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– I have received honorariums for speaking engagements (Pfizer) 
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Introduction 

■ In this presentation 
– You will see a mix of 

■ Recommendations from Public Health, Scientific Panels and Immunization 
Authorities 
– Including relevant slides available publicly   

■ Recommendations put out by specialist organizations 
■ Data from peer reviewed publications, including systematic review & meta-analysis 

– You may see several slides on my own research project, The VIP Study 

■ Time for questions at the end 



Overview 

■ Part 1: Vaccines 
– Quick introduction to vaccines 
– COVID-19 vaccines in patients with blood cancers 
– Review regarding recommendations for primary series & boosters

■ Part 2:  Non-Vaccine Prevention 
– Monoclonal Antibodies 
– NPIs 

■ Part 3: Treatment 
– Current management of patients with COVID-19 Infection 

■ Question Period 



PART 1: VACCINES



Basics of Vaccines 

■ Vaccine – biological product that can be used to safely induce an immune response 
that confers protection against infection and/or disease on subsequent exposure to 
a pathogen 

Pollard, 2021  



Pollard, 2021; WHO Vaccine Safety Basics  



https://www.historyofvaccines.org/content/how-vaccines-work

How vaccines work 



https://www.historyofvaccines.org/content/how-vaccines-work

How vaccines work 



Immune response 

Slide credit: Dr. M. McGuinty 



How do we know vaccines are working? 

Population data 

■ Vaccine efficacy:  measures the proportionate reduction in cases among vaccinated 
persons – this term is used in ideal conditions such as a clinical trial 

■ Vaccine effectiveness: measures the proportionate reduction in cases among 
vaccinated persons – this term is used in real world setting 

CDC Principles of Epidemiology, 
accessed October 4, 2021 



How do we know vaccines are working? 

Immune parameters 

■ Seroconversion:  Usually defined as achieving a quantifiable antibody level post-
vaccination – no detectable antibody prior to vaccination becomes detectable after 
vaccination 

– In some cases, this could be a pre-defined fold-increase pre to post vaccine  

■ Immunological correlation of protection:  Type and amount of immunological response 
that correlates with vaccine-induced protection against a clinical infection diseases

– Sometimes, this is thought of as seroprotection

■ These parameters need to be defined in order to know if patients are protected 

WHO, 2016



Vaccines for patients with Hematologic 
Malignancy or Blood Cancers 
■ Generally speaking, patients who are immunocompromised are at higher risk of 

infection including from vaccine-preventable diseases 

– This includes people with hematologic malignancy 

Tsigrelis, 2016 



Recommendations on vaccines exist 

■ Many recommendations exist with regards to vaccinating patients with blood cancers, 
especially post hematopoietic cell transplant 

– IDSA Clinical Practice Guidelines, Canadian Immunization Guide, ECIL 7  

■ We are used to routine vaccines and place an importance on ensuring patients are up to 
date 

■ Vaccine schedules are an important part of post-transplant or cellular therapy care 

■ Now, we have COVID-19 vaccines to add to the mix 

Rubin, 2014; Canadian Immunization Guide; Antipolis, 2017 



COVID-19 Vaccines Approved by 
Health Canada
■ mRNA Vaccines 

– Pfizer-BioNTech Comirnaty 
– Moderna Spikevax

■ Non-replicating viral vector vaccines 
– AstraZeneca Vaxzevria
– Janssen COVID-19 vaccine

■ Protein subunit vaccines 
– Novavax Nuvaxovid 

■ Plant based virus-like particle 
– Medicago Covifenz

Focus of today’s talk 



mRNA Vaccines 

■ Messenger RNA contains a code for the SARS-CoV-2 
spike protein 

■ Once inside the recipient’s cells – mRNA provides 
instructions to the cell to produce the spike protein 
antigen that they gets displayed on the cell’s external 
surface 

■ The immune system “turns on” to induce humoral and 
cellular immune response 

■ Within days to weeks, the mRNA and the spoke protein 
are degraded  leaving the recipient with the 
protection induced by the immune response 

CDC, 2021 



Current COVID-19 Vaccine 
Recommendations 
■ For patients considered moderately to severely immunocompromised 

