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A B S T R A C T

Purpose
Under-representation of elderly, women, and racial/ethnic minority patients with cancer in clinical
trials is of national concern. The goal of this study was to characterize enrollment trends and
disparities by age, sex, and race/ethnicity in lung cancer trials.

Methods
We analyzed data for 23,006 National Cancer Institute cooperative group lung cancer trial partici-
pants and 578,476 patients with lung cancer from the SEER registry from 1990 to 2012. The
enrollment disparity difference (EDD) and enrollment disparity ratio (EDR) were calculated on the
basis of the proportion of each subgroup in the trial population and the US lung cancer population.
Annual percentage changes (APCs) in the subgroup proportions in each population were compared
over time.

Results
Enrollment disparity for patients $ 70 years of age with non–small-cell lung cancer improved from
1990 to 2012 (test of parallelism, P = .020), with a remaining EDD of 0.22 (95% CI, 0.19 to 0.25) and
EDR of 1.65 (95% CI, 1.51 to 1.82) in 2010 to 2012. No improvement was seen for elderly patients
with small-cell lung cancer (SCLC), with an APC of 0.20 (P = .714) among trial participants, despite
a rising proportion of elderly patients with SCLC in the US population (APC, 0.32; P = .020). En-
rollment disparity for women with lung cancer improved overall, with the gap closing by 2012 (EDD,
0.03 [95% CI, 0.00 to 0.06]; EDR, 1.07 [95% CI, 1.00 to 1.16]). Enrollment disparities persisted
without significant improvement for elderly women, blacks, Asians/Pacific Islanders, and Hispanics.

Conclusion
Under-representation in lung cancer trials improved significantly from 1990 to 2012 for elderly
patients with non–small-cell lung cancer and for women, but ongoing efforts to improve the en-
rollment of elderly patients with SCLC and minorities are needed. Our study highlights the im-
portance of addressing enrollment disparities by demographic and disease subgroups to better
target under-represented groups of patients with lung cancer.

J Clin Oncol 34:3992-3999. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Lung cancer is the most common cause of cancer
death in the United States, accounting for. 26%
of all cancer deaths.1 It is a disease of the elderly,
with a median age at diagnosis of 70 years.2

Despite the growing population of older adults
in the United States and worldwide, many cancer
treatments are studied primarily in younger, fit
patients, with results extrapolated to older adults.3,4

In addition, women and racial/ethnic minorities
are under-represented in clinical trials, prompting

the National Institutes of Health (NIH) Revitali-
zation Act of 1993, which mandated the inclu-
sion of women and minorities in all NIH-funded
research. To enhance the generalizability of lung
cancer trial results, diverse patient representation
is necessary.5

Enrollment disparities in clinical trials have
been recognized for many years.6 For example,
the Southwest Oncology Group (SWOG) re-
ported under-representation of elderly patients
with lung cancer in SWOG trials from 1993 to
1996; the proportion of patients$ 65 years of age
in the trial was 39%, whereas the proportion in
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the US lung cancer population was 66%.7 Similar findings were
described for women and blacks. Older adults, women, and racial/
ethnic minorities were also less likely to participate in National
Cancer Institute (NCI)–sponsored trials from 2000 to 2002.8

However, these older studies examined trends over relatively
short time periods with fewer clinical trials and do not reflect
recent trends.6-8 In addition, prior studies did not investigate
differences by lung cancer subtype or extent of disease.

To characterize clinical trial enrollment disparities in lung
cancer over time, we conducted analyses of enrollment disparities
in NCI-sponsored cooperative group lung cancer trials from 1990
to 2012 compared with the US lung cancer population, which is
captured by SEER registry data. We determined whether enroll-
ment disparities existed for age, sex, and race/ethnicity during each
year by tumor and treatment subgroups; we also assessed for
temporal changes.

