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Abstract: Both nirmatrelvir/ritonavir (NMV-r) and ensitrelvir (ESV) are similar protease inhibitors that act against 3C-like protease
(3CL protease) which is related the viral replication of SARS-CoV-2, and are recommended as oral treatment for COVID-19 patients
in the guidance. However, NMV-r was approved in 2022 for the treatment of patients who are at high risk of progressing to severe
COVID-19 based on the clinical trial data during severe original strain period, whereas ESV was approved in 2023 for the treatment of
non-risk patients based on the clinical trial data during mild Omicron strain period in Japan. In this study, we investigated the
differences in treatment patterns and patient characteristics between COVID-19 patients treated with NMV-r and ESV. NMV-r has
usually been used for elderly patients with malignant tumors in the hospital, whereas ESV has been used for younger patients in the
outpatient clinic as the common practice. It has been suggested that NMV-r and ESV have been used differently in Japan because there
might be gaps in the implementation periods and the evidence from clinical trials. We should use each oral agent appropriately and
make different recommendations in the guidance in the near future.
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COVID-19 has had an enormous impact on societies worldwide from the end of 2019 in Japan, and it has recently
increased again from 2022 with some mutant lineages, such as Omicron variants, which were usually mild compared
with original strains that induced severe pneumonia in COVID-19 patients with high risks, such as middle to high age
males with obesity, and have the underlying diseases including malignancies and diabetes mellitus." The guidelines
usually targeted these high risk populations for treatment by the antiviral agents even though the patients initially had
mild to moderate status.”

Nirmatrelvir (NMV) is an oral protease inhibitor that is active against the main proteases of SARS-CoV-2, including
3C-like protease (3CL protease), that play essential roles in viral replication by cleaving the 2 viral polyproteins.” NMV
is packaged with ritonavir, a strong cytochrome P450 (CYP) 3A4 inhibitor, and co-administration of ritonavir is required
to increase NMV concentrations to the target therapeutic range.® Therefore, NMV combined with ritonavir (NMV-r, as
Paxlovid, Pfizer Inc., NY, USA) is approved by the Food and Drug Administration (FDA) for the treatment of mild to
moderate COVID-19 in adults who are at high risk of progressing to severe COVID-19 in the USA, and it also became
available in Japan in February 2022.7

Recently, ensitrelvir (ESV; Shionogi CO. LTD., Osaka, Japan) was developed; its use started from March 2023 in
Japan, and strong activity for eliminating SARS-CoV-2 was reported.®® ESV also inhibits 3CL protease and effectively
reduces viral replication. In fact, ESV treatment was reported to result in clinical improvement of symptoms along with
the strong elimination of SARS-CoV-2 in COVID-19 patients. '’
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However, it is still unclear the differences of patient characteristics between those we should treat by either NMV-r or
ESV although the guidance in Japan recommend the NMV-r for the high risk patients rather than ESV and there is no
mention about use of ESV in the other countries because ESV is now available only in Japan.>* Therefore, we need to
investigate the differences in treatment patterns and patient characteristics between COVID-19 patients treated with
NMV-r and ESV.

In this study, the clinical use of NMV-r and ESV in this first year, from April 01/2023 to March 31/2024, was
retrospectively investigated, and make clear the differences of patterns/background of the patients who received NMV-r
and ESV. NMV-r was administered as nirmatrelvir 300 mg with ritonavir 100 mg orally twice daily for 5 days, and ESV
were used orally 375 mg once at first day and followed 125mg once more four days. The patients who received and
completed 5 day treatments by these two agents were included. The one-year study period may be relatively shorter
follow-up period for typical COVID-19 studies, however, ESV became available only one year ago.

In our hospital, a total of 257 COVID-19 patients admitted as inpatients and/or visited the outpatient clinic, 160
patients received drip infusion of remdesivir (Gilead, Foster City, CA, USA) and 50 patients were treated by oral
molnupiravir (Merck. and Co, Inc., New Rahway, NJ, USA) because these two agents were used antecedently from 2021
in Japan, and the patients who received these two agents were excluded in this study.

The Mann—Whitney test and the chi-squared test were used to compare continuous variables between two groups.
Because samples are small size and non-normal data distribution, we used the non-parametric analysis and could not do
additional analysis, including regression model. Therefore, adjusting for potential confounders or exploring relationships
between variables could not be performed. These are limitations of this study. A p-value of less than 0.05 was defined as
indicating a significant difference. All analyses were performed using Stat View software (Abacus Concepts, Cary, NC,
USA), which is available in Japan as same as Easy R software (Saitama, Japan) and SPSS (IBM, Chicago, IL, USA), and
have been used.''

