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REVIEW: CORONAVIRUS DISEASE (COVID-19) IN 
PATIENTS WITH HEMATOLOGIC MALIGNANCY
Introduction
The Coronavirus disease that emerged globally in 2019 
(COVID-19) is caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). It was first 
identified in December 2019, with rapid worldwide 
spread leading to a pandemic soon after. Three years 
later, although the virus now holds a diminished role in 
the public agenda, COVID-19 remains a real and present 
danger for patients with hematologic malignancy (HM).1,2 
This paper provides an overview of the risks of COVID-19 
in patients with HM, the effectiveness of vaccination, and 
management strategies in these vulnerable patients. 

Outcomes of COVID-19 in Patients with Hematologic 
Malignancy
Patients with HM have impaired immune function due to the 
malignancy itself and as a consequence of HM treatments. 

Immune dysfunction can affect all aspects of the immune 
system including disruptions to mucous membranes and 
other protective barriers; impaired innate immunity with 
reduced and/or dysfunctional granulocytes; and diminished 
adaptive immunity including low baseline antibody 
levels, delayed and/or reduced seroresponse, and impaired 
T cell response.3-6 These deficiencies result in increased 
vulnerability to infection, increased severity of illness and, 
in the case of COVID-19, prolonged viral clearance.7-10 
B-cell depletion therapy, in particular, can greatly diminish 
seroresponse to vaccines and infection, and significantly 
increases the risk of severe COVID-19.3-5

At the outset of the pandemic, reports from Wuhan, China 
had already noted a more severe COVID-19 disease course 
and a higher case fatality rate in patients with HM infected 
with SARS-CoV-2.2 In the numerous global reports that 
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followed, hospitalization rates were reported to be between 
56% to 74%, intensive care unit (ICU) admission rates 
ranged from 10% to 24%, and case fatality rates ranged from 
14% to 52% during the early waves of the virus.11 A meta-
analysis conducted during the early phase of the pandemic 
estimated a 34% risk of death in hospitalized patients with 
HM.1 It is possible that selection bias augmented early 
estimates of COVID-19 mortality in patients with HM as 
initial reports were heavily skewed to hospitalized patients; 
however, with the passage of time it has become certain that 
patients with HM are at higher risk of serious morbidity, as 
well as mortality, than patients without cancer, and are even 
at higher risk than patients with solid tumors.11 Predictors 
of worse outcomes in patients with HM include older 
age; specific subtypes of HM (higher risk for lymphoid 
malignancies and acute myeloid leukemia [AML]); higher 
comorbidity burden; having active malignancy; and 
receiving particular treatments (e.g., cellular therapy).12-14 
During the last two years of the pandemic, the SARS-
CoV-2 virus has continued to evolve leading to surges 
of new variants of concern (VOC) with increased 
transmissibility and immune escape. Despite this viral 
evolution, COVID-19 outcomes have improved over 
time,15,16 a trend that has also been observed among 
those with HM infected with SARS-CoV-2. 17,18 For 
example, a recent study reporting on >1,500 patients 
with HM in the EPICOVIDEHA registry demonstrated 
reduced hospitalization rate (53% vs 73%), decreased 
ICU admission rate (10% vs 18%), and lower mortality 
(9% vs 31%) when compared to earlier in the pandemic.18 
These improved outcomes are likely the result of several 
factors, including the natural evolution of SARS-CoV-2 
leading to reduced virulence, immunologic protection from 
vaccination or past infection, and improved COVID-19-
directed treatments. However, the relative contribution of 
each of these factors is difficult to tease out. Nevertheless, 
even in the contemporary era of COVID-19, it is widely 
recognized that patients with HM remain at increased risk 
of poor outcomes.11

Prevention of SARS-CoV-2 Infection

Vaccination
One of the impressive success stories of the COVID-19 
pandemic is the speed with which effective vaccinations 
were developed. Vaccines against SARS-CoV-2 became 
available in Canada in late 2020. Randomized controlled 
trials (RCTs) have demonstrated that all of the vaccines 
approved for use in Canada are highly efficacious in 
preventing severe COVID-19 infection,19-21 and real-world 
studies have confirmed that the vaccines are effective in 
preventing hospitalization and death.22 However, patients 
with cancer were excluded from vaccine RCTs and are 
under-represented in many population studies. Fortunately, 
large retrospective studies have recently been completed 

which demonstrate that patients with HM also benefit from 
COVID-19 vaccination, although not to the same extent as 
patients without cancer, or even to the same extent as those 
with solid tumors.23,24 

Due to the technical challenges involved with assessing 
T cell response post-vaccination, most clinical studies 
have reported vaccine-mediated humoral response. It has 
been observed that breakthrough COVID-19 infections 
correlate with lower levels of anti-spike IgG and neutralizing 
antibodies, suggesting the importance of serologic response 
in protective immunity against COVID-19.25 Patients 
with HM, particularly those with lymphoid malignancy 
and/or receiving B-cell depletion therapy, have impaired 
vaccine-mediated antibody responses, contributing to the 
vulnerability of this patient population.26 Some of the lowest 
seroresponses have been observed in patients with chronic 
lymphocytic leukemia (CLL), irrespective of therapy. This 
has occurred among patients with prior or ongoing exposure 
to anti-CD20 therapy; in those receiving Bruton’s tyrosine 
kinase inhibitors (BTKi’s); and among recent cellular 
therapy recipients, including chimeric antigen receptor T-cell 
(CAR-T) therapy and stem cell transplant.27-29

Real-world studies have demonstrated that patients with 
cancer experience more rapid antibody waning than the 
general population following primary vaccination series,24,30 
suggesting that earlier and greater booster doses may be 
required for ongoing protection from COVID-19. Recent 
clinical data from patients with cancer demonstrated that 
booster doses could seroconvert some patients who were 
previously negative, even among patients with lymphoid 
malignancies such as CLL. However, patients who received 
anti-CD20 therapy within one year of vaccination do not 
appear to derive the same benefit.27,31,32 For instance, a recent 
study by Shen et al evaluated seroconversion rates in patients 
with CLL and monoclonal B-cell lymphocytosis (MBL) 
following multiple (up to 8) COVID-19 vaccine doses; 
virtually all patients who were previously seronegative 
ultimately converted to seropositive.33 Collectively, existing 
data support the use of repeated vaccine boosters to improve 
SARS-CoV-2 antibody levels among patients with HM.27,34 
Moreover, despite poor humoral response to vaccination, up 
to 80% of patients treated with anti-CD20 therapy mounted a 
cellular T cell response; this may translate to some degree of 
protection even in the absence of antibody response.35 

Few clinical studies have addressed COVID-19 vaccine 
clinical effectiveness specifically in patients with HM. In a 
U.K. retrospective study conducted prior to the emergence 
of the Omicron variant, patients with cancer had 66% 
vaccine effectiveness for breakthrough infection; HM 
patients demonstrated reduced effectiveness.24 In a matched 
comparative analysis using a population-based dataset from 
Ontario, including Omicron infections, patients with HM 
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had a higher risk of breakthrough infections and COVID-
19-related poor outcomes versus noncancer controls and 
patients with solid cancers.23 Booster vaccination reduced 
this risk, except for those who received anti-CD20 therapy 
in the year prior.36 

Nevertheless, although the relative risk of COVID-19 
severe outcomes in patients with HM remains elevated, 
the absolute risk of death is much lower as compared 
with the pre-vaccination era36;  and vaccination remains 
the most important line of defense against COVID-19 
for all patients, including those with HM. Strategies to 
improve immune responses include repeated vaccinations, 
maximizing vaccination prior to BCDT where possible, 
and revaccination three months following stem cell 
transplantation or CAR-T therapy.25 Another important 
strategy is to optimize COVID-19 immunity among family 
members and caregivers of patients with HM via complete 
and up-to-date COVID-19 vaccination. 

