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Abstract 

Imatinib revolutionized the treatment of chronic myeloid leukemia (CML), transforming a once 

fatal disease into a manageable condition. The initial clinical trials emphasized its exceptional 

safety and tolerability, leading to an accelerated approval for CML in 2001. However, imatinib 

was associated with frequent and severe hematologic adverse events in these studies. These 

results highlight a lack of emphasis on safety in trials and reveal challenges in generalizing the 

results from trials with small, restricted patient populations, and short follow‐up durations, to a 

broader, more diverse patient population. 

This population‐based retrospective cohort study evaluated severe myelosuppression in 1,683 

CML patients in Ontario, who initiated treatment between 2002 and 2020. Using administrative 

data, the real‐world incidence of myelosuppression was compared to data from the phase III 

International Randomized Study of Interferon and STI571 (IRIS) study. This study aimed to 

enhance the understanding of the risk of myelosuppression in a real‐world population of Ontario 

Drug Benefit (ODB) database subjects by considering the effects of demographic and clinical 

factors often underrepresented or omitted from RCT patient groups. 

The median age of the ODB subjects was 17 years older than the randomized controlled trial 

(RCT) patients, with three times as many ODB subjects aged 60 or older at treatment initiation. 

Severe neutropenia and thrombocytopenia were less frequent among ODB subjects (2.5% and 

1.8%, respectively) than in the IRIS study (14.3% and 7.8%). Conversely, severe anemia was more 

prevalent among ODB subjects (8.3%) compared to RCT patients (3.1%). The risk of 

myelosuppression increased with age, daily dose, and severity of comorbidities, with no 

difference between sexes. These results highlight the limitations of generalizing RCT results to 

broader populations, emphasizing the importance of ongoing pharmacovigilance research to 

develop a more comprehensive understanding drug safety beyond clinical trials. 

Abbreviated abstract 

Imatinib, approved in 2001 for the treatment of chronic myeloid leukemia (CML) based on its 

remarkable efficacy, was associated with severe hematologic adverse events in clinical trials. This 

retrospective study compared the incidence of severe imatinib‐induced myelosuppression in 

1,683 Ontario CML patients, who initiated treatment between 2002 and 2020, to the incidence 

reported in imatinib’s phase III randomized controlled trial (RCT). The impact of demographic 

factors on myelosuppression risk was evaluated among the Ontario Drug Benefit (ODB) subjects.  

The ODB subjects differed in demographics and had lower incidences of neutropenia and 

thrombocytopenia, but a higher incidence of anemia compared to the RCT patients. The risk of 

myelosuppression increased with age, mean daily dose, and severity of comorbidities, with no 

difference between sexes. These results emphasize the limitations of generalizing RCT results to 

broader populations and the importance of continued pharmacovigilance research for better 

understanding drug safety beyond clinical trials. 
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1. Introduction 

The introduction of imatinib mesylate, commonly known as imatinib, has revolutionized the 

treatment of chronic myeloid leukemia (CML). It transformed a once incurable and uniformly 

fatal condition, with a 20% annual mortality rate and a median survival of 3 to 4 years without 

treatment, into a manageable condition with a life expectancy comparable to the general 

population.1–3 

CML is a myeloproliferative neoplasm, a cancer affecting the blood‐forming cells of the bone 

marrow, with an estimated annual incidence of one to two cases per 100,000 adults.4–6 Prior to 

1983, CML had an eight‐year survival rate of less than 15%, which increased to 65% following the 

introduction of interferon‐α in 1983.4,6 CML is characterized by the Philadelphia chromosome, a 

genetic abnormality resulting from a translocation between chromosomes 9 and 22, creating the 

BCR‐ABL fusion gene.4,6 Present in over 90% of CML patients, this mutation results in a 

constitutively active tyrosine kinase enzyme which leads to uncontrolled proliferation of white 

blood cells in the bone marrow.2,7–9 The BCR‐ABL gene, identified as the sole oncogenic driver of 

CML,10–15 was the first specific genetic alteration associated with a specific cancer and drug 

target with known oncogenic activity.16–18 This discovery shifted research towards targeting this 

specific tyrosine kinase, resulting in the discovery of imatinib which selectively and effectively 

inhibited BCR‐ABL activity.12,18 

Imatinib was the first rationally developed, molecularly targeted cancer treatment.1,2,7 In a 1998 

phase I trial, 98% of interferon‐α resistant patients treated with a dose of at least 300 mg 

achieved a complete hematologic response, typically within four weeks of starting 

treatment.9,19,20 These results were further validated in three large phase II studies, in which 95% 

of chronic‐phase CML patients achieved a complete hematologic response, with fewer toxicities 

than interferon‐α.19,21–23 Imatinib was granted an accelerated FDA approval in 2001, less than 

three years after the first trial started and prior to the completion of the ongoing Phase III trial, 

the fastest cancer drug approval at that time.2,20  

Imatinib’s rapid approval was driven by compelling efficacy data from the phase I and II trials, 

supported by claims of safety and tolerability in these trials. However, despite imatinib being 

lauded for its “exceptional” tolerability, severe (grade 3 or higher) hematologic toxicities were 
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reported in 35 to 45% of chronic phase CML patients and in 50 to 62% of patients with advanced 

phases of CML.19–22  

This discrepancy in perceived tolerability is linked to how toxicity was defined in these trials. The 

classification of myelosuppression during imatinib treatment as an adverse effect is contentious, 

as it may be a direct result of its intended pharmacological action, potentially indicating efficacy 

rather than toxicity.7,19,24–26 Therefore, these trials limited the definition of intolerance to solely 

nonhematologic effect, reporting hematologic toxicity separately as "laboratory 

abnormalities".21,22 This restricted adverse events to the occurrence of rare extramedullary 

toxicities, suggesting a more favorable safety profile.19–22,26 While myelosuppression may be the 

result of the intended pharmacological action, in these instances the effects of imatinib exceed 

the desired outcome, leading to adverse events that are far from benign with complication that 

can be life‐threatening.24,27–29  Severe myelosuppression, can have substantial impacts on quality 

of life due to fatigue, susceptibility to infection, or severe hemorrhaging which can be life‐

threatening if untreated.24,27,30 Treating these severe outcomes as routine aspects of treatment 

reflects a disconnect in acknowledging patient perceptions of toxicity and highlights 

inadequacies in the assessment and reporting of safety data in clinical trials.30–33 

While the efficacy of imatinib made it a suitable candidate for an accelerated approval, this 

decision raised concerns as most robust clinical data is usually collected during phase III trials. 

Historically, drugs approved before completing a phase III randomized controlled trial (RCT) were 

often associated with unexpected toxicities or inadequate efficacy in broader populations.34–36 

However, RCTs, while held as the gold standard in clinical research, often emphasize efficacy over 

safety, resulting in inadequate assessments of adverse events.32,33,37,38 

RCTs typically have strict eligibility criteria and controlled setting not reflective of the diversity of 

real‐world populations, often excluding older patients and those with comorbidities.39–41 Their 

limited duration and sample size hinder the detection of rare or latent adverse events, which 

become apparent only once a drug is used more broadly.37,42,43 Despite these limitations, 

regulatory authorities are advocating for "alternative trial designs" to expedite drug approvals 

and more timely access to treatments.44–46 Therefore, targeted therapies are increasingly seeking 

approval through smaller, shorter, and single‐arm trials, raising concerns about the reliability and 

applicability of safety data from future trials under these less stringent standards.35,44,47 
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Although imatinib has considerably improved CML treatment, it is not without severe adverse 

events. Frequent severe hematologic toxicities including neutropenia, thrombocytopenia, and 

anemia can lead to serious complications and greatly impact quality of life.24,27,30 However, 

imatinib safety data is primarily derived from RCTs which is limited in its generalizability to real‐

world populations.32,33,39 This study aimed to address this gap by comparing the real‐world 

incidence of severe myelosuppression during imatinib treatment to the incidence reported in the 

phase III International Randomized Study of Interferon and STI571 (IRIS) trial. This study 

evaluated the variation in the risk of myelosuppression based on factors such as age, sex, 

comorbidity, mean daily dose, cumulative dose, and the changes in the risk of myelosuppression 

over time, factors typically unexplored or underrepresented in RCTs. This complements the 

current understanding of imatinib’s real‐world safety and highlights the limitations of RCT drug 

safety evaluations and the need for ongoing, post‐market pharmacovigilance to confirm and 

maintain the safety and effectiveness of approved drugs.
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2. Background 

2.1. Chronic Myeloid Leukemia (CML) 

2.1.1.  Epidemiology   

CML, a myeloproliferative neoplasm, is characterized by the uncontrolled proliferation of 

myeloid cells in the bone marrow, leading to elevated white blood cell counts in the 

bloodstream.5 CML accounts for approximately 15% of newly diagnosed adult leukemias, with an 

annual diagnosis rate of one to two individuals per 100,000.5 The median age at diagnosis is 64 

years and it is predominately diagnosed between the ages of 65 and 74. In 2018, 585 Canadians 

were diagnosed with CML, consisting of 360 men and 225 women, ranking it as the third most 

common leukemia in adults in Canada.48 Canadian mortality data reported 124 Canadians deaths 

due to CML in 2020, 70 of which were men and 54 were women.48 Historically, the prognosis for 

CML patients was grim, with a median untreated survival of only 2.4 years, and until the 1980s, it 

was considered incurable and inexorably fatal.3,49 Treatments options were at the time were 

limited in effectiveness. Hydroxyurea and interferon‐α did improve survival, but were associated 

with substantial toxicities and often still led to disease progression within three to five years of 

diagnosis.49,50 Allogeneic bone marrow transplantation was a potentially curative option but had 

a high risk of mortality and was limited to young, healthy patients with suitable donors.50  

2.1.2. The Philadelphia chromosome 

CML is primarily characterized by the presence of the Philadelphia chromosome, or the BCR-

ABL1 gene, a result of translocation between chromosomes 9 and 22.2,7,51,52 The result of this 

genetic abnormality is the creation of a continuously active tyrosine kinase protein, which 

promotes the uncontrolled proliferation of leukemic myeloid cells in the bone marrow, identified 

as the sole oncogenic driver of CML.10–15 This discovery was a breakthrough in oncology, as it 

marked the first time a specific genetic alteration was directly associated with causing a specific 

cancer, and the first drug target recognized to have distinctly differing activity between normal 

and leukemic cells.2,5 As a result, research efforts pivoted towards developing a drug that could 

specifically target and inhibit the activity of this specific tyrosine kinase.1,2,16 
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2.2. Imatinib Mesylate 

2.2.1. Development of imatinib clinical trials  

In the late 1980s, Ciba‐Geigy (now Novartis) developed STI571, later called imatinib, which 

demonstrated selective inhibition of BCR-ABL1 both in-vitro and in-vivo with minimal impact on 

normal cells.2,7,12,16 In June 1998, a phase I dose‐escalation trial in 83 chronic‐phase CML patients 

unresponsive to interferon‐α, reported that, at a daily dose of 300 mg or higher, 98% achieved 

complete hematologic responses.2,19,20 Hematologic responses were durable, typically occurring 

within a month of treatment, which prompted three single‐arm phase II studies in 1999.19,20,53 

These studies involved 532 chronic‐phase CML patients following interferon‐α failure, 235 

accelerated‐phase patients, and 260 patients in blast crisis.2,7,19 Complete hematologic responses 

were achieved in 95% of chronic‐phase patients.2,7,19 Treatment responses were initially 

promising in patients with more advanced CML, however relapse was frequent, with most 

patients in blast crisis relapsing within the first year.7,54,55 

Imatinib received accelerated market authorization for the treatment of all three phases of CML 

in May 2001, less than three years from the start of the first phase I study.2,20 This approval was 

based on Subpart H of the United States Code of Federal Regulations which permits approvals 

for drugs treating serious or life‐threatening diseases which have no alternative treatment 

options.20 Accelerated approvals are based on surrogate endpoints that are “reasonably likely to 

predict clinical benefit”, in addition to post‐market studies required to confirm ongoing safety 

and efficacy, including the International Randomized Study of Interferon and STI571 (IRIS) study 

for imatinib.2,20,56 In this phase III trial involving 1,106 patients with newly diagnosed chronic‐

phase CML, imatinib demonstrated superior efficacy, tolerability, and safety across all measures 

compared to interferon‐α and low‐dose cytarabine.56,57 After 19 months, 95.3% of patients 

treated with imatinib achieved a complete hematologic response, as did 82.4% of those who 

switched to imatinib, with a median time to response of 1 month.56  

2.2.2. Imatinib safety in clinical trials 

In oncology clinical trials, the urgency to find and approve effective treatments for life‐

threatening conditions often leads to a focus on the efficacy related outcomes over the potential 

risks of adverse events.38 This emphasis can result in an underrepresentation of the risks 
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associated with these treatments, as those with demonstrable efficacy may face less scrutiny 

regarding safety data.27 

The phase II RCTs consistently reported imatinib to be “well‐tolerated”, with a mild toxicity 

profile, minimal extramedullary adverse events, low discontinuation rates, and no treatment‐

related deaths.16,21,22,55,56 While imatinib had fewer toxicities compared to interferon‐α, the 

treatment was not free from adverse events. In contrast with the statements emphasizing 

imatinib’s tolerability, hematologic toxicities of grade 3 or 4 severity were reported in over a 

third of the phase II trial patients with chronic‐phase CML and over two‐thirds of the trial 

patients in the blast‐phase.19–22 Specifically, 35% of chronic‐phase patients had severe 

neutropenia, 20% severe thrombocytopenia, and 7% severe anemia.21,22,24,55,56,58 These 

incidences worsened with disease severity, increasing to 58%, 43%, and 39% for neutropenia, 

thrombocytopenia, and anemia, respectively, in the accelerated phase, and further increasing to 

64%, 62%, and 52% in patients in blast crisis. Treatment discontinuation due to adverse events 

increased correspondingly from 2% in chronic‐phase CML patients, to 3% in accelerated‐phase 

CML, and 5% in blast crisis.19–22 

The Common Terminology Criteria for Adverse Events (CTCAE), used during the imatinib trials, 

categorizes low‐grade (grade 1 or 2) adverse events as "tolerable and manageable”.29 In contrast, 

grade 3 events are considered "severe and very undesirable," often requiring or prolonging 

hospitalization, or immediate “serious interventions”, while grade 4 events are defined as 

“potentially life threatening, disabling, or resulting in loss of organ, organ function, or limb”.29 

Therefore, despite reporting that over 60% of blast‐phase CML patients experienced severe, 

potentially life‐threatening hematologic complications, the study concluded that imatinib was 

