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T he COVID-19 pandemic has revealed weaknesses in global 
manufacturing and distribution of medications, exacerbating 
many pre-existing limitations and inequities in drug supply 

and creating new shortages.1–3 Supply chains have been disrupted4 
as many were designed for “just-in-time” management of drug 
inventory to reduce the costs of storage and reduce the risk of 
drug expiration.1 The pandemic has also led to vastly increased 
demand for certain medications, including the highly publicized drug 
hydroxychloroquine,5 which proved to be ineffective in the treatment 
of COVID-19, and adjunctive medications required for the care of crit-
ically ill patients such as sedatives and analgesics.1,2 The problem of 
mismatched supply and demand can be exacerbated by people and 
institutions hoarding drugs in times of supply uncertainty.1,2,6

The emergence of SARS-CoV-2 prompted testing of many newly 
developed or existing repurposed therapies as treatments for 
COVID-19. Expecting drug manufacturers to increase the supply of 
all candidate therapies or health care providers to stockpile inven-
tory before drugs are proven effective would be unreasonable. 
Thus, when a new drug is shown to be effective, there will likely be 
at least a temporary shortage of supply unless it is already widely 
available. Medications are at greatest risk for prolonged shortage 
when their demand surges unexpectedly and manufacturing and 
distribution are not diversified. Tocilizumab is an interleukin-6 
receptor antagonist that has recently been found to reduce mortal-
ity in patients hospitalized for COVID-19.7 As the number of patients 
admitted to hospital with COVID-19 in Canada increases, demand 
for tocilizumab is on the rise and supply is likely inadequate. 

We show how a health system can estimate demand for a novel 
therapy and assess the supply. We then discuss how the harms of 
drug shortage may be mitigated through use of an ethical policy 
framework, using tocilizumab as a case study to illustrate the 
potential for acute drug shortage.8

What are the uses of tocilizumab and what 
does it cost?

Tocilizumab is used to treat a variety of refractory rheumatologic 
conditions as well as cytokine release syndrome, a common and 
potentially life-threatening complication of chimeric antigen 
receptor T-cell therapy. Two large 2021 clinical trials reported 
that tocilizumab is an effective treatment for patients admitted to 

hospital with COVID-19. In the Randomized, Embedded, Multifac-
torial Adaptive Platform Trial for Community-Acquired Pneumo-
nia (REMAP-CAP), treatment using tocilizumab in patients who 
were critically ill reduced 21-day mortality (number needed to 
treat [NNT]  = 12).9 In the Randomised Evaluation of COVID-19 
Therapy (RECOVERY) trial (results not yet peer reviewed), treat-
ment in patients who required oxygen therapy and had C-reactive 
protein levels of 75  mg/L or more reduced 28-day mortality 
(NNT = 27).10 Expert bodies have recommended that tocilizumab 
be added to the standard of care for COVID-19.11

In COVID-19 clinical trials, tocilizumab was delivered intrave-
nously, using weight-based dosing and a total dose that ranged 
from 400 to 800 mg for most adults. Typically, tocilizumab treat-
ment is with a single dose, but a second dose may be administered 
between 12 and 24 hours later if the patient is not improving. In 
the RECOVERY trial, 29% of patients received more than 1 dose.10 A 
single 600-mg dose is estimated to cost $1371 in Canada.12

How might COVID-19 affect demand for 
tocilizumab?

To estimate eligibility for tocilizumab, we evaluated routinely 
collected data for adults over 18 years of age who were admitted 
to hospital with COVID-19 between Jan. 1 and June 30, 2020, at 
6 hospitals in Toronto and Mississauga, Ontario, Canada (Box 1).
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KEY POINTS
•	 Drug shortages during a pandemic can result from sudden 

increases in demand and disruptions in supply chains.

•	 Health systems can rapidly respond to shortages of essential 
medications by estimating the clinical demand, assessing drug 
supply and potential inequities in access, and enacting policies 
grounded in an ethical framework for drug allocation.

•	 Tocilizumab is a life-saving therapy for adults admitted to 
hospital with COVID-19; demand for this drug is likely to outstrip 
available supply in Canada.

