
CT changes in a randomized trial 
comparing early therapies in an 
outpatient population at high risk 
of severe COVID19 disease
Ilaria Mastrorosa1, Alessandro Cozzi-Lepri2, Giulia Matusali3, Francesca Colavita1,3, 
Simone Lanini4, Martina Rueca3, Alessandra Oliva1, Giulia Berno3, Alessandra Vergori1, 
Silvia Rosati1, Jessica Paulicelli1, Enrico Girardi5, Emanuele Nicastri1, Fabrizio Maggi3, 
Andrea Antinori1, Valentina Mazzotta1 & the MONET Clinical Trial Group*

Although in vitro studies suggest that neutralization by monoclonal antibodies (mAbs) against SARS 
CoV2 Omicron sub lineages is reduced, in vivo virological response data are lacking. MONET (EudraCT: 
2021–004188-28) was multi-centric phase 4 open-label parallel randomized clinical trial, conducted 
in Italy over 2022–2023, to assess the efficacy of sotrovimab (SOT), tixagevimab/cilgavimab (TIX/
CIL) and Nirmatrelvir/ritonavir (NMV/r), in outpatients at high risk for severe COVID-19. The outcome 
(secondary in the trial protocol) was SARS-CoV-2 variation in cycle threshold (CT) values over the first 
7 days (D1-D7) of the trial. CT variation was compared by trial arms using unadjusted linear regression 
and after controlling for age. We included 346 individuals: 116 (34%) received SOT, 113 (33%) TIX/
CIL, 117 (34%) NMV/r. Main characteristics were balanced across arms. Most of the participants were 
infected with BA.2 (52%) or BA.4/5 (35.5%). The data carried strong evidence that the mean CT change 
over D1-D7 was larger in subjects receiving NMV/r vs. the other arms (p < 0.001). We found no evidence 
that viral variant was an effect measure modifier for the contrasts of interest (p = 0.14). Our analysis 
provides strong evidence that NMV/r exerts a greater in vivo antiviral effect than anti-Spike mAbs 
against Omicron sub lineages, confirming previous in vitro data.
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In January 2022, in the Omicron era, both monoclonal antibodies (mAbs) and antiviral agents were available 
for the early treatment of mild-to-moderate COVID-19 for outpatients at high risk for progression to severe 
disease. Most of the data supporting their use come from placebo-controlled phase-3 randomized clinical trials 
(RCTs) that demonstrated a reduced risk of developing severe COVID-19 or death in subjects receiving mAbs 
such as sotrovimab (SOT) and tixagevimab plus cilgavimab (TIX/CIL), or antivirals such as nirmatrelvir plus 
ritonavir (NMV/r)1–3. However, these studies were conducted in the pre-Omicron phase, and it is likely that the 
efficacy of treatment against these earlier circulating variants was different. Indeed, SARS-CoV-2 evolution and 
the specific mutations in the spike protein (the binding target for mAbs) harboured by Omicron sublineages 
resulted in an evolving escape to in vitro neutralizing activity by mAbs4–7, with an unclear impact on in vivo 
treatment response. Indeed, all commercialised antiSARS-CoV-2 spike mAbs have been deauthorized by the 
Food and Drug Administration (FDA) to prevent or treat COVID-19 because of this viral evolution8 Conversely, 
laboratory data show that the protease inhibitor nirmatrelvir, enhanced with ritonavir, seemed to have retained 
its antiviral activity against various Omicron sublineages4,5,9.

For this reason, randomized clinical trials aimed to compare the virological response to available treatments 
in individuals infected with Omicron strains remain strategically important. In the outpatient setting, because of 
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the low risk of severe outcomes during the Omicron phase of the pandemic, candidate surrogate markers, such 
as the viral load (VL) reduction in nasopharyngeal swab (NPS) samples, have been typically used in phase-3 
studies as a measure of in vivo neutralizing or antiviral activity10,11.

Here we show the results of the analysis of the secondary outcome of the MONET trial, which was designed 
to compare the efficacy and safety of early treatment with SOT, TIX/CIL, or NMV/r in the setting of a high-risk 
outpatient population with mild to moderate COVID-19 enrolled in several clinical sites in Italy.

Materials and methods
Trial design
The MONET trial (registration number EudraCT: 2021–004,188-28, 13 September 2021) is a multicentric, phase 
4, three-arm, superiority, open-label RCT conducted over March 2022-February 2023, to assess the efficacy 
and safety of 500 mg intravenous SOT (Arm 1), 300/300 mg intramuscular TIX/CIL (Arm 2) and oral 5-days 
course of NMV/r 300/100 mg (or 150/100 mg for those with a creatinine clearance of 30–60 mL/min) twice 
daily (Arm 3), randomly assigned in a 1:1:1 ratio, in non-hospitalized adults with early COVID-19 at high-risk 
of progression to severe disease.