“well tolerated” with an “acceptable level of toxicity” as it was deemed to be less 

myelosuppressive than conventional chemotherapy.21,22 

2.2.3. Myelosuppression during imatinib treatment 

Although phase II and III trials routinely classify severe neutropenia, thrombocytopenia, and 

anemia as tolerable or manageable outcomes, these conditions are far from benign and can post 

serious, potentially fatal risks or complications for CML patients (See Appendix 1 for 

myelosuppression laboratory definitions). Severe neutropenia, defined by an absolute neutrophil 

count below 1,000 cells per microliter, compromises immune function and increases 

susceptibility to infections.24,28,59 While sometimes asymptomatic in early stages, it can lead to 
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neutropenic fever, sepsis, or oral ulcers stemming from an impaired immune response. In 

untreated, these conditions can be life‐threatening, leading to hospitalization, and treatments 

including blood transfusions, granulocyte colony‐stimulating factor treatment, intensive 

antibiotics, and adjustments to the imatinib treatment.24,28,59,60 

Severe thrombocytopenia is defined by a platelet count below 50,000 per microliter, a type of 

blood cell involved in blood clotting and wound healing.24,28,59 Thrombocytopenia can similarly 

remain asymptomatic in early stages or mild cases, but can lead to symptoms including easy 

bruising, petechiae (small red spots under the skin), prolonged bleeding from cuts, and 

spontaneous bleeding from the gums or nose. In severe cases, there is a risk of life‐threatening 

hemorrhaging in critical organs, such as the brain. Treatment generally requires hospitalization 

for intensive measures such as platelet transfusions and adjustments in imatinib therapy.24,59,60 

Severe anemia is characterized by a substantial reduction in the number of red blood cells or 

hemoglobin concentration, vital for oxygen transport throughout the body.24,28,59 Symptoms 

typically include fatigue, weakness, and shortness of breath, which can substantially impact a 

patient's quality of life, affecting physical energy, cognitive function, and placing strain on the 

cardiovascular system. While low‐grade anemia may be mild or transient, management of severe 

anemia may require blood transfusions, erythropoiesis‐stimulating agents, and adjustments to 

the imatinib treatment.24,28,59,61 

The burden of myelosuppression extends beyond its direct symptoms and risks, encompassing 

indirect factors which can adversely affect patient health and well‐being. Symptom management 

strategies, including blood transfusions, growth factor treatments, and hospitalizations, to 

address complications, carry further risks and can adversely impact a patient's quality of 

life.24,59,60 While early detection and treatment of symptoms can often prevent the worsening of 

symptoms, myelosuppression often requires dose adjustments or temporary cessation of 

treatment. However, these dose reductions or treatment pauses have been associated with 

diminished treatment efficacy, highlighting the challenging balance between mitigating the risk 

or progression of adverse events and maintaining therapeutic efficacy.24,26 

2.2.4. Implications of imatinib safety data 

The discrepancy between the frequent cases of severe myelosuppression, and seemingly 

unsubstantiated claims that adverse events during imatinib treatment were rare likely is a result 
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of how adverse events are defined.21,22,29,31  Classifying myelosuppression during imatinib 

treatment as an adverse event can be contentious, as it could be viewed as a direct result of the 

drug's intended pharmacological action. Imatinib inhibits the activity of the deregulated tyrosine 

kinase, suppressing the uncontrolled proliferation of myeloid cells, which can lead to sustained 

bone marrow hypocellularity until normal hematopoiesis can recover. Therefore, 

myelosuppression may be considered an indication of efficacy rather than toxicity.19,24–26 

This disconnect highlights a broader issue in clinical research and the drug approval processes, 

where drug efficacy and regulatory compliance are often prioritized at the expense of a 

comprehensive evaluation of drug safety, and the patient's perspective on tolerability and 

quality of life.30,31,34 This disconnect was apparent in the definition of imatinib intolerance 

applied in the phase II trials. In these trials, imatinib intolerance was strictly defined as 

“nonhematologic toxic effects of grade 3 or higher”.21,22,55 This narrow definition restricted 

adverse events to rare extramedullary toxicities, implying a more favorable drug safety profile 

compared to if the hematologic events had been included.21,22,30 Therefore, despite the frequent 

occurrence of severe hematologic toxicities, the studies concluded that adverse effects, as per 

their toxicity criteria, were mild and infrequent.21,22,24,30 

In clinical trials, the use of the term "tolerability" often diverges from its traditional regulatory 

meaning. Statements labeling a treatment as "well‐tolerated" have been criticized for implying 

an acceptable safety profile without considering tolerability from the perspective of the 

patient.31 These assessments are typically seen as informal, often “colloquial”, conclusions 

emphasizing a favorable safety‐efficacy balance for the purposes of regulatory approvals, rather 

than accurately reflecting patient experiences or to contribute to a detailed risk‐benefit 

assessment.31 This issue was also made apparent in imatinib’s phase II trials, where severe 

myelosuppression was considered an acceptable and "manageable" outcome as long as full 

treatment discontinuation could be avoided through dose adjustments and symptomatic 

treatment, irrespective of severity or patient perceptions.21,22,30 

Assessing a drug's risk‐benefit ratio is a complex process and is subject to differing perspectives 

among regulatory authorities, healthcare professionals, and patients.62–64 With severe diseases, 

such as cancer, there is often a higher tolerance for adverse event risks, provided the benefits of 

treatment are substantial.31,62,63 Therefore, in the context of oncology, the focus is often on 

efficacy due to the life‐threatening nature of the diseases and lack of alternative treatment 
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options outside of conventional chemotherapy, resulting in a somewhat diminished emphasis on 

drug’s safety profile.21,22,30 However, categorizing severe, potentially life‐threatening events as 

manageable or acceptable outcomes minimizes the patient's perspective on safety and their 

tolerance for acceptable levels of risk. Patient perspectives are essential in assessing drug 

tolerability and the lack of emphasis on these insights further highlight the inadequacies in drug 

safety data, which is already limited at the time of approval, hindering the potential for truly 

informed decision making.30,31,63–65 

2.3. Drug development and approval  

2.3.1. Canadian drug development and approval process 

In Canada, all new drugs are evaluated by Health Canada's Health Products and Food Branch for 

safety, and efficacy.66,67 Phase I and II trials evaluate the safety, optimal dosage, and initial 

efficacy of a drug in a small group of typically healthy volunteers, followed by patients with the 

disease or condition of interest.66  Phase III trials enroll hundreds to thousands of subjects to 

confirm a treatment’s efficacy compared to placebo or standard care, monitor for adverse events 

and estimate the risk‐benefit balance of the treatment.66 Following the successful completion of 

these trials, a Notice of Compliance and Drug Identification Number are issued, indicating the 

market authorization of the drug in Canada.66 

RCTs are the gold standard in pharmaceutical evaluation, providing the highest level of clinical 

evidence for regulatory decisions.68–71 Their strength lies in two practices: randomization, which 

minimizes selection bias by evenly distributing patient variables, and blinding, which reduces 

bias related to expectations by keeping treatment details hidden from participants and 

researchers.72,73 RCTs use strict inclusion and exclusion criteria to create a homogeneous study 

population, improving internal validity by eliminating variability from patients with comorbidities 

or other factors confounding the association between the treatment and the outcome being 

studied.72–75 RCTs have set the standard for phase III trials, providing controlled, reproducible, 

and minimally biased results. These studies are unparalleled in identifying causal relationships 

between a treatment and health outcomes when compared to existing standards of care.72–75 

2.3.2. Balancing timely approvals and patient safety 

New drugs typically take 12 years from the time of application to market authorization, with 

additional delays due to provincial regulatory reviews and funding negotiations further delaying 
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patient access even after efficacy has been proven.76–82 However, Imatinib received FDA approval 

in 32 months, the fastest approval for a cancer drug at the time, and was subsequently approved 

in many other markets, including Canada within the year.83,84 This expedited approval was 

possible as imatinib bypassed the completion of a phase III trial, traditionally necessary for 

validating a drug's safety and efficacy on a larger scale prior to widespread distribution.2,16,85 

Therefore, imatinib's approval without robust results from an RCT was initially met with 

apprehension, as historically, drugs approved prior to the completion of RCTs were often later 

associated with severe toxicity or inadequate efficacy in wider populations.34–36 The accelerated 

approval was conditional on the timely completion of an ongoing phase III trial, the preliminary 

results of which were promising, and commitments to phase IV pharmacovigilance studies and 

ongoing long‐term follow‐up.83,86 Nonetheless, critics expressed concerns about the safety of 

patients treated before more comprehensive safety data from the phase III trial study were 

available.35,36,85,87  

In contrast, the drug approval process is typically criticized for delaying access to potentially life‐

saving treatments, leading to the loss of overall and progression‐free life‐years.47,76,77 Therefore, 

regulatory agencies are tasked with balancing timely access to treatments for unmet medical 

needs while ensuring thorough evaluations of safety and efficacy.36,88,89 To address this, the FDA 

has introduced several initiatives to expedite drug approvals for rare or severe diseases, 

including the Orphan Drug Program (1984), Fast‐Track Program (1988), FDA Accelerated 

Approval Program (1992), Breakthrough Therapy designation (2012), and the 21st Century Cures 

Act (2016).47,90 These initiatives established frameworks to allow market authorization based on 

phase II trials, non‐randomized studies, or surrogate endpoints, particularly when a phase III RCT 

may not be feasible.47,91–93 In Canada, despite the absence of a specific orphan drug framework, 

systems such as Health Canada's Special Access Program allow access to treatments not listed 

provincial formularies for severe conditions lacking adequate alternatives. Additionally, Health 

Canada can issue a "Notice of Compliance with Conditions" (NOC/c), permitting conditional 

market authorization based on post‐market commitments to monitor safety and 

efficacy.87,89,91,92,94–96 

2.3.3. Concerns of faster drug approvals 

Accelerated drug approvals, which aim to expedite access to potentially life‐saving treatments, 

have raised concerns about the reliability of the study results.36,47,70,97 Drugs approved through 
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Fast‐Track and Accelerated Approval designations have had higher rates of severe black‐box 

warnings or market withdrawals in the years following their authorization.35 A review of these 

initiatives reported a direct correlation between shorter review times and increased rates of 

severe adverse events.88 Within 25 years of approval, one out of every three drugs approved 

since the introduction of the accelerated approval process were issued black‐box warnings or 

had market authorization revoked due to serious safety issues, half of which occurred after 12 

years of market availability.35 Despite these concerns, there has been a notable increase in the 

number of treatments which qualify for accelerated approval programs in recent years.35,36,44,88 It 

was initially anticipated that this designation would apply to approximated two drugs each year, 

however, 24% of the 108 FDA approvals between 2014 and 2016 were granted to breakthrough 

therapies.47 A review of the 31 breakthrough therapies approved between 2013 and 2016 

reported that 52% were based on phase I and II trials, 45% relied on a single trial, and 42% relied 

on trials without a comparator or control group.71 The ambiguous criteria for granting 

accelerated approvals has raised concerns about the reliability of safety data in future clinical 

trials with lower evidentiary standards.35,44,47 

Regulatory agencies are increasingly adopting "alternative" and "more efficient" trial designs to 

keep pace with advancements in cancer treatment.44–46 These designs include small single‐arm 

trials, and innovative protocol designs such as "master protocols," which include basket, 

umbrella, and platform trials.98,99 Master protocols enable the development and approval of 

novel targeted therapies by evaluating multiple drugs across various patient subgroups within a 

single, cost‐effective trial.100–102 These trials facilitate the study of rare cancers with specific 

genetic abnormalities where conventional RCTs would be impractical.44,99,103 However, while 

alternative trial designs facilitate clinical research, they pose challenges for the adequate 

detection of adverse events, potentially resulting in an under representation of risk, especially 

for rare or serious adverse events in newly approved drugs.44,103,104  

2.4. Limitations of RCT safety data 

While RCTs have long been considered the highest level of clinical evidence, they have several 

limitations in accurately identifying and reporting drug‐related harms.32,33,37 Strict eligibility 

criteria, essential for ensuring valid results, inevitably limits the generalizability of RCT findings to 

more diverse post‐market populations.37,42,43 RCT populations are typically younger, with fewer 

complications, milder disease stages, and fewer comorbidities.37,105–107 Despite the substantial 
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proportion of elderly patients within the overall cancer population, they are typically 

underrepresented or excluded from clinical trials due to eligibility criteria based on age, 

comorbidities, organ‐system abnormalities, or functional limitations.40,41,108,109 The systematic 

exclusion of certain patient groups from clinical trials, particularly older patients or those with 

severe comorbidities who may be more susceptible to drug‐related toxicity, limits the 

generalizability of the study results outside of the context of the controlled RCT setting. This 

practice may result in an inaccurate understanding of a drug’s safety profile, potentially 

obscuring potential risks until the drug is made available in a broader market, putting already at‐

risk patients at greater risk of unforeseen toxicity.105,110  

Similarly, there are concerns about the generalizability of results from trials in specialized 

settings like secondary or tertiary care settings, or academic centers, which may limit the 

applicability of the RCT findings outside of those settings. Differences in healthcare delivery 

systems, the selection of participating clinicians and centers, differences in level of monitoring, 

and even differences in the way that healthcare professionals interact with patients, may vary 

greatly from real‐world practice in a primary care settings.111 

RCTs are designed with sufficient statistical power to detect even marginal differences in efficacy 

and identify common adverse events but are inadequately powered for the detection of rare or 

delayed adverse events due to limited sample sizes. Therefore, rare or latent events often remain 

undetected or fail to meet reporting thresholds.32,33,42,107,112 RCTs typically feature short, 

predefined follow‐up periods, ranging from months to a few years, which prove inadequate for 

assessing long‐term safety, particularly for rare events that may manifest only after prolonged 

latency periods or repeated exposures.33,107 Therefore, a drug's safety profile at the time of its 

approval is typically incomplete, with many rare adverse events only becoming apparent once 

used in a broader population.106,107,110 This concern is particularly relevant with the rise of novel 

systemic drugs, such as imatinib. Given that patients may rely on these medications for years, or 

even their entire lifetimes, initiating treatment without fully understanding the associated risks 

can be concerning, leaving patients exposed to unknown risks of rare adverse events.3,113 

Reporting of safety data in published RCT data is essential for assessing the benefits and risks of 

treatments. However, compared to efficacy data, much less emphasis is placed on safety.32 

Despite efforts to enhance and standardize safety data reporting in RCTs, such as the 

introduction of the Consolidated Standards of Reporting Trials (CONSORT) checklist and its 
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subsequent updates for "harms‐related issues", safety reporting remains suboptimal and 

inconsistent.32,75,114–117 Inadequate reporting has largely been attributed to inadequate 

pharmacovigilance training and professional attitudes that may include complacency or fear of 

being perceived as incompetent or overly cautious.118–121  

Publication bias further exacerbate this problem, as studies reporting severe adverse events, or 

failing to demonstrate sufficient treatment benefits, often remain unpublished. This can lead to 

discrepancies between what is reported in published data and the more complete data from 

corresponding unpublished sources, resulting in an incomplete portrayal of adverse events 

actually observed during RCTs.122–124 The underreporting of safety data compromises the ability 

of physicians, and patients, who rely on this data to assess treatment risks and benefits, to make 

adequately informed treatment decisions.32 

2.5. Rationale 

The introduction of imatinib mesylate revolutionized CML treatment, greatly extending life 

expectancy for patients. However, while most studies have focused on imatinib's efficacy, 

available safety data is primarily derived from RCT data. Although RCTs are considered the gold 

standard for clinical evidence and are essential for informing treatment decisions for new drugs, 

RCTs are limited in the detection and reporting of adverse events, limiting the generalizability of 

the results to a broader context.32,33,39 Consequently, there is a gap in the literature regarding 

imatinib’s safety profile, particularly regarding the burden of severe myelosuppression, in a real‐

world population. 

