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Background: The role of remdesivir in the treatment of hospitalized patients with COVID-19 remains ill-defined. We conducted a 
cost-effectiveness analysis alongside the Canadian Treatments for COVID-19 (CATCO) open-label, randomized clinical trial evaluat-
ing remdesivir.

Methods: Patients with COVID-19 in Canadian hospitals from Aug. 14, 2020, to Apr. 1, 2021, were randomly assigned to 
receive remdesivir plus usual care versus usual care alone. Taking a public health care payer’s perspective, we collected in-
hospital outcomes and health care resource utilization alongside estimated unit costs in 2020 Canadian dollars over a time hor
izon from randomization to hospital discharge or death. Data from 1281 adults admitted to 52 hospitals in 6 Canadian provinces 
were analyzed. 

Results: The total mean cost per patient was $37 918 (standard deviation [SD] $42 413; 95% confidence interval [CI] $34 617 to 
$41 220) for patients randomly assigned to the remdesivir group and $38 026 (SD $46 021; 95% CI $34 480 to $41 573) for patients 
receiving usual care (incremental cost –$108 [95% CI –$4953 to $4737], p > 0.9). The difference in proportions of in-hospital deaths 
between remdesivir and usual care groups was –3.9% (18.7% v. 22.6%, 95% CI –8.3% to 1.0%, p = 0.09). The difference in pro-
portions of incident invasive mechanical ventilation events between groups was –7.0% (8.0% v. 15.0%, 95% CI –10.6% to –3.4%, 
p = 0.006), whereas the difference in proportions of total mechanical ventilation events between groups was –5.7% (16.4% v. 
22.1%, 95% CI –10.0% to –1.4%, p = 0.01). Remdesivir was the dominant intervention (but only marginally less costly, with mildly 
lower mortality) with an incalculable incremental cost effectiveness ratio; we report results of incremental costs and incremental 
effects separately. For willingness-to-pay thresholds of $0, $20 000, $50 000 and $100 000 per death averted, a strategy using rem-
desivir was cost-effective in 60%, 67%, 74% and 79% of simulations, respectively. The remdesivir costs were the fifth highest cost 
driver, offset by shorter lengths of stay and less mechanical ventilation. 

Interpretation: From a health care payer perspective, treating 
patients hospitalized with COVID-19 with remdesivir and usual care 
appears to be preferrable to treating with usual care alone, albeit with 
marginal incremental cost and small clinical effects. The added cost of 
remdesivir was offset by shorter lengths of stay in the intensive care 
unit and less need for ventilation. Study registration: ClinicalTrials.
gov, no. NCT04330690

Abstract

Research

Competing interests: See the end of the article.

This article has been peer reviewed.

Correspondence to: Vincent Lau, vince.lau@ualberta.ca

CMAJ Open 2022 September 6. DOI:10.9778/cmajo.20220077



Research

E808	 CMAJ OPEN, 10(3)	

The role of remdesivir in treating hospitalized 
patients with COVID-19 remains uncertain.1–3 
Remdesivir, a repurposed antiviral medication, 

has received regulatory approval from Health Canada for 
treatment of patients with COVID-19 pneumonia requir-
ing supplemental oxygen. This was based on clinical trial 
data documenting faster time to recovery.4 Remdesivir’s 
impact on other clinical outcomes, including deaths and 
post-hospitalization outcomes, has yet to be determined.5 
Recommendations have varied for or against the use of 
remdesivir in patients with COVID-19 by different gov-
erning bodies.1–3

The World Health Organization (WHO) Solidarity trial5 
is a global, pragmatic clinical trial examining the effects of 
various therapeutics in COVID-19, with final remdesivir 
results pending publication.5 Canadian Treatments for 
COVID-19 (CATCO) is the Canadian arm of the Solidarity 
trial, which showed that use of remdesivir led to a modest but 
significant reduction in the need for mechanical ventilation, 
but not a significant difference in hospital mortality.6 There 
are substantial drug acquisition costs for remdesivir; there-
fore, a health economic evaluation is an important compon
ent in health care system decision-making for its use. Other 
jurisdictions have showed cost-effectiveness or dominance of 
remdesivir compared with supportive care,7 although most 
studies were model-based.8,9

We conducted a cost-effectiveness analysis (E-CATCO) 
alongside the CATCO trial assessing remdesivir plus usual 

care versus usual care alone by measuring health care 
resource utilization and costs and clinical outcomes in the 2 
treatment arms for hospitalized adults with COVID-19.

