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Severe metabolic accumulation
of VV116 in kidney transplant
patients with impaired renal
function: a case series report
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The treatment of COVID-19 in the post-transplant individuals is challenging,
primarily due to the drug-drug interaction between nirmatrelvir/ritonavir and
tacrolimus. Deuremidevir hydrobromide tablets (VV116) is an orally small
molecule agents target SARS-CoV-2 RdRp and inhibits viral replication. It may
have a low likelihood of drug-drug interactions and has a potential to provide
new treatment option. We described three cases of renal transplant patients with
concomitant impaired renal function who developed COVID-19 pneumonia and
were treated with VV116. Despite varying degrees of drug accumulation, these
patients achieved rapid viral clearance and showed prompt improvement in
pneumonia symptoms. Notably, tacrolimus blood concentrations remained
within the therapeutic range throughout treatment, and no clinically significant
adverse events were observed despite the drug accumulation.
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1 Introduction

Post solid-organ transplant patients pose a challenge in the
treatment of COVID-19. Nirmatrelvir/ritonavir (Paxlovid) has been
established as a highly effective oral antiviral for COVID-19 treatment.
However, its use in patients receiving immunosuppressants, such as
tacrolimus, is limited by significant drug-drug interactions arising from
the ritonavir component of the combination (1). VV116 is a COVID-
19 antiviral drug targeting the RdRp, its innovative design bestows it
with a potent and stable capabilities to inhibit the replication of SARS-
CoV-2 as well as low drug-drug interaction (2). Herein, we share a case
series of COVID-19 pneumonia patients treated with VV116 and
review the relevant literature. All patients provided written informed
consent before receiving VV116.

2 Case description

2.1 Casel

A 59-year-old male patient, underwent renal transplantation
surgery 20 years ago and was receiving anti-rejection medications
including tacrolimus, azathioprine, and prednisone. On June 1, 2023,
the patient developed a fever with a peak temperature of 39°C, along
with chills and a cough. On June 4 2023, a rapid antigen test for
COVID-19 returned a positive result. On June 7, the patient experienced
chest tightness. On June 8, the patient was admitted to the hospital. As
the patient refused to stop taking immunosuppressants, especially
tacrolimus, doctors were hesitant to use the available antiviral drug -
nirmatrelvir/ritonavir for treatment. On June 10, the patient presented
with severe respiratory distress and had an oxygen saturation measured
by pulse oximetry of 77% while using an oxygen reservoir mask. The
chest CT-scan revealed the progression of numerous bilateral ground-
glass opacities with consolidation in localized regions (Figure 1A).
Meanwhile, creatinine level elevated to 298 umol/L and required non-
invasive ventilation support. On June 11, VV116 was administered, with
an initial dose of 600 mg twice daily (day 1), followed by 300 mg twice
daily for four days (day 2 to day 5) (Figure 1A). After the patient
received two doses of VV116, a nasal swab was collected and yielded
negative result (Ct value over 40). Blood samples were collected one
hour before the second, fourth, sixth, and eighth doses for trough
concentration monitoring and monitored drug concentration of
VV116-N1, the metabolite of VV-116. The concentration of VV116-
N1 were reported with drug accumulation (Figure 1A). His medication,
Ct value, pulmonary CT and drug concentration of VV116-N1 were
shown (Figure 1A). After 5 days of treatment with tacrolimus, plasma
concentration test for tacrolimus showed a result of 5.83 ng/ml. 12 days
after the last dose, plasma concentration of VV116 showed trace
amounts of residual metabolites (116-N1 concentration was 12.5 ng/
ml). Based on the difference of 116-N1 concentration and measurement
interval, the drug half-life was calculated to be about 2.05 days (49.2
hours). No significant hematological abnormalities were noted during
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hospitalization, but a transient elevation in transaminase levels.
(Supplementary Figure S1).

