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The therapeutic armamentarium that has been made 
available from the beginning of the emergency phase 
of the COVID-19 pandemic to date is briefly reviewed, 
and an overview of the real-world clinical evidence 
published by the Italian medical and scientific commu-
nity during the last three years is presented herein. 
Prior to the introduction of a vaccine for SARS-CoV-2, 
several treatment options were implemented from the 
onset given the evidence that a “cytokine storm” was 
present during infection with SARS-CoV-2. However, 
with the exception of tocilizumab, baricitinib and per-
haps anakinra, most studies with anti-cytokine bio-
logical agents in patients with severe COVID-19 did 
not show any significant clinical improvement or de-
crease in mortality at day 28. The same is true of sev-
eral repurposed drugs including ivermectin, lactofer-
rin, interferon ß-1a, lopinavir/ritonavir alone or 
combined with hydroxychloroquine, and darunavir/
cobicistat, which did not show any benefits in clinical 
status or mortality. Treatment with neutralizing mono-

clonal antibodies (mAbs) for COVID-19 is changing 
continually with the evolution of new viral variants. In 
Italy, current indications for treatment of COVID-19 
outpatients underline that the use of specific mAbs 
may vary over time depending on the prevalent SARS-
CoV-2 variant and the sensitivity to the different mAbs 
available. Three antiviral drugs against SARS-CoV-2 
were studied extensively and initially available in Italy: 
remdesivir, molnupiravir, and nirmaltrelvir/ritonavir, 
but at present the latter is the only oral antiviral for 
SARS-CoV-2 available in Italy. Several real-world stud-
ies for the use of nirmatrelvir/ ritonavir in the Italian 
population have been published. Among the current 
unmet needs, a clear and universal definition for long 
COVID along with treatments and prevention are still 
lacking as is clarity of the pathogenetic mechanisms 
responsible for it.
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SUMMARY

n	 BACKGROUND

On March 11, 2020, the World Health Organi-
zation (WHO) characterized the outbreak of 

coronavirus disease 2019 (COVID-19) as a global 
pandemic, and more than three years after, on 
May 5, 2023, the WHO Emergency Committee de-
termined COVID-19 as an established and ongo-
ing health issue that no longer constitutes a public 

health emergency of international concern [1]. Ini-
tially the outbreak was due to the ancestral strain 
of SARS-CoV-2 isolated in Wuhan, after which the 
variants of concern Alpha and Delta began to 
emerge, which acted on a population that totally 
lacked immunity. Indeed, the first epidemic wave 
that hit Italy had an unprecedented impact on 
healthcare services, especially in critical areas, due 
to the very rapid increase in cases of infection with 
SARS-CoV-2 and severe clinical manifestations at 
a time when no effective drugs or vaccines were 
available, and the entire population was complete-
ly susceptible to infection [2, 3].
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The virus mutated rapidly, with the appearance of 
new variants having different aggressiveness and 
transmissibility, although the lethality depended 
on the setting and characteristics of the population 
[4, 5]. With the Delta variant, anti-SARS-CoV-2 
Spike IgM antibody was found to be associated 
with both disease severity and risk of death in un-
vaccinated patients [6]. In the meantime, the im-
mune status of the population changed, due both 
to the rapid accumulation of infected and recov-
ered subjects and to the introduction of a large 
vaccination campaign which began at the end of 
December 2020, with the aim of protecting vulner-
able individuals, but at the same time allowing for 
rapid vaccination of the vast majority of the Italian 
population. During 2021 and January 2022, vacci-
nation against SARS-CoV-2 led to a significant re-
duction in the impact of the pandemic in terms of 
morbidity and mortality, and therefore a decreased 
burden on hospital services [7]. This led to easing 
of restrictive measures, such as social distancing 
and lockdown, in the second half of 2022. 
At present, the predominant variants in Europe 
are Omicron recombinants [8], which are highly 
transmissible likely due to their ability for im-
mune evasion. Fortunately, these variants are as-
sociated with low lethality due to their tropism for 
the upper airways and less risk of lower respira-
tory tract infection, together with greater immu-
nity in the general population from prior infection 
and vaccination [9]. According to data from the 
GIMBE Foundation (Gruppo Italiano per la Me-
dicina Basata sulle Evidenze), at the beginning of 
December 2023 the total number of cases of COV-
ID-19 in Italy was 26,415,845, with 193,435 deaths 
[10]. The rates of hospitalization and the mortality 
increase with age, with the highest values in those 
≥90 years; the rates of admission to intensive care 
also increase with age [11]. 
Besides prevention, from the beginning of the pan-
demic there was an enormous effort by the medi-
cal and scientific community to identify therapies 
that were effective against the virus. When the 
Omicron variant became prevalent at the begin-
ning of 2022, although associated with less sever-
ity and lethality, it continued to cause substantial 
healthcare burden due to the evasion of immunity 
and its increased transmissibility combined with a 
shorter incubation period, leading to a high preva-
lence of disease and reinfections [12, 13]. 
In this rapidly evolving scenario, real-world evi-

dence is crucial to interpret the effectiveness and 
tolerability of therapies outside the rigid frame-
work of randomized clinical trials and is increas-
ingly recognized as an important complement to 
clinical trials. In the context of COVID-19, one 
must consider the timing in which the data were 
retrospectively selected, variation due to different 
pandemic waves and circulating variants, and 
changing vaccination and immunity status of the 
population. Many randomized clinical trials, for 
example, were carried out in unvaccinated pa-
tients and during circulation of the Delta variant. 
Several subsets of patients were also not included 
in randomized trials, such as the immunocompro-
mised. Thus, real-world data is needed to gather 
insight into the effectiveness and safety of thera-
pies as well as for pharmacovigilance. This narra-
tive review will briefly outline the therapeutic ar-
mamentarium that has been made available from 
the beginning of the emergency phase of the CO-
VID-19 pandemic to date, in order to provide an 
overview of the real-world evidence published by 
the Italian medical and scientific community dur-
ing the last three years focusing on monoclonal 
antibodies (mAbs) and antivirals. 

