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Abstract
Introduction: Despite the importance of clinical trials for improving cancer therapies, enrollment
in clinical trials remains limited and many trials are interrupted due to barriers to enrollment.
Identifying clinical trial recruitment barriers is necessary to guide future interventions to improve
this process.
Methods: This is a retrospective study from April 2019 to October 2020 at a multi-site academic
medical system. New cancer patients receiving systemic chemotherapy navigated using a decisionsupport tool were identified and categorized based on a hierarchical framework for clinical trial
recruitment, which includes structural, clinical, physician, and patient domains. Multivariable
logistic regression was performed to determine predictors of progression through each barrier
domain.
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Results: A total of 1,725 patients with breast, gastrointestinal, genitourinary, lung, or hematopoietic
cancers were navigated using the decision-support tool and 15.5% were referred for clinical trial
screening. Overall, 72.3% (1,248/1,725) of patients did not have a trial available and 27.0% (129/477)
of patients with a trial available were ineligible. There were significant differences in trial availability
(p<0.0001) and eligibility (p<0.0001) between different tumor groups. Among those eligible for an
available trial, breast cancer patients and those ≥ 75 years old were less likely to be referred for
clinical trial screening. Participation rates were similar for Black patients (89%, 95% CI = 71% to
98%) and white patients (91%, 95% CI = 88% to 95%).
Conclusion: Trial availability was the most significant barrier to clinical trial enrollment. Decisionsupport platforms are promising tools for understanding enrollment barriers and facilitating
recruitment. Future studies will explore specific reasons for differences in trial availability across
tumor groups.

Introduction
In 2020, there were approximately 1,806,590 new cancer cases and 606,520 cancer deaths [1].
Fortunately, the mortality rate from cancer has been decreasing since 1991 with an overall decline
of 26% to 29% by 2017 [1,2]. This is likely in part due to the efficacy of early cancer detection and
the development of new treatments as a result of therapeutic clinical trials [1,3]. Furthermore, some
data suggests improved overall survival for patients enrolled in clinical trials [4,5]. However, only
2% to 6% of all cancer patients enroll in a clinical trial [6-8] and up to 22% of clinical trials are never
completed due to low enrollment [9]. This not only results in lost resources put into planning,
initiating, and implementing these trials, but also represents missed opportunities for advancing
cancer therapies. Increasing clinical trial enrollment is a public health priority since improving
current therapies and understanding the safety and efficacy of novel therapies will ultimately
translate into improved survival and better quality of life for cancer patients.
Despite the National Institute of Health Revitalization Act of 1993 which called for increased
representation of women and minorities in clinical research [10], minorities continue to be
underrepresented in cancer clinical trials [6,7]. Low minority accrual in clinical trials is in part due
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to distrust, historical mistreatment of minorities, lack of education,
religious or cultural beliefs, and attitudes about clinical trials [1114]. Despite these barriers minorities are more likely to participate
in clinical trials when cultural, language, and community values are
incorporated. However, recent literature suggests that there is no
difference in the willingness of minorities to participate in clinical
trials compared to non-Hispanic whites [15], and multiple studies
have shown that underrepresented minorities tend to have positive
attitudes towards clinical trials and are willing to enroll when trials
involve community-based approaches [15-18].

14 for GI, 21 for GU, 22 for lung, and 67 for hematopoietic cancer
patients. Furthermore, 11 trials remained open for the entire duration
of the study, 130 trials opened after the study began and remained
open throughout, two trials opened and closed during the study, and
one trial was open before but closed during the study (Table 1).
When the decision-support tool is used to navigate a patient, the
provider is prompted with questions based on branching logic that
must be answered to proceed. The input to each question impacts
the subsequent questions that are asked. This data is then used to
determine trial availability or treatment pathways for a given patient.
If a trial is available, the provider is prompted to refer the patient to
the appropriate trial management group to initiate or continue the
screening process. If the provider does not wish to refer the patient
to be screened for an available trial, a reason must be entered and
therapy recommendations are provided. Decision-support tool
utilization rates, defined as the number of patients navigated divided
by the total number of new cancer patients receiving chemotherapy,
were tracked during the study period.

