
REGULAR ARTICLE

Molecular response to imatinib in patients with chronic myeloid leukemia
in Tanzania

Ahlam Nasser,1 Ally Hussein,2 Clara Chamba,1 Mbonea Yonazi,3 Rosemary Mushi,4 Anna Schuh,1,5 and Lucio Luzzatto1

1Department of Hematology and Blood Transfusion, Muhimbili University of Health and Allied Sciences, Dar es Salaam, Tanzania; 2Tanzania Field Epidemiology and Laboratory
Training Program, Dar es Salaam, Tanzania; 3Department of Hematology and Blood Transfusion, Muhimbili National Hospital, Dar es Salaam, Tanzania; 4Department of Oncology,
Ocean Road Cancer Institute, Dar es Salaam, Tanzania; and 5Department of Oncology, University of Oxford, United Kingdom

Key Points

• In Tanzania, the rate of
molecular response to
imatinib in patients with
CML is low compared
to elsewhere.

• Advanced disease at
presentation and multi-
ple drug interruptions
because of cytopenias
are the main contribu-
tors to this low response.

Imatinib is the mainstay of treatment of patients with chronic myeloid leukemia (CML) in

Tanzania.Monitoringmolecular response to therapyby real-time polymerase chain reaction

at defined milestones is necessary for early detection of treatment failure. However, this

assay is not routinely performed in Tanzania; therefore, the depth of molecular response

among patients with CML is not known. A total of 158 patients with previously diagnosed

CML who received imatinib treatment were recruited from January 2019 and followed up

through October 2020 at Ocean Road Cancer Institute. Information was obtained at the time

of diagnosis and follow-up. Blood samples were collected in EDTA tubes to measure the BCR/

ABL ratio on the Gene Xpert system for molecular response determination. The median age

of the 158 adult patients was 45 years (range, 18-86). By reference to established treatment

milestones, only 37 (23.4%) achieved optimal molecular response. Signs of advanced-stage

disease, in particular the need for red cell transfusions before diagnosis (adjusted odds ratio

[AOR], 3.4; 95% CI, 1.32-9.17) and cytopenias (AOR, 2.26; 95% CI, 1.03-4.96) necessitating drug

interruptions were statistically validated predictors of treatment failure on multivariate,

multinomial logistic regression. Patient survival at the 22-month follow-up was lowest, with

78.6% (95% CI, 69.4-85.4) in the failure-to-respond category and highest in patients achieving

optimal response 97.0% (95% CI, 80.9-99.6). In summary, the majority of patients with CML

treated with imatinib in Tanzania do not obtain deep molecular response. This outcome can

be attributed to late diagnosis, the development of cytopenias requiring multiple drug

interruptions, and poor adherence to treatment.

Introduction

Chronic myeloid leukemia (CML) is a clonal myeloproliferative disorder of pluripotent stem cells. It is
characterized by a balanced reciprocal translocation t(9;22)(q34;q11) between the long arms of
chromosomes 9 and 22, with consequent formation of the BCR-ABL chimeric fusion oncogene. BCR-
ABL encodes an abnormal tyrosine kinase protein with constitutive activity that enhances proliferation of
myeloid cells.1-3

The introduction of tyrosine kinase inhibitors (TKIs) such as imatinib has revolutionized CML treatment,
and the once-deadly hematologic malignancy is currently a truly chronic disease with achievement of life
expectancy similar to that of the general population.4,5 Given the effectiveness of TKIs in reducing the
disease burden, increasingly sensitive techniques are needed to monitor the disease, once normalization
of peripheral blood counts (hematologic response) and complete cytogenetic response (absence of
Philadelphia-positive cells in marrow metaphase) have been achieved. Disease monitoring is performed
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today by quantitative reverse transcriptase-polymerase chain re-
action (qRT-PCR) assay of the BCR-ABL transcript, which can
detect 1 CML cell in ;100 thousand to 1 million cells.6 The
dynamic of BCR-ABL transcript levels while patients are receiving
treatment is a strong predictor of long-term outcome. In addition, it
facilitates early detection of loss of response for early interventions,
such as switching to second- or third-line TKIs.7 In practice,
BCR-ABL quantification every 3 to 6 months by qRT-PCR is
recommended for monitoring molecular response. Currently, the
European Leukemia Net (ELN) has put forth different response
milestones in relation to treatment duration, and BCR-ABL levels
of ,0.1% by real-time PCR (equivalent to a 3-log reduction)
at 12 months of imatinib treatment is considered an optimal
response.8