n	 MONOCLONAL ANTIBODIES

Neutralizing mAbs are recombinant proteins that 
can be derived from the B-cells of convalescent pa-
tients or humanized mice; they target the spike 
protein of SARS-CoV-2 that mediates viral entry 
into host cells [14]. Most neutralizing mAbs can be 
used to treat the disease but have no role in its pre-
vention, although tixagevimab/cilgavimab (Evush-
eld®) is an exception in this regard [15, 16]. A pres-
ent, the use of mAbs for the treatment of COVID-19 
is in continuous debate due to the evolution of 
variants resulting in reduced susceptibility to 
mAbs, which is demonstrated by in vitro data 
showing loss of activity against certain variants 
and subvariants [17]. Notwithstanding, it is worth 
considering that mAbs also have “accessory effec-
tor actions” that go beyond neutralizing efficacy, 
which include complement-mediated cytotoxici-
ty, Ab-mediated cytotoxicity, and Ab-mediated 
phagocytosis. Thus, in addition to the epidemio-
logical situation in establishing the correct target 
population, better understanding of the optimal 
timing and dosage for their use is needed to aug-
ment their therapeutic action [18].
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Between 2020 and 2023, 220 studies on the use of 
mAbs for treatment of COVID-19 were published 
by Italian groups and are available on PubMed. In 
particular, data on bamlanivimab/etesevimab, ca-
sirivimab/imdevimab (Ronapreve®), sotrovimab 
(Xevudy®), and tixagevimab/cilgavimab have 
been reported [19-25] . Of note, several of these 
were carried out during the Omicron era, with the 
result that the response to the vaccine and/or to 
the drugs was different compared to earlier stages 
of the pandemic. In patients infected by the Alpha 
variant, some combination therapies (bamla-
nivimab-etesevimab and casirivimab-imdevimab) 
have been reported to be more effective in lower-
ing hospitalization duration vs. monotherapy 
with bamlanivimab [26]. Falcone et al. found that 
casirivimab/imdevimab was beneficial in patients 
infected with the Gamma variant [27]. 
During circulation of the Delta variant, and at the 
beginning of the Omicron era, the Italian Medicine 
Agency funded research protocols to acquire new 
evidence on the efficacy of mAbs in the treatment 
of COVID-19 patients at an early stage of illness, 
not hospitalized, with or without risk factors 
which may worsen prognosis [28]. Among these, 
MANTICO was a multicentric open-label random-
ized controlled trial that compared the clinical ef-
ficacy of early treatment with bamlanivimab/ete-
sevimab, casirivimab/imdevimab, and sotrovimab 
in outpatients with mild-to-moderate COVID-19 
[29]. Among patients infected with the Delta vari-
ant, no progression of COVID-19 was observed, 
with no differences among treatment groups. 
Sotrovimab was the most effective against the 
Omicron BA.1 and BA.1.1 variant, reducing symp-
toms within 5 days compared to bamlanivimab/
etesevimab and casirivimab/imdevimab. This 
would seem to confirm in vitro studies suggesting 
that sotrovimab retains its neutralization capacity 
against Omicron BA.1, but has less efficacy against 
BA.2, BA.4 and BA.5, and BA.2.12.1 [30]. 
A multicenter retrospective analysis of 268 fragile 
patients with mild SARS-CoV-2 infection by Barta-
lucci et al. examined the efficacy of sotrovimab and 
casirivimab-imdevimab and reported that only 22 
(8%) patient had unfavorable outcomes defined as 
increased need for oxygen supplementation and/
or death [31]. De Vito et al. published the results of 
a real-life study of 689 patients with SARS-CoV-2 
infection who did not receive any treatment 
(n=348) or who received with sotrovimab (n=341). 

In all there were 161 (23.4%) cases of disease pro-
gression and 65 (9.4%) deaths, with a significant 
difference between those who were treated or not 
with sotrovimab (p < 0.001). Vaccination [OR 0.21 
(95% CI 0.12-0.37)] and administration of sotro-
vimab [OR 0.05 (95% CI 0.02-0.11)] were both as-
sociated with a lower risk of progression to severe 
COVID-19. [32].
Capoluongo et al. carried out a retrospective real-
life analysis on the use of tixagevimab-cilgavimab 
in 42 immunocompromised patients for treatment 
of COVID-19 [33]. It was reported that patients 
with hematological malignancies had a lower neg-
ativization rate when treated with 10 days after 
the onset of clinical symptoms. In a real-world ex-
perience in booster vaccinated immunocompro-
mised patients studying tixagevimab-cilgavimab 
as pre-exposure prophylaxis against Omicron 
BA.5, Schiaroli et al. reported that that the combi-
nation cannot substitute for vaccination; however, 
it may be a valid supporting therapy if the recom-
mended douse is doubled. Similarly, in patients 
with hematological malignancies, Angotzi et al. 
reported that after a median of 4 months, the 
3-month cumulative incidence of infection with 
SARS-CoV-2 was 20% in those administered tixa-
gevimab/cilgavimab compared to 12% in the ob-
servation/vaccine group [34]. In 2024, Gidari et al. 
published a study of 72 immunocompromised pa-
tients in which the efficacy of tixagevimab/cil-
gavimab appeared to wane against novel subvari-
ants such as BQ.1, XBB.1.5, XBB.1.16, and EG.5.
In this regard, it should be pointed out that there 
remains the need to study the effectiveness of 
mAbs on new variants, along with the need to 
closely monitor their susceptibility in vitro that 
could provide the rationale for their use in vivo (if 
consistent with the doses administered in the ther-
apeutic range or risk toxicity to achieve efficacy in 
clinical practice) [35]. Indeed, the current recom-
mendations for treatment of COVID-19 outpa-
tients in Italy underline that, due to a constantly 
evolving epidemiological landscape, the indica-
tion for the use of specific mAbs may vary over 
time depending on the SARS-CoV-2 variant preva-
lent in the country and the sensitivity to the differ-
ent mAbs available [36]. More recently, the SIMIT 
(Italian Society for Infectious and Tropical Diseas-
es) has recommended that early treatment with 
mAbs be given to fragile patients (immunocom-
promised, patients with tumors or with chronic 
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renal impairment) and/or patients who are at 
high risk [37].

n	 EARLY TREATMENT WITH ANTIVIRALS

Antivirals have the potential to reduce the viral 
load (VL) and viral spread, as well as affect out-
comes of infection. Early use of antivirals, meaning 
as soon as possible and within 5 days of symptom 
onset, has the potential to reduce viral replication 
and the ensuing cytokine storm as well as decrease 
morbidity, mortality, and the costs of healthcare 
[38]. Three antiviral drugs against SARS-CoV-2 
were initially available in Italy: remdesivir (RDV), 
molnupiravir (MPV), and nirmaltrelvir/ritonavir 
(NMV/r), all for adults with COVID-19 who do 
not require supplementary oxygen therapy and 
are at risk of progression to severe forms of illness 
[39]. Criteria to differentiate patients into risk cat-
egories have been made available by AIFA [39]. 

Remdesivir
Remdesivir (Veklury®) is a viral RNA polymerase 
inhibitor developed by Gilead Sciences in 2017 as 
a potential antiviral agent given intravenously for 
Ebola virus. RDV obtained authorization for emer-
gency use for the treatment of suspected or labora-
tory-confirmed COVID-19 in hospitalized patients 
with pneumonia requiring supplemental oxygen 
from the U.S. Food and Drug Administration 
(FDA) in May 2020, and from the European Medi-
cines Agency (EMA) in June 2020 [40]. A condi-
tional approval was obtained by the EMA on July 
2020 and full approval by the FDA on October 22, 
2020. In December 2021 the indication was also ex-
tended to treat non-hospitalized patients with CO-
VID-19 with mild-to-moderate COVID-19 and at 
risk for progression to severe disease who do not 
require supplemental oxygen, within 7 days from 
the onset of symptoms [41, 42].
RDV was approved for early treatment of COV-
ID-19 based on the results of the PINETREE trial 
[43]. This was randomized, double-blind, placebo-
controlled trial involving non-hospitalized pa-
tients with COVID-19 with symptom onset within 
the previous 7 days and at least one risk factor for 
disease progression. Patients in the active treat-
ment arm received intravenous RDV. In all, 562 
patients were randomized, the mean age was 50 
years, and the most common coexisting conditions 
were diabetes mellitus, obesity, and hypertension. 

COVID-19–related hospitalization or death from 
any cause occurred in 2 patients (0.7%) in the rem-
desivir group and in 15 (5.3%) patients receiving 
placebo (HR, 0.13; 95% CI 0.03 to 0.59; p = 0.008). 
The proportion of adverse events was similar in 
both groups.
Between 2020 and 2023, 55 studies on the use of RDV 
for early treatment of SARS-CoV-2 were published 
by Italian groups and are available on PubMed. 

