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Introduction
Chronic myeloid leukaemia (CML) is a myeloproliferative neoplasm caused by a translocation 
between chromosome 9 and 22, denoted as t(9;22)(q34;q11.2), involving the fusion of the 
breakpoint cluster region (BCR) gene on chromosome 22q11.2 and the Abelson gene (ABL1) on 
chromosome 9q34. This translocation is known as the Philadelphia chromosome.1,2 The resultant 
fusion oncogene, BCR-ABL1, encodes a tyrosine kinase that drives clonal proliferation of 
haematopoietic stem cells and mainly affects the granulocytic lineage.1,2 Tyrosine kinase inhibitors 
(TKI) target and suppress the BCR-ABL1 tyrosine kinase and have revolutionised the outcome of 
CML. Imatinib was the first available TKI, with nilotinib and dasatinib developed later as more 
potent second-generation agents.3,4

Treatment response to TKIs is monitored by fluorescence in situ hybridisation (FISH) or real-time 
quantitative reverse transcriptase polymerase chain reaction (RQ-PCR), and specific guidelines 
have been published on the targets of therapy.5,6 Successful therapy with a TKI relies on close 
monitoring of the patient’s response by means of the standardised RQ-PCR or cytogenetic 
investigations at 3, 6 and 12 months, according to the guidelines proposed by the European 
LeukemiaNet (ELN).5 Despite the development of various scoring systems such as the Sokal, 
European Treatment and Outcome Study (EUTOS) and the Eutos long-term survival score 
(ELTS), the most important prognostic factor is a response to therapy with a TKI.5,7,8 Patients 
achieving therapeutic targets can expect prolonged survival approaching that of the normal 
age-matched population.3,4,9

Imatinib is the only frontline therapy available for chronic and accelerated phase CML at the 
Universitas Academic Hospital (UAH) in Bloemfontein, South Africa. There are no published 
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Methods: In this analytical cohort study, a retrospective file review of all chronic and 
accelerated phase CML diagnosed between 2009 and 2016, who were initiated on imatinib as 
front-line therapy, was performed. Clinical and laboratory data were collected for different 
time intervals as recommended by European LeukemiaNet guidelines.

Results: Thirty-seven patients met the inclusion criteria. An optimal response was obtained in 
82.6%, 54.2%, 50.0% and 66.7% of patients at 3, 6, 12 and 18 months, respectively.

Conclusion: The patient outcomes were comparable with other published studies, with two-thirds 
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contributing to suboptimal responses in the remaining third of patients should be explored.
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data available regarding the achievement of therapeutic 
targets to TKIs in South Africa or in our setting, and 
consequently, it is unclear whether we are achieving the 
treatment targets. To address this paucity of data, a 
retrospective file review was conducted to describe the 
response to treatment during the first 2 years of therapy for 
newly diagnosed CML patients in chronic and accelerated 
phase at UAH. The study aimed to monitor response to 
treatment in order to assess whether patients treated at our 
institution met the treatment targets for CML as defined by 
the ELN for frontline TKI therapy.

Methods
Study design and setting
A retrospective analytical cohort study was performed. The 
study was performed at UAH, which is the only tertiary 
referral hospital in the Free State Province of South Africa. 
Universitas Academic Hospital (UAH) provides specialist 
haematology care to parts of the Northern Cape province 
and a neighbouring country, Lesotho.

Participants
All chronic or accelerated phase CML patients older than 16 
years of age, who were diagnosed between 2009 and 2016 at 
the UAH Division of Clinical Haematology, were included in 
the study. Patients who presented in the blast phase and 
those without follow-up data were excluded. The World 
Health Organization’s (WHO) definition of accelerated and 
blast phase was used.10 Since 2012, the International Scale (IS) 
was used to report RQ-PCR results at UAH.5

Measurement
Demographic, clinical and laboratory data were collected 
from patient’s files, the hospital electronic patient record 
system, Meditech (Medical Information Technology, 
Incorporated) and laboratory information services (National 
Health Laboratory Services, NHLS-Labtrak, and other 
laboratory registers). Baseline clinical data, comorbidities, 
HIV status and spleen size were documented. Laboratory 
data collected included full blood count, t(9; 22) FISH and/or 
BCR-ABL1 RQ-PCR results. Data regarding imatinib dose, 
drug compliance and adverse events were retrieved from 
patient’s files. The Sokal risk score for each patient was 
calculated from the data available at baseline. The percentage 
of patients reaching treatment endpoints as defined by the 
ELN 2013 guidelines5 was determined.