Therefore, this retrospective study aimed to address this knowledge gap by assessing the real‐

world incidence of severe myelosuppression during imatinib treatment among CML patients in 

Ontario and comparing it to the incidence reported in the phase III IRIS trial. This study assessed 

the effects of demographic and clinical factors on the risk of myelosuppression in a patient 

population with risk factors typically underrepresented in RCT populations. This research not 

only enhances the current understanding of imatinib's safety in real‐world scenarios but also 

highlights the limitations of solely relying on RCT data for drug safety evaluations and the 

necessity for continuous, post‐market research to ensure the ongoing safety and efficacy of 

approved drugs. 
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3. Objectives  

 

The objectives of this study were: 

1) to compare the incidence of severe (grade 3 or 4) neutropenia, thrombocytopenia, or 

anemia, as reported in the phase III IRIS study, with the post‐market occurrence of these 

events 

2) to assess the effects of demographic and clinical factors including sex, age, comorbidity, 

mean daily dose, and cumulative dose, on the risk of severe myelosuppression during 

imatinib treatment 

among subjects enrolled in the Ontario Drug Benefit (ODB) program who initiated imatinib 

treatment between April 1, 2002, and March 31, 2020.
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4. Methods 

4.1. Study design  

This study was a population‐based retrospective cohort study of adult CML patients in Ontario, 

treated with imatinib from April 1, 2002, to March 31, 2020, based on prescription records from 

the ODB database. This study adopted an incident user design which began at each subject’s 

earliest imatinib prescription. Any patients previously treated with a tyrosine kinase inhibitor 

other than imatinib were excluded to prevent the influence of myelosuppression attributable to 

second or third‐generation tyrosine kinase inhibitors. 

4.2. Data sources  

4.2.1. Administrative datasets 

This study used Ontario's administrative health data, accessed through the Institute for Clinical 

Evaluative Sciences (ICES) in Toronto. Funded by the Ministry of Health, ICES maintains Canada's 

largest repository of administrative health data, capturing records from all residents of Ontario 

with valid health card numbers. ICES Data and Analytic Services staff used encoded patient 

identifiers to link several administrative health databases while ensuring patient confidentiality. 

This produced detailed health profiles for the study subjects, including demographic and clinical 

characteristics, healthcare utilization and outcomes, and prescription history. Linked 

administrative data facilitates large‐scale, longitudinal research of the healthcare system in 

Ontario by providing a diverse and representative sample population.125,126 The creation of the 

ICES dataset was requested in June 2021. Based on guidance from the analysts at ICES, the study 

population was restricted to subjects who initiated imatinib treatment by March 2020 to 

mitigate the potential influence of the COVID‐19 pandemic on the study results. 

The data was made available through the ICES Data and Analytic Virtual Environment, a secure 

virtual desktop infrastructure accessible via an encrypted internet connection.125 This virtual 

environment allows researchers to securely analyze the coded data remotely and in compliance 

with the Personal Health Information Protection Act.125,127 This infrastructure allowed for remote 

research from Dalhousie University using Ontario's comprehensive administrative health data. 
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Ontario Drug Benefit database: 

The Ontario Drug Benefit (ODB) database, managed by the Ontario Ministry of Health and Long‐

Term Care, captures details of prescription medications dispensed to Ontario residents eligible 

for the ODB program. This includes seniors aged 65 and over, long‐term care home residents, 

those on disability support or social assistance, and those with high prescription drug costs 

relative to their income.128,129 Each claim in the ODB database includes the drug identification 

number, quantity, days supplied, prescription date, cost information, and details about the 

patient and prescriber. The drug identification number identifies the brand name, active 

ingredients, strength, and dosage form. An audit of approximately 100 randomly selected 

prescriptions reported an error rate of 0.7% (95% confidence interval 0.5 to 0.9%), indicating a 

high level of coding accuracy and supporting the reliability of study conclusions drawn using ODB 

data.130 

In this study, the Ontario Drug Benefit database was used to identify subjects dispensed imatinib 

during the study period. Using the drug identification number, subsequent study variables 

including mean daily dose, cumulative dose, and treatment duration were calculated. Any 

records for the prescription of tyrosine kinase inhibitors other than imatinib were identified and 

used for subject exclusion or for the censoring of follow‐up. Any records for the prescription of 

drugs reported to have potential drug‐drug interactions with imatinib were also identified.131  

Canadian Institute for Health Information - Discharge Abstract Database: 

The Discharge Abstract Database, managed by the Canadian Institute for Health Information, is a 

national repository for inpatient hospitalization data in Canada, excluding Quebec. It captures 

detailed demographic, administrative, and clinical data related to hospital inpatient discharges, 

deaths, sign‐outs, and transfers. All data is derived from patient charts, encoded, and reported 

to the Canadian Institute for Health Information.132 Until 2002, diagnosis and procedure data was 

coded using the International Classification of Diseases, Ninth Revision (ICD‐9) system, 

transitioning to the Tenth Revision, Canadian Version (ICD‐10‐CA) thereafter. Each hospital 

discharge record captures the most responsible diagnosis alongside up to fifteen other diagnoses 

or comorbidities. To ensure data quality, the Canadian Institute for Health Information conducts 

annual data quality assessments, supporting its suitability for research.132 
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In this study, the Discharge Abstract Database was used to identify cases of severe 

myelosuppression using ICD diagnostic codes. This methodology for identifying outcomes related 

to myelosuppression in Ontario has been validated in previous research.133–137 Additionally, when 

available, ICD codes were used as a secondary source to confirm or verify cancer diagnoses data. 

Canadian Institute for Health Information - National Ambulatory Care Reporting System: 

The National Ambulatory Care Reporting System, managed by the Canadian Institute for Health 

Information, captures data related to hospital and community‐based ambulatory care. In 

Ontario, detailed demographic, administrative, and clinical data have been systematically 

recorded from emergency departments, day surgeries, and outpatient clinics since 2001.138  The 

data extraction and encoding process is consistent with that of the Discharge Abstract Database. 

Annual quality assessments are conducted by the Canadian Institute for Health Information to 

ensure data accuracy and consistency. The data quality analysis for 2019 to 2020 indicated that 

the coverage of records submitted by participating Canadian facilities was 84%, with an over‐

coverage rate of 0.11% due to duplicate records.138 

In this study, the National Ambulatory Care Reporting System database was used to identify 

cases of severe myelosuppression reported during ambulatory care using ICD diagnostic codes. 

This methodology for identifying outcomes related to myelosuppression in Ontario has been 

validated in previous research.133–137,139,140 Additionally, when available, ICD codes were used as a 

secondary data source to confirm or verify cancer diagnoses data. 

Ontario Cancer Registry: 

The Ontario Cancer Registry, managed by Cancer Care Ontario, is the largest provincial cancer 

registry in Canada. It captures cancer diagnoses and cancer‐related mortalities from hospital 

records, pathology reports, regional cancer centers, and death certificates, providing detailed 

information on patient demographics, cancer stage at diagnosis, treatment received, and patient 

outcomes. Diagnoses are encoded and standardized using the International Classification of 

Diseases for Oncology, third edition (ICD‐O‐3), indicating morphology and topography.141 Cancer 

Care Ontario routinely evaluates data quality using the National Cancer Institute's Surveillance, 

Epidemiology, and End Results program standards, consistently meeting the criteria for 'Gold' 

certification across all quality indicators.142 In 2016, microscopic examination confirmed 81.9% of 

leukemia cases, with only 0.9% identified from death certificates alone. 
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In this study, data from the Ontario Cancer Registry was used to confirm CML diagnoses among 

ODB subjects. All newly diagnosed cases of cancer in Ontario, and 95% of the pathology reports, 

are recorded in this registry, providing a standardized and validated method of classifying cancer 

patients using administrative data for clinical research.143,144 

Ontario Health Insurance Plan claims history database: 

The Ontario Health Insurance Plan claims database, managed by the Ontario Ministry of Health 

and Long‐Term Care, is a provincial database which captures data from all billing claims for 

publicly insured health services in Ontario.145 This database captures detailed data from routine 

healthcare interactions, including physician visits, hospital admissions, diagnostic tests, and 

surgical procedures. Data includes patient demographics, service types and date, healthcare 

provider details, and administrative data. Capturing billing data from approximately 94% of 

Ontario's physicians, Ontario Health Insurance Plan claims database represents nearly the entire 

insured population of Ontario.146 Therefore, this database provides a rich resource for clinical 

research, encompassing a wide range of patient ages and demographics. This database is 

routinely updated through the health care renewal process to ensure the data is accurate and up 

to date. 

In this study, the Ontario Health Insurance Plan claims database was used for the purpose of 

obtaining demographic information, specifically age, sex, and comorbidities.  

Registered Persons Database:  

The Registered Persons Database, maintained by the Ministry of Health and Long‐Term Care in 

Ontario, captures vital and demographic information for all residents issued an Ontario Health 

Insurance Plan card.  It includes data on date of birth, sex, location of residence, date of last 

contact with the healthcare system, and, if applicable, date of death. As this system is used in 

the management of Ontario's publicly funded healthcare services, the database is continuously 

updated through registration activities to ensure that all information remains accurate and up to 

date.144,147 

In this study, the Registered Persons Database was used for the purpose of determining the date 

of death, if applicable, and the date of last contact with the healthcare system for each subject. 

It was also used alongside the Ontario Health Insurance Plan claims database to confirm 

demographic information, such as age and sex as needed. 
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4.2.2. RCT data 

The RCT data used for this analysis was taken from the phase III IRIS study, published in 2003 

following the approval of imatinib in 2001.56 The earliest safety data used for the approval of 

imatinib was collected during the phase I clinical trial which began in 1998, which was confirmed 

in three open‐label phase II studies which began in 1999.19,21,22 The results of these trials, 

reinforced by preliminary results from the IRIS study, supported the approval of imatinib, 

establishing it as the standard first‐line treatment for all three phases of CML.20,148 Subsequent 

RCTs for new tyrosine kinase inhibitors or new treatments for CML were assessed against 

imatinib comparator arms.30 Safety data from these phase III RCTs with imatinib comparator 

arms were aggregated in a review by Steegman et al., which was used to confirm the reliability 

of the adverse event data reported in the IRIS study.30 

4.2.3. Ethical considerations 

This research was approved by the Health Sciences Research Ethics Board at Dalhousie 

University, which confirmed the study was conducted in accordance with the Tri‐Council Policy 

Statement on Ethical Conduct for Research Involving Humans (REB #2020‐5280). Annual ethics 

reports were submitted to the Research Ethics Board every 12‐month following the initial 

approval. This process ensured ongoing approval of the research throughout the duration of the 

study.  

After receiving approval from Dalhousie University Research Ethics Board, an ICES Data and 

Analytic Services agreement (#2020‐734) was granted, enabling remote access and analysis of 

the study data. All ICES administrative data was de‐identified after linkage to ensure patient 

confidentiality. In accordance with the terms of the ICES Data and Analytic Services agreement, 

any result with a cell value less than six was suppressed to further mitigate potential 

identification.  

4.3. Study population 

The target population for this study was all adult patients in Canada using imatinib for the 

treatment of CML. While this study was conducted within the framework of the Canadian 

healthcare system, the findings may have broader applicability outside of the Canadian context 

depending on the similarity of prescribing practices and the regulatory guidelines for the 

treatment of imatinib using CML. 
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The available population was all adult patients in Ontario diagnosed with CML who were 

prescribed imatinib for the treatment of CML, identified using prescription records in the ODB 

database. Administrative health data from Ontario was chosen to identify a large, sample 

population representative of the broader Canadian target population. The study population in 

consisted of adult patients in Ontario with a confirmed CML diagnosis in the Ontario Cancer 

Registry database who, based on ODB database prescription records, initiated imatinib 

treatment between April 1, 2002, and March 31, 2020.  

4.4. Inclusion and exclusion criteria 

The selection of the initial study population was done by ICES Data and Analytical Services staff. 

This preliminary population included any subject with at least one imatinib prescription record 

between April 1, 2002, and March 31, 2020, recorded in the ODB database. During the initial 

screening process, subjects were deemed ineligible if they lacked a valid ICES identifier, had 

incomplete or missing data related to age or sex, were under 18 years of age at initial diagnosis, 

or a death date which occurred prior to the index date. 

Of the subjects initially enrolled in the sample population, subjects included for analysis in the 

study analysis required a valid CML diagnosis, and valid treatment characteristics. In the context 

of this study, a valid CML diagnosis was defined as a record in the Ontario Cancer Registry with 

specific morphology codes indicating CML (ICD‐O‐3: 98633, 98753), and a topography code 

indicating a primary site in the bone marrow (ICD‐O‐3: C421) (See Appendix 2). Select 

morphology codes for non‐specific myelosuppressive leukemias were considered if supported by 

corroborating CML diagnosis codes from the Discharge Abstract Database or the National 

Ambulatory Care Reporting System (ICD‐10‐CA: C92.1). Subjects were excluded from the study if 

they had a primary cancer diagnosis other than CML, or if their cancer diagnosis data was 

missing or incomplete. Additionally, inconsistencies in the index or diagnosis dates, particularly 

cases where treatment with imatinib commenced significantly before the cancer diagnosis date, 

resulted in exclusion. Furthermore, subjects who were prescribed any tyrosine kinase inhibitor 

other than imatinib before starting imatinib treatment were also excluded from the study. 