In Tanzania, patients with CML generally present late, with bulky
disease including high rates of anemia, massive splenomegaly, and
a very high white blood cell count (WBC). In a previous study,
Tebuka et al reported that patients were symptomatic for at least
a year before presenting to the tertiary hospital for diagnosis of
CML.9 Usually, new patients presenting with CML-related symp-
toms are first seen at primary health care centers where they
undergo routine assessment of anemia and presumptive treatment
of iron and folate deficiency and worm infestation. By the time
patients presented to the tertiary hospital, a majority had anemia
(84%), splenomegaly (92%, massive in 62%), and a mean WBC
count of ;224 3 109/L.9

Imatinib is the mainstay TKI in the treatment of patients with CML in
Tanzania. Since 2004, it has been available at no cost to all BCR-
ABL1 patients with CML (regardless of their disease phase) under
the sponsorship of Glivec International’s Patient Assistance
Program (GIPAP). GIPAP is an international drug donation program
established by Novartis Pharma AG that was implemented in
partnership with the Max Foundation, a nonprofit, nongovernmental
organization,10 with the aim of increasing access to cancer
treatment in low- and middle-income countries. However, until
2018, there was only 1 center (Ocean Road Cancer Institute
[ORCI] in Dar es Salaam) approved to receive donated imatinib
through GIPAP. To date, only 1 additional center in Northern
Tanzania (Moshi) has access to imatinib. Therefore, many patients
have to incur traveling costs and other expenses to have access to
imatinib; and often patients are unable to afford these expenses.

Data on the response to imatinib are scarce in African countries,
including Tanzania. Among the few studies published, lower
response rates have been reported in comparison with those in
more developed countries.11-13 Tebuka et al reported that complete
hematologic response (CHR) was attained by more than 90% of
patients in Tanzania at 3 months of imatinib treatment.9 The long-
term outcomes of patients in Tanzania with CML treated with
imatinib are largely unknown. Molecular monitoring is not routinely
performed in Tanzania because of the limited accessibility and
affordability of PCR testing for patients with CML. Herein, we report
data on molecular response in these patients, after they have
received imatinib for a minimum of 3 months.

Methods

Study population

Previously diagnosed patients with CML were recruited from
January 2019 and followed up through October 2020 at the

CML day clinic at ORCI in Tanzania. Diagnosis of CML was
established by examination of peripheral blood and bone marrow
and confirmed by PCR for the BCR-ABL fusion gene. The PCR test
was carried out in all patients to fulfill a requirement for access to
free imatinib under the GIPAP. Eligible patients were adults aged
$18 years who had been receiving imatinib treatment for at least 3
months. Excluded were patients with newly diagnosed disease
receiving imatinib treatment for ,3 months, or receiving TKIs other
than imatinib, or undergoing cytoreduction with hydroxyurea.

Data collection

Data from eligible consenting patients was collected at 3 time
points: (1) at diagnosis traced retrospectively from the patient’s
clinical files, (2) at a follow-up visit at which patients were recruited
into this study, and (3) for 22 months after recruitment for
assessment of survival. Retrospective data at the time of diagnosis
from the patient’s clinical files included presenting symptoms, signs,
and laboratory parameters, such as full blood cell count and blast
count from bone marrow reports. The Sokal risk score at baseline
was calculated according to each patient’s clinical and laboratory
parameters. Baseline BCR-ABL was assumed to be 100% as per
International Standard (IS) recommendations. Retrospective, sys-
tematic complete full blood count results at 3, 6, and 12 months
were not available, primarily because patients’ clinic visits depend
on the financial ability to travel to the prescribing center.

