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Reviewer 1 
General comments (author response in bold) 
 
Comments to the Author 
 
Comment #14: This manuscript is the second part of a recently published manuscript (as 
an early release) in CMAJ on a RCT of remdesivir for the treatment of patients in 
hospital with COVID-19 in Canada.  The first part covers the effectiveness of remdesivir.  
The effectiveness study (Part I) found that Remdesivir, when compared with standard of 
care, resulted in a statistically significant reduction in the need for mechanical ventilation 
(from 15% to 8% for a RD of -7% (95% CI: -10.6%, -3.4%)). The effect on the primary 
outcome of the study, in-hospital mortality, was not statistically significant at the 5% 
significance level (a reduction from 22.6% to 18.7%, for a risk difference of -3.9% (95% 
CI: -8.3%, 1.0%).  I find the interpretation in these results, as stated in the abstract, to be 
potentially misleading (“Interpretation: Remdesivir, when compared with standard of 
care, has a modest but significant effect on outcomes important to patients and health 
systems, such as the need for mechanical ventilation”), as it is inconsistent with the 
language used in guideline documents.  A 5% significance level is the standard for 
treatment guideline documents – the target audience of both of these manuscripts.  NIH 
guides state that “There is insufficient evidence to recommend either for or against the 
routine use of remdesivir for the treatment of COVID-19 in hospitalized patients who do 
not require supplemental oxygen, but use may be appropriate in patients at high risk of 
disease progression”, and the Part I results appear to be consistent with this 
recommendation. 
 
As the reviewer has mentioned, the conclusion from Part I of CATCO in CMAJ, the 
conclusion stated by the authors (which includes Dr. Murthy) is “Remdesivir, 
when compared with standard of care, has a modest but significant effect on 
outcomes important to patients and health systems, such as the need for 
mechanical ventilation.” While this is currently not congruent with some current 
guidelines, the reason for this paper is to aid in updating those guidelines; 
avoiding the need for mechanical ventilation may be an important outcome to 



patients and the healthcare system. While the reviewer is correct there is no 
statistically significant difference in mortality, this was still the primary outcome 
of the RCT, and therefore, the main primary outcome of the cost-effectiveness 
analysis was cost per mortality averted.  
Our introduction does lay out that CATCO “demonstrated remdesivir has a 
modest but significant reduction on the need for mechanical ventilation, but not a 
significant difference in hospital mortality.” Therefore, the background for Part II 
is the same as the conclusion for Part I. 
We also state that: “Remdesivir’s impact on other clinical outcomes, including 
mortality and post-hospitalization outcomes, has yet to be determined.(5) 
Recommendations have varied for or against the use of remdesivir in COVID-19 
patients by different governing bodies. (1–3)” Therefore, we have outlined that 
there are currently conflicting recommendations to remdesivir use at present. 
 
General comments on the cost component, i.e, this manuscript (Part II): 
I find the abstract rather confusing.  
 
Comment #15: Why does the title of the manuscript suggest this is a cost-effectiveness 
study when the incremental cost effectiveness ratio is non-calculable? (Editor's comment 
- we believe that a cost-effectiveness analysis can include a situation where the less 
expensive treatment is dominant.) As well, given that there is insufficient evidence that 
the treatment reduces mortality, and that the long-term costs and disability (QALY) 
associated with follow-up treatment for patients put on mechanical ventilation have not 
been accounted for, a cost analysis seems more appropriate.  I’d recommend laying out 
the background to the study, ie, conducted at a time when there was a need to assess 
the effectiveness of remdesivir in treating covid-19 (study period Aug 14, 2020 – April 
2021), and then current treatment guidelines.  The current guidelines from BC 
recommend that “remdesivir should be restricted to hospitalized patients requiring 
supplemental oxygen but not requiring non-invasive or invasive mechanical ventilation”, 
as of Oct 2021 available at http://www.bccdc.ca/health-professionals/clinical-
resources/covid-19-care/clinical-care/treatments.  Other treatment guidelines have 
similar recommendations. 
A cost-effectiveness analysis can still be (and is) provided from this manuscript, 
even if an ICER cannot be calculated. As mentioned in our methods, we have 
reported incremental costs and outcomes separately, given that we have a 
negative ICER (as evidenced by our statement that remdesivir is dominant 
compared to usual care, albeit with marginal differences in costs and mild effects 
in mechanical ventilation). 
Given the time-horizon of this study (in-hospital), we unfortunately could not 
measure longer term costs and quality-adjusted life-years (not disability) across 6 
jurisdictions with differences in outpatient costing practices.  
 