4.5. Study timeline and follow-up 

Beginning on April 1, 2002, the administrative health records of each subject were prospectively 

analyzed, commencing from the date of their initial imatinib prescription record within the ODB 
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database, defined as the index date. Subsequent imatinib dispensation dates or outcome event 

dates were measured as the number of days elapsed since the index date. The inclusion of new 

subjects concluded on March 1, 2020, with a maximum follow‐up date of March 30, 2020, on 

which the study concluded, ensuring that all subjects had a minimum potential follow‐up 

duration of at least 30 days. Baseline health, comorbidities, and demographic information for the 

subjects were collected within a two‐year lookback period prior to the index date, starting no 

earlier than April 1, 2000. 

Administrative health data was used to monitor each subject's interactions with the healthcare 

system, from their index date until the completion of their final recorded imatinib prescription, 

with an additional 14‐day period for adverse event monitoring. Follow‐up was ended upon a 

subject’s death, or if they initiated treatment with a tyrosine kinase inhibitor other than 

imatinib, with data collection ending the day prior. Subjects with treatment gaps exceeding 30 

days between the completion date of one prescription to the dispensation of the next 

prescription were censored 14 days after the completion of the previous prescription to mitigate 

the risk of immortal time bias. This ensured that subjects who paused treatment weren't 

considered at risk if longer receiving treatment or if dispensation records couldn't be confirmed. 

Data from each subject was continuously captured prospectively, including multiple and 

recurrent events, to be used in comparative and exploratory analyses. However, a time to first‐

event model was used for the primary survival analysis, therefore, subjects contributed no 

additional data following the earliest instance of severe myelosuppression, if applicable. The full 

study timeline is depicted in Figure 1 and Figure 2. 

4.6. Exposure 

Exposure was defined as the use of imatinib, based on prescription records in the ODB database. 

Relevant prescriptions records were identified using the drug information number for any 

imatinib‐containing product which was granted market authorization in Health Canada’s Drug 

Product Database, selecting those with drug information numbers for imatinib that had been 

authorized for market in Canada. This included products that were canceled post‐market, 

dormant at the time of data access, or obtained through special access programs outside the 

Ontario drug formulary. (See Appendix 3 for the full list of DINs for imatinib identification). 
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Figure 1: Study observation period in calendar time 

 

Figure 2: Study observation period in scientific time 

 

 

In this study, imatinib exposure was determined by the presence of at least one prescription for 

any imatinib product, including generics, in the ODB database with a valid Health Canada drug 

information number. Relevant drug information numbers provided insight into the prescription 

record, allowing for the calculation of variables related to repeated exposure, total cumulative 

dose, and treatment duration. This definition assumed that dispensed prescriptions had perfect 

adherence in all subjects, potentially overestimating the true exposure due to non‐compliance. 
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However, one study reported that CML patients had a median adherence of 98%,149 while 

another review reported that patient adherence to imatinib was uniformly very high, with an 

average percentage of prescribed imatinib taken of 90.9%.150 

4.7. Covariates 

This study considered the influence of demographic and clinical characteristics often associated 

with an increased risk of myelosuppression, which are typically underrepresented or omitted 

from RCT patient groups. The primary covariates of interested in this study, based on the 

available data included age, sex, mean daily dose, cumulative dose, and comorbidity. 

Previous studies have linked both older age and female sex with a higher risk of 

myelosuppression.7,151–153 In this study, to assess the differences in the risk of myelosuppression 

across different demographics, subjects were stratified by male or female sex, and age at index 

was categorized into five‐year subgroups. As a subgroup analysis, subjects were divided into two 

categories: those aged 65 and older, who were automatically eligible for the ODB program, and 

those under 65 years old.  

Results from RCTs on imatinib have indicated an association between higher daily doses and 

increased rates of adverse events, with some evidence suggesting potential long‐term adverse 

effects.148,154–157 To explore this dose‐response relationship, each subject's mean daily dose of 

imatinib, derived from ODB prescription records, was categorized into four groups increasing in 

increments of 100 mg per day. Total cumulative exposure to imatinib, from index date to study 

end, was also calculated to evaluate potential cumulative drug toxicity. While long‐term follow‐

ups have typically demonstrated a stable safety profile after the first year, this has rarely been 

examined in a real‐world context.24,30,56 

Comorbidities are also associated with an increased risk of myelosuppression.158–162 To assess 

this association in a real‐world population, Charlson Comorbidity Index scores for each subject 

were extracted from the Ontario Health Insurance Plan claims database. The risk of 

myelosuppression was assessed based on CCI scores which were grouped into four categories: 

no comorbidities, mild, moderate, and severe comorbidities.  

The study aimed to assess how concomitant drug use influences the risk of myelosuppression, 

due to potential interactions with imatinib.131 Drugs with potential interactions were selected 

based on the IRIS study exclusion criteria, known contraindications, or drugs with interactions 
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reported in a study by Récoché et al.131 Prescription records for the drugs of interest dispensed 

alongside imatinib were identified using Ontario’s drug formulary and Health Canada's Drug 

Product Database (See Appendix 4 for DINs). However, due to the number of characteristically 

different drug types, and the infrequent use of contraindicated drugs during imatinib treatment 

among the ODB subjects, this analysis was not included in the current study. 

4.8. Outcomes 

4.8.1. Outcome definition 

The primary outcome of this study was of severe myelosuppression during imatinib treatment. 

This included severe cases of neutropenia, thrombocytopenia, or anemia, which were the most 

common severe adverse events reported during the IRIS study.56 The outcomes were defined 

and identified using relevant ICD‐9 and ICD‐10‐CA diagnostic codes collected from the Canadian 

Institute for Health Information’s National Ambulatory Care Reporting System or Discharge 

Abstract Databases.135,163–165 The outcome definition excluded ICD codes for anemias specified as 

attributable to nutritional deficiencies, congenital anemia, or otherwise specified as outcomes 

unrelated to cancer, chemotherapy, or drug use. However, commonly used non‐specific ICD 

codes, such as “anemia, unspecified,” were included in the primary analysis. (See Appendix 5 for 

ICD codes used to identify anemia, neutropenia, and thrombocytopenia). 

This study focused on severe adverse events, given that lower‐grade adverse events are typically 

mild and may resolve without intervention. Severe adverse events, classified as grade 3 or higher 

according to the Common Terminology Criteria for Adverse Events grading system, are typically 

defined as requiring hospitalization or medical intervention. Therefore these events were 

expected to be identifiable using ICD diagnostic codes in administrative health data.28,29 Unlike 

the IRIS study, which used laboratory blood tests to identify myelosuppressive events and 

determine severity through precise blood cell counts, such laboratory tests were not available 

for this study. Outcome events were identified based on ICD diagnostic codes, which are coded 

by nosologists and recorded primarily for billing purposes. As a result, adverse events were 

deemed “severe” based on a hospital interaction rather than precise blood cell count thresholds. 

In this study, death occurring during imatinib treatment was considered a secondary outcome 

and treated as a competing event if it precluded the potential observation of the primary study 
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outcome.166–168 Subject death data, where applicable, was derived from the Registered Persons 

Database which records dates of death in Ontario. 

4.8.2. Outcome validation 

Prior research in Ontario has validated the use of ICD codes in administrative health data to 

identify myelosuppression during chemotherapy with acceptable levels of misclassification.133–137 

These studies reported high specificity and negative predictive values, however sensitivity varied 

depending on the specific outcome under investigation and the algorithm used for identification. 

This variability was anticipated, given the inherent limitations and potential variability of coding 

in administrative health data.133–135,139 

An Ontario study conducted by Krzyzanowska et al. found that the accurate detection of 

myelosuppressive events was contingent on how the outcome definition was applied.133 The 

algorithm for "moderate" neutropenia had 69% to 97% sensitivity and 83% to 98% specificity, 

while the algorithm for "general" neutropenia had higher sensitivity (94% to 98%) but lower 

specificity (64% to 80%).133,134 These findings suggest that establishing a universal "gold 

standard" outcome definition for detecting myelosuppression in observational studies is unlikely. 

The variability in coding, interpretation, and precision of administrative health data means that 

defining outcomes using secondary administrative data will typically require a trade‐off between 

specificity and selectivity, based on the particular objectives of the study.29,135 Therefore, this 

study's outcome definition was focused on severe cases of myelosuppression expected to result 

in hospitalization or require medical intervention. 

4.9. Statistical methods 

4.9.1. Incidence of myelosuppression 

The occurrence of severe myelosuppression was calculated using incidence proportion and 

incidence rate, the typical methods for reporting adverse events in RCTs. The frequency of severe 

adverse events was assessed at six months, one year, and five years to estimate how the 

incidence rate varies over time in a real‐world context. 
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4.9.2. Objective 1 

A one‐sample test of proportions, with 95% confidence intervals, was used to compare the 

incidence of severe myelosuppression observed among the ODB subjects to the incidence 

proportions for neutropenia, thrombocytopenia, and anemia reported in the IRIS study. 

This analysis (objective 1) treated neutropenia, thrombocytopenia, and anemia as distinct 

myelosuppressive events. The IRIS study provided incidence rates for each event separately 

without indicating how many patients experienced more than one type of event. Consequently, 

without data on the overlap between patients affected by each condition, it was not possible to 

compare the overall occurrence of any‐type severe myelosuppression as an aggregate event. 

4.9.3. Objective 2 

A Fine‐Gray subdistribution hazard regression model, with 95% confidence intervals, was used to 

estimate the risk of severe myelosuppression during imatinib treatment , and to determine if the 

risk of myelosuppression varied based on demographic and clinical factors including sex, age, 

comorbidity, mean daily dose, and total cumulative dose. Each regression was conducted as an 

unadjusted univariate regression model, which estimated the relative risk of severe 

myelosuppression for each subgroup within each covariate compared to a reference group. 

The Fine‐Gray subdistribution hazard regression model was used to account for death as a 

competing event, unlike conventional survival analysis models that treat competing events as 

censored, potentially leading to an overestimation of risk. While real‐world studies involve many 

events that could be categorized as competing risks, in this analysis, death was considered as the 

sole competing event based on the available data.166,169,170 

This analysis considered any instance of severe myelosuppression, including neutropenia, 

thrombocytopenia, or anemia, as a single aggregate outcome. Despite the established 

association between imatinib and myelosuppression, the specific mechanisms leading 

differentiating each type of myelosuppression is not well understood. Therefore, in the context 

of this study, the occurrence of each event could not reasonably be assumed to be independent 

of each other.15,24,171 
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4.9.4. Cumulative incidence functions 

Cumulative incidence function (CIF) curves were generated for each of the primary covariates of 

interest to illustrate the probability of a subject developing severe myelosuppression over the 

course of the study. The CIF derived from estimates of the Fine‐Gray subdistribution hazard 

regression model, accounting for death as a competing event, was also plotted alongside the 

complement of the survival curve derived from the Cox proportional hazards model. This figure 

was developed to illustrate and compare the risk of myelosuppression over the course of the 

study when considering the influence of competing events.166,172 

4.9.5. Sensitivity analyses 

Multiple sensitivity analyses were conducted to evaluate the stability of the findings. In all 

sensitivity analyses, the same statistical model was applied with additional models fit under the 

following constraints: 

Objective 1 - sensitivity analysis: 

To validate the consistency of the study findings, and the replicability of the results from the IRIS 

study, a sensitivity analysis was conducted for objective 1. This analysis compared the incidence 

of myelosuppression among the ODB subjects with both the rates reported in the IRIS study and 

the pooled safety data from nine separate phase III RCTs featuring an imatinib comparator arm. 

The purpose was to evaluate how the ODB results aligned with those of the IRIS study and assess 

the generalizability of these findings to other imatinib RCT outcomes. 

Objective 2 - sensitivity analyses: 

To evaluate the impact of death as a competing event on the association between imatinib and 

myelosuppression, the Cox Proportional Hazards regression model was also used to estimate the 

risk of myelosuppression. This model treats competing risks as censored events and estimates 

risk with cause‐specific hazard ratios. The estimates from each model were compared to 

determine if the use of either model would alter the interpretation of the study results, and to 

offer methodological insights for future research. If the estimates from both models were 

consistent, the results from the Fine‐Gray competing risks model, deemed more appropriate for 

survival analysis of adverse events, were treated as primary findings.166,169,170 
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To evaluate if the findings of this analysis differed between subjects automatically enrolled for 

comprehensive coverage of prescription drug costs through the ODB program, and those under 

65 years old with incomplete coverage or incomplete prescription records not captured in the 

ODB database, a sensitivity analysis was conducted. This sensitivity analysis restricted the 

regression analysis to subjects who were 65 years of age or older at the time of their index 

prescription to compare if the results of this analysis were comparable to the results of the full 

population, to determine if the findings of the study were robust.130 

To assess if the initial outcome definition for myelosuppression, particularly for anemia, was 

overly broad, resulting in misclassification of unrelated events as being drug‐induced, a 

sensitivity analysis was conducted using a more precise definition. The initial definition of 

anemia only excluded ICD codes for types of anemia that specified as unrelated to CML or 

chemotherapy, such as nutritional or congenital anemia. (See Appendix 6 for the full list of ICD 

codes defining any‐type myelosuppression). This sensitivity analysis was conducted using a 

refined definition which further excluded unspecified anemia (ICD‐10 code: D64.9) and “anemia 

in other chronic diseases classified elsewhere” (ICD‐10 code: D63.8). This analysis aimed to 

enhance specificity and reduce false positives, and to assess potential impacts on the 

interpretation of the results. 
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5. Results 

5.1. Study population 

A preliminary screening of the ODB database prescription records identified 3,636 subjects who 

initiated imatinib treatment between April 1, 2002, and March 31, 2020. Of these subjects, 1,683 

met all the inclusion criteria for the study. A total of 1,944 subjects were excluded, mainly due to 

having a cancer diagnosis other than CML. (See Figure 3). 

Based on an initial estimate of over 65,000 imatinib prescriptions in the ODB database, at the 

onset of this study it was calculated that at least 1,376 CML subjects would be required to detect 

a 5% difference in the incidence of myelosuppression between the ODB subjects and RCT 

patients, assuming a significance level (α) of 0.05 and a power (1 – β) of 80%. (Data not shown) 

Therefore, the inclusion of 1,683 unique subjects exceeds the suggested threshold for adequate 

statistical power for this analysis. 

