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Abstract
Background  High-risk populations, including transplant recipients, are at increased risk of severe Coronavirus disease 2019 
(COVID-19) outcomes. Certain treatments and pre-exposure prophylaxis (PrEP) have been approved to reduce the risk of 
severe illness. However, data on the cost effectiveness of currently approved COVID-19 therapeutics and preventative treat-
ments are limited for those at high-risk of severe disease.
Objective  The aim of this study was to systematically review the cost effectiveness of COVID-19 treatments and PrEP in 
high-risk, immunocompromised, and transplant populations.
Methods  Electronic databases were searched from inception to September 2025 for studies comparing costs and effective-
ness of monoclonal antibodies PrEP or COVID-19 therapeutics in high-risk, immunocompromised or transplant populations. 
Two reviewers independently screened studies, extracted data, and critically appraised them using the Joanna Briggs Institute 
checklist for economic evaluations. Cost data are presented in 2025 US dollars.
Results  Of 8905 studies identified, 60 met inclusion criteria, with seven focused on or including transplant populations. 
Most studies were cost-utility analyses published between 2020 and 2025. Nirmatrelvir-ritonavir, tixagevimab-cilgavimab, 
casirivimab-imdevimab, sotrovimab, remdesivir, molnupiravir, and fluvoxamine were compared with no prophylaxis or 
standard of care. Among transplant populations, the incremental cost-effectiveness ratio (ICER) for tixagevimab-cilgavimab 
PrEP following vaccination was US$76,024 per quality-adjusted life year (QALY), while ICERs for COVID-19 therapeutics 
ranged from US$440 to US$126,676 per QALY.
Conclusion  Cost effectiveness varied widely across studies due to differences in variant periods, population risk profiles, 
model assumptions, and healthcare systems. Future research should integrate variant-specific effectiveness, real-world vac-
cine responsiveness, long-term COVID-19 outcomes, and adverse events to better inform resource allocation for transplant 
and other high-risk populations.

1  Introduction

The Coronavirus Disease-19 (COVID-19) pandemic has 
placed an immense burden on global health systems and 
economies, driving substantial increases in healthcare 
expenditures and reductions in workforce productivity [1]. 
Since its emergence in December 2019 to October 2025, 
more than 778 million confirmed COVID-19 cases and 7.1 
million COVID-19 deaths have been reported [2]. Certain 

populations, particularly older adults, males, and individu-
als with pre-existing comorbidities face a heightened risk 
of severe COVID-19 outcomes [3, 4]. Severe COVID-19 
infections contribute to higher direct medical costs, includ-
ing costs from hospitalizations, intensive care unit (ICU) 
admissions, and ventilation support, while also causing sub-
stantial indirect costs due to productivity losses associated 
with premature mortality [5–8].

Transplant recipients are at a significantly heightened risk 
of severe outcomes and mortality from COVID-19 due to 
their prolonged severe immune dysfunction or suppression 
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Key Points for Decision Makers 

Economic evidence for COVID-19 interventions in 
transplant populations remains limited but suggests that 
broad-acting antivirals (e.g., nirmatrelvir–ritonavir) 
may offer good value in high-risk or immunocompro-
mised groups, with incremental cost-effectiveness ratios 
(ICERs) ranging from $440 to $126,676 per QALY 
gained. The ICER for Tixagevimab–cilgavimab PrEP 
was estimated at roughly $76,024 per QALY gained in 
transplant recipients, based on pre-Omicron data.

Cost-effectiveness is highly context-dependent and var-
ies with variant susceptibility, population risk profiles, 
model assumptions, and jurisdiction-specific health-
care costs. Results should therefore be interpreted and 
adapted within local epidemiologic and policy settings.  

and associated comorbidities [9–13]. For example, solid 
organ transplant (SOT) recipients exhibited higher risks of 
hospitalization, ICU admission, acute kidney injury, and 
mortality from severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection compared with non-transplant 
populations [14, 15].

While COVID-19 vaccines have proven highly effective 
in preventing SARS-CoV-2 infection, certain populations 
face challenges with vaccination, including low response 
rates, limited uptake, or vaccine intolerance [16]. Notably, 
solid organ transplant recipients—regardless of vaccina-
tion status—remain at elevated risk for severe COVID-19 
outcomes due to their immunocompromised state [17, 18]. 
As such, additional preventive and therapeutic strategies, 
such as monoclonal antibodies (mAbs) for treatment and 
pre-exposure prophylaxis (PrEP), have been introduced to 
protect these vulnerable populations. Despite the availability 
and clinical use of these interventions, there is a significant 
evidence gap regarding their economic value. Current lit-
erature provides limited insight into the cost effectiveness 
of COVID-19 therapeutics and PrEP in immunocompro-
mised populations, particularly those with SOTs. This lack 
of economic evidence hinders informed decision making 
by payers, clinicians, and policymakers who must balance 
clinical benefit with resource allocation. This study aims to 
fill this critical gap by systematically synthesizing available 
evidence on the cost effectiveness of COVID-19 treatments 
and PrEP strategies in solid organ and hematopoietic stem 
cell transplant (HSCT) populations. By doing so, it seeks to 
inform value-based healthcare decisions, guide resource pri-
oritization, and support the development of future economic 
evaluations tailored to these populations.

2 � Methods

This systematic review was conducted in accordance with 
the process and methods recommended by the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) guidelines [19] (Supplemental Appendix 1, see 
electronic supplementary material [ESM]).