– 3-dose primary series 

– Eligible for 1st and 2nd booster (equates to 4th and 5th doses) 

– Eligible for bivalent booster, no matter the of number of previous vaccine doses 



3-Dose Primary Series 

■ 3-dose primary series is recommended for moderately-severely immunocompromised 
– To enhance immune response and established improved protection in those that 

may have no or sub-optimal response to 2-dose primary series 

■ Dose intervals 
– First dose  1 month  Second dose  2 months  Third dose 

■ Primary series should be with the original (monovalent) vaccines 
– Pfizer 30mcg or Moderna 100mcg 

■ But, these were not always the recommendations… 



Why 3-dose Primary Series?

■ Original clinical trial data for 2 doses series 

– Both mRNA vaccine studies quoted ~ 94-95 % effective 

■ Original clinical trials did not include many immunocompromised patients 

ACIP, July 22, 2021



Variable immune response

Slide courtesy of Dr. S Bhella 



From ACIP

ACIP, July 22, 2021 



From ACIP

■ Serologic testing or immune testing to assess response to vaccine and guide clinical 
care has not been established and is NOT recommended 

■ Additional dose should be same mRNA vaccine as primary series, but alternate can be 
used 

■ At least 28 days after 2nd dose 

■ Patients should still continue prevention measures (masks, distancing, etc) 

■ Close contacts should be strongly encouraged to be vaccinated 

ACIP, August 13, 2021 



Canada follows suit 

■ In the US, ACIP = Advisory Committee on Immunization Practices 

– August 12, 2021: FDA authorized additional vaccine dose for certain 
immunocompromised individuals 

– August 13, 2021: ACIP meeting  Recommends 3 dose series 

■ In Ontario, Vaccine Clinical Advisory Group and Ministry of Health 

– August 18, 2021:  MOH  Consider 3rd dose for special populations 

■ In Canada, NACI = National Advisory Committee on Immunization Practices  

– September 10, 2021: Rapid Response  Recommends 3 dose series 



Ontario recommends 3rd dose at 8 week interval 



NACI & Dose 3 

■ Why was a 3rd dose recommended? 
– Increased risk of prolonged infection & serious complications 
– Although data limited, observational studies show reduction in vaccine 

effectiveness (VE) in immunocompromised patients compared to general 
population 

– Immunogenicity is decreased in immunocompromised adults compared to healthy 
population, especially malignancy, MS treated with immunosuppression, SOT 
recipients, primary immune deficiency 
■ Caveat: clinical significance of seroconversion and impact on VE is not known   

– Safety profile in real world has shown no specific concern in immunocompromised 
patients 



NACI & Dose 3



Will dose 3 help? 

■ Evidence from solid organ transplant 
patients 

– Study done in Toronto looking at 
solid organ transplant patients was 
published in the NEJM  one of the 
key studies used in determining 
recommendations for 3rd dose

– Double blind, randomized, 
controlled trial of third dose 
mRNA01273 (Moderna) vs placebo  

– This study saw a increase in anti-
RBD antibody levels, higher median 
percent virus neutralization and also 
provided data on T-cell response 
■ Importantly they do note that the 

threshold antibody value chosen 
was arbitrary 

– Third dose was safe  

Hall, 2021 



3rd dose 
(not booster)

Greenberger, 2021 



Greenberger, 2021 

■ The study’s focus was not for subgroup analysis, but the authors point out 

– Those who had completed treatment (2 years ago) mostly responded 

– The more time post anti-CD20 therapy (>7 months)  the better the percentage of 
patients with response 

■ Small cohort, so have to remember the study was not powered for other types of analysis 

■ Concluded 

– In a small, limited observational study, 55% (21/38) patients with B-cell 
malignancies who did not produce antibodies to a 2 dose series, did with a 3rd dose

– Risk factors for not responding included anti-CD20 therapy (especially in last 6 
months) 

– Did not look at neutralizing antibody response or T cell responses 



Leukemia & Lymphoma Society

■ 699 patients 

■ 3rd dose of mRNA 
vaccine June-Sept 2021



■ Studied 505 patients with hematologic malignancy (CLL n = 285, NHL n = 154) 

