surgeons should be particularly cautious when evaluating studies with null findings,
particularly when no power calculation is explicitly reported.

10.2.3 Confidence Intervals

An alternative expression of statistical likelihood is confidence intervals. A confi-
dence interval is a range of values that an investigator can be certain contains the
true mean of the population. Confidence intervals can also be defined as showing
the range of the observed difference that would be expected if the same study were
repeated an infinite number of times. For example, a 95% confidence interval would
include the observed difference 95% of the time that the study was repeated. Factors
affecting the width of the confidence interval include the size of the sample, the
confidence level, and the variability in the sample. When all other factors are equal,
a large sample size will tend to produce a better estimate of the population
parameter.



120 D. S. Swords and B. S. Brooke
10.3 Bias and Error

Assessing the internal validity of a clinical trial requires an understanding of the
potential influence of bias and random error on the study results. Bias refers to sys-
tematic errors in how study subjects were selected or assessed that result in an inac-
curate estimate of the differences in outcomes between comparison groups. In
comparison, random error refers to the unpredictable randomness of events that
might mislead how the study data is analyzed. The potential adverse effect of bias
and error in a clinical trial is that investigators will come to the wrong conclusions
about either the beneficial or harmful effects of a given intervention.

10.3.1 Sources of Bias

There are two major categories of bias that can impact a clinical trial: selection bias
and observer bias. Either of these biases can arise from attitudes and beliefs among
the investigators that may affect how the study is designed or analyzed. As such,
investigators should apply methods and techniques that control for these types of
biases whenever possible.

Selection bias refers to any imperfection in the process by which subjects are
selected for a study. Depending on the specific inclusion and exclusion criteria, a
study cohort might have subjects who are not typical of the target population. This
can be a limiting factor in the external validity or generalizability of study findings.
Selection bias in clinical trials may also result in cohorts that are more or less likely
to follow-up or have the outcome of interest. For example, follow-up rates among
patients participating in a clinical trial comparing surgery versus medical treatment
for a specific condition might be different depending on characteristics of patients
within each treatment arm. Selection bias will result if study follow-up is curtailed
or dropout rates increased in one group for reasons that are connected to the primary
outcomes.

For clinical trials that use restricted randomization techniques such as blocking
or stratification by site of recruitment, selection bias can also be a problem if inves-
tigators can guess the next allocation with greater than 50% probability. For exam-
ple, when the randomization procedure is restricted to ensure that an equal number
of patients are allocated at each trial site, the probability of the next allocation will
depend on the previous allocation. In this case the investigator might be able to
guess with a high probability what treatment group the next enrolled patient will
receive. In comparison, investigators won’t be able to calculate the probability of
the next treatment group allocation when randomization is not stratified by site.

Observer bias, also referred to as detection bias or ascertainment bias, is a type
of measurement bias that refers to problems caused by the way information about
outcomes or other pertinent data is obtained during a clinical trial. Sources of mea-
surement bias may be subtler than selection bias. For example, asking surgeons to
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assess surgical site infection (SSI) outcomes in their own patients might result in
erroneous reported rates as compared to SSI rates reported by hospital epidemiolo-
gists or persons not involved in the trial. Blinding is one of the most common efforts
to control measurement bias, where neither the subjects nor assessors are aware
what intervention was performed. Clinical trials that used subjective measurement
scales such as injury severity scores are also susceptible to observer bias. In this
case, a method to control for observer bias is to have objective and standardized
study outcome measures.

10.3.2 Random Error

Random error is another form of error in measurement caused by factors which vary
from one measurement to another. It is also known as variability (i.e., random varia-
tion) or the degree of “noise in the study population.” In clinical trials, heterogeneity
in the population of study subjects can lead to relatively large random variation or
imprecision in study results that are scattered around the mean values. Investigators
should be considerate of these elements of random error when analyzing their data.

In clinical trials, random error can usually be accounted for by averaging out-
comes over a large number of observations. In other words, it is ensuring that the
sample size of comparison groups is adequate. Because random error has no pre-
ferred direction, it will ultimately yield a net effect of zero.

10.4 Important Elements of Clinical Trial Design

10.4.1 Random Allocation

Each of the participants in a clinical trial should have an equal chance to be allo-
cated to the treatment interventions or control group. The easiest way to achieve this
is through random allocation to one of the study interventions, equivalent to tossing
a coin for each patient assignment. In clinical trials, the randomization process usu-
ally consists of two steps: (1) generating an unpredictable random sequence for
treatment allocation and (2) concealing the sequence in such a way that patients (or
investigators) don’t know the allocation until they have been formally assigned to a
treatment arm of the clinical trial.

There are several different methods used to generate a random sequence for
treatment allocation. Simple random allocation may include using a random-
numbers table or computer software program that generates a random sequence.
However, these methods can lead to unequal group sizes by chance alone, particu-
larly when sample sizes are low. To ensure that treatment group sizes are balanced
and statistical power is maximized, procedures can be used such as stratified ran-
domization or permuted-block randomization.
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10.4.2 Stratified Randomization

Randomization tends to produce groups which are, on average, similar in distribu-
tion of baseline characteristics. However, it is possible through random chance that
important prognostic variables may be unequally distributed, particularly in smaller
trials. Covariate imbalance due to random chance is therefore an important issue in
RCTs, particularly in trials with a small sample size. Covariate adjustment and strat-
ification are two techniques that can be used “after the fact” in the analysis phase to
deal with imbalances in prognostic factors. Alternatively, stratified randomization
can be used to prevent this issue.

Stratified randomization requires that prognostic factors which an investigator
wishes to stratify by be measured at or before randomization. The total number of
strata is the product of the number of subgroups (values) for each stratification variable.
For example, if one wished to stratify by sex and age (defined as 20-30, 31-50, and
51-70), there would be 6 strata. Stratified randomization involves assigning each par-
ticipant to a stratum before randomization and then randomizing within that stratum.

10.4.3 Blocked Randomization

Permuted-block randomization, also known as blocked randomization, is another
one of the common techniques for balancing patient allocation in a large clinical
trial. In this technique, each “block™ has a specified number of randomly ordered
treatment assignments, and patients are randomized in sequential blocks. For exam-
ple, in a clinical trial comparing treatment X versus treatment Y where the block
size is four, there are six possible ways to make treatment assignments within a
block: XXYY, YYXX, XYXY, YXYX, XYYX, and YXXY. The principle of block-
ing is used to increase the power of treatment comparison by dividing the experi-
mental units into blocks as well as pooling the group differences over blocks. This
becomes even more important when the characteristics of patients enrolled into a
clinical trial change over time.

10.4.4 Allocation Concealment

Allocation concealment is another key component of the randomization process in
a clinical trial. This means that neither investigators nor participants are aware of
whether the next eligible participant will be receiving the treatment or control inter-
vention. This should be masked until the time when participants are ready to receive
the intervention in order to prevent selection bias. For example, an investigator
might decide not to enroll a patient in a study if they know that they are allocated to
a control group and have a bias toward the treatment being studied. This situation
becomes very important when blinding of interventions is not possible.
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10.4.5 Blinding

The purpose of blinding in RCTs is to reduce the potential for selection bias.
Selection or information bias may be introduced if either the investigators or
participants are aware of who is getting the interventions and who is not. Ideally,
clinical trials would always have a double-blind design. However, this is often
not possible, especially when surgical interventions are tested. Nevertheless, it is
important to understand the strengths and limitations of different types of
blinding.

In an un-blinded (i.e., open) trial, both the participant and the investigators know
which arm the participant is assigned to. While this design has the advantage of
being easier to conduct than other study types, it is susceptible to several sources of
bias. For one, participants assigned to the control arm might drop out at higher rates
than those assigned to the intervention arm if they (or the investigators) have pre-
conceived notions about the benefits of each treatment arm. When the outcome is a
subjective measure, this can result in knowledge of one’s treatment assignment
influencing the outcome measure. Additionally, un-blinded trials are susceptible to
study arm differences in compensatory treatment. That is, investigators may pre-
scribe control arm participants additional treatment to “compensate” for not receiv-
ing the intervention of interest.

In a single-blind study, the participants are unaware of which intervention
they are receiving, but the investigators are aware. Like un-blinded studies, the
main advantage of this study design is its simplicity in comparison to double-
blind studies. Additionally, the issues of unequal participant dropout due to
knowledge of study arm assignment and biased participant reporting of subjec-
tive outcomes are minimized. However, an investigator’s inherent bias can still
affect data collection and assessment of outcomes. Finally, single-blind studies
are also susceptible to compensatory treatment, as described above in the section
on un-blinded trials.

Double-blind studies are considered the gold standard for testing treatment
effects in RCTs. In a double-blind study, neither the participants nor the team of
investigators know the intervention assignment until the trial is over. The main
advantage of this design is that the risk of bias is minimized because preconceived
ideas of both the investigators and participants are minimized.

Triple-blind studies are an extension of the double-blind design. In this design,
the committee responsible for monitoring outcomes is additionally blinded to group
assignment. This added feature is based on the theoretical advantage that the moni-
toring committee may be able to adjudicate outcomes more objectively if they are
unaware of treatment group assignment. However, such a design can be counterpro-
ductive with regard to the monitoring committee’s ethical duty to minimize harm to
participants. If a triple-design design is employed, the monitoring committee is
often given the authority to ask for participant group un-blinding at any time if con-
cerning trends in adverse events develop.
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10.4.6 Outcome Ascertainment

The primary and secondary outcomes of clinical trials need to be specified prior to
conducting the study. Whenever possible, these predefined outcome measures
should be collected by independent observers who are unaware of the allocation and
treatment arms to prevent ascertainment bias. This is particularly important when
interventions cannot be masked, such as by the presence of surgical incisions or
wounds. It is also important that the outcome measures are collected in all random-
ized patients, with measures taken to minimize missing outcomes as far as possible.
A high rate of attrition will lead to reduced confidence in the results and may lead
to biased estimates, particularly if attrition is unequally distributed between arms of
the clinical trial.

10.5 Statistical Analysis of Outcomes

10.5.1 Choice of Statistical Test

The appropriate statistical test for analysis of the primary outcome and secondary
outcomes in clinical trials must be selected according to several factors. These
include (1) the number of arms in the trial, (2) the type of outcome data being ana-
lyzed, (3) whether the data are correlated, and (4) the number of observations in
each comparison group.

The most common type of clinical trial involves two treatment arms and is the
focus of this discussion involving statistical tests. However, a few issues regarding
the analysis of trials with three or more arms are worth mentioning. First, when
interpreting trials with three or more arms, it is important to understand whether
“between-group” or “among-group” comparisons are being presented. Among-
group comparisons can be difficult to interpret, especially if one is only interested
in one comparison, and between-group comparisons are more informative. Second,
increasing the number of analyses in a dataset can increase the chance of type I
error. In a two-armed trial of A vs. B, there is only one possible comparison.
However, in a three-armed trial of A vs. B vs. C, there are three possible compari-
sons (A vs. B, A vs. C, and B vs. C). As described in Sect. 10.2.1, one approach that
can be used to account for the increased chance of type I error is to apply a Bonferroni
correction factor. However, this approach is not universal and can increase the
chance of a type II error.

The choice of statistical test depends on the data type for the chosen outcome
variable. Common types of data and examples of each are shown in Table 10.1.
Categorical variables are also known as qualitative variables and can be further
categorized as either dichotomous, nominal, or ordinal. Dichotomous variables
have only two categories or levels, such as “yes” versus “no” or “male” versus
“female.” Nominal variables have two or more categories that do not have an intrin-
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Table 10.1 Types of outcome variables and examples

Data type Examples

Dichotomous (aka binary) | 1. 30-day readmission
2. In-hospital mortality

Unordered categorical 1. Career outcome from an education intervention

(i.e., nominal) (i.e., engineering, medicine, dentistry, law, podiatry)

2. Car brand purchased after seeing an advertisement
(i.e., Chevrolet, Ford, Subaru, Jeep)

Ordered categorical (i.e., 1. Outcome on a Likert scale

ordinal) 2. Education completed (i.e., some high school, high school
graduate, some college, college graduate)
Continuous 1. Blood pressure
2. Weight
Censored time-to-event 1. Overall survival
2. Recurrence-free survival

sic order. In comparison, ordinal variables have two or more categories just like
nominal variables, but the categories are ordered or ranked. Finally, continuous
variables are also known as quantitative variables and can be further categorized as
either interval or ratio scale variables. Intervals are data with equality between one
measure and the next measure (i.e., blood pressure), whereas ratio scales are num-
bers used as measurements that have numeric value (i.e., weight).

A correlated data structure generally refers to one of two situations. First, a clini-
cal trial might wish to measure a repeated measure in the same patient. For example,
consider a clinical trial that is designed to measure the weight of participants at
baseline and after assignment to an exercise program vs. usual care. It is necessary
to account for the fact that participant’s weight at follow-up is more similar to their
baseline weight than to other subjects’ weights (i.e., the data are correlated). Second,
patients may be “clustered” within units such as clinics, hospitals, or geographic
units. If patients within each unit are more similar to themselves than to the overall
sample, then the data structure can also be considered as correlated. This situation
is commonly found in cluster randomized clinical trials.

Knowledge of the data type and whether a correlated data structure is present
allows selection of the appropriate statistical test, as shown in Table 10.2. A chi-
square test is generally preferred for analysis of dichotomous and unordered cate-
gorical outcomes so long as the minimum expected frequency rule is met. When
dealing with a dichotomous outcome, the chi-square test should not be used if
n < 20. If 20 < n < 40, the chi-square test should not be used if any expected fre-
quency is less than 5. When n > 40, three of the expected cell frequencies should be
at least 5 and one expected frequency can be as small as 1. When analyzing an
unordered categorical outcome with >2 outcome values, the chi-square test can be
used if no more than 20% of the cells have expected frequencies <5 and no cell has
an expected frequency <1. If the minimum expected frequency is not met, then
Fisher’s exact test and the Fisher-Freeman-Halton test should instead be used for
dichotomous and unordered categorical outcomes, respectively.
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Table 10.2 Statistical tests that can be used to compare different variables

Data type Two independent groups Two correlated samples

Dichotomous (aka binary) Chi-square test or Fisher’s exact test | McNemar test

Unordered categorical (i.e., Chi-square test or Fisher-Freeman- | Stuart-Maxwell test

nominal) Halton test

Ordered categorical (i.e., Wilcoxon-Mann-Whitney test Wilcoxon sign rank test

ordinal)

Continuous Independent groups r-test Paired r-test

Censored time-to-event Log-rank test Shared-frailty Cox
regression

10.5.2 Analysis of Time-to-Event Outcomes

Survival analysis methods are essential for analyzing clinical trials in which partici-
pants have variable lengths of follow-up. Simple comparison of event rates is inap-
propriate when the length of observation is different for each participant. Survival
curves are generated to permit comparison of the follow-up experience of all par-
ticipants, accounting for both follow-up times and dropouts.

It is important to understand the notation that is used in generating a survival
curve. Whether the outcome event has occurred must be recorded for each partici-
pant. Additionally, the amount of follow-up time is recorded for each participant.
Since participants are likely to enter the trial at different times, it is usually easiest
to record the date of entry and the date of last follow-up. The date of entry can then
be subtracted from the date of last follow-up during the analysis phase to generate
the follow-up time. Participants who do not experience the event before last follow-
up are said to be censored.

The Kaplan-Meier estimate (i.e., the product limit estimate) uses the concept of
conditional probability estimates to estimate survival curves in data with censored
observations. The example in Table 10.3 will be used to illustrate the Kaplan-Meier
method. In this example, 50 participants were entered on January 1, 2015, and
another 50 were entered on January 1, 2016. Therefore, there were unequal periods
of follow-up between the two groups when the data were analyzed on January 1,
2017. The 1-year survival rate, which utilizes the data from both of the groups, is
(40 + 35)/(50 + 50) = 75%. The 2-year survival rate uses only the data for the group
that enrolled in 2015 (i.e., the patients enrolled in 2016 are ignored). The 2-year
survival rate is the product of the 1-year survival rate times the probability of surviv-
ing the second year: 75 x (30/40) = 56%.

Trial protocols should specify whether time-to-event outcomes will be compared
using total curve comparisons or point-by-point comparisons. The log-rank test is a
total curve comparison or a statistical test of the overall survival experience.
Conversely, a trial could state that the endpoint is the survival rate at a particular
point in time after randomization (i.e., 2-year survival). In general, point-by-point
comparisons are not recommended unless there is a particular reason to do so.
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Table 10.3 Assessment of follow-up using Kaplan-Meier method

Years of follow-up Entry date
Jan 1, 2015 Jan 1, 2016
1 Participants entered 50 50
First-year deaths 10 15
First-year survivors 40 35
2 Participants entered 40
First-year deaths 10
First-year survivors 30

Survival curves will frequently come close together at a certain time point even if
they are fairly separate over most of the follow-up period (and vice versa). Whole
curve comparisons represent all of the available follow-up data.

10.5.3 Relative Effect Measures

Investigators commonly wish to present a relative effect measure in addition to raw
outcome data and results of significance testing. Dichotomous outcomes can be
expressed using both odds ratios (ORs) and relative risk ratios (RRRs). The odds of
an event are the ratio of the probability of an outcome occurring to the probability
of it not occurring. If the rate of mortality is 20%, the odds of mortality would be
0.2/(1-0.2) = 0.25. When the probability is small, the odds will be very similar to
the probability. For example, for a probability of 0.07, the odds are 0.07/
(1 =0.07) =0.0753. ORs are the most common relative effect measure in the medi-
cal literature. One benefit of the OR is that it is easy to test the statistical strength of
an association. Logistic regression tests whether the parameter (log odds) equals 0,
which corresponds to whether the OR equals 1.0. ORs are usually reported with
95% confidence intervals (Cls); if the 95% CI does not include 1.0, then the OR is
considered significant at p < 0.05.

Despite ORs being the most commonly used relative effect measure, they do
have limitations [5]. First, although the OR frames events in terms of odds rather
than probability, clinicians commonly misinterpret the OR as an RRR. Although
ORs approximate the RRR with rare outcomes (those occurring <10% of the time),
ORs are always inflated estimates of relative risk with more common outcomes. For
example, an event that occurred at a rate of 50% in the treatment arm and 33% in the
control arm would have an OR of [0.5/(1 — 0.5)]/[0.33/(1 — 0.33)] = 1/0.493 ~ 2.0.
The corresponding RRR would be 0.5/0.33 = 1.52.

A second and less well-understood limitation of using OR relates to the fact that
the magnitude of this effect measure is scaled by an arbitrary factor (the square root
of the variance of the unexplained part of the binary outcome) [5, 6]. Therefore,
adding more explanatory variables to a logistic regression model can artificially
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increase the OR for the treatment variable because the scaling factor will be smaller.
This curiosity means that it is impossible to compare ORs between models that
adjust for different covariates, which presents difficulties when one wishes to con-
duct a meta-analysis. For these reasons, many have called for authors to report
RRRs instead of ORs. This can be done using a number of methods, but we prefer
using marginal standardization. In this technique, a logistic regression model is fit-
ted and then a post-estimation command is run to obtain the RRR with 95% ClIs.
The adjrr package in Stata does this nicely [7], and other statistical packages offer
similar suites.

The hazard ratio (HR) is the interval-specific or “instantaneous” risk of the out-
come. Cox regression does not assume equal follow-up time for each subject and
allows the number at risk (denominator) to decrease across the follow-up time. The
hazard ratio is, in fact, a weighted average of the interval-specific risk ratios. The
p-value obtained during unadjusted Cox regression is not identical to the log-rank
test (although they are usually close in value). Therefore, the p from the log-rank
test should still be reported in analysis of time-to-event outcomes even if an HR is
additionally calculated.

10.5.4 Absolute Effect Measures

In clinical trials, it is helpful to readers to present absolute effect measures in addi-
tion to relative effect measures. Neither the relative measure alone nor the absolute
measure alone gives a complete picture of the effect and its implications. Many
readers tend to overestimate effect size when only a relative effect measure is
reported. Furthermore, the OR and RRR are dependent on the underlying rate,
whereas adjusted risk difference (ARR) is not. An unadjusted and adjusted ARD
can easily be computed using post-estimation commands after fitting a logistic
regression model [7].

There is also a corresponding absolute effect measure for time-to-event data. The
difference in restricted mean survival times (RMSTD) compares the mean survival
times between groups up to a fixed point [8]. The RMSTD questions how much
longer, on average, participants receiving an intervention live over a fixed time hori-
zon. In an RCT, the results are more likely to be correctly interpreted when both the
HR and the RMSTD are presented [9].

10.6 Intention-to-Treat Analyses

Intention-to-treat analysis (ITT) is a technique used in RCTs, where patients are
compared within the groups to which they were initially randomized to. This is
independent of the treatment they actually received, or irrespective of whether they
dropped out of the study or violated the study protocol. In other words, it constitutes
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an analysis of the results based on the treatment arm to which the patients belong
due to the initial random allocation and not on the treatment actually received
(active or placebo). ITT analysis permits the pragmatic evaluation of the benefit of
a treatment change and not the potential benefit in patients getting the pre-planned
allocated treatment only. Full application of the ITT principle is only possible in
those circumstances where all results from all patients are available.

For superiority trials, the ITT analysis should be considered the most important
analysis. The ITT analysis stands in contrast to a per-protocol analysis, where
patients are analyzed by the treatment that they actually received. Aside from drop-
out from the study, the main difference between the ITT analysis and the per-
protocol analysis is adherence. Patients commonly do not actually receive all of a
treatment which they were randomized to because their status declines and they are
unable to tolerate a full treatment course. Therefore, per-protocol analyses are sub-
ject to selection biases that ITT analyses are not. While it is important to report
per-protocol analyses, ITT analyses are regarded as the true measure of treatment
effect under the trial conditions.

10.7 Covariate Adjustment

The purpose of randomization is to achieve study groups that are comparable in
every way except for the intervention of interest. Despite this, random chance may
cause important prognostic factors to be distributed unequally among the study
groups. Covariate adjustment can be used to reduce the effect of covariate imbal-
ance between groups. It must be emphasized that covariate adjustment cannot be
expected to completely eliminate the effect of covariate imbalance in most cases. In
general, only baseline covariates measured at the study outset should be adjusted
for. If the outcome is dichotomous, multivariable logistic regression can be used to
obtain adjusted effect estimates. Similarly, multivariable linear regression and mul-
tivariable Cox proportional hazards model can be used to obtain adjusted effect
estimates for continuous and time-to-event outcomes, respectively. Regardless of
the type of regression model used, the number of covariates should not exceed 1/10
the number of patients. For example, in a study with 100 patients, no more than 10
covariates should be adjusted for. Adjustment for more variables can introduce
issues with model overfitting. It is important to realize that each value of a multi-
categorical variable counts toward the number of covariates. For example, one
might wish to adjust for a variable called “race/ethnicity” in a study where its pos-
sible values are White, Black, Hispanic, Asian, and Other. In this situation, adjust-
ing for race/ethnicity would actually count as five covariates rather than one.
Beyond the mechanics of covariate adjustment, it is important to touch on when
it should be performed in clinical trials. One school of thought is to adjust only for
baseline covariates which are imbalanced between the treatment and control groups
after randomization. Another approach is to decide using subject-matter knowledge
which covariates have prognostic importance and to adjust only for those covariates.
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In a review of trials published in 2009, about half of trials performed adjusted
analyses for the main outcome as either the sole analyses (29%) or along with an
unadjusted analysis (21%) [10]. In cases where an adjusted analysis was performed,
the published trial and the protocol analysis plan differed in 47% of cases [10].
While there are many reasonable approaches to take with regard to whether and how
covariate adjustment is performed, it is crucial that the strategy for the primary
analysis be prespecified. It is often possible to change the direction and magnitude
of findings by serially adjusting for different combinations of covariates. Any sec-
ondary analyses that were not prespecified should be clearly labeled as such and
interpreted as less robust to bias than the prespecified analysis.

10.8 Subgroup Analyses

In subgroup analyses, the investigator looks at particular subgroups rather than the
overall study cohort to examine whether different groups respond differently to the
intervention. Subgroup analyses are appealing because they are in line with the
goals of “precision medicine,” or attempting to tailor treatments based on unique
patient characteristics. One might wish to know whether an intervention in a posi-
tive trial is particularly effective in a certain subset of patients. Alternatively, in a
negative trial it is appealing to attempt to define subgroups of patients where the
intervention was effective. For these reasons, over 25% of RCTs report subgroup
analyses [11]. However, many RCTs do not use best practices when conducting
subgroup analyses and make claims that are not supported by their subgroup analy-
ses [11, 12].

Subgroup analyses should be prespecified in the study protocol of the clinical
trial before randomization. Investigators should include a clear hypothesis and
anticipated direction of effect in each subgroup analysis. Subgroup analyses should
be limited in number and adjustment for multiplicity should be considered to
reduce the risk of false-positives. If many subgroup analyses are performed, it is
often possible to generate findings that support one’s preconceived notions and
biases. Therefore, subgroup analyses that are not prespecified should be interpreted
by readers as more susceptible to bias. Planning important subgroup analyses
ahead of time can also help to ensure that equal numbers of participants are allo-
cated to each treatment arm within the subgroup through stratified randomization.
Failing to randomize participants equally within subgroups leaves more room for
the impact of confounding between arms within subgroups. Finally, it is important
to realize that the presence of a statistical effect in a subgroup does not constitute
evidence of a subgroup effect. Rather, the appropriate approach of establishing a
subgroup test is a formal test of interaction [13]. Despite this, only a minority of
trials reporting a statistically significant subgroup analysis perform a formal test of
interaction [12].
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10.9 Handling Missing Data

In most clinical trials, some participants will have missing data or data that is of
such poor quality that it must be handled as missing. It must be emphasized at the
outset that the best way to handle missing data is to minimize its occurrence during
trial design and conduct. Techniques used to deal with missing data include differ-
ent imputation methods such as last observation carried forward, complete case
analysis, and mean or median value imputation and multiple imputation (MI) tech-
niques. Choice of the correct method for dealing with missing data depends on the
pattern of data missingness.

10.10 Patterns of Missing Data

Data can be missing in three main patterns: missing completely at random (MCAR),
missing at random (MAR), and missing not at random (MNAR) [14]. Data are con-
sidered MCAR if the probability of data being missing is unrelated to both observed
and unobserved patient observations. The MCAR assumption is the least plausible
and is rarely met. Yet if the MCAR assumption is met, then a complete case analysis
will yield unbiased results. Complete case analysis refers to exclusion of any obser-
vations with missing data. Most common statistical software packages perform
complete case analysis by default if missing data are present. Complete case analy-
sis will also decrease power by decreasing sample size. If complete case analysis is
used and the MCAR assumption is not met (a likely event), then estimates will be
biased and the direction of the bias will be unpredictable [14].

The MAR or “ignorable” mechanism assumes that observed values can be used
to predict what missing values would be [14, 15]. This assumption is more realistic
than MCAR, and MI techniques must make this assumption. Finally, a pattern of
MNAR occurs when missing values are dependent on unobserved or unknown fac-
tors. When MNAR has occurred, no statistical method can account for missing
information.

10.10.1 Single Imputation Methods

Before sophisticated imputation schemes were available, it was common to use
single imputation method such as carrying the last observation forward or replacing
the missing value with a likely value such as the mean, median, or mode. These
approaches artificially decrease variance since many observations will have a single
value. Decreasing variance tends to artificially increase precision, creating spuri-
ously small p-values and spuriously tight confidence intervals.
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10.10.2 Multiple Imputation Methods

Better point estimates and measures of uncertainty can be obtained using hot deck
imputation and multiple imputation (MI). In hot deck imputation, each missing
value is replaced with the value from the most similar case for which the variable is
not missing. However, this technique performs poorly when many observations
have a missing data point [16].

MI is a technique in which missing values are generated by creating plausible
numbers based on distributions of and relationships among observed variables in
the dataset [17]. In comparison with single imputation methods discussed above,
missing data are filled in many times using MI techniques, generating numerous
plausible values for each missing value. This process is completed in two stages.
First, replacement values (“imputations”) are generated, resulting in many datasets
with replaced missing information. The number of missing datasets is set by the
analyst. There are no absolute rules for how many imputed datasets to use, but more
are generally better. Graham et al. showed that the power to detect a small difference
in outcome falls off dramatically with small numbers of imputed datasets [18]. They
argue for using at least 40 imputed datasets when 50% of observations have some
missing data to guarantee less than a 1% power falloff compared to an analysis with
no missing data. After stage 1 is completed, the intended analysis (#-test, regression,
etc.) is conducted within each imputed dataset. Finally, the treatment effect esti-
mates of interest from each imputed dataset are combined. The reported standard
errors and confidence intervals allow for uncertainty due to missing data [17].

