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Abstract

Background—©ligibility criteria and screening procedures are designed to optimize the
scientific yield and maximize the safety of clinical trials. However, they may also heighten trial
complexity, hinder enrollment, decrease generalizability, and increase costs. We analyzed the types
and number of eligibility criteria and screening procedures among thoracic oncology clinical trials
sponsored or endorsed by the Eastern Cooperative Oncology Group (ECOG).

Methods—We identified trials and obtained protocols from the ECOG website. Eligibility
criteria were grouped and categorized as comorbidity (classified by organ system), administrative
requirements, prior treatment, and measurable disease requirement. Associations between trial
characteristics and eligibility criteria were analyzed using Kruskal-Wallis and Wilcoxon tests.

Results—A total of 74 lung cancer trials activated 19862016 were identified. The total number
of eligibility criteria was associated with trial principal therapy (median 9 for surgical, 18 for
radiation, 20 for medical; £=0.02), trial primary endpoint (median 20 for OS, 28 for PFS, 17 for
other; £=0.001), number of therapies (P=0.05), and year of activation (median 16 for 1986-1995,
19 for 1996-2005, 27 for 2006-2016; A<0.001). The increase in trial eligibility requirements over
time was limited to medical therapy trials. Over time, there was also an increase in blood test
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screening procedures (£=0.05), but not for imaging, cardiac assessment, or pulmonary function
screening procedures.

Conclusions—The number of eligibility criteria and screening procedures in medical therapy
lung cancer clinical trials continues to rise. Continued efforts to simplify protocol eligibility and
procedures are warranted to promote trial adherence, enrollment, completion, and generalizability.
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Introduction

Methods

Despite longstanding efforts to improve cancer clinical trial accrual, completion rates, and
generalizability, fewer than two percent of adults with cancer in the United States participate
in clinical trials.12 This low rate of enrollment reflects a wide range of factors, including
patient trust in the healthcare system and understanding of study protocols; physician
attitudes toward patients and communication skills; and experience of clinical research
staff.2-10 Limited trial availability also hinders enrollment at many centers.1112 Yet, even at
sites heavily invested in clinical research that maintain diverse clinical trial portfolios and
attract motivated populations, only a small minority of patients are enrolled in research
studies.13

For decades, it has been recognized that clinical trial eligibility criteria present a critical
barrier to study accrual.14-17 Indeed, the validity of and justification for many exclusion
factors have been questioned.18 Analyses in the 1990s demonstrated that, over the preceding
25 years, despite calls to simplify and provide rationale for study eligibility, inclusion and
exclusion criteria had become increasingly numerous and stringent.1® Since that time,
national organizations including the Institute of Medicine, the National Cancer Institute, and
the American Society of Clinical Oncology have joined the call to streamline cancer clinical
trial processes to promote participation.20:21

To evaluate contemporary trends in cancer clinical trial inclusiveness and complexity, we
quantified and categorized eligibility criteria in lung cancer clinical trials sponsored or
endorsed by the Eastern Cooperative Oncology Group (ECOG) thoracic committee from
1986 through 2016. For each available protocol, we quantified and categorized inclusion and
exclusion criteria and determined associations with trial characteristics.

Clinical trial selection and characterization

This study was approved by the University of Texas Southwestern Medical Center
Institutional Review Board. Clinical trial protocols were obtained from the ECOG thoracic
committee website (http://www.ecog.org/), which was most recently accessed on January 30,
2017. When full study protocols were not available online, documents were requested from
the ECOG coordinating center. For each clinical trial, we recorded year of activation, target
patient accrual, trial phase (1/pilot, 2, 3), stage (early, locally advanced, advanced) and
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histology (non-small cell lung cancer [NSCLC], small cell lung cancer [SCLC], non-
squamous NSCLC [NS-NSCLC]) of the lung cancer under study, primary endpoint (overall
survival [OS], progression-free survival [PFS], response rate [RR], and other), and principal
treatment modality (surgery, radiation, medical). If a single trial had more than one phase
(e.g., phase 2/3), we assigned the higher of the two stages. If a single trial featured multiple
treatment modalities, we assigned principal treatment to the modality most relevant to the
primary research question. We recorded whether or not submission of archival tumor tissue
was mandated. For each trial, we also calculated the total number of therapeutic
interventions under investigation. For this calculation, each medical therapy was considered
a separate intervention, as was each type of radiation (eg, thoracic versus cranial) and
surgical therapy.