– Data on anti-S antibody response (humoral immunity) and added benefit of 
third dose 
■ Among those who were seronegative after second vaccine, 40% achieved an

antibody response after third vaccination (wide range of anti-S antibody level) but 
not all acquired “meaningful” response 

– Data on T-cell response
■ % of patients with T-cell response was higher in seropositive patients, but of 221

seronegative patients 45% did have a T-cell response

Greenberger 2022 



Third dose data

Greenberger 2022 



Booster Doses 

■ Booster = a dose given after completion of primary series 

■ First Booster 
– For immunocompromised patients this would be 4th dose 

■ Second Booster  
– For immunocompromised patients this would be 5th dose 

■ Recommended dose intervals and minimum dose intervals are not always the same
– Minimum interval is 3 months between booster doses 
– But recommended is longer – for improved immune response  



Why do we boost?

■ Vaccine effectiveness (VE)
– Data from ancestral strain and earlier variants demonstrated VE to be high after

completion of primary series
– VE against Omicron is lower and decreases over time 
– VE improves with booster of mRNA vaccine
– Reassuringly, VE still reasonable for severe outcomes, also improves with booster

■ Studies have shown this in patients with hematologic malignancy, although initial
research uses 2nd dose as starting time point

– Immunity post dose wanes over time, more significant in patients with hematologic 
malignancy 

NACI, Update April 12, 2022



ACIP 



ACIP, April 20, 2022 



ACIP, April 20, 2022 



Canadian Second Booster 
Recommendations





Bivalent Booster 



Bivalent Booster 

■ Bivalent booster is now preferred over monovalent booster in Ontario 

– Bivalent booster currently available:  
■ Moderna Spikevax Bivalent  (50mcg) = 25 mcg ancestral strain + 25mcg BA.1 

– Elicits higher neutralizing antibody response compared to second booster of 
monovalent vaccine (Moderna Spikevax Original 50mcg) 
■ Clinical outcomes and VE are yet to be established 

– Similar reactogenicity and frequency of adverse events 

– Plan is for post-marketing surveillance





Current Vaccine Schedule in Ontario 

PLUS

Now eligible for bivalent booster, 
regardless of how many previous doses 

Recommended interval is 6-months, 
but can be minimum 3-months since 

last dose. 



Are these vaccines safe? 

■ YES, but there are common side effects and rare adverse events 

– Side effects 
■ Local reaction – pain at injection site, localized welling including axillary swelling or 

lymphadenopathy.  Usually mild-moderate, resolve within a few days. 

■ Systemic reactions – fatigue, headache, muscle pain, chills and joint pains.  Fever 
especially after second dose.  Usually mild-moderate, resolve within a few days. 

– Adverse events following immunizations (AEFI) 
■ Thrombosis with Thrombocytopenia (viral vector covid-19 vaccines) 

■ Myocarditis or pericarditis (mRNA covid-19 vaccines) 



AEFI: Reporting system is in place 

■ How often are these 
rare AEFIs 
happening?  

– Very rare 

PHO, 2022



Are these vaccines safe in 
immunocompromised patients? 
■ YES 

■ Although these populations were not specifically studied in the clinical trials, the 
safety profile in real-world observational studies is comparable to the general 
population 

■ To date, no unexpected or concerning safety signals are seen in those with 
immunocompromising conditions 



Take Home Points 

■ In general, these vaccines are safe and effective 

– The important piece is the protection against hospitalization/ICU stays, severe 
outcomes and death 

■ Immunocompromised patients including those with hematologic malignancy have 
been found to have less robust immune response based on current data 

– 3 dose primary series is recommended

– Boosters are recommended (1st and 2nd boosters) 

– Bivalent booster is recommended

■ All close contacts of these patients should be vaccinated 

– Even if you are not immunocompromised, by vaccinating yourself you are 
helping to protect others 





PART 2: NON-VACCINE 
PREVENTION



Monoclonal Antibodies

■ Monoclonal antibodies have been used for a variety of conditions for many years 