METHODS

Data Sources
We identified 210 lung cancer treatment trials in adults from 1990 to

2012 conducted by NCI-sponsored cooperative groups (American College
of Surgeons Oncology Group, Cancer and Leukemia Group B, Eastern
Cooperative Oncology Group [ECOG], North Central Cancer Treatment
Group, Radiation Therapy Oncology Group, and SWOG). Treatment trials
were defined as clinical trials investigating a lung cancer therapy with the
goal of demonstrating clinical benefit and safety. Trials activated between
January 1, 1990, and December 31, 2010 (with accruals through December
2012), were included in this analysis. We excluded trials with unpublished
results or immature data by December 2014, those with difficult-to-extract
data, and those with accruals of, 15% of target or with, 35 participants,
resulting in a final analysis cohort of 131 trials that enrolled 17,485 patients
with non–small-cell lung cancer (NSCLC) and 5,521 patients with small-
cell lung cancer (SCLC; Data Supplement). Contingency tables of included
and excluded trials by study phase and time period are given in the Data
Supplement. The proportions of enrolled elderly patients, women, racial/
ethnic minorities; extent of disease; and lung cancer type were computed.
Elderly patients were defined as those$ 70 years of age on the basis of the
median age at diagnosis for lung cancer (Data Supplement). Cancer in-
cidence data of the same time period were estimated from the SEER
registry9; see Data Supplement for details.

Statistical Analysis
We examined trends by demographic and lung cancer subgroups. To

analyze trends of both SEER registry and trial enrollment, we calculated the
annual percentage of change (APC) and performed the test of parallelism
using the method of joinpoint regression analysis (Joinpoint version 4.2.0.2,
June 2015).10 Joinpoint regression fits a piecewise linear regression model,
which is a special case of linear spline. We modeled the relationship
between years and the logarithmic proportion with zero change point on
the basis of our model selection procedure; see Data Supplement. The APC
for each trend was estimated, and P values for the test of zero APC were
calculated. The study period of 1990 to 2012 was divided into 4-year
intervals, with the exception of the last interval, which covered 3 years.

For each subgroup of interest, we calculated (1) the enrollment
disparity difference (EDD), the absolute difference between the estimated
subgroup proportion among the US lung cancer population and the
subgroup proportion among trial participants, and (2) the enrollment
disparity ratio (EDR), the estimated subgroup proportion among the US
lung cancer population divided by the subgroup proportion among trial
participants. The EDD and the EDR allowed us to measure enrollment
disparity in absolute and in relative terms. Two-sided 95% CIs of these two

measures were calculated using a nonparametric percentile bootstrapping
procedure with 10,000 resamples.

The proportions of patients in each lung cancer subgroup enrolled in
trials versus those in the SEER registry were compared over time using the
test of parallelism. A permutation distribution of the test statistic under the
null hypothesis was used to obtain the P value10; a significant P value indi-
cates that the two slopes differ. A sensitivity analysis using age $ 65 years
to define elderly was also performed. Two-sided tests with a P value , .05
were considered statistically significant. The P values reported were not
adjusted for multiple testing. SAS (version 9.4; SAS Institute, Cary, NC)
and R (version 3.2.2) software were used for data management and analyses.
See Data Supplement for additional details of statistical methods.

RESULTS

Our study population included 23,006 patients with lung cancer
enrolled in NCI cancer cooperative group treatment trials from
1990 to 2012 (Table 1) and 578,476 patients with lung cancer
enrolled in the SEER registry (Data Supplement). Table 1 and the
Data Supplement list patient demographics by year group.