Data analysis
Data were analysed by the department of Biostatistics at the 
University of Free State. Categorical variables are summarised 
by frequencies and percentages and numerical variables by 
medians because of skew distributions. Univariate analyses 
were done to test the association between major cytogenetic 
response or major molecular response and prognostic factors, 
including baseline spleen size, Sokal score, leucocyte count 
and platelet count.

Routine patient management
As a standard practice, all patients receive frontline therapy 
with imatinib. For patients diagnosed in the chronic phase, 
imatinib 400 mg is prescribed, whilst patients diagnosed in 
the accelerated phase receive 600 mg imatinib. Escalation of 
imatinib dose is implemented in the event of suboptimal 
response to standard dose, and dose reductions are made for 
toxicities. The site performs FISH or RQ-PCR on the IS every 
3 months until two values are below 0.1%, thereafter 
6-monthly monitoring is performed. Compliance is assessed 
when patients do not achieve the expected treatment 
endpoint according to the treatment protocol. Imatinib is 
changed to second-line therapy (nilotinib or dasatinib) in the 
event of adverse effects or treatment failure once compliance 
has been assured. In our setting, nilotinib is generally used as 
second-line and dasatinib as third-line agents, unless 
BCR-ABL1 mutational analysis directs otherwise.

Ethical consideration
This study was approved by the Health Sciences Research 
Ethics Committee (HSREC) of the University of the Free State 
(UFS-HSD2017/0065) and the Free State Province Department 
of Health. Each patient’s file was allocated a study number 
that was used in the data collection to ascertain the 
confidentiality of patients’ identity.

Results
Baseline data
Thirty-seven patients met the inclusion criteria, of which 
31 (83.8%) patients were in the chronic phase and six (16.2%) 
in the accelerated phase. All patients were prescribed 
imatinib as frontline therapy as per treatment 
recommendation. The dose of imatinib was 400 mg for 
32 (86.5%) patients, 600 mg for four (10.8%) patients and 
800 mg for a single (2.7%) patient.

The majority of patients were females (n = 23; 62.2%). The 
median age of patients was 42.5 years with a range 
of 16–76 years. The age group 31–50 years represented the 
largest age group (n = 10; 27.0%), and 27 (73.0%) patients 
were under the age of 50 years. Comorbidities were 
noted in 25 (67.6%) patients, with hypertension being the 
most prevalent comorbidity (n = 12; 32.4%), human 
immunodeficiency virus (HIV) infection was present in 
four (10.8%) and diabetes mellitus in three (8.1%) patients. 
Other comorbidities were of low frequency and included 
hypertensive heart disease, stroke, major depressive disorder, 
previous breast cancer, psoriasis and neural tube defect 
(one patient each) and asthma (two patients).

Baseline clinical and laboratory data are summarised 
in Table 1.

Adverse events
The most frequent adverse events recorded were 
haematological (anaemia, thrombocytopenia or neutropenia). 
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Because of the retrospective nature of this study, adverse 
events were not graded. Adverse events were documented in 
32.4% (n = 12) patients, whilst 10.8% (n = 4) had more than 
one toxicity. Haematological toxicity was found in 24% of 
patients (n = 9), with four patients having neutropenia, one 
patient anaemia, one patient thrombocytopenia and three 
patients had unspecified cytopenias. These were followed by 
muscle cramps in 8.1% (n = 3), and nausea, vomiting, 
diarrhea, headache, skin rash and lower limb oedema, each 
in 3% (n = 1) of patients.