10.11 Other Measures Used in Clinical Trials

There are other measures used to evaluate the results in clinical trials, including the
number needed to treat (NNT) and the fragility index (FI). The NNT is calculated
as the reciprocal of the absolute risk reduction and is an aggregate measure of the
benefit of a treatment that represents the number of patients who would need to be
treated to prevent one event (outcome) [19]. It is important to understand that the
NNT varies inversely with baseline risk [20]. Therefore, the NNT rarely appears
favorable in low-risk populations even if the intervention is highly efficacious. The
NNT cannot be calculated for continuous outcomes, and it is best suited for dichoto-
mous outcomes with short follow-up time. In the case of a dichotomous time-to-
event outcome (i.e., survival), it is unlikely that the NNT will be constant over time
given the increasing importance of competing risks as time passes [20].

The FI is a measure of the robustness (or fragility) of the results of an RCT. The
FI is the number of patients whose status would change from nonevent (not experi-
encing the primary outcome) to an event to make the study lose statistical signifi-
cance [21]. The FI is a measure of how many events the statistical significance
reported in a trial depends on; a smaller FI corresponds to a more fragile trial result.
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Online calculators for FI calculation are available [22]. The FI can be used for
dichotomous outcomes but not continuous outcomes. It can be applied to time-to-
event binary outcomes, but it may be inappropriate to apply it to situations where
the number of events in each group is similar but differs in timing (i.e., a situation
where patients in both arms die eventually, but those in the intervention arm live
longer). Most surgical and trauma trials have a low FI [21].

10.12 Reporting the Results from Clinical Trials

Reporting the results of a clinical trial is one of the most critical responsibilities of
a surgical investigator. It is important to provide all necessary information about
external and internal validity that will allow a reader to evaluate the study’s conclu-
sion. Providing comprehensive and complete data allows the reader to determine
whether the study results are valid and can be generalized to patients they care for
in their own clinical practice. Moreover, standardized reporting allows investiga-
tors to compare findings with other published studies and facilitate downstream
synthesis.

In order to attain the highest standards for reporting clinical trial results, the
Consolidated Standards of Reporting Trials (CONSORT) criteria were established
in 1996, and they have subsequently been revised in 2001 and 2010 [23, 24]. The
CONSORT criteria were developed to specifically improve the quality of research
reporting of randomized controlled trials and are now accepted as general guide-
lines for investigators who publish the results from clinical trials. Currently, most
leading medical journals require that the CONSORT 25-item checklist be used
along with a flow diagram to show the reader how the clinical trial was designed,
analyzed, and interpreted (available at http://www.consort-statement.org).

Broader reporting issues in clinical trials have also been addressed by the
International Committee of Medical Journal Editors (ICMJE). The ICMJE has
released guidelines that cover ethical principles related to reporting and public reg-
istration of clinical trials. Specifically, ICMJE recommends that all medical journal
editors require the registration of clinical trials in a public trial registry at or before
the time the first patient is enrolled as a condition of consideration for publication.
This includes registration in the ClinicalTrials.gov registry or the WHO International
Clinical Trials Registry Platform (ICTRP). The ICMIE also encourages investiga-
tors to update these registry sites with the full journal citation when clinical trial
results are published.

One of the main purposes of clinical trial registration is to prevent selective pub-
lication and selective reporting of research outcomes. Publication bias refers to the
tendency for only studies with “positive” findings to be selected for publication,
whereas clinical trials with “negative” results may never get published. Other ben-
efits of requiring clinical trials to be publicly registered include preventing unneces-
sary duplication of research efforts and helping patients and the public know what
trials are planned or ongoing into which they might want to enroll.
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10.13 Conclusion

Prospective randomized controlled trials provide the best evidence for deciding the
value of surgical interventions and can have a direct impact on patient care. However,
because most surgical interventions are complex and multifactorial, surgical clinical
trials pose special challenges for the investigator in terms of design, analysis, and
reporting. It is critical for surgical investigators to have a clear understanding of
clinical trials methodology and tools needed to conduct and interpret clinical trials.
This chapter provides an overview of how to handle data at different stages of a
clinical trial, including common methods used in the process of randomization, sta-
tistical techniques applied in the analysis, and how to report the trial results in a
manner that allows readers to accurately interpret the study findings.
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Chapter 11
Data Safety Monitoring Boards

Rachael A. Callcut

11.1 Data Safety Monitoring Boards (DSMBs)

Data Safety Monitoring Boards (DSMBs) can also be known as data monitoring
committees or data review boards. The overall purpose of the DSMB is to insure the
integrity and safety of clinical trial research [1-3]. Although no universally accepted
definition exists for these committees, the guidance issued by the Federal Drug
Administration (FDA) in 2006 is the most widely utilized to frame the scope of a
DSMB [3]. The FDA notes that the DSMB is a group of individuals that possess
pertinent scientific expertise that review, on a regular basis, the interim research data
from ongoing clinical trials [4, 5]. The group serves to advise the sponsor and/or
researchers of the study on the safety of the trial, the continuing validity of the trial,
and the scientific merit of the trial. Although DSMBs are now commonly utilized,
there remains no singular entity responsible for oversight of these groups, and the
operationalization of these committees can be variable.

11.2 History

As research has evolved in the last 50 years, the need for monitoring the safety of
clinical trials has increased [1, 6]. The origins of trial oversight began in the early
1960s when the National Institutes of Health (NIH) began funding multicenter clin-
ical trials. A taskforce was led by Bernard Greenberg on behalf of the NIH (former
National Heart Institute) and delivered their report in 1967 [6, 7]. This report is
largely credited as the origin of data monitoring committees [4]. Amongst the most
important recommendation was the call for establishment of independent groups of
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experts to advise the institute on the conduct of a trial [7]. Specifically, all group
members were to have no direct involvement in the trial under surveillance.
Interestingly, although this report was submitted in 1967, it was not published in the
scientific literature until 1988 [6].

Following the publication in 1988, industry-sponsored trials, specifically those
in the pharmaceutical domain, began to increase the use of DSMBs. The NIH also
increased their guidance on DSMBs in the 1990s with a specific mandate in 1994
that a data safety monitoring plan was required for every clinical trial funding with
federal funds. In 1998, it became mandated that all federal funded, multicenter trials
have a DSMB [3, 8]. Beginning in the early 2000s, the adoption of data monitoring
committees became common place for industry trials [4]. In 2005, DAMOCELS
study group proposed a charter for data monitoring boards [5, 9], and in 2006, the
FDA issued a formal guidance for Clinical Trials which remains in place today [4].

Currently, the NIH requires all Phase-III multicenter trials and blinded trials to
have a DSMB if the study involves any risk [3]. Importantly, the details of the indi-
vidual institute policies vary [7, 8]. It is now generally accepted that this includes
randomized interventional control trials (treatment versus placebo, or comparing two
treatments), high risk studies (due to safety concerns), and studies of early novel thera-
pies (where safety data are lacking), even if conducted without federal funding [7].
Importantly, even if a DSMB is not required, all NIH funded clinical trials require a
data safety monitoring plan [8]. It is advisable to consult with your local IRB for fur-
ther guidance on when a DSMB versus only a data safety monitoring plan is needed.

11.3 Objectives of a DSMB

DSMBs are a fundamental component of insuring that clinical trials are conducted
safely, ethically, and remain scientifically sound. The group functions in an indepen-
dent, advisory capacity to the study sponsors or researchers [2]. They have the dif-
ficult task of insuring patient safety while also maintaining as much scientific
validity of a study is possible. First and foremost, safety is the highest priority. These
groups also play a pivotal role in optimizing the length of a trial. As data in a trial are
accumulated, the DSMB conducts interim reviews. The groups recommend early
termination for both trials reaching futility and also for trials where one intervention
is far superior, and thus, further enrollment is viewed as unethical. The committees
review protocol violations, drop-out rates, and conduct interim analysis of trial data.

11.4 DSMB Charter

The objectives, organization, and expectations for the DSMB are often defined
through a “DSMB Charter.” The charter should be drafted prior to the start of a trial
to stipulate the DSMB membership, roles and responsibilities, meeting timeframes,
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safety monitoring plan, data analysis plan, interim stopping criteria, conflict of
interest procedures, communication plan, and a confidentiality statement [1, 2, 6, 8,
10]. The charter also stipulates voting procedures. Although some committees use a
formal voting process, it is preferred for the committees to reach consensus [2].
Importantly, the criterion for initiating an unplanned review and decision of what
would prompt complete unblinding (if applicable) of data should be determined in
advance [8].

Ideally, these documents should also inform the DSMB members of their legal
risk in participating in the committee and if they will be indemnified by the sponsor.
DSMB members have been called upon to testify in legal matters pertaining to trial
risks from study participants in the past [2, 6]. In most cases of industry-sponsored
research trials, the sponsor will represent and indemnify the members from any
personal liability as long as they conducted themselves within the law and ethics of
their role [6]. However, federally sponsored trials do not contain this indemnifica-
tion, and potential participants in DSMBs should consider the implications of this
[2]. DSMB members usually sign a contract to be on the panel, and members can
negotiate in these contracts to be indemnified [2].

11.5 DSMB Membership and Training

Prior to initiating a study, the DSMB is selected. There is no standard size or
composition for a committee. Typically, the groups include a minimum of 3-7
members [1], but can be much larger for complicated trials. Committee mem-
bers are selected usually by either the sponsor or the principal investigator [4].
The expertise of the DSMB should include at a minimum an experienced bio-
statistician, ideally with a clinical trial background, a clinical expert in the field
under investigation, and at least one other scientist [1, 6, 8]. Often these com-
mittees have a medical ethicist [8] and can even have a patient advocate [1].
Best practices include having a committee with gender and ethnic diversity [4].
Members must have no conflict of interest or involvement with any person,
organization, institution, or sponsor of the trial [2, 8]. They may not participate
in any other aspect of the study and must agree to maintain confidentiality at all
times [2].

There is no formal training for members of DSMBs, and in a recent survey, only
8% of data monitoring committee members reported being formally trained [2].
Historically, when the numbers of DSMBs needed were low, the average experience
of the members was robust. However, with the increased regulatory requirements
and number of trials growing, the demand for the services of those willing to serve
on a DSMB has outpaced those available [2, 3]. This has become a concern amongst
the veteran clinical trial experts [6]. The time commitments, especially for larger or
more complex trials, can be significant [7]. Experts have called for an increase in the
acknowledgment of the members (if the individual desires) of the committees in
formal publications [7].
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11.6 DSMB Procedures

DSMBs, especially for larger clinical trials, have a series of pre-specified meetings,
with at least the final meeting occurring in person. The first meeting is an organiza-
tional meeting [4]. The charter is reviewed at this meeting with focus on the roles
and responsibilities of members, protocol safety monitoring design, and the statisti-
cal analysis plan. Often at the first meeting, both the sponsor and study investigators
are present. This provides an opportunity for the DSMB members to identify and
address key flaws prior to study enrollment.

Once enrollment has commenced, most DSMBs will conduct an early safety
review. This review can help identify early issues with enrollment, early protocol
violations indicative of study procedures needing clarification, and address quality
control issues [11]. Subsequent meetings tend to coincide with the planned interim
analyses. The number of interim analyses and study stopping criteria are pre-
determined and stipulated in the charter. Interim analyses are typically conducted
with the DSMB knowing which patients are in treatment group A or B [1]. This
allows them to render an independent decision. Although a committee will some-
times know assignment of a patient to treatment A or B, their report of the meeting
should only identify the groups as A or B [6]. The DSMB may or may not know
what treatment arm is A or B and, if necessary, can request complete unblinding of
data to assist in assessing safety of a trial [5]. However, the FDA advocates that the
DSMB have the unblended data [4]. The interim meetings are also focused on the
conduct of the study including reviewing serious adverse event reports and indi-
vidual center performance [3].

A progress report from the principal investigator is commonly provided to the
board, and before rendering any recommendations, the committee is tasked with
determining if the information provided is sufficient to adequately determine safety
and welfare for the study participants [6]. The board also reviews the efficacy, to
date, of the study. Although often not stated, the group has to also consider if there
has been an advance in the field outside of the on-going trial that would impact the
results of the trial [4]. This information could be the reporting of a similar study
showing lack of efficacy or clear benefit, thus the trial being conducted no longer
meets the standards of equipoise.

At each step of the oversight, the DSMB can make a variety of recommenda-
tions. For safety issues, these can focus on modifications to study protocols, early
termination of a part or all of a study, or corrective action for one or more study sites
[6, 12]. They also have the difficult task of making recommendations to sponsors
and regulatory agencies about early termination of a study [3]. This can occur in a
favorable direction because the study endpoints have been reached with a more
pronounced beneficial effect than the study was originally powered for, thus further
patient enrollment is unlikely to change the study results. The DSMB has to con-
sider “the clinically important difference or the minimum magnitude of treatment
benefit large enough to offset the treatment harms [10].” This requires the use of
Baysesian probability statistical analysis and not just simple statistical analysis [10].
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Alternatively, and often more controversial, they can determine if a study should
cease on the grounds of futility [11, 12]. The decision to stop a trial for futility is a
difficult decision. The charter should list in advance the specific criteria for ending
a trial early [6, 10]. The threshold is generally met when a significant difference
between the treatment groups is unlikely to be identified based on the interim analy-
sis [10]. In other words, the trial data will be unlikely to reject a null hypothesis [13].

All DSMBs conduct a final close-out meeting. This occurs either at the planned
termination of the study or following a decision to stop a trial early. The committee
will generate a final report with summary recommendations to the study sponsor.
Although the DSMB functions independently of the Institutional Review Boards
where the trial is being performed, adverse event reports are to be shared with the
IRB and DSMB collectively [3]. The DSMB functions as an overall safety monitor
for all sites, whereas institutional IRBs have oversight of a single site. In addition,
DSMBs may have interactions with groups such as the FDA for trials under FDA
guidelines and independent trial medical monitors.

11.7 Data Safety Monitoring Plans

A key function of the oversight committee for a trial is to insure that the data safety
monitoring plan is adequate prior to trial commencement and adhered to throughout
the trial. Although there is no standard format for a safety plan, there are fundamen-
tal principles to consider when conducting a trial. The plan should clearly state how
the trial progress will be monitored. Risk to participants, how participants will be
protected from harm, how safety will be assessed for participants, the steps to report
an unusual or adverse event, how data accuracy will be checked, and a management
strategy for conflicts of interest should also be included. Protocol compliance should
also be defined. It must also include what information will be reviewed at interim
analysis, the timing of the interim analyses, stoppage criteria, and communication
procedures for multicenter studies. Monitoring plans should be utilized in all clini-
cal trial research even if a DSMB is not required [11]. Federal regulations require
such monitoring (45 CFR 46.111(a)(6); 21 CF 56.111(a)(6)) for minimal risk or
greater than minimal risk studies [8].
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Chapter 12
Planning for Data Monitoring and Audits

Check for
updates

Benjamin K. Poulose

12.1 Good Clinical Practice Guidelines

Standards regarding data monitoring and auditing have been well established in the
setting of clinical trials. The three pillars of data collection are summarized in
Fig. 12.1. These standards, developed through the International Council for
Harmonization (ICH) of Technical Requirements for Pharmaceuticals for Human
Use, have most recently been summarized by the United States Food and Drug
Administration (FDA) in 2018 as part of recommended Good Clinical Practice [1]
(Table 12.1).
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Table 12.1 Core principles of International Council for Harmonization’s Good Clinical Practices

[2]

1. Clinical trials should be conducted in accordance with ethical principles that have their origin
in the Declaration of Helsinki and that are consistent with GCP and the applicable regulatory
requirement(s)

2. Before a trial is initiated, foreseeable risks and inconveniences should be weighed against
anticipated benefit for the individual trial subject and society. A trial should be initiated and
continued only if the anticipated benefits justify the risks

3. The rights, safety, and well-being of the trial subjects are the most important considerations
and should prevail over the interest of science and society

4. The available non-clinical and clinical information on an investigational product should be
adequate to support the proposed clinical trial

5. Clinical trials should be scientifically sound and described in clear, detailed protocol

6. A trial should be conducted in compliance with the protocol that has received prior
institutional review board (IRB)/independent ethics committee (IEC) approval/favorable
opinion

7. The medical care given to and medical decisions made on behalf of subjects should always be
the responsibility of a qualified physician or, when appropriate, of a qualified dentist

8. Each individual involved in conducting a trial should be qualified by education, training, and
experience to perform his or her respective task(s)

9. Freely given informed consent should be obtained from every subject prior to clinical trial
participation

10. All clinical trial information should be recorded, handled, and stored in a way that allows its
accurate reporting, interpretation, and verification

11. The confidentiality of records that could identify subjects should be protected, respecting the
privacy and confidentiality rules in accordance with the applicable regulatory requirement(s)

12. Investigational products should be manufactured, handled, and stored in accordance with
applicable Good Manufacturing Practice (GMP). They should be used in accordance with
the approved protocol

13. Systems with procedures that assure the quality of every aspect of the trial should be
implemented

The core principles 10, 11, and 13 serve as the cornerstone to ensure integrity of
data collection. These principles primarily apply to the performance of clinical tri-
als, but many concepts have also been adopted in data collection for registries uti-
lized for research and quality improvement.

12.2 Data Monitoring

Data monitoring refers to the ongoing act of overseeing clinical trial data accrual or
data gathering for other reasons (e.g., quality improvement). This process occurs
during the routine procedures specified at the start of data collection to ensure com-
pliance with those procedures. In high stakes clinical trials, a formal data safety
monitoring board (DSMB) or data safety monitoring committee (DSMC) is also
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Fig. 12.2 Goals of data
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created to periodically check compliance with protocols, assess for safety events,
and halt data collection efforts if needed as a trial proceeds to completion.

One of the best summaries of common data monitoring practices for research is
provided by the FDA [3]. The three goals of monitoring include (1) communication
with study site staff, (2) review of site processes, procedures, and records, and (3)
source data verification (Fig. 12.2). In general, monitoring methods are divided into
onsite or centralized processes. On-site monitoring is performed in person at the site
where the research or data gathering is being performed. If a sponsor is involved,
onsite monitoring has the benefit of minimizing communication gaps between spon-
sor and site investigator and helps build a relationship between the two. On the other
hand, onsite monitoring is time- and personnel-intensive.

Centralized monitoring offers the advantages of increased efficiency and less
time involvement, especially if electronic health records are utilized. The overall
trend in clinical trials is toward centralized monitoring due to its greater efficiency.
Personnel need to be well trained in data security and privacy practices to minimize
risk involved in the transfer of large amounts of protected health information. The
frequency and depth of monitoring procedures varies greatly on the rigor required,
resources available, and intended use of the information collected.

Alternative monitoring techniques have emerged in a further effort to increase
efficiency and reduce the burden of monitoring. A targeted approach can be risk-
based or statistically based. In a risk-based approach, sites or individuals deemed
high risk are monitored more closely. High risk is defined as sites or individuals
known or suspected to have protocol violations, errors in data collection, or even
data fabrication. In these high risk situations, it is vital to determine if the error is
in source documentation (e.g., not documenting complications in the health
record) or in completion of data reporting forms. The latter is usually readily iden-
tified; the former can be very difficult to ascertain. Risk-based approaches can
also focus data monitoring on key variables in a study or process (exposure, out-
come, important known confounders). Appropriate use of a risk-based approach is
also dependent on the investigators and/or sponsor. Inappropriately targeting sites,
problematic variables, or biased scrutiny of potentially negative outcomes should
be strictly avoided. These issues can be subtle to detect and very difficult to
address when found. Statistically based approaches can be used to monitor par-
ticular data points, individuals, or sites, and alert the data monitoring team to
potential issues. These techniques are often used by formal DSMB or DSMC
groups overseeing clinical trials. Additionally, statistical methods can be used to
detect unusual data distributions, outliers, data completeness, and unexpected
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variance (too much or too little). These methods require collaboration with expe-
rienced biostatisticians to minimize bias and appropriately account for the moni-
toring process itself when needed.

12.3 Data Auditing

Data auditing, in contrast to data monitoring, usually involves a third party review
of regulatory procedures and compliance with laws and standards. Unlike routine
operations, such as data monitoring, data auditing usually involves unannounced
reviews that are often fraught with anxiety, immediate scheduling requests, and gen-
eral consternation. This can have a negative impact on teams responsible for gather-
ing data, especially if serious deficiencies are found or if regulatory lapses are
discovered. The request for an audit alone can have negative consequences for
investigators. This is unfortunate as any entity (even competing institutions or com-
panies) can trigger an unannounced audit from regulatory bodies. Institutional lead-
ership should recognize this possibility, especially in an increasingly competitive
fiscal and academic environment. The best antidote to these situations is adherence
to protocols and procedures, care in documentation, and accommodation of the
auditing team. Weiss et al. summarize audit preparation concisely into three main
categories which are summarized in Fig. 12.3 [4].

Review of individual patients is a key component to a data audit and involves
predictable items (Table 12.2).

The logistical aspects of performing the audit are also important. The identity of
the auditors should be voluntarily provided and confirmed along with necessary docu-
mentation surrounding the audit. Institutional leadership should be immediately noti-
fied. It is extremely helpful if an institutional representative with experience in audits
assists with collation and presentation of information, even if that person does not
have direct involvement with the study or process being audited. A central location

Fig. 12.3 Important
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should be provided to the auditing team and key personnel made readily available.
The importance of the latter cannot be emphasized enough. Clinical, administrative,
and personal schedules will need to be altered during this process to show the auditors
good faith in completing the audit. Keeping meticulous records greatly facilitates
review. Well-organized, physical binders are best used for auditing even if records are
maintained electronically. If this is the case, key documents should be printed, orga-
nized, and separate binders presented to auditors for each patient. In addition, a com-
puter should be available to cross-check items as needed.

The single most anxiety-provoking element of unannounced audits, especially
from the FDA, is not knowing the reason for the audit throughout the process.
Teams should rely on the basics: adherence to protocols and procedures, care in
documentation, and having the highest integrity and organization throughout data
collection. Much comfort is gained in these difficult situations knowing that proper
protocols and procedures have been followed, care has been taken in documenta-
tion, and teams act with highest levels of integrity.

12.4 Data Monitoring and Auditing in Practice

There are several common scenarios where surgeons can experience various aspects
of data monitoring and auditing. The following examples illustrate these concepts in
practice.

12.4.1 Investigator Initiated Studies

Investigator initiated studies (typically unfunded) comprise the vast majority of
studies in the surgical literature. There are no standards for data monitoring, and
data auditing is extremely rare. These studies rely solely on investigator integrity for
truthfulness in data.

12.4.2 Clinical Trials

Clinical trials range from industry-sponsored studies to multicenter, federally
funded randomized trials. Data monitoring processes are typically robust and
include error-checking mechanisms with data entry, confirmation of processes and
protocols, and source document verification. A sample of data is usually monitored
(10-20%) using a risk-based or statistically based approach. For higher stakes trials
(e.g. Investigational Device Exemption trials), DSMB or DSMC groups are used
and up to 80% of data are reviewed. Audits are more commonplace, especially with
higher stakes industry-sponsored trials.
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12.4.3 Clinical Registries

Clinical registries have seen an increase in utilization to meet a gap in knowledge
not provided by evaluation of the medical record alone. Several groups have excel-
lent recommendations on standards for registry inception, maintenance, and gover-
nance [5-7]. Having a data monitoring strategy is critical for the integrity of a
registry. Registries can be established for research purposes and also for routine
healthcare operations such as quality improvement. Data monitoring in the context
of registries typically involves a completion and accuracy assessment. For data
completion, a determination is made to ensure that the intended types of patients are
actually being entered into the registry without bias in case entry. This can be per-
formed by comparing billing records to records entered into the registry itself over
a specified period of type for particular physicians. Data accuracy is performed by
manual record review, comparing data entered into the registry versus the health
record. This can be performed in a targeted fashion using either a risk-based or sta-
tistical approach to increase efficiency. Typically, 3—10% of records are reviewed on
a rolling basis with the intent to review each site at least once over a given time
period. An interesting conundrum has evolved as data are often entered into a
detailed clinical registry without necessarily requiring the same information be
entered into a patient’s health record. New ways of interpreting “source documents”
should be sought in light of this trend.

12.4.4 Registry-Based Clinical Trials

Registry-based clinical trials offer an innovative and efficient way of performing
clinical trial while greatly reducing the cost and inefficiencies of traditional clinical
trials. The cornerstone of these types of trials is a robust registry infrastructure over
which the clinical trial can be “overlaid.” In these situations, each participating site
is usually required to have undergone a data assurance review (involving complete-
ness and accuracy) within the past year to maintain registry standards. Depending
on the type of trial, a standard level of record review for clinical monitoring is then
established.

12.5 Investigator and Clinician Integrity

The key element to successful and truthful data collection and presentation rests
with investigators and clinicians. Great care should be taken in clinical documenta-
tion, especially in the era of electronic health records where errors can readily be
propagated across several documents. The overwhelming tendency is to document
the minimum necessary for billing and legal purposes; this needs to be balanced
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against the need for more comprehensive documentation used as a source document
for research and quality improvement. No amount of data monitoring or data audit-
ing can replace investigators, clinicians, and teams committed to gathering truthful
information while adhering to robust standards and protocols.
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Chapter 13 )
The Budget

Check for
updates

Shuab Omer and Faisal G. Bakaeen

13.1 The Budget

The principal sponsors of biomedical research in the United States of America are
as follows: (1) the federal government, (2) state and local governments, (3) private
not-for-profit entities including foundations, and (4) industry [1, 2].

Research funding increased from $75.5 billion in 2003 to $101.1 billion in 2007
however, adjusted for inflation, it was only $90.2 billion. Similarly, adjusted for
inflation, funding from 2003 to 2007 increased at a compound annual growth rate of
only 3.4% in comparison to an annual growth rate of 7.8% from 1997 to 2003 [2].
For the fiscal year 2020, the President has proposed the budget for National Institute
of Health (NIH) of just $ 34.4 billion for biomedical research which has essentially
remained approximately the same since 2017 [3]. In 2011, there was an 18% suc-
cess rate for funding of RO1 grants, which is in stark contrast with rates of 22% in
2010, 25-32% in 1993-2003, and 45-58% in 1962-1966 [4-6]. In 2018, the NIH
received 28,072 applications for an RO1 grant out of which just 5003 were approved
corresponding to a success rate of just 17% [7].

The decrease in funding is considered to be due to a number of factors.
Importantly, there has been an increase in the number of applications and an
increase in current commitments to previously funded research projects, as evi-
denced by the fact that 75% of the $15.8 billion that the NIH spent on extramural
grants went to existing projects in 2010 [5]. This dismal situation for NIH funding
contrasts strikingly with all the new emerging avenues for research that are avail-
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able now due to rapid advances in proteomics, genetic sequencing, stem cells, and
other technological advances [4-6].

From the preceding discussion, it is evident that there is no net increase in spon-
sorship for biomedical research and resources have not increased in comparison to
the number of investigators applying for these grants. Thus, in today’s economic
climate, it is vital to not only have a scientifically sound project but also one that is
economically viable. Having a realistic and thorough approach in formulating your
budget is paramount. In this chapter, we will mainly discuss the process of budget-
ing for the two major sponsors of biomedical research, i.e., industry and NIH.

13.2 The Budget for NIH Sponsorship

The purpose of the budget is to present and justify all expenses required to achieve
project aims and objectives. Formulating a budget can be challenging; however, the
administrative officials at any institution and experienced peers can make this pro-
cess much easier, especially for first-time investigators. It is important to figure out
in advance the infrastructure of your institution regarding direct and indirect costs,
fringe benefit rates, graduate stipend rates, facilities and administrative costs, etc.,
as these differ from institution to institution. There are certain logical steps you have
to go through in order to submit the budget (Fig. 13.1). For multi-institutional study
applications, a separate budget must be submitted for each participating site.

13.3 Complying with Federal Cost Principles

For a grant to be accepted by the NIH, not only should it be scientifically sound but
should also comply with the governing cost principles. These cost principles are set forth
in the NIH Grants Policy of allowable and unallowable costs [8]. For the NIH to approve
your budget, the proposed costs charged to awards must be allowable, allocable, reason-
able, necessary, and consistently applied regardless of the source of funds. There is a
high likelihood of a proposal being rejected if these cost principles are not met [9].

