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From 8 December 2021 to 26 January 2023, tixagevimab–cilgavimab (T-C) was authorized for pre-exposure prophylaxis of COVID-19. During this period, we used a multidisciplinary team to communicate, screen, approach, and administer T-C to eligible patients. Twenty-seven patients were eligible. Of these, 24 (88.9%) received at least one dose of T-C and three patients received two doses. Majority of patients were White, non-Hispanic, and women. Only two patients had COVID-19 prior to receiving T-C. Seventeen (70.8%) had received two or more doses of SARS-CoV-2 vaccine. No serious adverse events were noted. Seven patients developed SARS-CoV-2 infection within 180 days of receiving T-C (median 102 days; range 28–135), and only one patient developed severe COVID-19 requiring intensive mechanical ventilation in the intensive care unit.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS−CoV−2) originated as an acquired infection from a zoonotic source from Huanan wholesale seafood market, which sold poultry, snake, bats, and other farm animals in Wuhan, Central China (1). It initially presented as a respiratory illness in the area, followed by a rapid global spread, leading to the WHO to declare a pandemic on 11 March 2020 (1, 2). This virus is transmitted from human to human through direct, contact, and airborne transmission through respiratory secretions and aerosols causing coronavirus disease 2019 (COVID-19) (1). Over time, complications, such as post-acute (long) COVID-19 were recognized. This condition has hindered millions of individuals from normal life by causing chronic pain, brain fog, shortness of breath, chest pain, and intense fatigue (3, 4).

SARS-CoV-2 circulation continues, and immunocompromised individuals remain at risk of severe disease, complications, and poor outcomes associated to COVID-19 (5–9). In addition, patients with cancer or those undergoing transplant may experience delay in needed therapies, even in the setting of mild to moderate infection (10–15). Vaccines are the most effective way in preventing severe COVID-19. However, Umakanthan et al. showed that uptake and adherence to preventive public health measures, such as vaccines varied significantly based on variables such as age, gender, and education (16). Particularly in the United States (US), misinformation and disinformation led to a significant decline in vaccine acceptance (17–19). However, even if vaccinated, these patients have suboptimal responses to vaccination, and the use of monoclonals during periods of intense immunosuppression is an effective strategy in preventing severe COVID-19 (20–23).

Tixagevimab–Cilgavimab (T-C; Evushled™, AstraZeneca, Wilmington, DE) is a combination of two long-acting neutralizing mAbs that bind to distinct epitopes of the SARS-CoV-2 spike-protein receptor-binding domain (24). T-C was first authorized for COVID-19 pre-exposure prophylaxis (PrEP) on 8 December 2021, in patients aged ≥ 12 years who weigh ≥ 40 kg and either (1) have moderate to severe immunosuppression and may not respond adequately to COVID-19 vaccination or (2) cannot receive any available COVID-19 vaccine due to a history of severe adverse reaction to a COVID-19 vaccine or its components. It was not authorized for post-exposure prophylaxis (PEP) or treatment, and recipients could not be infected with or been recently exposed to SARS-CoV-2 (25). Subsequently, the Food and Drug Administration (FDA) announced on 26 January 2023 that the product was no longer authorized due to inactivity against > 90% of current SARS-CoV-2 variants (26). In the European Union, T-C remains authorized with similar indications as in the US for PrEP, as well as for treatment who do not require supplemental oxygen and who are at increased risk of progressing to severe COVID-19 (27).

T-C was safe, well-tolerated, and prevented symptomatic COVID-19 due to susceptible variants (24, 28). In a placebo-controlled trial among adults, the incidence adverse events (AEs) observed did not differ between those who received T-C versus placebo (24, 25). Furthermore, T-C has been reported to reduce relative risk of symptomatic COVID-19 among adults who were at risk of poor vaccination response, higher SARS-CoV-2 exposure risk, or both (24). Post-EUA (Emergency Use Authorization) studies in adults with hematological malignancies or receiving solid organ transplantation confirm these findings (29–35). A recent meta-analysis reported overall clinical effectiveness of T-C among immunocompromised adults against COVID-19 hospitalization, intensive care admission, and COVID-19–specific mortality of 66.19, 82.13, and 92.39%, respectively (35). Despite these promising results among adults, no published data are available regarding the efficacy and safety of T-C among pediatric patients.

