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Abstract

Introduction: Disparities in clinical trials (CTs) enrollment perpetuate inequities in

treatment access and outcomes, but there is a paucity of Canadian data. The

objective of this study was to examine disparities in cancer CT enrollment at a large

Canadian comprehensive cancer center.

Methods: Retrospective study of CT enrollment among new patient consultations

from 2006 to 2019, with follow‐up to 2021 (N = 154,880), with the primary

outcome of enrollment as a binary variable. Factors associated with CT enrollment

were evaluated using multivariable Bayesian hierarchical logistic regression with

random effects for most responsible physician (MRP) and geography, adjusted for

patient characteristics (sex, age, language, geography, and primary care provider

[PCP]), area‐level marginalization (residential instability, material deprivation, de-

pendency, and ethnic concentration), disease (cancer site and stage), and MRP

(department, sex, language, and training). A sensitivity analysis of the cumulative

incidence of enrollment was conducted to account for differences in disease type

and follow‐up length.

Results: CT enrollment was 11.2% overall, with a 15‐year cumulative incidence of

18%. Lower odds of enrollment were observed in patients who were female

(adjusted odds ratio [AOR], 0.82; 95% confidence interval [CI], 0.78–0.86), ≥65

years (AOR vs. <40, 0.61; 95% CI, 0.56–0.66), non‐English speakers (0.72; 95% CI,

0.67–0.77), living ≥250 km away (AOR vs. <15 km, 0.71; 95% CI, 0.62–0.80), and

without a PCP. Disease characteristics accounted for the largest proportion of
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observed variation (20.8%), with significantly greater odds of enrollment in patients

with genitourinary cancers and late‐stage disease.

Conclusion: Significant sociodemographic disparities were observed, suggesting the

need for targeted strategies to increase diversity in access to cancer CTs in Canada.
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INTRODUCTION

Clinical trials (CTs) for cancer are an essential component of high‐
quality care and are critical for identifying new treatment strate-

gies that can improve quality of life and survival.1,2 For patients with

advanced or refractory disease, CTs provide access to experimental

therapy that may be otherwise unavailable.3 However, a growing

body of evidence, primarily gathered in the United States (US), has

demonstrated significant disparities in CT participation, which limit

the generalizability of study findings and perpetuate inequities in

access and outcomes.4–6

In Canada, approximately 900 CTs are authorized by Health

Canada annually, and 121 cancer CTs opened in 2022.7 Although

there is a paucity of data on disparities in cancer CTs in Canada,

there is a notable 12% survival gap from cancer between the poorest

and richest neighborhoods.8 Health Canada recently mandated trial

sponsors to submit trial data disaggregated by sex, age, and race, but

have not implemented policies to ensure diversity in participation.9

In the United States, the National Institutes of Health mandated the

inclusion of minority groups, and the Food and Drug Administration

(FDA) issued guidance for the reporting of demographic differences

by subgroup, but disparities in trial participation persist.10,11 A

landmark study of participation in National Cancer Institute CTs

found that Black and Hispanic patients had approximately 30% lower

odds of participation compared to White patients.12 Furthermore,

reviews of CTs leading to drug approvals by the FDA over the last

decade found that women made up fewer than 40% of participants

overall.5,13 Studies have also identified underrepresentation in CTs

among older patients14 and those living in rural areas.15,16

The federally funded Canadian Partnership Against Cancer has

called for research to better understand the barriers in the CT sys-

tem to increase access for underrepresented populations.17 Such

measurement has also been identified by the American Society of

Clinical Oncology as a key mechanism for reducing cancer dispar-

ities.1 The objective of this study is to examine sociodemographic

disparities in CT enrollment at a large Canadian cancer center.

MATERIALS AND METHODS

Study design and setting

This is a retrospective cohort study conducted at Princess Margaret

Cancer Centre (PM), University Health Network in Toronto, Canada.

PM is apublicly funded, comprehensive cancer centerwith12,576new

patients in 2022. This study was approved by the University Health

Network Research Ethics Board and reported according to the

Strengthening theReporting ofObservational Studies in Epidemiology

checklist.