•	 We estimated that for every 1000 adults in hospital with COVID-19, 
429 would be eligible for tocilizumab; treating them all may 
prevent 17 deaths and prevent 12 instances of invasive 
mechanical ventilation.
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The RECOVERY trial included patients in hospital who required 
oxygen therapy and had a C-reactive protein level of 75 mg/L or 
more.10 The REMAP-CAP was more restrictive; it included patients 
who were critically ill and required cardiovascular organ support 

or high-flow oxygen therapy (defined as fraction of inspired oxy-
gen > 0.40, noninvasive ventilation or invasive ventilation).1 We 
estimated eligibility for tocilizumab in our sample based on the 
number of patients who met the RECOVERY criteria or required 
ICU admission during the first 14 days of hospital admission, as 
per clinical guidance for use of the drug in Ontario.11

C-reactive protein levels in our sample were ordered at the 
discretion of treating physicians and not for all patients. We 
assumed that among patients requiring supplemental oxygen 
who did not have a C-reactive protein level measured, the pro-
portion with a level 75 mg/L or more (an entry criterion for the 
RECOVERY trial) would be the same as in patients whose values 
were measured. To provide a lower and upper bound on the esti-
mate for tocilizumab eligibility, we imputed all missing results 
for C-reactive protein as less than 75 mg/L and 75 mg/L or more, 
respectively.

We evaluated data for 820 hospital admissions (Table  1) 
and, based on RECOVERY inclusion criteria, estimated that 
42.4% of hospital admissions for COVID-19 would be eligible for 
tocilizumab. After we imputed missing results for C-reactive pro-
tein levels, we determined a lower bound estimate of 262 (32.0%) 

Box 1: Sample population

Using data from the GEMINI study,13 we identified patients with 
COVID-19 using the enhanced Canadian version of the International 
Classification of Diseases and Related Health Problems, 10th 
Revision (ICD-10-CA) codes U07.1 and U07.2,14 as reported by 
hospitals to the Canadian Institute for Health Information 
Discharge Abstract Database. In the GEMINI study, patient vital 
sign data and laboratory test results were collected from electronic 
hospital records13,15 with 98%–100% accuracy across key fields.16 
We excluded patients who did not have recorded vital sign 
measurements (n = 2, 0.2%). We also excluded those who were 
transferred from other acute care facilities to avoid overestimating 
tocilizumab eligibility owing to a higher severity of illness among 
transferred patients, who were typically transferred for critical care 
(n = 83, 9.2%). We divided the sample into age groups (< 50, 50–59, 
60–69, 70–79 and > 79 yr). 

Table 1: Tocilizumab eligibility among patients admitted to hospital with COVID-19 between Jan. 1 and June 30, 2020, at 
6 hospitals in Toronto and Mississauga, Ontario

Characteristic

No. (%) of patients admitted to hospital with  COVID-19*

Overall Aged < 50 yr Aged 50–59 yr Aged 60–69 yr Aged 70–79 yr  Aged > 79 yr

No. of hospital admissions 820 155 (18.9) 126 (15.4) 157 (19.1) 164 (20.0) 218 (26.6)

Age, yr; median (IQR) 68 (54–80) 40 (32–45) 55 (53–57.75) 64 (62–67) 74 (72–77) 86 (82–90)

Sex, female 343 (41.8) 53 (34.2) 51 (40.5) 56 (35.7) 59 (36.0) 124 (56.9)

No. of ICU admissions 153 (18.7) 25 (16.1) 35 (27.8) 41 (26.1) 38 (23.2) 14 (6.4)

Patients who died in hospital 167 (20.4) ≤ 5 (≤ 3.2)§ 9 (7.1) 20 (12.7) 37 (22.6) 98 (45.0)

Patients who met the CRP criterion/CRP 
measured†

216 (50.8)
n = 425

40/91 (44.0) 41/73 (56.2) 35/78 (44.9) 46/83 (55.4) 54/100 (54.0)

Patients who met oxygenation criterion‡ 493 (60.1) 58 (37.4) 79 (62.7) 87 (55.4) 108 (65.9) 161 (73.9)

Patients who were eligible for the 
tocilizumab RECOVERY trial primary 
estimate

348 (42.4) 42 (27.1) 59 (46.8) 68 (43.3) 81 (49.4) 98 (45.0)