We have listed several treatment guidelines to show differences in 
recommendations (e.g. WHO, NIH), which demonstrated the conflicting 
recommendations to remdesivir use at present in the Background. We have 
clarified these recommendations has come from WHO and NIH. The current 
guidelines in BC are post-CATCO publication and may soon be out of date with 
the main WHO SOLIDARITY trial to be published. 
 



Given that treatment with remdesivir is marginal in costs, does not have a 
demonstrated mortality benefit, and his higher cost procurement that other drugs 
with mortality benefit (e.g. dexamethasone, tocilizumab), we agree to downgrade 
the enthusiasm of remdesivir usage, as it is likely less cost-effective compared to 
dexamethasone and tocilizumab treatments (both from cost acquisition and 
effectiveness standpoint). 
 
Comment #16: Because cost data is highly skewed, I’d recommend reporting the mean, 
median and a few percentiles (interquartile range) rather than the mean and standard 
deviation (SD).  The reporting of SD or the non-parametric percentiles should be limited 
to one table clearly labelled as describing patient characteristics.  For example, I’d 
recommend rewording the statement “Total mean costs (± standard deviation [SD]) per 
patient were $37,918 ± 42,413 for patients randomized to remdesivir group compared 
with $38,026 ± 46,021 in patients receiving usual care…” to report the mean cost and 
standard error (or 95%CI of the mean) for each group.  If the SD is somehow relevant to 
the analysis, then I’d suggest reporting the SD in a separate sentence, in order to reduce 
the possibility of confusing the reported SD for a SE.  Reporting percentiles would still be 
preferrable to reporting the SD without mention of skewness or kurtosis.   When 
summarizing studies for guideline recommendations, we are looking for a point estimate 
(mean, or sometimes median) and the 95%CI intervals (or equivalent).  Because the 
data is highly skewed, the SD does not seem to be helpful.  It is rather unlikely that any 
patients had negative hospitalization costs ($37,918 – 42,413)?  Reporting percentiles 
will communicate the cost variation among patients.  I would limit the reporting of the 
distribution of patient cost to one table/ paragraph in the results section.  It does not 
seem relevant to the analysis.  Nor were non-parametric methods used to assess the 
precision of the estimate of IC. 
 
From a health economics standpoint, although costs are highly skewed, this 
represents a common fundamental difference between CEAs and RCT 
reporting/methodology. Medians and interquartile ranges are often not the 
preferred metrics, as medians can exclude the more extreme values from the 
distributions.  
For the same reason, means and 95% confidence intervals as it can be misleading 
to introduce frequentialist hypothesis-testing which suggests that if the 95% 
confidence interval contains no difference, they aren't “significant”. However, if 
95% confidence intervals are required, we have reported them, but would prefer 
that they not be used in our reporting or any subsequent health policy decision-
making.  
The total per patient costs are estimated with standard deviations around their 
means, and negative hospitalizations costs would not be possible given that 
lowest costs are bound by zero, and would not be possible. Median costs would 
underestimate total costs, and IQRs would exclude 1-24% and 76-100% of costs 
on the non-parametric distribution). We have reported means and 95% confidence 
intervals, but would prefer our original formatting. 
 
Comment #17: To put the incremental cost, -$108 [95% CI: -$4,746 to 4,962] into 
perspective, perhaps it would help to compare the upper and lower bounds to the 
average patient cost (about 10%), ie,  use of remdesivir for all hospital patients could 
potentially increase or decrease hospital costs by approximately 10%, or roughly the 
cost of 1 treatment course with remdesivir. 



Incremental cost is presented in standard fashion, with 95% CIs being the 
showing an alternative method of presenting the data. We will continue to report 
incremental cost in this fashion based on prior health economic evaluations. 
 
