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Abstract
During the COVID-19 pandemic older subjects have been disproportionately affected by the disease.
Vaccination is a fundamental intervention to prevent the negative consequences of COVID-19, but it is not
known if the needs and vulnerabilities of older people are adequately addressed by their inclusion in
randomized clinical trials (RCTs) evaluating the efficacy of vaccines for COVID-19. Given this background, we
aimed to evaluate if current and ongoing phase II-lll RCTs evaluating the efficacy of COVID-19 vaccines
included a representative sample of older people. A systematic literature search in PubMed and
Clinicaltrials.gov was performed until May 01%, 2021. Among 474 abstracts initially retrieved, 20 RCTs (ten
already published, ten ongoing) were included. In the ten studies already published, the mean age of
participants was 45.2+11.9 years and only 9.83% of the participants were more than 65 years, 1.66% more
than 75 years and less than 1% (0.55%) more than 85 years. In the ten ongoing RCTs, many of the studies
aimed at including participants older than 18 years, with one study including participants between 18 and
84 years, and two between 21 and 100 years. In conclusion, our systematic review demonstrates that in
published and ongoing phase II-lll randomized clinical trials evaluating the efficacy of COVID-19 vaccines
only a tiny fraction of the most vulnerable group of older people was included, although they clearly were

the first population that had to be vaccinated.

Key words: COVID-19; vaccination; older adults.

INTRODUCTION

History will remember the year 2020 as the beginning of the most devastating pandemic after the Spanish
flu, one century ago. Opposite to the influenza virus, the SARS-CoV-2 is a new virus for the human kind
which contributed to its rapid spread and its ability to cause a pandemic which is still ongoing. The
Coronavirus disease (COVID-19) most strongly affects older adults: they are more likely to experience
severe disease, to be hospitalized and account for the vast majority of COVID-19 related deaths.(Onder G,

2020)



A rapid review performed to assess the magnitude of the association between risk factors and severity of
COVID- 19 to inform the prioritization of vaccine administration in Canada concluded that older age seems
the most important risk factor associated with higher probability of severe outcomes.(Jentsch et al., 2021)
Patients older than 60 years have an at least five times higher risk of hospitalisation and mortality from

COVID-19 in comparison with those younger than 45 years.(Wingert et al., 2021)

Early in the pandemic, scientists began to evaluate potential treatments for the disease and to develop
vaccines. After more than one year, while the search for a very effective drug is still ongoing, several
vaccines have been developed and marketed, characterized by high efficacy and effectiveness in preventing
COVID-19 disease.(Koirala et al., 2020; Soiza et al., 2021) This remarkable achievement has been obtained
within a time frame that was extremely reduced compared to usual time of a vaccine development, which
typically takes 5 to 10 years.(Mahase, 2020) In order to achieve such a result, the different phases of
vaccine development have been performed in parallel, without compromising the accuracy of the
studies.(Agency, 2021) Therefore, several vaccines have been authorized, after a careful evaluation in order
to assure that they fulfilled all the requirements of quality, safety and efficacy that are requested by drug

regulatory agencies.

Since older subjects have the highest risk of developing severe disease and to die from COVID-19, they have
been identified in several countries as the first group to be vaccinated . (Cylus et al., 2021; Hasan et al.,
2021) Furthermore, older subjects might have a blunted response to vaccination, due to
immunosenescence (Crooke et al.,, 2019) , as well as to common occurrence of diseases and conditions
inducing immunological impairment and to pharmacological therapies that reduce immune response.
(Ciabattini et al., 2020) A previous work published by Helfand et al. suggested that RCTs for COVID-19,
registered at clinicaltrials.gov, were likely to exclude older adults.(Helfand et al., 2020) Finally, several

Phase Il clinical trials investigating vaccine safety and efficacy have been published and many others are



ongoing but it was reported that participants enrolled in these studies are limited by trial selection criteria,

including age limitation. (Kwok, 2021)

Given this background, the aim of this systematic review was to investigate whether published and ongoing
phase lI-lll randomized clinical trials evaluating the efficacy of COVID-19 vaccines included a representative

sample of older adults.