Figure 3: Flow diagram for the selection of the study population  
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5.2. Descriptive analysis  

Demographic data and clinical characteristics of the ODB subjects and RCT patients are 

presented in Table 1. Noteworthy discrepancies were observed in the age and the distribution of 

sexes in the ODB subjects compared to the RCT patients. The ODB subjects were generally older, 

with a proportion of subjects who were 60 years or older at the index date, more than triple the 

proportion among the RCT patients. Additionally, the ODB subjects had a lower proportion of 

male subjects compared to the RCT patients.  

The RCT data provided detailed information on patient health and disease severity, including 

laboratory test results, Sokal Index for CML, and ECOG performance status.56 In contrast, these 

details were not available for the ODB subjects based on the accessible data. Stratified 

demographic and clinical data for the ODB subjects is presented in Table 2. The predominant age 

group at study entry, when stratified by decade, was 65 to 75 years old. Notably, 34.1% of the 

ODB subjects were over 70 years and thus would have been ineligible for the IRIS study, while 

another 42.0% were under 65 years, indicating their enrollment in a special access program for 

ODB reimbursement. Comorbidity data, measured by CCI, was available for 53.1% of the study 

population, 60.7% of which had a CCI score of at least one at study entry. 

Table 1: Baseline characteristics of the ODB subjects and the RCT patients 

Characteristic ODB subjects 
(N = 1,683) 

IRIS study 
(N = 551) 

Sex (%)   
Male 55.7 61.7 

Female 44.3 38.3 
Age (y)   

Median 67 50 
Range (IQR) 18 – 87 (52 – 72) 18 – 70 
≥ 60 y (%) 65.9 20.4 

Daily dose (mg/day)   
Mean 405.2 ± 81.9 400.0 

Range (IQR) 100.0 – 800.0 (400.0 – 
400.0) 

114.0 – 732.0 

Follow-up (mo)   
Median 1.9 2.1 

Range (IQR) 0.0 – 218.1 (0.8 – 14.8) 0.0 – 10.4 
*IQR = Interquartile range 
* Variables including ECOG score, CML phase at diagnosis, SOKAL risk for CML, or laboratory test results were not available. 
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Table 2: Stratified clinical and demographic data of the ODB subjects 

 ODB subjects (N = 1,683) 
Covariate % 

Sex   
Male 55.7 

Female 44.3 
Age group (y)  

<45 15.0 
45 ‐ <55 11.4 
55 ‐ <65 15.6 
65 ‐ <75 37.9 
75 ‐ <85 16.3 

≥85 3.9 
Mean daily dose (mg/day)  

<350 11.3 
350 ‐ <450 76.4 
450 ‐ <550 5.9 

≥550 6.45 
Total cumulative dose (g)  

<200 55.1 
200 ‐ <400 16.3 
400 ‐ <600 8.0 
600 ‐ <800 5.9 

≥800 14.7 
Comorbidity (CCI)  

0 20.9 
1 – 2 22.7 
3 – 4 7.0 

≥5 2.6 
Missing 47.0 

*Sokal Index for CML, and ECOG performance status scores, or CML phase severity data were not available for this study 
*Analyses of comorbidity data were based on the 893 subjects with recorded CCI data 
 

5.3. Incidence of severe myelosuppressive events 

The incidence of each event is detailed in Table 3. Notable differences in the incidence of each 

event were observed between ODB subjects and RCT patients. The total incidence of severe 

neutropenia and thrombocytopenia was lower in ODB subjects (2.5% and 1.8%) compared to 

RCT patients (14.3% and 7.8%), while the incidence of severe anemia was greater in ODB 

subjects (8.3%) compared to RCT patients (3.1%). 
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5.3.1. Sensitivity analysis – IRIS study vs. pooled phase III imatinib data  

In a sensitivity analysis, the incidence proportions for each myelosuppressive event reported in 

the IRIS study were comparable to the proportions determined using pooled data from multiple 

phase III RCTs.30 Therefore, the findings of the study analysis are consistent whether using data 

from the IRIS study or pooled data from multiple phase III studies (See Appendix 7 for 

demographics and Appendix 8 for results). 

Table 3: The incidence of severe myelosuppression reported among the ODB 
subjects compared to the values reported in the IRIS study 

 

 
 

ODB subjects  
(N = 1,683) 

RCT patients  
(N = 551) 

Mean 
difference 

95% CI of the 
difference 

Adverse event % % % Lower Upper 

Total follow-up period      
Neutropenia 3.0 14.3 ‐11.3 ‐12.1 ‐10.5 

Thrombocytopenia 2.3 7.8 ‐5.5 ‐6.3 ‐4.8 
Anemia 12.7 3.1 9.6 8.0 11.2 

RCT-matched follow-up      
Neutropenia 2.5 14.3 ‐11.8 ‐12.6 ‐11.1 

Thrombocytopenia 1.8 7.8 ‐6.0 ‐6.7 ‐5.4 
Anemia 8.4 3.1 5.3 4.0 6.6 

*Maximum RCT follow‐up (25 months) period estimated using the published Kaplan‐Meier survival curves  

 

5.4. Risk of severe myelosuppression 

Estimates of the Fine‐Gray competing risks regression analysis are presented in Table 4. The key 

study covariates associated with the risk of myelosuppression were age, comorbidity, and mean 

daily dose. The risk of myelosuppression increased with age, most notably in subjects over 85 

years old, compared to subjects under 45 years of age. Severe comorbidities (CCI ≥5) and high 

doses of imatinib (>550 mg/day) were also associated with an increased risk of 

myelosuppression. There was no observed difference in risk between male and females subjects. 

5.4.1. Sensitivity analysis – cause-specific hazard vs. subdistribution hazard 

Estimates of the risk of severe myelosuppression derived from the Cox proportional hazards and 

Fine‐Gray subdistribution hazard models were found to be consistent in terms of direction and 

magnitude across all study covariates. As the estimates were consistent, the Fine‐Gray 

subdistribution hazard model, accounting for death as a competing risk, was selected as the 

primary model for the analysis (See Appendix 9 for results). 
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Table 4: Estimates of the risk of severe myelosuppression derived from the Fine-Gray 
subdistribution hazard model 

Demographic/clinical variable Subdistribution hazard ratio 95% CI 

Sex   
Male 1.0 (Reference) 1.0 (Reference) 

Female 1.0 0.8 – 1.3 
Age group (y)   

<45 1.0 (Reference) 1.0 (Reference) 
45 ‐ <55 1.5 0.8 – 3.1 
55 ‐ <65 1.3 0.7 – 2.5 
65 ‐ <75 2.3 1.4 – 3.9 
75 ‐ <85 3.7 2.1 – 6.6 

≥85 4.3 2.0 – 9.0 
Mean daily dose (mg/day)   

<350 1.1 0.7 – 1.6 
350 ‐ <450 1.0 (Reference) 1.0 (Reference) 
450 ‐ <550 0.9 0.5 – 1.6 

≥550 1.6 1.0 – 2.5 
Total cumulative dose (g)   

<200 1.0 0.4 – 2.0 
200 ‐ <400 1.0 (Reference) 1.0 (Reference) 
400 ‐ <600 3.4 1.4 – 8.1 
600 ‐ <800 2.5 0.9 – 6.7 

≥800 4.4 1.6 – 12.2 
Comorbidity (CCI)*   

0 1.0 (Reference) 1.0 (Reference) 
1 – 2 1.3 0.9 – 1.8 
3 – 4 1.6 1.0 – 2.7 

≥5 3.2 1.8 – 5.7 
*CCI was calculated based on the ODB subjects with available CCI data (893/1,683) 

 

5.5. Temporality of events  

The incidence proportion and incidence rate of severe myelosuppression at six months, twelve 

months, five years, and throughout the total observation period are shown in Table 5. The rate 

was highest in the initial six months and lowest across the total period. Notably, within the first 

five years of imatinib treatment, half of the observed cases of severe myelosuppression occurred 

in the first six months. Cumulative incidence curves illustrating the risk of severe 

myelosuppression over time for each study covariate, derived from the Fine‐Gray subdistribution 

hazard model, are presented in Figure 4. Compared to the Fine‐Gray CIF curves, the survival 

curves from the complement of the Kaplan‐Meier function show a slight increase in risk of 

myelosuppression over time (See Appendix 10 for results). 
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Out of 707 cases of severe myelosuppression, 43.5% occurred in the first year of treatment, 

37.8% between one and five years, and 18.7% after five years. Interestingly, neutropenia and 

thrombocytopenia were typically observed within the first 12 months, while anemia was the 

predominant myelosuppressive event observed following the first year of treatment. Specifically, 

for neutropenia and thrombocytopenia, 66.7% occurred in the first 12 months, 22.5% within one 

to five years, and 10.9% after five years of treatment. In contrast, for anemia, 38.4% occurred in 

the first 12 months, 41.2% between one to five years, and 20.4% after five years. The average 

time to severe anemia onset within the first five years (19.6 ± 18.3 mo) was more than double 

that for severe neutropenia or thrombocytopenia (8.4 ± 11.1 mo).  

5.5.1. Sensitivity analysis – redefining anemia  

When considering a refined definition for the classification of anemia, namely excluding 

instances of unspecified anemia (ICD‐10 code: D64.9) or “anemia in other chronic diseases 

classified elsewhere” (ICD‐10 code: D63.8), a notable reduction in the number of severe anemia 

cases was observed. However, the incidence of each myelosuppressive event remained 

statistically different from the IRIS study, and the estimate subdistribution hazard ratios remain 

consistent with the previous model. (Results not shown). 

Table 5: Incidence rates of severe myelosuppression among the ODB subjects 

 ODB subject follow-up (N = 1,683) 
Myelosuppression 6 months 12 months 5 years Total 

Incidence (%) 6.8 8.4 13.7 15.6 

Incidence rate* 135.6 105.1 67.5 56.9 

*Incidence rate per 1,000 person years 
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Figure 4: CIF of the probability of severe myelosuppression over time for each covariate 

Figure 4a) CIF of the probability of myelosuppression by sex 

 

b) CIF of the probability of myelosuppression by age 

 

c) CIF of the probability of myelosuppression by mean daily dose 
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d) CIF of the probability of myelosuppression by cumulative dose 

 

e) CIF of the probability of myelosuppression by CCI 
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6. Discussion 

6.1. Summary of results 

In this study it was observed that the ODB subject population was older with a greater 

proportion of female subjects compared to the RCT patients. The ODB subjects had a lower 

incidence of severe neutropenia and thrombocytopenia, and a higher incidence of anemia 

compared to the RCT patients. Discussed in section 6.2. 

Among the ODB subjects, severe myelosuppression, particularly neutropenia and 

thrombocytopenia, was predominantly observed during the initial months of treatment with 

decreasing incidence over time, consistent with the RCT findings. The risk of myelosuppression 

increased with age, mean daily dose, and severity of comorbid conditions. No statistical 

difference in risk was observed between male and female ODB subjects. Discussed in section 6.3. 

6.2. Context within literature 

The differences in the rates and distribution of myelosuppressive events observed between the 

ODB subjects and RCT patients may be attributable, in part, to the inherent differences in study 

design, enrollment criteria, treatment settings, and the overall objectives of these studies. Each 

study is uniquely designed with specific purposes, strengths, and limitations, which can influence 

how data is collected and analyzed, which can lead to potential inconsistencies in outcomes and 

in the interpretation of results.73,111,173 Methodological differences, including outcome 

definitions, study design, event detection, and population differences, may be associated with 

the observed discrepancies in the incidences of myelosuppression. 

Differences in protocolized study design 

The differences in the rates or distribution of myelosuppressive events between the ODB 

subjects and the RCT patients may stem from inherent differences in study design. RCTs aim to 

minimize bias and identify clear cause‐and‐effect relationships through strict adherence to 

predefined protocols, ensuring consistent treatment across the study population. In contrast, 

real‐world clinical practice often offers physicians greater flexibility to rely on their experience 

and tailor treatments to meet individual patient needs.74,174,175 
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In real‐world settings, patient assessments and follow‐ups are typically symptom‐driven rather 

than based on a predetermined follow‐up schedule. Familiarity with a drug's safety profile allows 

for early recognition and detection of symptoms and timely initiation of treatments or 

preventive measures, particularly for high‐risk patients.176–179 Increased flexibility in patient 

management allows for the use of prophylactic treatments, like granulocyte colony‐stimulating 

factors to prevent myelosuppression, and individualized monitoring based on perceived 

risk.158,177–179 This approach, unconstrained by RCT protocols, allows physicians to prioritize 

patient health, potentially mitigating the incidence or reducing the severity of conditions like 

neutropenia or thrombocytopenia to levels not identified by ICD diagnostic codes.178,180–182 

Outcome definitions 

The observed difference in outcome events is likely attributable to the variations in outcome 

definitions used across studies. RCTs use strict criteria for defining exposure and outcomes, 

including clinical endpoints, standardized assessments, and regular monitoring, to ensure 

accurate and consistent outcome measurements. This process allows for the tailored selection 

and execution of study methods to address a specific research question, ensuring the available 

data and collection methods are precise and align with the outcome definitions. The protocol 

driven structure of an RCT minimizes ambiguity and misclassification through clear, objective 

definitions and includes additional tests for redundancy.37,183 

In the IRIS study, hematologic adverse events were defined and graded using the Common 

Terminology Criteria for Adverse Events (version 3), based on precise blood cell count 

thresholds.29,56  Routine blood tests for hematologic toxicity, supplemented by patient chart 

reviews and baseline health records, enabled accurate and consistent identification of severe 

myelosuppression. This methodological framework also ensured that the outcomes could be 

accurately attributed to the drug under investigation, distinguishing them from other potential 

causes. This framework allowed for precise identification of severe myelosuppression through 

objective laboratory tests, with supplemental patient data to determine whether the outcomes 

were related to the drug under investigation or other factors56 

Studies using administrative health data rely on ICD diagnostic codes for outcome identification, 

which are primarily collected for billing purposes, rather than to address a specific research 

question. ICD codes therefore may not fully capture the details required for certain studies, as 
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the precision of outcome identification depends on the specificity of the codes used and the 

accuracy of their application by healthcare providers. Without supplemental laboratory results 

or patient charts, validating outcomes is typically not feasible, providing limited control over the 

accurate classification of events, introducing variability and potential bias.39,184 

In this study, outcome detection was not protocol‐driven, resulting in non‐standardized outcome 

definitions and reporting processes. Therefore, instances of severe myelosuppression among the 

ODB subjects represented a wide range of clinical definitions, associated with various ICD codes, 

and recorded in multiple clinical settings, which complicates direct comparisons with the results 

of the IRIS study, which used more objective criteria. Severe events were identified using 

hospitalization or healthcare interactions, based on CTCAE descriptions of the clinical 

manifestations of severe myelosuppression, corresponding with severity based on hematologic 

definitions. However, the absence of laboratory test results for further validation highlights the 

limitations of solely using ICD codes in the identification of clear and interpretable outcomes.  