■ Specifically as these related to COVID-19 

– Designed to provide passive immunity through administration of neutralizing 
antibodies against SARS-CoV-2 

■ There have been various monoclonal antibodies used over the course of COVID-19 
Pandemic – both for treatment and prevention 

– Current focus in Canada is for use as prevention
■ NOT a substitute for vaccines  to be used in combination with vaccines in 

individuals who may not develop an adequate immune or vaccine response to 
SARS-CoV-2 putting them at higher risk 



Canadian Public Health Association, 2022



Tixagevimab/ Cilgavimab (Evusheld)

■ Combination of recombinant IgG1 
monoclonal antibodies directed against 
the SARS-CoV-2 spike protein 

– 2 different long acting antibodies

– Bind to non-overlapping epitopes of 
the spike-protein RBD 

■ Goal:  block interaction with the host 
cellular receptor, inhibiting entry into the 
cell and neutralizing the virus 

El Chaer, 2022



Tixagevimab/ 
Cilgavimab
(Evusheld)
• PROVENT Study published April 2022 (e)

• Randomized control trial (blinded) 

• 5197 adults patients without prior COVID-
19 infection 

• Incidence of symptomatic COVID-19 was 
lower than in placebo 

• Limitations: coincided with vaccines, 
fewer cases of COVID-19 infection in 
immunocompromised patients, not 
current circulating variant



■ Data from Memorial Sloan Kettering Cancer Centre 
– Adult patients with hematologic malignancy, observational study 
– Measured response using antibody levels before & after dose
– Results 

■ 52 patients enrolled, of which 2 patients had documented infection 

■ Patients included did not all receive the same dose (recommendations changed during 
study period) 

■ All patients achieved high anti-S (spike) IgG titers 

■ Failed to achieve meaningful neutralization of Omicrobn-RBD at singe dose of 150mg, 
but neutralization significantly increased after a 300mg dose 



Outstanding Questions

■ Omicron subvariants 

– Concern re. neutralizing abilities of monoclonal antibodies to VOCs and sub-
variants of Omicron in vitro (lab)  
■ Resulted in increased dose of Evusheld in some jurisdictions 

■ Duration of response 

– Estimated to be ~ 6 months 

■ More research and clinical data needed to answer these questions 

Takashita, 2022; Yamasoba 2022 



Current Recommendations for Evusheld

■ Intra-muscular (IM) injection x 2 

– Total dose 300mg : 150mg tixagevimab + 150mg cilgavimab

– With BA.4 and BA.5  FDA has suggested increasing dose to 600mg 
■ Ontario Health reports emerging evidence that it has decreased activity with these 

subvariants and that clinical judgement should be exercised when determining dose 

■ Recommended to administer 2 weeks after a dose of covid-19 vaccination 

■ Patients should receive all eligible doses of vaccination prior to Evusheld, limited data on 
administration of vaccines post-Evusheld

■ Considerations re side/effects:  Generally well tolerated – local site reactions, rash, 
generalized reactions.  

– Specific mention re cardiovascular or thromboembolic events*

Ontario Health, Oct 3, 2022



In Ontario: 

■ Consider for people at highest risk of an inadequate response to vaccination, upon 
discussion of risks & benefits:  

– Solid Organ Transplant recipients 

– Stem Cell Transplant recipients 

– CAR-T Cell Therapy recipients 

– Other hematologic cancer patients undergoing treatment 

– People receiving anti-B-Cell Therapy (ex. Rituximab)* 

– People with significant primary immunodeficiency* 

■ Must be 

– At least 12 years old, weigh at least 40kg 

– NOT have had a current COVID-19 infection OR recent exposure 

Ontario Health, Oct 3, 2022



Non-Pharmaceutical Interventions 

■ NPIs:  actions (apart from vaccines or pharmaceutical products) that slow spread of 
infection  apply to COVID-19 and other communicable diseases 

Common NPIs: 

■ Staying at home when sick 

■ Hand hygiene

■ Appropriate use of face masks 

■ Ventilation – outdoors, indoor improve ventilation 

■ Limiting contact*



Helpful Resources:

■ Ontario: https://www.ontariohealth.ca/sites/ontariohealth/files/2022-
05/Patient%20Handout%20-%20Evusheld%20-%20EN.pdf