Elderly and Women Patients
The gaps between the proportions of elderly and women

patients with lung cancer among trial participants versus in the US
population in Figure 1 demonstrate an under-representation of
these subgroups of patients with lung cancer from 1990 to 2012
(Figs 1A and 1B). During the study period, the proportions of
elderly patients with lung cancer in the United States and among
trial participants both increased steadily. The APCs from 1990 to
2012 were 3.27 (95% CI, 2.21 to 4.34; P , .001) for trial par-
ticipants and 0.72 (95% CI, 0.51 to 0.93; P , .001) for the US
population. The enrollment disparity for elderly patients improved
over the study period (test of parallelism, P = .020; Fig 1A) but the
EDD remained 0.24 in the period from 2010 to 2012 (95% CI, 0.21
to 0.26; Fig 2A) and the EDR, 1.77 (95% CI, 1.62 to 1.95; Data
Supplement). Sensitivity analysis using age $ 65 years showed
similar results (data not shown).

Under-representation of women with lung cancer in trials
improved as well, with the enrollment gap closed by the end of the
study period in 2010 to 2012 (EDD, 0.03 [95%CI, 0.00 to 0.06]; Fig
2D; EDR, 1.07 [95% CI, 1.00 to 1.16]; Data Supplement). The
APCs were 1.65 (95% CI, 1.31 to 2.00), P , .001, for trial par-
ticipants and 0.80 (95% CI, 0.71 to 0.90), P , .001, for the US
population. The enrollment disparity for women was larger among
elderly women compared with nonelderly women (Data Supple-
ment) for both the earlier (1990 to 2001) and later (2002 to 2012)
time periods (Data Supplement).

Racial/Ethnic Minority Patients
The proportions of black, Asian/Pacific Islander, and Hispanic

patients with lung cancer among trial participants and in the US
population are illustrated in Figure 3. There was a consistent
under-representation of blacks enrolled in trials for all year groups,
with the exception of 2010 to 2012, where the 95% CI is wide
because of the smaller sample size for the 3-year interval. En-
rollment disparity among blacks persisted during study period; for
example, in 2006 to 2009 (EDD, 0.04 [95% CI, 0.03 to 0.05]; EDR,
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1.58 [95% CI, 1.38 to 1.85]; see Data Supplement). Similar to the
enrollment disparity among blacks, the disparity for Asian/Pacific
Islander and Hispanic patients also persisted over the study period
(Data Supplement). Because of the small sample size, there was no
clear trend for American Indian/Alaska Native patients (Data
Supplement).

Elderly Patients by Lung Cancer Type
For elderly patients with NSCLC, a trend similar to that of the

overall elderly population was observed. Both trends increased,
with APCs of 4.02 (95% CI, 2.64 to 5.41), P , .001, for trial
participants and 0.76 (95% CI, 0.55 to 0.97), P , .001, for the US
population (Fig 1C). The enrollment disparity gap decreased over
the study period (Figs 1C and 1D; test of parallelism P = .004).
However, the EDD and EDR for elderly patients withNSCLC in trials
were still high in the period from 2010 to 2012, with an absolute
difference of 0.22 (95% CI, 0.19 to 0.25; Fig 2B) and a ratio of 1.65
(95%CI, 1.51 to 1.82; Data Supplement). The results were consistent
for both of the major histologic subtypes of NSCLC, adenocarci-
noma and squamous cell carcinoma (Data Supplement). For elderly
patients with SCLC, there was no change in the proportion of
trial participants over time (APC, 20.20 [95% CI, 21.29 to 0.91];
P = .714) despite an increase in the proportion of elderly patients
with SCLC in the US population (APC, 0.32 [95% CI, 0.06 to 0.58];
P = .020). The EDD and EDR for elderly patients with SCLC in trials
in 2010 to 2012 were high, at 0.35 (95% CI, 0.29 to 0.41) and 3.82
(95% CI, 2.59 to 6.88), respectively (Fig 2C and Data Supplement).

