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BACKGROUND: Underrepresentation of older people in clinical trials remains. This study aimed to examine the inclusion of older
people and associated safety and efficacy reports from clinical trials of new molecular entities for cardiovascular disease
indications since commencement of the US Food and Drug Administration Drug Trial Snapshot (DTS) Program. The DTS
provides concise information on participants included in clinical trials supporting US Food and Drug Administration approval
of new drugs.

METHODS AND RESULTS: A cross-sectional analysis between January 1, 2015 and April 30, 2019 of DTS data including ap-
proval date, indication, number of trials and participants, age distribution, efficacy, and safety statements was conducted.
Participation-to-prevalence ratio (PPR) was used to describe representation of older participants in trials relative to disease
population. Efficacy and safety statements regarding age were compared with drug prescribing information. A total of 72 079
participants from 10 DTS reports were identified and 39 625 (55.0%) were aged >65 years old. Overall, 63.6% of cardiovas-
cular disease DTS reports were representative of people aged >65 years old for specific cardiovascular disease conditions.
Underrepresentation was observed in 4 DTS: 2 for heart failure (PPR 0.48 and 0.62), 1 for pulmonary arterial hypertension
(PPR 0.72), and 1 for venous thromboembolism (PPR 0.38). Participants in clinical trials for new drugs for the treatment of
atrial fibrillation (PPR 0.99 and 1.21) and hypercholesterolemia (PPR 0.84 and 0.97) were reflective of the older population for
these diseases. An increased risk of adverse events in older participants was reported in 40% DTS safety statements but no
differences were reported in the drug product information.

CONCLUSIONS: Despite the fact that >60% of cardiovascular disease trial participants for new molecular entities included in
the DTS program were representative of the older population in real-world clinical practice, concerns remain for conditions
including heart failure or venous thromboembolism. Drug product information safety statements regarding age differences in
adverse events were not reflective of trial findings. An increased directive is needed to facilitate the generation of real-world
evidence and appropriate reporting within drug product information for these potentially at-risk patient populations.
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authorities to increase the external validity of ran-
domized clinical trials (RCTs), concerns remain
with regard to the exclusion or underrepresentation of
certain populations, including older people (=65 years
old) and those with comorbidity.! As a consequence,
the evidence base included in current treatment

D espite efforts over the past decade by regulatory

guidelines is often not reflective of "real-world" patients
treated in clinical practice. This has led to the appli-
cability of treatment guidelines to older people being
questioned.? Age-related changes in physiology and
associated effects on medication pharmacokinetics
and pharmacodynamics, together with the increasing
prevalence of multimorbidity, polypharmacy, and frailty,
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CLINICAL PERSPECTIVE

What Is New?

e There are concerns that older people aged
>65 years old are underrepresented in cardio-
vascular disease drug clinical trials, despite the
high prevalence of cardiovascular disease in
this population group.

What Are the Clinical Implications?

e While >60% of participants included in cardio-
vascular disease drug trials of new molecular
entities since the drug trial snapshot program
were reflective of the proportion of older people
in real-world clinical practice, concerns remain
for studies in patients with heart failure and ve-
nous thromboembolism.

e Comparison of reporting of safety statements
showed that while an increased risk of adverse
events in older participants was reported in
40% of drug trial snapshot safety statements,
no differences by age were reported in the drug
product information.

e Anincreased directive is needed to facilitate the
generation of real-world evidence and appropri-
ate reporting of risk of adverse events by age
within the drug product information for these
potentially at-risk patient populations.

Nonstandard Abbreviations and Acronyms

DTS drug trial snapshot
FDA Food and Drug Administration
PPR participation-to-prevalence ratio

mean that the results obtained from RCTs in younger
people cannot necessarily be extrapolated to the older
population.3-®

Cardiovascular disease (CVD) is the leading cause
of morbidity and mortality worldwide and the preva-
lence increases with age.® In the United States, 36.6%
(n=92100000) of the adult population has CVD and
this increases to 69% and 85%, for adults aged 60 to
79 and >80 vyears old, respectively.® Previous stud-
ies have reported exclusion of older people with CVD
from RCTs.”® An analysis of 839 clinical trials between
2006 and 2015 reported that 53% (n=446) explicitly
excluded older adults aged >65 years old; the esti-
mated proportion of participants aged >65 years old
was 42.5% and for those >75 years old it was 12.3%.”
Of the 22 late-breaking abstracts of the 2011 American
Heart Association Meeting, 36% (n=8) did not include
older adults aged >60 to 80 years old.2
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There is an increased recognition globally of the
need to provide real-world evidence for the safety
and efficacy of medicines. In 2012, the US Food and
Drug Administration (FDA) Safety and Innovation Act
directed the FDA to formulate an action plan to improve
participation, data quality, and transparency in clinical
trials. As part of this response, the FDA implemented
the Drug Trials Snapshots (DTS) Program in 2015,
where demographic data from participants (sex, race,
and age) from RCTs of new molecular entities that were
approved by the FDA are publicly reported, together
with statements on efficacy and safety by these sub-
groups.® This study aimed to examine the inclusion
of older people in RCTs of new molecular entities for
CVD indications approved by the FDA since the incep-
tion of the DTS program. It also aimed to compare the
age-specific efficacy and safety statements in the DTS
with those included in the available drug prescribing
information.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. As publicly available data were used,
approval from the institutional review board was not
required for this study.