While T-C is currently not authorized in the US, it may become available in the future based on variant’s circulation. In addition, T-C remains authorized in other parts of the world, and new long-acting monoclonals that are only tested in adults may be authorized for those over 12 years of age or > 40 kg. Therefore, data on the safety and tolerability of T-C in children remain relevant. Furthermore, the described model of a multidisciplinary team promptly responding to changes in regulation and available therapeutics could be replicated by others to facilitate rapid administration of potential lifesaving interventions in high-risk patients.





Methods




Design and implementation

This is a single-center observational study performed at St. Jude Children’s Research Hospital (St. Jude). St. Jude is a research hospital specializing in the care of children with cancer, sickle cell disease, stem cell transplantation, HIV infection, and other non-malignant hematologic conditions, located in Memphis, TN, US.

In response to the EUA issued for T-C in December 2021, a multidisciplinary team composed of clinical pharmacists and pediatric infectious diseases, representing the institutional antimicrobial stewardship program; the infection, prevention, and control program; and leadership, was created to create an allocation program for T-C. Given the limited supply of T-C early on, a priority list was developed based on expert opinion and known risk factors for severe disease to ensure those patients who would benefit the most from T-C received the limited supply. Patients aged ≥ 12 years who weigh ≥ 40 kg who have moderate or severe immunocompromise resulting from qualifying conditions or receipt of immunosuppressive treatments, as well as individuals with allergic reactions to COVID-19 vaccines. Eligibility criteria included patients with any of the following: (1) de novo acute myeloid leukemia (AML) patients on therapy, (2) de novo acute lymphoblastic leukemia (ALL) patients receiving induction therapy, (3) relapsed/refractory AML or ALL patients on therapy, (4) recipients of allogeneic hematopoietic cell transplant (HCT) or chimeric antigen receptor (CAR) T-cell therapy within first 100 days, (5) bone marrow failure patients with B-cell aplasia or on immunosuppressive therapy; and (6) documented severe Polyethylene glycol (PEG) allergy. Second, we communicated to all clinicians in the institution using an SBAR (situation, background, assessment, and recommendation) email to raise awareness of eligibility criteria, safety, and efficacy of T-C (Supplementary Table S1). Following this, patients underwent daily eligibility screening by clinical pharmacists and advanced practice providers from the Infectious Diseases Department, and if patients met eligibility criteria, these were communicated with patients’ primary physicians. If in agreement, the medication was offered to patients, and caregivers were educated regarding treatment-C per EUA.





Variables analyzed

T-C–related side effects were recorded, and SARS-CoV-2 infection post-administrations were captured retrospectively by pediatric infectious diseases physicians, using the electronic medical record. In addition, demographics (gender, age, race, and ethnicity), clinical information [including baseline diagnosis, reason for receiving T-C, previous COVID-19, vaccination history (type and number of doses)], time from previous COVID-19 to receiving T-C, time to COVID-19 from receiving T-C, and severity of COVID-19 (symptoms, hospitalization, progression to pneumonia, need for intensive care unit admission, mechanical ventilation, and death were obtained. Data are presented as frequency (%) for categorical variables and median (range) for continuous variables. The study was reviewed and approved by the St. Jude IRB with a waiver of informed consent. To ensure that data were unidentifiable age, time of SARS-COV-2 infection from T-C and time from transplant at the time of SARS-CoV-2 infection (if applicable) are presented as ranges.






Results




Participants

A total of 27 patients were deemed high risk for severe COVID-19 and eligible to receive T-C with 24 (88.9%) receiving at least one dose and three patients receiving a second dose over 180 days after the first dose. Two patients (8.3%) had COVID-19 prior to receiving the first dose of T-C (one 6 days prior and the other 121 days prior). All patients received T-C due to moderate to severe immunosuppression, with the majority (54.16%) being within 100 days following allogeneic HCT (Table 1). Among the three T-C eligible patients who did not receive T-C, one was deferred due to end-of-life care and two opted instead to only receive SARS-CoV-2 vaccination.


Table 1 | Demographics of immunocompromised pediatric patients who received T-C.