Eligibility quantification and categorization

Clinical trial eligibility criteria were initially documented by one investigator (S.G.) and
subsequently reviewed by another investigator (D.E.G.). All instances of disagreement were
discussed and resolved. Eligibility criteria were quantified on two levels: individual criteria
and criteria groupings. For instance, white blood cell count, hemoglobin, and platelet count
were considered individual eligibility criteria, all falling within the single grouping of
hematologic parameters. To select category groupings and terms, we reviewed the relevant
literature and adapted previously published systems that seemed most relevant to the disease
type in question.1922 We used a category of “unstable” conditions to broadly include a
variety of excluded excluded states. Among others, these included recent or anticipated
invasive procedures, substantial weight loss, and reference to non-specific conditions
thought to interfere with study conduct or interpretation. Our analyses were performed using
criteria groupings rather than individual criteria.

Statistical Analysis

Results

Associations between trial characteristics and eligibility criteria were analyzed by
nonparametric statistical methods, such as Wilcoxon two-sample test and Kruskal-Wallis
test. All reported p-values were two-sided. A p-value less than 0.05 was considered as
statistical significance. All statistical calculations were performed by SAS 9.4 for Windows
(SAS Institute Inc., Cary, NC).

We identified a total of 74 lung cancer clinical trials sponsored or endorsed by the ECOG
Thoracic Committee for which full study protocols were available. Trial characteristics are
listed in Table 1. Full protocol titles are listed in Supplementary Table 1.

Trends in total number of eligibility criteria over time, presented as both individual criteria
and criteria categories, are shown in Figure 1. Temporal trends in each criteria category are
shown in Figure 2. The increase in eligibility criteria was statistically significant for both
time intervals: 1986-1995 vs 1996-2005: A=0.05; 1996-2005 vs 2006-2016: A<0.001. The
following categories had statistically significant (£<0.05) increases in eligibility criteria:
cardiac, concurrent medications, gastrointestinal, hematologic, hepatic, inflammatory,
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neurologic, renal, and prior cancer therapy. There was no significant change in the number
of eligibility criteria in the pulmonary and endocrine categories.

Associations between trial characteristics and number of eligibility criteria are shown in
Table 2. There was no association between trial phase and number of criteria (£=0.45).
Similar to treatment modality, disease stage displayed a trend toward association with
number eligibility criteria: median 12 for early stage, 21 for locally advanced stage, and 19
for advanced stage (P=0.08). There was also an association between maximum number of
therapies administered and number of eligibility criteria (P=0.05). The increase in eligibility
criteria over time was limited to medical therapy trials, for which the median number of
eligibility criteria increased from 17 in 1986-1995 to 28 in 2006—2016 (A<0.001). There was
no significant change in the number of eligibility criteria for surgery or radiation therapy
trials (Table 3).

We also examined the number and mandated timing of study screening procedures. Over
time, there was no significant change in the number of urine-based tests, pulmonary function
parameters, and assessments of cardiac function. There was a significant increase in the
number of required blood tests: median 11 in 1986-1995, 15 in 1996-2005, 19 in 2006—
2016 (P=0.006). However, we observed a decrease in the number of required imaging tests:
median 5 in 1986-1995, 2 in 1996-2005, 2 in 2006—-2016 (~£<0.001). Over time, the
permitted timing interval for screening blood tests was median 14 days (1986-1995), 28
days (1996-2005), and 14 days (2006-2016) (~P=0.09). We observed a decrease in the
permitted timing interval for screening imaging tests as follows: median 42 days (1986—
1995), 28 days (1996-2005), and 28 days (2006-2016) (~=0.04).

Discussion

For decades, it has been widely recognized that the number, complexity, and stringency of
cancer clinical trial eligibility criteria limit enrollment.1219.23 Complex and numerous
screening procedures may hinder accrual as well. Given ongoing challenges in trial accrual
and completion, there have been multiple calls to simplify eligibility considerations and
study-related procedures.20:21.24 Nevertheless, our present analysis demonstrates an ongoing
increase in the number of eligibility criteria over time in lung cancer clinical trials, as well as
a clear increase in some screening requirements. Specifically, we observed a 50% growth in
the number of eligibility criteria over the past 30 years. Within this time period, this increase
accelerated in the most recent years, suggesting that this trend may continue unless
dedicated interventions are undertaken.

Importantly, this increase in trial eligibility criteria appears to occur exclusively in medical
therapy trials. Over time, surgery and radiation therapy trials have had stable numbers of
eligibility criteria. Consistent with this observation, the majority of eligibility categories
which sustained a significant increase over time (eg, hepatic, renal, hematologic,
gastrointestinal, inflammatory, concurrent medications, and prior cancer therapy) are directly
related to medical therapy. Categories without such increases (eg, pulmonary) could be
considered more relevant to surgical and radiation therapy planning. Similarly, we observed
a near doubling of required screening blood tests (most relevant to medical therapy) but no
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increase in the number of pulmonary function, cardiovascular, or disease imaging
assessments. Notably, fewer than 10 percent of trials mandated submission of archival tumor
tissue. This small proportion may reflect the broad time-frame of trials under study, the
pragmatic nature of some trials, budgetary considerations, or other factors. Should this
proportion increase in the future, other recent studies suggest that it will further complicate
and limit enrollment,25:26