MATERIALS AND METHODS

Data sources and literature search strategy

Two investigators (NV and AC) conducted a systematic literature search PubMed and Clinicaltrials.gov
without language restriction, from database inception to 01* May 2021. The search syntax is fully reported

in Supplementary Table 1.

Study selection

Inclusion criteria for this systematic review were: (i) being a RCT; (ii) double-blind design; (iii) participants
treated with a SARS-CoV-2 vaccine; (iv) one group taking placebo; (v) being in a clinical phase, i.e., at least
in phase Il of an RCT. We have therefore excluded: (i) phase | RCTs; (ii) no original data, such as reviews and

commentaries.

Data extraction

Two investigators (NV and AC) extracted key data from the included articles in a standardized Excel sheet.
For each article, we extracted data about authors, year of publication, name and type of the vaccine, phase
of the RCT, age criteria included in the protocol, health status of the participants included, reported mean
age with standard deviation and overall sample size. When some information regarding age was missing,
first and/or corresponding authors of the original article were contacted at least two times in one month to

obtain unpublished data. Only one author of the published articles responded answered to our request.



Outcomes

The main outcome of our work was to evaluate the inclusion of older adults in RCTs of SARS-CoV-2 vaccines
in both published and ongoing RCTs. To this purpose, we have extracted the data regarding mean age and
the age criteria used in the protocol/published works, asking for other details if needed. Moreover, we
calculated with standardized formulas the 95% and the 99% confidence intervals reporting the upper limit
for the aims of our work. Finally, we have also reported data regarding the percentage of people older than
65, 75, and 85 years respectively, i.e. commonly used age cut-offs in geriatric medicine. (Kowal and Dowd,

2001)

RESULTS

Literature search

Figure 1 shows the results of the literature search. Overall, 474 abstracts were retrieved, and 27 full texts
were screened. Among them, 20 studies (ten already published, ten ongoing) were included for the current

analysis.

Published works

Table 1 summarizes the data regarding all ten already published RCTs on SARS-CoV-2 vaccines. (Baden et
al., 2021; Keech et al., 2020; Logunov et al., 2021; Mulligan et al., 2020; Sadoff et al., 2021; Voysey et al.,
2021; Xia et al., 2020; Xia et al., 2021; Zhang et al., 2021; Zhu et al., 2020). Different vaccine designs were
tested. Overall, four studies used viral vector, three inactivated virus, two mRNA and one study protein
sub-unit vaccines. Four RCTs were of phase ll, three in phase I-ll, two in phase lll and one in phase II-lIl.
Overall, the majority of the studies (n=8) included only healthy individuals.

Regarding the age criteria reported in the protocols, in the full-texts and asked to the authors, as shown in

Table 1, three studies included participants between 18 and 59 years, three studies people aged >18 years,



two studies people aged between 18 and 55 years, and the other two studies had an upper age limit at 88
and 95 years, respectively.

The mean age reported in the full-texts, in the regulatory documents or provided by the corresponding
authors was 45.2+11.9 years that leads to a 95% higher confidence of interval of 45.29 years and 99% of
45.32 years. Given these figures, only 9.83% of the subjects included were older than 65 years, 1.66% older
than 75 years and less than 1% (0.55%) older than 85 years. These findings are reported in a graphical way

in Figure 2.

Ongoing works

Table 2 shows the 10 ongoing RCTs on SARS-CoV-2 vaccines. Overall, 8/10 studies were phase lll, one in
phase IV and a final one in phase IlI-lll. The majority of the studies included participants older than 18 years,
one study between 18 and 84 years, and another two between 21 and 100 years without more information

about the age strata to date.

DISCUSSION

In this systematic review including twenty studies, out of which ten are still ongoing, we found that the
presence of older adults was extremely limited. In ten already published studies less than 10% of the
participants included were older than 65 years and, only less than 1% of them were older than 85 years. In
ongoing RCTs, the majority declared to include subjects older than 18 years without an upper age limit but

also without prespecified strata.