Study population and data sources

We identified all new patients with a confirmed histologic diagnosis

of cancer who were seen during a new patient visit at PM between

January 1, 2006, and November 30, 2019, with follow‐up data

available until December 31, 2021 (N = 161,939). This time frame

ensured that all evaluable patients had at least 2 years of follow‐up
time after their initial consultation at PM. Data on patients’ de-

mographics, cancer type, stage, and treatments received were ob-

tained from the Ontario Cancer Registry, which is a provincial

database of all patients with a cancer diagnosis in the province of

Ontario (excluding nonmelanoma skin cancer).18 Data on visit char-

acteristics and CT participation at PM were obtained from institu-

tional health records and the Clinical Research Record. Patients who

were age <18 years or not residents of the province of Ontario were

excluded (N = 7059). The final analytic sample size was 154,880.

Outcomes

The primary outcome of this study was patient CT enrollment,

measured as a patient’s enrollment in a CT at PM at any point during

the study period. Because of the study population’s disease hetero-

geneity and variable length of follow‐up, time from initial consulta-

tion to CT enrollment or last date of follow‐up, whichever occurred

first, was estimated as a secondary outcome measure. For patients

who participated in more than one CT during the study period, time

from first contact to enrollment in the earliest trial was used.

Variables

We defined two categories of independent variables: 1) patient soci-

odemographic and disease characteristics, and 2) most responsible

physician (MRP) characteristics. Sociodemographic characteristics

included sex (male/female), age at diagnosis (defined as <40, 40–64,

≥65),19,20 primary language (English, language other than English, or
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unknown), federal electoral district (FED) of the patients’ primary

residences (based on 6‐digit postal code),21 distance (km) of primary

residence from the cancer center, community‐level marginalization,

and presence of a primary care provider (PCP). The 2013 FED distri-

bution, which divides the province of Ontario into 121 geographical

areas with similar population sizes, was used as the ecologic unit of

analysis to control for region. Distances fromPMwere estimated using

the Google Driving Distance macro (Google LLC, Menlo Park, Cali-

fornia) and the postal code of the patients’ primary residences.

Community‐level marginalization was measured by linking pa-

tient postal codes to the 2016 Ontario Marginalization Index, which

shows differences in marginalization between geographic areas and

has been used in our prior work to evaluate disparities.22,23 The index

is comprised of four scales: residential instability, material depriva-

tion, dependency, and ethnic concentration.24,25 Patients are sorted

into quintiles along each of these scales, with lower quintiles indi-

cating the least marginalized and higher quintiles indicating greater

marginalization.25 Disease characteristics included cancer site and

American Joint Committee on Cancer stage at diagnosis.

The MRP for each patient was identified from the Ontario

Cancer Registry and details on their demographics were extracted

from the publicly available College of Physicians and Surgeons of

Ontario website.26 These included information about the MRP sex

(male/female), language (categorized as English only or English and

other), location of medical training (Ontario, out‐of‐province, or

outside Canada), and department (medical oncology [DMO], radiation

oncology [DRO], surgical oncology [DSO], or other).

Statistical analyses

Descriptive statistics were used to define the baseline characteristics

of the study population. Categorical variables were reported as ab-

solute numbers and proportions and compared using χ2 tests.

Continuous variables were reported as means with standard de-

viations (SD) or medians with interquartile ranges (IQR) and

compared using independent t‐tests. The incidence of CT enrollment

from the time of first contact at PM to time of enrollment was

measured using the cumulative incidence function (CIF) with death as

the competing risk. The CIF curves were compared by patient sex,

age, language, and distance from the cancer center using Gray’s test.

Univariable logistic regression with Holm multiple testing adjust-

ment was used to assess the association of each study covariate with

enrollment status. A multivariable Bayesian hierarchical model was

subsequently performed with random effects for physician (MRP) and

geography (FED), whichwere fitted additively in themodel. The results

were reported as adjusted odds ratios (AOR). The proportion of vari-

ation (R2) explained in CT enrollment that is attributable to fixed ef-

fects (marginal) and both fixed and random effects (conditional) was

also calculated.27 A secondary univariable and multivariable

competing risk regression was performed to investigate the effect of

study covariates on the rate of enrollment (Supporting Information).28

Statistical significance for all analyses was set at p < 0.05. All

analyses were performed using R Statistical Software (v4.2.2).29

RESULTS

Participant and trial characteristics

The study sample included 154,880 patients (Table 1), which was

well‐balanced between males and females. Half were between ages

40 and 64 years, with marginalization indices at or below population

average. The majority was English‐speakers (88.9%), lived <50 km

from the cancer center (69.8%), and had access to a PCP (92.7%)

(p < .001).25 Overall, 11.2% (n = 17,400) of patients enrolled in a CT

(Table 2). A total of 2893 patients participated in phase 1 or 1/2

trials, 4838 patients participated in phase 2 or 2/3 trials, 5058 pa-

tients participated in phase 3 or 4 trials, and 4168 patients partici-

pated in other types of studies.