2.1 � Protocol and Registration

The study protocol was pre-registered on the Open Science 
Framework (https://​doi.​org/​10.​17605/​OSF.​IO/​PD2XW).

2.2 � Eligibility Criteria

We included economic evaluation studies published in 
peer-reviewed journals or grey literature that provided cost-
effectiveness measures of COVID-19 therapeutics or mAbs 
PrEP. The inclusion criteria for this review were as follows: 
studies reporting on high-risk or immunocompromised pop-
ulations, including transplant recipients; studies providing 
clinical efficacy and cost data for COVID-19 therapeutics or 
prophylaxis; studies involving either adult or pediatric popu-
lations, as specified in the individual studies; and studies 
published in any language. The exclusion criteria included 
studies lacking relevant efficacy or cost data, animal or in-
vitro studies, and duplicates or conference abstracts without 
full-text availability.

2.3 � Information Sources

An experienced medical information specialist (BS) devel-
oped and tested the search strategies in consultation with 
the review team. Another senior information specialist peer-
reviewed the MEDLINE strategy prior to execution using 
the PRESS Checklist [20].

We searched Ovid MEDLINE® ALL and Embase Classic 
+ Embase, both of which include extensive preprint records, 
together encompassing more than 250,000 preprints at the 
time of our search, including over 44,000 from medRxiv. As 
many of these preprints were retrieved in our initial search, 
pilot testing demonstrated that a separate search of medRxiv 
identified no additional eligible studies. Because Cochrane 
Database of Systematic Reviews content is indexed in both 
MEDLINE and Embase, and CENTRAL aggregates records 
largely from these databases and trial registries, our cho-
sen databases provided comprehensive coverage of relevant 
material while avoiding unnecessary duplication. We also 
searched EconLit (Ebsco) and the Web of Science (core col-
lection). The initial searches were performed on February 
4, 2024. An updated search using the same databases was 
carried out on September 4, 2025.

https://doi.org/10.17605/OSF.IO/PD2XW
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The strategies utilized a combination of controlled vocab-
ulary and keywords (Supplemental Appendix 2, ESM). We 
initially conducted a transplant-focused search; however, 
because very few economic evaluations were identified, we 
performed an additional broader search that included studies 
of low-risk, high-risk, and immunocompromised individu-
als. This two-stage approach ensured that we did not miss 
economic evaluations reporting transplant-specific results 
embedded within larger mixed populations, a common fea-
ture of COVID-19 studies. There were no language or date 
restrictions on any of the searches.

We performed a targeted grey literature search to comple-
ment published studies and capture economic evaluations 
and reimbursement assessments that are often not indexed 
in bibliographic databases. Following the sources listed in 
Canada’s Drug Agency (CDA-AMC)’s Grey Matters [21], 
we searched major health technology assessment (HTA) and 
economic evaluation repositories, including CDA-AMC, 
National Institute for Health and Care Excellence, and other 
national HTA agencies. We also searched Google Scholar 
and COVID-END [22] to identify publicly available reports 
with sufficient methodological detail for extraction.

2.4 � Data Management

Covidence was used to manage and screen records. Data 
extraction was performed using Microsoft Excel, while 
Endnote was used for deduplication and bibliography 
management.

2.5 � Article Selection Process

Two reviewers (AG, YP) independently screened the titles 
and abstracts to assess study eligibility based on the pre-
specified inclusion criteria. Articles deemed potentially 
eligible were considered in a full-text review. Discrepan-
cies during either the title and abstract screening or the 
full-text review were resolved through discussion between 
the reviewers until a consensus was reached.

2.6 � Data Extraction Process

Two reviewers (AG, AV, MB, TS, JR, CT, or MX) inde-
pendently extracted data using a standardized data extrac-
tion form. Any discrepancies were discussed between the 
reviewers until a consensus was reached.

The extracted data included publication information, 
study design, study location and currency, perspective of 
economic evaluation, economic modeling methods, sen-
sitivity analyses conducted, willingness-to-pay (WTP) 
threshold, and specifics of the therapeutics or preventative 
treatments (including type and dosage). We also collected 

data on COVID-19 severity, comparators, population char-
acteristics, key model parameters (such as efficacy and 
cost), and results (total cost, total effectiveness, incre-
mental cost-effectiveness ratios [ICERs], incremental net 
benefits [INBs]). Where available, information on SARS-
Cov-2 variant and vaccination status were also recorded. 
Populations were categorized as high risk if they included 
older adults (60+ years), individuals who had not received 
all COVID-19 vaccine doses, or those living with obesity 
or chronic medical conditions [23]. Populations were clas-
sified as immunocompromised if they included individuals 
undergoing chemotherapy or radical radiotherapy, those 
with a history of hematological malignancy, receiving 
immunosuppressive or immunomodulating therapy, or 
individuals with a human immunodeficiency virus infec-
tion or genetic disorders affecting the immune system 
[24]. Studies that specifically identified transplant recipi-
ents were categorized separately, while recognizing that 
transplant recipients are, by definition, a subset of immu-
nocompromised patients.

2.7 � Assessment of Methodological Aspects 
of the Study

The methodological quality of the included studies was 
independently assessed by the two reviewers using the 
Joanna Briggs Institute (JBI) systematic review checklist 
for economic evaluations [25]. This tool examines key 
elements of study design, data sources, model structure, 
assumptions, and generalizability. Discrepancies between 
reviewers were resolved through discussion, and a third 
reviewer (KT) was consulted if consensus could not be 
reached.