13.3.1 The FOA (Funding Opportunity Announcement)

The FOA in addition to all the other information details the monetary limits on the
types of expenses, like overall funding limits, construction allowed, and caps on
travel expenses [9]. Before embarking on any project, carefully read the funding
opportunity announcement for budget criteria and formulate your budget accordingly.
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Talk to the administrative officials at your institution.

Obtain your institutions Direct and Indirect Cost Rates, Fringe benefit Rates, Graduate Stipend rates, Facilities and
Administrative Costs.

Make sure your Budget follows federal Cost Principles of being allowable, allocable, reasonable, necessary and consistent.
Talk to Peers who have been through the process before for guidance.

Read the Funding Opportunity Announcement for budget criteria and limits

Is The direct cost is < 250,000 dollars/ year excluding consortium/subcontract
overhead ?
Is the grant is RO1, R03, R15, R34?

Is the investigators organization is US based ?

YES

Submit Modular Budget Submit Detailed Budget

. Account for all research and support personnel
Request in lump sums of 25,000 dollars not to

Calculate the person month effort
exceed 250,000 dollars a year.

X Do not request salaries beyond the salary
Subtract the F&A cost from the total direct cost.

cap..

Submit anticipated travel Costs, Equipment
Costs and training Costs.

Estimate and budget for Animal Costs,
Materials and Supplies, Publication Costs,
Consultant Services, ADP/Computer
Services, Alterations and Renovations
(A&R), Research Patient Care Costs,
Tuition, Other costs

Submit separate budget for each
consortium.

Avoid unallowable Costs

Request an escalation factor for recurring costs.

Fig. 13.1 Steps for submitting the NIH budget

Do not under- or overestimate your budget, as it can adversely influence the
chances of your proposal being accepted by suggesting to the reviewers that you do
not understand the scope of the work involved. Reviewers keep in mind “the reason-
able amount doctrine” to figure out whether the funds requested are justified by your
aims and objectives.
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13.4 Cost Sharing

Cost sharing implies charging a part of the cost of a sponsored project to a source
other than the primary sponsor. In a university setup, this cost sharing contribution
could be the cost and time of faculty members that commit to the project without
charging the sponsor.

Sometimes a project requires cost sharing, as in large equipment’s awards. This is
referred to as “required cost sharing.” When cost sharing is desirable but not required,
it is referred to as “voluntary cost sharing.” This should be minimized whenever pos-
sible from your budget request. This cost sharing arrangement between your organi-
zation and the NIH does not normally impact the evaluation of your proposal [9].

13.4.1 Allowable Facilities and Administrative Costs (F&A
Costs or Indirect Costs) and the Allowable Direct Costs

Direct Costs: These are costs that can be directly attributed to your project with ease
and accuracy.

F&A Costs or Indirect Costs: These are costs associated with providing and
maintaining the infrastructure that supports the research enterprise (buildings,
maintenance, libraries, restrooms, etc.); these cannot be easily identified with a spe-
cific program [9].

“Facilities” is defined as depreciation and use allowances, interest on debt associ-
ated with certain buildings, equipment and capital improvements, and operation and
maintenance expenses. “Administration” is defined as general administration and
expenses, departmental and college administration, sponsored project administration,
and all other expenditures not listed less than one of the subcategories of facilities.

F&A costs are determined in conjunction with auditors from the US Department
of Health and Human Services for each institution. For profit organization, the F&A
costs are negotiated by the Division of Cost Allocation (DCA), Division of Financial
Advisory Services (DFAS) in the Office of Acquisition Management and Policy,
and the NIH [9]. F&A costs are calculated by applying your organization’s negoti-
ated F&A rate to your direct cost base. In general, for most institutions, the negoti-
ated F&A rate will use a modified total direct cost (MTDC) base, which excludes
items such as equipment, student tuition, research patient care costs, rent, and sub-
recipient charges (after the first $25,000) [9].

It is also worth knowing that direct cost requests equal to or greater than $500,000
require prior approval from the NIH Institute/Center before application submission.
For many SBIR/STTR (Small Business Innovation research/Small Business
Technology Transfer) grantees, 40% of modified total direct costs is a common
F&A rate, although rates at organizations may vary.
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13.4.2 Formats for NIH Budget Submission

The strategy for success is to propose simpler projects with lesser budgetary
demands, as reviewers will scrutinize larger funding requests. Budget requests to
the NIH can be submitted under two categories:

1. Modular budget.
2. Detailed budget.

For a new PI, a modular budget is preferable unless it cannot be avoided, as when
the project requires >$250,000/year or you are based outside the United States of
America.

13.5 Modular Budget

A modular budget format can be submitted if the direct cost is less than $250,000/
year excluding consortium/subcontract overhead; the grant is RO1, R03, R15, and
R34; and the investigator’s organization is US based.

The funds are requested in lump sums of $25,000. The numbers of modules
requested are calculated by subtracting the overhead from the total direct cost and
then rounding it to the nearest $25,000. Modular budgets do not automatically adjust
for inflation for future years, so you have to plan the entire budget at the outset.
Request the same number of modules annually, except for special needs such as
equipment.

Even though not required when using a modular budget, it is worth creating a
detailed budget for your own institution’s use, including salaries, equipment, and
supplies for funds requested. Even though these detailed expenses do not need to
be submitted to the NIH, they are useful when calculating your overhead and
for audits.

13.6 Detailed Budget

This budget format is used when the investigator’s direct cost minus overhead is
greater than 250,000 dollars/year, the grant is not an RO1, R0O3, R15, R21, or R34
grant. It is also used when the investigator’s organization is not US based.

As the name implies, in this format, the investigators need to give detailed bud-
getary descriptions in the following areas: (1) research and support personnel
involved; (2) equipment, travel, and training cost; (3) other direct costs; and (4)
consortiums/subawards.
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13.6.1 Research and Support Personnel

All research personnel from the investigator’s organization involved in the project
should be mentioned in the budget with their base salary and effort, irrespective of
whether they are requesting salary support or not.

The funds requested for research and support personnel are requested in person
months. Conversion of percentage of effort to person months is straightforward.
This is done by multiplying the percentage of the personnel effort by the number of
months of appointment.

For example, 10% of a 10-month appointment = 1.0 person month
(10 x 0.10 = 1.0). Other issues to be addressed under this section are salary caps,
fringe benefits, and senior/key personnel, which involve postdoctoral associates,
graduate students, and other personnel.

Salary Cap: The NIH uses a salary cap to compensate the research and support
personnel for your proposal. Requesting a salary above the salary cap will be coun-
terproductive, as it results in a reduced total award amount. If in ensuing years the
NIH increases the salary cap, the investigators can rebudget so that the personnel get
paid as per the new cap [9].

The senior/key personnel who are devoting significant effort to the project should
be mentioned. Whereas “Other significant contributors” who put meager effort
should not be included. Examples of such common significant contributors include
(1) CEOs of institutions providing overall leadership, but no direct scientific
research contribution, and (2) mentors for K awardees, who provide advice and
guidance to the candidate but do not directly work on the project. Consultants or
associates who are not employed by the investigators’ organization should not be
appended as senior key personnel, but rather should be included in the section of the
budget for consultants or in the category of the consortium/subaward budget page
for collaborators.

Postdoctoral associates and graduate students should be entered as per the per-
centage of effort put in the budget justification section. When justifying people hav-
ing the same job description such as “lab assistants and technicians,” indicate the
number of personnel involved with their role description, add their people months
together, and add their requested salaries together. The salaries of secretaries and
clerical staff are generally treated as overhead costs; if included as separate costs,
their involvement should be directly and significantly related to the project [9].

13.6.2 Egquipment, Travel, and Trainee Costs

Equipment is defined by the NIH as an item of property that has an acquisition cost
of $5000 or more (unless the organization has established lower levels), an expected
service life of more than 1 year, be stand alone and function independently [9].
Sometimes replacement parts and fabricated equipment can be treated as exceptions
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to this standard definition. Generally, equipment is excluded from the facilities and
administrative cost, so if you have something with a short service life (<1 year),
even if it costs more than $5000, you are better off appending it under the “supplies”
category.

Routine equipment such as computers that will be used on other projects or for
personal use should not be listed as a direct cost but should come out of the F&A
costs, unless these items will be used solely for the actual conduct of the planned
project.

Even when the application does not demand it, a price quote for new equipment,
including price quotes in the budget proposal, can greatly help in the evaluation of
the equipment cost to support the project.

Any time you request equipment that is costly, it is a wise strategy to first see if
such equipment can be shared at your facility as this way you can cut down costs
and have a better chance of success with the reviewers. In the event that the piece of
equipment is vital and not available, then you will have to fully justify its need and
also attest that it will be exclusively used for your project.

Your research project will require you or members of your team to travel. This
has to be fully described in the budget request explaining the number of people
traveling, dates, duration of your stay, etc. It is again necessary that the travel has to
be proximately related to the proposed research project. In the event that your insti-
tution lacks a specific policy for travel, then the US federal government policy in
this matter can be adopted.

13.6.3 Budgeting for Other Direct Costs

These are (1) materials and supplies, (2) animal costs, (3) publication costs, (4)
consultant services, (5) computer services, (6) alterations and renovations (A&R),
(7) research patient care costs, (8) tuition, and (9) others.

13.6.3.1 Materials and Supplies

These include items that are expended or consumed in the conduct of the project,
such as lab glassware, vials, chemicals, and reagents. Specify the amount for each
item needed. However, categories that cost less than $1000 do not have to be
itemized.

13.6.3.2 Animal Costs

If your study involves live animals, then this can be included under “materials and
supplies”; however, it is very convenient to include more specific details about how
you calculated your estimate for animal costs. Include the number of animals you
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plan to use, the purchase price for the animals (if you need to purchase any), and
your animal facility’s per diem care rate, if available. Details become exceedingly
helpful if your animal care costs are extraordinarily large or small. For example, if
you plan to follow your animals for an abnormally long time period and do not
include per diem rates, the reviewers may think you have budgeted too much for
animal costs and may recommend a budget cut [9].

13.6.3.3 Publication Costs

The goal of research is to disseminate knowledge to bring about changes for the
better. A research finding cannot have an impact unless it is published and reviewed.
This could be a costly process, and thus, publication costs are important to be
included in your proposal. In case of a new application, you can also delay publica-
tion costs until the later budget periods, once you have actually obtained data to
share [9].

13.6.3.4 Consultant Services

Depending upon your project, you might require consultant support. For the NIH,
consultants differ from consortiums, in that they may provide advice, but should not
be making decisions for the direction of the research [9]. They generally charge a
fixed rate that includes both their direct and F&A costs; as a result, you do not need
to report separate direct and F&A costs for consultants. However, you have to sub-
mit their travel cost estimates. Additionally, consultants are not subject to the salary
cap restriction; however, any consultant fee should meet your institution’s definition
of “reasonableness” [9].

13.6.3.5 Specialized Computer Services

This is separate from the general computer and professional support provided by
your institution. This includes specialized supercomputer and software charges
which, if needed, should be mentioned in your budget request.

13.6.3.6 Alterations and Renovations (A&R)

Setting up the infrastructure of your lab can be costly; simple things like making
room for a new piece of equipment can strain the budget. Fortunately, you can
request these charges in the budget under alterations and renovations. A&R does
not include general maintenance projects, which are handled under overhead or
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projects exceeding $500,000, which are considered as “construction” projects. As
expected, justify your expenses and itemize by category. If A&R costs are in
excess of $300,000, further limitations apply, and additional documentation is
required [9].

13.6.3.7 Research Patient Care Costs

This category includes costs for tests and procedures that are required only because
the patient is participating in a research project and thus are not part of routine
medical care. In general, only few NIH budgets request patient care expenses. In
the event that your project involves both inpatient and outpatient expenses, you
should mention the hospitals or clinics where care is to be rendered. You will also
need to provide the details of how long you would be treating, number of patients
enrolled, costs of treatment and diagnostic tests, etc. If both inpatient and outpa-
tient costs are requested, the information for both of them are submitted sepa-
rately [9].

13.6.3.8 Tuition

If you have graduate students working for your project, you will have to provide
your school’s tuition rates. Based on your institution’s stipend and tuition rates, you
may at times have to budget less than your institution’s full tuition rate in order to
meet the graduate student compensation (equivalent to the National Research
Service Award (NRSA) zero-level post-doctorate stipend level) [9].

13.6.3.9 Avoiding Unallowable Costs

The NIH has a list of questionable items under the NIH Grants Policy that are not
allowed. It is advisable to identify and remove them upfront because if the NIH
identifies such an item, they will deduct it from your total award.

13.7 Consortiums/Subawards

Some research projects are undertaken as consortiums between the university/aca-
demic institution and businesses. In this respect, the NIH grants funding support via
the Small Business Technology Transfer (STTR program) or Small Business
Innovation Research (SBIR) [9-11]. When using the detailed budget format in this
case, each consortium included must have a separate budget form filled out. In addi-
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tion, regardless of what cost principles apply to the parent grantee, the consortium
is held to the standards of their respective set of cost principles. Consortium F&A
costs are not included as part of the direct cost base when determining whether the
application can use the modular format (direct costs <$250,000 per year) or
determining whether prior approval is needed to submit an application (direct costs
$500,000 or more for any other year) [9].

If the consortium is a foreign institution or international organization, F&A
for the consortium is limited to 8%. If the consortium is with a for-profit entity,
such as a small business, the organization must have a negotiated F&A rate
before they can charge F&A costs. A default small business rate of 40% is only
applicable to SBIR (R43 & R44) and STTR (R41 & R42) applications. In addi-
tion, each consortium should provide a budget justification following their
detailed budget. The justification should be in addition to the primary grantee’s
justification and address those items that specifically pertain to the consor-
tium [9-11].

13.8 Predicting and Planning for the Future Years

The NIH does not expect your budget to foretell with accuracy what your expenses
will be in a few years. However, they do expect an honest approximation of what
your expenses might be. You can request an escalation factor for recurring costs in
accordance with your institution’s policy, depending on the NIH’s budget appro-
priation. The NIH generally provides up to a 3% escalation factor for recurring costs
for each future year. In general, NIH grantees are permitted to rebudget within and
between budget categories to overcome unforeseen needs and to make other types
of post-award changes. Some changes may be allowed at the grantee’s discretion as
long as they are within the limits established by the NIH. In other cases, the NIH
needs prior written approval [10].

13.9 Budget for Industry-Sponsored Clinical Trials

Industry-sponsored clinical trials and research are pivotal contributors to bio-
medical research. There is roughly $6 billion in industry-generated money for
clinical trials worldwide annually; out of this, $3.3 billion goes to the US inves-
tigators [12]. Because of the potential of great monetary benefits, approximately
three quarters of funding for clinical drug trials in the United States is spon-
sored by industry rather than the NIH [13]. Industry-sponsored research thus
represents the key supply of funding for an increasing number of clinical inves-
tigators [12-14].
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13.10 Understanding Ideological Differences Between
You and the Sponsor

Sponsors and investigators view the proposed study very differently. The sponsors
always will try to get the most out of the study by conducting it in the most expedi-
tious and inexpensive fashion, which has the potential of undermining a lot of
important details. The sponsors view the clinical trial contract as a fixed-price
agreement. Thus, investigators are obliged to perform the task described in the con-
tract, despite having exceeded the original proposed budget. Thus, successful bud-
geting for the performance of an industry-sponsored clinical trial requires a thorough
understanding of all possible eventualities [15]. Keeping this in mind, we try to
explain how best to plan such a budget.

13.11 Analysis of Direct and Indirect Costs

Similar to budgeting for NIH grants, it is again important to figure the direct and
indirect costs at your institution, as it varies widely among institutions and countries
(Tables 13.1 and 13.2). To thoroughly understand the direct and indirect costs asso-
ciated with performing clinical research at a particular institution, the investigators
should always first conduct an internal cost analysis independent of a sponsor’s
proposed budget.

In most research institutions, indirect costs are charged as a mandatory, fixed fee
which is usually 20-40% of the total direct cost [15].

Table 1;”-1 Direct costs Staff salaries and benefits (investigators, nurses,
usually incurred for consultants, etc.)

industry-sponsored research

Training costs
IRB costs
Study initiation charges

Charges incurred with FDA audits and adverse
outcome reporting

Data storage costs

Equipment and supplies
Mailing and shipping charges

Investigational device or drug preparation fees

Screen failure, delay, or dropout contingency
charges

Scientific meeting and travel charges

Patient follow-up charges
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Table 13.2 Indirect costs
usually incurred for
industry-sponsored research

Accounting charges

Building maintenance

Laboratory and office space maintenance and
rent

Equipment wear and tear

Administrative costs
Utilities

13.11.1 Institutional Review Board (IRB) Charges

Before embarking on any investigational study in the United States, IRB approval
is required. A lot of investigator time and effort is used up in this process and is
easily overlooked or underestimated by the sponsor if not addressed in the budget.
Furthermore, in the case of an industry-sponsored trial, it is not uncommon for a
sponsor to amend the study protocol after initiation of a clinical trial, requiring
additional IRB resubmissions. Also investigators are required to notify the IRB of
the occurrence of any serious adverse events (SAEs) throughout the study (even if
they occur outside the investigator’s institution). This leads to additional expenses.
Thus, it is important that the investigator requests all the time and labor costs related
to IRB submissions, amendments, and reporting of adverse events [15].

13.11.2 Facilities and Administrative Cost (Institutional
Overhead)

Similar to NIH-sponsored research, most major academic centers demand an insti-
tutional overhead of about 20-40% of the total direct cost of the study. If an inves-
tigator is at a site where indirect cost fees is not mandated by the institution, he/she
should still budget for institutional overhead, as this money will be required to cover
indirect costs such as rent, building maintenance, equipment depreciation, and basic
utilities [15].

13.11.3 Laboratory Test Costs

All major institutions offer investigators a reduced research rate for the performance
of in-house tests. However, these costs generally only cover test performance; thus,
make sure to budget for all other additional charges incurred in this process, like
collection of the sample, storage, and shipping [15].
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13.11.4 Costs Associated with Preparation
of the Investigational Device or Drug

Investigational drug and device studies may entail a variety of costs, including
preparation, storage, dispensation, and accounting. Funds should thus be bud-
geted for training of the ancillary staff on preparation and handling of the new
device [15].

13.11.5 Staff Salary and Training Charges

The major expense requested in a budget is for staff salary and training. The two
points to remember are that this part of the budget is frequently over- or underesti-
mated and that the charges vary from state to state. The staff involved range from
consultants to investigators and nurses. The salaries requested should be commen-
surate to the amount of expertise and effort put in by each. The greater the complex-
ity of a study, the greater the anticipated labor need, both in terms of the number of
staff and salaried hours. It is also worthwhile to anticipate unforeseen charges, like
collection of clinical data by staff at unusual hours when overtime rates may apply.
Also anticipate and include charges such as those for device or drug preparation
which could need costly consultant services and cause financial problems if not
anticipated in advance [15].

It is also desirable to request the sponsor to pay the immediate costs of study
initiation.

13.11.6 General Equipment and Supply Costs

This includes items such as phlebotomy supplies, centrifuges, freezers, computers,
software, and copy/fax machines. In addition to direct equipment and supply costs,
one should also budget for indirect costs such as equipment depreciation, extended
service contracts, and secure patient record storage [15].

13.11.7 Patient Follow-Up

Since most clinical trials rely heavily on patient follow-up data, it is necessary to
negotiate the cost of patient follow-up, such as patient transportation, meals, and
parking. Even if these expenses might be incurred later in the study, it is desirable
to address them from the beginning [15].
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Table 13.3 Important issues 1. Specify the limits on the number of patients enrolled
to be addressed in the study at your institution

contract for industry-
sponsored trials

. Set up a payment schedule

. Specity a start-up payment
. Ensure charges for patient follow-up

N Wi

. Contingency in case of premature termination of
study

=)}

. Ensure funding for screen failures

7. Contingency funds for Food and Drug Administration
(FDA) audits

8. Requesting charges for inflation adjustment for
studies spanning a number of years

13.12 Budgetary Considerations for the Study Contract

The study contract for an industry-sponsored clinical trial profoundly influences the
chances of success of your project. Thus, the study contract should address several
important issues (Table 13.3).

13.13 Initiation Charges

The study contract should also specify a certain sum of money to cover the
investigator’s immediate costs (e.g., staff training) while initiating the proto-
col, and it is not uncommon to ask the sponsor to pay the full price of one
to three completed patients upfront to cover the immediate costs of study initia-
tion (i.e., money to be paid to the investigator before the first patient is
enrolled) [15].

13.14 Backup Plan for Sudden Termination of Study, Delay,
and Dropout

The study contract should also lay down specifics that should the study be termi-
nated before enrollment of the first patient, the investigator’s site will be compen-
sated to cover start-up costs, payable immediately after an appropriate written
notice. Similarly, it is useful to include compensation if the start-up of the study is
delayed due to unforeseen reasons or for screen failures. Screen failures are patients
who are enrolled into a study but are subsequently barred from, dropout of, or are
unable to participate in the study (e.g., a patient is enrolled in a study for Left
Ventricular Assist Device (LVAD) implantation for destination therapy but ends up
getting a heart transplant).
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13.15 Ensuring Appropriate Number of Patients
to be Enrolled

Ensure that an appropriate number of subjects are being allowed to be enrolled at
your institution as stated in the study contract. If the number expected is more than
the anticipated volume at your institution, you will not be able to meet the contract
expectations, and conversely if the number of subjects allowed are too small, then it
is not worth your effort, as the amount of effort from an organizational standpoint is
not very different upfront whether you are enrolling 10 or 100 patients [15].

13.16 Reimbursement Timetable

It is very important to figure out in advance the reimbursement timetable as laid
down in the study contract. This should address whether the payment is made at
certain time intervals or at completion of study milestones. This is important because
if a patient is lost to follow-up, and as a result, you cannot complete this milestone,
then you need to address for this contingency. Furthermore, if your budgetary needs
vary at different time intervals, then the compensation should reflect this.

It is also desirable to require that the sponsor be willing to cover the costs of
returning a patient to the study site or sending a nurse to a patient’s home for long-
term follow-up if payment is dependent upon completion of specific milestones [15].

13.17 Audit Charges

The Food and Drug Administration does not audit the vast majority of studies.
However, investigators who have conducted decisive studies, acquire a large num-
ber of patients in a trial or have participated in various phases of the same study are
more likely to be selected for an audit [15]. Thus, it is advisable to have a clause in
the contract that addresses such an event.

13.18 Inflation Adjustment for Studies that Span Over Years

It is also advisable to include an inflation adjustment to the study contract for stud-
ies anticipated to last longer than 1 year, as the cost of providing healthcare services
is likely to increase over time.

Execution of a study contract without addressing the issues discussed in this
chapter may significantly, negatively impact the long-term budgetary goals of an
otherwise well- conceived study.
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13.19 Summary

Planning your budget well and trying your best to foresee what your future needs
would be is one of the most important parts of your research project. The most bril-
liant ideas might not come to any fruition if there is no monetary support. It is thus
worthwhile to spend some extra effort in formulating all the details about your pro-
jected expenses. This will require talking to the administration at your institution and
more importantly, to other peers who have been through the process before. Once you
get the first few projects accomplished, then the process will become easier for you,
as you will know how it works, and even more importantly, the reviewers will take
your proposals more seriously. Hopefully, this discussion will get the reader better
equipped with the challenges that he/she could face while preparing a budget proposal.
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Chapter 14
Regulatory Considerations in Human
Subjects Research

H. Richard Alexander Jr. and Howard S. Hochster

14.1 Introduction

Biomedical research can be broadly defined as the systemic collection and analysis
of data for the purposes of generating new knowledge that will relieve suffering and
cure disease. Today, we understand that human subjects research must be conducted
in compliance with federal statutes that are in place to ensure that all research activ-
ity is conducted ethically and follows the principles articulated in historical treatises
such as the Nuremberg Code, the Helsinki Declaration, and the Belmont Report.
For research involving drugs or devices, investigators also must comply with the
U.S. Food and Drug Administration (FDA) regulations relating to such research.
This chapter will review the historical context under which these regulations were
developed, provide an overview of the current regulatory requirements that must be
met to perform human subjects research, and offer some practical considerations for
new academic investigators.
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14.2 Historical Perspectives

Biomedical research on human subjects has been performed for centuries; per-
haps one of the most celebrated examples of a prospectively conducted con-
trolled clinical trial was the performed by the Scottish physician, James Lind,
aboard the HMS Salisbury in 1747. At that time, scurvy, a condition that is
caused by vitamin C deficiency, was common in sailors who were at sea for
extended periods and who did not have access to fresh fruits and vegetables, a
major source of ascorbic acid. Mr. Lind had a strong interest in improving the
health of British sailors and conducted a study to evaluate various remedies for
this common, but poorly understood, condition. He assigned 12 sailors with the
typical signs and symptoms of advanced scurvy to six groups of two each.
Presumably, none of these sailors, enlisted in the Royal Navy, gave informed
consent (verbally or in writing). They all received the same diet but, in addition,
each cohort received a daily regimen of either a quart of cider, a teaspoon of
sulfuric acid, six spoonfuls of vinegar, a cup of seawater, a drink of barley
water, or two oranges and a lemon. The experiment lasted for 1 week until they
ran out of fruit but by that time the fortunate sailors in the last group had dem-
onstrated dramatic improvement in symptoms. While this study exemplifies
how clinical research can make and even dramatic discoveries that can elimi-
nate suffering and cure disease, there are other unfortunate examples of clinical
research that were conducted under unethical and even appalling circumstances
that have provided the impetus for the development of our current regulatory
infrastructure.

Beginning in 1932, the United States Public Health Service conducted a 40-year
clinical study to characterize the “natural history” of untreated syphilis in 600 indi-
gent, poorly educated, rural black men in Macon County, Alabama. Study partici-
pants were enticed to participate by being told they would receive free health care
from the U.S. government, meals, and free burial insurance. Investigators never told
the study participants that they had syphilis. Perhaps the most egregious breach of
ethical conduct is the fact that researchers knowingly failed to treat study partici-
pants for their syphilis even after the validation in the early 1940s that penicillin
could effectively cure this condition. And, despite penicillin becoming the widely
accepted standard of care for syphilis in the late 1940s, study investigators contin-
ued to withhold treatment and actively prevented study participants from receiving
it from others health facilities in the area.

In another egregious example, from 1946 to 1948, the U.S. Public Health Service
in collaboration with Guatemalan health authorities conducted a study in which
prisoners, soldiers, and mentally ill patients in that country were infected deliber-
ately with syphilis and other sexually transmitted diseases without obtaining
informed consent. Although subjects were treated for their condition once infected,
there was never any documentation of cure (www.wikipedia.org/wiki/Guatemala
Syphilis Experiment, accessed 25 Mar 2019).


http://www.wikipedia.org/wiki/Guatemala Syphilis Experiment, accessed
http://www.wikipedia.org/wiki/Guatemala Syphilis Experiment, accessed

14 Regulatory Considerations in Human Subjects Research 169
14.2.1 The Nuremberg Code and Helsinki Declaration

Following World War II, the Nuremberg Military Tribunals were held. They were a
series of 12 U.S. military tribunals to prosecute war crimes against members of the
leadership of Nazi Germany that were perpetrated against prisoners of war includ-
ing brutal medical experimentation. The tribunals were held in the Nuremberg
Palace of Justice, from 1946 to 1949, following the Allied victory in World War
II. The Nuremberg Code is a set of research ethics that were derived as part of the
verdicts of the trials and define broad guiding principles for human experimenta-
tion. The Nuremberg code includes such principles as informed consent and absence
of coercion; properly formulated scientific experimentation; and beneficence toward
experiment participants. The ten points of the Nuremberg code are highlighted in
Table 14.1 (history.nih.gov/research/downloads/nuremberg.pdf, accessed 27
Dec 2012).

Subsequently, in the 1960s, and based on the Nuremberg Code, the Declaration
of Helsinki was developed by the World Medical Association as a set of ethical
principles regarding human experimentation for the medical community. It is widely
regarded as the cornerstone document of human research ethics. While the Helsinki
Declaration is not a legally binding instrument, it has been used as the basis for legal
statues and regulations overseeing human subject research in numerous countries
including the United States. The Declaration was originally adopted in June 1964 in
Helsinki, Finland, and has since undergone multiple revisions.

