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Abstract

Objective To determine the association between angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor
blockers (ARBs) use and coronavirus disease 2019 (COVID-19) severity and outcomes in US veterans.

Patients and Methods We retrospectively examined 27,556 adult US veterans who tested positive for COVID-19 between March
to November 2020. Logistic regression and Cox proportional hazards models using propensity score (PS) for weight, adjustment,
and matching were used to examine the odds of an event within 60 days following a COVID-19—positive case date and time to
death, respectively, according to ACEI and/or ARB prescription within 6 months prior to the COVID-19—positive case date.
Results The overlap PS weighted logistic regression model showed lower odds of an intensive care unit (ICU) admission
(odds ratio [OR] 95% CI 0.77, 0.61-0.98) and death within 60 days (0.87, 0.79-0.97) with an ACEI or ARB prescription.
Veterans with an ARB-only prescription also had lower odds of an ICU admission (0.64, 0.44-0.92). The overlap PS weighted
model similarly showed a lower risk of time to all-cause mortality in veterans with an ACEI or ARB prescription (HR [95%
CI]: 0.87,0.79-0.97) and an ARB only prescription (0.78, 0.67-0.91). Veterans with an ACEI prescription had higher odds
of experiencing a septic event within 60 days after the COVID-19—positive case date (1.22, 1.02—1.46).

Conclusion In this study of a national cohort of US veterans, we found that the use of an ACEI/ARB in patients with COVID-
19 was not associated with increased mortality and other worse outcomes. Future studies should examine underlying pathways
and further confirm the relationship of ACEI prescription with sepsis.
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worldwide public health and economic crisis [1, 2].
Angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin II receptor blockers (ARBs) are widely pre-
scribed drugs that are commonly used to manage systolic
heart failure, ischemic heart disease, hypertension, and
proteinuria in diabetes and chronic kidney disease (CKD).
Recently, there has been much debate regarding the use
of ACEIs and ARBs in patients with COVID-19, stem-
ming from in vitro studies showing that ACEIs and ARBs
upregulate the expression of ACE-2 [3-9], the receptor
through which SARS-CoV-2 enters the host cells [10] in
some tissues such as heart and liver and in kidney vas-
culature [3-8]. Based on these studies, it can be ration-
alized that ACEI/ARB users may have increased risk of
SARS-CoV-2 infection and/or COVID-19 severity [3, 5,
11, 12]. However, recent studies in rats and humans did not
confirm ACE-2 upregulation by ACEI/ARB [13-15]. Fur-
thermore, it is not clear whether ACEI/ARB use is asso-
ciated with increased risk of COVID-19. While a study
of hypertension patients from an integrated healthcare
system in the USA found no association between ACEI
or ARB and increased likelihood of COVID-19 infection
[16], another study found ACEI/ARB use to be associated
with increased COVID-19 positivity or severe disease in
patients from public hospitals or outpatient clinics in Hong
Kong, even after adjusting for confounding variables [17].
Recent observational and clinical trials have shown
conflicting data on the role of ACEI/ARB in SARS-
CoV-2 infection or severity and outcomes of COVID-19,
but most have not shown worse outcomes [18-23]. ACE-
2, the enzyme that converts angiotensin I to angiotensin
I1, is expressed near the surface of human epithelial cells
throughout the body, including the lungs [24]. ACE-2 can
also catalyze the conversion of angiotensin II to angioten-
sin 1-7 [25], resulting in vasodilation and anti-inflamma-
tory, anti-oxidant, and anti-apoptotic effects [26]. ACEIs
block the formation of angiotensin II, while ARBs inhibit
the action of angiotensin II on its receptor [5, 27, 28].
There is no strong class 1 level evidence supporting
the continuation or discontinuation of these medications,
although multiple professional societies including the Amer-
ican Heart Association (AHA), American College of Car-
diology (ACC), Heart Failure Society of America (HFSA),
and European Society of Cardiology (ESC) have supported
the continuation of these agents in patients who are already
placed on these agents [29]. Similarly, the NIH COVID-19
Treatment Guidelines Panel states that patients on an ACEI
or ARB for cardiovascular disease (or other non-COVID-19
indications) should continue these drugs during acute man-
agement of COVID-19 unless clinically indicated (e.g.
hemodynamic instability) [30]. This decision is based on
smaller studies or in studies of subpopulation cohorts.
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Associations between ACEI/ARB and clinical outcomes
in COVID-19 patients have not been examined in a large
cohort with diverse demographic backgrounds and comor-
bidities. In this study, using a large cohort of veterans in
the Department of Veterans Affairs (VA) COVID-19 Shared
Data Resource, who ubiquitously use ACEI/ARBs as a
part of their disease management, we sought to examine
the effects of ACEI and ARB on COVID-19 severity and
outcome.