Studies in non-hospitalized patients
To evaluate whether early use of RDV is associat-
ed with reduced COVID-19 progression in a ho-
mogeneous cohort of patients with mild to moder-
ate COVID-19, a prospective observational study 
was carried out by Falcone et al. [44]. Patients who 
received early (≤5 days from onset of symptoms) 
versus late (>5 days from onset of symptoms) 
RDV were compared; according to this study the 
early administration of RDV was associated with 
a 51% of reduction of disease progression [44]. 
Mazzitelli et al. performed a real-life analysis of all 
patients given early RDV compared to patients 
who received no antiviral therapy [45]. The analy-
sis included 681 patients with a median age of 66 
years. Both vaccination against SARS-CoV-2 and 
early RDV were associated with a reduced risk of 
hospitalization. Early RDV was also associated 
with a shorter duration of positivity for SARS-
CoV-2 and related as well as with a lower rate of 
COVID-19 sequelae vs. the control group. More 
recently, Scotto et al. carried a real-life analysis of 
early administration of RDV alone or in combina-
tion with mAbs to prevent progression to severe 
COVID-19 in 62 high-risk patients with mild/
moderate disease [46]. Overall, 8% of patients pro-
gressed to severe COVID-19 with similar rates in 
patients administered RDV alone (6.7%) or in 
combination with mAbs (9.4% p=0.531).
Regardless of the treatment of severe cases in a 
hospital setting, in Italy, the early administration 
of RDV is currently recommended by AIFA for pa-
tients with defined risk factors, within 7 days 
from symptom onset, to be administered intrave-
nously for three consecutive days in outpatient 
clinics [36]. 

Studies in hospitalized patients
In hospitalized patients, a number of comparative, 
non-randomized and observational studies have 
demonstrated advantages with the use of RDV for 
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severe COVID-19 pneumonia for several end-
points [47-49]. In contrast, the monocentric retro-
spective study by Campogiani et al. did not find 
that administration of RDV (or other antivirals) 
influenced the VL in hospitalized patients [50]. An 
Italian registry-based study including all hospital-
ized patients in Italy with COVID-19 and treated 
with RDV (16,462 patients) was published by Rus-
so et al.; it was reported that mortality at 15 (7.1%) 
and 29 days (11.7%) was higher than that observed 
in the ACTT-1 and ACTT-2 trials, which was likely 
due to the older age of patients [40]. A number of 
studies in hospitalized patients with mild-moder-
ate COVID-19 published by Italian authors have 
reported contrasting findings with either positive 
[51-54] or negative results [55-59]. 

Molnupiravir
MPV (Lagevrio®) is an orally available, small-mol-
ecule ribonucleotide prodrug of b-D-N4-hydroxy-
cytidine (NHC) with potent, broad-spectrum in 
vitro activity against coronaviruses, including 
SARS-CoV-2 variants of concern, and a high bar-
rier to the development of resistance that was un-
der development by MSD [60]. In light of the ris-
ing rates of infection and deaths due to COVID-19 
across the EU, on November 15, 2021 the human 
medicines committee (CHMP) of the EMA issued 
advice on the use of MPV to support national au-
thorities who may decide on possible early use of 
the medicine prior to marketing authorization, for 
example in emergency use settings, for the treat-
ment of COVID-19 in adults who do not require 
supplemental oxygen and who are at increased 
risk of developing a severe form of illness [61]. On 
December 23, 2021, the FDA approved MPV for 
emergency as treatment of mild-to-moderate CO-
VID-19 in adults with high risk for progression to 
severe COVID-19 [62].
The main study presented by the developer to 
support the application for MPV was a random-
ized, placebo-controlled trial enrolling 1433 non-
hospitalized adults aged 18 years or older with 
mild to moderate COVID-19 (MOVe-OUT) dem-
onstrated that with COVID-19 receiving MPV 
showed faster normalization of C-reactive protein 
(CRP) and oxygen saturation (SpO2), decreased 
need for respiratory interventions, when hospital-
ized were discharged a median of 3 days earlier, 
and needed fewer acute care visits and COVID-19–
related acute care visits compared with patients 

who received placebo [63]. However, the MOVe-
IN study in hospitalized patients with COVID-19 
did not demonstrate any clinical benefit with the 
administration of MPV [64]. 
Between 2020 and 2023, 58 studies on the use of 
MPV for treatment of COVID-19 were published 
by Italian groups and are available on PubMed. 
Observational studies have also been conducted 
in outpatients. Pontolillo et al. reported on a retro-
spective cohort of 100 patients receiving MPV, 
with 100.0% compliance to the antiviral treatment. 
No patient required hospitalization due to wors-
ening of respiratory function or the appearance of 
serious side effects. The median downtime of VL 
was 10 days (IQR 8.0–13.0), regardless of the type 
of vaccination received [65]. Scioscia et al. pre-
scribed MPV to 74 patients with COVID-19 (age 
range 26–96 years), including 10 affected by idio-
pathic pulmonary fibrosis, which led to regression 
of symptoms in all patients. No patients were hos-
pitalized and/or showed sequelae [66]. Bruno et 
al. reported on administration of MPV to 168 sub-
jects with an age ≥80 years with COVID-19 and 
mild-to moderate illness; in this cohort, hospital-
izations (12.5%) and mortality (5 deaths) at 28 
days remained low [67]. 
On February 24, 2023, the EMA CHMP formulated 
a negative opinion regarding MPV due to failure 
to demonstrate a clinical benefit in terms of reduc-
tion in mortality and hospital admissions in the 
main study in over 1,400 non-hospitalized, unvac-
cinated adults. Based on the CHMP consider-
ations, despite having verified the absence of de-
tails safety issues related to the treatment, the 
Italian Scientific Technical Advisor Committee 
(CTS) of AIFA established that - similarly to what 
has already been decided by most of the European 
countries in which it was foreseen an emergency 
distribution authorization – the use of MPV in CO-
VID-19 patients was suspended starting from 
March 11, 2023 [68]. On June 21, 2023, the devel-
oper withdrew its application for marketing au-
thorization for MPV for the treatment of COV-
ID-19 in adults [69].

Nirmatrelvir and ritonavir
Nirmatrelvir and ritonavir (Paxlovid®) is a co-
packaged medication developed by Pfizer, and 
currently the only oral antiviral for SARS-CoV-2 
available in Italy. According to the Summary of 
Product Characteristics, NMV/r is recommended 
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for adults with COVID-19 who do not require ad-
ditional oxygen therapy and are at increased risk 
of progression to severe COVID-19 forms; this oral 
therapy should be administered as soon as possi-
ble after diagnosis, and no later than 5 days after 
the onset of symptoms [70]. 
In the EU, NMV/r received conditional marketing 
authorization on January 28, 2022 and full market-
ing authorization on February 24, 2023 [71].The 
FDA approved NMV/r on May 25, 2023 for the 
treatment of mild-to-moderate COVID-19 in 
adults at high risk for progression to severe CO-
VID-19 [72]. Nirmatrelvir inhibits SARS-CoV-2 
main protease (Mpro) and has potent pan–human-
coronavirus activity in vitro. Mpro is an appealing 
target because it is essential in the viral replication 
cycle and has a low probability of off-target activ-
ity given the lack of human analogues. Ritonavir 
has been used as a pharmacokinetic booster of 
other protease inhibitor antivirals predominantly 
due its potent inhibition of cytochrome P450 3A4, 
thus increasing plasma concentrations of nirma-
trelvir [73, 74]. 
NMV/r was approved based on the results of the 
EPIC-HR study in which 2246 patients at high risk 
of progression to severe disease were randomized 
to NMV/r or placebo [75]. Treatment of symptom-
atic COVID-19 with NMV/r was associated with a 
risk of progression to severe disease that was re-
duced by 89% compared to placebo if patients 
were treated within 3 days from the onset of CO-
VID-19 symptoms. Moreover, when treatment was 
initiated within 3 days after the onset of symptoms, 
the VL was lower with NMV/r than with placebo 
at day 5 of treatment (adjusted mean difference 
-0.868 log10 copies per mL). This thus reinforces 
that early treatment is beneficial. In an analysis of 
data on prescriptions of mAbs and antivirals in 
England and Italy from December 2021 to October 
2022, NMV/r was the most frequently prescribed 
antiviral in both countries for early treatment of 
outpatients [76]. In the study by Mazzotta et al., 
NMV/r significantly reduced VL compared to all 
the other drugs except vs. MPV in strain BA.2. MP 
was superior to RDV in both BA.1 and BA.2, and 
to sotrovimab in BA.2. Sotrovimab had greater ac-
tivity than RDV only against BA.1 [77]. Between 
2020 and 2023, 20 studies on the use of NMV/r for 
early treatment of SARS-CoV-2 were published by 
Italian groups and available on PubMed.
As already mentioned, differences in real-world 