The primary outcome of MONET was clinical failure within 30 days after randomization, defined as any-
cause mortality, hospitalization, or progression to severe COVID-1912. Because MONET was underpowered for 
the clinical endpoint, the results of the primary outcome have been published only after pooling together the 
events recorded in another similar trial (MANTICO)12. Also, the comparisons were restricted to arms which 
were common to the 2 trials after a revision of the original MONET trial protocol which was also modified 
from a phase 3 to phase 4 (Sotrovimab, Casirivimab, and Imdevimab only). This paper reports the results of the 
analysis of the main secondary outcome which was the change in SARS-CoV-2 VL in NPS between enrolment 
(D1) and Visit 2 (D7) by PCR cycle threshold (CT) value conducted in 3/7 sites of MONET. We also analysed 
a binary outcome using a CT threshold of >35 to define a negative RT-PCR test result. Several other secondary 
outcomes have been evaluated during each visit (at D1, D7, D29): the variation of inflammatory markers 
[C-reactive protein (CRP), d-dimer, and neutrophils-to-lymphocytes ratio (NLR)] and antibody level (serum 
anti-S IgG and anti-N IgG).

All methods were performed in accordance with the relevant guidelines and regulations (see supplementary 
materials for further details on study design and participants, statistical analysis and methods to measure viral 
load).

Results
Out of a total of 466 participants enrolled in the trial, 346 (74.3%) for whom pairs of CT values at D1 and 
D7 were available were included: 116 (34%) received SOT, 113 (33%) TIX/CIL and 117 (34%) NMV/r. Four 
individuals (1%) were excluded because BMI was missing, 33 (7%) were enrolled in MONET sites that did not 
subscribe to the virological sub study, while the remaining 83 (18%) were excluded because either day7 sample 
had not been stored or CT value test was unsuccessful for technical problems or low-quality sampling (Fig. 1, 
the study flow chart). All MONET participants who developed the primary outcome of hospitalization due to 
COVID-19 or death are included also in this subset (4 events in TIX/CIL and 1 event in SOT).

Baseline characteristics of the study population, stratified by treatment arms, are reported in Table 1. Briefly, 
49.4% (N = 171) of the subjects were female with an overall median age of 66 years [Interquartile Range (IQR) 

Fig. 1.  Study flow chart. N number of participants, CT cycle threshold, SOT sotrovimab, TIX/CIL tixagevimab 
plus cilgavimab, NMV/r nirmatrelvir plus ritonavir.
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55–76], mainly infected either with BA.2 (N = 180, 52%) or BA.4/5 (N = 123, 35.5%) and with median time from 
symptom onset to randomization of 3 days (IQR 2–4). The participants seemed balanced across study arms with 
respect to all variables examined possibly except for age (participants allocated to the SOT arm appeared to be 
slightly older than those allocated to the other trial arms) and for the prevalence of COPD which was higher in 
TIX/CIL (8%) vs. SOT (3%) (Table 1, Figs. S1–3 for love plots). Baseline CT values were also balanced: [mean 
(95% CI) SOT versus (vs.) NMV/r 0.02 (-0.07, 0.1), p = 0.875; TIX/CIL vs. NMV/r -0.01 (-0.10, 0.08), p = 0.931; 
TIX/CIL vs. SOT -0.03 (-0.12, 0.06) p = 0.680, Table 1, Fig. 2]. Of note, there was no evidence for a difference in 
main characteristics of the target population of MONET when compared to those included in this analysis with 
perhaps the only exception of history of vaccination (lower uptake in MONET, Supplementary Table S1).