Pre-exposure Prophylaxis
Earlier in the pandemic, tailored antibodies directed against 
the SARS-Co-V-2 spike protein were demonstrated to 
be a promising therapy to prevent severe COVID-19 in 
immunocompromised patients. Based on the PROVENT 
trial, the combination therapy tixagevimab/cilgavimab 
was approved as pre-exposure prophylaxis in patients with 
HM receiving immunosuppressive therapy such as anti-
CD20 therapy and BTKi, as well as in transplant or CAR-T 
recipients.37 Unfortunately, viral evolution has resulted in 
mutations in the SARS-CoV-2 spike protein, allowing immune 
escape from all commercially available monoclonal antibodies 
including tixagevimab-cilgavimab, and its use is no longer 
recommended.38 However, research to develop monoclonal 
antibodies directed against more highly conserved portions 
of the virus is ongoing, and it is possible that monoclonal 
antibodies may prove to be useful again in the future.39 

Management 
In addition to vaccines, new or newly re-purposed 
medical therapies have been developed to reduce the 
morbidity and mortality of COVID-19 in the outpatient 
and inpatient settings. Here-in, we provide a brief 
overview of COVID-19 management, current at the time 
of publication. With more than 3,000 trials of COVID-19 
treatment registered,40 the field of COVID-19 therapeutics 
is rapidly evolving, and we encourage readers to refer to 
rigorous, evidence-based guidelines available on this topic; 
in particular, the World Health Organization maintains a 
living, open-access guideline of COVID-19 therapeutics 
(https://app.magicapp.org/#/guidelines).41 

Outpatient treatments
The first therapy approved by Health Canada for the 
treatment of COVID-19 was remdesivir, an intravenous 

(IV) therapy. Remdesivir was approved by Health Canada 
on July 27, 2020, for treatment of SARS-CoV-2 pneumonia 
causing hypoxia. However, based on the PINETREE trial 
in non-hospitalized, unvaccinated patients at high risk 
for disease progression (5.3% had a cancer diagnosis), 
remdesivir’s treatment indication was expanded to include 
non-hypoxic out-patients at risk of progression to severe 
COVID-19 in April, 2022. The PINETREE trial reported 
an 87% relative risk reduction (RRR) in hospitalization or 
death vs placebo when remdesivir was administered within 
seven days of symptoms onset.42 Despite demonstrated 
efficacy, the three-day IV regimen poses logistical 
challenges for the outpatient population. As well, evidence 
of benefit in vaccinated individuals, or in those with natural 
immunity, is sparse and the benefits are likely lower in this 
setting. Nevertheless, real-world evidence suggests that 
remdesivir use is associated with decreased mortality in 
patients with HM.43 

Ritonavir-boosted nirmatrelvir is an oral protease inhibitor 
that inhibits the SARS-CoV-2 protease critical for viral 
replication. It was approved by Health Canada on January 
17, 2022, for the treatment of patients with mild-to-
moderate COVID-19 based on the EPIC-HR trial in high-
risk, unvaccinated individuals. The trial reported reduced 
COVID-19 hospitalizations/death from 6.4% to 0.8% vs 
placebo.44 Although prospective data on the effectiveness 
of nirmatrelvir/ritonavir is lacking among vaccinated or 
naturally immunized individuals, due to its ease of use it 
has rapidly become first-line therapy for out-patients at risk 
of severe COVID-19. At the time of this writing, a 5 day 
course of nirmatrelvir/ritonavir is indicated as first-line 
treatment for symptomatic outpatients with mild-to-moderate 
COVID-19 presenting within 5 days of symptom onset. 
Of note, its use is complicated by drug-drug interactions 
due to ritonavir-mediated CYP3A4 inhibition. Numerous 
drugs used to treat HM have important interactions with 
ritonavir requiring either dose adjustments or avoidance. 
Detailed information on drug interactions with nirmatrelvir/
ritonavir is available via open-access resources including 
the Liverpool COVID-19 Drug Interaction Checker (https://
www.covid19-druginteractions.org/checker) 45 and the 
University Health Network drug-drug oncology interaction 
checker (https://www.antimicrobialstewardship.com/
paxlovid-ddi-oncology).46 Nirmatrelvir-ritonavir requires 
dosing modifications in cases of renal impairment, as well as 
avoidance in patients with severe hepatic impairment 
(https://doi.org/10.47326/ocsat.2022.03.58.3.0). 

Three SARS-CoV-2 neutralizing antibody therapies have 
been authorized by Health Canada for reducing the risk of 
severe COVID-19 in non-hospitalized, high risk patients: 
bamlanivimab, casirivimab plus imdevimab, and sotrovimab. 
However, similar to prophylactic monoclonal antibody 
treatment, these monoclonal antibodies are no longer 



8 recommended as dominant circulating strains of SARS-Co-V2 
in Canada have reduced susceptibility to these agents.47 

In summary, nirmatrelvir-ritonavir (oral) and remdesivir 
(IV) are the two treatment options currently recommended 
for ambulatory patients with mild-to-moderate COVID-19 
in Canada (Figure 1).48,49 Both of these agents require 
initiation shortly after symptom onset in order to be 
effective. Oncologists and hematologists can play a key 
role in counselling patients with HM regarding how to 
recognize the symptoms of COVID-19 and the importance 
of prompt testing to facilitate early COVID-19 treatment. 
New therapeutic strategies are currently under active 
evaluation, including oral analogues of remdesivir50 and a 
single dose of subcutaneous pegylated interferon lambda,51 
and may become available in the future.

Inpatient treatments
A number of important inpatient therapies have been 
developed for those with severe-to- critical COVID-19 
(Figure 1). Patients with mild-to-moderate COVID-19, 
hospitalized for non-COVID-19 indications, should be 
treated in the same manner as outpatients with COVID-19, 
with either a three-day course of IV remdesivir or a five-
day course of nirmatrelvir/ritonavir. Patients admitted 
with severe COVID-19 requiring supplemental oxygen 
but not requiring invasive ventilation may benefit from a 

five- to ten-day course of IV remdesivir.52 A recent meta-
analysis of this population suggests a slight mortality 
reduction and decreased need for mechanical ventilation.53 
A ten-day course of dexamethasone 6 mg is recommended 
for the treatment of COVID-19 in hospitalized patients 
who require non-invasive or high-flow supplemental 
oxygen, given the mortality benefit demonstrated in the 
RECOVERY trial.54 

For patients with critical COVID-19, particularly those with 
elevated inflammatory markers, the addition of the anti-
interleukin 6 (IL-6) monoclonal antibody tocilizumab or Janus 
kinase (JAK) inhibitor baricitinib should be considered.55 
None of the trials of the above-mentioned COVID-19 
therapeutics included patients with HMs; nonetheless, most 
experts recommend that these patients be treated similarly to 
those without HMs with severe COVID-19, with the caveat 
that treating clinicians should be mindful of the further 
immunosuppressive effects of these therapies and the potential 
implications for infectious complications.