studies can be expected compared to randomized 
clinical trials due to the differences in the popula-
tions treated for characteristics such as vaccination 
status, dominant circulating variants, comorbidi-
ties, etc. Several observational studies have at-
tempted to evaluate the effectiveness of various 
antivirals, since head-to-head clinical trials are 
lacking. In a retrospective analysis on 257 patients 
with SARS-CoV-2 infection treated with oral anti-
virals during the Omicron surge in Italy, 56.8% 
received MPV and 43.2% were administered 
NMV/r [78]. There were three hospitalizations 
with MPV (2.1%) and one with NMV/r (0.9%). 
The authors reported a low rate of hospitalization, 
death, and adverse drug reactions, which were 
lower than those reported in pivotal clinical trials. 
In a retrospective cohort study on 909 patients pre-
scribed MPV (n=407) or NMV/r (n=502), 124 
(13.6%) patients experienced an adverse event, 
79% of which were grade 1; 18.5% were grade 2 
and only 2.5% were grade 3 [79]. There were also 
more adverse events in women and in those treat-
ed with patients treated with NMV/r. In contrast 
with the smaller real-world study on 257 patients, 
in this analysis adverse events were higher than 
those reported in clinical trials. The real-world 
study by del Borgo et al. on 1118 patients reported 
that RDV, MPV, and NMV/r all had similar effi-
cacy in inhibiting progression to severe COVID-19 
and no serious adverse effects [80].
In a very recent nationwide cohort study from 
AIFA, Torti et al. compared mortality in patients 
with SARS-CoV-2 infection and at risk for clinical 
progression who were treated with MPV or NMV/r 
during the Omicron era in Italy. It was reported 
that early initiation of NMV/r was associated with 
a significantly reduced risk of all-cause mortality at 
day 28 compared to MPV [81]. In particular, the 
study evaluated 17,977 patients treated with MPV 
and 11,576 patients with NMV/r, 87% of whom 
had received a full-course of vaccination. The inci-
dence of crude all-cause mortality was higher with 
MPV (51.83 per 100,000 person-days) compared to 
NMV/r (22.29 per 100,000 person-days). This large 
study contributed to the better understanding of 
real-life therapeutics for COVID-19 [82].
In another large real-world cohort of 1,342 outpa-
tients (94% vaccinated), no differences were found 
among treatment with MPV, NMV/r, and RDV in 
terms of rates of clinical recovery or hospitaliza-
tion [83]. Another real-world analysis on 562 out-
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patients has also been published that compared 
NMV/r, MPV, and RDV [84]. The primary end-
point was a composite of death or hospitalization 
and occurred in 0.8%, 1.8%, and 5.1% of patients 
receiving NMV/r, MPV, and RDV, respectively 
(ANOVA among groups p=0.012). Other cohort 
studies (even during the Omicron era) have also 
suggested that early treatment with antivirals 
and/or mAbs is associated with a lower risk of 
hospitalization, progression, and mortality at 30 
days, particularly among subjects who are at high 
risk of disease progression. In a retrospective 
study of 719 patients, 554 (77%) receiving MPV 
and 165 (23%) receiving NMV/r, Bruno et al. re-
ported that there were no differences between the 
two antivirals and that early use of these antivirals 
limited a composite outcome of all-cause hospital-
ization and/or death at 30 days in patients at high 
risk of progression [38]. Several additional real-
world studies have all confirmed that early antivi-
ral therapy is beneficial in terms of reducing VL as 
well as preventing hospital admission and/or 
mortality from COVID-19 [32, 83, 85-88].
Bai et al. carried out a retrospective analysis com-
paring viral clearance in high-risk patients with 
mild-moderate COVID-19 and treated with MPV 
(92/376; 43.8%), NMV/r (150/376; 24.7%), or RDV 
(134/376; 31.5%) [89]. NMV/r was associated with 
a higher proportion of viral clearance at day 7 and 
a shorter time to viral clearance compared to MPV 
and RDV, even after adjustment for age and im-
munodeficiency. Notwithstanding, there was little 
difference in clinical recovery rates among the 3 
treatments (97.5% for MPV, 98.3% for NMV/r, and 
93.6% for RDV).

n	 LONG COVID

The WHO has defined long COVID as the “con-
tinuation or development of new symptoms 3 
months after the initial SARS-CoV-2 infection, 
with these symptoms lasting for at least 2 months 
with no other explanation” [90]. Long COVID 
may have a vast range of symptoms and affects 
10-20% of people infected with SARS-CoV-2. Some 
authors have suggested that early administration 
of mAbs and antivirals may lower the risk of de-
veloping long COVID [85, 91]. In a retrospective 
analysis of 649 patients who were treated with 
mAbs (37%) or antiviral drugs (30%), data on long 
COVID at 3 months was available for 50% of pa-

tients [85]. There was a significant beneficial effect 
of early use of both antivirals and mAbs on long 
COVID (any symptoms) [85]. In a retrospective 
propensity score-matched case-control study of 
737 patients at high risk for progression, antiviral 
agents or mAbs were administered to those not 
requiring oxygen therapy or hospital admission 
[91]. Long COVID was reported in 28% of cases, 
although early use of antivirals and mAbs were 
both associated with a reduced risk of long COV-
ID. In a survey carried out by telephone among 97 
patients with cancer who underwent or not previ-
ous treatment with early therapy for SARS-CoV-2, 
12 patients (12.4%) referred long COVID with no 
significant difference between those receiving or 
not early therapy [92]. In any case, at present there 
are no therapies approved for long COVID, which 
is a topic of great interest and warrants further 
studies to better clarify its pathophysiology and 
long-term consequences [93]. Long COVID has 
also been considered by some to be a fourth phase 
of SARS-CoV-2 infection [94].

n	 ONCO-HEMATOLOGICAL PATIENTS

Among high-risk COVID-19 patients, those with 
hematological malignancies or who have under-
gone hemopoietic stem cell transplantation and 
are immunocompromised have a greater risk of 
progression to severe forms of COVID-19 com-
pared to the general population [95]. Patients with 
hematologic malignancies have higher levels of 
immunosuppression and as a result may develop 
more respiratory viral infections that are more se-
vere than patients with solid tumors. In addition, 
persistent positivity for SARS-CoV-2 and in-
creased VL has the potential to lead to delays or 
temporary discontinuation of oncological thera-
pies. Thus, all these considerations render patients 
with hematological malignancies worthy of spe-
cial attention [96-98]. 
The EPICOVIDEHA survey on over 3000 elderly 
patients with hematological malignancies infected 
with SARS-CoV-2 reported that 90-day survival 
for patients with COVID-19 was 71%, with signifi-
cant differences between age groups. Moreover, 
the first pandemic wave mainly affected patients 
>80 years, while the second wave was more severe 
for those aged 65-70 years; the third wave was the 
least severe in all age groups [99]. A retrospective 
study of patients with hematological malignancies 
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treated for mild/moderate COVID-19 between 
March 2021 and July 2022 found that, even though 
the rate of treatment failure was lower in the Omi-
cron versus the pre-Omicron period (7.8% versus 
36.8%, p<0.001), there was still a significant risk of 
early treatment failure and a high rate of mortality 
[100]. Minoia et al. also reported similar data on 
patients with hematological malignancies with 
COVID-19, with all-cause mortality at 90 days of 
13.4%, despite early treatment with antiviral 
agents (NMV/r or MPV) [101].
Encouraging data have been reported on the early 
use (within 5 days of onset of symptoms) of antivi-
rals alone in vaccinated patients with a variety of 
solid tumors and undergoing treatment for no 
more than 5 days in the study by Lasagna et al. 
[102]. These authors presented data on 69 patients 
with a variety of solid tumors and mild-moderate 
COVID-19. In all, 49 patients received early thera-
py and only one patient (14.5%) required hospital-
ization for COVID-19. In a case series of 10 patients 
with multiple myeloma receiving NMV/r (n=10) 
or MPV (n=5), there were two hospitalizations but 
no deaths [103]. In patients with hematological ma-
lignancies, it has also been reported that early anti-
viral treatment reduced the incidence of pulmo-
nary failure and mortality [101]. However, other 
authors have reported that early treatment with an 
antiviral for COVID-19 was not effective in reduc-
ing the rate of hospitalization or viral shedding in 
patients with hematological malignancies [104].
Currently, patients with hematological malignan-
cies are still facing an elevated vulnerability to se-
vere outcomes, resulting in higher rates of hospi-
talization and mortality over time, underlining the 
importance of continuous monitoring and target-
ed interventions to optimize outcomes for this 
vulnerable group beyond the pandemic phase of 
COVID-19 [105]. Despite the use of vaccines, 
monoclonal antibodies and antivirals in the Omi-
cron era, which significantly lessened the impact 
of the infection, mortality is still high and the inci-
dence of persistent symptomatic forms, which de-
lay the use of chemotherapy, remains elevated 
[105]. The use of off-label combination antiviral 
therapies has been found to be effective in treating 
immunocompromised people with prolonged 
COVID-19 symptoms and evidence of ongoing vi-
ral replication, and could represent the therapy of 
choice in these high-risk patients, although their 
optimal management is currently undefined [106]. 