DTS data between January 1, 2015 and April
30, 2019 (date of data extraction) available from the
FDA website (https://www.fda.gov/drugs/informatio
nondrugs/ucm412998.htm) were obtained for all
new molecular entities for cardiovascular (including
antithrombotic) medications approved by the FDA.
Specifically, the date of approval, indication, total
number of participants, number of trials, age of par-
ticipants (median, range, and proportion) <65 years
old, >65 years old, and >75 years old (where avail-
able), and age-specific safety and efficacy summa-
ries were extracted.

The participation-to-prevalence ratio (PPR) was
used to describe the representation of participants
aged >65 and >75 years old in a clinical trial relative
to their representation in the disease population.’® For
each new molecular entity identified, each CVD indi-
cation was examined. This was calculated by dividing
the proportion of participants aged >65 years old in
the clinical trial by the total proportion of people aged
>B5 years old in the specific CVD populations, ob-
tained from high-quality population-based studies."-""
This was also done for people aged >75 years where
data were available."'3%" A PPR close to 1.0 indi-
cates that the proportion of people aged >65 years old
in the clinical trials are comparable to that of the dis-
ease population, a PPR <0.8 indicates that the older
population is underrepresented, and >1.2 indicates


https://www.fda.gov/drugs/informationondrugs/ucm412998.htm
https://www.fda.gov/drugs/informationondrugs/ucm412998.htm
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that they are overrepresented.’® The average age of
individuals within the specific disease populations was
also reported.'?1316.18-20

Prescribing information from the package insert
(also referred to as the drug product label) for each
of the identified cardiovascular medications was ob-
tained.?'2° Data regarding efficacy and safety state-
ments specifically pertaining to age and/or geriatric
statements were abstracted and compared with the
DTS information.

RESULTS

A total of 72 079 participants from 10 DTS reports for
CVD were identified, which included 9 new molecular
entities approved by the FDA. The specific CVD condi-
tions included atrial fibrillation (AF) (n=1 oral anticoagu-
lant), prevention of venous thromboembolism (VTE)
(n=2 oral anticoagulant), AF/and or VTE, (n=1 reversal
of oral anticoagulant), heart failure (HF) (n=2), acute
coronary syndrome (n=1), hypercholesterolemia (n=2),
and pulmonary arterial hypertension (n=1). Edoxaban
had 2 DTS reports because it is indicated for both AF
and VTE. Of the 72079 participants enrolled in the clini-
cal trials 39625 (55.0%) were >65 years old (Table 1).""-
20 The proportion of participants aged =65 years old
ranged from 17.9% to 90.0% with a median or average
age ranging from 48 to 77 years old.

Examination of the PPR for disease-specific rep-
resentativeness for the 9 new molecular entities
identified in our study included 11 CVD indications.
This was because edoxaban is indicated for both
AF and VTE, and idarucizumab is indicated as a re-
versal agent for the oral anticoagulant dabigatran,
whose indications include both AF and VTE. Overall,
63.6% (7/11) of the indications for the DTS studies
for cardiovascular medications were representative
of the proportion of people aged >65 years old in the
specific CVD (Figure). For the identified DTS, partici-
pants aged >65 years old in RCTs for the conditions
acute coronary syndrome, AF, and hypercholesterol-
emia were similar to the proportion of people aged
>65 years in the specific disease populations (Figure).
Underrepresentation of people aged >65 years old
was observed for 4 DTS (36.4%): 2 HF DTS, 1 pul-
monary arterial hypertension DTS, and 1 VTE DTS
(Figure). Data were reported for participants aged
>75 years old in 5 of the DTS included in this study
(Table 1). Three of the DTS were underrepresentative
of people aged >75 years old: 2 HF DTS and 1 acute
coronary syndrome DTS (PPRs 0.20, 0.33, and 0.51,
respectively) (Figure).