2.8 � Data Synthesis

We performed a narrative synthesis and presented data in 
tabulated form, as substantial heterogeneity in study designs, 
populations, interventions, comparators, and outcome meas-
ures precluded a meaningful meta-analysis. Cost estimates 
were converted to 2025 US dollars (US$) to allow for com-
parison between studies, using Internal Revenue Service 
yearly average exchange rates for currency conversion and 
the US Consumer Price Index for inflation adjustment [26, 
27]. Studies were grouped by treatment type and/or popula-
tion subgroup to reflect differences in clinical use and tar-
get populations. Because several included studies evaluated 
interventions that were relevant early in the pandemic but 
are no longer recommended, these were therefore grouped 
and discussed separately to avoid conflating historical evi-
dence with current clinical practice. The primary outcome 
of interest was cost-effectiveness measures of COVID-19 
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therapeutics or mAbs PrEP. Total costs, total effectiveness, 
ICERs, and INB estimates were reported.

3 � Results

3.1 � Study Selection

A study flow diagram, presented in Fig.  1, outlines the 
review process. The initial and updated searches yielded 
8905 unique articles. Screening narrowed the selection 
to 95 articles for full-text review. After inclusion criteria 
were applied and consensus was reached, 60 articles were 
included in the final review. Of these, seven studies specifi-
cally focused on or included the transplant population.

3.2 � Study Characteristics

Table 1 summarizes the characteristics of the included 
studies, all of which were published between 2020 and 
2025. Among studies explicitly including or focusing on 
transplant populations, five performed cost-utility analyses 
(CUA) [28–32], one performed a cost-effectiveness anal-
ysis (CEA) [33] and one performed a cost-consequence 
analysis (CCA) [34]. Among these studies, two were 
performed in the United Kingdom [30, 31], three in the 
Netherlands [28, 32, 33], one in Thailand [29] and one 
in the United States [34]. Among the studies examining 
populations including high-risk and immunocompromised 
patients, 36 were CUAs [31, 35–70], and 17 studies were 
CEAs [71–87]. The geographic distribution of the studies 
included 19 studies conducted in the United States [35–43, 
47, 49, 62, 65, 67, 69, 70, 75, 77, 80], 10 in Europe [45, 
48, 50, 58–60, 66, 71, 83, 84], 14 in Asia [46, 54, 56, 57, 
61, 63, 64, 73, 76, 79, 82, 85–87], four in Russia [52, 53, 
74, 81], two in Africa [55, 72], one in Brazil [44], two in 
Canada [68, 78], and one in Turkey [51] (Supplementary 
Figure 1, ESM).

Five studies [28, 29, 52–54] examined mAbs COVID-
19 PrEP, specifically focusing on tixagevimab-cilgavimab 
(TIX-CIL). In contrast, 55 studies [30–51, 55–87] assessed 
the cost effectiveness of COVID-19 therapeutics. Among 
the treatments evaluated, the most studied were dexametha-
sone, remdesivir, baricitinib, casirivimab-imdevimab, mol-
nupiravir, and nirmatrelvir-ritonavir. Additional COVID-
19 treatments examined included tocilizumab, sotrovimab, 
favipiravir, lenzilumab, olokizumab, azvudine, vilobelimab, 
convalescent plasma, and levilimab. Details on study effi-
cacy inputs, including prevalent COVID-19 strain at the 
time of each study, are presented in Supplementary Table 1 
(ESM).

Among studies assessing mAbs COVID PrEP, four [28, 
52–54] considered no prophylaxis as a comparator and one 

study [29] compared TIX-CIL with COVID-19 vaccination 
versus COVID-19 vaccination alone. For studies evaluat-
ing COVID-19 therapeutics, most (n = 44) [30–35, 37–46, 
48–51, 55–57, 59, 61, 62, 64–73, 75–78, 80, 81, 83, 84] 
considered standard of care (SOC; best treatment available 
according to local guidelines and/or systemic corticoster-
oids) as a comparator, seven studies [36, 47, 63, 74, 79, 82, 
87] compared two or more COVID-19 therapeutics, while 
five studies used no specific treatment [33, 58, 60, 85] or 
only symptomatic treatment [86] as a comparator.

Studies employed various modeling approaches to com-
pare the costs and health outcomes of COVID-19 PrEP or 
treatment relative to their comparators. Twenty-two studies 
adopted hybrid modelling techniques [31, 32, 35, 37, 41–43, 
46, 48, 52, 53, 58, 59, 61–67, 79, 83]. Fourteen studies used 
a decision tree model [28, 33, 34, 39, 40, 45, 47, 51, 55, 60, 
68, 77, 82, 86], ten studies used a Markov model [29, 36, 38, 
49, 56, 69–71, 80, 81], and three studies used compartmental 
models [54, 72, 76]. Eleven studies performed person-level 
economic evaluations without modeling [30, 57, 75, 78, 85, 
87], or used other [44, 50, 73, 84] or unspecified [74, 84] 
modelling techniques.