Prior to the 1947 Nuremberg Code, there was no broadly established set of guid-
ing principles that addressed the ethical aspects of human research. The Helsinki
Declaration was based on the principles first stated in the Nuremberg Code, with
some modifications. For example, the Declaration promoted a broader definition of
the need for informed consent from “absolutely essential” under Nuremberg to “if
at all possible”; research was allowed without consent where a proxy consent, such
as a legal guardian, was available.

14.2.2 The Belmont Report

As a result of the Tuskegee Study, and influenced by the tenants of the Helsinki
Declaration, the National Research Act was signed into law by congress on July
12, 1974. The Act authorized the creation of the National Commission for the
Protection of Human Subjects of Biomedical and Behavioral Research. The pur-
pose of the Commission was to identify the basic ethical principles that underlie
the conduct of biomedical and behavioral research involving human subjects and
to develop guidelines that should be followed to assure that such research is con-
ducted in accordance with those principles. The final report was issued in 1978 and
was entitled “The Belmont Report: Ethical Principles and Guidelines for the
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Table 14.1 Points of the nuremberg code (italics added)

1. The voluntary consent of the human subject is absolutely essential. The person involved
should have legal capacity to give consent; should be so situated as to be able to exercise
free power of choice, without the intervention of any element of force, fraud, deceit, duress,
over-reaching, or other ulterior form of constraint or coercion; and should have sufficient
knowledge and comprehension of the elements of the subject matter involved as to enable
him/her to make an understanding and enlightened decision. This latter element requires
that before the acceptance of an affirmative decision by the experimental subject there
should be made known to him the nature, duration, and purpose of the experiment; the
method and means by which it is to be conducted; all inconveniences and hazards
reasonable to be expected; and the effects upon his health or person which may possibly
come from his participation in the experiment. The duty and responsibility for ascertaining
the quality of the consent rests upon each individual who initiates, directs or engages in the
experiment. It is a personal duty and responsibility which may not be delegated to another
with impunity

2. The experiment should be such as to yield fruitful results for the good of society,
unprocurable by other methods or means of study, and not random and unnecessary in nature

3. The experiment should be so designed and based on the results of animal experimentation
and knowledge of the natural history of the disease or other problem under study that the
anticipated results will justify the performance of the experiment

4. The experiment should be so conducted as to avoid all unnecessary physical and mental
suffering and injury

5. No experiment should be conducted where there is a prior reason to believe that death or
disabling injury will occur; except, perhaps, in those experiments where the experimental
physicians also serve as subjects

6. The degree of risk to be taken should never exceed that determined by the humanitarian
importance of the problem to be solved by the experiment

7. Proper preparations should be made and adequate facilities provided to protect the
experimental subject against even remote possibilities of injury, disability, or death

8. The experiment should be conducted only by scientifically qualified persons. The highest
degree of skill and care should be required through all stages of the experiment of those who
conduct or engage in the experiment

9. During the course of the experiment, the human subject should be at liberty to bring the
experiment to an end if he has reached the physical or mental state where continuation of the
experiment seems to him to be impossible

10. During the course of the experiment, the scientist in charge must be prepared to terminate
the experiment at any stage, if he has probable cause to believe, in the exercise of the good
faith, superior skill and careful judgment required of him that a continuation of the
experiment is likely to result in injury, disability, or death to the experimental subject

Protection of Human Subjects of Research, Report of the National Commission for
the Protection of Human Subjects of Biomedical and Behavioral Research.” It is
commonly referred to as “The Belmont Report and takes its name from the Belmont
Conference Center in Elkridge, Maryland, where it was drafted (www.wikipedia.
org/wiki/Belmont_Report, retrieved 12-29-2012).The Belmont Report defines
three principles that are described in Table 14.2 (http://ohsr.od.nih.gov/guidelines/
belmont.html).
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Table 14.2 Principles of the Belmont Report

1. Respect for persons: protecting the autonomy of all people (research subjects), treating them
with courtesy and respect, and providing informed consent. Researchers must be truthful and
conduct no deception

2. Beneficence: The philosophy of “do no harm” while maximizing benefits for the research
project and minimizing risks to the research subjects

3. Justice: ensuring reasonable, non-exploitative, and well-considered procedures are
administered fairly—the fair distribution of costs and benefits to potential research
participants—and equally

14.3 Regulation of Human Subjects Research

14.3.1 The Code of Federal Regulations (CFR) and Federal
Wide Assurance for the Protection of Human Subjects

In 1991, 14 federal departments and agencies joined HHS in adopting a uniform set
of regulations for the protection of human subjects, identical to subpart A of 45 CFR
part 46 of the HHS regulations. This uniform set of statutes constitutes the Federal
Policy for the Protection of Human Subjects, informally known as the “Common
Rule.” The Office for Human Research Protections (OHRP) was also established
under the Assistant Secretary for Health in the Department of HHS; it is responsible
for the protection of the rights, welfare, and well-being of research subjects in
research conducted or supported by the U.S. Department of Health and Human
Services (www.hhs.gov/ohrp/about/index.html). The OHRP principally interacts
with biomedical research institutions to ensure compliance with HHS regulations as
described in Title 45, Part 46, Code of Federal Regulations (45 CFR 46). The
Division of Education and Development provides guidance to individuals and insti-
tutions conducting HHS-supported human subject research. The Division of Policy
and Assurances administers the Federal Wide Assurance (FWA) of compliance and
registration of institutional review boards.

The FWA is applicable to any institution that is engaged in human subjects
research that is conducted or supported by any U.S. federal department or agency
that has adopted the Common Rule. The individual institution must renew its FWA
every 5 years, even if no changes have occurred, in order to maintain an active
FWA. There are rare circumstances under which human subjects research is exempt
from the Common Rule but almost all research conducted at academic biomedical
research institutions is covered under the FWA. The FWA number may be needed
for grant applications that involve human subjects research, and the number should
be available to an individual researcher from the institutional Human Research
Protections Office (HRPO). A description of the elements of an FWA is listed at
www.hhs.gov/ohrp/assurances/assurances/filasurt.html. The FWA includes a state-
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ment from the institution that all human subjects research will be conducted ethically
and that the rights and welfare of human research subjects will be protected. The
principles are generally adopted from the Declaration of Helsinki and the Belmont
Report. The institution must provide a description of procedures to ensure prompt
reporting of any deviations of principles and policies to the institutional review
board, the U.S. federal department or agency conducting or supporting the research
and OHRP.

In January 2019, the revisions adopted in 2017 and finalized in June 2018 (there-
fore referred to as 2018 revisions) to the “Common Rule” went into effect after
more than 6 years of discussion and comment. These were the first changes since
1991. The revisions to the Common Rule allow for more streamlined consent forms
in easier and less technical language with the goals of research at the top, posting of
consent forms to national websites, information regarding when results would be
released and patient notification. In addition, exemptions for continued long-term
follow-up of patients on trials otherwise complete considered “minimal risk” will
no longer require IRB oversight for data retrieval and analysis. Biospecimen collec-
tion and research on de-identified data in warehouses should be easier. Finally,
though delayed until 2020, one IRB of record will be responsible for oversight of
multi-centered trials at all sites.

14.3.2 Institutional Review Boards

Under the FWA, an institution must constitute an Institutional Review Board (IRB)
to review, approve, and provide oversight of human subjects research. The institu-
tion may be required to provide its written procedures regarding human subjects
research to the OHRP or any U.S. federal department or agency conducting or sup-
porting research to which the FWA applies. Based on the 45 CFR 46, an IRB is
required to (1) conduct initial and continuing annual reviews of research and report
its findings to the investigator and the Institution; (2) determine which projects
require review more often than annually and which need verification from sources
other than the investigator that no material changes have occurred since the previous
IRB review; (3) ensure prompt reporting to the IRB of proposed changes to any
research activity, and (4) ensure that proposed changes in approved research, during
the period for which IRB approval has already been given, may not be initiated
without IRB review and approval (except when necessary to eliminate apparent
immediate hazards to the subjects). The last clause is important, in that it means that
any investigator may deviate from the approved research plan if, in his or her judg-
ment, that deviation is essential to reduce an immediate risk to the subject. The IRB
must be notified as soon as possible, and such deviations should be approved in
advance if time permits.
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14.3.3 The Health Insurance Portability and Accountability
Act (HIPAA)

In 1996, the Health Insurance Portability and Accountability Act (HIPAA),
which codifies rules regarding the security of protected health information (PHI)
by medical practitioners and “covered entities,” added another layer of regula-
tory requirements to human subjects research. HIPAA compliance is required not
only in everyday medical practice but in clinical research as well (www.hhs.gov/
ocr/privacy/, accessed 31 Dec 2012). Safeguards to ensure confidentiality of PHI
that is collected as part of a research activity are required by the institutional
HRPO that are the investigator’s responsibility. The Privacy Rule is designed to
protect an individual’s identifiable health information while allowing researchers
to have access to vital medical information that is necessary to their research
activities. Currently, most research involving human subjects operates under the
Common Rule and/or the Food and Drug Administration’s (FDA) human subject
protection regulations. In clinical research activities, a part of the informed con-
sent process must include a discussion of the investigator’s intention to collect
PHI as an integral part of the study. IRBs will require an explicit plan that
describes how the PHI will be collected, stored, analyzed, and ultimately
destroyed once the research activity is completed. Under certain circumstances,
a waiver may be requested from the IRB to collect PHI without explicit informed
consent (Table 14.3).

Once requirements for investigator training have been completed, a clinical trial
may be submitted to the IRB. Most AHCs have a two-tiered system of review; the
initial review for scientific integrity is typically performed at a departmental or cen-
ter level before going to the IRB. Once a study has been approved, an investigator is
responsible for its timely completion in compliance with the institutional require-
ments. These include appropriate screening and review of eligibility, informed con-
sent, accurate and complete follow through of protocol design, accurate and timely
completion of case report or study forms, timely submission of annual reviews, and
formal study closure at completion.

Table 14.3 Conditions under which Protected Health Information may be collected without
informed consent

* When the collection and use of PHI will pose no more than “minimal risk” to the individual
and the investigators provide a plan to ensure that the information is properly collected,
stored, analyzed and ultimately destroyed

* When the research could not practicably be conducted without the waiver

¢ The researchers show that the use of PHI is essential for the success of the research



http://www.hhs.gov/ocr/privacy/
http://www.hhs.gov/ocr/privacy/

174 H. Richard Alexander Jr. and H. S. Hochster
14.3.4 Food and Drug Administration and Clinical Research

Just as there were abuses in clinical research experiments that led to the develop-
ment of the modern regulatory structure in which clinical research is conducted,
both deliberate and reckless tragedies with drugs and devices occurred throughout
the early parts of the twentieth century, from which evolved the Food and Drug
Administration’s (FDA’s) modern role in the regulation of drugs and devices.
Although it has been amended more than a hundred times since its passage, the
1938 Federal Food, Drug & Cosmetic Act underpins the current regulations. Where
clinical research involves drugs or devices, both FDA regulations and HHS regula-
tions on human subjects research must be followed. While in many cases, the FDA
and OHRP require the investigator to meet the same standards to satisfy both sets of
regulations, an investigator needs to be aware that differences exist and the investi-
gator is still responsible for following both sets of regulations.

The U.S. FDA requires an investigational new drug application (IND) or investi-
gational device exemption (IDE) from an investigator or a sponsor (industry or col-
laborative group) under the following conditions:

e If the drug is an investigational agent.

e If the research is designed to establish a new marketing indication.

o If the research is designed to establish a new dose or route of administration.

e If the research is designed to define a new patient population not currently
identified.

 Significant change in the promotion of an approved drug.

The purpose of an IND or IDE is to assure that research subjects will not be sub-
jected to unreasonable risk. Besides the obvious medical devices, IDEs are also
applied to laboratory testing, new assays for drug targets and multi-assay panels.
Within the FDA, the Center for Drug Evaluation and Research (CDER) is the entity
that is responsible for oversight of new drug evaluation prior to marketing. The
Center for Devices and Radiological Health (CDRH) is responsible for regulating
organizations or entities that manufacture, repackage, re-label, or import medical
devices sold in the United States. If an investigator is unsure as to whether or not an
IND or IDE is required, the institutional HRPO or FDA should be consulted. The
FDA'’s regulations regarding the conduct of clinical research are defined in the CFR
Title 21 and are in place to ensure compliance with Good Clinical Practices (GCPs)
(Table 14.4). The FDA has oversight of clinical studies that involve an IND or IDE
and actively monitors to ensure compliance with study design. Informed consent
violations continue to be the most serious violation identified by the FDA.

The concepts associated with GCP include the ethical considerations introduced
above, along with several points of detail in how to design and conduct protocols.
The International Conference on Harmonization reflecting jointly recognized stan-
dards by U.S., European, Japanese, and other regulatory agencies are embodied in a
Guidance for Industry (E6 Good Clinical Practice: Consolidated Guidance) avail-
able through http://www.fda.gov. Although it is true that exploratory protocols by


http://www.fda.gov

14 Regulatory Considerations in Human Subjects Research 175

Table 14.4 Elements of study conduct according to Good Clinical Practice

* IRB and Ethical Study Conduct
— Informed consent

— Eligibility criteria defined and changed only with IRB approval mechanism

* Qualifications of Investigators: Physician should be PI and assume responsibility for clinical
consequences and follow-up of consequences of drug/biologic agent/or device action

* Use of investigational materials under an IND or equivalent certification of Good
Manufacturing Practice (GMP)

* Adequate resources including space for conduct of trial, ancillary personnel to assume
responsibility for research as opposed clinical care demands

» Compliance with protocol: Deviations permissible ONLY to eliminate immediate prospect of
harm to subject or relate to logistical or administrative aspects of trial

» Compliance with protocol: Auditing system to assure proper entry of data into paper or
electronic case report forms vs. original source documents. This is referred to as a Quality
Control system
— Define independent Data Safety Monitoring Committee or process for all greater than

minimal risk trials

* Definition of an Adverse Event collection and reporting system, with definition of critical
events reportable to sponsor and IRB outside of routine (i.e., at least annual) reporting periods

* Accountability for receipt and use of Investigational Products (drugs/biologicals) according to
specifications appropriate for Investigational Agent (contained in its IND application) or
manual of use (devices)

academic researchers are frequently not at a stage where a clinical trial outcome will
result in a regulatory approval of a drug, biological, or device, many institutions
require all treatment protocols to follow GCP guidelines. Also, even in the absence
of institutional requirement for GCPs, in the event the researcher is audited by the
FDA or by a prospective corporate partner for further investment in the idea, clear
evidence of following GCP will increase enthusiasm for the credibility of the find-
ings, and in the case of a FDA audit, avoid a publicly available citation for failure to
follow GCP guidelines.

14.3.5 Good Manufacturing Practices

Surgical physician-scientists frequently are focused on ultimately applying a local
treatment or delivery approaches involving a drug or biological agent (e.g., virus,
DNA construct, engineered cell, etc.). Frequently, these materials may be derived
from an academic laboratory. In order to comply with GCP, such materials that are
not already approved and available for clinical use require an IND (Investigational
New Drug application). Materials used under an IND must be manufactured under
Good Manufacturing Practices (GMP).

GMP includes the process of providing a complete description of the agent. In
the case of a drug, this is usually a chemically defined structure. In the case of
biologicals, focus on purity and potency of the product is key where molecular
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definition is not possible. The manufacturing process must assure that there is no
reasonable likelihood of contamination of the final product with chemically or
biologically injurious contaminants, and that a process for serial monitoring of
stability of the investigational agent under the proposed conditions of storage is
in place.

Of particular relevance to biological agents is a characterization of cell lines that
may have been used in their manufacture with respect to viral or other microbiologi-
cal contamination; the relation of the cells expanded during manufacture to a Master
Cell Bank usually derived from a well-characterized (by sequence) nucleic acid
construct-transfected or antigen producing cell type. In particular, if allogeneic cells
are to be introduced into a human host, strategies to prevent their replication or
production of recombinant infectious agents must be considered. This includes the
development of “release criteria” for use in human clinical activities of a cellular
product. In the event the cellular product is derived by culture from the patient’s
own autologous cells, careful definition of the conditions of expansion of the cel-
lular product, monitoring for infectious agents appearing during processing, and
time between completion of processing and use should be clearly delineated. All
aspects related to production of the biological product should be described in a way
that allows audits to assure quality of product use, and in the event of an adverse
event, facilitate review of product integrity as it may be related to the clinical
experience.

14.3.6 Investigator Responsibilities

The regulations described above place responsibilities on many parties: a drug or
device manufacturer (to produce the drug or device under study in compliance with
regulations); the sponsor of the study who may or may not be the manufacturer (to
oversee the proper conduct of a study); an investigator’s institution (to maintain an
FWA and assure that either an internal or external IRB oversees the study); the IRB
(to review the research both initially and while ongoing); and finally on the investi-
gator. An investigator must first and foremost comply with institutional require-
ments thatensure there is adequate training regarding an investigator’s responsibilities
and the principles of human subjects research. In most academic health centers,
those requirements are described within the institutional HRPO’s website. Many
centers use the Collaborative Institutional Training Initiative (CITI) program to ful-
fill investigator training. The Collaborative Institutional Training Initiative (CITI)
was established in March 2000 as a collaboration between the University of Miami
and the Fred Hutchinson Cancer Research Center to develop a web-based training
program in human research protection. Currently, content for the program comes
from ten centers and it includes numerous modules on various dimensions of human
research. New investigators are required to pass the basic modules, and then,
depending on the nature of the investigator’s research activities, additional modules
may be required (www.citiprogram.org, accessed 25 Apr 2019).
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Once an investigator has received the training appropriate to conduct research,
the investigator then takes on additional responsibilities related to the specific
research. The investigator must obtain all institutional approvals for human subjects
research, then must obtain IRB approval for the research. If the investigator is writ-
ing the clinical trial protocol or manufacturing the drug or device, the investigator
then also has sponsor and/or manufacturer requirements to comply with all appli-
cable HHS and FDA regulations.

Adverse event data collection is probably one of the most time-consuming and
confusing parts of any human subjects research project. The sponsor, the FDA, the
NIH or other funding agency, the IRB, and the Data & Safety Monitoring Board for
the study are all likely to have slightly different reporting requirements and/or pro-
cesses, and the investigator has to comply with all of them.

14.3.7 Practical Considerations for New Investigators

With the time pressure on new academic faculty members, navigating the many
levels of approval necessary prior to initiating research can be daunting. An investi-
gator should find out before even beginning to work on a research project what
approvals are needed at the specific institution and what deadlines have to be met to
obtain those approvals. An investigator should also determine what resources the
institution has to help obtain those approvals such as regulatory coordinators, IRB
staff members, and/or investigator training specific to the institution.

Conducting clinical research requires an investigator to operate under a stiffer set
of rules than necessary when managing only the clinical care of a patient. However,
many new investigators confuse what is acceptable in clinical practice with what is
required for research. For instance, unless special permission is obtained from an
IRB in advance, informed consent for research may only be obtained in writing, in
a language understandable to the participant, by the participant. This means that
unlike clinical practice, without explicit permission from an IRB, oral consent is
never acceptable; a translator may not translate consent orally for a participant; and
the next of kin or power of attorney may not give consent. In most cases, a general
“short-form” approved by the IRB in the language of the subject is used to docu-
ment the consent process, while a translator should be used to translate the actual
informed consent form and document the patient’s understanding and agreement to
participate. Being cited by any regulatory body for failing to obtain valid informed
consent is a serious violation and can result in the data being ruled unusable or the
investigator cited in a national database. Persistent violations may result in investi-
gator disbarment by the FDA.

In clinical practice, a physician has greater leeway to make substitutions and
adjust to the realities of the moment. If a protocol, however, specifies a particular
gauge needle, a particular supportive care medicine, specific toxicity management,
or a specific type of tube for a blood draw, any substitution is a protocol deviation
even if the substitution has no clinical or scientific importance, and an auditor will
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cite the investigator for the deviation. Additionally, deviations must be reported to
the IRB according to the individual IRB requirements. Many problems can be
avoided by thinking carefully about what details to insert into a protocol. An inves-
tigator should provide only those details that actually impact the conduct of the
research. If certain anti-emetics should be avoided due to interactions with a drug
used in the study, the investigator should prohibit them, but if any anti-emetic will
do then specifying a particular medication only creates the potential for deviations.

Many new investigators have difficulty assessing precisely when their review of
patient records crosses the line into research that requires IRB approval. Even when
patients are the investigator’s patients or his/her practice group’s patients, an inves-
tigator can still be cited for conducting human subjects research without IRB
approval if the review of records extends beyond that needed for clinical care. A
new investigator therefore should determine in advance what constitutes the institu-
tion’s definition of a case report or case series and when the institution’s IRB
requires approval before the investigator can publish. Also, valid internal quality
control projects can easily transition into research requiring IRB approval. For
example, an investigator may be reviewing all cases in the practice group to deter-
mine if standardizing SOPs for the group could result in lower costs. In the midst of
doing so, the investigator may realize that applying those SOPs results in better
outcomes for the patients, and those results might be useful to physicians at other
institutions. At this point, the investigator should submit an IRB application so that
the data can be further analyzed and the results can ultimately be published. Some
kinds of such operational research will be easier to conduct without IRB oversight
under the revised Common Rule.

14.4 Conclusions

Regulatory requirements in human subject research have evolved from guiding
principles designed to protect the rights and welfare of the research subject.
However, they also serve to protect the institution, the investigator, and the integrity
of clinical research. In this way, clinical research has the best likelihood of provid-
ing meaningful new discoveries that will relieve suffering and curing illness and
maintain confidence of the public in the value of such research.
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Chapter 15
Publishing Your Clinical Trial

Warren Gasper and Michael Conte

Publication of a clinical trial is the culmination of an enormous effort; one that
deserves an accurate and transparent report.

Although the trial protocol and statistical analysis plan serve as the framework
for a clear presentation of the results, it is an arduous task to condense the thousands
of design details, data points and analyses into a concise manuscript. Appointing a
publication committee to outline the manuscript, settle questions of authorship, and
select a target journal assures timely publication of the final report. Guidelines,
including the CONSORT Statement, assist in writing a report that is complete and
provides maximum value to the medical community. After the initial publication, a
thoughtful secondary analysis plan not only maximizes knowledge gained from trial
data but it can also help mitigate bias when there are unexpected results. Developing
a data sharing plan ensures that the trial data continues to be useful long after the
primary and secondary analyses are completed.

15.1 Publication Committee

Establishing a publication committee ensures that clinical trial data will be dissemi-
nated widely. The committee’s task begins with a publication plan for a timely ini-
tial publication and ends with a data handling and sharing plan to facilitate analyses
past the end of the trial. Furthermore, by adjudicating analysis proposals, vetting
authorship contributions, and synthesizing a data handling plan, the committee
facilitates oversight of the publication process by the principal investigator.
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Once the study protocol and statistical analysis plan are completed, the publica-
tion committee outlines the tables and figures necessary for reporting the trial
results. The manuscript outline should also be based on the best practice reporting
guidelines including the recommendations of the International Committee of
Medical Journal Editors (ICMIJE) [1], Consolidated Standards of Reporting Trials
(CONSORT) 2010 Standards [2] and author instructions from individual medical
journals. Having an outline of the final manuscript before subject enrollment has
two advantages. First, it improves the efficiency of the final manuscript writing
process. Second, it verifies that the data collected in the trial will be appropriate for
the final analysis and meet the standards for publication. Notably, when reviewing a
manuscript for publication, most journals and the ICMJE require confirmation that
the study protocol including a statistical analysis plan was finalized and public reg-
istration of the trial with an appropriate trial registry, such as ClinicalTrials.gov,
occurred before enrollment of the first subject [1].

Public disclosure of the study design is critical to establish the trust of clinicians
and patients. It is recommended that the publication committee publish an in-depth
description of the clinical problem, study population, and protocol before subject
enrollment begins. The chapters of this book provide a comprehensive description
of how to design a successful clinical trial, and a discussion of protocol design is
beyond the scope of this chapter. However, guidelines such as the 33-item checklist
in the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)
2013 Statement focus on protocol completeness and are highly recommended [3, 4].
An announcement report provides clinicians and potential subjects the opportunity
to carefully consider the study and build support for enrollment. As the clinical trial
proceeds, it may also be necessary to publish interval “update” reports, particularly
if there are substantive changes to the study design or protocol.

It is inevitable that a clinical trial will lead to proposals for secondary and sub-
analyses. These studies may represent an additional analysis of the primary data or,
in large trials, may be formal sub-studies with independent research protocols that
are extensions of the primary trial. Regardless of whether a secondary analysis is
specified in the study protocol or is a post-hoc exploratory analysis, the integrity of
the primary trial outcomes must be preserved and overlapping publications of the
same data avoided. Secondary analysis proposals should describe the relationship to
the primary outcomes, indicate the statistical adjustments for multiple analyses of
the primary data, and justify the need for a separate publication. The publication
committee is responsible for adjudicating proposals for secondary publications,
establishing the publication priorities and drafting abstracts or project outlines.
Sponsors of clinical trials budget for the publication of the primary trial results and
significant secondary analyses, but may not provide financial support for an unend-
ing stream of publications. Co-authors who may be interested in a secondary analy-
sis can be assigned a publication and secure the funding necessary for completing it.

Finally, all clinical trials need to develop a data handling and sharing plan.
Eventually, study investigators will exhaust the list of secondary analyses and open
data sharing of deidentified data ensures that the data will have lasting benefit to the
medical community. Decisions about data formatting, storage location, what data
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elements will be shared and with whom are best managed by the steering and pub-
lication committees at the outset of the trial. Although industry trial sponsors may
claim that the data contain proprietary information and push for sequestration of the
data, every effort should be made to negotiate for data sharing. Regardless of what
the publication and steering committee decides, the ICIME requires the details of a
data sharing plan with a clinical trial manuscript submission [1].

15.2 Manuscript Preparation

As the final analysis is completed, the protocol, statistical analysis plan, and outline
of figures and tables provide a framework for the expedient completion of the manu-
script. For many investigators, achieving the proposed study end point defines a
successful study. However, even successful studies have imperfections, and focus-
ing on a positive or promising outcome while overlooking a contradictory or unex-
pected result leads to bias in the final report. Guidelines discussed below were
developed to ensure accurate reporting of trial results, but it is ultimately incumbent
upon the principal investigator and publication committee to honestly report the
results and, for complete transparency and reproducibility, to consider data sharing.

Although each journal has specific formatting requirements, the need for accu-
rate and complete clinical trial reporting has led to standards for the substance of a
clinical trial manuscript [1, 2]. The CONSORT 2010 Statement is a comprehensive
25-item checklist for reporting clinical trial data with rationales and examples for
each topic [5]. One checklist item—a flowchart for depicting the number of subjects
enrolled, randomized, treated, and included in the final analysis—has proven so
effective that many journals require a “CONSORT flowchart” with all clinical trials.
A series of “CONSORT extensions” have augmented the CONSORT statement to
describe the best practice for reporting pilot/feasibility [6], non-inferiority [7], prag-
matic [8], and cluster [9] trial designs [10]. Other initiatives, such as the Enhancing
the Quality and Transparency of Health Research (EQUATOR) Network, offer
additional guidelines for improving the quality of all research publications [11, 12].

One conspicuous omission from the CONSORT checklist is a statement of sub-
ject protection in accordance with the Declaration of Helsinki [13]. Investigators
have an ethical obligation to obtain the appropriate approval from a local, regional,
or national institutional review board (IRB) or ethics committee for a clinical trial
protocol and obtain informed consent from all subjects. Subject privacy is para-
mount and no identifying information should be included in the final publication
without the explicit consent of the subject. The manuscript should include a state-
ment that confirms IRB approval and subject informed consent were obtained. The
topic of adverse events and safety monitoring with a focus on the harm due to a
clinical trial intervention has been addressed with a CONSORT extension [14].

To ensure that final results accurately reflect the original protocol and analysis
plan, journal editors typically request a copy of the trial protocol and statistical plan.
If the manuscript is accepted, the protocol may be published as a component of the
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supplemental materials. As discussed above, the SPIRIT 2013 Statement checklist
is a useful, highly recommended tool for demonstrating the completeness of a study
protocol [3]. Similar guidelines for the uniform reporting of statistical analysis
plans (SAP) have been developed, including a checklist of recommended items
[15]. At a minimum, most journals require a description of the sample size calcula-
tions, primary outcome analysis plan with an intention-to-treat analysis, method for
handling missing data, and adjustments for multiple testing with secondary analyses.