Poor compliance was documented in the records of 18.9% 
(n = 7) of patients and 16.2% (n = 6) had missed scheduled 
clinic dates. Dose adjustments were made where indicated. 
Dose reductions were adequate to control adverse events in 
4 (11%) patients. Imatinib dose was not reduced to below 
300 mg daily. One patient’s treatment was changed to 
nilotinib because of severe muscle cramps.

Response
Although 37 patients qualified for the study, they were not 
evaluable at each time point (3, 6, 12 and 18 months). Nine 
patients only had baseline data available, with one 
documented death and 8 lost to follow up. The remaining 
28 patients had response data that were evaluable at some 
time point after the initial diagnosis, and 17 had data for 
each time point. The results are reported for all patients 
with available information at a given time point.

Complete cytogenetic response (t(9; 22) by FISH = 0%, or 
BCR-ABL1 < 1%) was seen in 54.2% (n = 13/24), 83.3% 
(n = 20/24) and 87.5% (n = 21/24) at 6, 12 and 18 months, 
respectively. Major molecular response (BCR-ABL1 < 0.1%) 
was achieved in 50.0% (n = 12/24), and 66.7% (n = 16/24) at 
12 and 18 months, respectively. Because of small numbers, 
none of the prognostic factors assessed in the univariate 
analysis were predictive of response. Response according to 
the ELN criteria5 is summarised in Table 2. At 3 months, an 
optimal response was noted in 19 of 23 (82.6%) patients, with 
none failing at this time. A third (66.7%, n = 16/24) maintained 

optimal response and 12.5% (n = 3/24) failed treatment with 
frontline imatinib at 18 months.

Discussion
In this study, we investigated the response to treatment with 
frontline imatinib during the first 2 years of therapy in patients 
with newly diagnosed CML treated at UAH in the period 
2009–2016. To our knowledge, this has been the first study of 
its kind for patients with CML performed in South Africa.

Our study showed a younger median age at diagnosis 
(42.5 years) compared to the median age of 50 years reported 
in other studies.11,12,13 Although this finding may be attributed 
to the small sample size, we have observed that many 
haematological malignancies are diagnosed at a younger age 
in our population. Whether this is because of a younger 
population in general or because of biological differences in 
susceptibility is unknown.

Treatment response was evaluated according to the ELN 
guidelines published in 2013.5 New guidelines were 
published in 2020 with minor changes in the definition of 
failure at 3 months.14 As our clinical practice during the study 
period more closely followed the 2013 guidelines, we 
evaluated responses against these guidelines. The majority of 
patients attained an optimal response, which was comparable 
with a number of international studies.9,15

Figure 1 compares imatinib response at UAH and imatinib 
response according to ELN recommendations as published 
by Zackova et al.9 It should be noted that Zackova included 
only data from patients in the chronic phase, whilst in this 
study, data from patients in both the accelerated and chronic 
phase were included. No significant difference between the 
two studies was noted at 3 and 18 months (p = 0.79 and 
p = 0.62, respectively). A significant difference at 6 months 
(p = 0.01) and a close to significant difference at 12 months 
(p = 0.06) were noted. The exclusion of patients in the 
accelerated phase in Zackova’s study may account for these 
differences.9 Furthermore, it has been noted in our setting 
that patients do not always understand that CML is a 
chronic disease and that long-term compliance is necessary. 
The importance of compliance is discussed at each follow-
up visit. This may explain the good response initially, the 
wane in response, and then the improved response at 
18 months.