In terms of study perspective, 26 studies adopted a public 
or private health payer perspective [28, 30, 31, 33, 35–37, 
39, 41, 42, 47, 48, 51, 55, 57, 60, 62–64, 68, 73, 78, 80, 83, 
85], 26 took a health system or healthcare sector perspec-
tive[29, 34, 38, 40, 43–46, 49, 50, 52–54, 58, 59, 61, 66, 
69–72, 76, 77, 79, 81, 86], and two studies took a health-
care provider perspective [82, 87]. Five studies considered a 
societal or modified societal perspective [32, 41, 56, 65, 67], 
one study used a hospital perspective [75], one study con-
sidered a consumer’s point of view [74], and one study did 
not specify a study perspective [84]. Notably, 25 studies [32, 
35–37, 41–43, 47–49, 51, 58–63, 65–67, 71, 75, 79, 81, 83] 
(42%) were fully or partially funded by industry sponsors. 
Key cost-effectiveness measures from the included studies 
are summarized in Table 2.

3.3 � Cost‑Effectiveness Results of Individual Studies

Cost-effectiveness results of the included studies summa-
rized by population groups and COVID-19 treatment types 
are presented in Table 2 and Supplementary Figures 2–6 
(see ESM).

3.3.1 � Pre‑exposure Prophylaxis and Therapeutic Options 
in Transplant Recipients

Two studies examined the cost effectiveness of mAbs PrEP 
in SOT or HSCT recipients, using efficacy inputs from 
studies conducted during periods of Alpha, Beta, Epsi-
lon, Gamma, and Omicron variant dominance [28, 29]. 
One study from Thailand reported an ICER of US$76,024/
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Fig. 1   PRISMA study flow diagram
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QALY over a lifetime horizon for TIX-CIL PrEP following 
COVID-19 vaccination compared with vaccination alone 
in organ transplant recipients [29]. In this study, the prob-
ability that TIX-CIL following COVID-19 vaccination was 
cost effective was 0–15% at a WTP of US$5028/QALY. 
Another study from the Netherlands, using a 90-day time 
horizon, found that TIX-CIL could be cost effective for high-
risk, immunocompromised individuals, including SOT and 
HSCT recipients, who have a high probability of SARS-
CoV-2 infection. This cost effectiveness was observed at a 
drug price of US$285 and a minimum effectiveness of 75% 
in reducing hospital (ward and ICU) admissions and death 
[28]. Five studies examined the cost effectiveness of antiviral 
therapies for COVID-19 in transplant populations (Fig. 2). 
A UK study reported ICERs for remdesivir compared with 
SOC over a lifetime horizon, ranging from US$13,439/
QALY for patients who were admitted to the hospital but did 
not require supplemental oxygen to US$113,875/QALY for 
those at high risk of hospitalization [31]. Another UK study 
with a 6-month time horizon evaluated the cost effectiveness 
of molnupiravir combined with SOC for high-risk, immuno-
compromised, and transplant patients during the Delta and 
Omicron variant dominance. The study reported an ICER of 
US$130,805/QALY [30]; however, the probabilities of this 
treatment being cost effective was <0.001% at WTP thresh-
olds ranging from US$24,034 to US$48,068/QALY. In the 
US, treating high-risk, immunocompromised and transplant 
patients with fluvoxamine was shown to reduce costs and 
avoid hospital days over a 28-day time horizon as compared 
with SOC, using efficacy inputs from the Gamma, Delta, 
and Omicron variant periods [34]. The cost effectiveness 
of nirmatrelvir/ritonavir (NMV/r) in transplant and immu-
nocompromised populations was assessed during the Delta 
and Omicron variant dominance. One study conducted in the 
Netherlands reported an ICER of US$440/QALY for NMV/r 
versus best supportive care among an immunocompromised 
subgroup, including patients with serious immune disorders, 
many of whom were solid organ or stem cell transplantation 
recipients [32]. In a Dutch evaluation of high-risk individu-
als, 17% of whom were SOT or HSCT recipients, NMV/r 
was unlikely to be cost effective during periods of low vari-
ant severity [33]. Key drivers of the cost effectiveness of 
mAbs PrEP and therapeutic options in transplant recipients 
include intervention efficacy, the probabilities of COVID-19 
infection, hospitalization, progression to severe infection and 
death from severe infection, treatment acquisition costs, and 
the costs of inpatient and critical care.

3.3.2 � Pre‑exposure Prophylaxis in High‑Risk 
and Immunocompromised Populations

Four studies assessed the cost effectiveness of TIX-CIL 
as PrEP, either alone or administered within weeks of a 

COVID-19 vaccine booster. While more effective, TIX-CIL 
was also more costly compared with no prophylaxis or vac-
cines alone [29, 52–54], with ICERs ranging widely based 
on population, time horizon, and context. In Thailand, ICERs 
for vaccinated populations ranged from US$1393/QALY in 
renal dialysis to US$464,659/QALY in autoimmune patients 
[29]. Comparisons with no prophylaxis were associated with 
ICERs of US$3982/QALY [53] to US$61,112/QALY [54] 
in high-risk and immunocompromised populations in Rus-
sia and South Korea. Cost-effectiveness estimates of mAbs 
PrEP in high-risk and immunocompromised populations 
depended on the prevalence of COVID-19 variants, with 
lower ICERs observed during delta variant prevalence. Key 
drivers of cost-effectiveness results included infection risk, 
severe COVID-19 mortality rates, cost, and mAbs efficacy.