The characteristics of the COVID-19 patients differed by the drug used. The 15 patients treated by NMV-r were
significantly older and significantly more often hospitalized than the 32 patients treated by ESV (age: 63.2 vs 56.8 years,
p=0.022; and outpatient/inpatient: 1/14 vs 18/14, p=0.0012, respectively) (Table 1). The male/female ratio and the
number of patients who had underlying diseases were similar between the NMV-r group and ESV group, but the patients
treated by NMV-r had more malignant tumors than the patients treated by ESV (66.7% vs 26.3%, p=0.026).

These data suggest that NMV-r was used for inpatients who had malignant tumors. These patients might be
a relatively small number because most of the inpatients preferred drip infusions remdesivir as we previously mentioned,
rather than oral agents when appetite loss appeared with the growth of the malignant tumors and more severe conditions.
In fact, NMV-r was used for these types of patients, such as those with mild to moderate severity, but they had high-risk
underlying diseases in the clinical trials and in the real world,®’ and NMV-r was recommended for them in both the USA
and Japan.” ™

Table | Patients’ Characteristics by Drug Administered

Nirmatrelvir/ Ensitrelvir | p value
Ritonavir (n=15) (n=32)
Male/Female 9/6 18/14 0.75
Age (Range), years old 63.2 (32-86) 56.8 (19-98) | 0.022*
Outpatient/Inpatient 1/14 18/14 0.0012%*
Underlying diseases 12 19 0.16
Malignant tumor 8 (66.7%) 5 (26.3%) 0.026*
Cardiovascular diseases I (8.3%) 5 (26.3%) 0.21
Hematological diseases | (8.3%) 4 (21.1%) 0.35
Brain diseases | (8.3%) 3 (15.8%) 0.55
Pulmonary diseases 0 2 (10.5%) 0.25
Diabetes mellitus | (8.3%) 0 0.2

Notes: *p<0.05, and **p<0.01, respectively.
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In contrast, ESV was used for young outpatients, and half of them did not have any underlying diseases. The clinical
trials and real world use of ESV were started later than for NMV-r, during the Omicron strain-dominant era, and most of
the evidence was collected from more mild COVID-19 patients.”'%'* Therefore, the use of ESV was mainly recom-
mended for mild to moderate patients without underlying diseases, and it might be used predominantly in the outpatient
clinic. However, the present investigation was performed at only one hospital, and ESV showed strong viral inhibitory
activity similar to NMV-r, and it may also be useful for the treatment of inpatients who showed delayed improvement,
including those with hematological diseases.'> There are no direct comparative data between NMV-r and ESV in the
virological effectiveness, however, similar viral inhibitory effects that the patients received with treatment by the agents
showed about 10 times lower viral RNA amounts, compared with the patients who received placebo treatments, were
found in the both of the clinical trial data in NMV-r and ESV.*'? We did not find direct comparison data among NMV-r/
ESV, remdesivir, and monoclonal antibodies in the clinical trial for severe and immunocompromised patients, however,
NMV-r showed similar viral inhibitory effects with remdesivir in vitro study that SARS-CoV-2 were infected with
VeroE6-GFP cells.'

In addition, drug-drug interaction is a critical issue in use of NMV-r and ESV because these agents inhibit the
cytochrome P450 activity, and change the concentration of other related drugs, including sleeping pills, diabetic agents,
and antilipidemic drugs.'>'® However, ESV has about 30 contraindicated drugs although NMV-r has about 50 contra-
indicated drugs as co-administration agents. These data suggest that ESV might be a little easier to use, compared with
NMV-r in the hospital/clinic.

This study has the limitations of a small sample size, which may limit the generalizability of the findings. The
potential for bias in treatment selection, as patients with more severe conditions may have been more likely to receive
NMV-r. Additionally, further research would be needed to confirm these results and establish causal relationships
between the drugs and patient outcomes.

In conclusion, NMV-r and ESV were similarly strong protease inhibitors for SARS-CoV-2, but they were used for
different types of COVID-19 patients, although both of them were administered orally to mild to moderate patients.
NMV-r was used mainly in the hospital, but its greater use for outpatients in the clinic could be considered in Japan.
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