Figure 2 also describes the distribution of the variation in raw CT values over D1-D7 by trial arm.
The regression model analysis using log-transformed values, carried strong statistical evidence that the 

mean change in CT was larger in subjects receiving NMV/r than in those receiving SOT or TIX/CIL [SOT vs. 
NMV/r -0.16 log2 (-0.25, -0.07), p < 0.001; TIX/CIL vs. NMV/r -0.20 log2 (-0.30, -0.11), p < 0.001; TIX/CIL vs. 
SOT -0.04 log2 (-0.13, 0.05), p = 0.48; Fig. 3], even after controlling for age [SOT vs. NMV/r -0.16 log2 (-0.25, 
-0.07), p < 0.001; TIX/CIL vs. NMV/r -0.20 log2 (-0.29, -0.11), p < 0.001; TIX/CIL vs. SOT -0.04 log2 (-0.13, 0.05), 
p = 0.50; Fig.  3]. Results were similar after further controlling for potential variability between participating 
sites and prevalence of COPD (Supplementary Table S2). In other words, by day 7 participants randomized 
to NMV/r showed a larger reduction in viral shedding than those allocated to other drugs. Figure S4 shows 
the post-hoc forest plot of the same contrasts after stratification for viral variants (BA.2 or BA.4/5). We found 
little evidence for effect measure modification (interaction p-value = 0.14) The proportion of participants who 
achieved a CT value > 35 at D7, was also higher in participants allocated to NMV/r compared to other arms 
but data were compatible with the null hypothesis of no difference (12% in SOT vs. 13% in TIX/CIL vs. 19% in 

Trial arm

Characteristics

SOT TIX/CIL NMV/r Total

N = 116 N = 113 N = 117 N = 346

Gender, n(%)

 Female 53 (45.7%) 58 (51.3%) 60 (51.3%) 171 (49.4%)

Ethnicity, n(%)

 Caucasian 111 (95.7%) 110 (97.3%) 114 (97.4%) 335 (96.8%)

Age, years

 Median (IQR) 69 (60, 76) 65 (54, 76) 66 (55, 78) 66 (55, 76)

  > 65, n(%) 67 (57.8%) 52 (46.0%) 60 (51.3%) 179 (51.7%)

Days from symptoms onset

 Median (IQR) 3 (2, 4) 3 (2, 4) 3 (2, 4) 3 (2, 4)

  > 2, n(%) 34 (30.1%) 28 (25.5%) 31 (27.4%) 93 (27.7%)

Comorbidities, n(%)

 Diabetes 10 (8.6%) 5 (4.4%) 11 (9.4%) 26 (7.5%)

 Obesity (BMI > 30) 25 (21.6%) 26 (23.0%) 19 (16.2%) 70 (20.2%)

 CVD 8 (6.9%) 9 (8.0%) 9 (7.7%) 26 (7.5%)

 COPD 4 (3.4%) 11 (9.7%) 9 (7.7%) 24 (6.9%)

 Renal impairment 0 (0.0%) 0 (0.0%) 1 (0.9%) 1 (0.3%)

 Haematological cancer 7 (6.0%) 5 (4.4%) 3 (2.6%) 15 (4.3%)

 Immunodeficiency 8 (6.9%) 8 (7.1%) 8 (6.8%) 24 (6.9%)

 Neurologic disease 1 (0.9%) 3 (2.7%) 1 (0.9%) 5 (1.4%)

 Other 47 (40.5%) 44 (38.9%) 50 (42.7%) 141 (40.8%)

Vaccination, n(%)

  > 2 doses 110 (94.8%) 105 (92.9%) 111 (94.9%) 326 (94.2%)

SARS-CoV-2 variant, n(%)

 Omicron BA.1 6 (5.2%) 5 (4.4%) 9 (7.7%) 20 (5.8%)

 Omicron BA.2 62 (53.4%) 61 (54.0%) 57 (48.7%) 180 (52.0%)

 Omicron BA.4/5 42 (36.2%) 41 (36.3%) 40 (34.2%) 123 (35.5%)

 Omicron BQ.1 6 (5.2%) 6 (5.3%) 11 (9.4%) 23 (6.6%)

Viral load on NPS sample

L og2 scale, median (IQR) 3.99 (3.82, 4.22) 3.95 (3.76, 4.23) 4.00 (3.79, 4.20) 3.99 (3.78, 4.21)

Table 1.  Description of study population by trial arm. SOT sotrovimab, TIX/CIL tixagevimab plus cilgavimab, 
NMV/r nirmatrelvir plus ritonavir, N number of participants, NPS nasopharyngeal swab, CI confidence 
interval, IQR interquartile range, BMI body mass index, CVD cardiovascular disease, COPD chronic 
obstructive pulmonary disease.
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NMV/r, p = 0.30). Results were similar after controlling for age: adjusted (a) OR 0.60 (95% CI:0.29–1.25) for SOT 
vs. NMV/r and 0.64 (0.31–1.31) for TIX/CIL vs NMV/r.