Why are medical therapy lung cancer trials becoming more stringent and complex, but not
surgery and radiation therapy lung cancer trials? This observation likely reflects the nature
of therapeutic advances. Over time, surgery and radiation therapy have become not only
more effective, but also better tolerated. New techniques have not necessarily conveyed new
toxicities, and principles of patient selection have not changed substantially. For medical
therapies, however, advances have introduced new adverse events. Due to concerns for
heightened toxicity, immunotherapy trials exclude patients with pre-existing autoimmune
disease,” a factor that is not addressed in trials of conventional chemotherapy or
molecularly targeted therapy. Anti-angiogenic treatments, conveying risk of clotting and
bleeding, require assessment of tumor- and comorbidity-related factors that could promote
these events. New potential toxicities also impact study-related procedures. Among the 12
trials that require baseline urinalyses, eight of them feature bevacizumab, which requires
regular monitoring for proteinuria. (One of the other four trials features ifosfamide, which
requires regular monitoring for hemorrhagic cystitis.) Additionally, unlike conventional
intravenous chemotherapy, oral targeted therapies require consideration of factors related to
drug exposure (eg, gastrointestinal absorption, drug-drug interactions, hepatic function). As
might be expected, we observed more eligibility criteria among trials involving more types
of therapies. However, this effect appears to account for relatively little of the variation
among studies, with a median of 18 eligibility criteria among those with the simplest
treatment regimens compared to a median of 22 among those with the most complex
therapies.

The increasing number of eligibility criteria that were broadly categorized as “unstable”
medical conditions also merits consideration. Some instances reflect specific toxicity
concerns, such as those related to antiangiogenic therapies; related examples include recent
or planned surgical procedures, wounds, ulcers, and other conditions. Others attempt to
encapsulate overall functional capacity, such as marked weight loss. Still others seek to
target any situation that could hinder study conduct or interpretation. For example, E4508
excludes “any medical or psychiatric condition or addictive disorder, or laboratory
abnormality that, in the opinion of the investigator, may increase the risks associated with
study participation or study treatment or may interfere with the conduct of the study or
interpretation of study results.” While such far-reaching clauses appear to cover numerous
potential concerns, the lack of specificity could result in widely varying interpretation.

To simplify eligibility criteria and screening procedures for clinical trials while still
preserving subject safety and scientific rigor, investigators, sponsors, and regulators must
carefully consider the value of each requirement. For instance, the exclusion of patients with
prior cancer from lung cancer trials is a common practice (>80% of protocols), results in the
exclusion of more than 15% of potential patients, and does not appear to be justified.28-30 In
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recent years, trials have been more likely to limit this exclusion to a specific time-frame—
most commonly within the past 5 years. However, because more than half of prior cancer
diagnoses occur within this period, this practice still results in excluding a substantial
proportion of patients.23

Organ function specifications also merit reconsideration. Protocols of molecularly targeted
therapies and immunotherapy have incorporated new criteria reflecting unique toxicities of
these drugs. However, most of these protocols continue to include exclusion criteria related
to conventional chemotherapy, even if the therapies under study do not convey relevant
toxicities. For example, EA5142 (“Adjuvant Nivolumab in Resected Lung Cancer [ANVIL]
—A Randomized Phase 111 Study of Nivolumab After Surgical Resection and Adjuvant
Chemotherapy in Non-Small Cell Lung Cancers™) has multiple eligibility criteria related to
hematologic parameters (WBC = 2,000/pL, neutrophils = 1,000/uL, platelets = 100x103/pL)
even though nivolumab and other immune checkpoint inhibitors are not associated with
hematologic toxicity. Similarly, E3503 (“A Pilot Study to Determine if Downstream Markers
of EGFR Linked Signaling Pathways Predict Response to OSI-774 [Erlotinib] in the First-
line Treatment of Patients with Advanced Non-Small Cell Lung Cancer”) requires adequate
blood counts (neutrophils = 1,500/mm3, platelets = 100,000/m?3) even though erlotinib and
other epidermal growth factor receptor (EGFR) inhibitors do not cause myelosuppression.
Over 80% of protocols in our analysis mandated adequate kidney function, commonly
defined as a creatinine clearance = 60 mL/min—a threshold that over 20% of lung cancer
patients fall below at some point during their treatment history.3! Accordingly, such
restrictions might be limited to trials of therapies cleared renally or conveying renal toxicity.
These observations echo those from other fields, including a recent analysis of hematologic
malignancy protocols which found that most eligibility criteria did not correlate with known,
observed adverse events of study therapy.32