As important as the research protocol and statistical analysis plan are for inter-
preting trial results, without a thorough description of the trial intervention, it may
be impossible to replicate the study results. Developed as an expansion of items
from the CONSORT and SPIRIT Statements, the 12-item Template for Intervention
Description and Replication (TIDieR) checklist focuses on details that affect the
efficacy and reproducibility of a study intervention [16]. Including details essential
for intervention replication, such as research staff training, exact device type, and
intervention personalization or modifications, may exceed the word limit for a pri-
mary publication and are often appropriate for supplemental materials. Similarly,
the Standards for Reporting Diagnostic Accuracy (STARD) 2015 guidelines pro-
vide a checklist for complete reporting of diagnostic test accuracy [17, 18]. Finally,
authors are encouraged to use the checklist developed for the Transparent Reporting
of a Multivariable Prediction Model for Individual Prognosis or Diagnosis
(TRIPOD) Statement when reporting the results of prognostic or diagnostic predic-
tion models [19].

15.3 Journal Selection

Successful clinical trial results often deserve publication in high impact journals.
Disappointing results may not command the same caliber of journal, but publishing
the results of a well-designed and performed negative clinical trial is important to
the medical community nonetheless. The publication committee should develop a
list of target journals and, as the final data collection and analysis are completed,
decide where the trial will be published. If there is a plan to present the results of the
trial at a meeting, coordination with the journal editors is essential to comply with
embargo policies.

15.4 Authorship

All authors must contribute significantly to a vital component of the study (design,
data collection, and/or analysis) and contribute to the completion of the manuscript.
Individuals who contribute to the execution of the study but not the manuscript are
best listed in the Acknowledgements section. The publication committee serves as
the arbiter of authorship and decides whether all site investigators are listed as
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authors or whether the principle investigator and members of the steering commit-
tee are listed as the authors publishing “on behalf of the investigators of X clinical
trial.” In the latter case, all site investigators are listed in the acknowledgements or
supplemental data sections. For secondary publications, the publication committee
facilitates decisions about authorship by weighing the merits of a secondary analy-
sis proposal against the actual contribution of an investigator to the study. Regardless
of the role, all authors and acknowledged contributors must disclose any conflicts of
interest in the final publication.
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Chapter 16 )
Pragmatic Clinical Trials

Check for
updates

Peter C. Minneci and Katherine J. Deans

16.1 What Is a Pragmatic Clinical Trial?

Pragmatic clinical trials represent an extension of the clinical research continuum to
produce evidence that supports clinical decision making for individual patients. In
general, clinical trials are used to investigate the safety, efficacy, and/or effective-
ness of treatments. The goal of a pragmatic clinical trial is to determine the effec-
tiveness of treatment strategies in clinical practice.

According to the NIH, a clinical trial prospectively assigns human subjects to
one or more interventions and evaluates their effects on health-related outcomes [1].
Clinical trials can be classified in several ways based on their purpose, phase, or
design. The NIH organizes clinical trials into five categories based on their purpose:
(a) prevention trials, (b) screening trials, (c) diagnostic trials, (d) treatment trials,
and (e) trials [2]. Although surgeons may perform clinical trials in any of these cat-
egories, surgical trials are the most common treatment trials. These types of trials
test a pre-specified hypothesis about potential treatment differences between two or
more treatments by enrolling participants from a specified patient population [2].

Treatment trials evaluating new treatments are often conducted in phases [2].
Each phase has a different purpose with subsequent phases using the results from
previous phases to inform the trial. Phase I trials test a potential treatment in humans
for the first time to establish safety including a safe dose range and identifying side
effects. Phase II trials begin to establish efficacy and further evaluate a treatment’s
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safety. Phase III trials are typically large randomized controlled trials that establish
a treatment’s efficacy compared to placebo or the current standard treatment. Phase
IV trials are post-market trials to evaluate long-term side effects and establish effec-
tiveness in clinical practice. Pragmatic clinical trials are large trials that would be
categorized as either phase III or IV trials. Their goal is to provide evidence of the
effectiveness of a treatment in routine clinical practice.

The driving force for the development of more pragmatic clinical trials is the fact
that many trials do not adequately inform clinical practice because they were
designed to establish efficacy and not effectiveness [3, 4]. The typical RCT is per-
formed by experienced researchers in highly selected patient populations under
highly controlled conditions. This may lead to an overestimation of the beneficial
effects of a treatment and possibly an underestimation of is harmful effects [3, 4].
Furthermore, results obtained from these trials may not be applicable to “real-
world” practice because most trials are performed under artificial conditions with
study populations that are not reflective of the broader population of patients with
the disease [5].

16.2 When Should a Pragmatic Trial Be Considered?
Efficacy Versus Effectiveness RCTs

The “gold” standard of evidence-based medicine is the randomized controlled
trial (RCT) which directly compares a treatment to a “control.”” A RCT can be
broadly categorized as either an efficacy or effectiveness trial. Efficacy trials, also
referred to as “explanatory” trials, are designed to test causal research hypotheses
[6]. They are designed to determine the effects of a treatment under ideal circum-
stances in relatively homogeneous patient populations. In contrast, effectiveness
trials, also referred to as pragmatic trials, aim to generate results that can be used
by clinicians to choose between treatments [6]. They are designed to determine
the effects of a treatment in clinical care under the usual conditions in which it is
administered.

Randomization in a clinical trial can control for selection bias and allow a causal
link to be established between a treatment and changes in the primary outcome [6,
7]. RCTs have high internal validity, but generalizability of the results of a RCT can
be limited depending on the restrictiveness of the treatment protocol or the included
patient population [7]. Efficacy or explanatory trials designed to establish a causal
link between a treatment and outcome may be too restrictive to generate results that
can be used broadly in clinical practice. Trials using narrow inclusion and exclusion
criteria may limit the included patient population to only a small subset of those
patients treated in clinical practice. Therefore, the benefit of a treatment in subsets
of patients excluded from the trial or in the broader patient population remains
unknown.
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16.3 Why Do We Need Pragmatic Clinical Trials?

Pragmatic clinical trials are needed because results from traditional randomized
controlled trials oftentimes do not include patients with complex or comorbid con-
ditions who might benefit the most from the study treatment [7]. In addition, tradi-
tional randomized controlled trials are rarely performed in typical clinical settings
and oftentimes ask questions and assess outcomes that are not important to patients,
clinicians, or policy makers. Furthermore, traditional RCTS are expensive, take
years to complete, and the results can take many years to be disseminated and
implemented [7]. These issues make the results of traditional RCTs difficult to
translate into everyday clinical practice and often times lead to a dramatic decrease
in the effectiveness of a treatment when it used in clinical practice.

In contrast, pragmatic clinical trials are practical, inclusive, engaged, and relevant
[7]. They are designed with an emphasis on using a treatment in clinical practice
with a goal of broader implementation. They typically test a treatment strategy that
can be implemented into every day clinical practice in a diverse patient population.
Relevant stakeholders, including patients, clinicians, and healthcare systems, are
involved in designing the study, interpreting the results, and implementing the find-
ings [7]. Therefore, the questions they investigate tend to be more patient centric.

16.4 The Continuum of Clinical Trials

Explanatory trials study how well treatments work in well-specified and typically
ideal conditions; whereas, pragmatic trials study how well treatments work in usual
clinical settings. However, no trial is completely pragmatic or explanatory. Rather,
clinical trials fall along a continuum between the traditional explanatory efficacy
trial to a purely pragmatic effectiveness trial (Fig. 16.1) [7, 8]. Important differences
between explanatory and pragmatic trials are shown in Table 16.1 [7].

[S'CIERETCIA (E] Pragmatic trial

Can an intervention work Does an intervention work
under ideal conditions? under usual conditions?

Fig. 16.1 Continuum between explanatory and pragmatic trials (Reprinted with permission from
the NIH Health Care Systems Research Collaboratory [7])
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Table 16.1 Key differences between randomized controlled trials (RCT) and pragmatic clinical

trials (PCT)

Explanatory trial

Pragmatic trial

Overview | A traditional RCT tests a hypothesis A PCT compares treatments under
under ideal conditions everyday clinical conditions

Goals To determine causes and effects of To improve practice and inform clinical
treatment and policy decisions

Design Tests the intervention against placebo | Tests two or more real-world treatments

using rigid study protocols and minimal
variation

using flexible protocols and local
customization

Participants

Highly defined and carefully selected

More representative because eligibility
criteria are less strict

Measures | Require data collection outside routine | Brief and designed so data can be easily
clinical care collected in clinical settings
Results Rarely relevant to everyday practice Useful in everyday practice, especially

clinical decision making

Reprinted with permission from the NIH Health Care Systems Research Collaboratory [7]

Explanatory trials attempt to establish efficacy under ideal circumstances. Their
goal is to assess the causal relationship of the treatment and outcome. They have
rigid study protocols to limit variation and have selective inclusion criteria to ensure
a homogeneous patient population. Research data collection is usually in addition to
usual care, and the outcomes assessed are based on answering the specific research
question. In contrast, pragmatic trials attempt to establish the relative effectiveness
of two treatment strategies in usual care. Their goal is to generate results that can be
used to make clinical decisions. In order to maximize the generalizability of the
results, their study protocols should be reflective of usual care and they should have
broad inclusion criteria to allow for a study population representative of the entire
population with the disease. Data collection is designed to be as much a part of
usual care as possible, and the outcomes assessed are meant to be clinically relevant
to the patients, clinicians, and policy makers.

16.5 Core Characteristics of Pragmatic Trials

As first described by Schwartz and Lellouch, pragmatic trials attempt to establish
the relative effectiveness of treatments in real- life clinical practice [3, 4]. Core
characteristics of pragmatic trials include: (1) attempting to answer questions that
are from, and important to, stakeholders, (2) assessing multiple outcomes that are
important to shared decision-making and policymakers, (3) comparing the treat-
ments to real-world alternatives, and (4) being performed in diverse representative
populations and in multiple heterogeneous settings [7].

Pragmatism can be incorporated into most elements of trial design. Table 16.2
details the nine dimensions for assessing the level of pragmatism in a clinical trial
as proposed in the pragmatic explanatory continuum indicator summary 2
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Table 16.2 PRECIS-2 domains reprinted with permission from the NIH Health Care Systems
Research Collaboratory [9, 10]

PRECIS-2
domain

Description

Eligibility
criteria

Who is selected to participate in the trial?

A pragmatic approach would be to include anyone with the condition of interest
who is likely to be a candidate for the intervention if it were being provided in
usual care for this condition

Recruitment

How are participants recruited into the trial?

A pragmatic approach for patient recruitment would be through usual
appointments at a diverse range of clinics to increase the applicability of the trial
results. (Note that with PCTs, trial participants can also be groups of care
providers or health systems)

Setting

Where is the trial being done?

Several characteristics of the setting could affect the applicability of the results,
including geography, healthcare system, country, and the socioeconomic and
ethnic mix of the population. A pragmatic approach would be to do the trial in
an identical setting to which you intend the results to be applied

Organization

What expertise and resources are needed to deliver the intervention?

A more pragmatic design would incorporate the intervention into the usual
organization of care (e.g., clinical workflow) for the condition of interest,
making use of no more than the existing healthcare staff and resources in that
setting

Flexibility
(delivery)

How should the intervention be delivered?

The most pragmatic approach to deliver flexibility would leave the details of
how to implement the intervention up to providers, as happens in usual care.
Thus, the methodology of how to deliver an intervention is not rigidly
prescriptive in the protocol

Flexibility
(adherence)

‘What measures are in place to ensure participants adhere to the intervention?
A pragmatic approach would allow for full flexibility in how end user recipients
engage with the intervention

Follow-up

How closely are participants followed up?

A pragmatic design would be to have no more follow-up of recipients than
would be the case in usual care. Most pragmatic would be to obtain outcome
data by other means such as the EHR or other usual data to measure mortality or
hospital admissions

Primary
outcome

How relevant is it to participants?

A pragmatic approach would be to select an outcome that is of obvious
importance from the perspectives of all stakeholders. For example, “an
intervention that aims to reduce falls in elderly people living independently in
the community should have as its primary outcome the number of falls in the
elderly living independently in the community. This outcome has meaning to
patients, their relatives and friends, healthcare professionals, and policymakers”

[9]

Primary
analysis

To what extent are all data included?

A pragmatic approach to analysis would be to make no special allowance for
non-adherence, practice variability, etc. In other words, the pragmatic approach
to the analysis would typically be an intention-to-treat analysis using all
available data
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(PRECIS-2) tool [9, 10]. A pragmatic clinical trial attempts to design each aspect of
the trial to be reflective of who, how, and where the treatment would be used in clini-
cal practice and minimize differences between research and clinical practice.
Eligibility criteria are designed to be inclusive of patients who would be receiving
the treatment in clinical practice. Recruitment is ideally performed in a diverse
group of both community and academic clinics or hospitals to improve the general-
izability of the results. Performance of the trial, including administration of the
treatment and data collection, would be incorporated into existing clinical work-
flow. Furthermore, monitoring of treatment adherence is flexible. Treatment modi-
fications are at the discretion of the clinicians as opposed to rigid study-related
protocols. Follow-up and outcome assessment should be part of usual care and
recorded as part of encounters in the electronic health record. The primary outcome
for a pragmatic trial should be important to patients and all other relevant stakehold-
ers. The primary analysis should be intention-to-treat using all available data.

16.6 Unique Characteristics of Pragmatic Clinical Trials

Performance of a pragmatic trial often works best when the treatment is assigned at
a group level rather than at the patient level. For this reason, cluster randomization
is often used [3]. In cluster randomization, groups of patients treated within a single
clinic or hospital are randomly assigned to the same treatment. The different clinics
or hospitals participating in the trial are randomized to be either intervention or
control treatment centers. All patients enrolled in the trial receive the assigned treat-
ment based on center randomization. Outcomes can then be assessed at the indi-
vidual patient level (cluster—individual trial) or at the cluster level (cluster—cluster
trial) [3, 11, 12]. Cluster—cluster trials allow for the possibility of a complete waiver
of consent for enrollment in the trial, whereas cluster—individual trials allow for the
option of waiving consent for the treatment but attaining consent for follow-up.
Another trial design option used in pragmatic trials is a stepped-wedge cluster
design [3, 13]. This is a type of pre-post study design in which all sites will transi-
tion from the control treatment to the intervention treatment, but the timing and
order of when sites transition is variable and randomly assigned. This cluster design
can be used with the option to waive individual consent. With either of these types
of cluster trials, inclusion of more diverse and representative clinics or hospitals will
increase the generalizability of the results.

In addition to using cluster randomization, another common feature of pragmatic
trials is the use of the electronic health record to improve efficiency and minimize
cost. The electronic health record can be used to identify patients for recruitment,
perform baseline and outcome data collection, monitor participants, and communi-
cate with participants to perform follow-up [7]. The development of Learning
Health Systems can support and promote the performance of pragmatic clinical
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trials. A Learning Health System allows for data from the electronic health record
to be collected for a trial while allowing each participating institution to maintain
control over their individual data [10, 14]. The potential for performing pragmatic
clinical trials using Learning Health Systems has been supported by the Patient-
Centered Outcomes Research Institute (PCORI). PCORI funded the development
of PCORnet, a National Patient-Centered Clinical Research Network, which links
integrated health systems and “patient-powered” networks. The purpose of PCORnet
is to facilitate multi-site, observational, and interventional comparative effective-
ness research across linked clinical data research networks and patient-powered
research networks [10, 14].

16.7 Challenges in Pragmatic Trials

Several challenges can be encountered when designing a pragmatic trial. Pragmatic
trials seek to include patient populations similar to those cases where the treat-
ment will be used in clinical practice; however, this may not be known for new
treatments [3]. Also, pragmatic trials attempt to include clinics and hospitals that
reflect the heterogeneity of clinical practice. However, all clinical trials need local
investigators who are engaged and take responsibility for performing the trial.
Many clinicians practicing in nonacademic settings may not have familiarity or
resources to perform the additional responsibilities associated with performing a
clinical trial [3]. This can lead to underrepresentation of community sites or poor
compliance with research protocols at these sites. Heterogeneity of sites may also
be especially harmful in surgical trials [3]. If a trial is investigating a complex
surgical procedure which is more commonly performed at high volume centers
(e.g., a Whipple procedure for pancreatic cancer), then including lower volume
sites may limit the usefulness of the results. Finally, many pragmatic trials are not
blinded. This allows for potential bias during outcome assessment. Strategies to
minimize the potential for bias include using major events, such as mortality, as
the primary outcome or having the assessors of outcomes blinded to treatment
assignments [3].

16.8 Conclusions

Pragmatic clinical trials attempt to produce evidence to support clinical decision
making for individual patients. As compared to exploratory trials, pragmatic trials
investigate the effectiveness of a practical treatment strategy in a more diverse
patient population and assess outcomes that can inform patients and clinicians try-
ing to make a treatment decision in clinical practice.
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Chapter 17
Cooperative Clinical Trials

Casey J. Allen, Giampaolo Perri, and Matthew H. G. Katz

17.1 Opverview

In clinical trials, researchers carefully and methodically test drugs, medical devices,
screening approaches, behavioral modifications, and other interventions. Because
clinical trials conducted at single institutions may be vulnerable to biases and meth-
odologic pitfalls that may result in poorly generalizable or invalid results [1], care-
fully designed multicenter clinical trials (MCTs, or cooperative trials) are being
increasingly performed to advance medical and surgical science. Over 35 years ago,
Levin and colleagues provided examples of “the importance and the need for well-
designed cooperative efforts to achieve clinical investigations of the highest
quality” [2].

Cooperative trials are desirable when a large number of study participants are
required to answer a research question, and a single site does not anticipate the abil-
ity to enroll a sufficient number [3]. An MCT design may also be employed to
accelerate the rate of trial accrual relative to what might be possible by enrolling
patients at a single site, to study a rare disease, to increase the generalizability of a
study’s conclusions by enrolling a more demographically heterogeneous patient
population, and to increase the speed with which knowledge is shared. However,
some disadvantages to cooperative trials exist. For example, they are typically more
complex and more expensive to perform than single-center studies, and the regula-
tory burden associated with these trials is generally significant.
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Cooperative trials play a major role in advancing knowledge in the field of sur-
gery over a wide range of diseases and treatment approaches. With regard to cancer
research, for example, clinical trials are essential to the development of new meth-
ods to prevent, diagnose, and treat disease. We have now established a greater
understanding of the molecular and genetic drivers of how cancers develop, grow,
and spread. With the ability to quickly and cheaply sequence the genome of an indi-
vidual patient’s tumor, precision medicine has become a reality. We can identify
biomarkers to help detect cancers early and guide therapy, and researchers are
developing new targeted and immune-based therapies in hopes to improve the
results of treatment of previously difficult-to-treat malignancies [4]. Well-designed
and executed cooperative trials are increasingly necessary to test the capabilities of
these advances. In addition to testing novel interventions, trials may also be con-
ducted to determine the best use of existing interventions (e.g., surgery, radiother-
apy, chemotherapy), to test methods to improve end-of-life care, and to assess
whether specific treatment approaches can improve patients’ quality of life.

In addition to their ability to help define patient care and influence clinical prac-
tice, cooperative clinical trials expand the number of clinically oriented investiga-
tors who may contribute meaningfully to medical and surgical science. While in the
past, clinical trials were most often conducted at major academic centers,
community-based clinical practices can successfully participate in cooperative
MCTs and, indeed, community-based centers now represent a major source of
patient accrual to large clinical trials nationwide.

Although cooperative trials can be performed in a variety of surgical research
settings, we place primary focus herein on cooperative cancer trials. We discuss the
current organizational structure of the national collaborative network for cancer,
describe how MCTs are conducted within this framework, and illustrate steps
involved in developing a protocol and seeing its activation. For detailed information
on these various complex components, we provide references and recommendation
for additional reading [5, 6].

17.2 National Cancer Institute Cooperative Group System

Within the context of cancer research, a “cooperative group” consists of institutions,
physicians, and researchers that collaborate on clinical trials which focus on malig-
nant disease. Large cooperative groups have long been supported by the National
Cancer Institute (NCI). One of the primary goals of NCI-funded cooperative groups
is to promote investigations that are not typically prioritized and supported by
industry. In this regard, trials particularly well-suited to conduct within the NCI-
funded cooperative groups include, but are not limited to studies of multi-modality
treatment programs; studies in which multiple agents from different sponsors are
combined into novel regimens; and studies of screening, diagnostic, and prevention
strategies.
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17.2.1 History of the NCI-Funded Cooperative Groups:
From Cooperative Groups to Network Groups

Until 2010, the NCI's Cooperative Group Program was composed of 10 discrete
groups: Radiation Therapy Oncology Group (RTOG), Southwest Oncology Group
(SWOG), American College of Surgeons Oncology Group (ACOSOG), North
Central Cancer Treatment Group (NCCTG), National Surgical Adjuvant Breast and
Bowel Project (NSABP), Gynecologic Oncology Group (GOG), American College
of Radiology Imaging Network (ACRIN), Children’s Oncology Group (COG),
Eastern Cooperative Oncology Group (ECOG), and Cancer and Leukemia Group B
(CALGB). Each group had its own organizational structure, statistics and data oper-
ations, tumor banks, member sites, and disease site committees (Fig. 17.1). The
3,100 institutions and 14,000 investigators who participated in these cooperative
groups enrolled more than 25,000 patients in clinical trials each year.

Through its scale and scope, the cooperative group system was responsible for
significant progress in oncology care. Practice-changing surgical studies conducted
within this system included ACOSOG Z9001 which clearly demonstrated the value
of Imatinib following surgery for gastrointestinal stromal tumors [7] and ACOSOG
70011 which showed that sentinel lymph node dissection is not inferior to axillary
dissection in sentinel lymph node-positive breast cancer [8]. In the medical oncol-
ogy field, successful studies were responsible for FDA approval, for only two

Structure of NCI cooperative groups program prior to NCTN

D,

ACOSOG

Other centers,
CCOPs/MB-CCOPs,
and Canadian
Collaborating
Group

Legend
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management

Tumor banks

0 Disease committees

@ wember sites

Fig. 17.1 Original NCI cooperative group program structure [24]
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examples, of bevacizumab for patients with colon cancer [9] and non-small cell
lung cancer [10], and trastuzumab as adjuvant therapy for early-stage Her2+ breast
cancer [11]. These successes notwithstanding, several drawbacks were inherent in
the cooperative group system’s structure. Foremost among these were significant
organizational and procedural redundancies which led to significant delays in trial
development, initiation, and enrollment. Furthermore, the environment generally
favored competition between groups, as opposed to fostering intergroup collabora-
tion and team science.

In 2010, the Institute of Medicine (IOM) provided a report on the state of the

system for conducting cancer clinical trials [12]. Stated within the report, “Clinical
trials are essential for developing new and improved therapies for patients with
cancer. However, the system for conducting cancer clinical trials is approaching a
state of crisis. Changes are urgently needed. If the clinical trials system does not
improve its efficiency and effectiveness, the introduction of new treatments for can-
cer will be delayed and patient lives will be lost unnecessarily.” The IOM report
emphasized the need for a more efficient system that could respond more rapidly to
scientific opportunities. The report also emphasized how trials were not keeping up
with the overall pace of scientific discovery. So, the IOM provided specific goals as
to improve the system for conducting cancer MCTs (Table 17.1). Fundamental to its
recommendations was the support of initiatives designed to centralize operations
and functions common to all cooperative groups within the system. For example,
the IOM recommended consolidating the multiple operations and statistical centers
into one central organization. The IOM also mandated efforts to streamline the pro-
cess of developing trials and implemented mandatory deadlines and other hard stops
in the development and activation process.
Guided by the recommendations of the 2010 IOM report, and after consultation and
coordination with many stakeholders, the NCI transformed its longstanding
Cooperative Group program into the new National Clinical Trials Network (NCTN)
and its organizational structure that exists today. The design and implementation of
the NCTN incorporated feedback from Cooperative Group investigators, NCI
Comprehensive Cancer Center directors, several NCI working groups, leading can-
cer researchers, industry representatives, and patient advocates [13]. For a detailed
history of the structure and the evolution of U.S. Cooperative Group Trials, please
refer to additional reading [14, 15].

Tablg _17'1 2010 Institute of  Goal I: Improve the speed and efficiency of the design,
Medicine goals launch, and conduct of clinical trials
Goal II: Incorporate innovative science and trial design into
cancer clinical trials

Goal III: Improve prioritization, selection, support, and
completion of cancer clinical trials

Goal IV: Incentivize the participation of patients and
physician in clinical trials
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17.2.2 National Clinical Trials Network

The NCTN includes a network of organizations and clinicians that conduct large
phase II and phase III clinical trials, provides infrastructure for MCTs at over 3,000
sites across the United States and Canada, and supports many precision medicine
trials [16]. The NCTN structure now includes five U.S. groups and a single Canadian
group. The five U.S. network Groups are Alliance for Clinical Trials in Oncology
[17], ECOG-ACRIN Cancer Research Group [18], NRG Oncology [19], SWOG
[20], and the Children’s Oncology Group (COG) [21]. The Canadian Group is the
Canadian Cancer Trials Group (CCTG) [22]. Although some competition between
its member groups continues to exist, collaboration is now emphasized and has
become a priority.

Individual participating institutions can belong to one or more than one cooperative
group, and membership in one group allows investigators at any accredited member
institution to participate in almost any trial led by any of the NCTN groups.
Centralized operations centers are responsible for managing the various subcom-
mittees of each group, as well as providing oversight of the many protocols within
the groups.

17.2.3 Lead Academic Participating Sites (LAPS)

Lead Academic Participating Site (LAPS) grants provide direct funding to large
academic research institutions that have shown scientific leadership in the design
and conduct of clinical trials as well as the ability to enroll high numbers of patients
into NCTN trials. LAPS grants support the research staff required to manage patient
enrollment and data management. LAPS grants also fund scientific and administra-
tive leadership, as well as education and training costs for staff to better promote
patient enrollment. Thirty U.S. academic institutions have been awarded a LAPS
grant, and most of the awardees are NCI-Designated Cancer Centers [23]. The cur-
rent LAPS grantees are listed on the NCI website [24].

17.2.4 NCI Community Oncology Research Program
(NCORP)

The NCI provides a robust infrastructure to encourage the participation of commu-
nity providers and centers in the national network. NCORP is a network of
community-based healthcare systems across the United States that conducts MCTs.
The sites are consortia of researchers, hospitals, physician practices, academic med-
ical centers, and other groups that provide healthcare services in communities. By
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providing access to clinical trials and the benefits of the latest research, the NCORP
allows populations that have been historically under-represented in cancer clinical
research to gain access to various cutting-edge national trials. These sites can receive
independent awards from the NCI [25] or they can receive appropriate reimburse-
ment directly from the network group in which they are affiliated.

17.2.5 Scientific and Administrative Oversight and Additional
Components of the NCTN

Whereas the individual cooperative groups develop and conduct each trial, and
member sites accrue participating patients, the NCI provides overall administrative
and scientific leadership. Logistically, the cooperative groups propose new trial con-
cepts to the NCI Disease/Imaging Steering Committees [26] which then evaluate,
prioritize, and eventually approve those trial concepts with the highest potential for
scientific impact. These committees also establish and review strategic priorities for
a given disease site or research area, maintain a balanced research portfolio across
the NCTN, and form task forces and working groups to focus on specific diseases.
Membership is composed of representatives from each of the NCTN cooperative
groups, NCORP representatives, community oncologists, biostatisticians, patient
advocates, and others. The Scientific Steering Committees and associated Task
Forces meet monthly, generally by teleconference.

The Coordinating Center for Clinical Trials (CCCT) [27] manages the scientific
steering committees and helps to coordinate NCI clinical trials oversight commit-
tees including the Clinical Trials and Translational Research Advisory Committee
(CTACQ). In order to perform trials that focus on using large populations to identify
tumor specifics that may respond to novel therapies, the CTAC oversees the organi-
zational structure, funding, and long-term strategic direction of these translational
trials [28].

There is immense complexity within the interplay between the various network
groups and members and their administrative support, oversight committees, and
support services. Figure 17.2 depicts the current NCTN organizational structure.