Outcome detection 

Differences in the methods used to detect myelosuppression may be partially attributable to the 

variance in incidence and distribution of events between populations. RCTs consistently and 

reliably detect myelosuppression using routine lab tests and protocolized follow‐up. In contrast, 

observational studies relying on administrative data are limited to outcomes reported during 

clinical visits, which likely contributed to the lower incidences of neutropenia and 

thrombocytopenia among the ODB subjects. 

Neutropenia, thrombocytopenia, and anemia are conditions characterized by low counts of 

white blood cells, platelets, and red blood cells or hemoglobin, respectively.29,59,60 This study's 

outcome definitions are based within the CTCAE grading system definition used in RCTs, which 

defines severe myelosuppression as typically requiring hospitalization or medical intervention.29 

However, neutropenia and thrombocytopenia may initially remain asymptomatic or manifest as 

nonspecific symptoms, potentially resulting in underreporting in administrative health data. 

Without regular blood tests and scheduled follow‐up, symptomatic subjects may be more 

inclined to seek medical attention, while even severe asymptomatic conditions may remain 

undetected until complications arise.24,59,185 Therefore, the lower incidences of neutropenia and 
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thrombocytopenia in this study could be attributed to differences in the methods used to detect 

these outcomes, as well as their clinical manifestations, and healthcare‐seeking behaviors. 

Differences in study populations 

Differences in the incidence of myelosuppression, particularly the increased anemia among the 

ODB subjects, may be attributed to differences in demographic profiles and clinical risk factors 

compared to the RCT patients. The ODB subjects reflect a more diverse population with a higher 

prevalence of risk factors associated with age, sex, comorbidities, and concomitant medication 

use that can affect drug response and toxicity.37,42,43,131 While the ODB subjects offer a more 

representative sample of a diverse post‐market population, these differences limit the 

generalizability of the results to RCTs, where such variables are more tightly controlled.39 

Neutropenia and thrombocytopenia are often considered as direct or even “inevitable” effects of 

imatinib.185,186 However, the increased incidence of anemia among the ODB subjects may reflect 

the greater prevalence of associated risk factors. Age‐related changes, sex‐specific differences in 

drug metabolism, and comorbidities such as  renal or liver dysfunction, have all been reported to 

increase the risk of anemia during imatinib treatment.131,158,160–162,187 While these factors are 

typically absent or underrepresent in RCTs, they were more prevalent among the ODB subjects, 

with many subjects affected by a combination of these risk factors. This could potentially 

compound the risk of anemia and add complexity to understanding this association. 

The IRIS study excluded patients with advanced CML, low baseline blood cell counts, or 

preexisting blood disorders, as these factors are associated with a greater risk of 

myelosuppression.20–22,185 However, these exclusions were not applied to the ODB subjects as 

baseline blood cell counts were not available, potentially resulting in greater susceptibility to 

anemia compared to the RCT patients. Subjects with a history of recurrent anemia before 

starting imatinib might have faced a higher risk of developing anemia during treatment. 

However, due to the imprecise or nonspecific nature of the ICD codes for anemia, this factor was 

not addressed, suggesting ODB subjects with recurrent prior anemia may already be more 

susceptible to anemia during imatinib treatment. 

While the complexities of a less controlled study population likely impacted all outcomes, it may 

have been particularly evident in the incidence of anemia, possibly attributable to more 

burdensome symptoms and its association with a broader range of prevalent risk factors.59,60 This 
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finding is consistent with previous post‐market studies which indicated anemia was the most 

common type of myelosuppression outside of clinical trials.188,189 This suggests that anemia 

during imatinib treatment is attributable, in part, to demographic or external factors, rather than 

solely the myelosuppressive effects of imatinib, especially in long‐term or ongoing 

treatment.185,186,190 This result is substantiated in this study by the sensitivity analysis which 

limited the definition of anemia to events specified as being treatment related. Despite the 

exclusion of non‐specific events potentially unrelated to imatinib, the incidence of anemia 

remained higher among the ODB subjects. This suggests that the ODB population inherently had 

some level of increased anemia risk, beyond the differences accounted for by variability in study 

definitions and outcome detection. 

6.3. Interpretation of ODB analysis   

Among the ODB subjects, the risk of myelosuppression was estimated using a Fine‐Gray 

subdistribution hazard model, accounting for death as a competing event. The risk of 

myelosuppression was found to have increased with age, mean daily dose, and the severity of 

comorbid conditions. No difference in risk was observed between male and female subjects. 

Age and comorbidity  

The observation that older subjects or those with severe comorbidities have an increased risk of 

severe myelosuppression during imatinib treatment is consistent with existing clinical 

literature.30,159–161,187,191–194 Post‐market imatinib studies found that elderly CML patients 

experienced higher rates of both any‐grade (24% vs. 9%) and severe (25% vs. 7%) hematologic 

adverse events compared to younger patients, leading to more frequent treatment 

adjustments.187,194 This association is typically attributed to natural, age‐related declines in drug 

receptor sensitivity and in bone marrow reserve and function.191 

The increased risk of myelosuppression among subjects with severe comorbidities is also 

consistent with existing literature.158–162 Comorbidities, particularly those affecting the renal, 

hepatic, or hematopoietic systems can affect drug metabolism and elimination, resulting in 

increased imatinib trough levels and an increased risk of myelosuppression.155 Severe 

comorbidities often require concomitant medications which may affect the effectiveness or 

toxicity imatinib.131 Studies by Breccia et al. and Ono et al. found that CML patients with more 
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severe comorbidities, particularly a CCI score of 4 or greater, have a higher risk of hematologic 

toxicity, both any‐grade and severe, and higher rates of toxicity‐related discontinuation.159–161  

High daily dose  

The risk of severe myelosuppression also increased with higher doses of imatinib (≥550 mg/day), 

a finding consistent with RCTs and post‐market studies.30,154,155,181,195–198 This dose‐dependent 

toxicity typically limits dose increases, up to 800 mg/day of imatinib, to patients with advanced 

CML.154,155 Consequently, advanced phases of CML are also associated with higher rates of 

myelosuppression.30,195–198 Therefore, high dose imatinib and the respective increase in the risk 

of myelosuppression may indicate treatment of advanced CML. While the absence of disease 

severity data limits further analysis, the prescribing patterns of high dose imatinib suggest that 

the severity of the disease may have influenced this association.56,154,199 

Sex 

This study found no statistically significant difference in the risk of myelosuppression between 

male and female subjects. This is inconsistent with much of the existing literature which typically 

identifies female sex as a risk factor for hematologic toxicities during imatinib 

treatment.109,151,200,201 Notably, however, the studies which identify female sex as a risk factor, 

seldom publish safety data stratified by sex.7,151–153 A ten‐year follow‐up of the CML‐study IV trial 

found that women with chronic phase CML had a 26% greater risk of severe hematologic 

adverse events compared to men. Sneed et al. similarly reported that myelosuppression 

occurred more frequently in females (43%) than in males (29%).24 Interestingly, multiple studies 

have indicated that female patients on imatinib have a greater risk of anemia specifically.190,202,203 

However, the finding that male and female subjects had similar risks of myelosuppression aligns 

with multiple imatinib pharmacovigilance studies, including a case‐control study in Kenya and a 

study of 200 CML patients in Iraq.188,189 Both studies reported comparable risks of neutropenia 

and thrombocytopenia between sexes, while Matti et al. reported that female subjects had a 

greater incidence of anemia only.188,189  

Standard drug dosages, often determined using male‐centric trials, may not be as generalizable 

to women due to variations in body weight and composition. Pharmacokinetic studies have 

found that women have different levels of drug‐metabolizing enzymes and lower drug 

elimination capacities than men, often resulting in elevated drug trough concentrations and 
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increased toxicity.200,201,204,205 One imatinib dose‐concentration study found that female CML 

patients experienced a 15.2% lower drug clearance rate than men, leading to elevated trough 

concentrations and a greater risk of toxicity.200,205 However, anthropometric or pharmacokinetic 

data was not available for this study to further evaluate these associations. Interestingly, some 

studies attributed the increased rates of myelosuppression among women to being driven by 

iron‐deficiency anemia, nutritional anemia, or lower baseline hemoglobin levels.185,190,202,203 An 

observation that would coincide with the findings of the study by Matti et al.189 

Therefore, the discrepancy between this study's findings and existing literature may again be 

attributable to how myelosuppression was defined. The inclusion of conditions like iron‐

deficiency or nutritional anemia, which are more common in women but typically unrelated to 

imatinib, further highlights the inadequacies in the assessment and reporting of safety data in 

RCTs.190,202,203  A protocol‐driven RCT should have the resources to delineate treatment‐related 

adverse events from unrelated events, however published adverse event data is remains limited 

to a single incidence proportion, aggregating unrelated cases of anemia with severe drug‐

induced hematologic toxicities. In contrast, this study's definition of severe myelosuppression 

specifically excluded ICD codes for conditions considered unrelated to imatinib treatment, such 

as iron‐deficiency and nutritional anemias, wherever possible. This was done with the intention 

of refining the analysis to focus on outcomes thought to be attributable to imatinib treatment. In 

addition, in a real‐world population, the remaining association between sex and 

myelosuppression may be obscured by more biologically relevant confounders with stronger 

associations.109,200  

6.4. Strengths  

A major strength of this study lies in the use of the ODB database, which includes prescription 

records for Ontario residents 65 years of age and older, among other special populations, 

providing a large, diverse sample for analysis. Linking subject ODB prescription records with 

patient‐level data from Ontario’s other large population‐based administrative health databases 

provided insights into comprehensive information on subject demographics, comorbidities, 

healthcare utilization, and clinical outcomes. This integration facilitates research on large, 

diverse, multicenter populations, making large or long‐term studies on rare diseases like CML 

both practical and more cost‐effective.184 Typically, post‐market imatinib research has involved 

single‐center studies with small sample sizes due to the low incidence of CML. Therefore, a long‐
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term evaluation of adverse event data from 1,683 CML patients offers unique insights into 

imatinib’s safety profile that are generally not feasible in standard research environments. 

Another advantage of this study is the emphasis on safety as the primary outcome, providing a 

more complete understanding of imatinib’s safety profile within a diverse post‐market 

population. The findings of this study offer more nuanced analyses of the risk of severe 

myelosuppression based on patient demographics and temporal factors, which are typically 

overlooked during RCTs, but relevant to the real‐world patient experience.33,166  

6.5. Limitations 

6.5.1. Information bias 

A major limitation of this study was the potential for information bias, largely attributable to the 

dependency on the accuracy, completeness, and validity of the available prescription data and 

ICD codes. Using data that was not initially collected for the purpose of addressing a specific 

research question can introduce misclassification bias, and instances of missing, incomplete, or 

non‐specific exposure or outcome data. These limitations can restrict the depth, validity, and 

specificity of the analysis that can be conducted given the available data. 

Misclassification bias 

The primary limitation of this study was the potential for misclassification of outcome data, 

resulting from reliance on the accuracy and validity of ICD codes from administrative health data. 

Despite having been used and validated for the identification of hematologic adverse events in 

previous research, since these codes are typically intended for billing purposes, they may not 

offer the level of granularity or detail required for the precise identification of outcomes in 

research. Since RCTs use precise, consistent, and clinically validated outcome definitions, 

accurately identifying outcome events that are defined consistently with the RCT criteria 

depends on the specificity of the ICD code used and the accuracy with which it is applied. 

Therefore, inaccurate application of ICD codes, inconsistency between hospitals or coders, and 

the limited detail provided by these ICD codes can result in misclassification of outcome events 

and potentially a misinterpretation of their association with exposure. 

Most notably, the prevalence of ICD codes for unspecified anemia (D64.9) or “anemia in other 

chronic diseases classified elsewhere” (D63.8), some of the most common anemia diagnoses, 

presented a challenge. Due to the lack of specificity, without supplemental patient data it is not 
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possible to distinguish treatment‐related events from unrelated outcomes. The ambiguity of 

non‐specific ICD codes can result in misclassification, regardless of how these codes are handled 

methodologically. Therefore, the lack of standardization in the outcome definitions between this 

study and the IRIS study may limit the applicability of the results when compared to the RCT 

results, where outcomes are precisely defined and standardized. Additionally, inconsistency or 

inaccuracy of the ICD codes could also lead to a misinterpretation of the association between the 

study covariates and myelosuppression during imatinib treatment, which can affect the 

generalizability of the study results to broader contexts.  

Identifying subjects with CML in the Ontario Cancer Registry database is similarly limited by the 

lack of specificity in certain incident cancer diagnoses. This study was focused on patients with 

CML, therefore, any subjects prescribed imatinib for other cancer indications or with a diagnosis 

of a non‐specific myeloproliferative neoplasm were excluded to maintain diagnostic specificity. 

While this may have excluded some subjects with CML, favoring specificity over selectivity, it 

ensured that only subjects with confirmed diagnoses were included. However, this exclusion 

applied to a very small number of the total subjects. 

Physician billing claims from the Ontario Health Insurance Plan database were initially 

considered for outcome detection but were ultimately not included due to the lack of granularity 

of the diagnostic codes for outcome events. The diagnostic codes used in the Ontario Health 

Insurance Plan database have only three digits of specificity, grouping similar conditions under 

broad diagnostic categories. As a result, they fail to distinguish relevant outcome events from 

those unrelated to imatinib treatment, limiting the accurate identification of study outcomes. 

Missing data/variables 

Administrative health data, primarily collected for billing purposes rather than research, is 

limited due to missing variables and incomplete data. Potentially important demographic and 

clinical variables including CML phase at diagnosis, Sokal Index scores, and Eastern Cooperative 

Oncology Group (ECOG) performance scores, standard in imatinib RCTs, were not available. 

Patient charts or baseline laboratory results, including risk factors for myelosuppression such as 

baseline blood cell counts or hemoglobin levels, were also not available.185,188 These variables 

are essential for better understanding the association between imatinib and myelosuppression in 

real‐world treatment. The association between myelosuppression during imatinib treatment and 
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daily dose may be more strongly attributable to disease phase or severity. Therefore, this study 

aimed to conduct a more in‐depth assessment of the real‐world risk of myelosuppression during 

imatinib treatment based on the available data. However, the depth of analysis that was possible 

without more nuanced subject data was limited, and when interpreting these results, it's 

essential to note that key variables were not included in the study. 