■ Quebec:  https://www.quebec.ca/en/health/health-issues/a-z/2019-
coronavirus/symptoms-transmission-treatment/preventive-treatment-against-covid-
19-evusheldtm

■ The Ottawa Hospital:  https://www.ottawahospital.on.ca/en/2019-novel-
coronavirus/covid-19-treatment-information/



PART 3: TREATMENT



Treatment of COVID-19

■ Significant progress has been made since March 2020 

– Some of the initial therapies used early in  found not to work 

– Data accumulated on therapies that did work

■ Trials such as RECOVERY, ACTT I & II and REMAP-CAP 

– Generated data  used to guide recommendations for treatment 

■ Now rely on treatment recommendations for management 

– Generally consistent across jurisdictions  



How I treat and prevent COVID-19 in patients with hematologic 
malignancies and recipients of cellular therapies

Firas El Chaer,Jeffery J. Auletta,Roy F. Chemaly, How I treat 
and prevent COVID-19 in patients with hematologic 
malignancies and recipients of cellular therapies, Blood, 2022 

Copyright © 2022 American Society of Hematology 



Treatment of COVID-19

■ Until late 2021, treatment guidelines have focused on hospitalizations patients 

■ Recommendations are based on severity of illness 

■ In Ontario, hospital practice generally reflects recommendations from the Ontario 
Science Table (OST) 



Treatment of COVID-19: In Hospital

Severity of Infection Definition Treatment Recommendations

Moderately Ill New oxygen requirements Dexamethasone 
Remdesivir 

Consider: Tocilizumab or alternative 

Critically Ill Patient require ventilatory 
and/or circulatory support 

Dexamethasone 
Tocilizumab or alternative 

Adapted from Ontario Science Table (OST) 



Treatment of COVID-19: Early Infection

■ Late 2021 – attention shifted to early intervention & outpatient therapies for 
patients at high risk  What qualifies as High Risk? 

Ontario Science Table: Clinical Practice Guidelines 
Updated: April 1, 2022



Treatment of COVID-19: Early Infection

Original early treatments – Late 2021 – Early 2022 

■ Monoclonal antibodies were the initial main driver 

– Casirivamb-imdevimab (Regen-CoV)
■ Stopped when omicron variant became dominant  

– Sotrovimab 
■ Used during early Omicron wave 

■ Stopped when subvariants BA.2, BA.4 and BA.5 became dominant strains 

■ Despite discontinuation of use, set precedence for early and outpatient 
management of high-risk patients diagnosed with COVID-19 infection 



Treatment of COVID-19: Early Infection

Current early treatments

■ Shifted to antivirals 

– Paxlovid (PO)

– Remdesivir (IV) 

El Chaer, 2022



Treatment of COVID-19: Paxlovid

■ Paxlovid = Nirmatrelvir / ritonavir 
– Nirmatrelvir = SARS-CoV-2 protease inhibitors 

■ Stops viral replication

– Ritonavir = HIV protease inhibitor, but also a CYP3A4 inhibitor 
■ Boosts the action of Nirmatrelvir 

■ 1 dose is 3 tabs:  
– 300mg Nirmatrelvir (2 x 150mg tabs) 
– 100mg ritonavir (1x 100mg tab) 

*Dose is adjusted for kidney function

■ Given twice a day for 5 days 

■ Approved by Health Canada January 2022 



Treatment of 
COVID-19: 
Paxlovid 
• EPIC HR Study Published in April 2022

• Randomized control trial (double-blind) 

• 2246 adult patients with COVID-19 

• Results: reduced risk of progression to 
hospitalization and death at 28 days 

• Limitation: unvaccinated patients and 
those at high risk of progression to 
severe infection

Hammond, 2022



Treatment of COVID-19: Paxlovid 

■ Important to know  drug-drug interactions 

■ A physician or pharmacist should review other medications that a patient is taking to 
make sure no interactions 

■ Some medications cannot be given with Paxlovid, while other medications need to 
be adjusted 