2.2 Case 2

A 50-year-old male was diagnosed with IgA nephropathy in 2012
and underwent kidney transplantation in January 2023. Post-
transplant, he was maintained on tacrolimus and
methylprednisolone. In February 2024, the patient developed a
fever with a peak temperature of 39°C and tested positive for
SARS-CoV-2 RT-PCR. On admission (day 4 of illness), his oxygen
saturation was 92% when breathing ambient air, and Chest CT
imaging revealed typical COVID-19 pneumonia (Figure 1B). The
patient had a serum creatinine level of 152 pmol/L, and a tacrolimus
trough level of 3.4 ng/ml. The patient refused to discontinue
tacrolimus. VV116 was administered at half the standard dose (300
mg BID on day 1, followed by 200 mg in the morning and 100 mg in
the evening for the next four days). This dose reduction was decided
upon after clinical discussions based on observations of drug
accumulation in case 1. His medication, Ct value, pulmonary CT
and drug concentration of VV116-N1 were shown (Figure 1B). After
the 10th dose of VV116, VV116 trough concentration monitoring
indicated drug accumulation, but tacrolimus levels remained stable
(44 ng/ml), and there were no significant fluctuations in liver or
kidney function. During hospitalization, there were no significant
fluctuations in liver and kidney function or blood routine test results.
At discharge, the serum creatinine level was 106 umol/L.

2.5Case 3

An 84-year-old male patient, 20 years post-kidney
transplantation, had experienced elevated creatinine levels for the
past 6 years, with levels exceeding 130 pmol/L in the past year. At
the time of admission (April 2024), he was on tacrolimus. The
patient was admitted on the second day of illness onset, with a peak
temperature of 38°C, oxygen saturation of 94% on room air, and a
SARS-CoV-2 Ct value of 20.0 (N-gene). Chest CT revealed a typical
viral pneumonia appearance due to COVID-19 (Figure 1C). The
patient had a serum creatinine (Cr) level of 205 umol/L and a
tacrolimus trough level of 5.8 ng/ml. On the day of admission,
VV116 was administered at half the standard dose, this dose
reduction was decided upon after clinical discussions based on
observations of drug accumulation in case 1. After five days of
VV116 treatment, the patient RT-PCT test turned negative. We
monitored the trough concentrations of VV116 after the 1st, 5th,
and 9th doses, which were 1420 ng/ml, 1600 ng/ml, and 1200 ng/ml,
respectively (Figure 1C). On day 7 of admission, the tacrolimus
trough concentration was 5.3 ng/ml. At discharge, the patient’s
serum creatinine level decline to 140 umol/L. Blood tests showed no
significant abnormalities in liver function.
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FIGURE 1

(A). VV116-N1 concentration, virologic results and medicine administration for case 1, Serial chest imaging by computed tomography (CT), the image
on June 7th was from another hospital and taken with a mobile phone camera. (B). VV116-N1 concentration, virologic results and medicine
administration for case 2, the Ct. value of N-gene on February 26th was from another hospital, Serial chest imaging by computed tomography (CT),
the image was taken on February 27th, March 1st and March 7th. (C). VV116-N1 concentration, virologic results and medicine administration for case
3, the Ct. value of N-gene on April 8th was from another hospital, Serial chest imaging by computed tomography (CT), the image was taken on April

10 th and April 13 th.

Discussion

We report this case series with SARS-CoV-2 Omicron variant
infection in kidney transplant patients with severe renal impairment.
The infection was characterized by sustained viral replication and
progression to severe pneumonia. The emergence of hypoxemia in
the early stages of hospitalization may indicate a trajectory toward
adverse outcomes (3). Solely utilizing corticosteroids without
concurrent viral control probably be inadequate in halting the
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progression of the disease (4). In these kidney transplant cases with
kidney function impairment, exploratory dose adjustments were
implemented based on drug accumulation and therapeutic drug
monitoring thresholds, VV116 can effectively inhibit SARS-CoV-2
in this specific population. VV116, a deuterated derivative of
remdesivir, is designed for oral administration and demonstrates
effective bioavailability, addressing the limitations of injectable
remdesivir. VV116 inhibits the replication of SARS-CoV-2 by
targeting the viral RNA-dependent RNA polymerase, similar to
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remdesivir. It competes with NTP substrates, effectively halting viral
RNA elongation (5).Although patients taking immunosuppressants
after solid organ transplantation may take several weeks to negative
conversion (6, 7), these patients achieved a rapid virological response
after receiving VV116 treatment, followed by full recovery. To our
knowledge, this is the first case series reporting the use of VV116 in a
solid organ transplant recipient with renal dysfunction.