Methods

The primary objective of E-CATCO was to estimate the 
incremental costs per survivor associated with the use of rem-
desivir plus usual care (remdesivir group) versus usual care 
alone (usual care group) in patients hospitalized with COVID-
19. Our secondary objective was to assess the cost-effectiveness 
of preventing 1 episode of invasive mechanical ventilation.6 
We performed the economic evaluation from the public health 
care payer’s perspective, over the time horizon from random-
ization to discharge or in-hospital death (Table 1).10

We developed the economic evaluation according to cost-
effectiveness analysis recommendations,11 including from the 
Canadian Agency for Drugs and Technologies in Health 
(CADTH),12 and the Consolidated Health Economic Evalua-
tion Reporting Standards (CHEERS)13 checklist (Appendix 1, 
Supplemental Table 1, available at www.cmajopen.ca/​
content/10/3/E807/suppl/DC1). The CATCO trial was con-
ducted in accordance with Good Clinical Practice guidelines 
of the International Council for Harmonisation of Technical 
Requirements for Pharmaceuticals for Human Use.14 A priori 
informed or deferred consent for participation in the 
CATCO trial was obtained from each trial participant or their 
substitute decision-maker.6

Table 1: Summary of health economic evaluation framework (E-CATCO)

Question Is the use of remdesivir as compared with standard care without remdesivir cost-effective for the prevention of 
death and other clinically important outcomes (invasive mechanical ventilation) in adult, hospitalized patients with 
COVID-19 in the CATCO trial?

Perspective Health care public payer (in-hospital costs)

Setting Adult, hospitalized patients with COVID-19 (52 centres, 6 provinces in Canada: British Columbia, Alberta, 
Manitoba, Ontario, Quebec, Newfoundland and Labrador)

Comparators Remdesivir group: Remdesivir 200 mg intravenous initially and 100 mg on days 1 up to 9 (or until discontinued by 
treatment team) plus usual care
versus
Usual care group: usual care without remdesivir

Time horizon From participant randomization to hospital discharge or death (nonfixed time span)

Discount rate No discounting (no long-term follow-up > 1 yr)

Clinical outcomes In-hospital mortality, invasive mechanical ventilation

Costs Direct medical costs associated with treatment and complications (ICU and ward hoteling costs, personnel, 
medications, laboratory and radiology, and procedures and surgeries) per jurisdiction
Mean unit cost approach (across all jurisdictions) for missing unit costs per jurisdiction

Evaluation Primary outcome: ICERs per in-hospital death averted
Secondary outcomes: ICERs for other clinically important outcomes: incremental cost per invasive mechanical 
ventilation event averted

Currency (price date) Canadian dollars (2020)

Uncertainty Nonparametric bootstrapping to produce confidence intervals (probabilistic sensitivity analysis)
Cost sampling from publicly available databases (6 jurisdictions)
Sensitivity analyses to deal with structural and methodological uncertainty

Note: CATCO = Canadian Treatments for COVID-19, E-CATCO = economic evaluation alongside CATCO, ICER = incremental cost-effectiveness ratio, ICU = intensive care unit.



Research

	 CMAJ OPEN, 10(3)	 E809    

Patients
CATCO was a pragmatic, adaptive, multicentre randomized 
controlled trial, in which multiple agents were compared 
against the available standard of care in an open-label fashion. 
Detailed eligibility criteria are described elsewhere.6

Eligible patients were randomized in a 1:1 ratio to remdesi-
vir plus usual care (remdesivir group) versus usual care alone 
(usual care group) during periods when remdesivir was avail-
able. Patients randomly assigned to remdesivir received 200 mg 
intravenously initially, followed by 100 mg intravenously for up 
to 9 additional days (or until discontinued by the treatment 
team at the physician’s discretion or hospital discharge, which-
ever came first) plus usual care. Patients randomly assigned to 
the control arm received usual care without remdesivir. Usual 
care was dynamic but left to local standards and the treating 
clinician, including co-interventions, such as dexamethasone, 
therapeutic anticoagulation and tocilizumab. Patients were dis-
charged when they were deemed clinically eligible by the treat-
ing team, and the study intervention was stopped if this was 
before completion of a full treatment course.6 Patient follow-up 
was until hospital discharge or death.