Cumulative incidence of clinical trial enrollment

The cumulative incidences of patients enrolled in a CT in 5‐, 10‐,
and 15‐years were 12%, 15%, and 18%, respectively, with a mean

time to enrollment of 0.9 years (SD = 2.1) following initial consul-

tation (Figure 1). The 15‐year cumulative incidences of enrollment

were significantly higher in males (19.7%; p < .001); patients 40–64

years (20.9% vs. 16.5% <40) or age ≥65 (13.4% vs. 16.5% <40 and

20.9% 40–64 years; p < .001); English‐language speakers (18.1% vs.

14.2% non‐English language speakers, p < .001); and patients living

≥250 km from the cancer center (18.3%) compared to

those with closer proximities (range, 16.6%–18.2%, p < .0014)

(Figure 2).

UNIVARIABLE AND MULTIVARIABLE REGRESSION

Univariable and multivariable analyses, with CT enrollment as a bi-

nary dependent variable, are shown in Table 3. Multivariable analysis

identified lower odds of CT enrollment in females (AOR, 0.82; 95%

CI, 0.78–0.86; p < .001), age ≥65 (AOR vs. <40, 0.61; 95% CI, 0.56–

0.66; p < .001), non‐English language speakers (AOR vs. English, 0.72;

95% CI, 0.67–0.77; p < .001), and individuals living ≥50 km from the

cancer center, with the greatest effect observed for individuals >250

km (AOR vs. <15 km, 0.71; 95% CI, 0.62–0.80; p < .001). Compared

to patients with genitourinary cancer, those from all other disease

sites had significantly lower odds of enrollment. Small, but signifi-

cantly lower odds of enrollment were found with greater material

deprivation and ethnic concentration, but not with residential insta-

bility or dependency. Greater odds of enrollment were found in pa-

tients with late stage of disease (AOR, 1.19; 95% CI, 1.12–1.25;

p < .001) and with a PCP (AOR, 1.69; 95% CI, 1.55–1.83; p < .001).
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TAB L E 1 Characteristics of patients ever enrolled and not enrolled in clinical trials at Princess Margaret Cancer Centre (2006–2019).

Total sample
(n = 154,880)

Not enrolled in CTs
(n = 137,480)

Enrolled in CTs
(n = 17,400) pa

Effect
sizeb

Sex <.001 0.05

Male 77,638 (50.1) 67,592 (49.2) 10,046 (57.7)

Female 77,242 (49.9) 69,888 (50.8) 7354 (42.3)

Age at diagnosis, years <.001 0.05

<40 13,982 (9.0) 12,528 (9.1) 1454 (8.0)

40 to 64 76,522 (49.4) 66,643 (48.5) 9879 (57.0)

≥65 64,376 (41.6) 58,309 (42.4) 6067 (35.0)

Language <.001 0.03

English 137,734 (88.9) 121,759 (88.6) 15,975 (91.8)

Other 15,189 (9.8) 13,905 (10.1) 1284 (7.4)

Unknown 1957 (1.3) 1816 (1.3) 141 (0.8)

Residential instability <.001 0.03

Mean (SD) 3.3 (1.5) 3.3 (1.5) 3.3 (1.5)

Median (min, max) 4 (1, 5) 4 (1, 5) 3 (1, 5)

Material deprivation <.001 0.10

Mean (SD) 2.8 (1.4) 2.8 (1.4) 2.7 (1.4)

Median (min, max) 3 (1, 5) 3 (1, 5) 3 (1, 5)

Dependency .95 <0.01

Mean (SD) 2.9 (1.5) 2.9 (1.5) 2.9 (1.5)

Median (min, max) 3 (1, 5) 3 (1, 5) 3 (1, 5)

Ethnic concentration <.001 0.03

Mean (SD) 3.6 (1.3) 3.6 (1.3) 3.5 (1.3)

Median (min, max) 4 (1, 5) 4 (1, 5) 4 (1, 5)

Average driving distance (km) <.001 0.02

0 to <15 45,440 (29.3) 40,236 (29.3) 5204 (29.9)

15 to <50 62,674 (40.5) 55,571 (40.4) 7103 (40.8)

50 to <100 18,595 (12.0) 16,506 (12.0) 2089 (12.0)

100 to <250 19,933 (12.9) 17,687 (12.9) 2246 (12.9)