3.3.3 � Antiviral Therapeutics in High‑Risk 
and Immunocompromised Populations

The cost effectiveness of antiviral therapeutics for high-risk 
and immunocompromised populations varied across studies, 
with results influenced by treatment efficacy, disease sever-
ity, and healthcare costs.

Remdesivir showed a wide range of cost-effectiveness 
findings. It was dominant compared with SOC over 1-year 
and lifetime horizons in US studies [38, 39]. ICERs ranged 
from dominant [82] to US$3,442,000/QALY [70], depend-
ing on the population, study location, time horizon, com-
parator, and COVID-19 severity. Remdesivir in combination 
with SOC was also dominant to SOC in two studies con-
ducted in Greece and Turkey examining the active disease 
phase [48, 51]. Other studies reported ICERs of US$17,012 
[50] to US$2,312,043/QALY [49] over lifetime horizons. 
Higher ICERs were reported in high-risk populations with 
mild COVID-19. Studies also demonstrated the cost effec-
tiveness of remdesivir compared with SOC [72, 78, 79, 82]. 
In CEA studies, remdesivir was dominant in hospitalized 
and non-ventilated patients, leading to reduced costs and 
better outcomes than SOC and favipiravir in South Africa, 
Canada, and the United Arab Emirates (UAE) [72, 78, 79]. 
Prevalent SARS-CoV-2 variants varied between studies 
but were primarily wild type and Alpha. Cost effectiveness 
was demonstrated across wild-type, Alpha, and Omicron-
dominant periods. ICERs of NMV/r ranged from dominant 
in Africa and Spain [55, 58] to US$161,445/QALY [45] in 
another Spanish study, compared with SOC over a lifetime 
horizon. It was cost effective for adults aged 80+ years and 
unvaccinated individuals but not cost effective for those 
aged 18–79 years over a 5-month time horizon in China, 
regardless of vaccination status [56]. In unvaccinated Afri-
can populations with mild-moderate COVID-19, ICERs 
ranged from dominant to US$28,901/disability-adjusted 
life year (DALY) averted over 30 days, varying by country 
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and hospitalization risk [55]. A Thai cost-effectiveness 
study reported that ICERs for preventing one unfavorable 
clinical outcome with NMV/r were US$448 compared with 
remdesivir and US$9356 compared with molnupiravir [82]. 
Korean and US CEAs showed increased costs of US$1587 to 
US$9790 per severe case averted in adults with underlying 
diseases or elderly patients [76, 77]. In the US, four alloca-
tion strategies for NMV/r showed ICERs ranging from dom-
inance in unvaccinated high-risk patients to US$1,642,640 
per hospitalization avoided for all patients [77]. In another 
US CEA, treatment of high-risk patients reduced costs and 
increased hospital days avoided compared with SOC [34]. 
In a German study, NMV/r compared with best supportive 
care reduced hospitalizations, ICU admissions, and deaths 
while increasing life years, yielding ICERs of US$12,128 
per hospitalization avoided and US$10,929 per life-year 
gained [83]. During the Omicron period in Malaysia, NMV/r 
added US$397 per patient and reduced hospitalization risk 
by 0.17%, resulting in an ICER of US$231,375 per hospi-
talization averted [85]. NMV/r cost effectiveness was mainly 
demonstrated during Omicron dominance.

Molnupiravir was dominant to SOC in one US study 
involving high-risk and immunocompromised individuals 
over a lifetime horizon [42]. In another US study, includ-
ing high-risk individuals, molnupiravir had an ICER of 
US$66,853/QALY [69]. In Japanese patients at high risk of 
progression to severe Covid-19, molnupiravir had an ICER 

of US$38,333/QALY versus best supportive care [61]. In a 
Korean CEA, it increased costs by US$8646 to US$32,306 
per severe case averted over 1 year when targeting adults 
with underlying conditions or elderly patients [76]. In 
Ghana, Rwanda, or Zambia, ICERs ranged from dominant 
to US$86,476/DALY averted over 30 days [55]. During 
the Omicron period in Italy, molnupiravir was dominant to 
SOC [84]. Studies conducted during Omicron predominance 
showed higher cost effectiveness than during Delta, Mu, or 
Gamma periods.

Baricitinib demonstrated ICERs ranging between 
US$7526 [31] to US$31,168/QALY [35], depending on 
treatment combinations and population characteristics, with 
cost effectiveness driven by efficacy and mechanical ventila-
tion rates. Dexamethasone was examined alone and in com-
bination with remdesivir and tocilizumab [38–41, 47]. In 
US studies, ICERs ranged from US$375 [47] to US$35,169/
QALY [41], with lower ICERs observed in severe infec-
tions. In South Africa, combinations with remdesivir were 
dominant in high-risk populations [72]. Baricitinib and 
dexamethasone demonstrated cost effectiveness during the 
wild-type, D614G, and Alpha-predominant periods; how-
ever, their cost effectiveness has not been evaluated for later-
emerging variants.