Regarding the other secondary outcomes, there was no evidence that the trajectories over D1-D29 of 
inflammatory markers varied by trial arm (p = 0.605 for CRP, p = 0.131 for d-dimer, p = 0.932 for NLR Fig. S5 
and Table S3). CRP and NLR showed a clear reduction over time, regardless of the drug received, while d-dimer 
showed a more stable trend. Kinetics of antibody levels showed a rapid increase of serum anti-S IgG in both anti-
Spike mAbs arms followed by a plateau vs. a steady linear increase in the NMV/r arm; the steady increase was 
seen in all arms for anti-N IgG values again with no evidence for a difference by study arm (Fig. S6 and Table S4).

Discussion
Our analysis provides in vivo evidence that, when used against Omicron sub lineages, NMV/r exerts a greater 
antiviral effect than SOT and TIX/CIL by day 7 from treatment initiation, regardless of the detected Omicron 
subvariant. These results confirm previous in vitro data suggesting that anti-Spike mAbs may not retain 
neutralizing activity against Omicron strains. In particular TIX/CIL appeared to show a progressive loss of 
efficacy against Omicron subvariants emerging over time4–7,9,13. Conversely, although for sotrovimab, there is 
some in vitro evidence that it may retain partial neutralizing activity against these variants5–7, including the most 

Fig. 3.  Difference in mean cycle threshold (CT) values change seven days after the enrollment (D1-D7) from 
fitting linear regression models, adjusted for age, among all study participants. SOT sotrovimab, TIX/CIL 
tixagevimab plus cilgavimab, NMV/r nirmatrelvir plus ritonavir, vs. versus.

 

Fig. 2.  Box plots of cycle threshold (CT) values (raw scale) at enrollment (d1), after seven days (d7) and 
CT values variation d1-d7, by trial arm (SOT sotrovimab, TIX/CIL tixagevimab plus cilgavimab, NMV/r 
nirmatrelvir plus ritonavir). *calculated as CT(d7)-CT(d1).
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recent BQ.1.1 and XBB.1.5, in our analysis we found no evidence for a difference in virological potency when 
compared to TIX/CIL.

Of note, there are very few studies which compared the in vivo virological response to these compounds. 
Previously published placebo-controlled RCTs designed to assess the clinical efficacy of NMV/r3, SOT2, and 
TIX/CIL1,14 included the evaluation of virological outcomes, but a direct comparison between these drugs 
has not been performed within a single clinical trial. Several observational studies conducted in the setting 
of early treatment of COVID-19 for patients at high-risk of progression, have evaluated virological efficacy 
by comparing antivirals and mAbs15–18, and most of the results reported15,16,18 are in line with ours showing 
the superiority of NMV/r compared with mAbs, except for one retrospective study17 that failed to find any 
association between specific early therapies and time to achieve swab negativity. However, these are mainly 
small studies17, conducted during the first phase of the Omicron wave15,16, with not many participants treated 
with NMV/r16. To our knowledge, our trial is the first randomized study providing strong in vivo evidence of 
NMV/r antiviral superiority over both SOT and TIX/CIL in the Omicron era (including infections with BA.1/2 
to BA.4/5 and BQ.1/BQ.1.1).

In this analysis, we used a CT threshold value of > 35 to define a negative RT-PCR result for SARS-CoV-2 
on NPS samples, and although we observed that a higher proportion of participants treated with NMV/r 
achieved this goal after 1 week, our analysis was underpowered to show superiority vs. mAbs. However, while 
CT values have been hypothesized to be useful in guiding treatment decisions and influencing quarantine 
recommendations19, it should be noted that a specific CT threshold value to define the inability to transmit 
infectious viral particles is not yet known and some studies have even proposed a value of 3020, which is lower 
than the threshold used in our analysis. Indeed, a binary outcome using different thresholds is often used in 
the clinic but rarely for research purposes. Instead, treatment-induced acceleration of viral clearance in the first 
few days after therapy, rather than the proportion of individuals with CT above a certain threshold, has been 
proposed as a surrogate of clinical efficacy to prevent hospitalization with COVID-1910,11,21. Many studies, such 
as phase-2/3 randomized trials and observational cohorts, have compared the reduction in VL between treated 
and control groups (as a continuous measure) at different times after therapy as a surrogate marker of therapeutic 
effect. Analyses aiming to assess whether the CT reduction is a valid surrogate marker for clinical endpoints 
are still ongoing. A recent meta-analysis10 of 22 RCTs found a correlation between the virological effect of the 
different therapies measured during the first 7  days following initiation of treatment and the corresponding 
clinical efficacy in preventing severe forms of COVID-19. Of note, this meta-analysis included only studies 
conducted in unvaccinated individuals and underscored the need of validating these findings in other settings. 
The MONET trial was conducted in a population with a high proportion of vaccinated individuals (94% with at 
least two doses of vaccine), and the results reported here, along with those related to the primary clinical efficacy 
outcome12, further indicates CT reduction as a candidate surrogate marker for clinical efficacy.