Comment #18: What does the statement “For willingness-to-pay thresholds of $0, 
$20,000, $50,000 and $100,000/mortality averted, a strategy using remdesivir was cost-
effective in 60%, 67%, 74% and 79% of simulations, respectively” mean?  “Simulation” is 
not a unit of measure that I am familiar with. (Editor's comment - we believe that these 
kinds of WTP analysis are commonly used in economic evaluations.)  Something about 
this statement suggests that patients in the RCT randomized using pair matching to 
control for predictors ICU admission (age, sex and some severity indicators were known 
to be associated with increased risk of ICU admission at the time).  This does not seem 
to be the case.  Do you perhaps mean simulated pairs matched on age, sex and severity 
at time or randomization/treatment?   From Figure 1, it looks like the simulated pairs are 
in the NE quadrant (cost-effective) only about 30% of the time.  I’d suggest removing this 
part of the analysis as the mortality benefit is not established, and the calculation of 
ICER is only really appropriate when the results fall into the cost-effective quadrant. 
The editor indicates that they agree that WTP analyses are common in health 
economic evaluations and represent a decision-analysis for determining both 
from an incremental cost and incremental effects standpoint if an intervention is 
cost-effective relative to its comparator. 
As per the RCT, at the time of randomization and using the law of large numbers 
would hopefully distribute baseline characteristics with both known and unknown 
prognostic factors (e.g. age, sex and illness severity) balanced between groups. 
There were no significant differences in these baseline characteristics in the 
CATCO RCT published in CMAJ. The pairs of matching were for individual 
patient’s costs and effects, not between patients. We have clarified this in the 
methods and results. 
Upon further review of the current cost-effectiveness plane (Figure 1), we did not 
present an ICER as the point-estimate for cost per death averted fell into the SE 
quadrant (less costly, more effects; dominant quadrant), and we do not report on 
negative ICERs. Therefore, incremental costs and effects were reported, 
separately (as described in the Methods). Furthermore, although 30% of simulated 
pairs are in the NE quadrant (more costly, more effective), about 60% of the 
simulations are in the SE quadrant (dominant quadrant), indicating that cost-
savings and increased effectiveness were achieved in 60% of scenarios. 
 
Comment #19: I’d suggest reviewing the research objectives: 
1. Report on the cost analysis as per the RCT protocol. 
2. I suggest also including subgroups based on current treatment guidelines for Canada 
(perhaps considering relevant international guidelines as well). Reporting the IC along 
with the corresponding 95%CI for patients approved for treatment with remdesivir could 
be useful as input to upcoming updates of the treatment guidelines. 
a. Subgroup analysis (Supp Table S3): In order for this information to be useful in a 
policy review, the IC should be reported along with the SE (standard error) of the IC or 
the corresponding 95%CI of IC. I’d would suggest removing what I assume is a SD (-
$108 +/- 62,584), and replace this with -$108 (95%CI: -$4,746, $4,962) or +/- the error 
bar. 
b. Would a simulation analysis useful to correct for the lack of pairing by age, sex and 
severity? It is not appropriate to do a paired analysis without matching on important 
characteristics. The idea of pairing is to reduce the variation in differences and account 



for this in the analysis. I wouldn't think a simulation is needed in this study, as unlike 
other cost-effectiveness studies that use mathematical models and parameters taken for 
external studies, you have access to the full dataset and can directly calculate the SE for 
group differences. It is the individual cost data that is highly skewed. Perhaps a 
regression analysis would be sufficient to control for the effects of age, sex and other 
severity factors. 
This is a cost-effectiveness analysis, not just a cost-minimization analysis (which 
would only assess costs). As for subgroup analyses, given that there are mostly 
adult, hospitalized patients in the RCT, rather than ventilated ICU patients. 
Although current treatment guidelines for Canada report differing subgroups, 
these were not necessarily collected during CATCO. Therefore, we report pre-
specified subgroups that were outlined already in CATCO. We will change the 
subgroup analysis to include 95% CIs (as per request). 
As for simulation analysis, the pairs are not referring to matched patients, but to 
pairs of costs and effects for individual patients. Also, because both costs and 
outcomes can be skewed, that is why non-parametric bootstrapping is employed 
to deal with non-parametric distributions in the dataset. This has been clarified in 
the manuscript. 
 