No clinical or laboratory parameters predictive of response 
were identified in our study. Although three of the four 
(75.0%) patients who failed treatment at 6 months (as shown 
in Table 2) had high Sokal scores, we could not draw 
any conclusions from these results because of the small 
sample size. However, Druker et al. reported that patients 
with high-risk scores had lower rates of a complete 
cytogenic response.16

The drug toxicity profile of patients in our study was 
comparable to published data.15,16 Most documented toxicities 

TABLE 1: Clinical and laboratory median values at baseline.
Parameter Number of patients data Median Range

Spleen size (cm)† 36 11 0–25
Leucocytes (× 109/L) 37 201.5 29.7–637.0
Platelets (× 109/L) 37 325 98–1555
FISH (%) 25 70 3–99
BCR-ABL1 (IS) (%) 19 19 0.06–279.69
Sokal score 37 1.14 0.49–4.49

†, Below costal margin; FISH: fluorescence in situ hybridisation; IS: International Scale.

TABLE 2: Response to frontline imatinib at Universitas Academic Hospital.
Time Optimal Warning Failure

n % n % n %
3 months (n = 23) 19 82.6 4 17.4 0 0
6 months (n = 24) 13 54.2 7 29.2 4 16.7
12 months (n = 24) 12 50.0 8 33.3 4 16.7
18 months (n = 24) 16 66.7 5 20.8 3 12.5
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were haematological, which is similar to what has been 
described by Kantarjian et al.17 Although oedema, muscle 
cramps, diarrhoea, nausea, musculoskeletal pain and skin 
rash have been described as a common side-effect of 
imatinib,15 these were described in a low frequency in our 
patients, which might have been attributed to poor record 
record keeping or under-reporting.

Reasons for poor compliance and the large number of 
patients with missed clinic dates in the study population 
were not clearly documented in the patient records. Patients 
who attend the Haematology Clinic are largely dependent 
on hospital or public transport. As our clinic serves the Free 
State, Northern Cape and Lesotho, patients may have to 
travel up to 950 km to attend the clinic. Imatinib is stocked 
at the pharmacy at UAH, whilst all other hospitals in the 
province have to order it for specific patients, which may 
cause delays and make prescriptions difficult to fill. Patients 
from Lesotho experience additional challenges where roads 
are often in a poor condition and patients may experience 
delays at border posts. These factors may contribute to 
missed appointments, but more importantly, these patients 
are unable to collect imatinib, which is not available in 
Lesotho.

Additional factors that may influence compliance in our 
population include poor socio-economic circumstances, 
informal employment resulting in difficulty to get time off 
from work to attend clinics, and a lower literacy rate. 
Furthermore, South Africa is a country with 11 official 
languages and physicians often are not able to speak the 
same language as the patient, resulting in consultations being 
conducted with the assistance of interpreters, which may 
influence the patient’s understanding of their disease and the 
need for compliance.

Our findings, together with several international studies, 
emphasise that imatinib is effective in treating CML, but that 

a significant proportion of patients does fail frontline 
imatinib. Deeper and earlier responses have been shown 
using second generation TKIs, but it comes at the expense of 
more long-term toxicities. The more potent second-generation 
TKI’s, nilotinib and dasatinib, are not freely available as 
frontline therapy in our setting, and the use of these agents is 
limited by cost. Where these agents are available in the 
frontline setting, the choice is generally individualised and 
based on CML risk score, side-effect profile, comorbidities, 
patient preference and cost.

Treatment failure in our setting may be because of poor 
access to uninterrupted treatment or non-compliance. Drug 
interactions, and interactions with herbal remedies, also play 
an important role. Mutations in BCR-ABL1 and other 
molecular mechanisms lead to resistance to therapy in 
some patients.1,3,5,6

The study is limited by the small sample size and retrospective 
nature of data collection. Some patients also had missing 
data at different intervals of follow-up.

Conclusion
This study showed that the majority of patients attained an 
optimal response by 18 months of treatment, but a significant 
proportion still failed frontline imatinib. There is a need to 
identify factors that contribute to treatment failure, such as 
non-compliance, social circumstances, interrupted drug 
supply and advanced disease at presentation. Outcomes of 
CML patients at UAH at 18 months compare favourably with 
other published real-world experiences.
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FIGURE 1: Overall response to frontline imatinib, comparing Universitas Academic Hospital data and findings as reported by Zackova et al.9
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