All of the DTS efficacy statements reported that
medications had similar efficacy in older and younger
participants (Table 2).2'2° Five (50%) of the DTS
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safety statements reported no differences in the risk
of adverse events between younger and older partic-
ipants treated with the study medication; 4 (40%) re-
ported a higher rate of adverse events in participants
aged =65 years old; and 1 (10%) concluded that be-
cause the majority (90%) of participants were aged
>65 years old, differences between younger and
older participants could not be determined (Table 2).
By comparison, none of the product information
examined reported differences in either efficacy or
safety with age. Seven (70%) specifically stated no
differences in the efficacy or safety between younger
and older patients using the study medication and
the remaining 3 (30%) reported general pharmaco-
kinetic responses only, which were not reported to
differ with age (Table 2).

DISCUSSION

Almost two thirds (63.6%) of participants included
in DTS clinical trials used as the basis for approval
of new molecular entities for CVD were representa-
tive of older people, for whom the medication is in-
dicated. Previous studies have reported exclusion of
older people from CVD RCTs, with only 32% to 42%
of people including those aged =65 years old.”83°
The increased representativeness of older people
observed in this evaluation of relatively recent clinical
trials may in part be because of an increased rec-
ognition of the disparity between clinical trial partici-
pants and "real-world" patient populations over the
past decade. In addition, policies such as the action
plan to improve participation in clinical trials, in re-
sponse to the 2012 FDA Safety and Innovation Act,'
may have also contributed. However, given the in-
creased prevalence of CVD, multimorbidity, frailty,
and risk of adverse drug events, there is a clear need
to better understand medication risks and benefits
in older people likely to receive these medications in
clinical practice.

Based on the findings from this study, concerns
remain, especially for the newly approved HF med-
ications. None of the clinical trials participants in-
cluded within the DTS were representative of the
older population with HF, especially when our anal-
ysis was limited to people aged >75 years old. The
average age of people with HF is 76.7 (SD 12.6) years
old, and the majority (=80%) are aged >65 years old,
whose care is complicated by multimorbidity and
increased frailty, potentially contributing to their ex-
clusion from clinical trials.'®32 Similar concerns with
regard to underrepresentation of women in HF clin-
ical trials have also been reported.'”® Another study
where we observed an underrepresentation of older
people was the RCT of edoxaban for prevention of
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B 265 years old
[ 275 years old

ACS (Cangrelor)

AF (Edoxaban)
AF# (Idarucizumab)

HF (Sacubitril / Valsartan)
HF (lvabridine)

Hypercholesterolemia (Evolocumab) 0.84
Hypercholesterolemia (Alirocumab) 097

PAH (Selexipag) | 072

VTE (Edoxaban) 0.38
VTE (Bevyxxa) 1.05
VTE# (Idarucizumab) 1.05
0 0.2 0.6 0.8 1 1.2 14

Participation Prevalence Ratio (PPR)

Figure 1. PPR of CVD RCT participants included in the FDA drug trial snapshots aged >65 years old (blue bars) and >75 years
old (red bars) compared with the proportion aged >65 and >75 years old, respectively in the specific CVD population for

which the drug is indicated.

#Reversal of oral anticoagulant (dabigatran) in patients with either AF or VTE. ACS indicates acute coronary syndrome; AF, atrial
fibrillation; CVD, cardiovascular disease; FDA, US Food and Drug Administration; HF, heart failure; PAH, pulmonary arterial
hypertension; PPR, participation-to-prevalence ratio; RCT, randomized clinical trials; and VTE, venous thromboembolism.

VTE recurrence in patients who have had a VTE.
The average age of participants in this study was
55.8 years old but aimed to include patients with a
broad range of venous thromboembolic manifesta-
tions from limited proximal deep-vein thrombosis to
severe pulmonary embolism, and therefore poten-
tially increasing the likelihood of a younger study co-
hort.®® The lack of patients aged >65 years old from
the selexipag study for the treatment of pulmonary
arterial hypertension is reflective of the age distribu-
tion of this condition; data from 11 pulmonary arterial
hypertension registries worldwide report a mean age
range of 45 to 65 years old.3*

There were no reported differences in effi-
cacy between younger (<65 years old) and older
(=65 years old) people as reported in the CVD DTS
program, which was consistent with that reported
in the corresponding product information. In con-
trast, comparison of the safety statements made in
DTS and product information found inconsistencies