Safety

Thrombocytopenia with risk for hematoma was a concern prior to administration in two patients with platelets below 50 103/mm; however, none developed a hematoma. All patients tolerated T-C without serious AEs or cardiac complications. The most common AE was immediate injection site pain. There were mild and resolved without intervention.





Efficacy

Seven patients (29.2%) had SARS-CoV-2 infection within 180 days following T-C administration: six patients after the first dose and one after the second dose. The median time from T-C administration to SARS-CoV-2 infection was 102 days (range: 28–135), and for all seven, this was their first episode of COVID-19 recorded (Table 2). All seven patients had SARS-CoV-2 in 2022, during which time Omicron accounted for > 99% of all variants characterized in the US. Case summaries of these seven patients follow:

	Patient 1. A 14- to 17-year-old man with relapsed ALL (between days +200 and +250 from haploidentical transplant) who tested positive for SARS-CoV-2 on asymptomatic screening test between 100 and 130 days after receiving T-C. He had received three doses of mRNA SARS-CoV-2 vaccine, with the last dose given within a month prior to infection. He reported upper respiratory symptoms 10 days prior to diagnosis but did not seek care. The patient did not develop Lower respiratory tract infection (LRTI) and fully recovered.

	Patient 2. A 14- to 17-year-old woman with AML (between days +100 and +150 from match unrelated donor transplant) who tested positive for SARS-CoV-2 in setting of mild, non-productive cough, between 100 and 130 days after receiving T-C. The patient had received three doses of mRNA vaccine; the last was given > 6 months prior to infection. She did not develop LRTI and fully recovered.

	Patient 3. A 14- to 17-year-old woman with AML (between days +100 and +150 from haploidentical transplant) who tested positive for SARS-CoV-2 in setting of mild Upper respiratory tract infection (URTI) symptoms, between 70 and 100 days after receiving T-C. Patient had not received any vaccine doses prior to this episode. She did not develop LRTI and fully recovered.

	Patient 4. A 14- to 17-year-old man with mixed phenotype leukemia on chemotherapy who tested positive for SARS-CoV-2 in setting of mild URTI symptoms, between 120 and 150 days after receiving T-C. The patient had received four doses of mRNA vaccine; the last was given 5 months prior to this episode. He did not develop LRTI and fully recovered.

	Patient 5. A 13- to 16-year-old woman with history of AML (between days +10 and +150 from haploidentical transplant) who tested positive for SARS-CoV-2 through asymptomatic screening, between 60 and 90 days after receiving T-C. Patient had received three doses of mRNA vaccine; the last was given 48h prior to this episode. He did not develop LRTI and fully recovered.

	Patient 6. A 12- to 15-year-old man with B-cell ALL and persistent B-cell aplasia post-autologous CAR–T-cell therapy. He received two doses of T-C. He did not develop SARS-CoV-2 infection within 180 days of the first dose but tested positive between 15 and 30 days after the second dose through an asymptomatic screening test. He had received two doses of mRNA vaccine; the last was given over a year prior to infection. The patient did not develop LRTI and fully recovered.

	Patient 7. A 17- to 20-year-old man with history of AML (over 5 years after second haploidentical transplant) with bronchiolitis obliterans (BOS) who developed two episodes of SARS-CoV-2 infection after the first dose of T-C. Due to his lung disease, he previously required hospitalization on several occasions for respiratory failure in the setting of viral infection. He received two doses of Janssen COVID-19 vaccine; the last was given > 7 months prior to the first SARS-CoV-2 infection. His first SAR-CoV-2 infection was between 80 and 110 days after the first T-C dose. He received 3 days of remdesivir, did not require hospitalization, and fully recovered. He tested positive again 10 days after initial positive testing, and eventually had two negative RT-PCR tests 24h apart, a month after initial positive testing. Shortly after, the first episode, he again tested positive for SARS-CoV-2 (between 120–150 days after the first dose of T-C). With this episode, he developed respiratory failure requiring ICU admission and mechanical ventilation. SARS-CoV-2 was detected by nasopharyngeal swab and bronchoalveolar lavage. This episode occurred at a time when BA.5 was the predominant SARS-CoV-2 variant in the USA. In addition, Bronchoalveolar lavage (BAL) was positive for rhino/enterovirus and HSV-1. He received 10 days of remdesivir, methylprednisolone 2 mg/kg, and baricitinib for 14 days, as well as IV acyclovir. He improved and was discharged from the hospital after 1 month. He received a second dose of T-C 6 months after first dose (1 month after severe COVID-19 infection) and a dose of mRNA vaccine. He did not have another SARS-CoV-2 episode during the 6 months after his second dose of T-C.