Systems-level barriers such as screening for clinical trials during
complex routine cancer care directly impact recruitment in clinical
trials, but many previous studies focus on patient-level barriers such as
attitudes regarding randomization or fear of clinical side-effects [1927]. This focus on patient-level barriers is understandable given that
patients ultimately decide whether or not to participate in a clinical
trial. However, a recent systematic review and meta-analysis using
a theoretical enrollment barriers framework, which conceptualizes
barriers to recruitment into structural, clinical, physician, and patient
barrier domains, demonstrated that the lack of trial availability and
eligibility accounted for over three-fourths of why cancer patients
did not enroll in a clinical trial [28]. This underscores the importance
of evaluating the trial enrollment process in its entirety by using a
comprehensive framework.

Barrier domains
A theoretical framework for understanding clinical trial
enrollment barriers, which has been used in previous studies
[23,24,28,31], includes four barrier domains (structural, clinical,
physician, and patient) that can be used to conceptualize where
patients are lost during the enrollment process. Essential to this
framework is the idea that the enrollment process is hierarchical;
meaning addressing each barrier after the first one is conditional
upon passing the previous barrier. For example, a patient must have
a trial available before they can be evaluated for eligibility, and they
must be eligible before the trial can be discussed and offered. Patients
were categorized into these domains based on the aforementioned
decision-support tool’s workflow (Figure 1).

Since many cancer centers are using decision-support tools to
decrease treatment variation and costs [29,30], the ability to use the
data collected by these tools to identify enrollment barriers would
help cancer centers improve their process. The recently embedded
decision-support tool at our institution that includes open clinical
trials enables the ability to evaluate barriers to clinical trial recruitment.
The use of a decision-support tool improves our ability to investigate
enrollment barriers by allowing us to trace barriers from the patient
to the structural level since it tracks the total number of presenting
patients. Results will inform training and interventions designed to
overcome barriers to clinical trial enrollment and ultimately improve
trial recruitment.

Potential predictors of enrollment

This is a retrospective study using data collected at the University
of Rochester Medical Center Wilmot Cancer Institute from April 2019
to October 2020. New patients navigated using the clinical decisionsupport platform with breast; Gastrointestinal (GI), Genitourinary
(GU), lung, or hematopoietic cancers were included. This study
was determined to meet criteria for exemption by the University of
Rochester institutional review board (IRB#00006115).

Factors considered to potentially affect progression through
each barrier domain included age (<60, 60-64, 65-74, and ≥ 75 years
old), self-reported race (white, Black, or other), tumor group, and
Area Deprivation Index (ADI). Patients were categorized by tumor
groups to see if enrollment barriers varied across groups. ADI is a
census tract-based socioeconomic ranking index that is divided into
percentiles with higher percentiles indicating greater deprivation or
lower SES. Each patient was assigned an ADI based on their census
block group. For the purposes of analysis, the ADI was further divided
into tertiles with the 1st tertile indicating the highest SES and the 3rd
tertile indicating the lowest SES.

Oncology pathways and workflow

Data analysis

Methods

Descriptive statistics were generated for barrier domains across
tumor group, age, race, and ADI tertiles. The proportion of patients
passing each barrier is compared by these characteristics, unadjusted
for other factors, using the Chi-square test. The odds of passing
each barrier, independent of the other factors in the model, were
estimated using multivariable logistic regression. Analysis followed a
hierarchical model to mirror that of the trial enrollment framework.
Each barrier domain has a separate model, conditional upon passing
the previous domains. The proportion of subjects with a missing ADI
was small and a complete case analysis is reported. Data analysis was
performed using SAS® software, Version 9.4 of the SAS System for
Windows.