≥250 8238 (5.3) 7480 (5.4) 758 (4.4)

Cancer site <.001 0.14

Genitourinary 24,411 (15.8) 19,987 (14.6) 4424 (25.4)

Breast 20,875 (13.5) 19,025 (13.8) 1850 (10.6)

CNS and eye 5639 (3.6) 5261 (3.8) 378 (2.2)

Endocrine 7165 (4.6) 7015 (5.1) 150 (0.9)

Gastrointestinal 26,067 (16.9) 23,497 (17.2) 2570 (14.8)

Gynecological 12,690 (8.2) 11,177 (8.1) 1513 (8.7)

Head and neck 8358 (5.4) 7429 (5.4) 929 (5.3)

Leukemia, lymphoma, and

myeloma

18,792 (12.1) 16,825 (12.2) 1967 (11.3)

Lung 13,547 (8.7) 11,185 (8.1) 2362 (13.6)

4 - DISPARITIES IN CANADIAN CLINICAL TRIALS
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This multivariable model explained 47.6% of the variation in CT

enrollment (Figure 3). Disease (cancer site and stage of disease) and

MRP characteristics accounted for the largest proportion of

observed variation (20.8% and 14.2%, respectively), with marginali-

zation, distance from the cancer center, geographic location, and

presence of a PCP collectively accounting for <3% of the variation

observed.

The univariable and multivariable Fine and Gray subdistribution

hazard regression models are shown in the Supporting Information.

Findings were similar, except for driving distance, which was not sig-

nificant except for lower odds of enrollment among individuals living

furthest for the cancer center ≥250 (p < .05), and significantly greater

odds of enrollment among patients of MRPs trained internationally

(p < .001).

T A B L E 1 (Continued)

Total sample

(n = 154,880)

Not enrolled in CTs

(n = 137,480)

Enrolled in CTs

(n = 17,400) pa
Effect

sizeb

Melanoma and skin 7183 (4.6) 6768 (4.9) 415 (2.4)

Sarcoma 4602 (3.0) 4221 (3.1) 381 (2.2)

Other 5551 (3.6) 5090 (3.7) 461 (2.6)

Stage <.001 0.07

Early (stage I/II) 57,286 (37.0) 50,504 (37.0) 6782 (39.0)

Late (stage III/IV) 33,998 (22.0) 29,054 (21.0) 4944 (28.4)

Missing or unstageable 63,596 (41.0) 57,922 (42.0) 5674 (32.6)

Primary care provider <.001 0.03

No 11,247 (7.3) 10,419 (7.6) 828 (4.8)

Yes 143,633 (92.7) 127,061 (92.4) 16,572 (95.2)

MRP sex .028 0.01

Female 44,284 (28.6) 39,145 (28.5) 5139 (29.5)

Male 102,660 (66.3) 91,155 (66.3) 11,505 (66.1)

Missing 7936 (5.1) 7180 (5.2) 756 (4.3)

MRP medical training <.001 0.02

Ontario 91,864 (59.3) 81,580 (59.3) 10,284 (59.1)

Other‐Canada 22,907 (14.8) 20,461 (14.9) 2446 (14.1)

Other‐international 33,100 (21.4) 29,097 (21.2) 4003 (23.0)

Missing 7009 (4.5) 6342 (4.6) 667 (3.8)

MRP language <.001 0.02

English 101,840 (65.8) 90,633 (65.9) 11,207 (64.4)

English and other 46,058 (29.7) 40,528 (29.5) 5530 (31.8)

Missing 6982 (4.5) 6319 (4.6) 663 (3.8)

MRP department <.001 0.05

Medical oncology 40,577 (26.2) 35,035 (25.5) 5542 (31.9)

Radiation oncology 38,652 (25.0) 34,454 (25.1) 4198 (24.1)

Surgical oncology 68,039 (43.9) 61,073 (44.4) 6966 (40.0)

Other 276 (0.2) 258 (0.2) 18 (0.1)

Missing 7336 (4.7) 6660 (4.8) 676 (3.9)

Note: Statistics reported as No. (%) or specified. Data source: Princess Margaret Cancer Centre Clinical Research Record and institutional health

records.