Table 2 | Characteristics of high-risk patients with SARS-CoV-2 infection within 180 days of T-C.








Discussion

This is the first report on the safety and tolerability of T-C in children. The management of COVID-19 evolved rapidly during the pandemic. While vaccination effectively decreases severe disease, immunocompromised patients remain at risk even if they have received all recommended doses (20–23, 36, 37). Available antivirals can decrease progression to pneumonia in patients at high risk; however, they are most efficacious when early after infection and their utility depends on prompt diagnosis. In addition, some centers do not have capacity for outpatient remdesivir administration as well as the combination of nirmatrelvir and ritonavir is sometimes contraindicated, usually because of drug–drug interactions (38–41). These limitations highlight the importance of having a long-acting monoclonal antibody for PrEP in our arsenal against COVID-19.

Consistent with previous literature published among adults, no serious AEs were observed among our pediatric patients after receiving T-C (29, 30, 42). Although our study was not designed to test statistical significance, most cases included in our report who received T-C did not have COVID-19 within 6 months of administration. Furthermore, while seven patients had COVID-19 post–T-C, only one patient (14%) developed severe COVID-19, and this occurred during a period when BA.5 was the most prevalent variant of concern circulating in the US and several reports showed decrease activity of this monoclonal antibody (34, 43, 44), eventually leading to the US FDA to revoke the EUA (26). In addition, the episode of severe disease occurred 139 after the first dose, close to the 180 days recommendation for re-dosing. Whether this was related to weaning antibody levels, suggesting that some patients may benefit from more frequent dosing, due to other infections or host characteristics or to infection by a strain resistant to T-C remains unknown.




Strengths and limitations

This study had several limitations. First, it was a single-center experience with relatively few patients describing the implementation of T-C EUA clinically. Second, the follow-up period was inconsistent, and the information was obtained retrospectively through medical chart review. Despite these limitations, this study is one of the first to provide valuable data about pediatric patients who received T-C, with a detailed description of their COVID-19 after T-C administration.





Conclusion and clinical significance

Data on the safety, tolerability, and efficacy of monoclonal antibodies against SARS-CoV-2 in children remains scarce. Changes in dominant variants over time have consistently led to early closure of pediatric trials. Furthermore, most monoclonal antibodies active against SARS-CoV-2 were limited to individuals greater than 12 years of age. Emphasis should be placed on pediatric trials with younger aged cohorts to access the feasibility and efficacy evidence-based interventions in this group. In the meantime, retrospective description of institutional experiences, such as this one, can increase our understanding of the safety and utility of monoclonal antibodies against SARS-CoV-2 in this population and provide valuable data for designing future prospective clinical trials.






Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by St Jude Children’s Research Hospital IRB. Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.





Author contributions

DH and SC conceptualized and designed the study. DH, RD and SC drafted the initial manuscript and reviewed and revised the manuscript. JW, WG, TM, and SC coordinated and supervised data collection, and critically reviewed the manuscript for important intellectual content. ES, CM and AM collected the data. RD and JF designed the data collection instruments, carried out the initial analyses, and reviewed and revised the manuscript. All authors approved the final manuscript as submitted and agreed to be accountable for all aspects of the work.





Funding

This work was supported in part by the American Lebanese Syrian Associated Charities ALSAC. No additional external funding was received for the study.





Conflict of interest

The 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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1229655/full#supplementary-material



Abbreviations

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, coronavirus disease of 2019; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; HCT, hematopoietic cell transplant; CAR, Chimeric antigen receptor; T-cell therapy; GVHD, graft versus host disease; ppx, prophylaxis; PrEP, pre-exposure prophylaxis; T-C, tixagevimab–cilgavimab.




References

1. Umakanthan, S, Sahu, P, Ranade, AV, Bukelo, MM, Rao, JS, Abrahao-Machado, LF, et al. Origin, transmission, diagnosis and management of coronavirus disease 2019 (COVID-19). Postgrad Med J (2020) 96(1142):753–8. doi: 10.1136/postgradmedj-2020-138234

2.WHO Director-General’s opening remarks at the media briefing on COVID-19 - 11 March 2020 . Available at: https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19—11-march-2020.