ClinicalPath™ by Elsevier is a clinical decision-support tool
which recommends either therapeutic pathways or clinical trial
referral utilizing patients’ cancer information (Figure 1). The tool
was customized to include interventional treatment trials available at
our institution. Trials are added to the decision-tree after discussion
with the principal investigator immediately after IRB approval. Trial
availability is determined by cancer type and stage plus or minus
other variables such as tumor markers and whether the patient is
a candidate for radiotherapy, chemotherapy, or surgery. When
patients are navigated in the decision-support tool, trials available to
the patient are recommended as the preferred treatment. During the
study, there were 20 interventional treatment trials open for breast,
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Results

Compared to GU patients, GI patients were 73% less likely (OR=0.27,
p<0.0001), breast patients were 46% less likely (OR=0.54, p=0.002),
and lung patients were 80% less likely (OR=0.20, p<0.0001) to have
a trial available after adjusting for age, race, and ADI. Those 60 to 64
(OR=0.62, p=0.01) and 65 to 74 (OR=0.69, p=0.01) years old were
significantly less likely to have a trial available compared to those <60
years old on multivariable analysis as well.

A total of 1,725 patients with breast, GI, GU, lung, or
hematopoietic cancers were navigated using the decision-support tool
from April 2019 to October 2020. Of these patients, 13.4% had breast,
29.3% had GI (colorectal, gastroesophageal, or pancreatic), 15.5%
had GU (bladder, prostate, or renal), 22.7% had lung, and 19.1% had
hematopoietic (leukemia, lymphoma, or multiple myeloma) cancer.
Most navigated patients were white (86.3%), ≥ 60 years old (72.2%),
and in the 2nd tertile ADI (65.7%). Similarly, most patients who
presented to the cancer center during the study period were white
(87.3%) and ≥ 60 years old (72.7%). Decision-support tool utilization
rates varied across tumor groups but overall improved during the
study period (Figure 2). The average utilization rate was 46.9% in
breast, 52.2% in GU, 54.6% in hematopoietic, 74.0% in GI and 79.2%
in lung cancers. The most recent utilization rates were over 70% for
the majority of tumor groups.

Clinical domain
Ineligibility is the second most important barrier limiting
participation in clinical trials. Overall, 27.0% of patients with a trial
available were ineligible (Table 2). Ineligibility varied significantly
by tumor group (p<0.0001). GU cancer patients had the highest
ineligibility rate (47.4%), followed by breast (35.6%), lung (26.4%),
GI (18.0%), and hematopoietic (12.3%) cancer patients. Among those
patients with a trial available, patients with GI (OR=4.51, p<0.0001),
lung (OR=2.48, p=0.01), and hematopoietic (OR=6.64, p<0.0001)
cancers were more likely to meet eligibility criteria compared to GU
patients on multivariable analysis (Table 3). Eligibility did not vary
by age, race, or ADI.

Structural domain
Overall, 15.5% of patients in this sample were sent to screening
for an interventional, treatment trial. The largest barrier to screening
was trial availability as 72.3% did not have a trial available based on
the characteristics of the patient’s cancer (Table 2). However, the
extent of this structural barrier differed significantly by tumor group
(p<0.0001). No trial was available for 86.5% of lung, 82.4% of GI,
68.4% of breast, 56.6% of GU, and 55.6% of hematopoietic cancer
patients (Table 2). Trial availability did not differ significantly based
on race or ADI but did differ significantly based upon age with those
≥ 60 having fewer trials available.

Physician domain
Of the 348 patients eligible for an available trial, 298 (85.6%) were
offered a trial. Among those eligible for an available trial, patients
with breast cancer had significantly lower odds of recruitment by
the provider than those with GU cancer (OR=0.28, p=0.02) after
controlling for age, race, and ADI (Table 3). Patients ≥ 75 years old
had lower odds of recruitment compared to patients <60 years old
(OR=0.25, p=0.002) on multivariable analysis. Race and SES were not
found to be significant predictors of recruitment by the physician.

The multivariable model for each domain is shown in Table 3.

Figure 1: ClinicalPath™ workflow.
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Figure 2: Quarterly ClinicalPath™ utilization rates.