■ Resources to manage this safely are available for physicians and pharmacists 



Treatment of COVID-19: Remdesivir

■ Remdesivir 

– Direct-acting antiviral 
■ Inhibits viral replication by terminating RNA synthesis prematurely    

■ Given IV, once a day for 3 day course 

– Day 1:  200mg IV 

– Day 2 & 3:  100mg IV 



Treatment of 
COVID-19: 
Remdesivir 
• PINETREE Study Published in January 

2022

• Randomized control trial (double-blind) 

• 562 patients with COVID-19 

• Results: reduced risk of progression to 
hospitalization and death at 28 days 

• Limitation: patients had > 1 risk factor for 
severe infection, but many at risk-groups 
were underrepresented (inc. 
immunocompromise and cancer)

• Note study stopped early, original design 
was to enroll 1264 patients 

Gottlieb, 2022



Current Practice 

■ Paxlovid 
– 5 day course, given orally for patients who are at high risk of severe illness 

within first 5 days of symptoms 
– Ensure drug-drug interactions are checked   

■ Remdesivir 
– 3 day course, given IV for patients who are at high risk of severe illness within 

first 7 days of symptoms 



Treatment of COVID-19: Who is High Risk? 

Ontario Science Table: Clinical Practice Guidelines 
Updated: April 1, 2022



In Ontario:  

■ Health Care Provider should assess if patients are at high risk, if they should receive 
antiviral treatment and if any contraindications  through primary care provider 
(your doctors) or a clinical assessment centre 

■ Groups that are considered higher-risk include 

– Immunocompromised 

– Age 70 and older 

– Age 60 and older, with less than 3 vaccine doses 

– Age 18 and older, with less than 3 vaccine doses AND 1 risk condition 

■ Available antivirals in Ontario 

– Paxlovid (oral) 

– Remdesivir (IV) 

Ontario Health, September 29, 2022 



Treatment of COVID-19: Is this the same for 
patients with hematologic malignancies?



Treatment of COVID-19: Hematology 

■ Patients with hematologic malignancies are at higher risk of severe illness and may 
not respond as well to COVID-19 vaccines 

– Highlights importance of early therapies to prevent progression of illness 

■ Although there are not robust studies in these patients specifically, data from other 
trials in high risk patients, expert opinion and clinical experience support treatments 
recommended previously   

El Chaer, 2022



Treatment of COVID-19: Hematology 
Early / Outpatient Treatment

El Chaer, 2022



Treatment of COVID-19: Hematology 
In-Hospital Treatment

El Chaer, 2022



Helpful Resources:

■ Ontario: https://www.ontario.ca/page/covid-19-testing-and-treatment

■ Quebec: https://www.quebec.ca/en/health/health-issues/a-z/2019-
coronavirus/symptoms-transmission-treatment/oral-treatment-against-covid-19-
paxlovidmc

■ Ottawa Public Health:  https://www.ottawapublichealth.ca/en/shared-
content/assessment-centres.aspx#Will-I-get-tested-for-COVID-19-during-my-in-person-
assessment

■ The Ottawa Hospital:  https://www.ottawahospital.on.ca/en/2019-novel-
coronavirus/covid-19-treatment-information/



https://www.lls.org/who-we-are/covid-19-vaccines-faq-patients-and-caregivers#latest-updates

■ Take into consideration, some recommendations are specific to the US 



Take Home Points

■ Reduce the risk 
– Receive appropriate COVID-19 vaccines 

■ 3-dose primary series 
■ Booster doses including bivalent booster 

– Your health care team may consider Evusheld (monoclonal antibody) 
– Continue to reduce risk with use of masks, avoiding sick contacts, etc

■ If you test + for COVID-19 or think you have symptoms 
– Notify your health care provider! 
– Early treatment options are available

■ Best if given early on in symptoms
■ Some patient requires medication review for important interactions 



Special Thank You 

■ A special thank you to my co-investigators Dr. Sita Bhella and Dr. Abi Vijenthira for 
some of the slides and references used in this presentation 

■ A special thank you to my colleague Dr. Mikki McGuinty for some of the slides and 
references used in this presentation 

■ And to all our study participants, co-investigators and the VIP Study Team 
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