From Aug. 14, 2020, to Apr. 1, 2021, 1282 adult, hospitalized, 
laboratory-confirmed COVID-19 patients (full CONSORT 
[Consolidated Standards of Reporting Trials] diagram presented 
elsewhere) were randomized in CATCO (remdesivir domain).6 
Patients were enrolled in 1 of 52 hospitals from 6 Canadian 
provinces (British Columbia, Alberta, Manitoba, Ontario, Que-
bec, Newfoundland and Labrador). We determined unit costs 
after the last patient was recruited in CATCO and before con-
ducting the primary CATCO outcome analyses. One patient 
was excluded from analyses owing to incomplete data collection. 
In the final analysis, 1281 patients were included: 634 in the 
remdesivir group and 647 in the usual care group.6

Clinical outcomes
We collected the clinical effects, frequencies or proportions, 
and per-patient event rates for all randomized patients as part 
of the CATCO trial, and analyzed with the intention-to-treat 
principle. The primary clinical outcome of this economic 
evaluation was the incremental difference in hospital mortal-
ity. The secondary clinical outcome was episodes of invasive 
mechanical ventilation. Given the in-hospital time horizon 
and emphasis on mortality, health-related quality of life was 
not measured, and we did not estimate quality-adjusted life-
years or extrapolate lifetime outcomes.

Unit costs and health resource use
Based on a predefined list of items (based on CATCO case-
report forms), the E-CATCO steering committee reviewed 
the relative importance of cost variables before analysis to 
guide the number of variables included. Similar methodology 
has been described elsewhere.15

A line-item list of unit costs and health care resource use was 
devised, using categories including the following: medications, 
personnel, diagnostic radiology and laboratory testing, operations 
and procedures, and per-day hospital (e.g., hoteling) costs not 
otherwise encompassed, in accordance with recommendations on 

measuring resource use.10,16–18 Total costing (resource use 
multiplied by unit cost) methodology is similarly described 
elsewhere.15 Duplicate disaggregate unit costs reported at a 
site level were removed, to avoid double-counting.15

We preferentially recorded unit costs published by public 
health care payers (e.g., provincial schedule of benefits, for-
mularies from jurisdictions) as an estimation of unit costs.12 A 
jurisdiction was defined as a region (e.g., province) that is 
responsible for the costing and delivery of health care.12 For 
unit costs not available through the public sources, we 
extracted unit costs from the main study site (Sunnybrook 
Hospital). We obtained costing data with assistance from hos-
pital unit managers, accounting, human resources, pharmacy, 
radiology or laboratory departments, where possible. If a spe-
cific line-item unit cost was not attainable for a specific juris-
diction, we used a mean unit cost approach for the jurisdic-
tions that reported unit costs.15,19,20

Costing, primary cost-effectiveness analysis, and 
subgroup and sensitivity analyses
We used descriptive epidemiologic analyses, including means 
(with standard deviations [SDs]), counts and proportions to 
describe baseline characteristics, effect and cost estimates. We 
adjusted all costs to 2020 Canadian dollars.21 Continuous data 
were presented as means and SDs or medians and interquartile 
ranges (IQRs), which were compared (where appropriate) 
using a t-test or Wilcoxon rank-sum test, with 95% confidence 
intervals (CIs) for differences in means reported, where applic
able. Categorical variables and proportions were compared 
using the Pearson χ2 or Fisher exact tests as appropriate.

For our base-case primary analysis, individual resource utiliz
ation was multiplied by jurisdiction unit costs to calculate indi-
vidual patient total costs. We estimated appropriate “standard 
dose” for nontitrated medications (e.g., antibiotics) and a clinic
ally appropriate “medium dose” for various titratable medica-
tions (e.g., vasoactive medications, sedatives and analgesics, 
neuromuscular blockers). Appendix 2, Supplemental Table 2, 
available at www.cmajopen.ca/content/10/3/E807/suppl/DC1, 
outlines assumptions for estimating other resource utilization.

We calculated total costs for remdesivir and usual care 
groups by summing each of the individual patient costs, and 
we then divided by the number of patients in each group to 
calculate the mean cost per patient for each group. Incremen-
tal costs were defined as the difference in mean per-patient 
costs between groups and incremental effects as the difference 
in proportions of clinical outcomes between groups (given dif-
fering sample sizes between groups).15

The incremental cost-effectiveness ratio (ICER) measured 
the ratio of incremental costs of the remdesivir group versus 
the usual care group per incremental clinical outcome (e.g., 
death, invasive mechanical ventilation event averted).10,13 If 
ICERs were negative, incremental costs and incremental 
effects were reported separately. Similar methodology has 
been previously described.15,19,20

We conducted prespecified subgroup analyses (as outlined 
in CACTO) according to age (< 55 yr, ≥ 55 yr), sex (male, 
female) and illness severity at randomization based on the 
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WHO Ordinal Scale.5,6 Multivariable linear regression and 
logistic regression modelling were used to determine the 
significance of any interactions between subgroups for cost and 
mortality, respectively.