Specific comments, some of which may not be relevant to the revised document. 
 
Comment #20: Some context is needed for the study period (some vaccination of LTC 
residents starting in January, circulating variant, treatment guidelines recommendations 
at time of study, current treatment guideline recommendations).  The background 
section should also include numerical values for the benefits/effectiveness results for the 
clinical trial (Part I). 
We have added context in the Methods sections for the Wave 2 study period 
(study period Aug 14, 2020 – April 2021), including widespread vaccination in LTC 
patients in 2021, wild type strains with new variants: e.g. alpha, beta, gamma 
present, treatment guidelines including corticosteroids), with changes including 
new medications e.g. tocilizumab. The benefits/effectiveness listed in the results 
section of the clinical trial, as they are in the denominator for incremental effects, 
and we have referenced the original trial in CMAJ. 
 
Comment #21: SD is a measure of dispersion.  When the data is heavily skewed, other 
measures are needed (percentiles, skewedness and kurtosis). As a measure of 
dispersion, the SD should be reported in tables and discussions of dispersion.  The 
standard error, or corresponding 95%CI or some equivalent is always needed in a 
discussion of mean differences between groups, such as the IC. 
We can present means and 95% CIs, despite the aforementioned reasons why it 
may not be typical to report these [means and 95% CIs] or medians and IQRs in 
health economic evaluations (see Responses to #16 & 17). 
 
Comment #22: Once you explain why the incremental cost effectiveness ratio is non-
calculable, further references to ICER should be removed.  In most cases, reporting on 
the IC seems more appropriate for the target audience (policy makers tasked with 
updating treatment guidelines for remdesivir). I assume this manuscript will be revised to 
correspond to a manuscript type of “Research – cost analysis” and the appropriate 
corrections made. 
Since we don’t know a priori where are results will be located on a cost-
effectiveness plane, the methodological standard is to plan the CEA for every 



scenario. The data could be on the C-E plane in the NE quadrant (more costly, 
more effects), for which an ICER should be calculated, and the ICER is then not 
reported in the SE (dominant) and NW (dominant quadrants), and then incremental 
costs and effects are reported separately.  
ICER should always be the gold-standard way of reporting cost-effectiveness, and 
when it cannot be reported due to negative ICERs, we report them separately. See 
comment from Response #32, as an ICER will be shown for the subgroup 
analyses (as cost increase, and effects are still increased). 
 
Comment #23: Please, limit your interpretation to standards used in guideline 
development. The study should not make suggestions for treatment guidelines, rather 
the authors’ Interpretation should be limited to aiding policy makers in understanding the 
study results! Unless the results are statistically significant at the 5% level of statistical 
significance, your interpretation should be consistent with the usual guideline statement 
that “… there is insufficient evidence to recommend either for or against …”. Suggesting 
that an IC that is not statistically significant at the 5% significance level is moderately 
cost-savings throws into question the quality of the study and its interpretation.  Watch 
out for over stating your results! 
Response #23: The reviewer mentions 5% significance levels, which is how 
decisions are made in some RCTs, but this may be less typical in most CEAs. In 
CEAs, decision-analysis using cost-effectiveness acceptability curves are more 
often used to make decisions based on the 2 treatment arms (remdesivir and 
control). At WTP thresholds of: $0, $20,000, $50,000 and $100,000 per mortality 
averted a strategy using remdesivir was cost-effective in 60%, 67%, 74% and 79% 
of simulations, respectively. The decision to pay for a strategy is dependent on 
that jurisdictions WTP threshold, usually more so than the statistically significant 
level of difference for costs. 
A potential misinterpretation is that “even at a $0 WTP threshold, the remdesivir 
strategy is already ‘60% cost-effective’ vs. usual care, and only gets higher with 
higher WTP thresholds”. 
From the trial data, remdesivir is effective (statistically significant) for preventing 
invasive mechanical ventilation, the simulated scenarios for various WTP 
thresholds even more economically attractive, favoring remdesivir. This is 
outlined in our results section: “Across a WTP threshold of $0, $20,000, $50,000 
and $100,000per IMV averted, a strategy using remdesivir was economically 
attractive in 58%, 66%, 75% and 82% cost-effective in simulations, respectively.” 
 