Interestingly, in our analysis, the type of treatment did not seem to influence the development of the natural 
antibody response neither the level of inflammatory markers. We observed a more marked increase in serum 
anti-S IgG levels among participants receiving anti-Spike mAbs compared to those receiving NMV/r. This was 
somewhat expected as all the investigated anti-Spike mAbs targeted S antibodies; it is also possible that because 
infection was sub optimally controlled by mAbs, antigenic stimulation persisted for longer; in contrast, we found 
no evidence for a difference in the variation over time of anti-N IgG levels by intervention suggesting that mAb 
administration might have no impact on the endogenous immune response, an issue that had previously been 
raised22–24. Similarly, we found no evidence for a difference in the trajectories of inflammatory markers by trial 
arm, reflecting that the kinetics of these biomarkers are likely to be a consequence of the disease evolution 
regardless of the specific treatment used. Similar findings came from a recent analysis of a placebo-controlled 
RCTs on mAbs among hospitalized individuals24.

Our analysis has several limitations. First, 119 participants of the MONET trial with no measures for the 
secondary outcome had to be excluded from the analytic sample, and this may have led to selection bias25. 
However, missing CT values (either due to missing swabs or unsuccessful measurement, as a result of technical 
issues or low-quality sampling) seemed to have occurred randomly as treatment groups were still balanced 
for key predictors of outcome in the analytic sample (except perhaps for age), retaining internal validity. Main 
demographic characteristics of participants were also like those of individuals who were excluded because day7 
CT values were missing. The clinical significance of the average difference of 0.2 log2 may appear modest but 
the primary analysis of the MONET/MANTICO trial suggests otherwise. Also, the analysis with outcome the 
CT negativity by day 7 was likely underpowered. In addition, although MONET was multi-centric, most of 
participants came from a single center and our analysis ruled out confounding due to differences in procedures at 
the various sites. However, the multicentric design of the trial, along with the underrepresentation of some high-
risk groups, could limit the generalizability of our conclusions. Indeed, only a minority of the participants were 
classified as not immunocompetent, and these individuals are those who more urgently need new treatments, 
alternative to the FDA deauthorized compounds. Finally, the analysis was performed at the beginning of the 
advent of BQ.1.1, and it is unclear whether our results will be confirmed in the current epidemiological scenario 
of new circulating Omicron subvariants. Indeed, JN.1 (and similar variants under current monitoring by WHO) 
have evolved independently of BQ1.1, with a distinction mutation profile and potentially a different immune 
evasion strategy. One of the hallmark mutations in JN1 is the N-terminal domain (NTD) and receptor binding 
domain (RBD) of the spike protein, conferring a unique ability to escape neutralizing antibodies so we speculate 
that mAbs used in this study are even less effective with recent strains and CT values could be used as a marker 
to establish efficacy early.

In conclusion, our results provide high level of evidence for the superiority of NMV/r over anti-Spike 
mAbs (SOT and TIX/CIL), in reducing SARS-CoV-2 CT by day 7 in vaccinated non-hospitalized subjects at 
high-risk of progression to severe COVID-19, all infected with Omicron variants. In addition, these findings, 
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together with the results of the analysis of the clinical outcome published elsewhere12, identify day 7 CT 
variation as a promising candidate surrogate marker for clinical efficacy. Given the currently inconsistent 
recommendations on the use of anti-Spike mAbs across countries in the Omicron era, robust data deriving 
from in vivo randomized studies are crucial to optimize and homogenize treatment guidelines for COVID-19. 
A few new mAbs have been recently developed following the FDA approach to deauthorize the old generation 
compounds based on immunobinding8. However, the mAbs pipeline has been relatively scarce compared to 
what was achieved in the early days of the pandemic and has proceeded slowly26. A new drug has been recently 
approved although available only for prophylaxis and not treatment27. New strategies are needed especially for 
immunocompromised patients, who often remain seronegative and unprotected after multiple vaccine boosts. 
Further research is warranted to verify whether the superior virologic potency of NMV/r over new generation 
anti-Spike mAbs is confirmed for newly emerging Omicron variants.

Data availability
Anonymized participant data will be made available upon reasonable requests directed to the corresponding 
author.
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