3. Umakanthan, S, Monice, M, Mehboob, S, Jones, CL, and Lawrence, S. Post acute (long) COVID-19 quality of life. Front Public Health (2023) 11. doi: 10.3389/fpubh.2023.1163360

4. Chippa, V, Aleem, A, and Anjum, F. Post-acute coronavirus (COVID-19) syndrome. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing (2023). Available at: https://www.ncbi.nlm.nih.gov/books/NBK570608/.

5.COVID Data Tracker (2022). Available at: https://www.cdc.gov/coronavirus/2019-nCoV/index.html.

6.Laboratory-Confirmed COVID-19-Associated Hospitalizations (2022). Available at: https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html.

7. Bellino, S, Punzo, O, Rota, MC, Del Manso, M, Urdiales, AM, Andrianou, X, et al. COVID-19 disease severity risk factors for pediatric patients in Italy. Pediatrics (2020) 146(4):e2020009399. doi: 10.1542/peds.2020-009399

8. Bhopal, SS, Bagaria, J, Olabi, B, and Bhopal, R. Children and young people remain at low risk of COVID-19 mortality. Lancet Child Adolesc Health (2021) 5(5):e12–3. doi: 10.1016/S2352-4642(21)00066-3

9. Choi, JH, Choi, SH, and Yun, KW. Risk factors for severe COVID-19 in children: A systematic review and meta-analysis. J Korean Med Sci (2022) 37(5):e35. doi: 10.3346/jkms.2022.37.e35

10. Mukkada, S, Bhakta, N, Chantada, GL, Chen, Y, Vedaraju, Y, Faughnan, L, et al. Global characteristics and outcomes of SARS-CoV-2 infection in children and adolescents with cancer (GRCCC): a cohort study. Lancet Oncol (2021) 22(10):1416–26. doi: 10.1016/S1470-2045(21)00454-X

11. Abou Ghayda, R, Lee, KH, Han, YJ, Ryu, S, Hong, SH, Yoon, S, et al. The global case fatality rate of coronavirus disease 2019 by continents and national income: A meta-analysis. J Med Virol (2022) 94(6):2402–13. doi: 10.1002/jmv.27610

12. Bisogno, G, Provenzi, M, Zama, D, Tondo, A, Meazza, C, Colombini, A, et al. Clinical Characteristics and Outcome of Severe Acute Respiratory Syndrome Coronavirus 2 Infection in Italian Pediatric Oncology Patients: A Study From the Infectious Diseases Working Group of the Associazione Italiana di Oncologia e Ematologia Pediatrica. J Pediatr Infect Dis Soc (2020) 9(5):530–4. doi: 10.1093/jpids/piaa088

13. Kebudi, R, Kurucu, N, Tuğcu, D, Hacısalihoğlu, Ş, Fışgın, T, Ocak, S, et al. COVID-19 infection in children with cancer and stem cell transplant recipients in Turkey: A nationwide study. Pediatr Blood Cancer (2021) 68(6):e28915. doi: 10.1002/pbc.28915

14. Kuderer, NM, Choueiri, TK, Shah, DP, Shyr, Y, Rubinstein, SM, Rivera, DR, et al. Clinical impact of COVID-19 on patients with cancer (CCC19): a cohort study. Lancet (2020) 395(10241):1907–18. doi: 10.1016/S0140-6736(20)31187-9

15. Liang, W, Guan, W, Chen, R, Wang, W, Li, J, Xu, K, et al. Cancer patients in SARS-CoV-2 infection: a nationwide analysis in China. Lancet Oncol (2020) 21(3):335–7. doi: 10.1016/S1470-2045(20)30096-6

16. Umakanthan, S, and Lawrence, S. Predictors of COVID-19 vaccine hesitancy in Germany: a cross-sectional, population-based study. Postgrad Med J (2022) 98(1164):756–64. doi: 10.1136/postgradmedj-2021-141365

17. Bruns, R, et al. COVID-19 Vaccine Misinformation and Disinformation Costs an Estimated $50 to $300 Million Each Day (2021). Available at: https://www.centerforhealthsecurity.org/our-work/pubs_archive/pubs-pdfs/2021/20211020-misinformation-disinformation-cost.pdf.