n	 CONCLUSIONS

Drug development efforts for COVID-19 brought 
about the authorization of three broad classes of an-
tivirals, RdRp inhibitors (RDV), Mpro inhibitors 
(NMV/r), and mAbs that can all help to improve 
clinical outcomes, especially in patients with a high 
risk of progression to severe disease. Notwithstand-
ing, effective, easy to use, and less costly therapies 
are still desirable along with agents that are effec-
tive against new variants. The development of pan-
coronavirus inhibitors would also be an important 
contribution and could also potentially help pre-
vent future outbreaks of pathogenic coronaviruses. 
COVID-19 continues to have significant impact on 
individuals, especially vulnerable and elderly pa-
tients. The COVID-19 pandemic was fast moving, 
and as consequence observational studies have 
sometimes given contrasting results largely due to 
the rapidly changing situation in terms of vaccina-
tion status and timing and predominant variants of 
concern, for example. This has made it difficult to 
quickly understand the real-world utility of differ-
ent therapies in the treatment of COVID-19, which 
is further complicated by the fact that many symp-
toms are self-reported, leading to large heterogene-
ity across studies. However, overwhelming real-
world evidence has shown that early antiviral 
therapies are beneficial for patients, despite chang-
ing variants. There are no surprises in the safety 
profile of these agents in the real-world, which are 
well tolerated with few severe adverse events. 
Among the current unmet needs, a clear and uni-
versal definition for long COVID along with treat-
ments and prevention are still lacking as is clarity of 
the pathogenetic mechanisms responsible for it. 
Lastly, local, national, and international guidelines 
should always be updated in a timely manner. 

Conflict of interest
MP was a paid consultant to Pfizer in connection 
with the development of this manuscript. The au-
thor declared no potential conflicts of interest with 
respect to the research, authorship, and/or publi-
cation of this article.

Funding
Medical writing support was funded by Pfizer.

Acknowledgements
Medical writing support was provided by Patrick 
Moore on behalf of Ma.CRO Lifescience Srl.



72 D. Velati, M. Puoti

Author contributions
DV is a former Pfizer Employee and was involved 
in the development of the draft and final manu-
script. MP: formal analysis, methodology, supervi-
sion, writing – original draft, writing – review & 
editing.

n	 REFERENCES

[1] WHO Statement on the fifteenth meeting of the IHR 
(2005) Emergency Committee on the COVID-19 pan-
demic. 5 May 2023. https://www.who.int/news/
item/05-05-2023-statement-on-the-fifteenth-meeting-
of-the-international-health-regulations-(2005)-emer-
gency-committee-regarding-the-coronavirus-disease-
(covid-19)-pandemic. Accessed 23 Dec, 2023.
[2] Guzzetta G, Poletti P, Ajelli M, et al. Potential short-
term outcome of an uncontrolled COVID-19 epidemic 
in Lombardy, Italy, February to March 2020. Euro Sur-
veill. 2020; 25(12).
[3] Riccardo F, Ajelli M, Andrianou XD, et al. Epidemio-
logical characteristics of COVID-19 cases and estimates 
of the reproductive numbers 1 month into the epidemic, 
Italy, 28 January to 31 March 2020. Euro Surveill. 2020; 
25(49).
[4] Mahase E. COVID-19: How many variants are there, 
and what do we know about them? BMJ. 2021;374:n1971.
[5] Alfano G, Morisi N, Frisina M, et al. Awaiting a cure 
for COVID-19: therapeutic approach in patients with 
different severity levels of COVID-19. Infez Med. 2022; 
30(1): 11-21.
[6] Pouladzadeh M, Hosseinzadeh M, Khedri R, et al. 
Investigating the diagnostic and prognostic value of 
anti-SARS-CoV-2 Spike IgG/IgM ELISA tests in pa-
tients infected with coronavirus Delta variant. Infez Med. 
2024; 32(1): 25-36.
[7] Istituto Superioe di Sanità. Available at: https://
www.iss . i t/documents/20126/6703853/NT_
Eventi+evitati+COVID19_LAST.pdf/a140e155-bd62-
adcd-1b29-d1be3464ed48?t=1649832260103. Accessed 
13 Mar, 2024.
[8] European Centre for Disease Prevention and Con-
trol. SARS-CoV-2 variants of concern as of 20 October 
2023. https://www.ecdc.europa.eu/en/covid-19/vari-
ants-concern. Accessed 28 Dec, 2023.
[9] Relan P, Motaze NV, Kothari K, et al. Severity and 
outcomes of Omicron variant of SARS-CoV-2 compared 
to Delta variant and severity of Omicron sublineages: a 
systematic review and metanalysis. BMJ Glob Health. 
2023; 8(7).
[10] GIMBE: Numero di casi COVID confermati dal Mi-
nistero della Salute https://coronavirus.gimbe.org/?gc
lid=CjwKCAjwt52mBhB5EiwA05YKo-dcmGmR-
KEKMht6pjPJvGQ_GKfSLi9hnDz447sz33bRtU6z_-w_
dbxoCu4IQAvD_BwE. Accessed 23 Dec, 2023.