Comment #24: Limitations: Was matching on characteristics associated with the 
likelihood of ICU admission used in the randomization process? If pair-matching was not 
used, this should be mentioned as a limitation, as this is one reason for the rather limited 
statistical power. If this were an observational dataset, I’d use a regression analysis to 
control for age, sex and severity. Perhaps one could use bootstrapping to create a 
simulation of a paired analysis. These two options should result in a smaller SE 
(standard error) associated with the between group IC. I noticed that the SD in Supp 
Table 3 is smaller in some subgroups than for all patients. So matching on or controlling 
for age, sex and some severity measures should reduce the SE of the between group 
IC. 
Please see comment #6. Pairs referred to costs and effects from the same patient, 
not matching to other patient for purposes of pair-matching. 
 



Comment #25: Statements such as “mean cost was $37,918+/-42,413 for the remdesivir 
group” doesn’t make any sense.  What was the minimum cost for a hospital patient for 
each group?  Likely a couple thousand dollars, and not negative (SD is not a helpful 
descriptor of dispersion in this case). 
This description of mean costs is mean per patient cost of their entire hospital 
stay for the remdesivir group ($37,918+/-42,413). As mentioned, means with SD is 
the standard reporting practice in CEAs. We usually avoid commenting on 95% CI, 
in order to prevent  frequentist hypothesis-testing with regards to costing. 
 
Comment #26: Table 2: Some unit costs had considerable variation indicated, such as 
ICU hoteling costs. Were costs available per patient, and would it not be appropriate to 
use separate average unit costs for each group? 
Costs were not available per patient from CATCO CRFs, we had length of stay, 
which was then multiplied by that jurisdiction’s unit cost of that line-item (e.g. 1 
day in Ontario ICU was multiplied by the unit cost of a 1 day stay in an Ontario 
ICU) 
 
Comment #27: Table 3: The footnote in Table 3 mentions that costs and effects were not 
adjusted for censoring? How was lost-to-follow-up handled? Were participants not 
followed until discharge, death or 60 days (for the 60-day mortality rate)? 
Time-horizon was to hospital discharge (alive or dead). There was no missing data 
as we had all data follow-up to within hospital discharge, as that was the time-
horizon for the CEA, not the RCT. We have removed the footnote so as not to 
confuse the readers. Thank you. 
 
Comment #28: If Figure 1 is retained, I’d suggest adding thresholds 
Often, in health economic evaluation, thresholds cannot be added unless they are 
based on the cost-effectiveness acceptability curve. Figure 1 is the cost-
effectiveness plane, and since the majority of data is in the SE dominant quadrant, 
we cannot build 95% thresholds around it (as they would be negative ICERS or 
negative WTP threshold), and it will remain undefined. I ask the reviewer to refer 
to the slide below for our approach to this challenge: 



 
In Figure 1 CE plane, and Figure 2 CEA Curve, there is no defined 95% CIs or step 
thresholds. Non-parametric bootstrapping and these 1000 simulations for 
bootstrapping are standard practice, which are produced on cost-effectiveness 
planes just like Figure 1. Therefore, we will be retaining the CE plane, as it is one 
of the essential output of this CEA.  
 
Comment #29: A bar chart would be better suited than a tornado diagram to compare 
cost categories in Figure 3.  Error bars could be included to reflect the 95%CI of the 
mean cost for each category. 
A bar chart and Tornado diagram are both good suggestions on ways to present 
this type of data. We would prefer to leave Tornado diagram as is; we would 
recommend not including 95% CIs (although they have been added). 
 
Reviewer 2 
General comments (author response in bold) 
 
Comment #30: This is a very worthwhile analysis which will definitely be worth 
publication after revision. I have a number of changes that I feel are required for it to be 
suitable. 
Thank you. 
 



Comment #31: In the abstract, please include the differences in mortality – the role of 
economic evaluation is to conduct analysis to help increase the health of the population 
so focusing on solely costs is misleading. 
Thank you for great insight, we will add incremental differences in mortality, 
including the point-estimate and 95% CIs to the abstract (keeping in mind the very 
tight CMAJ and CMAJ Open Abstract word count). 
 