Casirivimab-imdevimab was found to be cost effective or 
cost saving across multiple studies conducted during peri-
ods of wild-type, D614G, and Alpha predominance. A US 

Fig. 2   Cost effectiveness of COVID-19 therapeutics among transplant populations. NMV/r nirmatrelvir/ritonavir, QALY quality-adjusted life 
year, REM remdesivir, SOC standard of care, WTP willingness to pay
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CUA reported an ICER of US$4924/QALY [38] compared 
with SOC over a lifetime horizon, while another US study 
found it cost effective for patients aged 40+ years with ≥ 
2% hospitalization risk or aged 20+ years with ≥ 4% risk 
[37]. Two CEAs also evaluated casirivimab-imdevimab ver-
sus SOC among individuals at high risk of progression to 
severe COVID-19 [57, 71]. Among Italian outpatients with 
mild–moderate SARS-CoV-2, it was cost saving, reducing 
hospitalizations, ICU admissions, and deaths over a 20-week 
period [71]. In Singapore, casirivimab-imdevimab was cost 
effective in all scenarios, with costs per DALY averted rang-
ing from − US$2229 to $14,121 [57].

Cost-effectiveness analyses of other COVID-19 thera-
peutics showed mixed results. Tocilizumab had ICERs 
ranging from US$9165/QALY in the UK to US$51,755/
QALY in the US for patients requiring oxygen support [31, 
62]. Sotrovimab was cost effective at US$49,271/QALY in 
the UK among high-risk hospitalized patients [31] but had 
an ICER of US$80,255/QALY [69] in US outpatients over 
a lifetime horizon. The cost effectiveness of favipiravir 
was primarily assessed during the predominance of ear-
lier COVID-19 variants, including the wild type, D614G, 
Alpha, and Delta. Compared with SOC, favipiravir was 
cost saving over a 5-month horizon in Saudi Arabia for 
patients with moderate–severe COVID-19 [73] but associ-
ated with an ICER of US$36,103/death averted over 1 year 
among hospitalized COVID-19 patients in the UAE [79]. 
The cost per frequency of complete elimination of the 
virus was higher for favipiravir compared with umifenovir 
in mild infections and was lower than remdesivir for mod-
erate–severe infections in Russia [74]. In an Indonesian 
CEA, favipiravir + levofloxacin + N-acetylcysteine was 
dominant over four alternative regimens for moderate-to-
severe COVID-19 inpatients, including combinations with 
azithromycin and/or remdesivir [87]. In a US study, lenzi-
lumab reduced costs and increased resource availability, 
including ICU and hospital bed days over a horizon of 28 
days [75]. For Russian patients with cytokine storm symp-
toms, tocilizumab, olokizumab, and levilimab combined 
with glucocorticosteroids had incremental costs per life 
saved ranging from US$3045 to US$4564 over 20 days 
[81]. Vilobelimab in combination with SOC resulted in 
ICERs ranging from US$8300 [67] to US$23,765/QALY 
[65] versus SOC alone in treatment of patients with severe 
Covid-19 in the US during the predominance of D614G, 
B.1.177, Alpha and Delta variants. The ICER of azvu-
dine for treating mild–moderate COVID-19 among high-
risk outpatients in China during the Omicron period was 
US$17,913 per patient [86]. Key cost-effectiveness drivers 
included treatment efficacy, time to recovery, treatment 
and healthcare costs, probabilities of death, ICU admission 
and hospitalization, and patient characteristics such as age 
and comorbidities.

Interferon-B1a, lopinavir-ritonavir, and hydroxychlo-
roquine demonstrated negative QALY increments (domi-
nated by their comparators) in the US, with cost per QALY 
lost ranging from US$6504 to US$76,525 [38]. Fluvox-
amine was cost effective in 100% of PSA iterations (ICER 
US$7843/QALY) [69] among high-risk US outpatients 
over a lifetime horizon during periods of Gamma, Zeta, 
and Delta variant predominance. Statins also reduced costs 
while improving efficacy in hospitalized patients over a 
4-week horizon in a US study [80]. These therapeutics 
were evaluated during the early phases of the COVID-19 
pandemic; however, based on subsequent clinical evidence 
and updated guideline recommendations, they are now 
either no longer authorized, no longer recommended, or 
considered clinically irrelevant in current practice.

3.4 � Risk of Bias in Individual Studies

The methodological quality of the included economic 
evaluation studies is presented in Supplementary Table 2 
(ESM). The studies demonstrated varying levels of 
methodological rigour. All included studies (n = 60/60) 
included a well-defined research question, and most stud-
ies accurately valued costs and outcomes (n = 47/60) and 
conducted incremental analyses (n = 58/60) and sensitivity 
analyses (n = 51/60). However, several limitations were 
identified. Many studies did not clearly describe the SOC 
options (n = 29/60) and lacked completeness in identifying 
relevant costs and consequences (n = 31/60). Uncertainty 
in clinical effectiveness and cost measurements was also 
evident (n = 16/60), with important resource categories, 
such as readmissions and rehabilitation, often overlooked. 
Additionally, the generalizability of results was limited, 
as efficacy inputs were frequently derived from controlled 
trial conditions with variant-specific susceptibility that 
may not reflect real-world practice (n = 44/60).

4 � Discussion

Our systematic review identified very few economic 
evaluations conducted specifically in transplant popula-
tions, including SOT and HSCT recipients. Two studies 
examined the cost effectiveness of mAb PrEP in transplant 
recipients, with results differing by the study location, effi-
cacy and cost estimates utilized in models, and popula-
tion group examined, including their vaccination status. 
For antiviral therapies, remdesivir demonstrated ICERs 
ranging from US$14,866/QALY to US$109,513/QALY 
across studies, while molnupiravir combined with SOC 
was not cost effective in a UK study that included trans-
plant and other high-risk populations. Studies performed 
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in the Netherlands found that NMV/r was not cost effective 
over a 90-day time horizon during the period of low dis-
ease severity; however, using a lifetime horizon, it showed 
a very low ICER (approximately US$440/QALY) among 
immunocompromised patients, including transplant recipi-
ents. These findings illustrate the substantial heterogeneity 
across studies in terms of target population, baseline risk, 
variant period, and local cost structures, which should be 
considered when interpreting their relevance for current 
clinical practice.