Although case series have reported convalescent plasma 
effectiveness in patients with HM, its routine use is 
controversial as large clinical trials have failed to demonstrate 
efficacy and its use is operationally challenging.11 
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Figure 1. Overview of COVID-19 outcomes, vaccine efficacy and treatment strategies for patients with hematologic malignancy; courtesy of Inna 
Gong, MD and Lisa Hicks, MD

For non-critically ill, hospitalized patients, therapeutic 
intensity anticoagulation with heparin or low molecular weight 
heparin (LMWH) is suggested over prophylactic intensity, 
based on evidence from three RCTs.56 For critically ill patients, 
prophylactic intensity anticoagulation is recommended.56 

Conclusion
Clinicians caring for patients with HM have an important 
role to play as the COVID-19 pandemic stretches into its 
fourth year. Despite major scientific advances, patients 
with HM remain uniquely vulnerable to hospitalization, 
morbidity and mortality from COVID-19. Vaccination 
is the most important defence against COVID-19, even 
among patients with HM who may have an attenuated 
or initially absent vaccine response. The benefits of 
vaccination for patients with HM have been shown in real-
world population-based studies, and encouraging patients 

with HM, their household contacts, and their caregivers 
(including healthcare workers) to stay current with 
vaccination is an important part of contemporary HM care. 
Teaching patients how to recognize COVID-19 infection, 
as well as the importance of early testing to facilitate 
outpatient anti-viral treatment, is also critical. Finally, one 
of the most important things that oncologists can undertake 
to reduce COVID-19 morbidity and mortality is advocacy. 
As COVID-19 retreats from the front pages of newspapers 
it is incumbent upon experts in HM to remind healthcare, 
civic and government leaders that COVID-19 remains a 
threat for our patients. 
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CELLULAR THERAPY IN CLL/iNHL:
THERAPEUTIC AGENTS IN THE PIPELINE
Introduction 
Advanced cellular therapies have been introduced in 
Canada over the past two years. Chimeric antigen receptor 
(CAR) T-cell therapy is the current standard of care for 
third-line large B-cell lymphoma (LBCL), relapsed/
refractory (RR) acute lymphoblastic leukemia (ALL) in 
patients ˂26 years old3 and, more recently, in third-line 
mantle cell lymphoma.4 These novel therapies are now 
gaining more prominence in the treatment of LBCL with 
recent FDA approval for the second line in patients eligible 
for stem cell transplant, based on recent Phase 3 trials.5,6 

Another class of novel immunotherapy agents are bispecific 
T-cell engagers (BiTEs) which have been studied in many 
B-cell malignancies but are not yet approved in Canada. 

The indolent non-Hodgkin’s lymphoma (iNHL) and 
chronic lymphocytic leukemia (CLL) landscape have been 
evolving over the past few years with many novel therapies 
being studied and becoming available. However, patients 
with RR iNHL, as well as patients using Bruton tyrosine 
kinase (BTK) and B-cell lymphoma-2 (BCL2) inhibitors 
for refractory CLL continue to have an unmet need for 
treatment. This article will focus on cellular therapy that 
will likely be available for use by Canadian clinicians in the 
near future to treat patients with iNHL and CLL.

Cellular Therapy in Indolent NHL
iNHL represents at least 35% of new cases of non-
Hodgkin’s lymphoma in the United States; follicular 
lymphoma represents the most common of these cases. 
iNHLs are likely underdiagnosed and their incidence may 
be even higher, given that a significant number of patients 

with the disease are asymptomatic.7 The clinical course 
of the majority of iNHLs is very heterogeneous and many 
patients experience extended survival.8 However, many 
patients will likely need treatment at some point based 
on the clinical evolution of the disease. Particularly in 
follicular lymphoma, it is well known that progressive 
disease in the first 24 months (POD24) following standard 
chemoimmunotherapy is associated with a poor prognosis.9

Axicabtagene ciloleucel (axi-cel) and tisagenlecleucel (tisa-
cel) are currently available in the United States and Europe 
and will likely be available in Canada in the near future. 
Axi-cel was approved based on ZUMA-5, a single arm, 
Phase 2 clinical trial.10 In this trial, both follicular (n=124) 
and marginal zone (n= 24) lymphomas were included after 
having failed at least two prior lines of therapy (median 
of three). The majority of the cohort (55%) had POD24. 
Despite this, the overall response rate (ORR) was 92%, 
with a 74% complete response (CR) rate. In the updated 
analysis, the 18-month progression-free survival (PFS) and 
overall survival (OS) were 65% and 87%, respectively. Tisa-
cel was approved outside of Canada based on the ELARA 
study.11 ELARA was also a Phase 2, single arm clinical study 
investigating patients having received at least two prior 
lines of therapy (median of 4); however, it included only 
follicular lymphoma. The majority of the cohort (63%) also 
experienced POD24 and 78% were refractory to their last 
line of treatment. The ORR was impressive at 92%, with a 
75% CR rate. The reported 12-month PFS was 67%. 

Rapid access to treatment for the high-risk disease 
population is the area requiring the greatest advocacy. For 
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the high-risk population with POD24, Axi-cel was associated 
with an impressive ORR of 92% with a 75% CR rate and an 
18-month duration of response of 60%.12 With Tisa-cel, the 
CR rate was 59% and the 12-month PFS was 61%.13

The primary advantage of CAR T-cell therapy is its single 
infusion treatment. However, it has a unique toxicity profile 
as compared with other therapies; the two initial side 
effects are cytokine release syndrome (CRS) and immune 
effector cell-associated neurotoxicity syndrome (ICANS). 
In LBCL, CRS was reported in 58%-93% patients, with 
13%-22% Grade ≥3, and ICANS in 21%-64% of patients, 
with 12%-28% Grade ≥ 3.1,2,14 In iNHL, the CRS rate 
was lower, at 49%-82% and 0%-7% Grade ≥3. ICANS 
was no different, with a rate of 4.1%-59% and 1%-19% 
Grade ≥3.10,11 Cytopenias, B-cell aplasia and infections are 
additional moderate to long-term side effects that must be 
considered after CAR T-cell therapy infusion.

BiTEs are another novel form of immunotherapy. The 
mechanism of action of these antibody therapies is 
based on recognition of a specific target on tumor cells 
with another binding site for engaging T-cells.15 Current 
BiTEs target CD20 and CD3; mosunetuzumab is the most 
advanced in terms of access process.16 Other BiTEs have 
been investigated in B-cell malignancies, in recently- 
published Phase 1 clinical studies evaluating glofitamab, 
epcoritamab and odronextamab.17-19 BiTEs have the 
advantage of being rapidly available compared to CAR 
T-cell therapy which requires apheresis of a fresh product, 
and a manufacturing time which reduces the time to 
therapy from 4-6 weeks to only 1-2 weeks at the most.

A Phase 2, single arm mosunetuzumab trial was recently 
published.16 Only follicular lymphomas with at least two 
prior lines of therapy (median 3) were included. Prior CAR 

T-cell treatment was not excluded, but represented only 
3% of the cohort. Fifty-two percent of the study cohort had 
POD24. As with the majority of BiTEs, CRS is the most 
common adverse event; however, it can be mitigated by 
the use of scheduled titration. Mosunetuzumab requires 
an infusion every three weeks until progression. In this 
clinical trial, ORR was 80%, with a 60% CR rate. CRS was 
confined primarily to cycle 1 with a 44% incidence in all 
grades but only 2% Grades 3/4. Despite a short follow-up, 
no unexpected major adverse events have been reported. 
The key characteristics of the available Phase 2 clinical 
trials are summarized in Table 1.

Cellular Therapy in Chronic Lymphocytic Leukemia 
(CLL)
Cellular therapy in CLL is still in its early phase. CAR 
T-cell and BiTEs therapy are emerging as promising 
treatment strategies for patients who are refractory to both 
BTK and BCL2 inhibitors.