[11] Istituto superiore di Sanità. Available at: [https://
www.epicentro.iss.it/coronavirus/bollettino/Bolletti-
no-sorveglianza-integrata-COVID-19_13-dicem-
bre-2023.pdf. Accessed 28 Dec, 2023.
[12] Lorente-Gonzalez M, Suarez-Ortiz M, Landete P. 
Evolution and Clinical Trend of SARS-CoV-2 Variants. 
Open Respir Arch. 2022; 4(2): 100169.
[13] Pather S, Madhi SA, Cowling BJ, et al. SARS-CoV-2 
Omicron variants: burden of disease, impact on vaccine 
effectiveness and need for variant-adapted vaccines. 
Front Immunol. 2023; 14: 1130539.
[14] Benton DJ, Wrobel AG, Xu P, et al. Receptor binding 
and priming of the spike protein of SARS-CoV-2 for 
membrane fusion. Nature. 2020; 588(7837): 327-330.
[15] Keam SJ. Tixagevimab + Cilgavimab: First Approv-
al. Drugs. 2022; 82(9): 1001-1010.
[16] Ustianowski A. Tixagevimab/cilgavimab for pre-
vention and treatment of COVID-19: a review. Expert 
Rev Anti Infect Ther. 2022; 20(12): 1517-1527.
[17] Planas D, Bruel T, Staropoli I, et al. Resistance of 
Omicron subvariants BA.2.75.2, BA.4.6, and BQ.1.1 to 
neutralizing antibodies. Nat Commun. 2023; 14(1): 824.
[18] Pantaleo G, Correia B, Fenwick C, et al. Antibodies 
to combat viral infections: development strategies and 
progress. Nat Rev Drug Discov. 2022; 21(9): 676-696.
[19] Bavaro DF, Diella L, Solimando AG, et al. Bamla-
nivimab and Etesevimab administered in an outpatient 
setting for SARS-CoV-2 infection. Pathog Glob Health. 
2022; 116(5): 297-304.
[20] Cicchitto G, Cardillo L, Sequino D, et al. Effective-
ness of Sotrovimab in the Omicron Storm Time: A Case 
Series. Viruses. 2022; 15(1).
[21] Frallonardo L, Vimercati A, Novara R, et al. Use of 
Sotrovimab in a cohort of pregnant women with a high 
risk of COVID 19 progression: a single-center experi-
ence. Pathog Glob Health. 2023; 117(5): 513-519.
[22] Manciulli T, Modi G, Campolmi I, et al. Treatment 
with anti-SARS-CoV-2 monoclonal antibodies in preg-
nant and postpartum women: first experiences in Flor-
ence, Italy. Infection. 2022; 50(5): 1139-1145.
[23] Nevola R, Feola G, Ruocco R, et al. Mortality and 
risk factors of vaccinated and unvaccinated frail pa-
tients with COVID-19 treated with anti-SARS-CoV-2 
monoclonal antibodies: A real-world study. Int J Infect 
Dis. 2023; 131: 155-161.
[24] Vena A, Cenderello G, Balletto E, et al. Early Ad-
ministration of Bamlanivimab in Combination with Ete-
sevimab Increases the Benefits of COVID-19 Treatment: 
Real-World Experience from the Liguria Region. J Clin 
Med. 2021; 10 (20).
[25] Convertino I, Ferraro S, Cappello E, Valdiserra G, 
Bonaso M, Tuccori M. Tixagevimab + cilgavimab against 
SARS-CoV-2: the preclinical and clinical development 
and real-world evidence. Expert Opin Drug Discov. 2023; 
18(3): 231-245.
[26] Savoldi A, Morra M, De Nardo P, et al. Clinical ef-



73Real-world COVID-19 studies in Italy 

ficacy of different monoclonal antibody regimens 
among non-hospitalised patients with mild to moderate 
COVID-19 at high risk for disease progression: a pro-
spective cohort study. Eur J Clin Microbiol Infect Dis. 
2022; 41(7): 1065-1076.
[27] Falcone M, Tiseo G, Valoriani B, et al. Efficacy of 
Bamlanivimab/Etesevimab and Casirivimab/Im-
devimab in Preventing Progression to Severe COVID-19 
and Role of Variants of Concern. Infect Dis Ther. 2021; 
10(4): 2479-2488.
[28] AIFA. Available at: https://www.aifa.gov.it/en/-/
anticorpi-monoclonali-per-il-covid-19-aifa-finanzierà-
4-studi-clinici. Accessed 28 Dec, 2023.
[29] Mazzaferri F, Mirandola M, Savoldi A, et al. Explor-
atory data on the clinical efficacy of monoclonal anti-
bodies against SARS-CoV-2 Omicron variant of concern. 
Elife. 2022; 11.
[30] Cox M, Peacock TP, Harvey WT, et al. SARS-CoV-2 
variant evasion of monoclonal antibodies based on in 
vitro studies. Nat Rev Microbiol. 2023; 21(2): 112-124.
[31] Bartalucci C, Limongelli A, Nicolini LA, et al. Neu-
tralizing monoclonal antibodies for the prevention of 
severe COVID-19: a retrospective study during Omi-
cron BA.1 variant surge. J Chemother. 2023: 1-8.
[32] De Vito A, Colpani A, Poliseno M, et al. What Is the 
Efficacy of Sotrovimab in Reducing Disease Progression 
and Death in People with COVID-19 during the Omicron 
Era? Answers from a Real-Life Study. Viruses. 2023; 15(8).
[33] Capoluongo N, Mascolo A, Bernardi FF, et al. Ret-
rospective Analysis of a Real-Life Use of Tixagevimab-
Cilgavimab plus SARS-CoV-2 Antivirals for Treatment 
of COVID-19. Pharmaceuticals (Basel). 2023; 16(10): 1493.
[34] Angotzi F, Petrella M, Berno T, et al. Tixagevimab/
Cilgavimab as pre-exposure prophylaxis against SARS-
CoV-2 in patients with hematological malignancies. 
Front Oncol. 2023; 13: 1212752.
[35] Wang Q, Iketani S, Li Z, et al. Alarming antibody 
evasion properties of rising SARS-CoV-2 BQ and XBB 
subvariants. Cell. 2023; 186(2): 279-286 e8.
[36] AIFA. Available at: https://www.aifa.gov.it/docu-
ments/20142/1616529/EN_Raccomandazioni_AIFA_
gestione_domiciliare_COVID-19_Vers10_10.03.2023.
pdf. Accessed 28 Dec, 2023.
[37] SIMIT. Available at: https://www.simit.org. Acces-
sed 19 Feb. 2024.
[38] Bruno G, Giotta M, Perelli S, et al. Early Access to 
Oral Antivirals in High-Risk Outpatients: Good Weap-
ons to Fight COVID-19. Viruses. 2022; 14(11).
[39] AIFA. Available at: https://www.aifa.gov.it/docu-
ments/20142/1616529/EN_Raccomandazioni_AIFA_
gestione_domiciliare_COVID-19_Vers10_10.03.2023.
pdf. Accessed 13 Mar, 2024.
[40] Russo P, Tacconelli E, Olimpieri PP, et al. Mortality 
in SARS-CoV-2 Hospitalized Patients Treated with 
Remdesivir: A Nationwide, Registry-Based Study in It-
aly. Viruses. 2022; 14(6): 1197