Elderly and Women Patients by Extent of Disease
We further subdivided patients with NSCLC into those with

regional or distant disease. The trends for elderly patients with
regional or distant NSCLC disease were similar to those of the

overall elderly NSCLC subgroup (Figs 4A and 4B), with APCs of
0.91 (95% CI, 0.66 to 1.17), P, .001, for regional disease and 0.63
(95% CI, 0.40 to 0.88), P , .001, for distant disease in the US
population during 1990 to 2012. The APCs were higher for trial
participants, at 3.65 (95% CI, 1.83 to 5.50), P , .001, for regional
disease and 4.32 (95% CI, 1.99 to 6.70), P = .001, for distant
disease. The decreasing enrollment disparity gap among elderly
patients with NSCLC with regional (P = .033) and distant disease
(P = .010) was supported by the test of parallelism.

Representation of women with regional NSCLC disease showed
significant increases, with APCs of 1.25 (95%CI, 0.48 to 2.03), P= .001,
for trial participants and 1.07 (95% CI, 0.92 to 1.22), P , .001, for
the US population (Figs 4C and 4D). However, the enrollment dis-
parity gap for women with regional NSCLC disease remained stable
over the study period (test of parallelism P = .582). The represen-
tation of women with distant NSCLC disease also showed significant
increases, with APCs of 2.02 (95%CI, 1.19 to 2.87), P, .001, for trial
participants and 0.72 (95% CI, 0.60 to 0.84), P , .001, for the US
population. The trend lines suggested that the proportion of women
with distant NSCLC enrolled in trials overtook the US population in
the latter years (test of parallelism P = .012).

Targeted Agents
Trials with targeted agents began enrolling patients in 2001.

Twenty-one targeted therapy trials and 38 nontargeted therapy
trials between 2001 and 2012 were investigated. The proportion of
elderly patients enrolled in targeted therapy trials of 29.4% (95%
CI, 28.0 to 31.1) was not significantly different from the 24.6%
(95% CI, 28.4 to 30.5) for trials of nontargeted therapy (P = .98). A
higher proportion of women was observed in erlotinib trials, at
55.6%, versus 43.4% of nonerlotinib trials conducted during the
same time period (P , .001).

Table 1. Summary of Trial Enrollment, 1990 to 2012

Patient Characteristics
1990-1993
(n = 1,992)

1994-1997
(n = 4,978)

1998-2001
(n = 6,364)

2002-2005
(n = 6,191)

2006-2009
(n = 2,503)

2010-2012
(n = 978)

All
(n = 23,006)

Elderly, years
Age , 70 1,600 (80.3) 4,017 (80.7) 4,739 (74.5) 4,394 (71.0) 1,754 (70.1) 679 (69.4) 17,183 (74.7)
Age $ 70 392 (19.7) 961 (19.3) 1,625 (25.5) 1,797 (29.0) 749 (29.9) 299 (30.6) 5,823 (25.3)

Sex
Male 1,287 (64.6) 3,172 (63.7) 3,848 (60.5) 3,584 (57.9) 1,356 (54.2) 544 (55.6) 13,791 (59.9)
Female 705 (35.4) 1,806 (36.3) 2,516 (39.5) 2,607 (42.1) 1,147 (45.8) 434 (44.4) 9,215 (40.1)

Race
White 1,804 (90.6) 4,346 (87.3) 5,507 (86.5) 5,400 (87.2) 2,216 (88.5) 824 (84.3) 20,097 (87.4)
Black 122 (6.1) 457 (9.2) 492 (7.7) 406 (6.6) 175 (7.0) 113 (11.6) 1,765 (7.7)
American Indian/Alaska
Native

4 (0.2) 15 (0.3) 104 (1.6) 96 (1.6) 9 (0.4) 7 (0.7) 235 (1.0)

Asian/Pacific Islander 16 (0.8) 63 (1.3) 67 (1.1) 93 (1.5) 45 (1.8) 19 (1.9) 303 (1.3)
Other 4 (0.2) 31 (0.6) 48 (0.8) 36 (0.6) 6 (0.2) 0 (0.0) 125 (0.5)
Missing 42 (2.1) 66 (1.3) 146 (2.3) 160 (2.6) 52 (2.1) 15 (1.5) 481 (2.1)