To assess the uncertainty associated with cost and effects esti-
mation, we used nonparametric bootstrapping with replacement 
techniques. We generated 1000 simulated costs and effects for 
individual patients, for remdesivir plus usual care and usual care 
alone groups, for all outcomes. Each of the 1000 bootstraps 
were to the size of the original sample within each treatment 
arm (remdesivir and control). These were plotted on cost-
effectiveness planes. Cost-effectiveness acceptability curves were 
used to present the probability of remdesivir being cost-effective 
over a wide range of willingness-to-pay thresholds. A tornado 
diagram was constructed to describe the major cost drivers.10

We performed multiple sensitivity analyses with variations 
of estimates of pairs of potentially influential variables (e.g., 
ranges of remdesivir cost, hoteling costs, and intensive care 
unit [ICU] and ward nursing ratios) across plausible ranges to 
determine whether different estimates changed the overall 
results. All analyses were performed using Excel version 
14.0.6 (Microsoft Corp) and SAS version 9.4.

Ethics approval
This study was approved by local research ethics boards and 
coordinated by Sunnybrook Research Institute at the University 
of Toronto.

Results

The characteristics of the patients included in the E-CATCO 
study are as published in the main CATCO trial report.6 The 
full cost-effectiveness analysis data set (including cost-
effectiveness planes, cost-effectiveness acceptability curves and 
nonparametric bootstrap sampling) are available on request 
from the corresponding author.  

Clinical outcomes and incremental effects
The difference in proportions of in-hospital deaths between 
remdesivir and usual care groups was –3.9% (18.7% remdesi-
vir v. 22.6% usual care, 95% CI –8.3% to 1.0%, p = 0.09). The 
difference in proportions of incident invasive mechanical 
ventilation events between groups was –7.0% (8.0% remdesi-
vir v. 15.0% usual care, 95% CI –10.6% to –3.4%, p < 0.006), 
whereas the difference in proportions of total invasive mechan-
ical ventilation events between groups was –5.7% (16.4% rem-
desivir v. 22.1% usual care, 95% CI –10.0% to –1.4%, p = 
0.01). The difference in ICU length of stay was as follows: 
2340 (remdesivir) versus 3045 (usual care) total days, absolute 
difference –705 days, mean 3.7 (SD 6.8) days (remdesivir) ver-
sus 4.7 (SD 8.1) days (usual care), mean difference –1.0 days 
per patient (95% CI –0.2 d to –1.8 d, p = 0.02) (Table 2).6

Health care resource use and costs
Resource utilization and mean unit cost are outlined in 
Table 3. The mean cost per patient was $37 918 (SD $42 413, 
95% CI $34 617 to $41 220) for the remdesivir group, and the 
mean cost per patient was $38 026 (SD 46 021, 95% CI 
$34 480 to $41 573) for the usual care group. The incremental 
cost per patient was –$108 (SD $62 584, 95% CI –$4953 to 
$4737, p > 0.9) (Table 3).

Cost-effectiveness, subgroup and sensitivity 
analyses
In the base-case primary analysis of death averted with remde-
sivir versus usual care (Table 2), the ICER was incalculable 
owing to dominance of remdesivir (marginally less costly, 
marginally more effective) over usual care alone on the cost-
effectiveness plane (Figure 1; Table 2). The ICERs and 
cost-effectiveness plots for invasive mechanical ventilation 
(secondary objective) are presented in Table 3 and Appen-
dix 3, Supplemental Figure 1, available at www.cmajopen.
ca/​content​/10/3/E807/suppl/DC1. The ICER for invasive 

Table 2: Incremental cost-effectiveness ratios for primary outcome of mortality and secondary 
outcome of invasive mechanical ventilation averted (mean cost and effects, per patient) in E-CATCO 

Variable Cost, Can$ Deaths averted ICER

Cost-effectiveness (in-hospital mortality)

    Remdesivir 37 918.42 0.809

    Placebo 38 026.40 0.771 Remdesivir dominant 
($ per death averted)

    Incremental difference –$107.98 0.038

Cost-effectiveness (IMV)

Variable Cost, Can$ IMV events averted ICER

    Remdesivir 37 918.42 0.836

    Placebo 38 026.40 0.779 Remdesivir dominant 
($ per IMV averted)