Table 1: Number of interventional, treatment trials open from April 2019 to Oct 2020.
Open and Closed During
Tumor Group
Open Throughout Study Period
Study Period

Open During Study
Period

Closed During Study
Period

Total

Breast

0

0

20

0

20

Gastrointestinal

0

0

14

0

14

Genitourinary

1

1

19

0

21

Lung

2

0

20

0

22

Hematopoietic

8

1

57

1

67

Total

11

2

130

1

144

trial availability varies across tumor groups. This variation helps
direct attention to comparative analysis of high performing and
underperforming groups as these differences across tumor groups
represent opportunities to learn from those with lower structural
barriers and implement targeted interventions for those with higher
structural barriers.

Patient domain
Of the 298 patients offered a trial, 268 (89.9%) agreed to proceed
to screening. Among those recruited by their provider, patients in the
1st ADI tertile were less likely to agree to screening (OR=0.32, p=0.05)
compared to patients in the 2nd tertile. There was no difference in
willingness to proceed to screening between Black and white patients
(OR=0.63, p=0.54). Neither tumor group nor age was found to be
statistically significant predictors of agreeing to screening.

No significant difference was detected across barrier domains
between white and black patients, though the sample size for Black
patients was small. In fact, minorities accounted for a small portion
of patients presenting to the cancer center as 86.3% of the navigated
sample were white patients. A previous study similarly showed that
black and Hispanic patients were less likely to present to an NCIdesignated cancer center after controlling for travel distance and other
demographic variables [32]. In addition, a literature review found no
difference between white and minority patients in terms of willingness
to enroll in clinical trials [15]. Taken together, this suggests that
ensuring equal access to clinical trials may be more impactful than
interventions aimed at changing attitudes or beliefs since minorities
appear to be just as willing to participate if given the chance. Ensuring
equal access is particularly pertinent to cancer centers with rural sites
as trials are likely available at the cancer center itself rather than the
more distant locations, which may unintentionally exclude those of
lower SES or minorities. To optimize recruitment, more studies must
be performed to determine the specific barriers to minority access
and enrollment.

Discussion
Recruitment to cancer clinical trials involves overcoming multiple
barriers that limit equal participation in trials across cancer types and
patient characteristics. When ClinicalPath™ is integrated into routine
care; it is a promising tool for improving clinical trial recruitment
as it collects data regarding potential barriers to enrollment. This
data can help identify subgroups of patients for which trials are not
available and may help address physician-level barriers as providers
are prompted to consider clinical trials by the tool. In this study,
72.3% of patients did not have a trial available and 27% of those with
a trial available were ineligible. Barriers to enrollment did not vary
significantly across white and Black race, although the small sample
of Black patients resulted in imprecise estimates for this comparison.
Congruent with published literature, we found that trial
availability was the most significant barrier to enrollment [28]. These
points to further examination of trial availability first and foremost
since addressing downstream barriers will not be as effective if
structural barriers continue to play a significant role. Furthermore,
by understanding which patients do not have a trial available, we
can detect and fill gaps in our trial portfolio. We also found that
Remedy Publications LLC., | http://clinicsinoncology.com/
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Table 2: Sequential barriers to clinical trial enrollment by demographic characteristics.
Barrier Domain

All Patients

Structural

Clinical

Total n

No Trial
Available n (%)

Trial
Avail n

Ineligible n (%)

1,725

1,248 (72.3)

477

129 (27.0)

p<0.0001

Tumor Group

Physician

Patient

Eligible n

Not Offered
n (%)

Offered
Trial n

348

50 (14.4)

298

p<0.0001

p=0.06

Not Screened
Sent for
n (%)
Screening n (%)
30 (10.1)

268 (89.9)

p=0.12

Genitourinary

267

151 (56.6)

116

55 (47.4)

61

7 (11.5)

54

7 (13.0)

47 (87.0)

Breast

231

158 (68.4)

73

26 (35.6)

47

13 (27.7)

34

5 (14.7)