Ethnicity
Non-Hispanic/Latino 1,590 (79.8) 4,851 (97.4) 5,980 (94.0) 5,730 (92.6) 2,276 (90.9) 919 (94.0) 21,346 (92.8)
Hispanic/Latino 13 (0.7) 76 (1.5) 125 (2.0) 95 (1.5) 57 (2.3) 17 (1.7) 383 (1.7)
Missing 389 (19.5) 51 (1.0) 259 (4.1) 366 (5.9) 170 (6.8) 42 (4.3) 1,277 (5.6)

Cancer type
NSCLC 1,105 (55.5) 3,889 (78.1) 4,759 (74.8) 4,946 (79.9) 1,936 (77.3) 850 (86.9) 17,485 (76.0)
SCLC 887 (44.5) 1,089 (21.9) 1,605 (25.2) 1,245 (20.1) 567 (22.7) 128 (13.1) 5,521 (24.0)

NOTE. All data are presented as No. (%).
Abbreviations: NSCLC, non–small-cell lung cancer; SCLC, small-cell lung cancer.
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DISCUSSION

The lung cancer clinical trial enrollment disparity from 1990 to 2012
differed by subgroups, with the gap closing for women overall,
women with distant NSCLC, elderly patients overall, and elderly
patients with regional and distant NSCLC. Conversely, elderly pa-
tients with SCLC, elderly women, and black, Asian/Pacific Islander,
and Hispanic patients showed minimal improvement.

The increase in the number of elderly patients enrolled in cancer
trials in the latter half of the study period can be attributed partly to six
trials designed specifically for older patients. However, these elderly-
focused trials do not fully explain the increase in trial participation by
older adults, because the trends remained significant even when these
six trials were removed in a sensitivity analysis. When cancer type was
examined, there was no improvement in the proportion of elderly
patients with SCLC enrolled in trials despite an increase in the pro-
portion of elderly patients with SCLC in the US population. SCLC
studies during our study period were mostly smaller, phase II trials,
which may be more susceptible to local enrollment patterns. In

addition, the development of better tolerated therapies for SCLC has
been slower than for NSCLC, which may limit the enrollment of older
patients with SCLC who may have a higher risk of treatment toxicity.

The trial enrollment disparity for women with lung cancer
lessened steadily and finally closed by 2012. These findings suggest
a beneficial effect of the NIH Revitalization Act of 1993 that
mandated the inclusion of women and minorities in all NIH-
funded research. The improvement was driven largely by the in-
creased enrollment of women with distant NSCLC. This can be
explained partially by a higher proportion of women in erlotinib
versus nonerlotinib trials conducted during the same time pe-
riod. However, the trends for representation of women with
regional NSCLC in trials and in the US population have remained
parallel to each other, suggesting a persistent enrollment disparity.
Older women also remained under-represented compared with
younger female patients in the entire study period. Similar to a
prior study, older men with lung cancer were more likely to enroll
than were older women.8

Unlike the improvements seen in the enrollment disparity
for elderly patients and women overall, there are no clear trends

SEER (APC = 0.72, P < .001) Trial (APC = 3.27, P < .001) SEER (APC = 0.80, P < .001) Trial (APC = 1.65, P < .001)

SEER (APC = 0.76, P < .001) Trial (APC = 4.02, P < .001) SEER (APC = 0.32, P = .020) Trial (APC = −0.20, P = .714)

Test of parallelism: P = .0200.00
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Fig 1. Proportion of elderly and women
among patients with lung cancer: trial
participants and US population, 1990 to
2012. (A) Elderly among patients with lung
cancer. (B) Women among patients with
lung cancer. (C) Elderly among patients
with non–small-cell lung cancer (NSCLC).
(D) Elderly among patients with small-cell
lung cancer (SCLC). The annual percentage
change (APC) P value corresponds to
testing whether the APC is different from 0.
The solid lines represent the fitted values of
the joinpoint regression.
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of improvement for racial/ethnic disparities in lung cancer
clinical trials. Between 1990 and 2009, a significant enrollment
disparity in lung cancer trials existed among black patients,