Data collected at the follow-up visit during the recruitment into
the study included socio-demographic characteristics (age, sex,
residence, marital status, living arrangement, education level, and
employment status) and information on imatinib toxicity and
adherence. A physical examination was performed for signs of
imatinib toxicity or disease regression or progression, including
spleen size (if palpable). After the interview, blood samples were
collected in EDTA tubes to run a full blood panel on a hematology
analyzer (Dymind DH 76) and PCR for BCR-ABL transcripts on the
Gene Xpert diagnostic system, version 4.4a. Data collected during
the 22-month follow-up included time and cause of death.

Variables and measurements

CML disease phases were assessed according to 2016 World
Health Organization criteria as chronic phase: bone marrow blasts
,10%; accelerated phase: blasts 10% to 19% or peripheral blood
basophils $20%; and blast crisis: blasts $ 20%.14

CHR was defined as WBC ,10 3 109/L with no immature
granulocytes on peripheral blood, ,5% basophils on differential,
platelet count ,450 3 109/L, and no palpable spleen.15

Molecular response was defined as magnitude of reduction of
BCR-ABL transcripts from the original value of 100%. Molecular
response was categorized into 3 groups as per ELN 2020
guidelines.15 (1) Optimal molecular response: at 3 months, BCR-
ABL #10%; at 6 months, BCR-ABL #1%; and at $12 months,
BCR-ABL #0.1%. (2) Warning: at 3 months, BCR-ABL .10%; at
6 months, BCR-ABL.1% to 10%; and at$12 months, BCR-ABL
.0.1% to 1%. (3) Failure: at 3 months, BCR-ABL .10% if
confirmed within 1 to 3 months; at 6 months,BCR-ABL.10%; and
at 12 months and anytime BCR-ABL is .1%.

Adherence was defined as the extent to which a patient followed
the clinician’s instructions on daily imatinib ingestion and was
assessed with the 8-item Morisky Medication Adherence Scale
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(MMAS-8), as previously described.16,17 Adherence was catego-
rized into 3 groups: low adherence, score 0 to ,6; medium
adherence, score 6 to ,8; and high adherence, score 8.

Imatinib-induced myelotoxicity was defined per the National Cancer
Institute Common Terminology Criteria for Adverse Events (NCI-
CTCAE) version 5.018: neutropenia grade 1, absolute neutrophils
,2.03 109/L to 1.53 109/L; grade 2,,1.53 109/L to 1.03 109/L;
grade 3, ,1.0 3 109/L to 0.5 3 109/L; and grade 4, ,0.5 3 109L.
Thrombocytopenia: grade 1, ,150 3 109/L to 75 3 109/L; grade 2,
,75 3 109/L to 50 3 109/L; grade 3, ,50 3 109/L to 25 3 109/L;
and grade 4,,253 109/L. Anemia: grade 1,,12 to 10 g/dL; grade 2,
,10 to 8 g/dL; and grade 3, ,8 g/dL.

Statistical analysis

Descriptive statistics were used to summarize sociodemographic
data and clinical and treatment-related characteristics. Bivariate
multinomial logistic regression was conducted to determine the
association of response to imatinib treatment with independent
variables. All variables with P ,0.25 in bivariate multinomial logistic
regression were included in the multivariate, multinomial logistic
regression. Survival probabilities were estimated using the Kaplan-
Meier method and the log-rank test was used to estimate the
statistical significance of survival functions among the 3 ELN
treatment response categories: optimal, warning, and failure. Values
with P , .05 were considered statistically significant.

Ethical considerations

The ethical clearance for the study was obtained from the Senate
Research and Publication Committee of Muhimbili University of
Health and Allied Sciences (MUHAS). Permission to conduct the
study was obtained from the authorities and the administration of
ORCI. Written informed consents were obtained from the patients
before recruitment, in accordance with the Declaration of Helsinki.

Results

Of 191 patients attending the Ocean Road CML Clinic from
January throughMay 2019, 33 were not eligible: 14 were,18 years
of age, 15 had been receiving imatinib for,3 months, 3 were on the
second line of TKIs, and 1 had undergone a hematopoietic stem cell
transplant in India. Thus, 158 patients were recruited into the study
after they provided informed written consent. Among those, 104
patients had data available for Sokal score calculation, and 132 had
data available to determine the CML clinical phase.