Abbreviations: CNS, central nervous system; CTs, clinical trials; MRP, most responsible physician; ON‐Marg, Ontario Marginalization Index.
aIndependent t‐test for continuous variables or χ2 test for categorical variables.
bCohen’s d for continuous (0.2 = small, 0.5 = medium, 0.8 = large) or Cramer’s V for categorical (0.10 = small, 0.30 = medium, 0. 50 = large).
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DISCUSSION

These findings suggest that disparities in cancer CT enrollment are

present across several sociodemographic domains and have not

significantly improved over time. To our knowledge, this study rep-

resents the largest analysis of cancer CT disparities in Canada and is

aligned with the growing international evidence base on disparities in

CT enrollment.

The few Canadian studies of cancer CT disparities have primarily

focused on age.30,31 An analysis of Canadian Clinical Trials Group CTs

from 1990 to 2010 found that adults age >65 were significantly

underrepresented in randomized controlled trials (RCTs).30 This is

consistent with our finding that patients >65 years had a nearly 40%

lower odds of participation in CTs compared to adults <40, despite

there being four times as many patients >65 in the sample compared

to those <40. Similarly, an analysis of phase 3 breast, prostate,

colorectal, and lung cancer RCTs registered on ClinicalTrials.gov from

2008 to 2021 reported a difference in median age of 8.15 years

between trial participants and the patient population.32 The complex

challenge of improving accrual of older adults into CTs is well

recognized and has culminated in the publication of a white paper on

strategies to improve older adult representation.33 These included

the design of more trials specifically focused on the geriatric

oncology population, concurrent differential dosing of study drugs for

older adults, and broadening eligibility criteria, such as including

patients with prior/concurrent low‐risk malignancies, and loosening

renal and hepatic restrictions.34–37

Disparities by sex was another notable finding in our analysis.

Although patients with genitourinary cancers, who are over-

whelmingly males with prostate cancer, constituted 15.8% of the

total patient sample, they represented 25.4% of all trial enrollees.

This contrasts with breast cancer, largely a disease of females, and

represented 13.5% of the patient population, yet only 10.6% of

enrollees (p < .001). In the adjusted analysis, breast cancer patients

had 60% lower odds of participating in trials compared to patients

with genitourinary cancers. Even after adjusting for cancer site,

however, women had 20% lower odds of participation in CTs. This is

consistent with data from the US FDA, which reported that only 38%

of the 5157 patients who participated in cancer CTs that led to new

FDA drug approvals in 2018 were women.38

Canadian policy recommendations on the inclusion of women in

CTs have been in effect since 1997 with the publication of the

Guidance Document on the Inclusion of Women in Clinical Trials, which

recommended that women be included in all phases of CTs with an

appropriate sample size.39,40 However, there has been no official

monitoring of the inclusion of women in CTs in Canada and the

recommendations have no repercussions for industry or cooperative

groups that do not adhere.39 Health Canada has highlighted the

importance of differentially analyzing how sex‐ and gender‐based
differences impact health outcomes; however, a recent study of sex

and gender reporting in Canadian RCTs from 2013 to 2014 found

little analysis of sex and gender and no analysis of intersectionality.41

Poor historic data collection of gender in electronic health records

precluded analysis of disparities by gender in the present study.

We also found that non‐English speakers were 30% less likely to

participate in a cancer CT in our study. With nearly 20% of Ontario

residents speaking a language other than English at home, this raises

serious concerns around quality of care for a large segment of the

population.42 The time and effort required to discuss a CT through a

TAB L E 2 Characteristics of clinical trials at Princess Margaret
Cancer Centre (2006–2021).

Characteristic (N = 26,357) No. (%)

Trial phase

Phase 1 or 1/2 8005 (30.4)

Phase 2 or 2/3 9516 (36.1)

Phase 3 or 4 8836 (33.5)

Trial site

Genitourinary 3901 (14.8)

Breast 1282 (4.9)

CNS and eye 409 (1.6)

Endocrine 64 (0.2)

Gastrointestinal 2272 (8.6)

Gynecological 2003 (7.6)

Head and neck 881 (3.3)

Lung 4121 (15.6)

Leukemia, lymphoma, and myeloma 3875 (14.7)

Melanoma and skin 865 (3.3)

Sarcoma 383 (1.5)

Othera 6305 (23.9)

Trial department

DMO 17,699 (67.2)

DRO 4486 (17.0)

DSO 2726 (10.3)

Psychosocial oncology 471 (1.8)

Other 962 (3.7)

Missing 13 (0.0)

Trial sponsor

Industry 12,564 (47.7)

Cooperative group 5105 (19.3)

Grant 3074 (11.7)

Otherb 5614 (21.3)

Notes: Data source: Princess Margaret Cancer Centre Clinical Research

Record and institutional health records.