2 Methods

This study was reviewed by the VA Long Beach Healthcare
System’s Institutional Review Boards (IRB) and deemed
exempt from the written consent requirement since all anal-
yses were conducted using preexisting, de-identified data.
This work was supported using resources and facilities of
the Department of Veterans Affairs (VA) Informatics and
Computing Infrastructure (VINCI), VA HSR RES 13-457.
This investigation conforms to the principles outlined in the
declaration of Helsinki.

2.1 Study Population and Data Source

We retrospectively examined a cohort consisting of 27,556
adult veterans, aged > 18 years, with a confirmed posi-
tive test result for COVID-19 between March 1st, and
November 3rd, 2020. A SARS-CoV-2 quantitative RT-
PCR test, performed uniformly across all VA facilities,
was used to determine the positive COVID-19 test result.
The date of index was the date that the SARS-CoV-2 RT-
PCR result was positive. Veterans were stratified based on
ACEI or ARB medication use within 6 months prior to
their COVID-19-positive case date. Information on ACEI
and ARB medication use was obtained using VA class
codes, drug description, and brand names from the VA
pharmacy data sources. A total of 7207 patients were found
to have an ACEI or ARB prescription (2678 patients on
ACE exclusively and 4473 patients on ARB exclusively,
and 56 on both) and 20,349 veterans did not have an ACEI
or ARB prescription within 6 months prior to their case
date. This latter unexposed group was used as the reference
for all analyses. Information on body mass index (BMI),
recorded within 2 years prior to the index date, outcomes
within 60 days of a positive COVID-19 case date, and
medications prescribed after the COVID-19—positive case
date were obtained from the VA COVID-19 Shared Data
Resource. Information on date of death and censoring up
until November 30th, 2020, was obtained from the VA mini
vital status dataset for time to death models.
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2.2 Statistical Methods

Baseline characteristics were stratified according to ACEI or
ARB use. Characteristics were reported as mean + standard
deviation (SD) for continuous variables or proportions N (%)
for categorical variables. The two groups were compared
using either a #-test or chi-squared test as appropriate for
variable type and distribution.

A logistic regression model was used to examine the rela-
tionship between ACEI or ARB, ACEI only, and ARB only
use versus no ACEI/ARB use with the outcomes of mechani-
cal ventilation, hospitalization, intensive care unit admission
(ICU), acute respiratory failure, acute myocardial infarction
(MI), acute kidney injury (AKI), pneumonia, sepsis, and
death within 60 days following the COVID-19—positive case
date (ACEI only and ARB only analyses each excluded the
56 patients who were on both medications). A Kaplan-Meier
with log-rank test and Cox proportional hazards regression
model was used to examine the relationship between ACEI
or ARB, ACEI only, and ARB only versus no ACE or ARB
use with the outcome of time to death. Follow-up time was
calculated from the COVID-19—-positive case date until
date of death, loss to follow-up, or the end date of the study
period of November 30, 2020. Proportionality assumptions
for the Cox proportional hazards regression were checked
using Kaplan-Meier survival curves (Supplementary Fig. 1)
and negative log-log plots. For both the logistic and Cox
proportional hazards regression, an unadjusted model was
created as well as an adjusted model which included the
covariates of: week and VA station of the COVID-19 case
date, age, sex, race, ethnicity, smoking status, comorbid
MI, congestive heart failure (CHF), peripheral arterial dis-
ease (PAD), cardiovascular disease, cerebrovascular dis-
ease, chronic obstructive pulmonary disease (COPD), AKI,
CKD, liver disease, diabetes, hypertension, cancer, AIDS,
and Charlson Comorbidity Index (CCI) [31]. Additional fac-
tors included BMI at the case date; medications prescribed
within 2 years prior to the case date, including metformin,
calcium channel blockers (CCB), statins, beta-blockers; and
lastly medications prescribed after the case date, includ-
ing azithromycin, remdesivir, hydroxychloroquine, and
dexamethasone.