Although currently there is no product approved for 
commercial use in Canada, the United States or Europe, 
several patients with CLL have been treated with cellular 
therapy for more than 10 years. A recent report described the 
characteristics of two patients who have been in remission 
since the infusion of their CD-19 directed CAR T-cell 
therapy. Data on lisocabtagene-maraleucel (liso-cel), a 
CD-19 directed CAR T-cell therapy which has published 
data on LBCL, but is not currently available in Canada in 
any indication, has recently been published for patients 
with CLL. This Phase 1 study (TRANSCEND CLL 004), 
involving 23 patients with standard and high-risk disease 
and 2-3 prior lines of therapy (including a BTK inhibitor) 
showed an 82% ORR and a 45% CR or CR with incomplete 
marrow recovery (CRi) rate. In the cohort of patients who 
progressed on both BTK and BCL2 inhibitors, the highest 

Therapy Phase Histology N ORR (%) CRR (%) Median 
DOR 
(months)

Median 
PFS 
(months)

Median 
OS 
(months)

Axicabtagene 
ciloleucel10

II FL/MZL 109 92 76 NR
18 months DOR 

was 66%

NR
18-month PFS 

was 65%

NR
18-month OS 

was 87%

Tisagenlecleucel11 II FL 94 87 69 NR
Among patients 

with CR 9-month 

DOR was 87%

NR
12-month PFS 

was 67%

NR

Mosunetuzumab16 II FL 90 80 60 23 18 NR
18-month OS 

was 90%

Table 1. Phase 2 studies of cellular therapies in iNHL; courtesy of Christopher Lemieux, MD 
DOR: Duration of response, FL: Follicular lymphoma, MZL: Marginal zone lymphoma, NR: not reached, PFS: 
progression free survival, OS: Overall survival.
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ORR was 80% (60% CR/CRi ); 78% achieved undetectable 
minimal residual disease in the blood and 67% in the 
marrow, which appears to be promising for those patients 
with a current unmet need.20 In terms of toxicity, CRS 
occurred in 74% (9% Grade 3) of the cohort and ICANS 
occurred in 39% (22% Grades 3/4), which is higher than 
that seen in the LBCL cohort.14 Results of the Phase 2 trial 
will have to be followed (NCT03331198). Other early phase 
trials have shown comparable results in this population.21-23 

The usefulness of using a BTK inhibitor throughout the CAR 
T-cell treatment process remains to be determined. 

The development of BiTEs in CLL currently focuses on 
CD3-CD20 dual targeting. Epcoritamab (NCT04623541) 
and mosunetuzumab (NCT05091424) studies are ongoing. 
Preliminary results from the EPCORE CLL-1 trial have 
been previously presented, however, only five patients were 
assessed for responses.24

Conclusion
Cellular therapy has been emerging in B-cell malignancy, 
iNHL and CLL over the past decade. It is hoped that these 
novel therapies will become available for Canadian patients 
in the near future. Despite showing high response rates, 
longer-term follow up of these trial cohorts will elucidate 
the durability of response of these novel agents. In addition, 
defining the patient population for which these therapies 
should be available in the future might become a factor in 
payors’ decision-making process.
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Introduction
Multiple myeloma (MM) is a hematologic malignancy 
characterized by the proliferation of abnormal clonal 
plasma cells. This population of neoplastic plasma cells can 
subsequently cause damaging lytic lesions to the bones, 
kidney dysfunction, high levels of calcium in the blood, 
and anemia.1 MM is more prevalent in individuals over age 
65 than in younger individuals; the median age at diagnosis 
is 69 years old. This malignancy is generally considered 
incurable. The five-year overall survival (OS) is estimated 
to be as high as 82% with the Revised International Staging 
System (R-ISS) for Stage I of the disease, and 40% with 
R-ISS Stage III of the disease.2 A large proportion of 
patients in the relapsed/refractory (R/R) setting are unable 
to achieve durable responses to treatment. There remains 
an unmet need for novel, highly effective and well-
tolerated therapies in this patient population.3

Treatment of myeloma patients has evolved in the past 
two decades with the introduction of novel therapies:4 the 
proteasome inhibitors (PIs) bortezomib, carfilzomib and 
ixazomib; the immunomodulatory imide drugs (IMiDs) 
thalidomide, lenalidomide and pomalidomide; and the 
anti-CD38 monoclonal antibodies (MoAb’s) daratumumab 
and isatuximab. All of these therapeutic agents have 
demonstrated improved outcomes in myeloma patients.3,5 
Survival of myeloma patients continues to improve over 
time, particularly with the combination of novel first-line and 
subsequent agents, resulting in median OS of 8 to 12 years.6 
Survival data in Canada is very similar with median OS of 
˃10 years.7

Outcomes of patients with R/R myeloma continues to be 
an additional important area of unmet need. Clinical data 
have reported poor outcomes for patients who have become 
refractory to PIs, IMiDs and MoAb’s, with progression-
free survival (PFS) of 3.4 months and OS of 9.3 months.8 
This has been confirmed, as well, by real-world data from 
Canadian patients, with reported PFS of 4.4 months and 
OS of 10.5 months in triple-class refractory patients.9

BCMA as a Therapeutic Target
B-cell maturation antigen (BCMA) is a cell surface protein 
expressed on late-stage B-cells and plasma cells. It is 
virtually absent on naïve and memory cells and highly 
expressed on malignant plasma cells in all patients with 
myeloma. It is essential for the proliferation and survival of 
malignant plasma cells.10-12 In myeloma, BCMA has been 
targeted as a major area of T-cell engager and antibody-
drug conjugate (ADC) research.12,13

T-cell Engagers 
T-cell engagers are unique constructs that simultaneously 
bind two antigens, usually engaging an antigen on the 
tumor and a molecule on an immune cell; this results in 
immune cell activation and tumor lysis. T-cell engagers 
teclistamab and elranatamab (both of which target BCMA) 
recently received FDA approval for use in relapsed 
myeloma with at least three prior lines of therapy. 

Teclistamab is a T-cell engager (BCMAxCD3). The Phase 
1-2 Majes TEC-1 clinical study involved 165 patients with 
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relapsed myeloma with at least 3 prior lines of therapy, 
and prior use of PI/IMiD and anti-CD38 antibody therapy. 
At baseline, 77.6% of the subjects were triple-class 
refractory and had a median of five prior lines of therapy. 
They demonstrated a 63% OR (39.4% complete response 
[CR]), with a median PFS of 11.3 months. Cytokine release 
syndrome (CRS) was present in 72.1% of patients, the 
majority of which were Grade 1/2; cytopenias (70.9% 
neutropenia) and infections (76.4%) were common, and 
14.5% of patients had some grade of neurological toxicity.14

Elranatamab is a bispecific T-cell engager. MagnetisMM-3 
was a Phase 2 clinical trial involving 123 relapsed 
myeloma patients who had received at least 3 prior lines 
of therapy, all of whom were refractory to a PI, an IMID 
and anti-CD38 antibody. They had all received a median of 
five prior lines of therapy; the overall response rate (ORR) 
was 61%; the median PFS had not been reached; CRS was 
57.7%; anemia occurred in 45.5% of patients; neutropenia 
occurred in 43.1% of patients; infections were common 
and were reported in 61.8% of patients; and neurological 
toxicity was reported in 3.4% of patients.15

Additional BCMA T-cell engager agents (engaging 
BCMAxCD3) for the treatment of R/R myeloma are 
currently under investigation (Table 1).
Aside from BCMA, other antigen targets under 
investigation for T-cell engagers in R/R myeloma include 
FcRH5 and GPRC5D, both of which have demonstrated 
initial results that are encouraging. 