Sociodemographic and clinical characteristics of

patients with CML

The median age was 45 years (range, 18-86). Male patients were
55.7%, with a male/female ratio of 1.3. The majority of patients (n5
97; 61.4%) attending the CML clinic at ORCI resided outside Dar
es Salaam and had to travel there from other regions to receive
imatinib and for follow-up care (Table 1).

Nearly all patients (98.1%) were symptomatic at diagnosis (Table 1)
and had a high disease burden, as reflected by the severity of
anemia (requiring blood transfusion in 32.9%), massive spleno-
megaly 44.2%, Sokal score groups, and a high median WBC count
of 241 3 109/L (supplemental Figures 1 and 2).

Nearly all patients (92.4%) were receiving imatinib 400 mg daily.
The median duration of imatinib use was 32 months, and the

majority of patients (82.3%) were beyond 12 months of treatment
(Table 1). Adherence to imatinib, as assessed by MMAS-8, was low
in almost one-half (43.0%) of all patients, and it decreased
progressively with increasing time from when imatinib treatment
started (Figure 1).

Imatinib-related side effects

A total of 132 (83.5%) of 158 interviewed patients reported
some form of side effects during treatment. The most common
reported side effect was cytopenia (59.5%; Table 2). Interest-
ingly, skin hypopigmentation was reported in 13.9% of patients
and was one of the most common nonhematologic side effects.
In almost one-half of patients, the side effects occurred within
the first 12 months of treatment; and in general, the frequency of
imatinib side effects decreased over time in the majority (75.8%)
of patients. However, a significant number of patients (38.6%)
reported side effects at various times beyond 12 months of
treatment (supplemental Figure 3). A total of 93 (58.9%) patients
required cessation of treatment for 1 to 2 weeks to allow
recovery from imatinib-induced cytopenia, and 41 of the 93
patients had at least 3 treatment interruptions (Table 2). At the
time of recruitment into the study, all-grade anemia in 65.1%,
neutropenia in 41.1%, and thrombocytopenia in 21.5% were
observed (Table 2).

Response to imatinib treatment

At 3 months of imatinib use, 100% of patients had achieved a CHR.
However, at 6 months, the rate of CHR was slightly lower (94.1%),
and at $12 months, it was significantly lower (68.5%: Table 3).
Overall, CHR was present in more than two-thirds (73.4%) of all
patients.

According to ELN criteria of optimal response (BCR-ABL ratio of
#10% at 3 months, ,1% at 6 months, and #0.1% at $12
months), only 37 of the 116 patients in CHR had an optimal
molecular response at the time of testing. Among 130 patients at
$12 months of imatinib use, a majority (66.9%; n 5 87) fell in the
ELN treatment category of failure (Table 3; Figure 2).

Clinical, laboratory, and treatment-related factors

associated with molecular response to imatinib

The history of previous transfusions at diagnosis and development
of cytopenia during imatinib treatment were statistically significant
predictors of treatment failure (Table 4).

We also found patients with a higher mean WBC count (277.6 6
142.7) 3 109/L at diagnosis were less likely to have an optimal
response than those with a slightly lower mean WBC count
(230.2 6 110.7) 3109/L. This difference was not statistically
significant in the 3 ELN categories; however, when the warning and
treatment failure categories were collapsed to form 1 category
termed suboptimal response, the difference in the mean WBC
count together with the presence of abdominal fullness at diagnosis
were found to be statistically significant determinants of suboptimal
molecular response (supplemental Tables 1 and 2).

Interestingly, Sokal score risk groups did not influence molecular
response in this study. In particular, of 10 patients with low Sokal
risk at diagnosis, less than half (4 of 10) achieved optimal molecular
response.
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Survival rate and molecular response

After 22 months (January 2019 through October 2020), the overall
survival rate was 81.7% (95% CI, 74.7-86.9). A total of 29 patients
died during the study period. Of those, 24 died because of
progression of CML. The causes of death for the remaining 5
patients were 1 prostate carcinoma, 1 cervical carcinoma, 1 motor
vehicle accident, and 2 unknown causes unrelated to CML.