Missing data also posed limitations on the available covariates. Approximately half of the ODB 

subjects were missing comorbidity data, resulting in stratification into four groups based on 

Charlson Comorbidity Index scores due to smaller sample sizes. An overarching goal of this study 

was to report the unadjusted risk of myelosuppression as they were observed in a real‐world 

population. Therefore, the univariate regression model for the risk of myelosuppression based 

on comorbidity was restricted to the subjects with provided CCI scores, rather than using any 

methods for data imputation. Additionally, age at index was categorized into five‐year intervals 

to protect subject anonymity. These data limitations restricted the depth of the analysis and 

potentially introduced residual confounding due to the stratification of continuous variables. 

Results of each analysis were presented with 95% confidence intervals to provide more reliable 

interpretation of the results, especially considering smaller or restricted subgroups. 

Imatinib prescription records were limited to those within the ODB database, which does not 

capture prescriptions covered under private or employment‐based insurance. The first imatinib 

prescription in the ODB database marked the initial exposure for each subject, establishing their 

study index date. However, missing prescription records may have misclassified some long‐term 

users of imatinib as being treatment naïve. To address this limitation, a sensitivity analysis 

compared the rates of myelosuppression rates between the subjects who initiated imatinib 

treatment within six months of diagnosis and those who started later, reflective of the eligibility 

criteria used in the IRIS study. This was to ensure that those with longer time to treatment 

initiation were not characteristically different as a result of being misclassified as unexposed 

during the period with the greatest risk of myelosuppression. The results of this sensitivity 

analysis found that the rate of myelosuppression was comparable between both groups, 

confirming the robustness of the results (Results not shown). 
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6.5.2. Selection bias 

Underrepresentation of subjects under 65 years of age: 

The use of the ODB database, which primarily includes Ontario residents 65 years of age and 

older, did raise some concerns regarding potential under‐sampling of subjects under 65 years of 

age. This source of selection bias may result in study findings which are skewed to align with 

drug safety and efficacy profiles representative of older adults rather than a more diverse target 

population. Therefore, caution should always be applied when interpreting the results of studies 

using a population derived from the ODB database, particularly when considering applying these 

results beyond the context of the study. Since the ODB database may not capture all subjects 

under the age of 65 years, a drug’s safety profile estimated using a sample population from the 

ODB database may be inconsistent with that of an RCT population, in which older subjects are 

routinely underrepresented.40,41 

Despite these concerns, the sample population of imatinib‐treated CML subjects captured by the 

ODB database was expected to provide a fairly comprehensive sample of the target population, 

considering the high cost of imatinib as an outpatient cancer drug and the median age of CML 

diagnosis at approximately 64 years.129,206,207 Based on this information, it was expected that 

approximately half of the CML patients in Ontario would qualify for ODB coverage automatically, 

while its prohibitive prescription costs would account for much of the population under 65 years 

of age. At the index date, 42.0% of ODB subjects were under the age of 65, likely suggesting 

enrollment in a reimbursement program, such as the Trillium Drug Program. The age distribution 

among the ODB subjects was reflective of the estimated median age at diagnosis for CML in 

Ontario, and therefore the population was considered to be representative.208–210  

Consistency of eligibility criteria between ODB subjects and RCT patients: 

However, while the ODB subject population was considered reasonably representative of the 

target population, the eligibility criteria for the ODB drug program are not reflective of those for 

enrollment in the IRIS study.56 As previously described, RCTs typically have strict eligibility criteria 

resulting in sample populations that are not reflective of a real‐world population. The exclusion 

criteria applied in the IRIS study were extensive, limiting enrollment based on disease phase, 

blood cell counts, and previous disease history. Most notably, the study restricted enrollment to 

patients aged between 18 and 70 years. As the ODB database is primarily comprised of those 65 
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years of age or older, and the median age at diagnosis for CML is approximately 64 years of age, 

34.1% of the ODB subjects were found to be over 70 years old when they started imatinib 

treatment and would have been ineligible for enrollment in the IRIS study. 

This led to an ODB subject population with a median age 17 years older than those in the IRIS 

study and a much higher proportion of elderly subjects. Therefore, while the ODB subject results 

may have greater external validity, caution must be exercised when comparing these results to 

an RCT population, such as the IRIS study, as a different sampling frame was used.  

Restriction to Ontario subjects 

Limiting this study exclusively to CML patients in Ontario may limit the generalizability of the 

findings to the broader Canadian context. The specifics of Ontario's healthcare system, 

population demographics, provincial drug formulary, drug policies, and prescribing patterns may 

not be fully representative of CML patients in other provinces. These differences could influence 

drug access, treatment patterns, and the frequency and severity of adverse events.211,212 

Ontario's diverse and extensive administrative databases were expected to be fairly 

representative of the target population of Canadian CML patients. However, including data from 

additional provincial databases could increase the population diversity, enhance the external 

validity, and provide a deeper understanding of imatinib safety across different healthcare 

systems and drug formularies. 

Incident user design 

Subjects previously treated with tyrosine kinase inhibitors other than imatinib were excluded to 

prevent the observation of myelosuppression attributable to second or third generation tyrosine 

kinase inhibitors and mitigate potential survivorship bias. However, this design may have 

excluded patients who switched to imatinib due to resistance or intolerance to other treatments, 

potentially leading to an underreporting of adverse events in subjects with complex treatment 

histories. Therefore, the findings of this study may not be applicable to patients previously 

treatment with another tyrosine kinase inhibitor treatment prior to starting treatment with 

imatinib. However, imatinib is still the front‐line treatment for CML and second‐generation 

tyrosine kinase inhibitors were not approved until several years later in Canada, therefore the 

impact of this limitation was anticipated to be relatively minor. Ultimately, this design resulted in 

the exclusion of 62 of the 1,944 (3.1%) imatinib‐treated CML‐subjects. 
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6.6. Implications  

Clinical 

This study highlights the need for continuous monitoring of imatinib safety and personalized 

treatment plans for CML patients. These findings reinforce the importance of safety follow‐ups 

during the initial months of treatment, particularly for patients with increased risk factors such 

as older age or severe comorbidities. The differences in adverse event rates across patient 

demographics highlight the importance of tailored treatment approaches. Additionally, given the 

long‐term nature of imatinib therapy, educating patients about potential risks and adverse 

events, such as myelosuppression, can potentially enable timely intervention and improved 

patient outcomes. 

Research 

This study highlights the importance of ongoing, long‐term safety research across diverse patient 

demographics, especially for drugs like imatinib, which were approved based on limited clinical 

trial data and scarce real‐world safety evidence. These findings emphasize the importance of 

including a broader range of patient demographics in clinical trials to better mirror the real‐

world patient population. Additionally, this study calls for a more balanced emphasis on both 

safety and efficacy outcomes in RCTs. More comprehensive and consistent collection and 

reporting of adverse event data would provide a more complete understanding of the safety 

risks and potential long‐term impacts of new therapies. 

Pharmacoepidemiological  

This study highlights the importance of real‐world pharmacovigilance data for improving the 

understanding  of a drug’s safety profile beyond the controlled environment of clinical trials. 

While improvements in safety data evaluation and reporting in RCTs are necessary, ongoing real‐

world studies serve as an essential complement to RCT data. Post‐market pharmacovigilance 

studies provide insights into drug safety in a broader, more diverse patient population, and are 

essential for the detection of rare or latent adverse effects that are typically unknown at the time 

of a drug's approval. 
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6.7. Future considerations 

The results of this study, and the recognition of its limitations, lay the groundwork for further 

research into severe myelosuppression during imatinib treatment in subjects with CML. An ideal 

follow‐up study would be a large‐scale, multi‐center, prospective study. This would enable real‐

time data collection and a reduction in potential biases, improving the accuracy and validity of 

the results. This would allow for precise definition of study outcomes and establish pre‐

determined methods for screening, follow‐up, and detection, ensuring outcomes are captures 

accurately and consistently. This approach would not only identify severe cases of 

myelosuppression but also detect mild or moderate instances, as well as other rare hematologic 

events or cytopenias, using laboratory results and screenings. 

Future retrospective studies should aim to establish clear, operational definitions for adverse 

events, particularly by detailing each type and grade of myelosuppression using standardized 

criteria. These definitions should be validated by clinical experts to ensure their accuracy and 

practicality for detection in clinical environments. Standardizing these definitions will promote 

consistent outcome classification within the study and promote replicability in future research. 

Additionally, these studies should secure access to all relevant test results to validate the 

accuracy of study outcomes. For myelosuppression, this involves obtaining hematologic 

laboratory test results, patient charts, baseline blood cell counts, and information on existing 

hematologic conditions. Having access to this data would allow for more precise identification of 

relevant outcome events and differentiate them from unrelated outcomes. 

Future studies should explore how commonly used drugs interact with imatinib to understand 

their impact on imatinib toxicity, addressing a gap between real‐world and controlled trial 

subjects. Future research should also aim to evaluate rare or latent adverse events associated 

with imatinib treatment. While this study focused on the most common severe adverse events 

due to data constraints, identifying and evaluating rare adverse events is essential for a more 

comprehensive understanding of imatinib's safety profile. This will enhance proactive safety 

monitoring and aid in treatment‐related decision making. 
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7. Conclusion 

This study revealed substantial differences in the demographic profiles and the distribution of  

severe myelosuppressive events between ODB subjects and RCT patients. The ODB subjects 

were typically older, had a more balanced gender ratio, and reported lower incidences of 

neutropenia and thrombocytopenia but a higher anemia incidence compared to RCT patients. 

The risk of myelosuppression, which typically occurred during the initial months of treatment, 

increased with age, mean daily dose, and the severity of comorbidities, with no observed 

difference in risk based on sex.  

These findings augment the understanding of the risk of myelosuppression during imatinib 

treatment in real‐world populations and emphasize the limited generalizability of results derived 

from RCTs to more diverse populations. When interpreting results, especially for treatment or 

regulatory decisions, it is essential to consider the constraints of the treated population and 

limitations of the study design. These findings highlight the importance of ongoing post‐market 

pharmacovigilance research as a necessary complement to RCTs, to help ensure the ongoing 

safety of patients beyond the context of an RCT. 
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Appendices  

Appendix 1: Clinical and laboratory symptoms of myelosuppression 

Adverse event Characteristics (grade 3+) 

Neutropenia 

Laboratory indications: 
‐ Low levels of neutrophils  
‐ Grade 3: Absolute neutrophil count <1.0 to 0.5 x 109/L 
‐ Grade 4: Absolute neutrophil count <0.5 x 109/L 

 
Clinical symptoms: 

‐ Neutropenic fever (febrile neutropenia) 
‐ Neutropenic colitis  
‐ Mouth sores and ulcers  
‐ Elevated risk of opportunistic infections 
‐ Signs of infection without inflammatory response due to low levels of 

neutrophils 
 

Thrombocytopenia 

Laboratory indications: 
‐ Low levels of platelets 
‐ Grade 3: Platelet count <50,000 to 25,000/mm³ 
‐ Grade 4: Platelet count <25,000/mm³ 

 
Clinical symptoms: 

‐ Excessing bruising 
‐ Excessive superficial or prolonged bleeding 
‐ Bleeding from gums, nose, or gastrointestinal tract (blood in urine or stool) 
‐ Petechiae (Small blood spots cause by bleeding under the skin) 

 

Anemia 

Laboratory indications: 
‐ Low levels of red blood cells or hemoglobin (Hb) 
‐ Grade 3: Hemoglobin level <8.0 g/dL 
‐ Grade 4: Life‐threatening consequences; urgent intervention indicated 

 
Clinical symptoms: 

‐ Severe fatigue or weakness which limits functional status 
‐ Cardiac symptoms: shortness of breath, heart palpitations, or chest pain 
‐ Syncope or near‐syncope: Fainting spells, dizziness, or light‐headedness 

 
 

 

Appendix 2: ICD-O-3 codes used for the identification of CML 

Diagnosis  Morphology ICD-O-3 code Topography ICD-O-3 code 

CML Chronic myeloid leukemia, nos 98633 Bone marrow C421 

Chronic myeloid leukemia, BCR‐ABL+ 98753 
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Appendix 3: Canadian DINs used for the identification of imatinib prescription records in 

the ODB program database 

DIN Product name Manufacturer Active ingredient Strength 

(mg) 

In Ontario 

formulary  

02244724 GLEEVEC Novartis Imatinib mesylate 50 Yes 

02244725 GLEEVEC Novartis Imatinib mesylate 100 Yes 

02253275 GLEEVEC Novartis Imatinib mesylate 100 Yes 

02253283 GLEEVEC Novartis Imatinib mesylate 400 Yes 

02355337 APO‐IMATINIB Apotex  Imatinib mesylate 100 Yes 

02355345 APO‐IMATINIB Apotex  Imatinib mesylate 400 Yes 

02397285 NAT‐IMATINIB Natco Pharma Imatinib mesylate 100 Yes 

02397293 NAT‐IMATINIB Natco Pharma Imatinib mesylate 400 Yes 

02399806 TEVA‐IMATINIB Teva Pharmaceuticals Imatinib mesylate 100 Yes 

02399814 TEVA‐IMATINIB Teva Pharmaceuticals Imatinib mesylate 400 Yes 

02424495 MYLAN‐IMATINIB Mylan Pharmaceuticals Imatinib mesylate 100 Yes 

02424509 MYLAN‐IMATINIB Mylan Pharmaceuticals Imatinib mesylate 400 Yes 

02428318 RAN‐IMATINIB Ranbaxy Pharmaceuticals Imatinib mesylate 100 Yes 

02428326 RAN‐IMATINIB Ranbaxy Pharmaceuticals Imatinib mesylate 400 Yes 

02431114 PMS‐IMATINIB Pharmascience Imatinib mesylate 100 Yes 

02431122 PMS‐IMATINIB Pharmascience Imatinib mesylate 400 Yes 

02490986 ACH‐IMATINIB Accord Healthcare  Imatinib mesylate 100 Yes 

02490994 ACH‐IMATINIB Accord Healthcare  Imatinib mesylate 400 Yes 

02492334 MINT‐IMATINIB Mint Pharmaceuticals Imatinib mesylate 100 Yes 

02492342 MINT‐IMATINIB Mint Pharmaceuticals Imatinib mesylate 400 Yes 

02495066 JAMP IMATINIB JAMP Pharma Imatinib mesylate 100 No 

02495074 JAMP IMATINIB JAMP Pharma Imatinib mesylate 400 No 

02504596 IMATINIB Sanis Health Imatinib mesylate 100 No 

02504618 IMATINIB Sanis Health Imatinib mesylate 400 No 

02515547 SANDOZ IMATINIB Sandoz Canada  Imatinib mesylate 100 No 

02515555 SANDOZ IMATINIB Sandoz Canada  Imatinib mesylate 400 No 

09857444 APO‐IMATINIB Apotex  Imatinib mesylate 100 EAP Eligible  

09857445 GLEEVEC Novartis Imatinib mesylate 400 EAP Eligible  

09857446 APO‐IMATINIB Apotex  Imatinib mesylate 400 EAP Eligible  

09857447 GLEEVEC (GIST‐ON) Novartis Imatinib mesylate 100 EAP Eligible  

09857448 GLEEVEC (GIST‐ON) Novartis Imatinib mesylate 400 EAP Eligible  

09857449 TEVA‐IMATINIB Teva Pharmaceuticals Imatinib mesylate 100 EAP Eligible  

09857450 TEVA‐IMATINIB Teva Pharmaceuticals Imatinib mesylate 400 EAP Eligible  

09857468 CO‐IMATINIB Cobalt Pharmaceuticals Imatinib mesylate 100 EAP Eligible  

09857469 CO‐IMATINIB Cobalt Pharmaceuticals Imatinib mesylate 400 EAP Eligible  

92099987 GLEEVEC (GIST‐CAN) Novartis Imatinib mesylate 400 EAP Eligible  

92099988 GLEEVEC (GIST‐CAN) Novartis Imatinib mesylate 100 EAP Eligible  

99100982 GLEEVEC Novartis Imatinib mesylate 100 EAP Eligible  

99100983 GLEEVEC Novartis Imatinib mesylate 400 EAP Eligible  
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Appendix 4: Canadian DINs used for the identification of potentially interacting 