17.3 NCI-Funded NCTN Cooperative Groups

17.3.1 Group Meetings

In-person group meetings are typically held by each of the cooperative groups twice
yearly, in the fall and spring. These meetings are used to establish research goals
and review progress toward those goals, to educate the group membership, and to
review and disseminate new scientific data. All group members, including
physicians, research staff, and other personnel, are encouraged to attend the bian-
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Fig. 17.2 The current NCTN structure [24] NCORP NCI Community Oncology Research
Program, LAPS Lead Academic Participating Sites, /JROC Imaging and Radiation Oncology Core,
ITSAs Integrated Translational Science Awards, CIRB Central Institutional Review Board, CTSU
Cancer Trials Support Unit, CCCT Coordinating Center for Clinical Trials

nual group meetings. Although specific events and workshops may be only open by
invitation, most are open to the entire membership. Travel and registration to the
group meetings may be supported by the group’s committees or workgroups and is
often offered to ranking committee members.

17.3.2  Scientific Committees

The research agenda of each cooperative group is designed and implemented by its
scientific committees. These are primarily aligned with a cancer disease site or
group of sites (e.g., breast, gastrointestinal, and thoracic) but others include com-
mittees focused on disciplines (e.g., early therapeutics, prevention, and epidemiol-
ogy) or treatment modalities (e.g., radiation oncology). The number and array of
committees varies by group. Membership in the scientific committees is multidisci-
plinary. Each of the scientific committees is led by a committee chair who is
primarily responsible for the activities of the committee. The primary functions of
the scientific committees include defining scientific programs and developing,
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reviewing, and approving new research protocols. Committees often have liaisons
to other related committees who facilitate interaction and collaboration.

The actual work of the scientific committees is primarily conducted by smaller
subcommittees and workgroups which meet, typically monthly, by teleconference.
It is during these conferences that initial ideas for studies are formulated, vetted, and
prioritized. Studies with significant merit are brought forward to the scientific group
for evaluation at the annual or semi-annual group meetings.

17.3.3 Administrative and Support Committees

Administrative and research support committees, as their name would suggest, sup-
port the work of the scientific committees. Such committees generally include an
imaging committee, a publication committee, a pharmacy committee, a quality con-
trol committee, and others. The specific functions of these committees include pro-
viding scientific input, instituting quality control measures, developing educational
programs, and providing administrative support. The administrative committees do
not produce scientific study protocols on their own.

17.3.4 Surgical Committees

Because the cooperative groups are multidisciplinary groups, the list of each group’s
scientific committees does not include a committee with a specific focus on surgical
trials. However, in some of the cooperative groups (e.g., Southwest Oncology
Group), a discrete Surgery Committee exists among the roster of major administra-
tive committees. In others, a subcommittee with a surgical focus may exist within
each of the primary disease-site-focused scientific committees.

In the Alliance for Surgical Trials in Oncology, a unique collaboration with the
American College of Surgeons also exists: the Alliance/American College of
Surgeons Clinical Research Program (ACS-CRP). The mission of this program is to
reduce the impact of cancer by increasing knowledge and awareness of new evi-
dence and practice standards in surgery, to increase the participation of community
oncology surgeons in cancer research activities, to implement evidence-based prac-
tice in surgical oncology, and to create opportunities for meaningful health services
research. The ACS-CRP is composed of four committees: Education, Dissemination
and Implementation, Cancer Care Standards Development, and Cancer Care
Delivery Research. One of the primary products of this program is the Operative
Standards for Cancer Surgery manuals, which define technical standards for the
conduct of major oncologic operations [29, 30]. The ACS-CRP provides an excellent
opportunity for early-career surgeon investigators to become involved with coop-
erative group surgical research.
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17.3.5 Other Committees and Opportunities for the Surgeon

Other opportunities for the surgeon exist within each of the cooperative groups. The
Alliance for Clinical Trials in Oncology, for example, has major programs focused on
other aspects of clinical cancer research applicable to surgeons. These include the
Translational Research Program, which focuses on molecularly driven oncology and
focuses on the integration of translational endpoints into clinical trials. It also coordi-
nates the Alliance Biorepository System and provides oversight to translational cor-
relative studies. Similar programs exist within each of the other cooperative groups.

17.4 Protocol Development Within the NCTN: Idea
to Activation

The following series of steps represent the general approach to the planning and
conduct of a treatment trial within an NCTN cooperative group, from developing an
idea through activation (Fig. 17.3). Other types of trials, or treatment trials devel-
oped within other multicenter settings, may use a similar general algorithm.

Fig. 17.3 General process used to
develop a clinical trial within the Idea generation
NCTN

Group review and
approval of concept

:

NCI review and
approval of concept

:

Protocol development

:

Group/NCI review and
approval of protocol

:

Protocol activation




204 C.J. Allen et al.
17.4.1 Idea Generation and Concept Development

The first methodologic step is the formulation of a study question. Each clinical trial
should be designed to answer to a single primary clinical question that must be care-
fully selected and clearly defined. A clearly stated question encourages proper trial
design and determines the credibility of any findings; alternatively, a poorly con-
ceived study question will likely destroy a trial before it even begins.

Protocols designed to answer a specific study question are produced within the
scientific committees of each cooperative group. Once a clinical question is pro-
posed by a committee member, the member brings the idea to the committee chair
for support. Colleagues and collaborators on the sponsoring committee are assem-
bled, typically within a subcommittee or working group, to refine the clinical ques-
tion and to provide input on various potential study designs. This group of
collaborators must assess the feasibility of study within the cooperative group sys-
tem. Key issues such as the availability of cooperating investigators, the timeliness
of the study, possible competing trials, regulatory requirements, and total cost are
also considered.

The committee member who came up with the study idea is typically charged
with functioning as national study chair of the protocol, though early-career inves-
tigators may be matched with a senior mentor. The national study chair will be
responsible for developing the study as well as coordinating its conduct following
activation. Co-chairs may be assembled from other members of the multidisci-
plinary team, as well as other committees. For example, quality of life co-chairs and
imaging co-chairs may be responsible for the conduct of trial activities under these
respective purviews. Co-chairs may also be assembled from other cooperative
groups to facilitate intergroup collaboration.

Promising concepts are developed sequentially by the scientific committee over
time based on discussions that are held both at the in-person group meetings and on
teleconferences held between these major meetings. Because group meetings are
typically held only twice a year, the design of a study may be a lengthy process.

17.4.2 Group and Task Force Review

Once the scientific committee has developed a broad idea and general plan for a
study, it is formally drafted and submitted to the group’s Study Concept Review
Committee on an NCI/CTEP letter of intent (LOI) or concept submission form [31].
Fully developed concepts include scientific background, preliminary data, hypoth-
esis, inclusion/exclusion criteria, and a plan for study implementation that includes
its statistical design. Table 17.2 outlines the essential components of an LOI. Requests
concerning study funding are also typically requested at this time. Ideally, submis-
sion to the Study Concept Review Committee takes place following approval of the
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Table 17.2° Essential Rationale and background
components of investigator’s

LOI criteria for NCI/CTEP
evaluation

Hypothesis

Eligibility criteria

Study design

Treatment plan

Correlative studies

Endpoints and statistical considerations

References

concept by the appropriate NCI Task Force and Steering Committee. Once approved,
the concept is formally submitted by the group to the NCI’s Cancer Therapy
Evaluation Program (CTEP) for final approval.

17.4.3 Protocol Development

The study protocol is the formal plan for performing the trial. A well-designed study
protocol results in efficient initiation and conduct of the trial and allows each par-
ticipating investigator to better plan for staffing and implementation. Each partici-
pating investigator requires a protocol that is acceptable to his/her local institution
and Institutional Review Board (IRB).

Following CTEP approval, the national study chair and other co-investigators
finalize a draft of the protocol as well as construct the case report forms which will
be used to collect data from each study participant. The study protocol and case
report forms each then undergo a review process within the cooperative group. Once
approved, these documents are submitted to the NCI. The protocol is, finally, for-
warded to activation.

17.4.4 Study Activation

All studies conducted within the NCTN are available to all NCTN member sites.
Following approval, the group’s protocol office produces a memo that indicates a
study is officially open for accrual. A formal announcement is made on the NCI
website and the website of each of the participating cooperative groups. Once the
trial has been activated nationally, it is available for local activation at any NCTN
member site. Investigators at member sites decide which trials to activate locally on
the basis of their institutions’ research agenda and available resources. Investigators
who wish to activate and register patients to a study must obtain approval from their
IRB, although in certain situations and centers, approval from a central IRB may be
sufficient.
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Responsibility for the conduct of a study at the local level is assigned to a local
primary investigator who must be credentialed and registered with the NCI. Funding
for local conduct of the study is provided to each participating site through the
cooperative group mechanism and is typically paid on a per-registration basis.
These funds are used to pay for all study-related costs including nursing/oversight,
regulatory, study drugs and procedures, etc. Certain studies may require additional
credentialing and quality assurance. And, enrolling patients to a study may require
enrollment to companion studies.

17.4.5 Study Monitoring

Study conduct requires significant effort from local investigators, regulatory com-
mittees at each participating institution, and the NCI. Data monitoring committees
and multiple committees focused on quality control (e.g., pathology monitoring
committee) may be utilized, both at the national and local level. These committees
are independent of the investigators as they are designed to ensure both participant
safety and study integrity. This requires periodic monitoring of data and perfor-
mance [32]. As concerns for clinical trial integrity may occur [33-35], the indepen-
dence of these groups is critical.

17.4.6 Why Become a Member of an NCTN Group?

Numerous reasons exist for surgeons to become involved as an engaged member of
a network group (Table 17.3). First, there is inherent value in the ability to contrib-
ute meaningfully to surgical science. Involvement within the network groups also
affords opportunities for networking with and receiving mentorship from leaders in
the field. And, there are various avenues for leadership training and career develop-
ment through scientific discovery and funding. Indeed, each of the cooperative
groups offers multiple requests for application for funding throughout the year,
some of which specifically target early-career investigators.

For new investigators, conducting cooperative trials may have advantages versus
conducting institutional or industry trials. For example, cooperative group trials
allow the study of larger, more diverse populations and offer the support of a signifi-
cant regulatory and financial support infrastructure.

We feel, however, the best part of becoming involved is the fun! Participation in
the system, though it may appear difficult to navigate, can significantly add to per-
sonal career satisfaction. Nonetheless, anyone responsible for conducting or partici-
pating in a cooperative trial through the NCTN should have a full understanding of
the complexity of the undertaking. Many of the cooperative groups have early-
career investigator committees or programs, which may hold new investigator
courses to help new investigators navigate the cooperative group system [36].
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Table 17.3 Personal Advantages
advantages and disadvantages
in being involved in an
NCTN cooperative group

Education
Networking and mentorship

Opportunity to work side-by-side with key opinion leaders

Discuss novel ideas and learn clinical trial development
process

Leadership training and career development
Scientific contributions, publications

Opportunities for funding

Fun

Disadvantages

Process can be political
Time and effort
The system can be difficult to navigate

17.5 Conduct of Multicenter Trials OQutside of the NCTN

The NCTN includes a well-funded research infrastructure that allows for the safe
and efficient conduct of cooperative trials. However, conducting such trials without
the support of the NCTN is certainly feasible. While many of the aforementioned
steps required to develop and conduct a clinical trial are similar when performed
outside of the NCTN, planning an MCT in this setting requires additional resources,
an alternative infrastructure to deal with the regulatory burden involved, and a high
degree of coordination among participating research sites. Planning for an MCT
requires a similarly significant amount of preparation.

17.5.1 Regulatory Elements

Cooperative trials are extraordinarily complex. Financial teams are necessary to
allocate and coordinate resources among participating sites. Standard operating pro-
cedures for research training, protocol implementation, patient enrollment, and
treatment oversight across sites are necessary. Protocol and study support and man-
agement teams must exist to provide quality control mechanisms, to ensure high
quality standards, and to confirm data integrity and compliance with regulatory
requirements. Audit groups are necessary to evaluate the conduct of clinical trials
and collaborate with all stakeholders to offer guidance and education. Centralized
tissue banking and electronic health record (EHR) support may also be necessary to
facilitate accrual, to promote patient safety, and to ensure quality biospecimen
handling.

To deal with these and other complexities, major research institutions often have
internal programs and teams designed to provide support to investigators engaged in
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multicenter clinical trials. These programs provide support similar to those provided
by the centralized infrastructure of the NCTN. If interested in conducting or partici-
pating in an MCT outside of the NCTN, it is important to identify any local support
infrastructure and systems that may already be available within the institution or
within the local healthcare network.

17.5.2 Feasibility and Costs

Cost is a critical concern for all clinical trials. Cost is a particular concern for MCTs
given their typical complexity, size, and regulatory burden. Although funding for a
cooperative trial may come from any type of sponsor, grants specifically designated
to finance the planning of MCTs may exist from the NIH. Funds earmarked for the
conduct of trials may also be awarded through the NIH or other sources.

Planning for a specific trial should place a primary emphasis on the assessment

of feasibility. Pilot studies—small-scale tests of a planned larger study—may be
useful in this regard. These studies may be used to provide baseline data and accu-
rate sample size estimates, as well as estimates of the time and resources required to
complete a larger, more statistically robust trial.
Within a study protocol, expenses can be minimized by limiting the number of sci-
entific questions asked, by reducing the number of tests required as part of the pro-
tocol, by creating an efficient work and organizational structure, and by performing
only necessary quality monitoring [37].

17.5.3 Consensus

Multiple institutions may be involved in cooperative trials, and these trials typically
benefit from the expertise of a diverse group of investigators. However, achieving
consensus among the group is critical, both to the design and conduct of research
studies [38]. Reaching consensus may be difficult in many circumstances. Three
popular and well-recognized methodologies may be used to promote consensus-
building: focus group discussion [39], nominal group technique [40], and the Delphi
method [41]. Each of these consensus-building methods has advantages and disad-
vantages. Ultimately, a combination of various methods for achieving group con-
sensus can be employed.

17.5.4 Communication

Even if investigators think they have identified and dealt with all of the major scien-
tific and logistical obstacles to the safe and efficient conduct of an MCT, unantici-
pated problems will invariably arise due to their size, complexity, and the number of
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their associated investigators. This underscores the importance of effective com-
munication. Study leaders must maintain open lines of communication with the
participating institutions and investigators. Frequent in-person or virtual investiga-
tor meetings afford the ability to effectively communicate and address ongoing
issues. Group meetings are also an ideal way to stimulate and maintain interest in
a study.

17.6 Quality Control

Fundamental components of multidisciplinary cancer treatments include accurate
preoperative disease staging, consistent and meticulous surgical technique, and pre-
cise pathologic analysis. The absence of standardization and quality control in any
of these can adversely influence the accuracy of assessments of patients’ eligibility
for a clinical trial, the interpretation of the results of a trial, and ultimately, the out-
comes of a trial. Quality assurance is therefore a critical area in the design of coop-
erative trial protocols.

In a recent analysis of patients enrolled in a national cooperative trial of postop-
erative therapy for pancreatic cancer, an overwhelming inconsistency in the surgical
techniques used to resect study participants’ tumors was identified [42]. Substandard
surgical technique was hypothesized to contribute to the unexpectedly high rate of
local recurrence observed following treatment with the study regimen. Variation in
surgical quality has been demonstrated to influence rates of locoregional recurrence
and long-term survival following surgery for rectal cancer [43—46]. Yet, in another
report conducted by a cooperative group analyzing surgical and pathologic vari-
ables, surgeon variability and suboptimal surgical practices were identified in a
large population of patients receiving protocol-based therapy [44]. In recognition of
the potential influence of surgical technique on oncologic outcome and in an attempt
to minimize variation, consensus guidelines for the perioperative management of
patients with colorectal cancer have been established [47].

Although the College of American Pathologists (CAP) and the American Joint
Committee on Cancer (AJCC) both have standard protocols in place to direct histo-
pathologic analysis of surgical specimens resected in cancer operations, the degree
to which they are observed varies [48-56]. Diversity among pathologists with
regard to the methods used to analyze specimens may also help explain the dispari-
ties in rates of R1 resection and other important clinical metrics among clinical trial
participants. A recent report has shown that direct interdisciplinary assessment
instruments can be used to improve pathological quality assurance [57].

Finally, the importance of accurate perioperative staging must also be empha-
sized both as a means to predict prognosis and to accurately enroll patients in tri-
als. Still, inconsistency has also been found in staging practice in a recent
analysis [42].

Efforts to improve quality assurance within cooperative trials are ongoing. Emphasis
on quality assurance was considered, for example, within the protocol of the recent
“ALaCaRT” randomized clinical trial comparing laparoscopic-assisted versus open
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resection in rectal cancer. There were strict criteria for surgeon eligibility and
pathology assessment, and also audits of surgery, pathology, and other hospital data
[58]. Eligibility criteria to identify surgeon qualification included evidence of lapa-
roscopy expertise [58]. With regard to pathological assessment, all excision speci-
mens were processed and analyzed according to protocol recommendations, and
each pathologist was trained in assessing the mesorectal specimen [57, 59].

17.7 Final Words

In the end, cooperative trials play a major role in advancing knowledge in the fields
of medicine and surgery. The NCI and its NCTN provide a robust infrastructure to
help carry out these important studies for cancer, although MCTs certainly can be
conducted outside of this mechanism with enough planning and coordination. In
addition to the inherent value of the education and contribution to the scientific
field, involvement in cooperative group research affords the opportunities for net-
working and mentorship, leadership training and career development, scientific dis-
covery and funding, all of which can add to personal career satisfaction.
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Chapter 18
International Trials: Surgical Research
Networks

Marc A. Gladman

18.1 Introduction

In 1996, Richard Horton, the editor of the Lancet, published a damning commentary
“Surgical Research or Comic Opera: questions, but few answers” strongly criticiz-
ing the poor quality of surgical evidence and the lack of clinical trials [1]. Having
reported that almost half of all publications were in the form of case series, he called
into question the value of a large proportion, and indeed the future, of surgical
research and insisted that surgeons needed to find ways to conduct clinical trials to
retain their academic reputation [1]. In the two decades that have followed, surgeons
across the globe have responded, and journals are now populated with high-quality
surgical trials. Internationally, two important initiatives have facilitated the conduct
of such trials. First, instead of conducting surgical trials across single or multiple
regional centers, networks spanning entire nations/continents have been established
[2]; remarkably, the trials across these networks are run by surgical trainees and
medical students. Second, surgical trials have gone “global” and international col-
laborative surgical trials networks have been established [3]; importantly, centers
from low- and middle-income countries (LMICs) are included in these networks.
Today, the future of surgical research appears assured and the academic reputation
of surgery is preserved. This chapter will describe these national, continental, and
international networks, highlighting the key organizational factors crucial in their
establishment to facilitate the conduct of high-quality clinical trials in surgery.
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18.2 What Are Surgical Trials Networks and What Are
Their Benefits?

Clinical trials, involving the allocation of human participants to one or more health-
related interventions to evaluate the effects on health outcomes [4], are crucial in
assessing the safety, efficacy, effectiveness, and acceptability of surgical interven-
tions. The obvious challenges faced when planning/conducting clinical trials in sur-
gery are well documented and include difficulties with respect to blinding, surgical
disease, and intervention complexity, inconsistent expertise of care providers, and
differences in surgical volume and hospital resources and health system processes
between different centers [5, 6]. Accordingly, less than 1% of patients have histori-
cally been enrolled in surgical clinical trials [3]. However, this situation is changing
and, rather than working in isolation in single-centers, individual surgeons are
linking together with colleagues to form research collaboratives to deliver multi-
center trials.

Performing small studies in individual units is unlikely to achieve high-impact
publication and change surgical practice due to design limitations (small numbers,
short follow-up, etc.), even if the clinical questions being addressed are valid. By
contrast, working together and conducting trials in an identical manner across mul-
tiple units simultaneously allows the inclusion of a larger number of participants,
across a wider range of population groups with the ability to compare results among
centers in different geographic locations [7]. This in turn leads to the acquisition of
more robust data that is more likely to be published in high-impact journals and
influence patient care. The establishment of a network of collaborating units into a
“surgical trials network™ with inclusion of centers spanning entire regions, states,
countries, continents, and even the globe enhances the subsequent generalization of
the trial findings [8]. Such networks now exist in the United Kingdom, Australia and
New Zealand, and pan-Europe (see below). Important benefits are achieved by
“formalizing” these networks and have helped tackle some of the complexities of
conducting trials across multiple centers by providing efficient central coordination
and control of trials that facilitate standardized protocol implementation, data
management, and quality assurance.

Whilst the creation of national surgical trial networks has been an important
development in surgical research, the burden of surgical disease is global, with an
estimated 235 million major surgical procedures performed annually [9].
Historically, however, few clinical trials have involved international collaborations
[3]. In 2015, the Bangkok Global Surgery Declaration called upon the world to
“Strengthen Emergency and Essential Surgical Care and Anesthesia as a part of
Universal Health Coverage” and committed to “support activities that promote
global collaboration among all countries and regions to work towards implementa-
tion solutions for ensuring universal access to safe, affordable surgical and anesthe-
sia care when needed” [10]. Increasingly, LMICs report similar surgically treatable
diseases (i.e., cancer, cardiovascular disease etc.) as developed countries but the few
international surgical trials that have been conducted have failed to include LMICs,
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despite the obvious mutual interest of research collaboration [3]. The potential for
major public health gains through international collaboration in surgical research is
high and extending trials to LMICs allows a greater number of trials to be conducted
and increases the generalizability of the results achieved. GlobalSurg and the
National Institute of Health Research (NIHR) Unit on Global Surgery in the United
Kingdom (see below) are important recent initiatives that have facilitated the cre-
ation of international collaborative networks with the deliberate strategy of includ-
ing LMICs.

18.3 Nationwide and Pan-Continental Surgical Trials
Networks

18.3.1 The U.K. Surgical Trials Initiative

In 2011, The Royal College of Surgeons in England, together with the National
Institute of Health Research, Cancer Research U.K. and charitable partners, estab-
lished a network of surgical trial units across the United Kingdom to deliver multi-
center clinical trials within surgical specialties. Over 65 trials have been registered
to date, with active recruitment into over 40 trials, but the ultimate ambitious aim of
this initiative is to allow any surgical patient in the United Kingdom who wishes to
join a trial will be able to do so, and to ensure that every surgical trainee, by the time
they become a consultant (attending), will know that conducting trials is an essential
part of consultant (attending) activity and not be an optional extra [2]. Central to this
initiative was the establishment of a number of designated surgical trials centers
across the country with expertise in study design, data collection, and analysis.
Surgical specialty leads were appointed to work closely with these centers to
develop clinical networks and ensure delivery of the trials. Extraordinarily, the trials
are led by surgical trainees (residents), and regional networks in general surgery
have been developed to adopt a novel collaborative approach to research in the

United Kingdom (Fig. 18.1) [11].

18.3.1.1 Can Surgical Trainees Really Run Complex Clinical Trials
in Surgery?

As an apparent world-first, the central strategy (and key ingredient to success) of the
surgical trials initiative in the United Kingdom has been the trainee-led model of
surgical research networks. All collaboratives are aligned with existing organized
structures, including professional specialty associations (Fig. 18.1), which in the
United Kingdom includes the Association of Surgeons in Training, the Royal
College of Surgeons of England, and the Association of Surgeons of Great Britain
and Ireland who provide academic, structural, and logistical support to surgical
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Association of Surgeons in Training Royal College of Surgeons
National general surgical National surgical specialty
research collaborative research collaborative
Regional collaborative Regional collaborative
Local Local Local Local Local Local
trainees trainees trainees trainees trainees trainees

Fig. 18.1 Organization of the U.K, Trainee-led Research Collaborative Network. The Royal
College of Surgeons and the Association of Surgeons in Training oversee a national general surgi-
cal and surgical specialty research collaborative. The trials are led by trainees in networks sup-
ported by Surgical Trials Centers and Surgical Specialty Leads. Reproduced from: Bhangu N,
et al. Surgical research collaboratives in the UK. The Lancet 2013;382(9898):1091-1092.
Copyright © 2013 Elsevier Ltd

trainee collaborative development. However, is this support enough to allow train-
ees to successfully complete complex trials? The first regionally developed general
surgical research collaborative was the West Midlands Research Collaborative
(WMRC) who performed the ROSSINI (Reduction Of Surgical Site Infection using
a Novel Intervention) randomized controlled trial that recruited 760 patients across
21 centers to use either a wound-edge protection device or standard practice during
wound closure [12]. The rapid recruitment, large number of patients (providing
adequate power), impeccable organization and coordination, and minimal loss to
follow-up demonstrated the ability of trainees to plan, conduct, and publish high-
quality multicenter research in high-impact peer-reviewed journals [12].

It is evident that these collaboratives are focused on designing trials to actually
improve surgical care rather than just accumulating research outputs. The recently
registered follow-up ROSSINI-2 study will evaluate the use of three “in-theatre”
interventions to reduce SSI rates in patients undergoing surgery involving an
abdominal incision. Importantly, and in an attempt to deliver the highest quality tri-
als possible, as the experience and success of the trainees within the research col-
laborative have increased, so has the complexity of the trial design. For example, the
trainee-led ROSSINI-2 that has just launched is a phase III, multi-arm, multi-stage
(MAMS) pragmatic, blinded (patient and outcome assessor) multicenter, randomized
controlled trial with an internal pilot with a non-factorial superiority design with
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allocation of various combinations of the three interventions to be used during the
same operation, via seven possible treatment arms plus one control arm.

Following the success of the WMRC, ten diverse surgical research networks
were subsequently established allowing for almost complete coverage of the United
Kingdom. This National Surgical Research Collaborative went on to deliver the
Multicenter Appendicectomy Audit, including 3326 consecutive patients undergo-
ing appendicectomy from 95 centers during a 2-month period to investigate varia-
tion in provision and outcome of emergency appendicectomy [13]. Clearly, this
demonstrates that surgical trainees can lead trials not only at regional but also at
national level. However, “going national” requires additional structural consider-
ations to ensure successful implementation across large geographic areas. To facili-
tate the planning and communication, networks were organized by surgical specialty
to plan randomized trials focused on important specialty-specific research ques-
tions. For example, in gastrointestinal surgery, the DREAMS trial investigated
dexamethasone versus standard treatment for postoperative nausea and vomiting in
gastrointestinal surgery [14], and the ROCSS (Reinforcement of Closure of Stoma
Site) study [15] involved a successful collaboration between the trainee network and
industry to complete a large randomized trial for a complex surgical intervention.
The model has also worked for more specialized surgical disciplines (e.g., pediatric
surgery, neurosurgery, plastic surgery, and cardiothoracic surgery) that are central-
ized in tertiary units or large regional hospitals, and so require a national rather than
regional network (Fig. 18.1). In 2012, the British Neurosurgical Trainee Research
Collaborative was founded [16], the organization of which is shown in Fig. 18.2. In
2013, it launched its first national study: a prospective cohort study of patients with
chronic subdural hematoma, which collected data from 1205 patients from 26 units
across the United Kingdom [17] and has since launched more than 10 projects,
including randomized trials and further prospective cohort studies [16].