[41] Veklury, INN-remdesivir, EMA/791331/2022 
https://www.ema.europa.eu/en/documents/over-
view/veklury-epar-medicine-overview_en.pdf. Ac-
cessed 28 Dec, 2023. 
[42] Gilead Sciences, Inc. Available at: https://www.
gilead.com/news-and-press/press-room/press-releas-
es/2021/12/european-commission-expands-indica-
tion-for-veklury-remdesivir-for-the-treatment-of-
adults-not-on-supplemental-oxygen-and-considered-
high-risk-for-co. Accessed 29 Dec, 2023.
[43] Gottlieb RL, Vaca CE, Paredes R, et al. Early Rem-
desivir to Prevent Progression to Severe Covid-19 in 
Outpatients. N Engl J Med. 2022; 386(4): 305-315.
[44] Falcone M, Suardi LR, Tiseo G, et al. Early Use of 
Remdesivir and Risk of Disease Progression in Hospi-
talized Patients With Mild to Moderate COVID-19. Clin 
Ther. 2022; 44(3): 364-373.
[45] Mazzitelli M, Trunfio M, Sasset L, et al. Risk of hos-
pitalization and sequelae in patients with COVID-19 
treated with 3-day early remdesivir vs. controls in the 
vaccine and Omicron era: A real-life cohort study. J Med 
Virol. 2023; 95(3): e28660.
[46] Scotto R, Buonomo AR, Iuliano A, et al. Remdesivir 
Alone or in Combination with Monoclonal Antibodies 
as an Early Treatment to Prevent Severe COVID-19 in 
Patients with Mild/Moderate Disease at High Risk of 
Progression: A Single Centre, Real-Life Study. Vaccines 
(Basel). 2023; 11(2).
[47] Lapadula G, Bernasconi DP, Bellani G, et al. Remde-
sivir Use in Patients Requiring Mechanical Ventilation 
due to COVID-19. Open Forum Infect Dis. 2020; 7(11): 
ofaa481.
[48] Pasquini Z, Montalti R, Temperoni C, et al. Effec-
tiveness of remdesivir in patients with COVID-19 under 
mechanical ventilation in an Italian ICU. J Antimicrob 
Chemother. 2020; 75(11): 3359-3365.
[49] Venturini S, Orso D, Cugini F, et al. Mortality pre-
dictors in hospitalised COVID-19 patients and the role 
of anti-SARS-CoV-2 IgG antibodies and remdesivir. In-
fez Med. 2023; 31(2): 215-224.
[50] Campogiani L, Iannetta M, Di Lorenzo A, et al. 
Remdesivir Influence on SARS-CoV-2 RNA Viral Load 
Kinetics in Nasopharyngeal Swab Specimens of COV-
ID-19 Hospitalized Patients: A Real-Life Experience. 
Microorganisms. 2023; 11(2).
[51] Biancofiore A, Mirijello A, Puteo MA, et al. Remde-
sivir significantly reduces SARS-CoV-2 viral load on 
nasopharyngeal swabs in hospitalized patients with 
COVID-19: A retrospective case-control study. J Med Vi-
rol. 2022; 94(5): 2284-2289.
[52] Boglione L, Dodaro V, Meli G, et al. Remdesivir 
treatment in hospitalized patients affected by COVID-19 
pneumonia: A case-control study. J Med Virol. 2022; 
94(8): 3653-3660.
[53] De Vito A, Poliseno M, Colpani A, et al. Reduced 
risk of death in people with SARS-CoV-2 infection treat-



74 D. Velati, M. Puoti

ed with remdesivir: a nested case-control study. Curr 
Med Res Opin. 2022; 38(12): 2029-2033.
[54] Marrone A, Nevola R, Sellitto A, et al. Remdesivir 
Plus Dexamethasone Versus Dexamethasone Alone for 
the Treatment of Coronavirus Disease 2019 (COVID-19) 
Patients Requiring Supplemental O2 Therapy: A Pro-
spective Controlled Nonrandomized Study. Clin Infect 
Dis. 2022; 75(1): e403-e409.
[55] Attena E, Albani S, Maraolo AE, et al. Remdesivir-
Induced Bradycardia in COVID-19: A Single Center Pro-
spective Study. Circ Arrhythm Electrophysiol. 2021; 14(7): 
e009811.
[56] Cogliati Dezza F, Oliva A, Mauro V, et al. Real-life 
use of remdesivir-containing regimens in COVID-19: a 
retrospective case-control study. Infez Med. 2022; 30(2): 
211-222.
[57] Filtz A, Carandina A, Fasiello A, et al. Remdesivir-
induced bradycardia in patients hospitalized with 
SARS-CoV2 infection: a possible vagally-mediated 
mechanism. Intern Emerg Med. 2023; 18(2): 359-66.
[58] Meini S, Bracalente I, Bontempo G, et al. Early 3-day 
course of remdesivir to prevent progression to severe 
Covid-19 in high-risk patients with hospital-acquired 
SARS-CoV-2 infection: preliminary results from two 
Italian outbreaks. New Microbiol. 2022; 45(4): 304-307.
[59] Spagnuolo V, Voarino M, Tonelli M, et al. Impact of 
Remdesivir on SARS-CoV-2 Clearance in a Real-Life 
Setting: A Matched-Cohort Study. Drug Des Devel Ther. 
2022; 16: 3645-3654.
[60] Johnson MG, Puenpatom A, Moncada PA, et al. Ef-
fect of Molnupiravir on Biomarkers, Respiratory Inter-
ventions, and Medical Services in COVID-19 : A Ran-
domized, Placebo-Controlled Trial. Ann Intern Med. 
2022; 175(8): 1126-1134.
[61] EMA. Available at: https://www.ema.europa.eu/
en/news/ema-issues-advice-use-lagevrio-molnupira-
vir-treatment-covid-19. Accessed Dec 28, 2023.
[62] FDA. Available at: https://www.fda.gov/me-
dia/155053/download. Accessed 28 Dec, 2023.
[63] Jayk Bernal A, Gomes da Silva MM, Musungaie DB, 
et al. Molnupiravir for Oral Treatment of Covid-19 in 
Nonhospitalized Patients. N Engl J Med. 2022; 386(6): 
509-520.
[64] Arribas JR, Bhagani S, Lobo SM, et al. Randomized 
Trial of Molnupiravir or Placebo in Patients Hospital-
ized with Covid-19. NEJM Evid. 2022; 1(2): EVI-
Doa2100044.
[65] Pontolillo M, Ucciferri C, Borrelli P, et al. Molnupi-
ravir as an Early Treatment for COVID-19: A Real Life 
Study. Pathogens. 2022; 11(10): 1121.
[66] Scioscia G, De Pace CC, Giganti G, et al. Real life 
experience of molnupiravir as a treatment of SARS-
CoV-2 infection in vaccinated and unvaccinated pa-
tients: a letter on its effectiveness at preventing hospital-
ization. Ir J Med Sci. 2023; 192(5): 2301-2303.
[67] Bruno G, Perelli S, Giotta M, Bartolomeo N, De Vita 

G, Buccoliero GB. Efficacy and safety of oral antivirals 
in individuals aged 80 years or older with mild-to-mod-
erate COVID-19: preliminary report from an Italian Pre-
scriber Center. Infez Med. 2022; 30(4): 547-554.
[68] AIFA. Available at: https://www.aifa.gov.it/en/-/
sospensione_utilizzo_lagevrio_molnupiravir. Accessed 
28 Dec, 2023.
[69] EMA/290450/2023. Lagevrio: Withdrawal of the 
marketing authorisation application. https://www.
ema.europa.eu/en/medicines/human/EPAR/la-
gevrio. Accessed 28 Dec, 2023.
[70] Paxlovid Summary of Prescribing Characteristics. 
Available at: https://www.ema.europa.eu/en/docu-
ments/product-information/paxlovid-epar-product-
information_en.pdf. Accessed 28 Dec, 2023. .
[71] EMA. Available at: https://www.ema.europa.eu/
en/medicines/human/EPAR/paxlovid#ema-inpage-
item-assessment-history. Accessed on Dec 29, 2023.
[72] FDA. Available at: https://www.fda.gov/news-
events/press-announcements/fda-approves-first-oral-
antiviral-treatment-covid-19-adults. Accessed Dec 29, 
2023.
[73] Owen DR, Allerton CMN, Anderson AS, et al. An 
oral SARS-CoV-2 M(pro) inhibitor clinical candidate for 
the treatment of COVID-19. Science. 2021; 374(6575): 
1586-1593.
[74] Toussi SS, Hammond JL, Gerstenberger BS, et al. 
Therapeutics for COVID-19. Nature Microbiology. 2023; 
8(5): 771-786.
[75] Hammond J, Leister-Tebbe H, Gardner A, et al. Oral 
Nirmatrelvir for High-Risk, Nonhospitalized Adults 
with Covid-19. N Engl J Med. 2022; 386(15): 1397-1408.
[76] Ciccimarra F, Luxi N, Bellitto C, et al. Exploring the 
Use of Monoclonal Antibodies and Antiviral Therapies 
for Early Treatment of COVID-19 Outpatients in a Real-
World Setting: A Nationwide Study from England and 
Italy. BioDrugs. 2023; 37(5): 675-684.
[77] Mazzotta V, Cozzi Lepri A, Colavita F, et al. Viral 
load decrease in SARS-CoV-2 BA.1 and BA.2 Omicron 
sublineages infection after treatment with monoclonal 
antibodies and direct antiviral agents. J Med Virol. 2023; 
95(1): e28186.
[78] Gentile I, Scotto R, Schiano Moriello N, et al. Nirma-
trelvir/Ritonavir and Molnupiravir in the Treatment of 
Mild/Moderate COVID-19: Results of a Real-Life Study. 
Vaccines (Basel). 2022; 10(10).
[79] Mazzitelli M, Mengato D, Sasset L, et al. Molnupi-
ravir and Nirmatrelvir/Ritonavir: Tolerability, Safety, 
and Adherence in a Retrospective Cohort Study. Viruses. 
2023; 15(2).
[80] Del Borgo C, Garattini S, Bortignon C, et al. Effective-
ness, Tolerability and Prescribing Choice of Antiviral 
Molecules Molnupiravir, Remdesivir and Nirmatrelvir/r: 
A Real-World Comparison in the First Ten Months of 
Use. Viruses. 2023; 15(4).
[81] Torti C, Olimpieri PP, Bonfanti P, et al. Real-life 