Comment #32: Please define IMV in the text – it is mentioned in the clinical outcomes 
section but the abbreviation is not provided there. 
Invasive mechanical ventilation (IMV) has been defined in the text. 
 
Comment #33: Table 2 is confusing.  I’m struggling to understand the approach as it 
appears to give the total number of resource items in the trial by arm not an average 
amount.  I’d suggest revising this table to provide the average use per patient and 
therefore the difference will be the difference in average not the difference in total.  As 
there are more patients in the usual care arm the approach adopted is biased as 
differences can be down to both the difference in average resource use and the 
difference in number of patients.  A further issue is how was the unit cost derived.  Was 
it the average across jurisdiction or the weighted average based on resource use within 
jurisdiction? This needs to be clarified. 
As per our prior CEA methodology (Lau et. Al. 2021 BMJ Open), we present Table 
2 will the Remdesivir and control columns with the total resource use listed 
between groups.  
Even though the sample sizes between both groups are not equal, the unequal 
size of the groups does not matter. They are adjusted to per patient cost later on 
for the actual analysis. 
The purpose of Table 2 is just to give the raw resource utilization of each of the 
line-item by their different costing categories. If we calculated utilization per 
patient, the absolute #s would be very low, and you would need to multiple by the 
total sample size to make any sense of them. This way, you see the actual total 
resource use for each line-item, to give a sense of the magnitude of the resource 
use, and see if there is any obvious differences (even with slight imbalances in 
sample sizes between intervention and comparator groups. 
The unit cost mean is the average of the 6 jurisdictions unit cost for that line-item 
with its associated standard deviation derived from those 6 jurisdictions (average 
across every jurisdiction). This was only for the purpose of the table, and in the 
CEA, each resource use was then multiplied by the unit cost for this jurisdiction 
for the sake of simplicity. 
The total costs are derived not by multiplying the unit costs by resource use from 
Table 2, but derived directly from the full study itself, where the full cost of one-
line item (e.g. Remdesivir) is summed up from the CEA, not this table. 
Given this confusion in the methods, we have clarified this in the Methods. 
 
Comment #32: The major issue is with the subgroup analysis.  Analysis should take the 
form of a stratified analysis where the costs and outcomes of each group are provided 
and the ICER estimated.  Focus on statistical significance of an interaction is 
inappropriate from the perspective of conducting economic evaluation and can lead to 
interventions being given to patients which would not maximize the health of the 
population.  An analysis by age and an analysis by illness severity are essential. As per 
CADTH guidelines, these stratified analysis are more pertinent analyses than the 
analysis for the population as a whole. Given that costs are higher for remdesivir in the 



<55 age group and in the severity score 5 subgroups it is necessary to present the ICER 
for these groups.  This leads to a further limitation of the analysis – the reliance on the 
mortality outcome.  If treatment in some subgroups is more costly and more effective it is 
essential to provide results in terms of an outcome which can be used to assess whether 
treatment will lead to an increase in the health of the population by assessing the 
efficiency in producing health benefits relative to the current marginal efficiency of the 
system.  Thus, analysis should incorporate a longer time horizon, with the modeling of 
long term survival post hospitalization and the impact of long COVID. 
Thanks for your excellent comment and insight. The subgroups do report 
incremental costs as mentioned, you are right that they don’t report the 
incremental effects. We have added the incremental effects too. However, we 
would still be unable to report an ICER in most circumstances, because as you 
can see, incremental costs for several subgroups is negative, and we cannot 
calculate a negative ICER. However, for those with high costs and effects, we will 
report incremental effects, costs and the ICER. 
Although we understand where the reviewer is coming from that the mortality 
outcome as the subgroup, and why not change it to a longer time horizon post-
hospitalization, we do not yet have a mechanism to collect costing data past 
patient discharge, and since we cannot have accurate costs as outpatients, it was 
felt that the time horizon had to change to in-hospital resource use and costing, 
given the in-feasibility of following patients for costs at home. 
We have extensively outlined this limitation in the Limitations section of our 
readers, and we, the authors, understand the downsides to a short-time horizon. 
But, this is what could be done during the COVID pandemic. 
 
Comment #32: This is potentially a powerful contribution to the literature, and it is hoped 
that the authors address the issues raised. 
Thank you. 