Hispanics, and Asians/Pacific Islanders. When targeted trials
were examined, the enrollment disparity for Asians was smaller
in erlotinib trials compared with nonerlotinib trials, which

A
Elderly

1990-1993

1994-1997

1998-2001

2002-2005

2006-2009

2010-2012

0.25 (0.23 to 0.27)

0.30 (0.29 to 0.31)

0.27 (0.25 to 0.28)

0.25 (0.23 to 0.26)

0.24 (0.22 to 0.26)

0.24 (0.21 to 0.26)

0.0 0.1 0.2 0.3 0.4

Disparity Difference

B
Elderly With NSCLC

1990-1993

1994-1997

1998-2001

2002-2005

2006-2009

2010-2012

0.28 (0.26 to 0.30)

0.31 (0.30 to 0.33)

0.26 (0.24 to 0.27)

0.24 (0.22 to 0.25)

0.22 (0.20 to 0.25)

0.22 (0.19 to 0.25)

0.0 0.1 0.2 0.3 0.4

Disparity Difference

C Elderly With SCLC

1990-1993

1994-1997

1998-2001

2002-2005

2006-2009

2010-2012

0.21 (0.18 to 0.24)

0.26 (0.23 to 0.28)

0.28 (0.26 to 0.30)

0.27 (0.25 to 0.29)

0.26 (0.23 to 0.30)

0.35 (0.29 to 0.41)

0.0 0.1 0.2 0.3 0.4

Disparity Difference

D
Women

1990-1993

1994-1997

1998-2001

2002-2005

2006-2009

2010-2012

0.05 (0.03 to 0.07)

0.07 (0.05 to 0.08)

0.05 (0.03 to 0.06)

0.04 (0.02 to 0.05)

0.01 (−0.01 to 0.03)

0.03 (0.00 to 0.06)

0.0 0.1 0.2 0.3 0.4

Disparity Difference

Fig 2. Enrollment disparity difference with
95% CIs, 1990 to 2012. (A) Elderly among pa-
tients with lung cancer. (B) Elderly among pa-
tients with non–small-cell lung cancer (NSCLC).
(C) Elderly among patients with small-cell lung
cancer (SCLC). (D) Women among patients with
lung cancer. The last year group consists of only
3 years because the study period was from 1990
to 2012. The definition of enrollment disparity
difference is the absolute difference between
the estimated subgroup proportion among the
US lung cancer population and the subgroup
proportion among trial participants. The solid
lines are the bootstrapped 95% CIs.

3996 © 2016 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Pang et al



would be expected because EGFR mutations are more common
among Asian patients. However, this small improvement had
little effect on the enrollment disparity for Asians overall. The
lack of improvement in the enrollment disparities for these
racial/ethnic minority groups highlights the critical need to
better understand the barriers to trial awareness, opportunities
to participate, and acceptance of enrollment.11,12 Proposed
strategies to increase minority participation in cancer trials
include targeting providers and patients by using diverse cancer
care settings including community practices, culturally com-
petent patient navigation, policy changes, and partnering with
community members throughout the clinical trial process,
from before protocol development, through participant re-
cruitment, and completion of the study.13-18 The NCI Com-
munity Oncology Research Program aims to address this challenge
by linking established research bases to community sites. It has
supportive policies and practices to encourage the enrollment of
minority and underserved patients and better physician attitudes
toward trial participation.19 Other potential processes include the
use of electronic medical records and the development of clinical
trial screening logs that can assist in the identification of institution-
specific accrual patterns.20,21