Cevostamab, a FcRH5xCD3 construct, was investigated in 
a Phase I trial involving 160 patients with myeloma who 
had received a median of six prior lines of therapy. The 
study results demonstrated an ORR ranging from 53% to 
61% at higher doses, with manageable CRS.16 Long-term 
data suggest that patients can maintain durable therapeutic 
response.17 

Talquetamab, a GPRC5DxCD3 construct, was investigated 
in MonumenTAL-1, a Phase 1-2 trial involving 288 patients 
who had received a median of five prior lines of therapy, 

with two different dosing regimens of 0.4 mg/kg weekly 
or 0.8 mg/kg q2 weeks. The study results reported an ORR 
of 74.1 to 73.1%, with median PFS of 7.5 to 11.9 months. 
CRS was 72.1% to 79%, primarily Grade 1/2. Adverse 
events were common and the following were observed 
with the 0.4 mg/kg QW dosing regimen: Anemia occurred 
in 44.8% of patients; neutropenia occurred in 34.3% of 
patients; Infections were common: (57.3%); skin-related 
AEs (55.9%); and nail disorders (51.7%). Rash occurred in 
39.2% of patients; dysgeusia occurred in 48.3% of patients. 
Neurological toxicity was reported at 10.7%. All of these 
adverse events were managed with supportive care.18

A pooled analysis of 11 studies involving 1,185 patients 
treated with bispecific T cell engager, 71.6% of them 
targeting BCMA, showed that those targeting BCMA 
resulted in 34.8% grade 3/4 neutropenia, and 24.5% 
grade 3/4 infections including 10% grade 3/4 pneumonia 
and 11.4% grade 3/4 COVID-19 infections. Non-BCMA 
bispecific T cell engager were associated with lower risk for 
neutropenia and infections. This pooled analysis also showed 
a prevalence of 75.3% of hypogammaglobulinemia. Typical 
and opportunistic infections including cytomegalovirus, 
candida, herpes virus, pneumocystis were reported with the 
use of these agents.19

Antibody Drug Conjugates
ADCs are MoAb’s that contain a cytotoxic drug linked as a 
payload that releases upon internalization on the antibody. 
Combinations of a MoAB and a cytotoxic drug are not new. 
This strategy has been used previously to treat Hodgkin’s 
lymphoma (brentuximab vedotin); and in acute myeloid 
leukemia (gemtuzumab ozogamicin). Several ADCs have 
been studied in relapsed myeloma, in most cases as an 
antibody targeting BCMA, with various cytotoxic drugs 
used as payloads (Table 2).13 

Belantamab mafodotin is a humanized afucosylated, IgG1 
BCMA-targeted ADC that neutralizes soluble BCMA, with 
monomethyl auristatin F (MMAF) as its cytotoxic payload. 
It has four mechanisms of action: antibody-dependent 
cellular cytotoxicity, immunogenic cell death, BCMA 
receptor signaling inhibition, and ADC. It was approved in 
August of 2020 for patients with R/R myeloma who have 
received >4 lines of therapy including a PI, an IMiD and an 
anti-CD38 antibody.12,20,21 

The Phase 1 DREAMM-1 trial involving 35 patients with 
refractory myeloma showed an ORR of 60%.22 Phase 2 
data from the DREAMM-2 trial involving 196 patients 
comparing two doses, 2.5mg/kg q3 week and 3.4 mg/kg q3 
week, reported an ORR of 30-34% with a median PFS of 
2.9 to 4.9 months.23 The Phase 3 DREAMM-3 trial involving 
325 patients, comparing belantamab mafodotin 2.5 mg/kg q3 
week to pomalidomide plus dexamethasone in R/R myeloma 

Table 1  T-cell engagers currently being studied13 

Target Product n ORR CR

BCMA Teclistamab 165 63% 39.40%

BCMA Elranatamab 123 61% NA 

BCMA CC-93269 30 43% 17%

BCMA AMG-701 85 26% 10%

BCMA REGN5458 49 39% 16%

BCMA TNB-383B 58 47% 14%
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did not meet its primary endpoint of PFS (11.2 vs 7 months; 
HR 1.03; 95% CI, 0.72-1.47). It reported an ORR of 41% vs 
36%.24,25

Common adverse events with belantamab mafodotin include 
keratopathy, thrombocytopenia, and anemia. Corneal 
toxicity was associated with the MMAF cytotoxic payload; 
most ocular toxicity was reversible when holding treatment. 
In certain subsequent trials of combination therapy, the 
incidence of keratopathy was as high as 81%.23,24 

MEDI2228 is a fully humanized anti-BCMA antibody 
conjugated with pyrrolobenzodiazepine (a DNA cross-
linking agent), which binds to membrane bound BCMA. A 
Phase 1 dose finding and toxicity study is ongoing.26

Conclusion
In the past 20 years, the advent of novel agents for 
the treatment of MM has definitely led to a notable 
improvement in survival, from 3-4 years in the 1990s to 
close to 8-12 years, according to the most recent data.6,7

Immunotherapies such as T-cell engagers and ADC-
targeting novel antigens such as BCMA in myeloma are 
promising therapeutic options. Early clinical trial results 
show median PFS (11.3 months) that is significantly 
greater than that of standard of care options for heavily 
pretreated R/R myeloma (4.4 months).9

The advantage of ADCs and T-cell engagers is that they 
are readily available compared to that of other novel 
approaches such as CAR T-cell therapy which may require 
a lengthy manufacturing process and may result in delays 
in some cases due to supply chain issues. However, these 
agents also have disadvantages such as the need for 
ongoing treatment, especially when compared to a single 
dose of CAR T-cell therapy. Furthermore, in some cases, 
these novel agents are associated with new toxicities, such 
as ocular toxicity (keratopathy) which may limit their use 
or lead to dosing delays.

The future for myeloma patients appears promising, with a 
growing number of therapeutic options. These include non-
BCMA antigen targeted therapy and CAR T-cell therapy, 
which have shown anti-myeloma activity in R/R myeloma, 
and the use of more active triplet and quadruplet regimens 
in a first-line setting.
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Name Target Cytotoxic agent Combination Phase
(number of patients) Response 

Belantamab 
mafodotin BCMA MMAF Monotherapy 1; n=35 ORR 60%

Monotherapy 2; n=96 ORR 30-34%
B vs Pd 3; n=325 ORR 41%
B-Pd 1/2; n=96 ORR 88.9%
B-Pd vs V-Pd 3; n=450 N/A

MEDI2228 BCMA PBD Monotherapy 1; n=82 ORR 66%
CC 99712 BCMA Maytansinoid-like Monotherapy 1; n=160 N/A
AMG 224 BCMA Mertansine Monotherapy 1; n=42 ORR 27%

Table 2. ADCs currently being studied in relapsed myeloma13
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ACUTE MYELOID LEUKEMIA INDUCTION
IN THE AGE OF NOVEL THERAPEUTIC AGENTS
Introduction
Acute myeloid leukemia (AML) is a malignant neoplasm 
of the myeloid lineage characterized by the uncontrolled 
proliferation of immature myeloid blasts in the bone marrow 
and peripheral blood. AML is a heterogenous disease 
which occurs across the age spectrum, although with an 
increasing incidence with age. For decades, first-line, 
curative-intent therapy has been based on intensive therapy 
with anthracycline (typically daunorubicin or idarubicin) 
plus cytarabine (3+7), followed by additional consolidative 
chemotherapy and/or allogeneic stem cell transplantation. 
While improvements over the decades in overall survival 
have been observed, until recently this has been driven largely 
by advancements in supportive care leading to reduction in 
treatment-related mortality and allowing a greater proportion 
of patients (particularly older individuals) to safely undergo 
intensive therapy induction and consolidation. Despite this, 
five-year overall survival (OS) rates in older individuals are as 
low as 5% (age ˃70). Although OS for patients age 15-39 is 
now in the range of 50%-60%, a large portion of patients still 
succumb to their disease. Cytogenetic and molecular profiling 
has led to defined risk categories (Table 1), and complete risk 
stratification for all patients eligible for intensive therapy is 

crucial to aiding in the selection of optimal induction and post-
remission therapy. In recent years, an improved understanding 
of AML biology and genetics has led to the approval of a 
number of novel therapies for patients deemed fit and unfit 
for intensive therapy, which may finally be moving the needle 
beyond 3+7. This article will review a current approach to 
AML induction patients eligible for intensive therapy, with a 
focus on the utilization of available novel agents.