Patients who were eligible for the 
tocilizumab RECOVERY trial lower bound 
estimate

262 (32.0) 33 (21.3) 54 (42.9) 53 (33.8) 64 (39.0) 58 (26.6)

Patients who were eligible for the 
tocilizumab RECOVERY trial upper bound 
estimate

411 (50.1) 44 (28.4) 68 (54.0) 75 (47.8) 94 (57.3) 130 (59.6)

Patients who were eligible for the 
tocilizumab RECOVERY trial complete 
data

200 (47.1)
n = 425

25/91 (27.5) 40/73 (54.8) 35/78 (44.9) 49/83 (59.0) 51/100 (51.0)

Patients who were eligible for the 
tocilizumab REMAP-CAP trial

268 (32.7) 31 (20.0) 44 (34.9) 54 (34.4) 61 (37.2) 78 (35.8)

Note: CRP = C-reactive protein, ICU = intensive care unit, IQR = interquartile range, RECOVERY = Randomised Evaluation of COVID-19 Therapy, REMAP-CAP = Randomized, Embedded, 
Multifactorial Adaptive Platform Trial for Community-Acquired Pneumonia.
*Unless stated otherwise.
†CRP level ≥ 75 mg/L at any point during their hospital stay.
‡Oxygen saturation on room air was < 92%, required oxygen therapy or intensive care. To provide a lower and upper bound on the tocilizumab eligibility estimate, we imputed all 
missing CRP results as < 75 and ≥ 75 mg/L, respectively.
§Exact number suppressed to reduce risk of patient reidentification.



AN
ALYSIS

	 CMAJ  |  MAY 25, 2021  |  VOLUME 193  |  ISSUE 21	 E773

and an upper bound estimate of 411 (50.1%). Eligibility varied 
across age groups. Based on the more restrictive REMAP-CAP 
inclusion criteria, we estimated that 32.7% of hospital admissions 
for COVID-19 would be eligible.

We also estimated eligibility for tocilizumab by extrapolating 
age-specific estimates in our study population to the reported 
age strata for hospital admissions for COVID-19 in the United 
States17 and Canada.18 According to these estimates, 42.9% of 
patients admitted to hospital with COVID-19 in Canada and 
40.9% of those in the US would be eligible for tocilizumab (lower 
bound estimates 31.5% and 31.2%, and upper bound estimates 
51.2% and 47.8%, respectively; Figure  1). This is comparable to 
an estimate that 49% of patients with COVID-19 who were admit-
ted to hospital in the United Kingdom would have been eligible 
for tocilizumab.10

If the third wave of the pandemic in Ontario is at least as severe 
as the second wave, about 7500 hospital admissions for COVID-19 
might be expected. More than 3000 patients could be eligible for 
tocilizumab in Ontario alone. Variants of concern may result in 
even greater demand for the drug because the B.1.1.7 variant, 
which is the most prevalent in Ontario at present, is associated 

with a twofold greater risk of admission to the intensive care unit 
than the strain most prevalent earlier in the pandemic.19

What might be the absolute benefits of using 
tocilizumab to treat COVID-19?

Based on the estimates in our sample, of every 1000 adults admit-
ted to hospital for COVID-19, 429 would be eligible for tocilizumab; 
of these, 118 (27.5%) would be expected to die and 63 (14.8%) 
would receive invasive mechanical ventilation more than 12 hours 
after admission. In the RECOVERY trial, the relative risk reduction 
for mortality was 14% (95% confidence interval [CI] 4%–23%) and 
for invasive mechanical ventilation was 19% (95% CI 5%–32%).10 If 
we consider deaths and start of ventilation that occurred more 
than 12  hours after admission to be potentially preventable, 
because patients would be unlikely to receive tocilizumab early 
enough to prevent events before that, treatment with tocilizumab 
may prevent 17 (95% CI 5–27) deaths and 12  (95% CI 3–20) 
instances of invasive mechanical ventilation. The absolute benefits 
of tocilizumab could be greater than these estimates in patients 
with more severe disease associated with variants of concern.
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Figure 1: Age-standardized eligibility for tocilizumab in Canada and the United States. Note: Age Std = overall estimate of age-standardized eligibility 
for tocilizumab among patients who were admitted to hospital with COVID-19. Age-stratified hospital admissions in Canada were reported by the 
Government of Canada, based on cases reported to the Public Health Agency of Canada to Feb. 18, 2021.18 Age-stratified hospital admissions in 
the United States were reported by the COVID-19-Associated Hospitalization Surveillance Network (COVID-NET)17 to Feb. 13, 2021, which represents 
about 10% of the US population. To provide a lower and upper bound on the tocilizumab eligibility estimate, we imputed all missing C-reactive protein 
level results as less than 75 and 75 mg/L or more, respectively.
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Does Canada have enough tocilizumab?