Abbreviations: CNS, central nervous system; DMO, department of

medical oncology; DRO, department of radiation oncology; DSO,

department of surgical oncology.
aOther includes multiple sites.
bOther includes studies that have not received any source of external

funding.
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F I GUR E 1 Cumulative incidence of clinical trial enrollment at Princess Margaret Cancer Centre (2006–2021). The 5‐, 10‐, and 15‐year
estimated cumulative incidence rates of patients enrolled in a trial are 12%, 15%, and 18%, respectively. Data source: Princess Margaret
Cancer Centre Clinical Research Record and institutional health records.

F I GUR E 2 Cumulative incidence of clinical trial enrollment, by sex, age, language, and driving distance (2006–2021).

SHAPIRO ET AL. - 7

 10970142, 0, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.1002/cncr.35331, W

iley O
nline L

ibrary on [25/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



TAB L E 3 Univariable and multivariable regression results of clinical trial enrollment at Princess Margaret Cancer Centre.

Univariable regressiona Multivariable regressionb

OR (95% CI) p Adj. OR (95% CI) p

Sex

Male Reference Reference

Female 0.71 (0.69–0.73) <.001 0.82 (0.78–0.86) <.001

Age at diagnosis

<40 Reference Reference

40 to 64 1.28 (1.21–1.35) <.001 1.06 (0.99–1.14) .108

≥65 0.90 (0.84–0.95) .004 0.61 (0.56–0.66) <.001

Language

English Reference Reference

Other 0.70 (0.66–0.75) <.001 0.72 (0.67–0.77) <.001

Unknown 0.59 (0.50–0.70) <.001 0.55 (0.44–0.67) <.001

Residential instability 0.98 (0.97–0.99) <.001 0.99 (0.97–1.00) .125

Material deprivation 0.93 (0.92–0.94) <.001 0.94 (0.93–0.96) <.001

Dependency 1.00 (0.99–1.01) 1.00 1.01 (1.00–1.03) .156

Ethnic concentration 0.98 (0.97–0.99) .005 0.96 (0.94–0.98) <.001

Average driving distance (km)

0 to <15 Reference Reference

15 to <50 0.99 (0.95–1.03) 1.00 0.95 (0.88–1.02) .165

50 to <100 0.98 (0.93–1.03) 1.00 0.88 (0.81–0.97) .010

100 to <250 0.98 (0.93–1.03) 1.00 0.90 (0.82–1.00) .037

≥250 0.78 (0.72–0.85) <.001 0.71 (0.62–0.80) <.001

Cancer site

Genitourinary Reference Reference

Breast 0.44 (0.41–0.47) <.001 0.39 (0.34–0.45) <.001

CNS and eye 0.32 (0.29–0.36) <.001 0.51 (0.41–0.65) <.001

Endocrine 0.10 (0.08–0.11) <.001 0.13 (0.10–0.17) <.001

Gastrointestinal 0.49 (0.47–0.52) <.001 0.42 (0.37–0.47) <.001

Gynecological 0.61 (0.57–0.65) <.001 0.84 (0.71–0.99) .049

Head and neck 0.56 (0.52–0.61) <.001 0.59 (0.51–0.68) <.001

Leukemia, lymphoma, and myeloma 0.53 (0.50–0.56) <.001 0.52 (0.44–0.61) <.001

Lung 0.95 (0.90–1.01) .47 0.74 (0.64–0.84) .001

Melanoma and skin 0.28 (0.25–0.31) <.001 0.25 (0.21–0.30) <.001

Sarcoma 0.41 (0.36–0.45) <.001 0.32 (0.27–0.38) <.001

Site, other 0.41 (0.37–0.45) <.001 0.39 (0.33–0.45) <.001

Stage

Early (stage I/II) Reference Reference

Late (stage III/IV) 1.27 (1.22–1.32) <.001 1.19 (1.12–1.25) <.001

Missing or unstageable 0.73 (0.70–0.76) <.001 0.50 (0.48–0.53) <.001

Primary care provider

No Reference Reference

8 - DISPARITIES IN CANADIAN CLINICAL TRIALS
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translator and the lack of reimbursement for this process within the