    Incremental difference –$107.98 0.057

Note: CATCO = Canadian Treatments for COVID-19, CI = confidence interval, E-CATCO = economic evaluation alongside CATCO, 
ICER = incremental cost-effectiveness ratio, IMV = invasive mechanical ventilation.
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Table 3 (part 1 of 2): Study resource utilization and mean unit costs

Resource

Remdesivir 
group total 
resource 

use 
n = 634

Usual care 
group total 
resource 

use 
n = 647

Difference 
in total 

resource 
use

Unit cost,* 
mean per 
resource 

use, 
$

SD,† 
$

Total cost 
difference, 

between arms, 
$

Study-related drugs (unit cost size, standard/medium dose and duration)

    Remdesivir 
   (US$2340 per 5-day course × Can$1.25 conversion)‡

634 0 634 2925.00 0 1 854 450.00

Other medications (unit cost size, standard/medium dose and duration)

    Ceftriaxone days (1 g, 1 g IV daily)§ 2114 2303 –189 14.83 4.04 2808.85

    Azithromycin IV days (500-mg vials, 
    500 mg × 1, then 250 mg IV daily)§

2500 2632 –133 0.98 0.05 –129.87

    Piperacillin–tazobactam days (3.375-g vials, 
    3.375 g IV every 6 hr)§

5156 6814 –1658 29.69 3.67 –12 300.53

    Vancomycin days (500-mg vials, 
    15 mg/kg × 85-kg load,¶ then 1g IV every 12 hr)§

2141 2044 97 77.06 14.89 1861.46

    Imipenem–cilastatin days (500-mg vials, 
    500 mg IV every 6 hr)§

5746 7929 –2182 88.33 10.01 –48 187.67

    Dexamethasone IV doses (10-mg vials)‡ 18 207 25 564 –7357 3.99 0.94 –15 771.40

    Dexamethasone PO doses (4-mg tablets)‡ 25 315 29 171 –3856 0.40 0.17 –1061.00

    Hydrocortisone IV doses (100-mg vials)‡ 34 780 27 790 6990 3.90 0.90 30 471.16

    Methylprednisolone IV doses (100-mg vials)‡ 6007 11 410 –5403 13.43 0 –72 540.14

    Prednisone PO doses (5-mg tablets)‡ 6038 14 747 –8710 0.04 0.01 –337.78

    Micafungin IV days (100-mg vial, 
    200 mg IV × 1, then 100 mg IV daily)§

430 345 85 196.00 0 8820.00

    Tocilizumab IV days (400-mg vial, 400 mg × 1)‡ 29 28 1 212.01 28.88 279.76

    Phenytoin IV (100-mg vial, 
    15 mg/kg IV load, then 100 mg IV every 8 hr)

0 131 –131 6.32 0.14 –819.13

    Amiodarone IV (200-mg vial, 
    1 mg/min × 18 h, then 0.5 mg/min × 30 h)

312 351 –39 0.37 0 –14.45

    Dalteparin VTE (DVT/PE) IV (125 units/kg × 85 kg¶) 3 10 –7 52.47 37.67 –4613.73

    Dobutamine IV days (2.5 µg/kg/min IV)§ 45 17 28 3.42 0.29 94.05

    Norepinephrine IV days 
    (4-mg vials, 0.05 µg/kg/min)§

399 448 –49 4.11 0.36 –159.08

    Norepinephrine IV days 
    (4-mg vials, 0.15 µg/kg/min)§

191 323 –132 12.34 0.36 –1564.67

    Propofol IV days (200-mg vials, 50 µg/kg/min)§ 1410 1985 –575 356.92 0 –205 228.08

    Midazolam IV days (5-mg vials, 5 mg/h)§ 1410 1985 –575 100.37 0.12 –55 538.93

    Hydromorphone IV days (2-mg vials, 2 mg/h)§ 1410 1985 –575 45.29 0.25 –26 385.20

    Rocuronium IV days (50-mg vial, 10 µg/kg/min)§ 399 477 –78 374.32 0.76 –28 645.42

Laboratories, investigations and radiology (per test)