To address the possibility of bias and confounding by
indication, a propensity score (PS) analysis was conducted.
The conditional probability of taking an ACEI or ARB, an
ACEI only, or an ARB only was estimated using a multivari-
ate logistic regression model, which included all variables
used for model adjustment as previously stated and a PS was
calculated. The PS analysis included three models: the first
where veterans were matched 1-to-1 on their estimated PS,
the second where the PS was included as a variable in model
adjustment, and the third method of overlap PS weighting
where each veteran weighs equal to the probability of being

in the opposite exposure group [32, 33]. Veterans were
matched using a one-to-one greedy matching method with
a caliper width of 0.2 SDs without replacement. Among the
PS-matched cohort, standardized differences for the matched
ACEI or ARB use and non-use groups were calculated for
each variable to compare the success of matching. We con-
sidered a standardized difference of greater than 0.2 to be
statistically significant. Three different logistic regression
models and Cox proportional hazards regression models
were then repeated in the PS-matched cohort, with the PS
as an adjustment variable, and weighted by the overlap PS.

A subgroup analysis was also conducted in which veter-
ans were divided into groups based on whether or not they
had comorbid hypertension. From the hypertensive group, a
third subgroup was created for those with hypertension but
without diabetes, CKD, or congestive heart failure. Among
these three subgroups, an overlap PS weighted logistic
regression model was conducted comparing the odds of the
various outcomes within 60 days after the case date com-
paring ACEI or ARB use versus no ACEI/ARB use. Effect
modification of hypertension on the association of ACEI
or ARB use with the odds of an event were examined in
subgroup analysis and using a Wald’s test for interaction.

An additional subgroup analysis was also conducted
comparing Black versus non-Black veterans. The overlap
PS weighted logistic regression model was repeated among
these two subgroups. Effect modification of race on the rela-
tionship of ACEI or ARB use with the odds of an event were
examined using a Wald’s test for interaction. Information
on BMI was missing in approximately 3% of veterans and
was handled using imputation by mean. Information for all
other variables was complete. All analyses were performed
with SAS Enterprise Guide, version 7.1 (SAS Institute Inc.,
Cary, NC).

3 Results
3.1 Demographics and Comorbidities

Of the 27,556 COVID-19—positive veterans, the mean
+ SD age of all veterans was 63 + 16 years, 12% were
female, 62% were White, 26% Black, and 10% Hispanic.
Among all COVID-19—positive veterans, the comorbidi-
ties with the highest prevalence were hypertension (62%),
diabetes (37%), and cardiovascular disease (33%). Of the
20,349 veterans without an ACEI or ARB prescription, the
mean + SD age was 61 + 18 years, 14% were female, 61%
were White, 25% Black, and 10% Hispanic, 51% hyper-
tensive, 28% diabetic, and 28% had cardiovascular dis-
ease. Compared to veterans without an ACEI/ARB, those
with an ACEI/ARB were older, less likely to be female
or Hispanic, more likely to be White or Black, and more
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Table 1 Baseline characteristics of COVID-19—positive veterans with an ACEI or ARB prescription 6 months prior to their positive case date

compared to veterans with no ACE or ARB prescriptions between March 1st, 2020, and November 3, 2020