FLT3 Inhibition
FLT3 is a receptor tyrosine kinase that plays a crucial role in 
the pathogenesis of AML. Aberrations in FLT3 are present 
in approximately 30% of AML cases, with internal tandem 
duplication (ITD) generally associated with a poor prognosis 
in the majority of cases, and with tyrosine kinase domain 
(TKD) mutations having less certain impact on outcome. 
FLT3 has therefore become an attractive therapeutic target, 
and FLT3 tyrosine kinase inhibitors (TKIs) have emerged as 
adjuncts to AML induction, and as monotherapy for relapsed 
disease. Midostaurin is a multi-kinase inhibitor that targets 
FLT3, as well as other kinases involved in AML pathogenesis 
(including Src kinase, spleen tyrosine kinase, c-kit). The Phase 
3 RATIFY trial randomized patients age 18 to 59 with newly 
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diagnosed AML and FLT3 mutations (either ITD or TKD) 
to receive standard induction therapy with daunorubicin and 
cytarabine and high- dose cytarabine consolidation, plus either 
placebo or midostaurin. The complete remission (CR) rate 
was improved by the addition of midostaurin (59% vs 54%), 
with a median OS of 74.7 months in the midostaurin arm 
and 25.6 months in the control arm. This survival benefit was 
seen in cohorts with both high- and low-FLT3 allelic burden. 
In the Phase 3 ADMIRAL clinical trial, gilteritinib, a more 
selective FLT3 inhibitor, was demonstrated to have superior 
efficacy vs salvage chemotherapy in patients with relapsed or 
refractory FLT3-mutated AML. CR or CR with incomplete 
hematologic recovery was reported as 34% in the gilteritinib 
arm and 15.3% in the chemotherapy cohort, with median 
event-free survival of 2.3 months versus 0.3 months. A clinical 
study comparing the addition of gilteritinib versus the addition 
of midostaurin to induction and consolidation is ongoing. 
Midostaurin is Health Canada approved in combination with 
standard induction and consolidation for newly diagnosed 
FLT3-mutated AML; gilteritinib is approved as monotherapy 
for patients with relapsed or refractory FLT3-mutated disease.

Gemtuzumab ozogamicin
Gemtuzumab ozogamicin (GO) is an anti-CD33 
monoclonal antibody conjugated to calicheamicin with 
previous approval for relapsed/refractory (RR) AML. FDA 
approval was withdrawn in 2010 due to safety concerns 
(largely related to an increased risk of sinusoidal occlusive 
syndrome). However, it was reapproved by the FDA in 
2017, and is Health Canada approved in combination 
with 3+7 for previously untreated CD33-positive AML 
(excluding acute promyelocytic leukemia [APL]). The 
ALFA-0701 clinical trial randomized patients to receive 
GO on Days 1, 4 and 7 of induction, as well as up to two 
consolidation cycles. The addition of GO did not appear to 
increase rates of CR (73% with GO vs 72% without GO), 
but resulted in a significant improvement in 2-year event-
free survival (41% vs 7%). Although the ALFA-0701 trial 
did not show a statistically significant OS benefit with the 
addition of GO, a subsequent meta-analysis of five trials 
suggests that the addition of GO to standard therapy does 
provide an OS benefit for patients with favourable and 
intermediate risk CD33-positive AML, but not for adverse 
risk patients. In particular, for patients with core binding 
factor (CBF) AML, the addition of GO results in improved 
minimal residual disease (MRD) clearance, and may reduce 
the need for subsequent allogeneic stem cell transplant in 
this population.

IDH1 and IDH2 Inhibitors
Isocitrate dehydrogenase (IDH) mutations occur in 
approximately 20% of AML cases and are associated with 
an adverse prognosis. Inhibitors of IDH1 (ivosidenib) and 
IDH2 (enasidenib) have been developed. Both agents have 
monotherapy activity in RR IDH-mutated AML,10,11 and the 

addition of ivosidenib to azacitidine resulted in improved 
response rates and EFS in newly diagnosed IDH1-mutated 
AML not eligible for intensive therapy. The ongoing HOVON 
study is evaluating the addition of ivosidenib and enasidenib 
to induction/consolidation and as maintenance in patients 
with IDH1/IDH2-mutated AML eligible for intensive therapy. 
Both agents are Health Canada approved for RR IDH1 and 
IDH2 mutated AML, respectively, although lack of provincial 
funding may provide barriers to their access.

Venetoclax
B-cell lymphoma-2 (BCL-2) is an anti-apoptotic protein 
which plays an important role in a number of hematologic 
malignancies, including AML. Venetoclax, a BCL-2 inhibitor, 
has been shown to improve OS when added to azacitidine 
(median OS 14.7 months vs 9.6 months) and low- dose 
cytarabine (in longer term follow-up, it has shown median OS 
of 7.2 months vs 4.1 months) in patients with newly diagnosed 
AML ineligible for intensive therapy (VIALE-A and 
VIALE-C trials, respectively). Both combinations are Health 
Canada approved. Venetoclax, in addition to 3+7 induction, 
resulted in high CR rates (91%, with 97% of patients 
achieving CR being MRD-negative) in a Phase II study, and 
an ongoing Phase 3 study is evaluating this combination in 
AML and advanced myelodysplastic syndromes (MDS). 

Liposomal encapsulated daunorubicin and cytarabine
While “therapy-related” AMLs are now defined more 
by their predisposition for high-risk genetic profiles than 
by history of previous treatment exposure alone, the fact 
remains that the majority harbour adverse risk genetic 
abnormalities, and these leukemias are typically associated 
with a poor outcome. Likewise, AML arising from 
antecedent myelodysplasia or myeloproliferative neoplasms 
(MPNs) is also typically associated with adverse outcomes. 
The combination of liposomal encapsulated cytarabine and 
daunorubicin (CPX-351) was evaluated in older patients 
(age 60-75 years) with newly diagnosed high-risk secondary 
AML (defined in this trial as therapy-related AML, 
AML with antecedent MDS or chronic myelomonocytic 
leukemia (CMML), or AML with MDS-related cytogenetic 
abnormalities). Patients were randomly assigned to receive 
standard 3+7 induction and cytarabine consolidation, or 
up to two induction cycles and two consolidation cycles of 
the liposomal combination. Higher overall response rates 
(ORRs) were observed with CPX-351 vs standard therapy 
(ORR 47.7% vs 33.3%), and there was an OS benefit in 
the study arm (median OS 9.56 vs 5.95 months). Of note, 
patients who had received prior hypomethylating therapy did 
not appear to benefit in subgroup analysis, and patients with 
antecedent MPNs including primary myelofibrosis, essential 
thrombocytosis, polycythemia vera, and MDS-MPN overlap 
were excluded from the trial. Retrospective data presents 
conflicting evidence of benefit for younger patients treated 
with CPX-351, and further clinical studies are required to 
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define its optimal role in this patient population., CPX-351 
is Health Canada approved for the treatment of adults with 
newly diagnosed therapy-related AML or AML with MDS-
related changes.