75Real-world COVID-19 studies in Italy 

comparison of mortality in patients with SARS-CoV-2 
infection at risk for clinical progression treated with 
molnupiravir or nirmatrelvir plus ritonavir during the 
Omicron era in Italy: a nationwide, cohort study. Lancet 
Reg Health Eur. 2023; 31: 100684.
[82] De Vito A, Colpani A, Madeddu G. Shedding new 
light on COVID-19 therapeutics during the omicron era: 
a deeper dive into real-world data. Lancet Reg Health 
Eur. 2023; 31: 100694.
[83] Rinaldi M, Campoli C, Gallo M, et al. Comparison 
between available early antiviral treatments in outpa-
tients with SARS-CoV-2 infection: a real-life study. BMC 
Infect Dis. 2023; 23(1): 646.
[84] Tiseo G, Barbieri C, Galfo V, et al. Efficacy and Safe-
ty of Nirmatrelvir/Ritonavir, Molnupiravir, and Rem-
desivir in a Real-World Cohort of Outpatients with CO-
VID-19 at High Risk of Progression: The PISA Outpatient 
Clinic Experience. Infect Dis Ther. 2023; 12(1): 257-271.
[85] Bertuccio P, Degli Antoni M, Minisci D, et al. The 
impact of early therapies for COVID-19 on death, hospi-
talization and persisting symptoms: a retrospective 
study. Infection. 2023; 51(6): 1633-1644.
[86] Cegolon L, Pol R, Simonetti O, et al. Molnupiravir, 
Nirmatrelvir/Ritonavir, or Sotrovimab for High-Risk 
COVID-19 Patients Infected by the Omicron Variant: 
Hospitalization, Mortality, and Time until Negative 
Swab Test in Real Life. Pharmaceuticals (Basel). 2023; 
16(5).
[87] De Vito A, Colpani A, Saderi L, et al. Impact of Ear-
ly SARS-CoV-2 Antiviral Therapy on Disease Progres-
sion. Viruses. 2022; 15(1).
[88] Scaglione V, Rotundo S, Marascio N, et al. Lessons 
learned and implications of early therapies for corona-
virus disease in a territorial service centre in the Cal-
abria region: a retrospective study. BMC Infect Dis. 2022; 
22(1): 793.
[89] Bai F, Beringheli T, Vitaletti V, Santoro A, Mola F, 
Copes A, et al. Clinical Outcome and 7-Day Virological 
Clearance in High-Risk Patients with Mild-Moderate 
COVID-19 Treated with Molnupiravir, Nirmatrelvir/
Ritonavir, or Remdesivir. Infect Dis Ther. 2024; 13(7): 
1589-1605
[90] WHO. Available at: https://www.who.int/eu-
rope/news-room/fact-sheets/item/post-covid-19-con-
dition. Accessed 29 Dec, 2023.
[91] Cimellaro A, Addesi D, Cavallo M, et al. Monoclo-
nal Antibodies and Antivirals against SARS-CoV-2 Re-
duce the Risk of Long COVID: A Retrospective Propen-
sity Score-Matched Case-Control Study. Biomedicines. 
2022; 10(12).
[92] Lasagna A, Albi G, Figini S, et al. Long-COVID in 
Patients with Cancer Previously Treated with Early An-
ti-SARS-CoV-2 Therapies in an Out-of-Hospital Setting: 
A Single-Center Experience. Cancers (Basel). 2023; 15(4).

[93] Petrakis V, Rafailidis P, Terzi I, et al. The prevalence 
of long COVID-19 syndrome in hospitalized patients 
with COVID-19 pneumonia. Infez Med. 2024; 32(2): 202-
212.
[94] Staffolani S, Iencinella V, Cimatti M, Tavio M. Long. 
COVID-19 syndrome as a fourth phase of SARS-CoV-2 
infection. Infez Med. 2022; 30(1): 22-29.
[95] Garcia-Suarez J, de la Cruz J, Cedillo A, et al. Impact 
of hematologic malignancy and type of cancer therapy 
on COVID-19 severity and mortality: lessons from a 
large population-based registry study. J Hematol Oncol. 
2020; 13(1): 133.
[96] Bussani R, Zentilin L, Correa R, et al. Persistent 
SARS-CoV-2 infection in patients seemingly recovered 
from COVID-19. J Pathol. 2023; 259(3): 254-263.
[97] Dioverti V, Salto-Alejandre S, Haidar G. Immuno-
compromised Patients with Protracted COVID-19: a Re-
view of “Long Persisters”. Curr Transplant Rep. 2022; 
9(4): 209-218.
[98] Puhach O, Meyer B, Eckerle I. SARS-CoV-2 viral 
load and shedding kinetics. Nat Rev Microbiol. 2023; 
21(3): 147-161.
[99] Rossi G, Salmanton-Garcia J, Cattaneo C, et al. Age, 
successive waves, immunization, and mortality in el-
derly COVID-19 hematological patients: EPICOVIDE-
HA findings. Int J Infect Dis. 2023; 137: 98-110.
[100] Mikulska M, Testi D, Russo C, et al. Outcome of 
early treatment of SARS-CoV-2 infection in patients 
with haematological disorders. Br J Haematol. 2023; 
201(4): 628-639.
[101] Minoia C, Diella L, Perrone T, et al. Oral anti-viral 
therapy for early COVID-19 infection in patients with 
haematological malignancies: A multicentre prospective 
cohort. Br J Haematol. 2023; 202(5): 928-936.
[102] Lasagna A, Cassaniti I, Lilleri D, et al. Effectiveness 
of the available early therapies in reducing severe COV-
ID-19 in non-hospitalized patients with solid tumors on 
active treatment. Front Med (Lausanne). 2022; 9: 1036473.
[103] Bruno G, Perelli S, Palazzo G, et al. Oral antivirals 
against Sars-CoV-2 in multiple myeloma outpatients: a 
case series. Recenti Prog Med. 2023; 114(1): 815-817.
[104] Colaneri M, Pieri TC, Roda S, et al. Assessing the 
Efficacy of Early Therapies against SARS-CoV-2 in He-
matological Patients: A Real-Life Study from a COVID-19 
Referral Centre in Northern Italy. J Clin Med. 2022; 11(24).
[105] Marchesi F, Salmanton-García J, Farina F, et al. De-
coding the Historical TALE: COVID-19 Impact on He-
matological Malignancy Patients - Insights from 2020 to 
2022. Blood. 2023; 142 (Supplement 1): 1067-.
[106] NIH. Available at: https://www.covid19tre-
atmentguidelines.nih.gov/special-populations/
immunocompromised/?utm_source=site&utm_
medium=home&utm_campaign=highlights. Accessed 
13 Mar, 2024.