Variables Confirmed positive No ACEI/ARB ACEI/ARB Standardized
cases difference
N =27,556 N = 20,349 N=17207
Age (mean + SD) 63+16 61+18 68+12 0.4348
Female N (%) 3340 (12) 2947 (14) 393 (5) —0.3049
Race N (%)
White 17082 (62) 12462 (61) 4620 (64) 0.0592
Black or African American 7032 (26) 5047 (25) 1985 (28) 0.0624
Other 3404 (12) 2807 (14) 597 (8) —0.1765
Ethnicity N (%)
Hispanic 2728 (10) 2096 (10) 632 (9) —0.0521
Smoking N (%)
Current 3017 (11) 2276 (11) 741 (10) —0.0292
Past 11180 (41) 7708 (38) 3472 (48) 0.2091
Never 10414 (38) 7627 (37) 2787 (39) 0.0245
Comorbidities (2 years prior to case date) N (%)
Myocardial infarction 567 (2) 315(2) 252 (4) 0.1245
Congestive heart failure 2128 (8) 1263 (6) 865 (12) 0.2025
Peripheral arterial disease 3101 (11) 1866 (9) 1235 (17) 0.2374
Cardiovascular disease 9120 (33) 5696 (28) 3424 (48) 0.4110
Cerebrovascular disease 653 (2) 432 (2) 221 (3) 0.0594
Chronic obstructive pulmonary disease 4356 (16) 2968 (15) 1388 (19) 0.1249
Acute kidney injury 2045 (7) 1323 (7) 722 (10) 0.1280
Chronic kidney disease 4024 (15) 2494 (12) 1530 (21) 0.2421
Chronic kidney failure 521 (2) 383 (2) 138 (2) 0.0024
Liver disease 1471 (5) 945 (5) 526 (7) 0.1122
Diabetes 10158 (37) 5758 (28) 4400 (61) 0.6978
Cancer 4480 (16) 2964 (15) 1516 (21) 0.1697
AIDS 194 (1) 163 (1) 31(0.4) —0.0474
Hypertension 17188 (62) 10335 (51) 6853 (95) 1.1503
Charlson Comorbidity Index, Median (IQR) 2(0,3) 1(0,2) 2(1,4) 0.4846
Body mass index (at case date) (mean + SD) 3146 30+6 3247 0.2395
Medications (2 years prior to case date) N (%)
Metformin 5715 (21) 2730 (13) 2985 (41) 0.6611
Calcium channel blockers 6777 (25) 3726 (18) 3051 (42) 0.5415
Statins 13267 (48) 7651 (38) 5616 (78) 0.8943
Beta-blockers 8434 (31) 4770 (23) 3664 (51) 0.5913
Anticoagulants 5626 (20) 3414 (17) 2212 (31) 0.3315
Medications (after case date) N (%)
Azithromycin 1007 (4) 701 (3) 306 (4) 0.0417
Remdesivir 369 (1) 244 (1) 125 (2) 0.0445
Hydroxychloroquine 278 (1) 206 (1) 72 (1) —-0.0013
Dexamethasone 639 (2) 404 (2) 235 (3) 0.0799

IQR interquartile range, SD standard deviation
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4 Discussion

Despite numerous recent retrospective studies that exam-
ined the association of ACEI/ARB therapy on outcomes
of patients with SARS-CoV2 infection [1, 20, 34-39], the
use of these pharmacologic agents in patients at risk for
SARS-CoV-2 complications remains controversial. Our
study in 27,556 veterans found that ACEI/ARB therapy
was not associated with higher odds of most adverse out-
comes in patients with COVID-19; in fact, our PS-matched
model showed a reduced risk of mortality with ACEI/ARB
use. However, the use of an ACEI was associated with an
increased odds of sepsis amongst COVID-19 patients.

Our findings are consistent with previous reports, which
have also noted reduced risk of complications and mortal-
ity in patients with COVID-19 who are being treated with
ACEI/ARB [20-23, 40—43]. A multicenter study in 1128
adult patients with hypertension diagnosed with COVID-
19 found that the use of ACEIs/ARBs is associated with
a lower risk of all-cause mortality when compared with
non-users [20]. Some meta-analyses found that ACEI/ARB
use is associated with reduced severity of COVID-19 dis-
ease and mortality [21-23, 40]. For instance, a random-
effects meta-analysis of 26 studies involving 8104 ACEI/
ARB users and 8203 patients who did not use ACEIs/
ARBs showed that ACEI/ARB treatment was associated
with a significantly lower risk of mortality in hypertensive
COVID-19 patients [41].

While the above studies demonstrated a reduction in
mortality in COVID-19 patients with ACEI/ARB use,
other studies found no association between these variables
[35, 37, 44, 45]. Khera et al showed that ACEI/ARB use
was not associated with increased risk of hospitalization
or inpatient mortality in a PS-matched outpatient cohort
of 2263 patients with a history of hypertension as well as
a positive SARS-CoV-2 test, and an inpatient cohort of
7933 hospitalized COVID-19 patients [44]. In addition,
a single-center case study of 1178 COVID-19 hospital-
ized patients in Wuhan, China suggested that ACEI/ARB
use in 115 of the 362 patients with hypertension was not
associated with COVID-19 severity or mortality [37]. The
discrepancy between our findings and these reports may
be due to their relatively small sample size and the small
number of patients using ACEIs/ARBs. Our large study
cohort of veterans included ~60% patients with hyperten-
sion and 26% ACEI/ARB users. This study showed in the
overlap PS weighted logistic regression model that ACEl/
ARB use reduced the odds of an ICU event and mortality.