Oral azaciditine
Patients with AML successfully completing intensive 
induction therapy require additional post-remission 
consolidation, either with additional chemotherapy 
(favourable risk disease) or allogeneic stem cell 
transplantation (most non-favourable risk disease). Review 
of patient selection for and outcomes of allogeneic stem 
cell transplantation is beyond the scope of this article; 
however, patients with non-favourable risk disease who 
are unable to proceed with allogeneic stem cell transplant 
typically have poor outcomes. The QUAZAR AML-001 
randomized, placebo-controlled clinical trial reported 
that in AML patients in remission following intensive 
chemotherapy but unable to proceed to hematopoietic 
stem cell transplant, oral azacitidine maintenance therapy 
(administered Day 1-14/28 day cycles) improved median 
OS (24.7 months vs 14.8 months), as well as relapse-free 
survival. These results were evident in patients who did 
not receive any additional consolidative therapy post-
induction. Oral azaciditine is Health Canada approved 
for maintenance therapy in adult patients with AML who 
achieved CR or complete remission with incomplete count 
recovery (CRi) following induction therapy who are not 
eligible for hematopoietic stem cell transplant.

Conclusion
After an extended period of limited progress in AML 
induction therapy, recent advances have led to the approval 

of a number of novel agents for the treatment of AML in 
both fit and less fit patients, leading to improved outcomes 
for many of these patients. The optimal utilization of many 
of these agents remains to be defined, but prompt and 
complete molecular characterization of patients with newly 
diagnosed AML is more crucial than ever to ensure access 
to the most effective therapies. While novel agents have 
improved RRs and survival, many patients are still not cured 
of their disease. Numerous novel therapies, including small-
molecule inhibitors (SMIs), immunotherapies and cellular 
therapies, are currently under investigation and offer hope for 
further improvements in long-term outcomes in the future.
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Risk Category Genetic Abnormalities
Favourable t(8;21)(q22;q22.1)/RUNX1::RUNX1T1 

inv(16)(p13.1q22) or t(16;16)(p13.1;q22)/CBFB::MYH11 
Mutated NPM1 without FLT3-ITD 
bZIP in-frame mutated CEBPA

Intermediate Mutated NPM1 with FLT3-ITD
Wild-type NPM1 with FLT3-ITD
t(9;11)(p21.3;q23.3)/MLLT3::KMT2A
Cytogenetic and/or molecular abnormalities not classified as favourable or adverse

Adverse t(6;9)(p23;q34.1)/DEK::NUP214 
t(v;11q23.3)/KMT2A-rearranged 
t(9;22)(q34.1;q11.2)/BCR::ABL1 
t(8;16)(p11;p13)/KAT6A::CREBBP 
inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2)/GATA2, MECOM(EVI1) 
t(3q26.2;v)/MECOM(EVI1)-rearranged 
−5 or del(5q); −7; −17/abn(17p) 
Complex karyotype, monosomal karyotype 
Mutated ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2, U2AF1, or ZRSR2 
Mutated TP53

Table 1. European Leukemia Net 2022 AML Risk Stratification Schema21 
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Introduction
Overexpression of BCL-2 has been demonstrated in chronic 
lymphocytic leukemia (CLL) and acute myeloid leukemia 
(AML) cells where it mediates tumor cell survival and 
has been associated with resistance to chemotherapeutics. 
Venetoclax is a selective and orally bioavailable small-
molecule inhibitor of BCL-2, an anti-apoptotic protein. 
Based on evidence demonstrating improvement in 
progression-free survival (PFS) and overall survival (OS),1-3 
it has been approved in Canada for various regimens in the 
treatment of CLL and AML (i.e., venetoclax monotherapy, 
venetoclax/obinutuzumab and venetoclax/rituximab for 
CLL and venetoclax/azacitidine for AML). Initiation of 
venetoclax can be complicated as it requires ramp-up 
dosing with bloodwork and hydration to reduce the risk 
for tumor lysis syndrome (TLS). This article will focus 
on providing guidance during the initiation of venetoclax, 
particularly in resource limited centres. 

Patient Preparation
The basis for successful treatment is dependent on how 
well a patient is informed about their treatment plan. It 
should be noted that when following the ramp up schedule 
with frequent lab monitoring, most patients can be managed 
effectively as outpatients with TLS largely being limited to 
those with biochemical aberrations. TLS is more prevalent 
in the CLL population than the AML population. During the 
initiation of venetoclax, patients will require multiple visits 
(daily or weekly depending on the protocol) for bloodwork 
and hydration, which can be particularly challenging for 

patients in rural areas who must arrange transportation and 
accommodation. Social workers are a valuable resource 
for connecting patients with assistance programs to help 
cover the costs of transportation and accommodation. 
It is important to provide patients with both written and 
verbal information on the venetoclax schedule, as well as 
information on side effects management. When venetoclax 
is used in combination with other agents, patients are 
provided with a written medication calendar outlining the 
required supportive pre-medications. 

Standard Protocol to Prevent Subjective Variation
Initiating venetoclax requires a multidisciplinary approach. It 
is prudent that each team member follows the same protocol 
to reduce the chance of error. We follow the Alberta Health 
Services protocols for venetoclax initiation at our centre. 
Standardized protocols aid in minimizing the risk of error 
when various nurses see the patient at each visit.

Assessment for the Risk of Tumor Lysis Syndrome (TLS)
Clinical TLS is defined by clinical manifestations, most 
commonly renal, cardiac or neuromuscular, induced by 
worsening of the metabolic and electrolyte abnormalities 
in laboratory test results.4 The risk of TLS depends 
on the initial lymphocyte count and the extent of 
lymphadenopathy (Figure 1).6 Due to the limitations of 
physical examinations, it is recommended to arrange a CT 
scan of neck, chest, abdomen, and pelvis to better assess 
overall lymphadenopathy.5 In addition, renal function is an 
important predictor for TLS, and patients with creatinine 
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clearance <80 mL/min are at relatively higher risk of 
developing TLS.7 

Supportive Medications and Drug Interactions

1. Anti-infective prophylaxis:
The incidence of opportunistic infections with 
venetoclax is approximately 3.1%.8 The British 
Columbia Cancer Agency (BCCA) drug manual and 
product monograph for venetoclax do not recommend 
pneumocystis jirovecii pneumonia (PJP) and/or shingles 
prophylaxis. The BCCA protocol for venetoclax/
obinutuzumab recommends PJP and anti-viral 
prophylaxis for lymphoma patients only during periods 
of grade 3/4 neutropenia.9 Due to the lack of strong 
evidence, many centers have their own protocol for anti-
PJP and anti –shingles prophylaxis. For AML patients, 
anti-infective prophylaxis for bacterial, viral, and fungal 
infections is considered for all patients with an ANC of 

<500/μL.9 PJP prophylaxis includes sulfamethoxazole 
and trimethoprim. For patients allergic to the sulfa 
group of drugs, dapsone or atovaquone are other 
alternatives. For shingles prophylaxis, we use 
valacyclovir. Hepatitis B screening is recommended 
prior to initiating chemo/immunotherapy.9

2. TLS prophylaxis:
All patients require prophylaxis for TLS using 
oral hydration and anti-hyperuricemia agents in an 
outpatient setting beginning 48 and 72 hours prior 
to initiation of therapy, respectively. Hospitalization 
is recommended for high-risk patients, medium risk 
patients with abnormal CrCl, and any at-risk patients 
with CrCl ≤ 50 mL/min. Hospitalization may be 
considered for those with additional risk factors for 
TLS (CrCl ≤ 80 mL/min; unable to drink 1.5-2 L 
per day; unsuitable for outpatient treatment and lab 
monitoring; or at physician discretion).9

Figure 1. TLS risk categories and prophylactic measures for venetoclax-based treatment in CLL6
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Rasburicase can be considered for high-risk patients 
with an elevated uric acid level at baseline. With 
appropriate out-patient support, most patients do not 
need hospitalization for bloodwork.