Tocilizumab is manufactured by Hoffman-La Roche, and supply 
is relatively scarce in Canada and around the world. The manu-
facturer reported sending 1400  doses to Canada in March and 
1700 in April 2021 to treat COVID-19.20 Health Canada has 
declared a “Tier 3” shortage of tocilizumab,21 a designation 
reserved for shortages with the greatest potential impact on Can-
ada’s health care system. An international survey conducted by 
the European Alliance of Associations for Rheumatology in the 
first 4 months of the COVID-19 pandemic found that tocilizumab 
shortages were noted by 134 out of 980 respondents (14%), even 
before publication of definitive trials.22

We are unaware of any real-time data regarding availability 
and use of medications across hospitals. To understand toci
lizumab use and access, the Ontario COVID-19 Science Advisory 
Table surveyed pharmacy directors, clinical pharmacists, critical 
care physicians and general internal medicine physicians in 
20  academic and community hospitals throughout Ontario dur-
ing the week of Mar. 9–15, 2021.23 This sample was purposefully 
chosen to represent a range of small and large institutions across 
the province. It revealed that access to tocilizumab is limited and 
unevenly distributed. Two hospitals reported using more restric-
tive eligibility criteria than provincial clinical practice recommen-
dations. Almost 30% of centres reported needing access to addi-

tional tocilizumab. During the week of this survey, 15  patients 
did not receive treatment with tocilizumab because of concerns 
about inadequate supply or restrictive institutional policies.

How can health systems provide equitable 
access to drugs that are in relative shortage?

To provide an ethical framework for drug allocation during the 
pandemic, the Ontario COVID-19 Bioethics Table adapted the 
existing provincial framework8 for resource allocation during 
drug shortages.3 This approach is consistent with international 
frameworks,24 is based on 7 guiding ethical principles (benefi-
cence, equity, reciprocity, solidarity, stewardship, trust and util-
ity) and outlines 3  stages for resource allocation across the 
health system. Stage 1 involves serving as many people as possi-
ble by conserving and sharing supply, and increasing procure-
ment and access. Stage 2 involves directing supply to those most 
likely to benefit based on existing evidence, which is the primary 
allocation principle. If Stage 1 and 2 efforts are insufficient to 
meet demand, Stage 3 involves using a fair procedure to choose 
between patients, which is the secondary allocation principle.

We have shown that tocilizumab is in short supply and demand 
for the drug may increase. There is a risk of suboptimal and inequi-
table distribution of this scarce resource if a dedicated system-
wide procurement and allocation effort is not made. The 3 stages 

• Create and maintain a transparent inventory of tocilizumab supply.
• Monitor and transparently report use of tocilizumab in near real time.
• Centralize procurement and allocation of tocilizumab.

Stage 1: Maximize supply and sharing to maintain the standard of care 

• Ensure tocilizumab is used only for patient populations shown to benefit in clinical trials. We are unaware of any
evidence to support triage of tocilizumab treatment to more specific subgroups.  

• Modify protocols from randomized controlled trials to maximize supply. For example, allow only a single dose 
of tocilizumab. 

• Consider treatment with sarilumab if tocilizumab is unavailable. 

Stage 2: Allocate treatments to maximize therapeutic benefits

• Implement a fair allocation procedure, such as a centralized allocation lottery.
• A weighted lottery could be considered, to give preference to factors that help mitigate inequities and disparities.

Stage 3: Ensure fair access to drugs in short supply

Supply su�icient?

Yes, maintain Stage 1

Supply su�icient?

Yes, maintain Stage 2

No, continue to Stage 2

No, continue to Stage 3

Figure 2: A proposed 3-stage framework for managing tocilizumab shortage in Canada.