Complete clearance of SARS-CoV-2 is crucial for improving
clinical outcomes in such immunosuppressed patients (8),
particularly as these individuals may experience delayed viral
clearance (9, 10). The Mpro targeted by Paxlovid has been widely
recognized as an ideal therapeutic target and has demonstrated
potent inhibitory efficacy against SARS-CoV-2 in numerous studies
(11). However, for organ transplant patients, tacrolimus needs to be
discontinued at least 12 hours before using Paxlovid. However, this
may not ensure that the concentration of tacrolimus will not
increase significantly (12), and it could lead to adverse effects if
tacrolimus is not discontinued timely (13). Hence, alternative
COVID-19 antiviral treatments are necessary for organ transplant
patients. In this case, the patient was treated with tacrolimus while
receiving VV116. Although VV116-N1 concentration increased
significantly, the trough concentration of tacrolimus remained
within the normal range on the fifth day. This case suggests that
VV116 has the potential to be an option for organ transplant
patients who are currently receiving tacrolimus, without requiring a
change of immunosuppressants doses.

Our literature review demonstrate that several case reports and
observational studies have documented the risk of tacrolimus
toxicity when used concomitantly with nirmatrelvir/ritonavir,
remdesivir, chloroquine and lopinavir/ritonavir (Tables 1 and 2)
among organ transplantation individuals. Remdesivir has been
shown to inhibit certain cytochrome P450 enzymes, including
CYP3A4, which can reduce tacrolimus clearance and thus elevate
its plasma concentration, increasing the risk of adverse effects like
nephrotoxicity and (14). Ritonavir, a component of Paxlovid, is a
potent CYP3A4 inhibitor and can significantly affect the
metabolism of tacrolimus, increasing tacrolimus concentrations in
the body. This could increase the risk of tacrolimus toxicity,
including nephrotoxicity and hepatotoxicity (15).Hence, it is
necessary to find an alternative antiviral agent for these patients.
In our case series, the patient was treated with tacrolimus while
receiving VV116. Although VV116-N1 concentration increased
significantly, the trough concentration of tacrolimus remained
within the normal range. This means that VV116 does not affect
the blood concentration of tacrolimus, therefore not requiring a
change of concurrently used immunosuppressants.

VV116 was principally excreted through kidney in the form of
metabolite VV116-N1, renal impairment can significantly affect its
metabolic rate. As presented in our case series, after receiving a
standard course of VV116, the trough concentration of was over 10
times higher than in the general population (the trough
concentrations of 116-N1 following multiple administration of
200 mg Q12H, 400 mg Q12H, 600mg Q12H were 242 - 345 ng/mL,
559 - 766 ng/mL, and 721 - 1011 ng/mL, respectively), while the half-
life of metabolite was found to be approximately 8 times longer than
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general population (4.80 - 6.95 hour) in Case 1 (16). When VV116
was administered a half-dose regimen, the blood drug concentration
in patients with renal impairment fluctuated between 1200-2180 ng/
mL, which remained significantly above the ECq level (186.5 ng/mL).
For the transient elevation of transaminases in Case 1, in a large head-
to-head study, the incidence of hepatic function abnormalities was
5.7% in the VV116 group, compared to 2.8% in the Paxlovid group
(12). We cannot conclusively establish a correlation between
abnormal liver function and VV116 metabolite accumulation in
this case, as severe COVID-19 cases can cause transient elevation of
transaminases due to increased inflammation (13, 16). It is needed to
be vigilant about the potential impact on liver function in cases of
severe drug accumulation, additional studies on renal function-
referred dosage adjustment are warranted in the future.