    Complete blood count§ 7747 7823 –76 7.81 5.99 1065.24

    Arterial blood gas§ 4680 6090 –1410 63.21 90.59 –116 961.05

    Creatinine§ 7747 7823 –76 5.98 6.72 –2910.02

    Chest radiograph§ 994 1019 –25 28.05 18.72 –666.93

    SARS-CoV-2 nasopharyngeal/nasal swab‡ 730 750 –20 125.00 0 –2500.00

    SARS-CoV-2 throat swab‡ 67 92 –25 125.00 0 –3125.00

    Sputum microbiology‡ 664 675 –11 18.02 11.03 –6.13

    Bronchoalveolar lavage culture‡ 6 4 2 18.54 10.53 279.65

    Viral nucleic acid test‡ 969 986 –17 87.50 0 –875.00

    CT chest§ 3 10 –7 135.86 68.87 –1373.02

    CT head§ 8 4 4 124.32 61.40 –352.26

    Electroencephalogram‡ 0 2 –2 201.14 65.96 –457.28

    Transthoracic echocardiogram‡ 0 0 0 160.37 52.32 0
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mechanical ventilation was also incalculable owing to 
dominance of remdesivir (marginally less costly and more 
effective). 

Reported separately, incremental costs were –$108 (95% 
CI –$4953 to $4737, p > 0.9), in favour of remdesivir. Incre-
mental effects for mortality were –3.9% (18.7% v. 22.6%, 

95% CI 8.3% to 1.0%, p = 0.09), in favour of remdesivir. 
Incremental effects for invasive mechanical ventilation were 
–7.0% (8.0% v. 15.0%, 95% CI –10.6% to –3.4%, p = 0.006), 
in favour of remdesivir. The difference in proportions of total 
mechanical ventilation events between groups was –5.7% 
(16.4% v. 22.1%, 95% CI –10.0% to –1.4%, p = 0.01).

Table 3 (part 2 of 2): Study resource utilization and mean unit costs

Resource

Remdesivir 
group total 
resource 

use 
n = 634

Usual care 
group total 
resource 

use 
n = 647

Difference 
in total 

resource 
use

Unit cost,* 
mean per 
resource 

use, 
$

SD,† 
$

Total cost 
difference, 

between arms, 
$

Personnel

    ICU physician (per day)‡ 2340 3045 –705 254.70 128.22 –179 562.98

    Ward physician (per day)‡ 5388 4773 615 48.73 16.30 29 966.92

    ICU nurse (1:1 nurse/patient ratio, per day)‡ 2340 3045 –705 975.70 5.63 –740 902.11

    Ward nurse (1:4 nurse/patient ratio, per day)‡ 5388 4773 615 228.72 4.69 144 619.57