Similarly, the exclusion of medications that could exhibit drug-drug interactions with the
study agent or prolong the QT interval should be limited to those medications conveying the
highest potential risk. Otherwise, this practice is likely to exclude a large number of patients,
as lists of CYP450 inducers, inhibitors, and substrates have grown to include more than 230
drugs33 and lists of QT-prolonging drugs now exceed 160 medications.3* Finally, treatment
washout periods could also be re-visited. For instance, the majority of protocols in our
sample mandate waiting times of 2—4 weeks after prior radiation therapy. While this delay
may be appropriate following fractionated radiation therapy to a visceral site, it does not
seem warranted after stereotactic radiation to an asymptomatic brain metastasis or palliative
radiation therapy to a peripheral skeletal lesion, where the potential for overlapping toxicity
with systemic therapy is limited. The administration of pre-study radiation therapy has been
identified as a key factor limiting trial enrollment.35 Shortening post-radiation washout
periods to clinically practical intervals that are unlikely to heighten toxicity may help enroll
on protocol patients who currently receive standard therapy instead to expedite systemic
treatment initiation.

There are a number of caveats to the interpretation of our findings. Importantly, an increase
in the number of eligibility criteria does not necessarily imply a decrease in potential
eligibility. In some instances, additional eligibility criteria may serve to define exclusion
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policies more precisely, thereby resulting in a net increase in eligibility. Nevertheless, the
increase in eligibility criteria number does complicate the assessment of potential subjects
and could therefore increase the risk of protocol deviations or violations, or delay initiation
of therapy. We also recognize that our analysis includes only selected NCI-sponsored
clinical trials, potentially limiting the generalizability of our findings. However, in an earlier
analysis, we found that the specific practice of excluding patients with prior cancer was
comparable between NCI- and industry-sponsored lung cancer clinical trials.23 While our
results are not directly generalizable to clinical trials in other cancer types, they are likely
representative. Increases in eligibility criteria have been reported in other settings, including
breast, gastrointestinal, and gynecologic cancers.1%:22 Small numbers of radiation therapy
and surgery protocols may obscure significant changes in eligibility criteria, although the
observed values suggests that this is unlikely. Finally, we do not attempt in the current
analysis to determine the appropriateness of protocol eligibility criteria or screening
procedures.

In conclusion, medical therapy lung cancer clinical trials are becoming more complex, with
growing numbers of eligibility criteria and screening procedures. While this trend may
hypothetically increase the scientific yield or safety of a protocol, it also potentially hinders
accrual, decreases study completion rates, limits generalizability, and increases costs. The
growth in medical therapy lung cancer trials appears to reflect the general practice of adding
new criteria relevant to contemporary treatments such as immunotherapy and molecularly
targeted therapies, without revisiting and removing criteria not pertinent to these
interventions. With federal funding for cancer clinical trials decreasing and a substantial
proportion of NCI-sponsored cancer clinical trials not completing accrual,36 ongoing efforts
to simplify eligibility and procedures will be critical moving forward. Tailoring inclusion
and exclusion criteria to match the intervention under study represents a key step in this
process.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Characteristics of trials included in the analysis

Characteristic

| Number (%0)

Total trials | 74
Phase of study

1 4 (5)

2 40 (54)

3 25 (34)

Other 5(7)
Primary endpoint

Overall survival 27 (36)

Progression-free survival 10 (14)

Other 37 (50)
Primary treatment modality

Surgery 8 (11)

Radiation 9(12)

Medical therapy 54 (73)

Other 3(4)
Year of study activation

1986-1995 27 (36)

1996-2005 31(42)

2006-2016 16 (22)
Archival tumor tissue required 5(7)
Number of therapies administered

0-1 26 (35)

2-3 32 (43)

4-7 16 (22)
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Table 2

Association between trial characteristics and number of eligibility criteria™

Characteristic Median (IQR) | P value
Primary endpoint 0.001
Overall survival 20 (13-24)
Progression-free survival 28 (22-31)
Other 17 (12-23)
Primary treatment modality 0.02
Surgery 9 (7-18)
Radiation 18 (18-21)
Medical 20 (17-25)
Year of study activation <0.001
1986-1995 16 (10-20)
1996-2005 19 (13-23)
2006-2016 27 (24-31)
Number of therapies administered 0.05
0-1 18 (9-22)
2-3 21 (15-24)
4-7 22 (17-28)

*
Eligibility criteria quantified by grouping
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Table 3

Change in eligibility criteria over time (median + IQR)

Year P value
1986-1995 | 1996-2005 | 2006-2016
Surgery 9 (7-23) 8 (3-13) N/A* 0.50
Radiation Therapy | 23 (21-24) | 18 (13-20) | 18 (11-27) | 0.35
Medical Therapy | 17 (15-19) | 20 (17-24) | 28 (25-31) | <0.001

IQR, interquartile range

*
There were no trials with surgical therapy as the primary research question in the 2006-2016 period.
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