4 Conclusion

In this case series, it is the first time to demonstrate the
therapeutic effects and drug accumulation of VV116 in patients
with renal function impairment. Our preliminary findings suggest
that using half the dose of VV116 in these patients can maintain
effective therapeutic plasma concentrations and significantly reduce
drug accumulation. Additionally, no drug-drug interactions were
observed between VV116 and tacrolimus. These findings indicate
that VV116 has the potential to be a viable antiviral option for
COVID-19 in patients who are receiving tacrolimus. Furthermore,
it is needed to conduct clinical studies to determine the optimal
dosage based on creatinine clearance rate.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Beijing You’An Hospital and Ethics Committee of
Cangzhou Central Hospital. The studies were conducted in
accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

JZ: Conceptualization, Investigation, Writing — original draft.
YG: Conceptualization, Writing — original draft. XM: Data curation,
Investigation, Writing — original draft. WW: Formal Analysis,

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1501813
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al.

Writing - original draft. ZKZ: Formal Analysis, Writing - original
draft. YYG: Data curation, Writing - original draft. LWL:
Visualization, Writing - original draft. MW: Visualization,
Writing - original draft. KM: Investigation, Writing - original
draft. LZ: Investigation, Conceptualization, Writing - original
draft. YY: Investigation, Writing — original draft. SM: Resources,
Writing - original draft. YF: Resources, Writing — original draft.
ZRZ: Resources, Writing — original draft. WL: Resources, Writing —
original draft. DM: Resources, Writing - original draft. ZK:
Visualization, Writing - original draft. LCL: Writing - original
draft, Resources. ZH: Conceptualization, Supervision, Writing -
review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by High-Level Public Health Technology Talent
Project (2022-02-005), National Key Research and Development
Plan (2022YFC2304404, 2023YFC3043502) and Basic Clinical Joint
Laboratory Fund of Capital Medical University (SYLH2024-11).

Conflict of interest

YG declares receiving consulting fees from Sinovac and lecture
fees from Pfizer over the past 36 months. Authors KM, LZ, and YY
were employed by United-Power Pharma Tech Co., Ltd.

References

1. Fishbane S, Hirsch JS, Nair V. Special considerations for paxlovid treatment
among transplant recipients with Sars-Cov-2 infection. Am ] Kidney Dis. (2022)
79:480-2. doi: 10.1053/j.ajkd.2022.01.001

2. Jiang M, Gao Y, Hu Z. Pharmacological innovation and clinical value of vv116.
Lancet Infect Dis. (2024) 24:€212. doi: 10.1016/S1473-3099(24)00009-4

3. Villar PME, Mendes PRA, Kiyota TA, Engleitner HA, Tamesawa CS, Morello
MM, et al. Oximetry at Admission as a Predictor of Tomographic and Functional
Impairment after 3-6 Months in Hospitalized Patients with Covid-19. J Int Med Res.
(2023) 51:3000605231177187. doi: 10.1177/03000605231177187

4. ZhuY, Chen D, Zhu Y, Ge X, Li Z, Miao H. Clinical observation of glucocorticoid
therapy for critically ill patients with Covid-19 pneumonia. J Int Med Res. (2023)
51:3000605221149292. doi: 10.1177/03000605221149292

5. Liu W, Zhang M, Hu C, Song H, Mei Y, Liu Y, et al. Remdesivir derivative vv116 is
a potential broad-spectrum inhibitor of both human and animal coronaviruses. Viruses.
(2023) 15:2295. doi: 10.3390/v15122295

6. Benotmane I, Risch S, Doderer-Lang C, Caillard S, Fafi-Kremer S. Long-term
shedding of viable Sars-Cov-2 in kidney transplant recipients with Covid-19. Am |
Transplant. (2021) 21:2871-5. doi: 10.1111/ajt.16636

7. Camprubi D, Gaya A, Marcos MA, Marti-Soler H, Soriano A, Mosquera MDM,
et al. Persistent replication of Sars-Cov-2 in a severely immunocompromised patient
treated with several courses of remdesivir. Int | Infect Dis. (2021) 104:379-81.
doi: 10.1016/j.ijid.2020.12.050

8. Rizzi M, Tonello S, Brinno C, Zecca E, Matino E, Cittone M, et al. Sars-Cov-2
infection risk is higher in vaccinated patients with inflammatory autoimmune diseases
or liver transplantation treated with mycophenolate due to an impaired antiviral
immune response: results of the extended follow up of the rivalsa prospective cohort.
Front Immunol. (2023) 14:1185278. doi: 10.3389/fimmu.2023.1185278