To our knowledge, this study provides the first compre-
hensive trend analysis of enrollment disparities in lung cancer
treatment trials spanning more than two decades sponsored by
the NCI-cooperative groups. Our clinical trial data represent
approximately 84% of participants with lung cancer in NCI
cooperative group treatment trials that were activated between
1990 and 2010, making our estimates of trial enrollment
characteristics robust and representative. We also incorporated
lung cancer subtypes and extent of disease in our analysis,
which, to our knowledge, have not been investigated previously.
The EDD and the EDR calculated in reference to the US lung
cancer population eliminate the influence of the changing
demographics of the lung cancer population, which offers an
advantage over simply reporting the absolute number or per-
centage of patients. In addition, our enrollment disparity
measures were based on the direct yearly comparison of trial
patient enrollment with the incidence distribution of US

patients with lung cancer derived from SEER and US Census
data.7,8 This direct comparison allowed us to adjust for the
impact of the changing proportion of lung cancer subgroups in
the US population over time. Furthermore, our individual
patient-level data for each trial, rather than relying on summary
statistics only, allowed us to examine trends in enrollment
disparities for important subgroups such as elderly women and
elderly patients with SCLC.

Despite the novelty and significance of our findings, our
study has several limitations. Our analysis was restricted to
NCI-cooperative group clinical trials. Other lung cancer clin-
ical trials, such as NCI-funded noncooperative group trials,
trials sponsored by nonprofit organizations, and industry-
sponsored trials, were not included. However, the NCI is the
largest single sponsor of cancer clinical trials and it values
broad patient representation and the conducting of trials at
numerous community and academic cancer centers. It is un-
likely that non-NCI sponsored trials would have different
enrollment characteristics, because both the physician and
patient populations are similar. A second limitation is that the
small sample size for some minority racial groups such as
American Indians/Alaskan Natives limited our power to detect
enrollment disparities. Third, our incidence proportion esti-
mate of the US population relied on SEER registry data, which
include only a sample of all lung cancer cases in the United
States. However, these data have been used widely to estimate
the incidence of different types of cancer.22

Lessons may be learned from the design and study strat-
egies used for lung cancer trials that can help address en-
rollment disparities in trials of other cancer types. Lower
enrollment disparity in trials can improve the generalizability
of the clinical trial results and provide valid subgroups for
analyses.13 Examining specific subgroups can also deepen our
understanding of age-, sex-, and race/ethnicity–based differ-
ences in prognosis and response to therapy.8,23,24 Past research
on enrollment disparities has highlighted barriers that are
specific to older adults.25,26 Conducting more elderly-specific
or related trials can be a remedy, as we have seen in our pri-
mary data analysis. These trials can be enhanced by the use of
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Fig 3. Proportion of black, Asian/Pacific Islander, and Hispanic among patients with lung cancer: trial participants and the US population, 1990 to 2012. (A) Black.
(B) Asian/Pacific Islander. (C) Hispanic. The last year group consists of only 3 years because the study period was from 1990 to 2012. The solid lines are the bootstrapped
95% CIs. The P value corresponds to the test for equality of proportions between SEER and the trial for 1990 to 2012.
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comprehensive geriatric assessment, which can help identify fit
older adults who can tolerate clinical trial participation and
cancer treatment.27 Our study also highlights the need to in-
vestigate more refined subgroups, such as cancer subtypes and
extent of disease, to better understand enrollment disparities
and allow policy makers to prioritize their goals. In the era of
personalized and precision medicine, not only must we identify
subgroups that would benefit from therapies the most, but our
study designs and research policies should also target appro-
priate subgroups of individuals to yield more effective out-
comes and continue to close the enrollment disparity gap.

In conclusion, patient under-representation in lung cancer
trials improved significantly between 1990 and 2012 for older

adults and for women overall, with the enrollment disparity largely
being eliminated for women with distant NSCLC and decreased by
20% for elderly patients with NSCLC. However, other important
enrollment disparities, especially for older patients with SCLC,
elderly women, and racial/ethnic minorities, continue to persist
and require ongoing work to eliminate under-representation in
lung cancer treatment trials.
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