Our study cohort comprised 26% Black patients who
have a higher incidence of COVID-19 and related mortal-
ity rate when compared to other ethnic groups [46, 47].
We found that ACEI/ARB use reduced the mortality rate
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Acute Respiratory Failure 1 ——
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Odds Ratio (95% Confidence Interval)

Fig. 1 Overlap propensity score weighted logistic regression model
showing the odds ratio (95% confidence interval) of an event 60 days
after the COVID-19—positive case date for ACEI or ARB use. ACE!
angiotensin-converting enzyme inhibitor, ARB angiotensin receptor
blocker, ICU intensive care unit, MI myocardial infarction

in non-Black veterans with COVID-19 but not in their
Black counterparts. Blacks are at increased risk of hyper-
tension, cardiovascular disease, diabetes, kidney disease,
and have differences in responses to therapy [48—-57]. The
higher severity of comorbidities and the reduced response
to ACEIs/ARBs in this population can explain the differ-
ences in mortality risk with ACEI/ARB use between Black
and non-Black patients. However, future research will be
needed to further examine these findings.

The average age of SARS-CoV-2—positive ACEI/ARB
users in our study was 68 years. Many of these patients had
other co-morbidities such as hypertension (62%), diabe-
tes (37%), cardiovascular disease (33%), and chronic lung
(16%) and kidney diseases (15%), which have been shown to
increase the risk for COVID-19-related complications and
mortality [46, 58—63]. However, our study shows that the
ACEI/ARB use in COVID-19 patients does not adversely
affect disease outcome and may in fact contribute to reduced
COVID-19-related mortality in non-Blacks. These findings
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may have important direct implications for elderly patients
and those with the chronic comorbidities in the general US
population.

An intersting observation of our study was that ACEI use
was associated with an increased odds of sepsis amongst
COVID-19 patients. These findings were in agreement with
a recent study of 2700 patients admitted to ICU between
January 2008 and December 2015 in Sweden that found an
association between ACEI/ARB use and sepsis [64]. We did
not find an association between ARB use alone and sepsis.
Previous studies in COPD and hypertensive patients showed
that ACEI users had a higher risk of sepsis than ARB users
[65, 66]. Given that ARBs have been shown to improve
inflammation, they may, therefore, reduce the risk of sepsis
[67-70]. Unlike ACEIs, ARBs have a dual role in regulat-
ing inflammation (Fig. 2); ARBs inhibit the vasoconstriction
and pro-inflammatory effects of angiotensin II by blocking
AT receptor activation, and on the other hand they mediate
vasodilation and anti-inflammatory effects by activation of
the AT, receptors and Mas receptors [25, 71, 72]. In the latter
secnario, ARBs cause a feedback increase in angiotensin II
that can either bind to AT, receptors directly or can be con-
verted by ACE2 into angiotensin (1-7) which can bind to the
Mas receptor and mediate vasodilation and anti-inflammatory
effects [25, 71, 72]. Further studies are needed to confirm
and investigate the underlying mechanisms for these findings.

ACEIs/ARBs are widely used in the treatment of hyper-
tension, cardiovascular disease, and diabetic nephropathy.
Based on previous studies that demonstrated upregulation
of ACE2 in the vasculature of rodents by treatment with
supra-pharmacologic doses of ACEIs/ARBs [3-8], it was
postulated that ACEI/ARB use may increase the risk of

[ Angiotens.jmr'(.i-S) ]

" — Z >:[ AT2R (Type 2 Angiotensin Il |

l Angiotensin 1-7 I

Fig.2 SARS-CoV-2 and angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers (ARBs). Angiotensin II is
a critical regulator of blood pressure and inflammation. Upon bind-
ing to the type 1 angiotensin II receptors (AT1R) it mediates vasocon-
striction and inflammation response, while upon binding to its type 2
angiotensin II receptor (AT2R) it mediates a vasodilatory and anti-
inflammatory response. ACEIs inhibit the conversion of angiotensin
I to angiotensin 1I while ARBs block the binding of angiotensin II
to AT1R. Some studies have suggested that these medications may