3. Drug interactions:
CYP3A4 inducers may decrease serum concentration 
of venetoclax. P-glycoprotein inhibitors (P-gp) may 
increase serum concentration of venetoclax.10,11 Dose 
adjustment for venetoclax is necessary, especially in 
the treatment of AML in combination with azacitidine, 
to reduce the risk of severe cytopenia (primarily 
neutropenia). For the management of CLL, concurrent 
administration of therapeutic agents which are strong 
CYP 3A4 inhibitors is contraindicated at initiation and 
during the dose ramp-up phase due to increased serum 
concentration of venetoclax and potential increased 
risk of TLS. 

Initiating Venetoclax: Ramp-up Phase:
During the early development of venetoclax in CLL, TLS 
events led to two deaths prior to adoption of the current 
5-week ramp-up period: one death after an initial 50 mg 
venetoclax dose,12 and one following a 1,200 mg dose.14 
To mitigate TLS risk, modifications including TLS risk-
stratification, prophylaxis, monitoring, and initiating with a 
lower dose (20 mg) were introduced to subsequent clinical 
protocols.8 

For the venetoclax/rituximab (V/R) protocol, venetoclax 
is administered first and is titrated weekly starting 
at 20 mg upon initiation and increased up to 400 mg 
daily by week 5. Rituximab is initiated after the patient 
has completed the 5-week ramp-up of venetoclax.12 

The venetoclax/obinutuzumab protocol requires the 
initiation of venetoclax on Day 22 of cycle 1 after first 
administering obinutuzumab.13 Many of these patients will 
have had significant cytoreduction with obinutuzumab, 
making the ensuing venetoclax dose titration much 
easier. In an ongoing venetoclax and obinutuzumab trial 
involving patients with CLL and comorbid conditions, all 
documented TLS cases were in the obinutuzumab arm of 
the regimen prior to the initiation of venetoclax therapy. 
The weekly ramp up-protocol is the same as with V/R. 
Due to the more acute nature of AML compared to CLL, 
the venetoclax dose ramp-up is condensed to 3 days in 
combination with azacitidine.3

Side Effects Management
1. Tumor lysis syndrome:

Monitoring laboratory investigations for TLS and 
the management of abnormalities during venetoclax-
based therapy is performed differently at various 
centres depending on the available resources. 

In tertiary centres with available services, the 
pharmacy team is often utilized for monitoring and 
management of TLS-related issues. In centres where 
resources are limited, a team-based approach, led by 
the treating physician is often utilized. 

For abnormal blood chemistry including elevated 
potassium; low calcium; elevated phosphate; 
elevated uric acid and/or elevated creatinine, the 
recommendation is to withhold venetoclax and 
the associated drug in the treatment regimen for 
CLL. Blood chemistry abnormalities must be 
corrected prior to its administration. If they resolve 
within 24-48 hours venetoclax may be re-initiated 
with the associated drug in the regimen.9 Mild 
aberrations in chemistry are common and can be 
followed if no clinical concern of TLS is present.

For abnormal blood chemistry lasting more than 48 
hours or in the case of clinical TLS (the presence 
of laboratory TLS plus any of the following: 
cardiac arrhythmia; symptomatic hypocalcemia 
seizures; increased creatinine level of 26.5 μM; 
or a single value greater than 1.5 times the upper 
limits of normal), the BCCA protocol recommends 
withholding the venetoclax-based regimen. Once 
the abnormalities have been corrected, venetoclax 
may be re-initiated at a lower dose as shown in 
Table 1. Reduced dosing is continued for 1 week 
before dose escalation can resume.9

2. Neutropenia/Pancytopenia
In clinical trials, when venetoclax was administered 
in combination with rituximab or obinutuzumab, 
the rates of grade 3/4 neutropenia were 57.7% and 
52.8%, respectively.12,13 In patients with AML who 
received venetoclax/azacitidine, the incidence of 

Venetoclax Dose at 
Interruption

Recommended Restarting 
Dose

20 mg once daily 10 mg once daily

50 mg once daily 20 mg once daily

100 mg once daily 50 mg once daily

200 mg once daily 100 mg once daily

300 mg once daily 200 mg once daily

400 mg once daily 300 mg once daily

Table 1. Dose modification for venetoclax during ramp-up phase for 
clinical TLS9
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grade ≥ 3 neutropenia (absolute neutrophil count 
(ANC) <1000/μL) was 42%.3

In CLL, the recommended management of the 
first episode of grade 3 neutropenia and fever 
or grade 4 neutropenia (ANC < 500/ μL ) is to 
withhold venetoclax until the neutropenia resolves; 
venetoclax can then be re-initiated at the same 
dose. If neutropenia recurs, venetoclax should 
be withheld again until the neutropenia resolves. 
Venetoclax should then be re-initiated at a lower 
dose as recommended in Table 1. A dose escalation 
should be attempted if the neutrophil count 
remains normal for 1 week.3 If grade 3 neutropenia 
persists, the use of granulocyte colony stimulating 
factor (G-CSF) may be considered often at dosing 
schedules of 300 μg subcutaneously, one to two 
times per week.

For AML-related treatment with venetoclax and 
azacitidine, neutropenia management depends on 
the remission status of the AML. AML patients with 
residual disease on bone marrow following cycle 1 
should receive subsequent cycles of treatment with 
no dose interruption/delay until a repeat assessment 
demonstrates complete remission (CR). For patients 
with CR and grade 4 pancytopenia (ANC<500/ μL, 
platelets <25 x 103 μL) following cycle 1, venetoclax 
must be delayed until ANC and platelet count 
recovery or for up to 14 days. For subsequent 
cycles after achieving CR, patients with grade 4 
pancytopenia must have the next cycle delayed 
until ANC and platelet count recovery is achieved 
or for up to 14 days. Venetoclax is administered for 
21 days instead of 28 days for subsequent cycles.3,11 

Use in Special Populations

Pregnancy and lactation
Venetoclax should not be used during pregnancy. Females 
of reproductive potential should undergo pregnancy 
testing prior to the initiation of venetoclax. Females of 
reproductive potential should be advised to use effective 
contraception during treatment with venetoclax and for 
at least 30 days following the last venetoclax dose.15 

Breastfeeding should be discontinued during treatment 
with venetoclax.15

Vaccines
Live or attenuated vaccines are not recommended during 
venetoclax treatment and until B-cell recovery has occurred 
following treatment (i.e., at least 6 months after treatment 
with an anti-CD20 monoclonal antibody and at least 
3 months after other treatment is discontinued).9

Conclusion
Venetoclax has offered a new and effective option in 
targeted therapy for CLL and AML. Venetoclax initiation 
and ramp-up require TLS risk assessment, and risk-
stratified monitoring and mitigation measures, which can 
be cumbersome but allow for universally safe initiation and 
dose escalation. As an oral therapy with good tolerability, it 
is an attractive option for the elderly patient population. An 
all-inclusive approach involving a well-informed patient 
and a multi-disciplinary medical team has the potential to 
help patients overcome possible initial hurdles in the long-
term treatment of AML and CLL.
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medinfocanada@incyte.com.

PrMINJUVITM has been issued conditional marketing 
authorization pending the results of studies to verify 
its clinical benefit. Patients should be advised of this 
conditional marketing authorization.
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