29 (85.3)

Gastrointestinal

506

417 (82.4)

89

16 (18.0)

73

11 (15.1)

62

10 (16.1)

52 (83.9)

Lung

392

339 (86.5)

53

14 (26.4)

39

6 (15.4)

33

2 (6.1)

31 (93.9)

Hematopoietic

329

183 (55.6)

146

18 (12.3)

128

13 (10.2)

115

6 (5.2)

109 (94.8)

480

324 (67.5)

156

37 (23.7)

119

15 (12.6)

p=0.02

Age
<60

p=0.30

p=0.02

p=0.58
104

7 (6.7)

97 (93.3)

60 - 64

269

207 (77.0)

62

15 (24.2)

47

3 (6.4)

44

5 (11.4)

39 (88.6)

65 - 74

562

419 (74.6)

143

38 (26.6)

105

13 (12.4)

92

11 (12.0)

81 (88.0)

≥ 75

414

298 (72.0)

116

39 (33.6)

77

19 (24.7)

58

7 (12.1)

51 (87.9)

p=0.56

Race

p=0.65

p=0.68

p=0.09

White

1,489

1,083 (72.7)

406

108 (26.6)

298

42 (14.1)

256

23 (9.0)

233 (91.0)

Black

133

91 (68.4)

42

11 (26.2)

31

4 (12.9)

27

3 (11.1)

24 (88.9)

Other/Unkn

103

74 (71.8)

29

10 (34.5)

19

4 (21.1)

15

15 (26.7)

11 (73.3)

p=0.18

National ADI
1st Tertile

p=0.23

p=0.33

p=0.09

156

106 (68.0)

50

18 (36.0)

32

3 (9.4)

29

6 (20.7)

23 (79.3)

2 Tertile

1,133

834 (73.6)

299

80 (26.8)

219

28 (12.8)

191

15 (7.9)

176 (92.2)

3rd Tertile

377

264 (70.0)

113

26 (23.0)

87

16 (18.4)

71

7 (9.9)

64 (90.1)

Missing

59

nd

15

10

7

*p-values are from Chi-squared tests

primary determinant of this denominator’s accuracy. The utilization
rate presented in this study only includes new patients and would not
include established patients who have switched between therapeutic
trials. However, the impact of patients switching between trials was
mitigated by the fact that the study was over 18 months rather than a
longer timeframe. The present study found that decision-support tool
usage varies by tumor groups, but utilization is increasing overall,
likely due to a combination of education, benchmarking, physician
championing, and increased informatics support. This improvement
in decision-support tool utilization will help better delineate barriers
over time.

degree of underestimation corresponds to the proportion of each in
a given tumor group.
There are some limitations to this study. First, generalizing
these results to the institution is tied to the utilization of the clinical
decision-support tool. Although ongoing efforts have improved
decision-support tool utilization, barriers to clinical trial enrollment
could not be assessed in patients who were not navigated. As our
utilization increases, we will be able to further evaluate barriers.
Second, the interpretation of the results for clinical, physician, and
patient-level barriers are limited given the large structural barrier
resulting in a small sample size at the barrier domains downstream.
In addition, the reasons for non-referral at the clinical, provider, and
patient-level were given by providers prior to the formal screening
procedure and reflect to some degree their knowledge of trials at the
institution rather than the formal result of screening. Often providers
will pre-screen patients prior to utilizing the decision-support tool,
which further complicates the interpretation of these downstream
domains.