So, do these collaboratives actually cover the entire nation? In general surgery
alone, 238 of 241 U.K. hospitals (99%) providing general surgery services have
participated in one or more trainee-led collaborative studies over the past decade
[8]. Trainee groups have successfully delivered 15 studies: 12 observational studies
and three randomized controlled trials, coordinated by five regional and two
national trainee networks [8]. Examples of the general surgical trials conducted are
presented in Table 18.1. While the possibility of surgical trainees leading trials a
decade ago was almost inconceivable, the incredible success and achievements of
the U.K. network has overwhelmingly proven that anything is possible. Indeed,
trainees are ideally placed to deliver this model as they are motivated and are keen
to engage in formalized research and audit activities. Importantly, they are in regu-
lar contact with each other, increasingly via social media, and work at the coalface
in direct contact with patients facilitating their recruitment and enabling the
engagement of all surgical units. In the United Kingdom, surgical trainees usually
follow a rotational pattern through several hospitals in a region of the country. Even
though this is not always the case in other countries, young trainee connectedness
and readiness can facilitate the formation of research networks anywhere in
the globe.
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Fig. 18.2 Organization of The British Neurosurgical Trainee Research Collaborative (BNTRC).
The BNTRC committee is composed of the individual study leads and representatives from the
British Neurosurgical Trainee Association (BNTA). Each study has a study steering committee and
local leads (LL) at each neurosurgical center. Reproduced from: Chari A, et al. The British
Neurosurgical Trainee Research Collaborative: Five years on. Acta Neurochir (Wien).
2018;160(1):23-28. Copyright © 2017, The Author(s)

18.3.2 The Clinical Trials Network Australia and New Zealand

Having witnessed the remarkable success in the United Kingdom, The Royal
Australasian College of Surgeons (RACS), through its Section of Academic Surgery,
was keen to try to emulate the model to set up a clinical trials network in Australia
and New Zealand. This was all the more challenging given the enormous land mass
and geographic divide between two neighboring countries and the fact that surgical
training is overseen by totally separate bodies within each of these two countries. In
2017, the Clinical Trials Network Australia New Zealand (CTANZ) was established
following close communication with the Directors of the UK Surgical Trials
Initiative. CTANZ seeks to inspire current and future trainees to make a difference
by incorporating research into their daily practice. As in the U.K. model, surgical
trainees working in specialty networks are the principal investigators recruiting
patients into multi-center, prospective, clinical trials. The emphasis is on empower-
ing surgical trainees to design, conduct, analyze, and publish clinical trials during
their training. Again, the trainee networks are supported by appointed Surgical
Specialty Leads who mentor and provide arm’s length guidance to the networks.
CTANZ has worked closely with the RACS Trainee Association (RACSTA) to
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Table 18.1 Output of U.K. trainee research collaboratives in general surgery
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Coordinating | Data UK centers

Study group collection | included Status

National Appendicitis Audit WMRC 2012 76 Published [13]

Survey of Hernia Antibiotic LSRG 2012 34 Published [33]

Prophylaxis usE (SHAPE)

National Sepsis Audit SPARCS 2013 100 Published [34]

STARSurg-1 STARSurg 2013 108 Published [18]

Complicated Acute Diverticulitis | YSRC 2014 105 Analysis in

Study (CADS) progress

Determining Surgical STARSurg 2014 151 Published [19]

Complications in the Overweight

(DiSCOVER)

CholeS WMRC 2014 150 Published [35]

Packing of Perianal Abscess NWRC 2014 12 Published [36]

Cavities (PPAC)

GlobalSurg 1 GlobalSurg 2016 98 Published [30]

Outcomes After Kidney injury in | STARSurg 2015 160 Analysis in

Surgery (OAKS) progress

EuroSurg-1 EuroSurg 2016 14 Analysis in
progress

GlobalSurg 2 GlobalSurg 2016 44 Analysis in
progress

Reduction of Surgical Site WMRC/BCTU | 2010-2011 | 21 Published [12]

Infection using a Novel

Intervention (ROSSINI)

Dexamethasone Reduces Emesis | WMRC/BCTU | 2011-2014 | 45 Published [14]

After Major gastrointestinal

Surgery (DREAMS)

Reinforcement of Closure of WMRC/BCTU | 20122017 | 32 Published [15]

Stoma Site (ROCSS)

LSRG London Surgical Research Group, NWRC North West Research Collaborative, SPARCS
Severn and Peninsula Audit and Research Collaborative, STARSurg Student Audit and Research in
Surgery Collaborative, West Midlands Research Collaborative, YSRC Yorkshire Surgical Research
Collaborative

BCTU Birmingham Clinical Trials Unit, CHaRT Centre for Healthcare Randomised Trials,
CTRU-S Clinical Trials Research Unit, University of Sheffield, OMUL Queen Mary University of
London

establish seven trainee-led networks (see Table 18.2). These networks have contrib-
uted and are already contributing to numerous trials including: PREVENTT
(Preoperative Intravenous iron for anemia before major abdominal surgery); ITACS
(Intravenous iron to treat anemia before cardiac surgery) ; ECST-2 (European
Carotid Surgery Trial 2); POISE-3 (PeriOperative ISchemic Evaluation-3); GIVE
(Groin wound Infection after Vascular Exposure); SUNRRISE (Single Use Negative
pRessure dressing for Reduction In Surgical site infection following Emergency
laparotomy); and IMAGINE (Ileus Management International).
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Table 18.2 CTANZ trainee-led research networks

Name of network Span of network

General surgery

VERITAS Victoria, Tasmania, Northern
Victorian Collaborative for Education, Research, Territory

Innovation, Training and Audit by Surgical Trainees

QUEST Australia and New Zealand
Queensland Surgical Trainee Research Collaboration

STARC South Australia

South Australian Trainees Audit & Research

Collaborative

STORCC Central Coast, New South Wales
Surgical Trainee Organisation for Research,

Central Coast

Orthopedic surgery
New Zealand Orthopedic Surgery Network New Zealand

Pediatric surgery
ANZSCRAFT Australia and New Zealand

Australia and New Zealand Surgery in Children
Registrar’s Association For Trials

Vascular surgery
Perth Clinical Trials Unit ‘ Australia, UK, Europe, Asia

18.3.3 STARSurg: Whatever Surgical Trainees Can Do,
so Can Medical Students!

Inspired by the efforts of their recently graduated colleagues entering surgical
training, medical students in the United Kingdom with an interest in pursuing a
career in surgery refused to be outdone. The Student Audit and Research in
Surgery (STARSurg) collaborative is a national, student-led audit and research
network with representation from medical schools across the United Kingdom
and Ireland. It empowers students to participate in high-quality academic proj-
ects, forming links with supervising trainee and consultant (attending) surgeons.
But if surgical trainees conducting trials seemed unlikely, surely the prospect of
medical students contributing to, running and publishing, surgical trials is an
impossibility. Apparently not. STARSurg’s first national project saw 258 student
collaborators representing 31 U.K. medical schools work together to collect out-
comes data over a two-week period on a prospective cohort of 1500 patients
across 109 U.K. hospitals that went on to be published in Europe’s leading surgi-
cal journal [18]. To prove that this wasn’t “beginner’s luck” they subsequently
went on to publish prospective, observational, multicenter studies investigating
the impact of body mass index on postoperative complications following gastro-
intestinal surgery [19] and acute kidney injury following major elective non-car-
diac surgery [20, 21]. RECON (REspiratory ComplicatiOns after abdomiNal
Surgery) is the latest STARSurg international audit and will investigate the inci-
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dence of postoperative pulmonary complications (PPCs) following major abdom-
inal and incisional hernia surgery and evaluate adherence to perioperative
measure to reduce their risk.

18.3.4 EuroSurg: The European Student Research
Collaborative

The EuroSurg collaborative is a pan-European medical student and trainee-led sur-
gical research network that runs high-quality, multi-center, international studies. It
adopts a similar organizational structure to STARSurg (see Fig. 18.3). Data collec-
tion is performed by “mini teams” of two or three medical students and at least one
junior doctor (resident), supervised by a senior consultant (attending) throughout
the data collection period. Local leads are in charge of organizing students and doc-
tors into these mini teams and are responsible for the smooth running of the project
in individual medical schools. Finally, regional leads ensure the overall running of
the project in respective countries. They are responsible for coordinating with local

STARSurg National Study ‘Mini-teams’ : Structure, Roles and Responsibilities

Medical student

STARSurg )
Independent data validator

mini-teams
e i
Consultant - Other
(Attending) mini-teams
A Other
mini-teams

Junior Doctor
(Intern/Resident)

Medical student

Local audit department
Medical student
Medical student Junior doctor Consultant (attending) Independent validator
* Registers audit/ (intern/resident) « Clinical governance « Validates data collected
research locally * Supervises students « Overall responsibility * Work at selected data
* |dentify patients for * Assists in registering for patient care collection sites
inclusion in study audit/research « Supervises junior * Reports to steering
« Data collection * Helps identify patients doctor and students committee

Fig. 18.3 Organization of the medical student-led research collaborative — STARSurg / EuroSurg:
Reproduced from: STARSurg Collaborative. Outcomes After Kidney injury in Surgery (OAKS):
protocol for a multicentre, observational cohort study of acute kidney injury following major gas-
trointestinal and liver surgery. BMJ Open. 2016 Jan 14;6(1):e009812. Copyright © 2016 with
permission from BMJ Publishing Group Ltd
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leads to ensure the project is running well in each medical school. They also update
the steering committee on the progress of the project. In 2018, EuroSurg conducted
IMAGINE (Ileus Management International), a multicenter prospective cohort
study across two continents: Europe and Australasia [22]. This study aimed to assess
the role of non-steroidal anti-inflammatory drugs (NSAIDs) for reducing ileus after
surgery, recruiting over 4000 patients and has recently been published [23].

18.4 Global Surgical Trials Networks

International collaboration in surgical research, facilitating large multinational trials
that cross cultures and levels of socioeconomic development, should have faster
results and wider applicability than single-country trials. However, conducting trials
across multi-centers in different countries is complex and requires painstaking co-
ordination, quality control, and data management. Furthermore, the manner in
which the protocol is implemented should be clear and similar at all centers. Despite
these apparent disincentives, there are examples of high-quality surgical trials being
successfully conducted by international collaborators, one of which was the STICH
randomized trial that compared early surgery with initial conservative treatment for
patients with intracerebral hemorrhage, recruiting over 1000 patients from 83 cen-
ters in 27 countries [24]. Currently, there are numerous international surgical trials
being conducted, some examples of which are presented in Table 18.3.

Given that the burden of surgical disease is global, and that LMICs report similar
surgically treatable diseases as developed countries, there is obvious mutual interest
for research collaboration and the potential for major public health gains is high [3].
In the 1980s, HIV surged onto the public health agenda and gained international
coverage. During the ensuing two decades, the number of global clinical drug trials
expanded with developing countries increasingly involved due to lower costs,
improved access to previously untreated patients, and improvements in healthcare
infrastructure in these regions. Accordingly, considerable progress has been made
tackling many non-surgical global diseases. Less encouragingly, it has recently

Table 18.3 International collaborative surgical trials

ROLARR: Robotic versus laparoscopic surgery for rectal cancer surgery

GLiSten: Next-Generation intraoperative Lymph node staging for Stratified colon cancer surgery

LAVA: Liver resection surgery versus thermal ablation for colorectal LiVer MetAstases

IntAct: Intraoperative Fluorescence Angiography to Prevent Anastomotic Leak in Rectal Cancer
Surgery

COMICS: Conventional versus Minimally Invasive extra-corporeal circulation in patients
undergoing Cardiac Surgery: a randomized controlled trial

VERDICT: Preoperative Volume Replacement vs. usual care in Diabetic patients having CABG
surgery: a randomized controlled trial

STAR-TREC: TransAnal microsurgery following (chemo) Radiotherapy versus 7otal
mesorectal excision for early REctal Cancer
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been demonstrated that more people (4.2 million) die within 30 days of surgery each
year than from all causes related to HI'V, malaria, and tuberculosis combined (2.97
million deaths) [25]. Indeed, this number of postoperative deaths accounts for 7.7%
of all deaths globally, making it the third greatest contributor to deaths, after isch-
emic heart disease and stroke [25]. Furthermore, five billion people do not have
access to safe, timely, and affordable surgical care. In LMICs, the problem is even
more acute, with 9 out of 10 people lacking access to even the most basic surgical
services.

Unfortunately, the worldwide expansion of surgical trials has only occurred
this decade [3]. While considered ambitious, or perhaps even impossible, the suc-
cessful completion of trials emanating from international research collaboration
across countries of different socioeconomic development confirms that such an
aspiration can be achieved by surgeons. Examples include the WHO checklist
development in the Safe Surgery Saves Lives project [26], the CRASH-2 (Clinical
Randomization of an Antifibrinolytic in Significant Hemorrhage) trial on
tranexamic acid in trauma [27, 28], and development of globally agreed metrics of
outcome surveillance [29].

18.4.1 The Global Surgical Outcomes Collaborative:
GlobalSurg

GlobalSurg was founded in 2013 and is a collaborative of surgeons and research
methodologists who aim to conduct pragmatic, patient-facing research focused on
LMICs. GlobalSurg has successfully completed two observational studies in
abdominal surgery, involving 25,000 patients from over 100 countries. GlobalSurg-1
aimed to identify variation in outcome of emergency intra-abdominal surgery across
international settings and demonstrated that 24-h and 30-day mortality were higher
in LMICs compared to high-income countries [30], and GlobalSurg-2 aimed to
determine worldwide surgical site infection (SSI) rates following gastrointestinal
surgery and demonstrated that they were twice as common in LMICs [31]. Currently,
GlobalSurg-3 is collecting data and aims to determine variation in quality of cancer
surgery worldwide by measuring 30-day mortality and complication rates in patients
undergoing surgery for breast, gastric, and colon cancers.

18.4.2 The UK NIHR Global Health Research Unit
on Global Surgery

The NIHR Global Health Research Unit on Global Surgery was established in 2017
and is led by the University of Birmingham in the United Kingdom, in partnership
with the Universities of Edinburgh and Warwick, along with partners from the
GlobalSurg Collaborative in a number of LMICs. The main objective of the unit is
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to build sustainable clinical research capacity in LMICs by establishing indepen-
dent research hubs to conduct clinical trials for surgical patients. Each hub runs
clinical trials and cohort studies and supports research training and education. In
addition, the hub center works with other “spoke” hospitals within their country,
supporting them to conduct trials.

The unit is currently coordinating three clinical trials. The Falcon trial has taken
the baseline data provided by GlobalSurg-2 and is a pragmatic multi-center factorial
randomized controlled trial testing measures to reduce surgical site infection in
LMICs. Following GlobalSurg-3, the Crane trial will be the first high-quality global
cluster randomized trial of a nutritional supplement given to malnourished patients
prior to cancer surgery in LMICs. The European Society of Coloproctology safe-
anastomosis program (EAGLE) is an international, cluster randomized-sequence
study of a safe-anastomosis quality improvement intervention to reduce anasto-
motic leak following right colectomy and ileocaecal resection and will collaborate
with researchers in high-, middle-, and low-income countries all around the world,
involving hospitals across Europe, South East Asia, South America, the United
States, Saudi Arabia, North Africa, and Russia.

18.5 Establishing Surgical Research Collaborative
Networks: Practical Considerations

Getting started is always the biggest challenge. Trainee-led research collaboratives,
as described in this chapter, are complex groups involving multiple units, each of
which are centered in individual hospitals in geographical regions. Each of these has
a degree of academic heterogeneity in terms of resources that may include trialists,
epidemiologists, health economists, and clinicians, working jointly from discipline-
specific bases. Naturally, the most important determinant of success is teamwork
and effective communication between all stakeholders involved. The key groups of
individuals to identify and involve at inception are:

1. Enthusiastic, committed local surgical trainees (residents) at each site to lead the
trials; clinical (for ideas generation) and local (logistics of hospitals, etc.) knowl-
edge are essential.

2. Senior surgeons (attendings) at each of the sites to mentor, support, and advocate
for the junior trainees locally.

3. Trial experts who can advise regarding study design, methodology, statistics, and
analysis.

Usually, interest is not a problem, but it is important to “work with the willing-
ness” from the outset and identify “champions” who will advocate and support the
development of the collaboration. Next, an organizational structure needs to be
established to allow “control and command” of the projects/trials. The networks
presented in this chapter have all adopted a very similar structure that has proved
successful and achieved reliable outputs. Typically, this involves three tiers:
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1. An expert steering committee that is involved in protocol design and initiation of
communication centrally to teams and trainees.

2. A multidisciplinary team involving trial experts/senior surgeons (usually spe-
cialty led) with experience conducting trials. This team provides academic sup-
port and organizes/communicates with the local teams.

3. Local (hospital-level) teams of several trainees (residents) and/or medical stu-
dents paired with a consultant (attending) surgeon for advocacy and mentorship.
The local teams are responsible for patient recruitment and data collection/entry.

The organizational “hierarchy” presented above should be meant for the pur-
poses of “direction/steering’ only, as it is important to note that trainees are the criti-
cal element of success and for the trials to be run with a “bottom-up” trainee
(resident)-driven rather than “top-down” consultant (attending) dictated approach.
The trainees need to be empowered and allowed to function autonomously. However,
they need access to senior clinicians/academics with experience conducting trials
for support, mentorship, and academic leadership when appropriate, despite being
trainee-led.

The last component to consider is the operationalization of the trial network. For
early promotion of the concept and engagement of trainees, an “old-fashioned”
face-to-face forum, preferably a break-out from other existing scheduled activities
that brings trainees together (e.g., training meetings/scientific congress), is a great
way to achieve this when establishing the new network. Communication and infor-
mation sharing are fundamental. Continued communication between trainees and
senior surgeons/mentors and, perhaps more importantly, between trainees, is cru-
cial. Whilst this can be promoted and enhanced using modern technology and social
media, regular meetings/forums can serve as a good opportunity for sharing of
ideas/problems/solutions. Scheduling is always a challenge but predictable, acces-
sible meetings that create minimal inconvenience for all concerned tend to be most
fruitful. Early on, trainees will need more support/access to the expertise of senior
surgeons/specialty leads. Starting with simple trials to cultivate interest and build
confidence before working up to more ambitious projects will ensure the creation of
a robust network and will translate rapidly to up-skilling of trainees and research
outputs. Dissemination of information between the “hierarchical levels” and clear
definition of roles and goals for all concerned will lead to efficient operations.

Important principles for the ongoing management of research collaboratives so
that they deliver high-quality research projects have been shared by the West
Midlands Research Collaborative (WMRC); the first trainee-led collaborative that
have produced sustained outputs for over a decade and include: (1) engagement of
committed trainees who are determined and can corral colleagues into contributing;
(2) ensuring shared benefits by crediting all contributors in final publications; (3)
obtaining endorsement and encouragement from national surgical/research organi-
zations/institutions; (4) enlisting inspirational senior mentors; (5) retaining active
trainee-level leadership so that committee members build experience; (6) develop-
ing the network locally and expand it as it becomes more established; (7) identifying
supportive academics to gain partnership for funding applications; and (8) deliver-
ing efficient administration (central trials office and at each local site, etc.) [32].
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Important considerations for sustainability and longevity are authorship, research
outputs, and funding. All those actively involved in collaborative trials and studies
are credited in final papers in the collaborative models presented in this chapter in
line with indexing and journal policies for large studies. Authorship policies should
be agreed upon at the start of all projects and strictly adhered to. Research outputs
take time to emerge but success breeds success and help build a track-record for
future funding applications. Obtaining funding for projects can be challenging, but
linking trainees with academics who have secured competitive funding for guidance
and mentorship gets them involved in the process.

18.6 Conclusion

During the last two decades, the quality of surgical research has improved dramati-
cally. Surgeons have become engaged in the conduct of clinical trials across multi-
ple centers, which has been facilitated by the creation of trainee-led networks that
span entire nations, continents, and now even the globe—with the inclusion of
LMICs. For the population, this should lead to improved care for surgical patients,
the global delivery of advances in surgical care, and dissemination of best practice.
For the profession, a culture of trials will be established in surgical practice as these
trainees become consultants (attendings). Surgeons will be trained to enter patients
in clinical trials, which will hopefully become the “norm” and an “essential” rather
than a “desirable” attribute for a consultant (attending) surgeon. Contrary to previ-
ously articulated concerns, the future of surgical research appears assured and the
academic reputation of surgery preserved.
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Chapter 19 )
Inclusion of Patient-Reported Outcomes b
in Clinical Trials

Lindsey M. Zhang, Cord Sturgeon, Anthony D. Yang, and Ryan P. Merkow

19.1 Introduction

When evaluating the outcome of an operation, surgeons are traditionally focused on
issues of morbidity and mortality. Although it is extremely important to know met-
rics such as the occurrence of a surgical site infection or death after surgery, measur-
ing the patient perspective is also necessary for determining the success of an
operation. A patient-reported outcome (PRO) is defined by the U.S. Food and Drug
Administration as “any report of the status of a patient’s health condition that comes
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directly from the patient, without interpretation of the patient’s response by a clini-
cian or anyone else” [1]. An example of a PRO might include a patient’s character-
ization of postoperative fatigue or their physical function satisfaction after an
operation, as both determinations are made by the patients themselves and cannot
be directly measured or observed. Studies have shown that clinical or physical
assessments are not always reflective of how the patient actually functions or feels,
highlighting the importance of incorporating PROs into surgical practice [2].

In recent years, both the research community and U.S. governmental regulatory
bodies shifted focus to incorporate the patient’s perspective in quality assessments.
In 2010, the Patient-Centered Outcomes Research Institute (PCORI) was estab-
lished as a part of the Patient Protection and Affordable Care Act. PCORI was born
from a concern that research efforts in medicine fail to capture what matters most to
patients and their families, and the Institute has since funded hundreds of studies
focused on improving patient-centered care [3]. A unique aspect of many of the
funded projects is that they are clinical trials which have a focus on PROs as either
an outcome or intervention. Incorporation of PROs in clinical trials is a growing
trend and will be an essential skill for academic clinicians. In this chapter, we will
review the application of PROS into clinical trials including methods of integration,
strategies for PRO measurement, and guidelines for protocol development and
publication.

19.2 Integrating PROs into a Clinical Trial Design

In the world of scientific inquiry, the randomized clinical trial reigns supreme, pro-
viding the highest quality of evidence for healthcare decision-making. Use of PROs
in clinical trials has increased steadily since the early 2000s, and encouraging results
from these studies have shown that clinical trials are well positioned to improve
patient-centered outcomes [4]. PROs can add value to clinical trials in many ways.
This section will discuss different methods of incorporating PROs into clinical trials
(Fig. 19.1) as well as several examples from the medical literature that highlight the
impact of measuring the patient perspective in medicine.

19.2.1 Patient-Reported Outcomes as the Qutcome

Evaluating PROs as a primary or secondary outcome provides unique insight into
the patient’s perception of the impact of an intervention. Consider, for example, a
clinical trial comparing Drug A to Drug B. Traditional outcomes might discover that
Drug B has better disease-free survival compared to Drug A, suggesting that Drug
B is the superior medication. However, imagine if evaluation of PROs as a second-
ary outcome revealed that patients report severely reduced physical function and
worse gastrointestinal symptoms with Drug B, suggesting that, outside of a clinical
trial, there may be low drug adherence. Knowledge that a drug might be tolerated
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Fig. 19.1 Methods for incorporating PROs into clinical trials. Using a clinical trial for back pain
as an example, participants can be assigned to receive physical therapy or surgery with scoring on
a PRO measurement instrument evaluated as the outcome (Left). Alternatively, patients can be
assigned to undergo routine PRO measurement and usual care as the intervention vs. usual care
alone, and morbidity and mortality are evaluated as the outcome (Right)

poorly or frequently discontinued would be a key finding for this study. This exam-
ple highlights the importance of measuring the patient’s perspective when shaping
patient-centered care. In addition to serving as a secondary outcome and providing
context to other traditional health outcomes, PROs can also be measured as the pri-
mary outcome of a clinical trial.

In a study by van de Graaf et al., early intervention with arthroscopic partial
meniscectomy was compared to physical therapy for knee function after a meniscal
tear [5]. The primary outcome for this study was a patient-reported measure of knee
function as evaluated by a scale called the International Knee Documentation
Committee Subjective Knee Form. The results of the study showed that there was a
similar increase in post-intervention patient reported knee function scores compared
to pre-intervention in both the surgical and physical therapy arms. Currently, early
surgery is a common treatment for meniscal tears, but the PROs of this study sug-
gest that patient perceived outcomes of function are similar between both interven-
tions. This finding allows clinicians to have a more patient-centered discussion
regarding the two treatment options.

19.2.2 Patient-Reported Outcomes as the Intervention

In addition to serving as the outcome of a study, PROs can be incorporated into
clinical trials as the intervention itself. Utilizing patient feedback as an intervention
or part of an intervention can provide valuable knowledge on the effect of PROs on
morbidity and mortality. In a 2017 study by Basch et al., the use of PROs during
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chemotherapy for metastatic tumors was compared to usual care and the outcome of
overall survival was evaluated [6]. The results of this study showed that the inter-
vention arm, which randomized patients to have PROs integrated into the care path-
way, had a median survival of 31 months, a statistically significant survival benefit
compared to the usual care arm with a median survival of 26 months. Possible
explanations for this finding include earlier symptom detection and more personal-
ized care management, allowing for better chemotherapy tolerability and adherence.

A randomized clinical trial performed by Cleeland et al. evaluated not just the
measurement of PROs but also the effect of PRO feedback to providers [7]. The
focus of this study was on patients undergoing cancer surgery that included a thora-
cotomy, an operation with a notoriously difficult postoperative recovery. For all
enrolled participants, PROs were elicited two times per week for a month in the post
discharge phase of care. Those randomized into the intervention arm additionally
had alerts sent to their physicians if PRO measurement reached a threshold score,
suggesting the patient was experiencing severe symptoms. This was referred to as a
“symptom threshold event.” The control arm had no alerts to providers for symptom
threshold events. Results of the study revealed that those in the intervention arm had
a statistically significant decrease in the overall number of PRO measurements that
reached the symptom threshold compared to the control arm. The results also
showed a significantly faster decline in symptom threshold events over time for the
intervention arm compared to the control. From this randomized clinical trial, the
impact of evaluating PROs with internal feedback and clinician alerts demonstrates
how profound the impact of PROs can be on patient care and comfort.

19.3 Measuring and Interpreting PROs

For researchers who want to incorporate PROs into clinical trials, as either the out-
come or the intervention, it is critical to understand the appropriate measurement
methods and tools. Measuring PROs in an objective manner is an inherently diffi-
cult task, as the purpose of a PRO is to assess a patient’s subjective perception of his
or her own health and function. Fortunately, there are several guidelines and exam-
ples of validated, objective ways to measure PROs that can be used to properly
incorporate patient feedback into clinical trials.

In 2010, the Consensus-Based Standards for the Selection of Health Status
Measurement Instruments, or the COSMIN study, published a checklist of neces-
sary properties for a well-designed PRO measurement tool [8]. This checklist
includes four major areas—Reliability, Validity, Responsiveness, and Interpretability.
In short, a high-quality PRO measurement instrument should produce consistent
results, and variance in outcome should be reflective of differences between patients
rather than random error. The content and structure of the tool should adequately
address the patient-reported measurement of interest and should be generalizable
across ages and cultures. Responsiveness refers to an instrument’s ability to detect
change in answers over time, an especially important feature for any instrument
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used to measure PROs in a clinical trial. Finally, a PRO measurement tool should
produce results that can be interpreted and translated into clinically relevant infor-
mation. The COSMIN checklist, updated in 2018 to the COSMIN Risk of Bias
Checklist, can serve as a guideline for researchers interested in evaluating the qual-
ity of a PRO measurement tool or for developing a PRO instrument for use in their
studies [9].

For researchers interested in using previously validated tools, several exist for
measuring PROs. One example includes the Patient-Reported Outcome Measurement
Information System, or PROMIS® tool, created in 2004 as an initiative of the
National Institute of Health [10]. Within PROMIS, there are hundreds of different
PRO measures spanning the domains of physical, social, and mental health for both
adults and children (Fig. 19.2). The PROMIS measures are free and available for
public use. Researchers can choose the PROs that they are interested in, such as
depression or physical function, and access psychometrically validated measure-
ment instruments for clinical or research use. When PROMIS measures are used,
results are provided as a “T-score,” where a T-score of 50 represents the reference
score of the general U.S. population and every 10 points below or above 50 repre-
sent one standard deviation from the mean. Interpreting the results of a 7-score

& S~ PROMIS® Adult Self-Reported Health ~ ——— [ Giobal heaith

PROMIS Physical health Mental health Social health

PROMIS Profile

Domains
Dyspnea Alcohol Companionship
Gastrointestinal Anger Satisfaction with
symptoms - . social roles and
o Cognitive function cEiviies
C Life satisfaction Social isolation
Pain behavior :
PROMIS Additional Meaning and purpose Soclal suprort
Domains Pain quality Positive affect o

Sexual function Psychosocial illness

Sleep-related impact

impairment Self-efficacy for

managing chronic
conditions
Smoking
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Fig. 19.2 Patient-reported outcome measurement information system (PROMIS) measure
domains (© 2008-2019. Reprinted with permission, PROMIS Health Organization. PROMIS is a
registered trademark of HHS)



234 L. M. Zhang et al.

depends on the PRO being measured. For example, using the PROMIS measure for
depression, a T-score of 80 would mean more depressive symptoms compared to the
general population. However, a T-score of 80 when using the PROMIS measure for
physical function would mean better functionality compared to the population
mean. PROMIS provides a wide variety of measurement options for interested
researchers, but there are certainly other validated tests and tools available. For
example, in the Basch study, PROs were measured using EQ-5D, a standardized
instrument that measures patient mobility, ability for self-care and activity, pain,
and anxiety [11]. The Cleeland study utilized the MD Anderson Symptom Inventory,
a measurement instrument designed specifically for cancer patients to assess sever-
ity of symptoms and their impact on daily living [12]. Researchers should choose
the instruments that best measure the PROS of interest and address the objectives of
the study.