J Am Heart Assoc. 2020;9:e016936. DOI: 10.1161/JAHA.120.016936

between the two. While 40% of the DTS reported an
increased risk of adverse events in the older partic-
ipants using the study medication compared with
younger participants using the study medication,
no differences between age groups were reported
in the product information. It is unclear as to the
reasons for these differences. In some instances,
the increased risk of adverse events in the older
population was similar for both the study medica-
tion and the comparator (eg, older people treated
with edoxaban compared with warfarin). However,
as a mandated regulatory document and despite
the product information having specific section
headings of geriatrics and/or age, it is clear that the
reporting of age-associated differences in both ef-
ficacy and safety (as observed in the clinical trials)
is required to facilitate safe and effective prescrib-
ing in the older population. While the DTS explic-
itly states that it should not be solely used to make
prescribing decisions and is not a substitute for the
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Table 2. DTS Efficacy and Safety Statements by Age for CVD Indications and Corresponding Prescribing Information

Drug; Indication
(Comparator)

DTS Efficacy Statement

DTS Safety Statement

Prescribing Information

Edoxaban; Prevention of
stroke in patients with AF
(warfarin)

Edoxaban similarly
effective in patients >75
and <75y old

Subgroup analysis for major
bleeding was conducted for
ages <65, ages 65 to 74, and
>75y old.

Risk of major bleeding similar
across these 3 age groups
when compared with those
treated with warfarin

Geriatric: In clinical trials efficacy and safety of
edoxaban in elderly (=65 y old) and younger patients
were similar.

Age: In a population pharmacokinetic analysis, after
taking renal function and body weight into account,
age had no additional clinically significant effect on
edoxaban pharmacokinetics

Edoxaban; VTE prophylaxis
in patients with prior VTE
(warfarin)

Edoxaban was similarly
effective in patients >65
and <65y old

Subgroup analyses for major
bleeding were conducted for
age <65 and >65 y old.
The risk of major bleeding
increased with age for
edoxaban

Geriatric: In clinical trials, efficacy and safety of
edoxaban in elderly (>65 y old) and younger patients
were similar.

Age: In a population pharmacokinetic analysis, after
taking renal function and body weight into account,
age had no additional clinically significant effect on
edoxaban pharmacokinetics

Ivabradine; Reduce
hospitalization from
worsening HF (placebo)

Ivabradine similarly
effective in patients across
age groups studied

Risk of high blood pressure
in patients treated with
ivabradine is higher as age
increases

Geriatric: No pharmacokinetic differences have been
observed in elderly (=65 y) or very elderly (>75'y)
patients compared with the overall population. However,
ivabradine has only been studied in a limited number of
patients >75 y old.

Age: No pharmacokinetic differences (AUC or Cmax)
have been observed between elderly (>65 y old) or
very elderly (75 y old) patients and the overall patient
population

Cangrelor; Prevention of
coronary artery clot in
patients undergoing PCI
(clopidogrel)

Cangrelor similarly
effective in all age groups
studied

More bleeding observed in
patients >65 y old treated
with cangrelor compared with
younger patients treated with
cangrelor.

In the trial all patients (all ages)
treated with cangrelor had
more bleeding compared with
clopidogrel

Geriatric/Age: Pharmacokinetics not affected by
sex, age, renal status, or hepatic function. No dose
adjustment is needed for these factors

Sacubitril/Valsartan;
Treatment of HF (enalapril)

Sacubitril/Valsartan
worked similarly in all age
groups studied

Risk of low blood pressure
(hypotension) was higher in
patients >65 y old compared
with patients <65 y old

Geriatric: No relevant pharmacokinetic differences
have been observed in elderly (=65 y old) or very
elderly (=75 y old) patients compared with the overall
population

Alirocumab; Treatment of
certain patients with high
cholesterol (placebo)

Alicrocumab worked
similarly in all age groups
studied

Risk of side effects was similar
in all age groups studied

Geriatric: No overall differences in safety or
effectiveness observed between these subjects
and younger subjects, and other reported clinical
experience has not identified differences in responses
between the elderly and younger patients, but greater
sensitivity of some older individuals cannot be ruled out.
Age: Age, body weight, sex, race, and creatinine
clearance were found not to significantly influence
alirocumab pharmacokinetics

Evolocumab; Treatment of
certain patients with high
cholesterol (placebo)

Evolocumab worked
similarly in all age groups
studied

Risk of side effects was similar
among age groups studied

Geriatric: No overall differences in safety or
effectiveness observed between these patients and
younger patients, and other reported clinical experience
has not identified differences in responses between the
elderly and younger patients, but greater sensitivity of
some older individuals cannot be ruled out.