Ontario Health Insurance Plan may disincentivize providers to

approach such patients for participation. This is consistent with other

studies that have identified decreased access to services and inferior

disease outcomes among culturally and linguistically diverse pa-

tients.43–45 A retrospective study of Australian cancer patients from

2006 to 2016 (N = 19,453) found that patients with a preferred

language other than English were over 50% less likely to participate

in a CT.46 Similarly, a retrospective cross‐sectional analysis of pa-

tients seen at an NCI‐designated comprehensive cancer center be-

tween 200–2015 (N = 233,604) found that patients with a non‐
English language preference had a 45% reduced odds of enrollment

in a research study in adjusted analyses (OR, 0.55; 95% CI, 0.53–

0.58).47 Disparities in trial access for this population are further

heightened by the requirement of English fluency as an inclusion

criterion. A review of 10,000 CT protocols registered with Clin-

icalTrials.gov found that the proportion of CTs with an English

fluency requirement has increased from 1.7% of trials before 2000 to

9% of trials after 2010.48

Our study found minimal differences in CT enrollment across the

marginalization indices, with no differences seen across the ethnic

concentration index, which evaluates census–tract level concentra-

tions of immigrants and/or visible minorities. This contrasts with a

pediatric cancer study, which conducted a retrospective review of

the national Cancer in Young People in Canada population‐based
database, which captures data on nearly all children with cancer

<15 years of age and collects data on race and CT participation.49

That study evaluated 9204 children with cancer treated in Canada

between 2001 and 2012 and found that Asian and Arab/West Asian

patients were significantly less likely to enroll in a CT, with no dis-

parities seen across other racial groups.49 The lack of data collection

on race among adults with cancer in Canada and our subsequent

reliance on census‐tract level data may have obscured such dispar-

ities in our data. Across Canada, a lack of routine data collection on

race by provincial and territorial cancer registries has significantly

limited our ability to study how enrollment in cancer CTs varies

across racialized populations. Our use of socioeconomic status and

census‐tract level data has been a well‐accepted and highly imperfect

surrogate for measuring racial and ethnic disparities in health in

Canada.50

Although we did not find a strong correlation between census–

tract level marginalization and CT enrollment, the US‐based Cancer

Care Equity Program found that patients enrolled in CTs spend an

average of $600 per month on travel and lodging51 and that reim-

bursement of these expenses was associated with increased enroll-

ment in low‐income patients.52 A commitment by cancer centers,

T A B L E 3 (Continued)

Univariable regressiona Multivariable regressionb

OR (95% CI) p Adj. OR (95% CI) p

Yes 1.64 (1.53–1.77) <.001 1.69 (1.55–1.83) <.001

MRP sex

Female Reference Reference

Male 0.96 (0.93–1.00) .18 0.98 (0.83–1.18) .794

MRP medical training

Ontario Reference Reference

Other‐Canada 0.95 (0.90–0.99) .18 0.99 (0.77–1.27) .966

Other‐international 1.09 (1.05–1.13) <.001 1.07 (0.89–1.29) .491

MRP language

English Reference Reference

English and other 1.10 (1.07–1.14) <.001 1.07 (0.89–1.29) .491

MRP department

DMO Reference Reference

DRO 0.77 (0.74–0.80) <.001 0.61 (0.49–0.78) <.001

DSO 0.72 (0.69–0.75) <.001 0.50 (0.41–0.62) <.001

Other 0.44 (0.26–0.69) .006 0.39 (0.18–0.76) .004

Abbreviations: Adj. OR, adjusted odds ratio; CI, confidence interval; CNS, central nervous system; DMO, department of medical oncology; DRO,

department of radiation oncology; DSO, department of surgical oncology; HPDI, highest posterior density interval; ICC, intraclass correlation

coefficient; MRP, most responsible physician; ON‐Marg, Ontario Marginalization Index 2016.
aMultiple testing adjustment of p values using the Holm method.
bBayesian multilevel mixed model with random effect for MRP (n = 328; ICC = 0.257; 95% HPDI, 0.218–0.310) and Federal Electoral District (n = 121;

ICC = 0.005; 95% HPDI, 0.002–0.009); p values from Markov chain Monte Carlo; marginal R2/conditional R2 is 0.28/0.48.
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trial sponsors and other funding agencies to alleviate the financial

burden of CT participation may facilitate improved socioeconomic

diversity among participants. In that regard, the US FDA and the

Texas and Pennsylvania State Legislatures have already endorsed a

program to reimburse patients on CT with household incomes of up

to 700% of the Federal poverty rate for travel and lodging associated

with participation on trial.53 Although Canadian regulations allow for

reimbursement of reasonable out of pocket expenses, many CTs are

underfunded and greater attention by Canadian funders should be

paid to this issue. Including more community centers as part of

broader clinical trial networks will also reduce logistical barriers and

enable participants to continue to receive care closer to home.54

To address the physician factors associated with CT disparities,

greater use of patient navigators,55,56 cultural competency training

for clinical research teams,57 and implicit bias training for health care

providers are being implemented across many cancer systems.58

Implicit biases reflect attitudes that operate outside of conscious

awareness and can contribute to discriminatory behavior59 such as

preferentially offering CTs to particular sociodemographic groups.