AN
ALYSIS

	 CMAJ  |  MAY 25, 2021  |  VOLUME 193  |  ISSUE 21	 E775

could be put into operation within health systems to manage 
tocilizumab supply (Figure  2). Stage 1 would include policies to 
create and maintain a reliable and transparent inventory of avail-
able supply of tocilizumab across the system, and monitor tocili-
zumab use on a near real-time dashboard. Procurement and allo-
cation of tocilizumab would be centralized at the provincial level 
to maximize supply and sharing, and to avoid hoarding. Stage 2 
would include ensuring treatment using tocilizumab is delivered 
consistently across all hospitals in accordance with evidence-
based provincial recommendations,11 which generally would align 
with the inclusion criteria for the RECOVERY or REMAP-CAP trials. 
Beyond trial inclusion and exclusion criteria, we are unaware of 
any current evidence about whether certain subgroups of patients 
derive greater benefit from tocilizumab than others.

Sarilumab, another IL-6-receptor antagonist, was included in 
the REMAP-CAP trial,9 and may represent another treatment 
option for COVID-19. However, because sarilumab has been stud-
ied in fewer patients, its effect on mortality remains uncertain.7 
Sarilumab supply is also limited. It is licensed and distributed 
in Canada as a subcutaneous injection, whereas trials studied 
intravenous delivery. It would be unlikely to completely address 
the unmet need for tocilizumab. Substituting therapy with sari-
lumab could be considered as a Stage 2 measure in the setting of 
a tocilizumab shortage.

If there is insufficient supply to meet all need and no other 
evidence-based ways to choose between recipients, Stage 3 
may require other measures for fair distribution. For example, 
a centralized allocation lottery could be used.25 Lotteries may 
be preferred to nonrandom approaches, such as “first-come, 
first-served,” which may perpetuate inequities by disadvantag-
ing people who seek care later because of existing systemic or 
structural barriers.26 Lotteries can also be weighted to align 
allocation decisions with different priorities (e.g., to reduce 
disparities). For example, Pennsylvania endorsed a policy that 
would use a weighted lottery for scarce hospital medications 
to prioritize essential workers and people from disadvantaged 
areas.25 The Ontario COVID-19 Science Advisory Table has also 
recommended that in Stage 3, “because of the absolute scar-
city, it is defensible not to offer tocilizumab to COVID-19 
patients who almost certainly will not benefit. This should be 
based on consensus among those involved in assessing eligi-
bility for tocilizumab allocation.”23

The potential for tocilizumab shortages has been recog-
nized globally.27 The UK National Health Service (NHS) recom-
mended that tocilizumab be considered for patients who meet 
criteria similar to those for the RECOVERY or REMAP-CAP tri-
als.28 Provider organizations are required to register all 
patients receiving tocilizumab to treat COVID-19 and maintain 
records to show compliance with guidelines for clinical use.28 
Provider organizations have also been asked to regularly 
update regional procurement leads and chief pharmacists 
about tocilizumab supply.29 Patients may only receive a single 
dose of tocilizumab28 and if tocilizumab is not available, treat-
ment with sarilumab is recommended.30 The NHS policies to 
monitor supply and use of tocilizumab and maximize thera-
peutic benefit align well with our proposed framework.

Conclusion

Drug shortages during a pandemic may result from sudden 
increases in demand or disruptions in supply chains. Health sys-
tems can rapidly respond to shortages of essential medications 
by estimating the clinical demand, assessing drug supply and 
potential inequities in access, and enacting policies grounded in 
an ethical framework for drug allocation.

The COVID-19 pandemic has created a critical shortage of 
tocilizumab in Canada. About 40% of adults admitted to hospital 
with COVID-19 could be eligible to receive tocilizumab, and esti-
mated demand from Ontario alone could outstrip the entire 
national supply. Determining who is most likely to benefit from 
tocilizumab is an urgent research priority, which may be 
achieved through detailed subgroup analyses and meta-analysis 
of existing trial evidence. If jurisdictions are unable to obtain suf-
ficient supplies of tocilizumab, policies are needed to support 
evidence-based and equitable distribution. The lessons from 
responding to this drug shortage can inform other unexpected 
disruptions in drug supply and future pandemic preparedness.
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