18. Garett, R, and Young, SD. Online misinformation and vaccine hesitancy. Transl Behav Med (2021) 11(12):2194–9. doi: 10.1093/tbm/ibab128

19. Pierri, F, Perry, BL, DeVerna, MR, Yang, KC, Flammini, A, Menczer, F, et al. Online misinformation is linked to early COVID-19 vaccination hesitancy and refusal. Sci Rep (2022) 12(1):5966. doi: 10.1038/s41598-022-10070-w

20. Martinelli, S, Pascucci, D, and Laurenti, P. Humoral response after a fourth dose of SARS-CoV-2 vaccine in immunocompromised patients. Results of a systematic review. Front Public Health (2023) 11:1108546. doi: 10.3389/fpubh.2023.1108546

21. Tang, K, Wei, Z, and Wu, X. Impaired serological response to COVID-19 vaccination following anticancer therapy: A systematic review and meta-analysis. J Med Virol (2022) 94(10):4860–8. doi: 10.1002/jmv.27956

22. Thakkar, A, Pradhan, K, Duva, B, Carreno, JM, Sahu, S, Thiruthuvanathan, V, et al. Study of efficacy and longevity of immune response to third and fourth doses of COVID-19 vaccines in patients with cancer: A single arm clinical trial. Elife (2023) 12:e83694. doi: 10.7554/eLife.83694.sa2

23. Uaprasert, N, Pitakkitnukun, P, Tangcheewinsirikul, N, Chiasakul, T, and Rojnuckarin, P. Immunogenicity and risks associated with impaired immune responses following SARS-CoV-2 vaccination and booster in hematologic malignancy patients: an updated meta-analysis. Blood Cancer J (2022) 12(12):173. doi: 10.1038/s41408-022-00776-5

24. Levin, MJ, Ustianowski, A, De Wit, S, Launay, O, Avila, M, Templeton, A, et al. Intramuscular AZD7442 (Tixagevimab-cilgavimab) for prevention of Covid-19. N Engl J Med (2022) 386(23):2188–200. doi: 10.1056/NEJMoa2116620

25.Food and Drug Administration. Fact sheet for healthcare providers: Emergency Use Authorization for EvusheldTM (tixagevimab co-packaged with cilgavimab) . Available at: https://www.fda.gov/media/154701/download.

26.Center for Drug Evaluation and Research. FDA announces Evusheld is not currently authorized for emergency use in the U.S. U.S. Food and Drug Administration (2023). Available at: https://www.fda.gov/drugs/drug-safety-and-availability/fda-announces-evusheld-not-currently-authorized-emergency-use-us.

27.Evusheld: Summary of product characterisitics (2023). Available at: https://www.ema.europa.eu/en/documents/product-information/evusheld-epar-product-information_en.pdf.

28. Chen, B, Haste, N, Binkin, N, Law, N, Horton, LE, Yam, N, et al. Real world effectiveness of tixagevimab/cilgavimab (Evusheld) in the Omicron era. PloS One (2023) 18(4):e0275356. doi: 10.1371/journal.pone.0275356

29. Alejo, JL, Kim, JD, Chiang, TPY, Avery, RK, Karaba, AH, Jefferis, A, et al. Patient-reported outcomes after Tixagevimab and Cilgavimab pre-exposure prophylaxis among solid organ transplant recipients: Safety, effectiveness, and perceptions of risk. Clin Transplant (2023) 37(4):e14913. doi: 10.1111/ctr.14913

30. Gottlieb, J, Simon, S, Barton, J, Barnikel, M, Bachmann, M, Klingenberg, MS, et al. Efficacy of pre-exposure prophylaxis to prevent SARS-CoV-2 infection after lung transplantation: a two center cohort study during the omicron era. Infection (2023) 16:1–9. doi: 10.1007/s15010-023-02018-7

31. Johnson, S, McDonnell, JC, and Fernandez, JM. Efficacy of tixagevimab and cilgavimab against SARS-CoV-2 infections in patients with inborn errors of immunity. J Clin Immunol (2023) 43(5):865–8. doi: 10.1007/s10875-023-01457-z