prescription drugs record in the ODB database 

Drug type Drug class DINs  

Imatinib Tyrosine kinase 

inhibitor 

02244725, 02515547, 02515555, 02521202, 02521210, 02253275, 02253283, 

02355337, 02355345, 02397285, 02397293, 02399806, 02399814, 02431114, 

02431122, 02490986, 02490994, 02492334, 02492342, 02495066, 02495074, 

02504596, 02504618 

Dasatinib  Tyrosine kinase 

inhibitor 

02293129, 02293137, 02293145, 02320193, 02360810, 02360829, 02470705, 
02470713, 02470721, 02478307, 02478315, 02478323, 02478331, 02478358, 
02481499, 02481502, 02499282, 02499304, 02499312, 02499320, 02499339, 
02499347, 02514737, 02514745, 02514753, 02514761, 02514788, 02514796 

Bosutinib Tyrosine kinase 

inhibitor 

02419149, 02419157, 02483793 

Nilotinib Tyrosine kinase 

inhibitor 

02315874, 02368250, 02481715 

Ponatinib Tyrosine kinase 

inhibitor 

02437333, 02437341 

Hydroxyurea Antimetabolite 02343096, 02530260, 00465283, 02242920, 02247937 

Interferon-α Immunomodulator 00705896, 00705918, 00705926, 00812498, 00812501, 00891002, 01911988, 
01911996, 01912003, 01959069, 01959077, 02019914, 02217015, 02217023, 
02217031, 02217058, 02217066, 02223384, 02223392, 02223406, 02223414, 
02231651, 02238674, 02238675, 02239832, 02240693, 02240694, 02240695, 
02242966, 02242967, 02242968, 02242969, 02248077, 02248078, 02253410, 
02253429 

Anagrelide Antiplatelet 02253054, 02260107, 02281155, 02281287, 02236859, 02274949 

Dexamethasone  Corticosteroid 00016217, 00042676, 00140732, 00229679, 00285471, 00295094, 00358177, 
00379689, 00489158, 00627763, 00716715, 00732885, 00732893, 00739839, 
00751863, 00783900, 00785261, 00874582, 01946897, 01947044, 01964968, 
01995022, 02023865, 02095114, 02095122, 02095130, 02095149, 02097281, 
02150654, 02204266, 02204274, 02212978, 02237044, 02237045, 02237046, 
02239534, 02240684, 02240685, 02240687, 02260298, 02260301, 02279363, 
02311267, 02363445, 02387743, 02412888, 02412896, 02528584, 00016462, 
00042560, 00042579, 00213624, 00354309, 00664227, 01964070, 01964976, 
01977547, 02250055, 02261081 
 

Warfarin Anticoagulant 01918311, 01918338, 01918346, 01918354, 01918362, 02007959, 02240205, 
02240206, 02242680, 02242681, 02242682, 02242683, 02242684, 02242685, 
02242686, 02242687, 02242924, 02242925, 02242926, 02242927, 02242928, 
02242929, 02245618 

Rosuvastatin Statin 02247162, 02247163, 02247164, 02265540, 02337975, 02337983, 02337991, 
02338009, 02338726, 02338734, 02338742, 02338750, 02339765, 02339773, 
02339781, 02339803, 02354608, 02354616, 02354624, 02354632, 02378523, 
02378531, 02378558, 02378566, 02382644, 02382652, 02382660, 02382679, 
02391252, 02391260, 02391279, 02391287, 02397781, 02397803, 02397811, 
02397838, 02399164, 02399172, 02399180, 02399199, 02405628, 02405636, 
02405644, 02405652, 02411628, 02411636, 02411644, 02411652, 02413051, 
02413078, 02413086, 02413108, 02438917, 02438925, 02438933, 02438941, 
02442574, 02442582, 02442590, 02442604, 02477483, 02477491, 02477505, 
02477513, 02496534, 02496542, 02496550, 02496569, 02498332, 02498340, 
02498359, 02498367, 02505576, 02505584, 02505592, 02505606 

Clopidogrel  Antiplatelet 02238682, 02252767, 02293161, 02303027, 02330555, 02348004, 02359316, 
02379813, 02385813, 02388065, 02398591, 02400553, 02408910, 02415550, 
02416387, 02422255, 02482037, 02502283 

Mercaptopurine Immunomodulator 00004723, 02415275 

Omeprazole Proton‐pump 

inhibitor 

02016788, 02242461, 02242462, 02260859, 02310252, 02310260, 02320843, 
02329425, 02329433, 02333422, 02333430, 02339927, 02364352, 02365677, 
02372274, 02374870, 02385384, 02402416, 02422212, 02422220, 02432404, 
02432765, 02433281, 02435683, 02436728, 02438968, 02439018, 02449919, 
02449927, 02484617, 02490692, 00846503, 02119579, 02190915, 02230737, 
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02245058, 02260867, 02295407, 02295415, 02296438, 02296446, 02320851, 
02348691, 02403617, 02411857, 02416549, 02420198, 02439549, 02501880, 
02504294, 09857195, 09857267, 09857285, 09857314, 09857342, 09857464, 
09857500, 09857536, 09857640, 09857656, 09858131 

Esomeprazole Proton‐pump 

inhibitor 

02300524, 02379163, 02383039, 02383047, 02394839, 02394847, 02417480, 
02417499, 02438461, 02438488, 02444712, 02528479, 02528487, 02244521, 
02244522, 02339099, 02339102, 02379171, 02423855, 02423863, 02423979, 
02423987, 02431173, 02442493, 02442507, 02460920, 02460939, 02479419, 
02479427, 02520109, 02520117, 02520699, 02520702 

Lansoprazole Proton‐pump 

inhibitor 

02238525, 02249464, 02249472, 02366274, 02366282, 02369028, 02385775, 
02392402, 02392410, 02395258, 02395266, 02410370, 02414767, 02414775, 
02422808, 02422816, 02433672, 02470780, 02489805, 02489813, 02165503, 
02165511, 02280515, 02280523, 02293811, 02293838, 02353830, 02353849, 
02357682, 02357690, 02385643, 02385651, 02385767, 02402610, 02402629, 
02410389, 02433001, 02433028 

Pantoprazole Proton‐pump 

inhibitor 

02239616, 02291665, 02294672, 02299585, 02306727, 02307863, 02308681, 
02308703, 02309858, 02309866, 02309998, 02310007, 02310201, 02316463, 
02318687, 02318695, 02336308, 02339072, 02352214, 02363410, 02363429, 
02385740, 02385759, 02412969, 02415232, 02415240, 02415259, 02415267, 
02417421, 02425378, 02428164, 02431319, 02431327, 02439107, 02441527, 
02445867, 02453401, 02458969, 02469138, 02478773, 02478781, 02481561, 
02498715, 02498723, 02515857, 02528835, 02229453, 02241804, 02267233, 
02285479, 02285487, 02292912, 02292920, 02300486, 02301075, 02301083, 
02305038, 02305046, 02307871, 02357054, 02370808, 02392615, 02392623, 
02408414, 02408570, 02415208, 02416557, 02416565, 02417448, 02428172, 
02428180, 02437945, 02440628, 02441853, 02466147, 02467372, 02471825, 
02481588, 02519534 

Rabeprazole Proton‐pump 

inhibitor 

02315181, 02315203, 02320452, 02320460, 02320614, 02320622, 02330083, 
02330091, 02381737, 02381745, 02408392, 02408406, 02415283, 02415291, 
02419785, 02419793, 02422638, 02422646, 02484161, 02484188, 02243796, 
02243797, 02296632, 02296640, 02298074, 02298082, 02310805, 02310813, 
02314177, 02314185, 02345579, 02345587, 02356511, 02356538, 02385449, 
02385457 

Amlodipine Calcium channel 

blocker 

02273233, 02273241, 02273268, 02273276, 02273284, 02273292, 02273306, 
02273314, 02280124, 02295148, 02297477, 02326760, 02326779, 02326787, 
02326795, 02326809, 02326817, 02326825, 02326833, 02326841, 02330474, 
02331071, 02331098, 02331489, 02331497, 02331500, 02331934, 02331942, 
02339374, 02339382, 02340178, 02340186, 02341093, 02341107, 02342790, 
02342804, 02343193, 02343207, 02343215, 02355582, 02355590, 02355604, 
02357186, 02357704, 02362759, 02362775, 02362783, 02362791, 02362805, 
02362813, 02362821, 02366436, 02366452, 02369222, 02369230, 02369249, 
02371332, 02371340, 02371359, 02371707, 02378744, 02378760, 02378779, 
02385783, 02392127, 02392135, 02392143, 02398877, 02404222, 02404230, 
02404249, 02404257, 02404435, 02411253, 02411261, 02411288, 02411296, 
02411318, 02411326, 02411334, 02411342, 02419556, 02421151, 02421178, 
02426986, 02426994, 02427702, 02427710, 02427729, 02427737, 02444445, 
02444453, 02444461, 02451549, 02468018, 02469022, 02476452, 02478587, 
02484307, 02484706, 02490781, 02490803, 02490811, 02492199, 02503271, 
02503298, 02503301, 02522500, 00878928, 00878936, 02250497, 02250500, 
02259605, 02259613, 02272113, 02272121, 02273373, 02273381, 02280132, 
02280140, 02284065, 02284073, 02284383, 02284391, 02297485, 02297493, 
02321858, 02321866, 02331284, 02331292, 02357194, 02357208, 02357712, 
02357720, 02362651, 02362678, 02371715, 02371723, 02385791, 02385805, 
02397072, 02397080, 02419564, 02419572, 02429217, 02429225, 02468026, 
02468034, 02469030, 02469049, 02476460, 02476479, 02522519, 0252252 

Alprazolam Benzodiazepine 00677477, 00677485, 01908170, 01908189, 01913239, 01913247, 02137534, 
02137542, 02229813, 02229814, 02230074, 02230075, 02248706, 02248707, 
02349191, 02349205, 02397021, 02397048, 02397056, 02397064, 02400111, 
02400138, 02400146, 02400154, 02404877, 02404885, 02404893, 02404907, 
00548359, 00548367, 00723770, 00813958, 00865397, 00865400, 01913484, 
01913492, 02243611, 02243612, 02417634, 02417642, 02417650, 02417669, 
02434636, 02434644 
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Prednisone Corticosteroid 00156876, 00177091, 00271381, 00508586, 00598194, 00607517, 00610623, 
00868426, 00868434, 00868442, 00021695, 00210188, 00232378, 00252417, 
00271373, 00312770, 00550957 
 

Levothyroxine Hormone 00012289, 00012297, 00012300, 00012319, 00295582, 01953591, 01953605, 
01953613, 01953621, 01953656, 01953664, 01953680, 01953699, 01980890, 
01980904, 01980912, 01980920, 01980939, 01980947, 01980955, 01980963, 
01980971, 01980998, 01981005, 01981013, 02187574, 02187582, 02187590, 
02187604, 02187612, 02187620, 02187639, 02187647, 02233852, 02237213, 
02237214, 02237215, 02237216, 02237217, 02237218, 02237219, 02237220, 
02237221, 02237222, 02245947, 02245948, 02264323, 02264331, 02264358, 
02264366, 02264374, 02264390, 02264404, 02264412, 02264420, 02264439, 
02264447, 02264455, 02461714, 02461722, 02499916, 02499924, 02508486, 
02508494, 02508508, 02508516, 02508524, 02508532, 02508540, 02508559, 
02508567, 02508575, 02508583, 02508591, 02171228, 02172062, 02172070, 
02172089, 02172097, 02172100, 02172119, 02172127, 02172135, 02172143, 
02172151, 02213192, 02213206, 02213214, 02213222, 0221323 

 

 

Appendix 5: ICD codes used for the identification of myelosuppression 
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Appendix 6: All ICD diagnostic codes used for the identification of severe 

myelosuppressive events. 
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Appendix 7: Baseline and clinical characteristics of ODB, RCT, and pooled phase III 

populations. 

 

 

Appendix 8: The incidence of myelosuppression among ODB subjects compared to the 

IRIS study and the pooled phase III trials. 
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Appendix 9: The risk of myelosuppression using a Cox proportional hazard model and 

Fine-Gray competing risks model. 

 

 

 

 

 

 

 

 

 

 

 



83 
 

Appendix 10: The risk of myelosuppression using a Cox proportional hazard model and 

Fine-Gray competing risks model. 

a) overall 

 

b) by sex 
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c) by age 

 

d) by mean daily dose 
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e) by comorbidity (CCI score) 
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Appendix 11: Incidence of myelosuppression allowing a max. 30-day gap in prescription 

records, 90-day gap, or allowing any treatment gap. 
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Appendix 12: The risk of myelosuppression allowing a maximum 30-day gap in 

prescription records compared to a maximum 90-day gap in prescription records. 
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Appendix 13: Dalhousie University Health Sciences Research Ethics Board approval (REB 

#2020-5280). 
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Appendix 14: Dalhousie University Health Sciences Research Ethics Board approval (REB 

#2020-5280) – Updated February 22, 2024. 

 

 

 

 

 

 

 

 