The ICERs of COVID-19 therapies varied widely due 
to differences in country-specific healthcare costs, popu-
lation risk profiles, treatment combinations, comparators, 
model structures/assumptions, and analytical perspectives. 
These differences make direct comparison challenging and 
limit the generalizability of individual studies across juris-
dictions. Variation in treatment efficacy estimates further 
contributes to this heterogeneity. Many evaluations drew 
on clinical trials conducted during earlier variant periods, 
such as Alpha, Beta, Epsilon, Gamma, Delta, or wild-type 
SARS-CoV-2, while others incorporated data from later 
waves dominated by Omicron. For example, most mAb 
PrEP evaluations relied on efficacy estimates from pre-
Omicron trials; the subsequent emergence of Omicron sub-
variants resistant to TIX-CIL led to its withdrawal in the 
United States [88]. Similarly, evaluations of baricitinib, 
dexamethasone, and casirivimab-imdevimab were based 
on efficacy observed during earlier, more severe variant 
waves, while trials informing molnupiravir and NMV/r 
were conducted during the Gamma, Mu, Delta, and early 
Omicron circulation. As a result, cost-effectiveness find-
ings anchored in variant-specific efficacy are not readily 
transferable to scenarios involving newer or rapidly evolv-
ing strains.

In addition, treatments with broad antiviral activity, 
such as NMV/r, may demonstrate more stable cost effec-
tiveness across variant periods, whereas monoclonal 
antibodies and other variant-sensitive strategies require 
continual reassessment as viral susceptibility changes. 
Furthermore, the widespread rollout of vaccination cam-
paigns has substantially reduced baseline risks of hospi-
talization and death in the general population, lowering 
the incremental benefit of both therapeutics and PrEP in 
many settings. However, this effect is less predictable in 
immunocompromised or under-vaccinated groups, such 
as transplant recipients, where vaccine response remains 
attenuated and the absolute benefit of additional inter-
ventions may still be considerable. These considerations 
underscore the need for cost-effectiveness analyses that 
incorporate evolving viral epidemiology, variant suscepti-
bility, and population-level immunity, and underscore the 
importance of context-specific interpretation when apply-
ing these findings to policy decisions.

Moreover, cost inputs varied substantially across studies 
due to differences in healthcare financing systems, health-
care delivery, analytical perspectives, and data availability. 
Hospitalization probabilities also fluctuated across jurisdic-
tions, depending on local variant-specific risks and popula-
tion vaccination status. These contextual factors are particu-
larly consequential for transplant recipients, whose baseline 
risks of hospitalization, invasive mechanical ventilation, and 
death remain elevated due to underlying immunosuppression 
and comorbidities. Country-specific factors, such as drug 
acquisition costs, hospitalization and ICU costs, and assump-
tions regarding baseline risk and variant-specific treatment 
efficacy, further shape cost-effectiveness outcomes. Differ-
ences in WTP thresholds and health utility estimates across 
settings can also lead to different conclusions about whether 
an intervention is considered cost effective. Together, these 
factors highlight the need for local adaptation when inter-
preting cost-effectiveness evidence. Scenario analyses that 
incorporate jurisdiction-specific costs, risk profiles, variant 
epidemiology, and decision thresholds are essential to sup-
port policymakers in applying these findings within their 
own healthcare systems.

At the time of this review, three systematic reviews had 
assessed the costs and cost effectiveness of COVID-19 
prevention and treatment strategies. Rezapour et al. dem-
onstrated that remdesivir was cost effective compared with 
SOC in high- and middle-income countries, including China, 
Turkey, and South Africa, while studies in the United States 
yielded mixed results [89]. They also found that combin-
ing remdesivir with baricitinib was cost effective compared 
with remdesivir alone. Murton et al. showed that remdesivir 
could reduce hospital bed occupancy by 6% to 21.3% and it 
was cost effective in three out of four economic evaluations. 
Their findings highlighted the importance of context-specific 
evaluations, particularly in lower-income settings where data 
remain sparse [90]. Additionally, Elvidge et al. conducted an 
updated systematic review identifying 18 studies evaluating 
antivirals, immunotherapies, and corticosteroids. They iden-
tified key gaps, including a lack of head-to-head compari-
sons, limited disease-specific utility values, and few analyses 
incorporating the impact of viral variants [91].

Our review builds upon these prior studies by focusing 
specifically on high-risk, immunocompromised, and trans-
plant populations—groups that were underrepresented in 
earlier reviews. We also incorporate recent evidence up to 
September 2025, capturing updated insights into both mAb 
PrEP and COVID-19 treatments. This review is the first to 
evaluate the cost effectiveness of these interventions in the 
context of population-specific factors, such as vaccination 
status and variant-specific risks. By doing so, we provide 
timely and relevant evidence to guide resource allocation for 
vulnerable populations. We also assessed the methodological 
quality of the included studies. Most studies clearly defined 
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research questions, valued costs and outcomes appropriately, 
and conducted sensitivity analyses. However, many lacked 
adequate descriptions of standard-of-care comparators and 
omitted key costs such as readmissions and rehabilitation. 
These gaps may underestimate the true economic burden of 
COVID-19 and reduce the relevance of findings for policy-
makers and payers.