- N
[ MasR

COVID-19 severity in patients. However, a few more recent
studies in human and animal models did not find ACE2
upregulation with ACEI/ARBs [13-15]. Ramchand et al,
while investigating the role of circulating ACE2 levels
and major adverse cardiovascular events in patients with
coronary artery disease, found that ACEI/ARB use did
not increase the circulating ACE2 levels [13]. Burrell et al
examined ACE2 expression after MI in rats and showed that
an ACEI ‘ramipril’ had no effect on cardiac ACE2 mRNA
expression [14]. A recent study in a mouse model showed
that the ACEI ‘captopril’ and the ARB ‘telmisartan’ do not
increase ACE2 in either lung or kidney epithelia that are
target sites for SARS-CoV-2 infection [15]. These stud-
ies support our findings that the use of ACEI/ARBs does
not increase the risk of adverse outcomes. Furthermore, a
recent study in experimental models of acute lung injury,
including a model of SARS-CoV-2 infection, suggested that
ARBs may mitigate COVID-19 complications by attenuat-
ing Ang II-mediated acute lung injury via blocking AT1R
[73]. These are some potential mechanisms that may under-
lie the reduced COVID-19 mortality rate we observed in
ACEI/ARB users in our analyses. In addition, statins, with
their cholesterol-lowering effects, anti-inflammatory, immu-
nomodulatory and antiviral properties may by themselves or
in combination with ACEI/ARB may modulate COVID-19
mortality [74-77].

The strengths of this study include the large sample size,
use of VA Observational Medical Outcomes Partnership data
as well as robust findings across multiple statistical models.
Previous studies examining the association of ACEI/ARB
use with COVID-19 outcomes were limited by having a con-
siderably smaller cohort size. This study had a large sample

AT1R (Type 1 Angiotensin Il
Receptor)

\ -
_—
J

Receptor)

* Vasodilation

* Anti-inflammation

increase the expression of angiotensin-converting enzyme 2 (ACE-
2), which acts as a receptor for the SARS-CoV-2 virus to infect the
host cells. Physiologically, ACE-2 enzyme coverts angiotensin II to
angiotensin (1-7); the latter can bind to the Mas receptor (MasR) and
mediate vasodilation and an anti-inflammatory response. ARBs cause
a feedback increase in angiotensin II that can either bind to AT2R
receptors directly or can be converted by ACE-2 into angiotensin
(1-7), which can bind to MasR, and mediate vasodilation and anti-
inflammatory effects
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size of 27,556 patients and included extensive adjustment
for confounding factors. The VA patient population, which
includes a signficant proportion of elderly patients with
multiple comorbid conditions, is also suited for examining
the impact of ACEI/ARB in the most vulnerable high-risk
groups for COVID-19. However, the authors would also like
to note several limitations of this study. Despite extensive
adjustment for variables in this observational cohort study,
we cannot rule out residual confounding nor make causal
inferences. We were unable to adjust for other potential con-
founders including markers of COVID-19 disease severity
such as inflammatory cytokines. Our source for exposure
and outcome data were administrative electronic medical
records, and there remains possible exposure or outcome
misclassification. Finally, our results may not be generaliz-
able to the general population given that our cohort consisted
of VA patients who are primarily older men.

5 Conclusion

Our study further suggests that ACEIs and ARBs confer
potent dual effects, not only in the prevention and treatment
of cardiovascular disease, but also as anti-inflammatory and
immunomodulatory agents [78]. Our findings are in line
with the recommendations of multiple professional societies
and the NIH COVID-19 Treatment Guidelines that support
the continuation of ACEI and ARBs in patients who are
currently prescribed such agents, considering that patients
with cardiovascular disease are at increased risk of severe
COVID-19 [79]. Clinical trials will also be important in
examining the impact of ACEI/ARB use on clinical out-
comes in COVID patients. The effect of de novo ACEI/ARB
use in COVID-19 patients also merits further study.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40265-021-01639-2.
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