Overall, our work confirms the long-standing issue of underrepresentation of older adults in
RCTs.(Cherubini et al., 2010; Crome et al., 2014). While COVID-19 disease can affect subjects of any age, the
majority of patients who suffer from severe disease including long-lasting syndromes (such as “Long
COVID"”) and experience high case fatality are older adults. (Onder G, 2020) Moreover, several

consequences of long COVID syndrome in older people are still not known.(Reid et al., 2021). Therefore, in



almost every country across the world, the first population that was vaccinated against COVID-19 were
older adults and, in particular, the most vulnerable and frail, such as nursing homes residents. (Dooling et
al., 2020) Although observational studies confirm effectiveness of vaccine also in nursing home residents
with respect to symptomatic infection of COVID-19 disease (McEllistrem et al., 2021) and mortality (Wyller
et al., 2021), no systematic reviews and controlled trials with a substantial proportion of older participants
is available or in sight. To the contrary, mean age of included participants in Phase II/Ill RCTs was about 45
years. The main causes of the underrepresentation of older adults in clinical trials on COVID-19 vaccines are
the selection criteria of the trials.(Zhu et al., 2020) First of all, many of them had an upper age limit, that
prevented the participation of older adults. (Zhu et al., 2020) Even when an upper age limit was not present
(Keech et al., 2020; Voysey et al., 2021; Xia et al., 2020; Zhang et al., 2021), the presence of other indirect
criteria, such as the exclusion of specific diseases , e.g. chronic diseases or drugs, such as anticoagulants
(Voysey et al., 2021; Zhu et al., 2020), disproportionately disadvantage older adults.(Cherubini et al., 2011)
While the exclusion of vulnerable subjects might be justifiable in the context of phase | or even phase 2
clinical trials, many published trials were phase 3 trials (Baden et al., 2021; Logunov et al., 2021; Voysey et
al., 2021), which are performed in order to demonstrate efficacy and safety of a treatment in order to

request authorization by regulatory agencies.

This evidence is a further proof of the concept that medications and vaccines commonly used in older
adults have not been adequately evaluated in this population. The underrepresentation of older adults in
RCTs can have important consequences as it prevents an adequate knowledge of the efficacy and safety of
COVID-19 vaccines in a patient group with significant pharmacokinetic and dynamic changes,
multimorbidity and polypharmacy, that all can affect efficacy and safety of drugs.(Mangoni et al., 2015)
This could lead to a higher susceptibility to develop adverse drug events (Davies and O'mahony, 2015;
Zazzara et al., 2021), as for example in the case of spironolactone for heart failure which was clearly
beneficial in younger (Pitt et al., 1999, but increased mortality in older adults. (Juurlink et al., 2004; Pitt et

al.,, 1999) It is also well known that older subjects tend to have a blunted response to vaccines, due to



immunosenescence (Crooke et al., 2019), and this might also apply to vaccines used to prevent COVID-19

disease.

Another important aspect to discuss is that also ongoing RCTs that will lead to the approval of new anti-
COVID-19 vaccines in the next future will likely not include a relevant percentage of older adults nor will
they include any measure of physical frailty or other functional parameters needed. This is, again, in
contrast with the strict indications of the most important international organization in the world, such as
the World Health Organization (Girard et al., 2011) and the European Medicine Agency that strongly
encourage the inclusion of older adults in the RCTs and propose also using frailty measures to better

characterize this heterogeneous population.(Agency, 2018; Cerreta et al., 2012)

Our findings have several implications. First of all, the underrepresentation of older people implies that the
real efficacy and safety of vaccines in this large group, the one most severely affected by COVID-19, are not
well characterized. Consequently, the use of vaccines in older people does not fulfil the criteria of evidence
based medicine, which require that solid scientific evidence should be available to support the
implementation of a new intervention, e.g. vaccination. Therefore, COVID-19 vaccines have been used in
older subjects without a proper knowledge of their efficacy and safety in this heterogeneous population.
This means also, from an ethical point of view, that older people are discriminated, being denied the right
to receive evidence based treatment, as advocated by the Charter elaborated within the PREDICT
study.(Crome et al., 2014) Moreover, the lack of adequate scientific data in older adults, might undermine
the public trust concerning using the vaccines in frail older adults. Finally, these results represent an
important warning for researchers who are planning or conducting studies to evaluate preventive or
therapeutic interventions against COVID-19 disease to include an adequate number of older subjects in
order to assure the generalizability of their findings.