After adjustment for CML-unrelated deaths, the survival rate was
highest in the optimal response category (97.0%; 95% CI, 80.9-
99.6), followed by the warning response category (93.8%; 95% CI,
63.2-99.1) and the failure response category (78.6%; 95% CI,
69.4-85.4; Figure 3). This observed difference was statistically
significant by log-rank test (P 5 .024).

Discussion

Monitoring of the molecular response of patients with CML who are
receiving imatinib; has not been a routine practice in Tanzania thus
far, as RT-PCR testing for the BCR-ABL gene transcript is not
readily available and affordable. To the best of our knowledge, this is
the first study performed in this country to provide data on both
hematologic and molecular responses in a large cohort of patients.

Table 1. Patients demographics and clinical characteristics (N5 158)

Characteristic No. of patients, n (%)

Median age (range), y 45 (18-86)

Sex

Male 88 (55.7)

Female 70 (44.3)

Living Arrangement

Lives alone 24 (15.2)

Lives with someone 134 (84.8)

Residence

Dar es Salaam 61 (38.6)

Outside Dar es Salaam 97 (61.4)

History of CML at diagnosis

Symptomatic at diagnosis 155 (98.1)

Types of symptoms at diagnosis

Anemia 129 (81.7)

Requiring blood transfusion 52 (32.9)

Number of blood transfusions

1-3 units 36 (22.8)

4-6 units 14 (8.9)

.6 units 2 (1.2)

Abdominal fullness 136 (86.1)

Constitutional symptoms 110 (69.6)

Bleeding tendencies 34 (21.5)

Clinical signs at diagnosis

Pallor 139 (88.0)

Splenomegaly 133 (84.2)

Massive splenomegaly ($20cm) 59 (44.2)

Hepatomegaly 27 (17.1)

Skin nodules 23 (14.6)

Lymph node enlargement 9 (5.7)

Laboratory parameters at diagnosis, median (range)

White blood cells, 3109/L 241.0 (8.0-760.0)

Hemoglobin, g/dL 7.8 (2.6-13.3)

Platelets, 3109/L 318 (67-1832)

Disease phase at diagnosis, n 5 132

Chronic phase 123 (93.2)

Accelerated phase 9 (6.8)

Blast crisis 0 (0.0)

Sokal Risk groups, n 5 104

Low 10 (10.0)

Intermediate 51 (49.0)

High 43 (41.0)

Hydroxyurea use prior Imatinib 101 (63.9)

Median hydroxyurea dose (range), mg 2000 (500-3000)

Duration of imatinib treatment, median (range) 32 (3-159)

,12 mo 28 (17.7)

$12-24 mo 37 (23.4)

.24 mo 93 (58.9)

Table 1. (continued)

Characteristic No. of patients, n (%)

Imatinib starting dose

400 mg/d 146 (92.4)

600 mg/d 9 (5.7)

800 mg/d 3 (1.9)

Adherence to imatinib

Low (MMAS-8 score, ,6) 68 (43.0)

Medium (MMAS-8 score, 6 to ,8) 50 (31.7)

High (MMAS-8 score, 8) 40 (25.3)

Unless stated otherwise, data are number of patients (percentage of the total study
group or the subgroup).
MMAS, Morisky Medication Adherence Scale.
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Figure 1. Adherence to imatinib tends to decline with the duration of

treatment. Only 25% of patients had perfect adherence. There was a modest but

significant decline of MMAS score, by 0.01 point for each month on imatinib.
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Hematologic response

After 3 months of treatment with imatinib, it was gratifying to observe
CHR in 100% of patients. This outcome was in accordance with
a previous report by Tebuka et al.9 However, it was disappointing to

find that after 12 months of imatinib treatment, CHR was
considerably lower (68.8%), in contrast to that in studies in other
populations in high-income settings where patients with durable
CHR, even beyond 24 months of treatment, ranged from 89% to
93%.19-22 Because blood counts at 3, 6, and 12 months were
unfortunately not available in this study, we do not know the time
point at which CHR was lost. One possible explanation of this loss
of CHR over time is decreased adherence to medication, which was
also observed to decrease with time since imatinib initiation. Loss of
response has major clinical implications; indeed, a persisting BCR-
ABL1 cell population increases the risk of blast transformation of
CML.20,23