32. Marchesi, F, Salmanton-García, J, Buquicchio, C, Itri, F, Besson, C, Dávila-Valls, J, et al. Passive pre-exposure immunization by tixagevimab/cilgavimab in patients with hematological malignancy and COVID-19: matched-paired analysis in the EPICOVIDEHA registry. J Hematol Oncol (2023) 16(1):32. doi: 10.1186/s13045-023-01423-7

33. Najjar-Debbiny, R, Gronich, N, Weber, G, Stein, N, and Saliba, W. Effectiveness of evusheld in immunocompromised patients: propensity score-matched analysis. Clin Infect Dis (2023) 76(6):1067–73. doi: 10.1093/cid/ciac855

34. Otiniano, A, van de Wyngaert, Z, Brissot, E, Dulery, R, Gozlan, J, Daguenel, A, et al. Tixagevimab/cilgavimab for Omicron SARS-CoV-2 infection in patients with haematologic diseases. Bone Marrow Transplant (2023) 58(3):340–2. doi: 10.1038/s41409-022-01894-1

35. Suribhatla, R, Starkey, T, Ionescu, MC, Pagliuca, A, Richter, A, and Lee, LYW. Systematic review and meta-analysis of the clinical effectiveness of tixagevimab/cilgavimab for prophylaxis of COVID-19 in immunocompromised patients. Br J Haematol (2023) 201(5):813–23. doi: 10.1101/2022.11.07.22281786

36. Kobayashi, M, Mori, A, Onozawa, M, Tsukamoto, S, Senjo, H, Ishio, T, et al. Humoral response to mRNA-based COVID-19 vaccine and booster effect of a third dose in patients with mature T cell and NK-cell neoplasms. Ann Hematol (2023) 102(4):819–27. doi: 10.1007/s00277-023-05142-4

37. Monin, L, Laing, AG, Muñoz-Ruiz, M, McKenzie, DR, Del Molino Del Barrio, I, Alaguthurai, T, et al. Safety and immunogenicity of one versus two doses of the COVID-19 vaccine BNT162b2 for patients with cancer: interim analysis of a prospective observational study. Lancet Oncol (2021) 22(6):765–78. doi: 10.1016/S1470-2045(21)00213-8

38. Harris, E. FDA grants full approval to paxlovid, COVID-19 antiviral treatment. Jama (2023) 329(24):2118. doi: 10.1001/jama.2023.9925

39. Malden, DE, Hong, V, Lewin, BJ, Ackerson, BK, Lipsitch, M, Lewnard, JA, et al. Hospitalization and emergency department encounters for COVID-19 after paxlovid treatment - California, December 2021-May 2022. MMWR Morb Mortal Wkly Rep (2022) 71(25):830–3. doi: 10.15585/mmwr.mm7125e2

40. McCarthy, MW. Optimizing the use of Paxlovid in clinical practice. Drugs Today (Barc) (2022) 58(11):539–46. doi: 10.1358/dot.2022.58.11.3461265

41. Saravolatz, LD, Depcinski, S, and Sharma, M. Molnupiravir and nirmatrelvir-ritonavir: oral coronavirus disease 2019 antiviral drugs. Clin Infect Dis (2023) 76(1):165–71. doi: 10.1093/cid/ciac180

42. Squire, JD, Pitlick, MM, Freeman, CM, and Joshi, AY. Safety and tolerability of Evusheld in patients with CVID: The Mayo Clinic experience. J Allergy Clin Immunol Glob (2023) 2(2):100081. doi: 10.1016/j.jacig.2023.100081

43. Connolly, CM, Karaba, AH, Po-Yu Chiang, T, Teles, M, Kim, JD, Scott Johnson, T, et al. Low Omicron BA.4 and BA.5 neutralising activity and breakthrough COVID-19 following pre-exposure prophylaxis with tixagevimab plus cilgavimab in vaccinated patients with autoimmune disease. Clin Exp Rheumatol (2023) 41(5):1202–3. doi: 10.55563/clinexprheumatol/pfli7o

44. Solera, JT, Arbol, BG, Ferreira, VH, Kurtesi, A, Hu, Q, Ierullo, M, et al. Differential serum neutralisation of omicron sublineages in patients receiving prophylaxis with tixagevimab-cilgavimab. Lancet Infect Dis (2023) 23(5):528–30. doi: 10.1016/S1473-3099(23)00208-6




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.