Frontiers in Immunology

10.3389/fimmu.2024.1501813

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that Generative AI was used in the
creation of this manuscript. During the preparation of this work,
we used ChatGPT-4o in order to writing correction and refinement.
After using this tool, we reviewed and edited the content as needed
and take full responsibility for the content of the publication.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1501813/
full#supplementary-material

9. Ma E, Ai ], Zhang Y, Zheng J, Gao X, Xu J, et al. Omicron infections profile and
vaccination status among 1881 liver transplant recipients: A multi-centre retrospective
cohort. Emerg Microbes Infect. (2022) 11:2636-44. doi: 10.1080/22221751.2022.2136535

10. Guo W, Zheng Y, Feng S. Omicron related Covid-19 prevention and treatment
measures for patients with hematological Malignancy and strategies for modifying
hematologic treatment regimes. Front Cell Infect Microbiol. (2023) 13:1207225.
doi: 10.3389/fcimb.2023.1207225

11. Castillo F, Ramirez D, Ramos MC, Martinez-Arribas B, Domingo-Contreras E,
Mackenzie TA, et al. Repurposing the open global health library for the discovery of
novel mpro destabilizers with scope as broad-spectrum antivirals. Front Pharmacol.
(2024) 15:1390705. doi: 10.3389/fphar.2024.1390705

12. Devresse A, Sebastien B, De Greef ], Lemaitre F, Boland L, Haufroid V, et al. Safety,
efficacy, and relapse of nirmatrelvir-ritonavir in kidney transplant recipients infected with
Sars-Cov-2. Kidney Int Rep. (2022) 7:2356-63. doi: 10.1016/j.ekir.2022.08.026

13. Modi S, Kahwash R, Kissling K. Case report: tacrolimus toxicity in the setting of
concurrent paxlovid use in a heart-transplant recipient. Eur Heart ] Case Rep. (2023) 7:
ytad193. doi: 10.1093/ehjcr/ytad193

14. Habeeb E, Gabardi S, Townsend K, Kim M. Potential effects of remdesivir on
tacrolimus exposure in transplant recipients with Covid-19 infection. Kidney Int Rep.
(2023) 8:1315-22. doi: 10.1016/j.ekir.2023.04.028

15. Hendrick V, Pohorylo E, Merchant L, Gerhart J, Arham IN, Draica F, et al.
Pharmacovigilance of drug-drug interactions with nirmatrelvir/ritonavir. Infect Dis
Ther. (2024) 13:2545-61. doi: 10.1007/s40121-024-01050-w

16. Qian HJ, Wang Y, Zhang MQ, Xie YC, Wu QQ, Liang LY, et al. Safety,
tolerability, and pharmacokinetics of vv116, an oral nucleoside analog against Sars-
Cov-2, in chinese healthy subjects. Acta Pharmacol Sin. (2022) 43:3130-8. doi: 10.1038/
541401-022-00895-6

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1501813/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1501813/full#supplementary-material
https://doi.org/10.1053/j.ajkd.2022.01.001
https://doi.org/10.1016/S1473-3099(24)00009-4
https://doi.org/10.1177/03000605231177187
https://doi.org/10.1177/03000605221149292
https://doi.org/10.3390/v15122295
https://doi.org/10.1111/ajt.16636
https://doi.org/10.1016/j.ijid.2020.12.050
https://doi.org/10.3389/fimmu.2023.1185278
https://doi.org/10.1080/22221751.2022.2136535
https://doi.org/10.3389/fcimb.2023.1207225
https://doi.org/10.3389/fphar.2024.1390705
https://doi.org/10.1016/j.ekir.2022.08.026
https://doi.org/10.1093/ehjcr/ytad193
https://doi.org/10.1016/j.ekir.2023.04.028
https://doi.org/10.1007/s40121-024-01050-w
https://doi.org/10.1038/s41401-022-00895-6
https://doi.org/10.1038/s41401-022-00895-6
https://doi.org/10.3389/fimmu.2024.1501813
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Severe metabolic accumulation of VV116 in kidney transplant patients with impaired renal function: a case series report
	1 Introduction
	2 Case description
	2.1 Case 1
	2.2 Case 2
	2.3 Case 3

	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