    Pharmacist (per hour per day)§ 2340 3045 –705 46.18 2.44 –32 559.09

    Respiratory therapist (per hour)§ 2340 3045 –705 34.93 6.45 –24 626.71

    Physical therapist (per hour)§ 2340 3045 –705 37.37 5.12 –26 349.26

    Social work (per hour)§ 2340 3045 –705 37.09 5.63 –26 147.48

    Dietician (per hour)§ 2340 3045 –705 38.38 5.09 –27 059.45

    Unit clerk (per hour)§ 2340 3045 –705 28.64 5.63 –20 194.58

Procedures and surgeries

    Noninvasive ventilation days‡ 234 327 –93 111.58 55.62 –9403.60

    IMV days‡ 1410 1985 –575 116.03 55.02 –41 360.57

    Intubations‡ 104 143 –39 73.23 57.66 –2855.92

    Tracheostomies§ 18 29 –11 289.42 94.08 –3563.00

    Proning days‡ 906 1282 –376 64.80 0 –24 364.80

    Arterial catheterization§ 241 262 –21 37.86 8.86 –905.76

    Central venous catheterization§ 104 143 –39 42.75 15.19 –1763.87

    Chest tube insertions§ 7 5 2 105.02 39.51 142.75

    Extracorporeal membrane oxygenation days‡ 5 9 –4 617.14 439.34 –9899.84

    Intermittent hemodialysis central venous 
    catheterization‡

25 22 3 121.52 65.72 570.16

    Dialysis days‡ 204 239 –35 144.41 72.18 –4157.73

    Bronchoscopies‡ 6 4 2 142.18 55.01 284.36

    Pulmonary vasodilators (iNO) days‡ 18 47 –29 3000.00 0 –87 000.00

    Esophagealgastroduodenoscopy§ 6 1 5 149.07 68.04 855.72

Hoteling costs

    ICU days‡ 2340 3045 –705 3495.24 1438.80 –2 099 573.60

    High dependency unit days‡ 19 5 14 3495.24 1438.80 74 991.68

    Ward days‡ 5388 4773 615 1045.94 358.91 819 284.92

Note: CT = computed tomography, DVT = deep vein thrombosis, ICU = intensive care unit, IMV = invasive mechanical ventilation, iNO = inhaled nitric oxide, IV = 
intravenous, PE = pulmonary embolism, PO = by mouth, SD = standard deviation, VTE = venous thromboembolism.
*Sources: provincial (British Columbia, Alberta, Manitoba, Ontario, Quebec, Newfoundland and Labrador) databases (formularies, schedule of benefits), Sunnybrook 
Hospital/Research Institute (mean unit costs across all jurisdictions).
†Standard deviation is for the unit cost for each line-item between the various jurisdictions (provincial in Canada).
‡Resource use directly drawn from CATCO case-report form.
§Assumption used to estimate resource utilization of line-item.
¶Standard weight-based dosing assumption (85 kg).
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The cost-effectiveness acceptability curves are presented in 
Figure 2 for mortality. Across a willingness-to-pay threshold 
of $0, $20 000, $50 000 and $100 000 per death averted, a 
strategy using remdesivir was economically attractive in 60%, 
67%, 74% and 79% of simulations, respectively (Figure 2).

Cost-effectiveness acceptability curves for prevention of 
invasive mechanical ventilation are shown in Appendix 4, Sup-
plemental Figure 2, available at www.cmajopen.ca/content​
/10/3/E807/suppl/DC1. Across a willingness-to-pay threshold 
of $0, $20 000, $50 000 and $100 000 per invasive mechanical 
ventilation averted, a strategy using remdesivir was econom
ically attractive in 58%, 66%, 75% and 82% of simulations, 
respectively.

Our prespecified subgroup analyses (age, sex and illness 
severity on admission by WHO Ordinal Scale) showed no 
significant subgroup interactions for cost, except for a signifi-
cant improvement in survival and lower costs among patients 
older than 55 years treated with remdesivir (Appendix 5, Sup-
plemental Table 3, available at www.cmajopen.ca/content​
/10/3/E807/suppl/DC1).

In sensitivity analyses, cost-neutrality (based on ~$0 
willingness-to-pay threshold) for remdesivir is achieved at the 
base-case Can$2925 per patient course. However, if the price of 
remdesivir were increased to $3791 (increase of $866/patient), 

$4928 (increase of $2003/patient) and $6823 (increase of $3898/
patient) per course, the willingness-to-pay threshold would 
increase the ICERs for those scenarios to $20 000, $50 000 and 
$100 000 per death averted, respectively.

Our base-case analysis kept patient to nursing ratios at 1:1 
in ICU and 4:1 on the ward (incremental costs: –$108 per 
patient). However, to address the finding that the incremental 
costs were heavily influenced by expense of care in the ICU, 
we explored less expensive ICU staffing models. If patient to 
nurse ratios changed to ICU 1.5:1 and ward 5:1, incremental 
costs increased $196 (SD $59 327) (difference of +$304) as 
compared with the base case, and had a calculable ICER of 
$5178 per death averted. If ratios changed to ICU 1.5:1 and 
ward 6:1, incremental costs increased $161 (SD $59 363) (dif-
ference of +$269) with an ICER of $4246 per death averted.

In our base-case analysis, mean ICU hoteling costs were 
$3495 among all jurisdictions (incremental costs: –$108). If 
ICU hoteling were reduced to $2000 (replicating less expen-
sive health care systems), incremental costs would increase by 
$722 (increase of +$830 per patient) (ICER: $19 061 per death 
averted). If ICU hoteling were increased to $5000 (replicating 
more expensive health care systems), incremental costs would 
decrease by –$2257 (decrease –$2365 per patient), where rem-
desivir was dominant.
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Figure 1: Incremental cost-effectiveness plane for deaths averted (remdesivir v. placebo — with usual care): point estimate (red) and nonpara-
metric bootstrapping simulations (blue). 



Research

E814	 CMAJ OPEN, 10(3)	

An aggregated tornado diagram (Figure 3) and full tornado 
diagram (Appendix 6, Supplemental Figure 3, available at 
www.cmajopen.ca/content/10/3/E807/suppl/DC1) show the 
major cost drivers in E-CATCO. The top 5 major cost driv-
ers were ICU hoteling, ward hoteling, ICU nursing, other 
drugs (all lower in remdesivir group) and remdesivir drug cost 
(higher in remdesivir group). Cost distributions per group are 
shown by box plots (Appendix 7, Supplemental Figure 4, 
available at www.cmajopen.ca/content/10/3/E807/suppl/
DC1).