Copyright © 2023 Hijano, Ferrolino, Swift, Michaels, Max, Hayden, Wolf, Dallas, Greene, Richardson, Hakim, Morton and Cross. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2023.1229655_cover.jpg
& frontiers | Frontiers in Oncology

SARS-CoV-2 infection in high-risk children
following tixagevimab—cilgavimab
(Evusheld) pre-exposure prophylaxis: a
single-center observational study





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        SARS-CoV-2 infection in high-risk children following tixagevimab–cilgavimab (Evusheld) pre-exposure prophylaxis: a single-center observational study

      

        		

          Introduction

        



        		

          Methods

        

          		

            Design and implementation

          



          		

            Variables analyzed

          



        



        



        		

          Results

        

          		

            Participants

          



          		

            Safety

          



          		

            Efficacy

          



        



        



        		

          Discussion

        

          		

            Strengths and limitations

          



          		

            Conclusion and clinical significance

          



        



        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Variables 24
16.. 12

Age (median [range]) 67521[]

Gender (%) Female 14 (58.3)
Male 10 (41.7)
Black or African

Race (%) AR 7 (29.2)
Other 2 (8.3)
White 15 (62.5)

Ethnicity (%) Hispanic 7 (29.2)
Not Hispanic 17 (70.8)
Mixed phenotype

Diagnosis (%) leukem}i)a P 1(4.2)
ALL 6 (25.0)
AML 7(29.2)

Hematologic Disease 10 (41.7)

< 100 days from

allogenic HCT 13 (54.2)
Graft versus host 4 (16.7)
Reason to receive T-C disease 3 (12.5)
Post CAR-T therapy 2(8.3)
Chemotherapy 2(83)
Other*
SARS-CoV-2 Vaccination Received
Pfizer-BioNTech (%) No 4 (16.7)
Yes 20 (83.3)
Moderna (%) No 15 (62.5)
Yes 9 (37.5)
Janssen (%) No 20 (83.3)
Yes 4 (16.7)
Received > 2 doses of vaccine (%) No 7 (29.2)
Yes 17 (70.8)
Number of vaccine doses/patient before T-C (median [range]) 2[0-3]
SARS-CoV-2 infection before T-C dose
. . 22 (917)
infection, no. (%)
Yes 2(83)
Time between SARS-CoV-2 infection and first dose T-C 63.50 [6-
(median [range]) 121]
. ! " 170 [25-
Platelet count prior to any T-C dose (median [range] 10°/ mm®) s61)
SARS-CoV-2 infection <=180 days No 17(708)
from any T-C dose Yes 7(292)

Time between any dose T-C and SARS-CoV-2 infection (median 102 [28-
[range]) 135)

*Other: Lupus on immunosuppressive therapy (n=1); Kidney transplant recipient on
immunosuppressive therapy A Hematologic diseases: Aplastic Anemia (n=4), Sickle Cell
Disease (n=4), Acquired Factor II deficiency (n=1), Myelodysplastic Syndrome (n=1).
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Patients  Diagnosis Age Gender #T-C Predominant variant at  Time from T-C  Vaccinated prior = Severe

(years)* doses  the time of infection ( ) to SARS-CoV-. to SARS-CoV-2 COVID-
infection infection 19
(days)*

: 'el;is:d 14-17 M 1 BAS 100-130 Yes Ho
2 AML 14-17 F | BAS 100-130 No No
3 AML 14-17 F 1 BAS 70-100 Yes No
4 MPL 14-17 M 1 BAS 120-150 Yes No
5 AML 13-16 M 1 BQ.1 60-90 Yes No
6 ALL 12-15 M 2 BAS ‘ 15-30 Yes No
74 AML 17-20 M 2 BAS ‘ 80-110 Yes Yes

A Patient had a second episode of SARS-CoV'-2 between 120-150 days after first dose of T-C. ALL, acute lymphaoblastic leukemia; AML, acute myeloid leukemia; MPL, mixed phenotype leukemia.
* To ensure that data was unidentifiable age and time of SARS-CoV-2 infection from T-C dose are presented as ranges.