The usefulness of a clinical decision-support tool in the context
of clinical trial enrollment depends on the appropriate placement of
trials into the decision-tree and the automated algorithms developed
to determine eligibility. If appropriately maintained, a decisionsupport tool can be particularly helpful for providers who are not
familiar with the trials available at an institution as its use only
requires knowledge about the patient. Therefore, implementation of a
decision-support tool may be helpful for increasing enrollment from
our regional sites. However, if the decision-tool functions outside the
formal trial screening procedures of the cancer center, the provider’s
degree of local clinical trial knowledge impacts the categorization of
the clinical barrier for a given patient. For example, a physician who
is not familiar with a trial may send an ineligible patient for screening
when prompted, whereas a physician who is more familiar with the
trial may recognize that the patient is ineligible and not send the
patient for screening. The presence of both types of providers in this
analysis results in an underestimation of the ineligibility rate, and the
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Conclusion
Barriers to clinical trial enrollment exist at all levels, although it
is evident that trial availability remains one of the most significant
barriers. Our data also dispels the often-circulated misperception that
Black patients are less willing to participate in clinical trials, as we saw
no racial differences in participation in the subset of eligible patients
who were offered trial participation.
Clinical decision-support platforms may be promising tools for
clinical trial enrollment but are not without limitations and pitfalls.
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Table 3: Multivariable logistic model predicting progression through each barrier domain.
Barrier Domain

Structural

Clinical

Physician

Patient

Trial Available (n=1666)

Eligible for Trial (n=462)

Patient Recruitment (n=338)

Sent for Screening (n=291)

OR (95% CI)

p-value

OR (95% CI)

p-value

OR (95% CI)

p-value

OR (95% CI)

p-value

Tumor Group
Genitourinary

1

1

1

1

Breast

0.54 (0.37, 0.79)

0.002

1.70 (0.89, 3.25)

0.11

0.28 (0.09, 0.85)

0.02

0.44 (0.10, 1.85)

0.26

Gastrointestinal

0.27 (0.19, 0.38)

<0.0001

4.51 (2.27, 8.94)

<0.0001

0.63 (0.22, 1.83)

0.4

0.40 (0.12, 1.37)

0.14

Lung

0.20 (0.14, 0.30)

<0.0001

2.48 (1.19, 5.14)

0.01

0.87 (0.26, 2.93)

0.82

1.48 (0.26, 8.53)

0.66

Hematopoietic

0.99 (0.70, 1.39)

0.94

6.64 (3.49, 12.65)

<0.0001

1.01 (0.36, 2.84)

0.99

1.62 (0.44, 5.96)

0.46

Age
<60

1

1

1

1

60 - 64

0.62 (0.43, 0.89)

0.01

1.16 (0.55, 2.47)

0.7

1.56 (0.41, 5.97)

0.51

0.43 (0.12, 1.54)

0.2

65 - 74

0.69 (0.51, 0.92)

0.01

1.10 (0.62, 1.97)

0.75

0.71 (0.29, 1.70)

0.44

0.61 (0.20, 1.83)

0.38

≥ 75

0.77 (0.56, 1.05)

0.1

0.85 (0.47, 1.55)

0.59

0.25 (0.11, 0.61)

0.002

0.39 (0.11, 1.36)

0.14

Race
White

1

1

1

1

Black

1.20 (0.79, 1.81)

0.4

0.99 (0.44, 2.23)

0.98

1.43 (0.42, 4.80)

0.57

0.63 (0.15, 2.70)

0.54

Other/Unkn

1.07 (0.66, 1.73)

0.79

0.60 (0.25, 1.43)

0.25

0.89 (0.23, 3.41)

0.87

0.22 (0.06, 0.80)

0.02

1.24 (0.85, 1.81)

0.27

0.62 (0.31, 1.22)

0.17

1.78 (0.49, 6.40)

0.38

0.32 (0.11, 0.95)

0.05

0.22

1.37 (0.77, 2.42)

0.28

0.60 (0.29, 1.26)

0.18

0.89 (0.32, 2.51)

National ADI
1st Tertile
nd

2 Tertile

1

3rd Tertile

1.19 (0.90, 1.57)

1

1

The use of decision-support tools in the context of clinical trial
enrollment is more helpful for providers without detailed knowledge
of the trials available at the institution. The data that is collected
through these tools has the potential for improving trial enrollment
if its use is properly implemented and monitored. Decision-support
tools may be most effective for increasing trial enrollment when
incorporated into regional sites.

0.83

Surg. 2013;216(4):774-81.
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