The findings of our review should be interpreted within certain limitations. First, several studies did not

include sufficient information regarding age: even if we tried to reach the corresponding authors of the



published works, only one answered to our request to provide the additional information. Second, we are
not able to synthetize in case of inclusion of older people if they are representative of older population
(e.g., adequate presence of people having comorbidities or other geriatric conditions of clinical importance,

such as frailty and dementia).

In conclusion, our systematic review found that in published and ongoing phase II-lll randomized clinical
trials evaluating the efficacy of COVID-19 vaccines, a tiny fraction of older adults was included, even if older
people were the most affected by COVID-19 disease and therefore the first population to be vaccinated.
This finding further underlines the fact that we need an important change in attitude and policy actions to
promote the inclusion in RCTs of all relevant groups of people in which medications and vaccines are used,

including older adults.
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Figure 2. Graphical representation of age distribution in the randomized controlled trials included.
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Table 1. Published Randomized controlled trials on the effect of SARS-CoV-2 Vaccination: characteristics

and age distribution of participants.
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Table 2. Characteristics of ongoing phase 3-4 randomized controlled trials on the effect of SARS-CoV-2
Vaccination

NCT

Ph
Num Title Vaccine type Age
ase
ber
NCT _ . _ o, 18
Efficacy and Safety of VPM1002 in Reducing SARS-CoV-2 Years
0443 . . VPM1002 ase
(COVID-19) Infection Rate and Severity and
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older
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0451 Inactivated SARS-CoV-2 Vaccines (Vero Cell) in Healthy CoV-2 Vaccine (Vero ase and
0207 Population Aged 18 Years Old and Above cell) 3 older
NCT SARS-CoV-2 Ph 18
A Study Looking at the Effectiveness, Immune Response, and . Years
0458 L . ) ) rS/Matrix M1- ase
Safety of a COVID-19 Vaccine in Adults in the United Kingdom . to 84
3995 Adjuvant 3
Years
NCT Inactivated SARS  Ph 18
Efficacy, Safety and Immunogenicity of Inactivated SARS-CoV-2 . Years
0461 . . . CoV 2 vaccine (Vero ase
Vaccines (Vero Cell) in Healthy Adult Population In Peru to 60
2972 cell) 3
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- . - 18
NCT Clinical Trial to Assess Safety and Immunogenicity of Gam- Ph Years
0464 COVID-Vac Combined Vector Vaccine for Severe Acute Gam-COVID-Vac  ase and
0233  Respiratory Syndrome Coronavirus 2 (SARS-Djov-2) Infection 2-3 older
NCT Recombinant new Ph 18
A Phase Il Clinical Trial to Determine the Safety and Efficacy of . . Years
0464 . coronavirus vaccine ase
ZF2001 for Prevention of COVID-19 and
6590 (CHO cell) group 3
older
NCT Efficacy and Safety of TY027, a Treatment for COVID-19, in Ph Y(fa:\Lrs
0464 y X o ’ TY027 ase oo
9515 3
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NCT _ N o o 18
0465 Efficacy, Safety, and Immunogenicity of Two Vaccination SARS-CoV-2 ase Years
1790 Schedules of an Inactivated Vaccine Against COVID-19 in Adults inactivated vaccine 3 and
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0465 The Efficacy, Safety and Immunogenicity Study of Inactivated CoV-2 Vaccine (Vero ase Years
SARS-CoV-2 Vaccine for Preventing Against COVID-19 and
9239 cell) 3
older
NCT Adsorbed COVID-19 Ph 18
An Effectiveness Study of the Sinovac's Adsorbed COVID-19 i Years
0474 (Inactivated) Vaccine (Inactivated) ase and
7821 Vaccine 4 older
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Vaccination is a fundamental intervention to prevent the negative consequences of COVID-19, but the
percentage of older people included in the RCTs leading to the approval of vaccines is very low

Our systematic review shows that in already published RCTs only 9.83% of the participants were more
than 65 years, 1.66% more than 75 years and less than 1% (0.55%) more than 85 years.

The ongoing RCTs will not enrol a consistent part of older people.

Our findings suggest that the attention to older people in RCTs for vaccines against COVID-19 is scarce.
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