Uncertainty in clinical effectiveness and cost measure-
ments further weakens the reliability of results. Many stud-
ies rely on efficacy data from controlled trials, which may 
not reflect real-world conditions. These trials often do not 
account for factors such as limited healthcare resources or 
differences in care delivery. As a result, their findings may 
not apply well to routine clinical settings. Most studies also 
exclude long-term health outcomes and societal perspec-
tives. This limits the ability to fully assess the broader eco-
nomic impact of interventions, such as productivity losses 
or long-term disability. Many studies use variant-specific 
effectiveness data and country-specific cost inputs. While 
necessary for local relevance, this makes it difficult to apply 
findings to other countries or future scenarios involving new 
COVID-19 variants. Despite these challenges, this review 
has several strengths. It includes recent evidence covering a 
broad range of therapies and preventive treatments, as well 
as diverse patient populations, including transplant recipi-
ents. By including studies from both high- and low-income 
countries, our findings contribute to a broader understanding 
of the economic value of COVID-19 mAb PrEP and treat-
ments. The use of comprehensive search strategies across 
multiple electronic databases and grey literature, without 
language restrictions, further enhances the overall rigor and 
inclusiveness of this review.

However, significant limitations should be acknowledged. 
Sponsorship bias is a potential concern, as over 40% of the 
included studies were at least partially funded by pharma-
ceutical companies [92]. This level of industry involvement 
is common in health technology assessment of emerging 
therapeutics, where early economic evidence is often gener-
ated by manufacturers as part of reimbursement submissions. 
Although we did not observe clear or systematic differences 
in the direction or magnitude of results between industry-
sponsored and independent studies, the potential for subtle 
influences, such as selective comparator choice, optimistic 
efficacy assumptions, or favorable scenario analyses, can-
not be excluded. Given these possibilities, and the inherent 
difficulty of quantifying their impact within a heterogeneous 
evidence base, the results presented in this review should be 
interpreted with appropriate caution, particularly when con-
sidering policy decisions. Furthermore, many studies had 
methodological limitations that may affect the validity and 
generalizability of their findings. Incomplete identification of 
relevant costs and outcomes, limited transparency in model 
structure, and insufficient reporting of key assumptions can 

lead to ICERs that appear favorable but do not fully capture 
the economic and clinical burden of COVID-19—particularly 
for high-risk or immunocompromised populations. Such issues 
underscore the importance of careful appraisal when using 
economic evidence to inform reimbursement or policy deci-
sions. In addition, several evaluations were conducted early in 
the pandemic and relied on clinical efficacy data from variants 
that are no longer circulating or from interventions that have 
since lost relevance. While these studies have limited appli-
cability to current policy decisions, they remain informative 
for understanding how economic evidence evolved over time. 
Finally, because few studies reported outcomes specifically for 
transplant recipients, we were unable to distinguish between 
solid organ and hematopoietic stem cell transplant populations. 
As a result, we grouped all transplant types together, which 
may obscure clinically meaningful differences in baseline 
risk, treatment response, and cost effectiveness between these 
subgroups.

To improve the quality, transparency, and policy relevance 
of future economic evaluations, researchers should follow 
established best practice guidelines [93, 94]. This includes 
clearly describing comparators, comprehensively identifying 
all relevant costs and consequences, and incorporating real-
world data where possible. Studies should also transparently 
describe funding sources and potential conflicts of interest. 
These improvements will be essential for generating robust, 
generalizable evidence that can meaningfully inform reim-
bursement and resource-allocation decisions for high-risk and 
immunocompromised populations, including SOT and HCST 
recipients, whose risk profiles and clinical needs continue to 
evolve as the pandemic landscape changes.

5 � Conclusion

Our systematic review demonstrates that the cost effective-
ness of COVID-19 treatments and prevention strategies 
in transplant populations remains limited, heterogeneous, 
and context dependent. Variation in geographic settings, 
population vaccination levels, circulating variants, hos-
pitalization risks, patient demographics, comparators, 
and model assumptions contributes to wide differences in 
cost-effectiveness estimates. These inconsistencies high-
light the need for more rigorous, transparent, and context-
specific economic evaluations tailored to the clinical reali-
ties of transplant recipients. Nonetheless, several clinical 
and policy implications emerge. Broad-acting antivirals 
tend to provide consistent value across epidemiologic 
contexts, whereas monoclonal antibody PrEP is highly 
sensitive to variant susceptibility and requires ongoing 
reassessment. Although declining hospitalization rates in 
the general population may reduce the cost effectiveness 
of additional interventions, transplant recipients and other 



Value of Pre-prophylaxis and Therapeutic Options for COVID-19 in Transplant Recipients

immunocompromised patients, who remain at elevated 
risk, may continue to benefit clinically and economically.

Cost effectiveness is strongly influenced by local 
healthcare costs, baseline risk, vaccination status, vari-
ant-specific efficacy, and jurisdictional willingness-to-pay 
thresholds; therefore, findings should be adapted to local 
contexts. Future economic evaluations should incorporate 
variant-specific effectiveness, real-world vaccine response, 
long-term COVID-19 outcomes, and societal impacts to 
better inform resource allocation and support decision 
making for transplant and other high-risk populations.
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