19.4 Guidelines for Including PROs in a Clinical
Trial Protocol and Report

There are several guidelines available to researchers interested in including PROs in
a clinical trial. The Standard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) statement provides a checklist of key topics to address in the devel-
opment of a clinical trial protocol [13]. Aligned with the increased focus on PROs,
the SPIRIT-PRO extension statement was published outlining the necessary aspects
of including PROs in clinical trial protocols [14]. Additionally, the Consolidated
Standards of Reporting Trials, or CONSORT group, which provides guidelines on
how to write up and report the results of a clinical trial, has now published a
CONSORT-PRO checklist [15, 16]. The inclusion of PROs into these consensus
guideline statements highlights the burgeoning importance of the patient perspec-
tive for the future of clinical trials.

19.5 Limitations and Challenges to Using
PROs in Clinical Trials

While there are numerous benefits to incorporating PROs into clinical trials, such an
endeavor does not come without its challenges. Objectively measuring PROs
requires a high-quality measurement instrument and, for some clinical studies, there
may not be a previously validated tool for measuring the PROs of interest. Creating
an appropriate test can be a difficult task for researchers to undertake and using an
inappropriate tool may undermine the validity of the clinical trial. Furthermore,
implementing these PRO instruments can be logistically challenging. In the Cleeland
study, for example, PROs were measured twice weekly for a month for each patient.
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While this provided an incredibly rich source of data for researchers to interpret, it
likely required a significant investment of personnel, expertise, and time.
Incorporating PROs into any clinical trial will demand extra resources, which may
limit the feasibility of their integration. Additionally, surgeons interested in PROs in
clinical trials must consider possible disruption to surgical workflow, challenges
coordinating PRO measurement with electronic health records, and the potential
need to risk adjust the inherently subjective information measured in PROs.

19.6 Conclusion

The field of surgery has changed immensely over the past centuries from what was
once the purview of the town barber to what can truly be considered a well-
researched and evidence-based area of medicine. As surgeons continue to learn
more about the impact of both operative and non-operative treatments on patients, it
has become strikingly clear that the next stage of evolution in surgery must be to
incorporate the patient voice and experience as complementary outcomes to tradi-
tional measures. Although there remain challenges to including PROs in clinical
trials, the incorporation of PROs provides the unique opportunity for clinicians to
improve not only morbidity or mortality but also patients’ functional outcome. As
demonstrated by the examples detailed in this chapter, incorporating PROs into
clinical trials can provide crucial information to help shape patient-centered care,
and there is little doubt that PROs will continue to be an important, if not required,
component of prospective studies in the future.
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Chapter 20
Participation in Clinical Trials as a Clinical
Trialist for the Community Surgeon

Check for
updates

Jonah D. Klein and Ned Z. Carp

20.1 The History of Clinical Trials in Community Hospitals

In order to discuss the community surgeon’s involvement in clinical trials, it is nec-
essary to understand the evolution of how community clinicians have been involved
in clinical trials. This evolution and transformation will originally focus on oncol-
ogy. In the 1950s, the National Cancer Institute (NCI) began its Clinical Trials
Cooperative Group Program, which has been the primary means of how community
clinicians have been involved in national clinical trials [1]. Since its inception, the
Cooperative Group Program has undergone consolidation and restructuring [2].
Over the first few decades of the cooperative group’s existence, its primary objec-
tive was developing and testing new chemotherapeutic agents, but this transformed
into various clinical trials for the treatment, prevention, and detection of disease.
Several cooperative groups formed based on specialties (Fig. 20.1) which greatly
enhanced the enrollment capabilities for clinical trials. In the more recent decades,
most of the original cooperative groups restructured and underwent mergers to con-
solidate (Fig. 20.1). These mergers represent the present-day structure of the coop-
erative groups. The general organization of the current cooperative groups
(ECOG-ACRIN, The Alliance, NRG, COG) include lead academic institutions,
institutional affiliates, sub affiliates, and importantly community hospitals via the
National Cancer Institute (NCI) Community Oncology Research Programs
(NCORPs), further outlined in the next section.

Most community-based clinical trials involving cooperative groups have been in
oncology. Since the 1970s, community hospitals have been involved in national
research and clinical trials. At that time, it was evident that many patients sought
care at community hospitals, but there was concern that community clinicians
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I NCI Cooperative Group Consolidations I

American College of Radiology Imaging Network (ACRIN) - 1999 ] ECOG-ACRIN — 2012
Eastern Cooperative Oncology Group (ECOG) - 1955

American College of Surgeons Oncology Group (ACOSOG) - 1998 ] _
Cancer and Leukemia Group B (CALGB) - 1976 —> The Alliance — 2014
North Central Cancer Treatment Group (NCCTG) - 1977

National Surgical Adjuvant Breast and Bowel Project (NSABP) - 1957 |
Radiation Therapy Oncology Group (RTOG) - 1968 —> NRG-2014

Gynecologic Oncology Group (GOG) - 1970
International Rhabdomyosarcoma Study Group (IRSG) - 1972 —
National Wilms Tumor Study (NWTS) - 1969 .
Pediatric Oncology Group (POG) - 1980 —> Children's Oncology Group (COG) - 2000
Children's Cancer Group (CCG) - 1950s _|

Southwest Oncology Group (SWOG) - 1956

NCI Community Cooperative Groups I

Cooperative Group Outreach Community Clinical Oncology 5. NCI Community Oncology
Program (CGOP) — 1970s Program (CCOP) — 1983 Research Program (NCORP) — 2014
NCI Community Cancer Center Program (NCCCP) — 2007

Clinical TrialsSupport Unit (CTSU) — 1999

Fig. 20.1 Origination, mergers, and consolidations of oncology cooperative groups

wouldn’t have interest in participating in clinical trials. There was further concern
that community hospitals couldn’t submit data of adequate quality, violate protocols,
and not pay strict attention to eligibility criteria. To evaluate and mitigate these con-
cerns, in 1976, the Eastern Cooperative Oncology Group (ECOG) initiated a pro-
gram to involve community hospitals in multi-institutional clinical trials. At the time
of this study initiative, there were 28 member institutions of ECOG, and after
5 years, ECOG expanded to 112 community hospitals, contributing an additional
accrual of over 4500 patients in clinical trials. The data quality, eligibility standards,
protocol compliance, and outcome measures were assessed, and they achieved equal
outcomes when comparing community hospitals to ECOG member institutions [3].

The first cooperative group programs for community hospitals were the
Cooperative Group Outreach Program (CGOP), and in 1983, the Community
Clinical Oncology Program (CCOP) was initiated [4]. CCOP was structured to
enable community hospitals to enroll patients in national clinical trials. There were
62 original participants in the CCOP, most of which had prior experience with the
CGOP [4]. The Southwest Oncology Group (SOG) was one of the first cooperative
groups to integrate these community research programs into their patient accrual
increasing community physician participation [5].

The impact of community surgeons on clinical trials is demonstrated in 1985
when the New England Journal of Medicine published the five-year outcomes of the
NSABP B-06 study. This study was the follow-up to the NSABP B-04 study that
published six-year data in 1977 demonstrating that there is no difference in treat-
ment failure or survival in clinically node negative patients undergoing the Halsted
radical mastectomy, total mastectomy with radiation or total mastectomy followed
by axillary dissection in those that develop positive nodes. The NSABP B-06 study
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demonstrated that a segmental mastectomy followed by breast radiation, and adju-
vant chemotherapy if there were positive nodes for stage I and II breast tumors,
when compared to total mastectomy, did not demonstrate a survival difference [6,
7]. This study utilized patient participants from several CCOP institutions and other
community hospital principal investigators, enabling a significant increase in the
accrual of patients. This surgical clinical trial, inclusive of community hospitals, is
the basis for the current standard of care of breast conservation surgery for invasive
breast cancer. Another high-impact clinical trial published in 2010 was the NSABP
B-32 trial demonstrating overall survival, disease-free survival and regional control
was no different in patients with sentinel node negative invasive breast cancer,
undergoing axillary surgery limited to sentinel node only versus axillary dissection.
Again, a study with significant involvement of community surgeons, including lead
authors, is the basis of most axillary surgery for breast cancer patients today [8].

In 1990, the NCI established the minority-based CCOP (MB-CCOP) to increase
enrollment of racial and ethnic minorities and improve respective access to advances
in cancer care. At the initiation of the CCOP, it was utilized for therapeutic trials,
then expanded to cancer control and prevention trials. In 2007, the NCI established
the NCI Community Cancer Center Program (NCCCP) aimed to enable community
sites to support larger academic centers on trials involving prevention, screening,
diagnosis, treatment, and end-of-life care [9]. In 2010, the Institute of Medicine
(IOM) released a report to evaluate the cancer clinical trial structure and Cooperative
Group Program design. In this report, they discuss the role of the community physi-
cian. It is noted that the majority of patients seek cancer treatment in the community
setting, and of the enrolled patients in NCI's Cooperative Group Program, 65% of
the patients were from community practices through CCOP and affiliates. By 2013,
over 250,000 patients from the CCOP network were enrolled in clinical trials [10].
Despite the apparent successful enrollment, the structure of community involve-
ment had many barriers including financial burdens, regulatory complexity, knowl-
edge of trial availability, and attitudes toward community physician participation.
Despite modest support grants available at the time, cost remained a barrier. The
NCI recommended a consolidation and certification program to highlight commu-
nity participants with attempts to overcome some of the barriers of community cli-
nician participation [11]. In 2013, the IOM published a follow-up report highlighting
the previously mentioned consolidations (Fig. 20.1) as well as the integration of the
NCI CCOPs (NCCCP) and the MB-CCOP in the NCI Community Oncology
Research Program (NCORP) [12].

20.2 National Cancer Institute Community Oncology
Research Program (NCORP)

The NCI's NCORP program officially began in 2014 and is the present-day’s com-
munity hospital’s avenue for involvement in cancer clinical trials, as well as research
on cancer disparities, prevention, screening, post-treatment management, cancer
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| NCORP - areas of clinical trials and research |

Fig. 20.2 Areas of research interests and requirements of the NCI Community Oncology Research
Program (NCORP)

care delivery, and other fields (Fig. 20.2). At its inception, community institutions
with National Clinical Trial Network (NCTN) research grants had their grants
extended from 3 to 5 years. NCORP aimed at increasing accrual through web-based
patient enrollment and structured rostering [12]. There were initially 53 new 5-year
grants provided to researchers, broken down into the categories of 7 Research Bases,
34 Community Sites, and 12 Minority/Underserved Sites [13].

Research Bases served as the hubs for design and management of the clinical
trials. These NCORP Research Bases are the previously mentioned consolidated
cooperative groups (Alliance, COG, ECOR-ACRIN, NRG, SWOG) as well as the
University of Rochester and Wake Forest. The Community Sites each have affiliated
community healthcare centers and hospitals/practices and accrue patients into trials
conducted by the Research Bases. For a list of current community sites and associ-
ated components and subcomponents, follow this link: https://ncorp.cancer.gov/
findasite/. Included in this list are the Minority/Underserved Sites, who accrue
patients in the same manner as the Community Sites, but must have at least a 30%
resident ethnic and/or racial minorities [13]. Sites apply for grant funding through
the NCTN, and the scientific leadership, statistics, and primary data management
take place at the Research Bases.

The core principles of the NCORP include community organizations with vari-
ous research capabilities, provide support to oncologic practices in different
organizational settings, patient engagement, encourage commitment of support
from participating organizations, and integrate disparities in cancer care [10].
Participating NCORP institutions are required to enroll patients in trials involving
treatment, prevention, cancer control in addition to active research in cancer care
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delivery disparities (Fig. 20.2). There is an encouragement for community sites to
create a multisite collaborative effort to involve more community cancer patients in
clinical trials.

In order for an NCORP site to find a clinical trial, they will go to the NCI NCORP
website and then the “find a study” section: https://ncorp.cancer.gov/find-a-study/.
In this section, the investigator will be able to determine the research base, deter-
mine the type of clinical trial (e.g., cancer prevention, treatment, cancer care deliv-
ery research, etc.), and then further be referenced to the formal clinical trial site. In
order for an academic institution to apply to be a research base, or a community
institution to apply as an NCORP site or Minority/Underserved Community Site,
they should go to the applicants section of the NCI NCORP website: https://ncorp.
cancer.gov/resources/applicants.html. Similarly, at smaller community centers, the
NCORP does have the option to be a non-NCORP site and perform research in
conjunction with an NCORP site, and applying for this type of participation is also
available online.

An additional avenue for involvement in the NCORP, for sites that are not cur-
rently designated as NCORP institutions, is the Cancer Trials Support Unit (CTSU).
This entity originally created in 1999 was designed to provide support and collabo-
ration for clinical sites to participate in NCI-funded clinical trials. The CTSU has
evolved and expanded to support many services in many different clinical trials and
assists clinical sites with operational procedures and standardization. Getting started
with the CTSU is an online process that can be initiated via this respective
reference [14].

20.3 Resources Needed and Infrastructure for Successful
Clinical Trial Involvement

The infrastructure needed to build a successful community clinical trial program is
not different from an academic center including funding, research personnel, and
collaborators. The difference is the available funding, presence of research exper-
tise, trained research nurses and data managers, a structure for human subject
research training, other interested colleagues, and trained contracts and legal per-
sonnel. Please refer to the chapter on “building a research team” for details, but this
chapter focuses specifically on the infrastructure desired for successful participation
and enrollment in surgical clinical trials for the community surgeon.

One element of a research team are the members, the other element is the exper-
tise and training. Crucial members of a research team are data managers, clinical
and research nurses, budget and legal experts, other participating clinicians in addi-
tion to the principal investigator (PI), members of the institutional review board
(IRB), and others. Community hospitals are unique from academic centers, in that
there is a huge variability of depth of research personnel. At a small rural commu-
nity hospital, enrollment may be challenging, as the clinical nurse may take on the
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role of the research nurse and data manager, and there may not be in-house budget,
legal, and contract expertise. Other community institutions may be part of a larger
health system, may even have their own research institute, where there are several
data managers for different specialties, and in-house legal expertise. Fewer person-
nel in smaller centers often lead to lower patient recruitment, given available
resources and available time of research staff. Smaller community centers may have
the principal investigator as the only investigator, and that surgeon may have to get
consent the patient him or herself and go through all aspects of a clinical trial with
the patient. At larger community centers, there may be many involved clinicians in
addition to the PI, and the designated research nurse can review trials in detail and
consent patients. Regardless, the resources available to the community investigator
are nearly universally sparse compared to university centers.

The other aspect of the research team is training. Training also comes in many
forms, both learning about the clinical trials, navigating larger databases, assisting
in trial recruitment, as well as regulatory, ethics, and compliance training. With
university institutions, when hiring and training research personnel, that expertise
already exists within the institution, but depending on the size of the community
center, surgeons may have to train their own research staff. Regarding ethics and
compliance training, university and large community centers may subscribe to a
program, such as the Collaborative Institutional Training Initiative (CITI), that
provides human subjects research training modules. Smaller, non-affiliated com-
munity centers may have to seek this type of training elsewhere.

Legal and budgeting expertise is crucial to the implementation of clinical trials.
This is to ensure that centers that participate in trials do not lose money and practice
safely. An expert must be present at the community center, or a contracted service,
to ensure appropriate reimbursement, perform a Medicare coverage analysis, deter-
mine what is standard of care, prepare a trial budget and possibly meet with an
auditing committee. A contracts expert must be able to prepare contracts that can
define involved parties, publication rights, confidentiality rights, termination rights,
sponsor liability, and indemnification (important with NIH versus device trials). If
there are not expert experienced personnel that can provide legal, budgeting, and
contract services, this must be obtained or contracted to a reputable company as this
is key in the successful implementation of clinical trials for both institutional
finances and patient safety.

20.4 Factors Associated with Community Surgeon
Involvement in Clinical Trials and Patient Recruitment

Since the initiation of the community-based clinical trials, physicians that partici-
pated in these groups had variable patient enrollment, many of which enrolled zero
patients in a given year [15]. There have been studies that have evaluating factors
associated with involvement and recruitment from the standpoint of the patient,
physician, and institution.
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The attitude that a physician has toward the value of clinical trials and the logisti-
cal ease of enrolling patients had direct correlation with more actively enrolling
physicians (based on a retrospective analysis of CCOP) [15]. This factor is espe-
cially important at a community hospital, as the involvement in a given research
study is often voluntary from the standpoint of the clinician. Being a principal inves-
tigator on a study also was associated with better recruitment. Surgeons were noted
to be less likely to accrue patients in a clinical trial compared to medical oncolo-
gists; older physicians are less likely to accrue than younger colleagues.

Additionally, factors that were associated with organizational context improve
patient recruitment and physician enrollment. These contextual factors include staff
support for consenting and enrolling patients, institutional incentives and acknowl-
edgements for enrollment, and training opportunities for physicians to learn about
trial participation and patient enrollment [16]. Also, institutions involved in more
cancer control trials and quality of life were more likely to accrue patients in clinical
trials. Interestingly, the value clinicians place on involvement in clinical trials is inde-
pendent of the organizational context in which they work, but both factors influence
recruitment. Practice location and type has played a variable role in patient recruitment.

Only 3-5% of eligible patients are enrolled in clinical trials. Factors associated
with enrollment include availability of trial, knowledge of availability of trial, trial
exclusions, age, race, and gender [17]. Younger, Caucasian males are more likely to
be clinical trial participants. Major barrier for patient involvement, in addition to
knowledge of availability, include patient commitment and champions. Commitment
and champions from the standpoint of patients, as well as other entities including
advocacy groups and professional societies, will also raise awareness and increase
enrollment in community centers. Another factor is to mitigate patient’s preexisting
perspectives on clinical trials. This may be more relevant in the community setting
where patients aren’t expecting active clinical trials. Clinicians must mitigate issues
of mistrust that continue to loom from such cases as the Tuskegee syphilis experi-
ment and inform patients of governing bodies such as the Office for Human Research
Protections and mandated review board approvals to ensure the safety and ethical
nature of trials. Patients may also be under the impression that clinicians accrue
patients to get kickbacks from sponsoring companies. Clinicians must assure patients
that the purpose of clinical trials is to improve outcomes and enhance quality of life.

20.5 Community Center Versus Academic Training Center

Community centers come with a wide range of academics and physician postgradu-
ate training. Some, as in the authors’, have medical and surgical resident and fellow-
ship programs, whereas other community centers have none. Regardless, research
in all of these institutions is feasible whether through NCORP directly, being an
NCORP affiliate, through drug and device trials, or independent clinical trials.
The primary differences between a community center and a university-based aca-
demic center are the availability of funds, institutional backing, and resources. And
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this trend continues with the range of community centers depending on the training
offered and the nature of the associated health system.

At smaller, or private, community centers, finding the resources to get involved
in clinical trials can be very challenging. At larger academic centers, and even larger
community centers, there is designated research staff that facilitates a large portion
of the logistics and conversations. The surgeon can mention the trial and spark a
patient’s interest, but as far as scheduling, consenting, billing, detailed eligibility
requirements, and other follow-up tasks, this is often relegated to the research staff
designated to clinical trials. At smaller community centers, this responsibility often
falls on the surgeon or the clinical nurse, and in a busy practice, it can be burdensome.

This chapter’s section is designed to address those surgeons who may be at a
small community hospital or based out of a more rural private practice, but would
like to be involved in clinical trials. While, this setting makes involvement much
more challenging, it is still possible. Suggested ways to initiate involvement is to
select a mentor at a larger community site who is already involved in clinical trials,
and/or attend a national or international society meeting on the topic of interest for
clinical trial involvement. This is where interested physicians can meet clinicians
and discuss common interests and inquire about involvement. These conversations,
while informal, are what lead to awareness of clinical trials, networking with device
and drug companies, and creation of a network of interested surgeons. Once involved
with one trial, a clinician will often be sought by other companies or trialists for
involvement in additional trials. And as one trial ends, the trial topic gets morphed
into another follow-up trial continuing involvement.

Barriers that will be more difficult to overcome will be in the areas of cost, patient
recruitment, and lack of personnel. Addition costs may be accrued when initiating
clinical trials to have documents reviewed (contracts and IRBs) by privately hired
legal personnel. Also, patients often seek community hospitals as their health center,
and private practices for expertise, but not because of active clinical trials, which
makes the trial recruitment process more difficult. The staff that is part of the surgeons
practice must be willing to make some sacrifices, such as extra time and responsibili-
ties to support the clinical trials that are being performed, in addition to the existing
clinical practice. The surgeon must also make sacrifices and have understanding fam-
ily and friends given that research time is added to, and doesn’t take the place of,
clinical time. But despite these added barriers and responsibilities, there are many
community and private practice surgeons that have broken through and contributed to
patient care improvement by initiating and persisting in clinical trials involvement.

20.6 Doing Clinical Trials with Pharma and Device
Companies

For a detailed, comprehensive outline of how the Food and Drug Administration
(FDA) regulates pharmaceutical and device trials, please refer to Chap. 10. This
current chapter’s section will not focus on drug and device classification and the
steps to approval, but more so the advantages, disadvantages, and recruitment of
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drug and device trials from the community surgeon’s perspective, and how the com-
munity surgeon can get involved in these trials.

As an example of a device trial, ACOSOG published a phase II trial (Z1072) in
2016 on the success of cryoablation therapy in the treatment of invasive breast can-
cer [18]. This was a mutli-institutional surgical device clinical trial with participants
from university and community health centers. All cryoablation procedures were
performed by the Visica 2™ Treatment System and sponsored by the manufacturing
company Sanarus®. Cryoablation was performed followed by mandated surgical
resection. This trial demonstrated a complete pathologic response to cryoablation
therapy and concordance with detection in MRI for tumors less than 1 cm, and the
follow-up trial without surgical resection is accruing (FROST trial). Community
centers had leading recruitment numbers for this trial.

An example of a surgical drug trial was a study performed evaluating Alvimopan
and its role in postoperative ileus in major abdominal surgery [19]. This was a random-
ized, placebo controlled, multi-institutional, both community and academic centers, in
North America, evaluating the use of Alvimopan in a modified intent-to-treat study
sponsored by the two involved pharmaceutical companies. This study demonstrated
that Alvimopan use significantly decreased time to gastrointestinal recovery and hos-
pital discharge in patients undergoing bowel resection or radical hysterectomy.

There are also trials in vascular surgery that extend to the community surgeon.
An example of this is the currently recruiting TRANSCEND trial [20]. This is a
randomized, single-blind, non-inferiority trial evaluating patients with symptomatic
peripheral arterial disease of the femoropopliteal system to the SurVeil drug-coated
balloon, versus the IN.PACT Admiral drug-coated balloon. This is a device spon-
sored trial and involves both large community and academic centers.

The primary advantage of a community surgeon’s involvement in trials involving
investigational new drugs or investigational devices is the respective company’s
sponsorship. Most of the time, trial participants, recruiting physicians, and insur-
ance companies are not charged for new drugs, except allowing of sponsors to break
even on the cost of the drug by insurance companies. Regarding investigational
devices, the U.S. Centers for Medicare and Medicaid Services (CMS), in most
cases, will reimburse the cost of the device up to the current day standard or simi-
larly approved marketed product. The physician participating in the study must sub-
mit a Request for Reimbursement Letter to verify CMS reimbursement prior to
conducting the study. For device trials, depending on the complexity and novelty of
the device, there may be required physician and staff training [21].

20.7 Non-pharmaceutical, Non-device Community
Clinical Trials

Let’s start with another example of an impactful, purely surgical, clinical trial that
had contributions by the community surgeon. The Multicenter Selective
Lymphadenectomy Trials (MSLT-I and MLST-II) published in the New England
Journal of Medicine in 2006 and 2017, respectively, evaluated the contribution of
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the sentinel lymph node biopsy and completion lymph node dissection in patients
with melanoma. In MSLT-], patients with intermediate thickness of primary cutane-
ous melanoma were randomized to excision with post-operative observation of
lymph nodes and lymphadenectomy, if clinical relapse or sentinel lymph node
biopsy and immediate lymphadenectomy were positive. The 5-year survival rate of
those patients in the sentinel lymph node group was 20% greater compared to the
observation group [22]. The MSLT-II trial evaluated similar melanoma patients with
sentinel lymph node metastasis, and compared serial ultrasound observation to
immediate lymphadenectomy, and immediate lymphadenectomy did not
demonstrate improved melanoma-specific survival [23]. Both of these trials included
contributions from community centers.

Given the infrastructure that the NCI has in place for community involvement in
clinical trials, most clinical trials performed to date have been in the field of oncol-
ogy. There are previously mentioned device trials with endovascular devices, breast
cancer, post-operative medications, but it is important to discuss clinical trials that
have been performed in surgery, outside device and drug trials and outside of the
field of oncology, and to further discuss the challenges involved with such trials.

A groundbreaking trial published in the New England Journal of Medicine in
1990 was the Program on the Surgical Control of Hyperlipidemia (POSCH) trial.
This trial was a randomized clinical trial testing the partial ileal bypass operation on
the mortality due to coronary heart disease. Eligible patients hospitalized after their
first myocardial infarction were randomized to hospital discharge versus continued
hospitalization for partial ileal bypass. In follow up, fewer patients in the surgery
arm were on cholesterol lowering medications, there were lower total cholesterol
and LDL cholesterol and higher HDL cholesterol in the surgery arm and a 22% risk
reduction in overall mortality and 28% risk reduction in cardiovascular mortality in
the surgery arm. Most importantly for this chapter, of the 838 patients from four
institutions in the trial, 184 of them were from a community hospital, which was the
second highest accruing center. While ileal bypass is now not routinely used due to
the safety and efficacy of statins, this trial demonstrates an early surgical trial
involving a highly accruing community center [24]. In 2010, the Annals of Surgery
published a 25-year follow-up evaluation demonstrating an increase in cardiovascu-
lar mortality and all-cause mortality in the control arm [25].

One of the biggest challenges in a community surgeon getting involved in a clini-
cal trial, such as the previously mentioned NSABP surgical trials, or the POSCH
trial, is the standardization from one surgeon to another and from one institution to
another. As in these cases, when the surgical intervention itself is the clinical trial,
there are many elements that could potentially lead to challenges, biases, and ques-
tioned results such as anesthesia use, preoperative and postoperative care, different
surgeons at different institutions, follow-up regimens, among others [26]. While this
problem exists in the academic setting, a benefit of community hospital involvement
in surgical trials is increased accrual, and to take advantage of this, often trials will
involve multiple centers. There are varying degrees of standardization that will
dictate the strength of a given trial’s outcome. The surgical intervention itself can be
standardized with respect to its written description, preparation, dissection,
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resection, approach, closure, or a selection of these factors. The same goes for the
other variable factors. The interventions need to be monitored for compliance to
these standards, and there may be a training and preceptorship period prior to com-
munity surgeon involvement in order to optimize standardization.

20.8 Lifestyle and What’s in It for the Busy
Community Surgeon?

Major barriers in the utilization of the Cooperative Group Programs by community
hospitals have been recruitment and reimbursement. Community physicians desire
patient involvement, but with increasing patient load and decreasing time per patient,
there often isn’t time left for appropriate discussion of trial protocols. And if there is
time made for protocol discussion, there are often additional tests and follow-up not
often covered by insurers. There hasn’t been enough grant support, and physicians
fear increasing out-of-pockets expenses for patients. The time it takes for a “paying
customer” is taken for a patient involved in a clinical trial. It is sometimes difficult
to justify the busy community surgeon’s involvement in clinical trials on top of
existing clinical duties. These barriers do exist, but they are not inhibitory and can
be overcome with collegiality, persistence, hard work, and desire [10].

With all these barriers, what’s in it for the surgeon? This is an important question
to ask. With financial strains, resource limitations, intense regulatory processes,
immense time commitment, and a lack of financial incentive, why should a busy
community surgeon take on clinical trials? The answer is simply in the community
surgeon’s desire to provide the best care to patients, optimize care for the best out-
come, and satisfy one’s academic curiosity. Given that the majority of cancer
patients are seen and treated in community centers, it is imperative to continue to
enroll these patients in clinical trials via active physician recruitment and participa-
tion. Community surgeon clinical trial involvement is crucial to ensure the best care,
best outcomes and best quality of life for their patients, and contribute to global
advances in health care to provide the best care, best outcomes, and best quality of
life to all surgical patients.
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