Age: The pharmacokinetics of evolocumab were not
affected by age, sex, race, or creatinine clearance,
across all approved populations

Idarucizumab; Reversal
of oral anticoagulant
dabigatran (placebo)

Most patients in the
trial were 265y old.
Idarucizumab worked
similarly among all ages
studied

Most patients in the trial were
>65 vy old.
Differences between patients
<65 and >65 y old could not
be determined

Geriatric: No overall differences in safety or
effectiveness observed between these subjects
and younger subjects, and other reported clinical
experience has not identified differences in responses
between the elderly and younger patients, but greater
sensitivity of some older individuals cannot be ruled out.
Age: Age had no clinically important effect on systemic
exposure of idarucizumab based on population
pharmacokinetic analyses in healthy volunteers

J Am Heart Assoc. 2020;9:e016936. DOI: 10.1161/JAHA.120.016936
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Table 2. Continued

Representation of Older People in Clinical Trials

Drug; Indication

(Comparator) DTS Efficacy Statement

DTS Safety Statement

Prescribing Information

Selexipag; Treatment of
PAH (placebo)

Selexipag worked similarly
in patients below and
>65 y old—Slowed
progression of disease
and reduced PAH
hospitalizations

Risk of side effects was similar
in patients <65 and above
>65y old

Geriatric: No overall differences observed between these
subjects and younger subjects, and other reported
clinical experience has not identified differences in

responses between the elderly and younger patients,

but greater sensitivity cannot be ruled out.

Age: The pharmacokinetic variables (Cmax and AUC)
were similar in adult and elderly subjects <75 y old.
There was no effect of age on pharmacokinetics of
selexipag and active metabolite in patients with PAH

Betrixaban worked
similarly in patients above
and <65 y old—VTE events

Betrixaban; Prevention of
VTE (enoxaparin)

Occurrence of bleeding was
similar in patients above and
<65y old

Geriatric: Of the total number of patients in the clinical
study, 90% were =65 y old, while 68.6% were =75y
old. No clinically significant differences in safety or
effectiveness were observed between older and
younger patients

AF indicates atrial fibrillation; AUC, area under the curve; Cmax, maximum concentration of drug; CVD, cardiovascular disease; DTS, drug trial snapshot; HF,
heart failure; PAH, pulmonary arterial hypertension; PCI, percutaneous coronary intervention; and VTE, venous thromboembolism.

prescribing information,? it is clear that improved re-
porting of risk of adverse events and harms for the
older population in the product information reflec-
tive of clinical trial data is warranted. Other consid-
erations are the inclusion of a geriatric rating within
the product information that rates the risk of harm in
the older population (evidence based), similar to the
pregnancy ratings, together with the establishment
of a Geriatric Advisory Panel/Committee similar to
the Pediatric Advisory Committee in the FDA,%® to
oversee geriatric research.

While the study results are encouraging in terms
of increased participation of older people in clinical
trials, more is needed to ensure that the older peo-
ple included are truly representative of those seen
in clinical practice (ie, multimorbidity and/or frailty,
rather than older people with a CVD indication and
few non-CVD comorbidities). While we were unable
to examine this in the current study, the inclusion
of explicit or implicit inclusion criteria based on
the presence of multimorbidity and/or frailty will
be more informative. Mandating such criteria by
the FDA (where appropriate) may facilitate repre-
sentativeness of older people reflective of clinical
practice included as trial participants. Furthermore,
while the proportion of older people included in a
clinical trial may in fact be representative of the dis-
ease population, the trial may not be adequately
powered to provide efficacy and safety data for the
older subgroup.

Study Limitations

This study only included new molecular entities ap-
proved by the FDA since the implementation of the
DTS program and does not reflect all CVD drug stud-
ies submitted to the FDA, including those that were

J Am Heart Assoc. 2020;9:e016936. DOI: 10.1161/JAHA.120.016936

not approved. The calculation of the PPR is potentially
limited by the availability of high-quality and current ep-
idemiological data on the age distributions within each
CVD area; however, this was minimized by the inclu-
sion of contemporary large population-based studies
in this analysis. Furthermore, data were limited on the
proportion of people aged >75 years old in the DTS,
with only 5 studies including this. We only focused on
age-specific factors of participants identified in CVD
DTS, and other factors such as sex, concomitant med-
ications, renal function, frailty, and genetic variations
may contribute when examining the efficacy and safety
of medications.

CONCLUSIONS

While our study showed an encouraging increase in the
proportion of older people participating in CVD clinical
trials for new molecular entities, more can be done to
facilitate the inclusion of participants reflective of "real-
world" clinical practice. An increased directive for this
when designing and conducting clinical trials will fa-
cilitate the generation of the much-needed evidence
base. Additionally, accurate reporting of increased
risks of adverse events in the older population within
the drug product information may potentially facilitate
appropriate prescribing and reduce the likelihood of
harm for these at-risk patient populations.
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