Interpretation

In this health economic evaluation performed alongside the 
CATCO clinical trial, we found that remdesivir plus support-
ive care is likely the preferred treatment strategy (similar-to-
lower costs with similar-to-increased survival and less need for 
mechanical ventilation) compared with usual care alone, for 
hospitalized adults with COVID-19. Lower costs associated 
with a treatment strategy using remdesivir were predomin
antly from reductions in ICU hoteling, ward hoteling, ICU 

nursing, ward nursing and use of other drugs, despite the drug 
acquisition cost for remdesivir.

Our findings from E-CATCO provide economic context to 
the clinical effects of remdesivir.6 Although the reduction in 
mortality with remdesivir treatment was nonsignificant, a 
reduced need for new mechanical ventilation and ICU 
resources led to lower resource utilization, which offset remde-
sivir drug costs. Our economic findings augment the findings 
regarding the clinical effects of remdesivir for adult, hospitalized 
patients with COVID-19.1–3,6 These findings are consistent with 
cost-effectiveness analyses of remdesivir in the literature from 
other jurisdictions and studies using model-based designs.7–9

Despite similar mean and median hospital length of stay in 
the 2 arms of CATCO,6 there were meaningful reductions 
in the remdesivir group for both new need for mechanical 
ventilation and total days in ICU. The additional time in ICU 
for patients receiving usual care only was the largest incre-
mental cost driver. This analysis exemplifies how numerically 
but nonsignificant clinical differences in length of stay may 
still have an important impact on incremental cost estimation 
in a health economic evaluation.15,19
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This economic analysis also highlights the value of con
sidering clinical effectiveness alongside costs and resource 
use. Every dollar spent for a nonbeneficial or cost-ineffective 
intervention is an opportunity cost lost for other interven-
tions in a health system with finite resources, with the poten-
tial for indirect harms to other patients.22

Finally, it is important to emphasize that we focused on a 
base-case patient hospitalized with COVID-19, finding treat-
ment with remdesivir likely to be economically attractive 
(albeit marginally). There may be signals of increased clinical 
benefit and lower costs in patients older than 55 years.

Upstream strategies to prevent infection and hospitaliza-
tion (e.g., infection prevention through public health mea-
sures, including vaccination) are generally the most effec-
tive strategies in improving health outcomes and lowering 
costs that health systems have at their disposal.23–27 Accord-
ingly, health policy-makers and clinicians also need to con-
sider expenditures on upstream and downstream resource 
use and medications from this broader population-based 
budgetary perspective.

There are several strengths of this study. It was conducted 
in accordance with cost-effectiveness analysis guidelines, and 
CADTH and CHEERS recommendations,11–13,18 using simi-
lar methodology to other cost-effectiveness analyses con-
ducted alongside trials in the Canadian context.15,19 Clinical 

effects and costs are based on patient-level data from a ran-
domized trial rather than model-based, hypothetical cohorts. 
We also incorporated inputs from multiple sources, increasing 
the internal validity for both costs and effects. Capturing 
jurisdictional costs and effects with their own distributions 
and variance allowed for a more precise estimate of between-
group differences, which enhances the generalizability of 
these findings. 

Limitations
This analysis also has limitations. The short time horizon 
(randomization to in-hospital discharge or death) may miss 
additional costs associated with downstream health conse-
quences secondary to COVID-19. Unfortunately, we could 
not capture effects or costs past hospital discharge in multiple 
jurisdictions accurately. This is potentially important owing 
to a proportion of patients having long-lasting COVID-19 
symptoms.28,29 This health economic evaluation derived data 
from a randomized trial and may not represent the same treat-
ment effects and costs as in routine clinical practice,15 although 
CATCO is pragmatically designed. Finally, future research 
gaps to be addressed include differences in costs and effects of 
age older than 55 years, 5 days versus 10 days of remdesivir 
therapy,30 timing of remdesivir initiation after symptom onset, 
influence of vaccination status and new variants on remdesivir 
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effectiveness, and unit cost estimation at different time points 
(e.g., the drug acquisition cost of remdesivir could be less over 
time). External validity is limited to the Canadian health care 
perspective but is likely comparable to many other third-party 
payer jurisdictions.

Conclusion
From a health care payer perspective, treating hospitalized 
patients with COVID-19 with remdesivir and usual care is 
likely preferrable to treating with usual care alone, albeit with 
marginal incremental cost and small clinical effects. Cost-
effectiveness analyses should be included as a component of 
the evaluation of medications for patients with COVID-19.
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