Furthermore, improved engagement of patient populations from tu-

mor sites that are underrepresented in the current CT landscape will

be critical to improving their representation in the research land-

scape.60 The Canadian Cancer Trials Group has recently released an

action plan focused on equity, diversity, inclusivity, indigenization,

and accessibility and formed working groups to develop policy

changes that address these issues in trial design, operations, and

participation.61 However, measuring the effectiveness of these pro-

grams will be contingent on the accurate collection of data on

demographics such as race and gender. The Canadian Medical Asso-

ciation Journal has now issued guidelines on the reporting of race and

ethnicity in research articles and asks authors at the time of sub-

mission how their work represents the diversity of racial and ethnic

groups affected by the research question being studied.62 Similar

mandates by large publishing companies of other medical journals, by

funders, and by research ethics boards may address lagging data

collection efforts.

Limitations

This study was conducted at a single comprehensive cancer center in

Ontario, which is funded by a public single‐payer system, with trial

enrollment that is higher than that reported in the literature.63 These

results may not be generalizable to settings where routine care

associated with CT participation is not covered by public insurance

plans. Historic rates of adult CT participation in the United States

have been repeatedly estimated at <5%,12,64 with more contempo-

rary estimates that incorporate participation on industry‐sponsored
trials at 6%–8%.63 By comparison, the rate of CT enrollment re-

ported at PM (11.2% overall, and a cumulative incidence of 18% at

15‐years) is greater than the national estimates reported in the

United States. There is limited data from cancer centers in low‐ and

middle‐income countries (LMICs) that report institutional participa-

tion rates, although bibliometric analyses have found that the ma-

jority of RCTs are conducted in high‐income countries65 and only 8%

of published RCTs from 2014 to 2017 included patients from

F I GUR E 3 Factors explaining variation in clinical trial enrollment in adjusted analysis. Clinical trial enrollment was defined as a binary
variable (yes/no) over the study period. The residual value indicates the variance that is not explained by the variables in the model. Data
source: Princess Margaret Cancer Centre Clinical Research Record and institutional health records.
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LMICs.66 Improving participation of cancer patients in LMICs is

critical to improving health equity at a global level and is an impor-

tant area of future research and advocacy.

Although the varying follow‐up time may bias toward cancers

with better survival and patient care retention, the findings of our

primary outcome were consistent in the competing risk model. The

large sample size facilitated robust analyses but may not be repre-

sentative of disparities at other centers or regions. Toronto is an

urban, multicultural city, but many cancer patients receive their

treatment at other regional and/or community‐based centers, which

also may not have the institutional commitment or resources to

conduct CTs.

We identified small geographic disparities in our study, which

improved over time, but many patients living in more rural or remote

areas may not have the resources to travel to a larger academic center

for a consultation and would therefore not have been captured in our

data. Greater virtual care and broadening CT networks may enable

care to be provided closer to home for rural cancer patients.67

Our study presented on novel data on CT disparities across

several sociodemographic domains, but the lack of individual‐level
data on race, ethnicity, and socioeconomic status among cancer pa-

tients in Canada is a limitation of this study. In addition, our study

evaluated disparities in CT enrollment, which is the end point available

and reported in most studies in this area. However, this approach does

not capture many of the barriers in the pathway to patient CT

enrollment, including trial availability, eligibility, offer by a physician,

and patient consent.63,68 A multilevel framework69 that includes pro-

spective evaluation of disparities along this trajectory, the engagement

of patient and community groups from historically marginalized com-

munities, PCPs,70 and the evaluation of targeted strategies to improve

enrollment are critical future research directions.

CONCLUSION

To our knowledge, this study is the largest and most contemporary

analysis of CT disparities among adult cancer patients in Canada. Our

findings of significant sociodemographic disparities in enrollment on

cancer CTs provide critical baseline data to galvanize the oncology

community, research ethics boards, and CT cooperative groups.

Improved prospective, multilevel data collection efforts and in-

terventions that address barriers to participation along the contin-

uum of care are needed to create an inclusive research ecosystem

and to improve cancer outcomes for all patients.71
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