Molecular response

Also in this respect, we found significant differences compared with
what is reflected in abundant literature from other countries. Only
a quarter (23.4%) of patients had an optimal molecular response to
imatinib: a much lower proportion than in Europe or the United
States.7,22,24 In a 5-year follow-up of the IRIS study, levels of BCR-
ABL transcripts after 12 months of treatment had fallen by at least
3 logs in 57% of patients, and they had a 100% probability of
remaining progression-free at 24 months of treatment.25 In our
study we had only a single follow-up PCR value; therefore, we
cannot say whether, in individual patients, we have uncovered loss
of a previously attained response or a failure to achieve the ELN-
defined milestone.

We have identified 2 factors that significantly influence molecular
response: (1) late presentation and (2) cytopenia during treatment.
With respect to factor 1, Liu and colleagues reported from China
that patients with CML-related anemia at diagnosis had poor
prognoses compared with patients with anemia unrelated to
CML.26 CML-related anemia correlated in turn with splenomegaly,
high WBC count, and higher risk scores at diagnosis,26,27 similar to
what we observed. Severe anemia requiring blood transfusion is not
a common feature in the CML literature. Although not all other
causes of anemia were systematically excluded in this study, we
believe low hemoglobin would be accounted for in most cases by
the bulky disease at presentation. Surprisingly, Sokal score did not
influence the molecular response in our study. Rather, parameters
of disease burden (other than assessed by the Sokal score)
seemed to determine the patients’ molecular response. Particularly,
a high WBC count at diagnosis is a strong predictor of the depth
of molecular response.28 In our study, patients with a higher mean
WBC count and severe anemia requiring transfusion were less
likely to reach optimal molecular response. We must also consider
that, even though 93.2% of our patients were categorized in the
chronic phase, based on the unfavorable Sokal scores and the

Table 2. Imatinib side effects (N 5 158)

Variable No. of patients, n (%)

Reported side effects 132 (83.5)

Types of side effects

Cytopenia 94 (59.5)

GI side effects 42 (26.6)

Musculoskeletal pain 23 (14.6)

Hypopigmentation 22 (13.9)

Edema 17 (10.8)

Skin rash 12 (7.6)

Weight gain 6 (3.8)

Hemorrhage 4 (2.5)

Fever 1 (0.6)

Imatinib interruption due to cytopenia 93 (58.9)

Frequency of interruption

1 time 35 (22.2)

2 times 17 (10.8)

$3 times 41 (26.0)

Observed cytopenia at study recruitment

Neutropenia, all grades 65 (41.1)

Grade 1 35 (22.2)

Grade 2 17 (10.7)

Grade 3 11 (6.9)

Grade 4 2 (1.3)

Thrombocytopenia, all grades 34 (21.5)

Grade 1 25 (15.8)

Grade 2 4 (2.5)

Grade 3 2 (1.3)

Grade 4 3 (1.9)

Anemia, all grades 103 (65.1)

Grade 1 67 (42.4)

Grade 2 28 (17.7)

Grade 3 8 (5.0)

Data are number of patients (percentage of total study group).

Table 3. Complete hematologic response to imatinib tends to fade with time

Time since imatinib initiation

Complete hematologic

response

P

Molecular response

PPresent Absent Optimal Warning Failure

3 mo (n 5 11) 11 (100) 0 (0) .01 2 (18.2) 3 (27.3) 6 (54.5) .45

6 mo (n 5 17) 16 (94.1) 1 (5.9) 5 (29.4) 1 (5.9) 11 (64.7)

$12 mo (n 5 130) 89 (68.5) 41 (31.5) 30 (23.1) 13 (10.0) 87 (66.9)

Total (N 5 158) 116 (73.4) 42 (26.6) 37 (23.4) 17 (10.8) 104 (65.8)

Data are number of responses (percentage of subgroup responding at each time point).
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observed warning and failure responses, they were at high risk of
disease progression.

With respect to factor 2, the rate of imatinib toxicity (83.5%),
particularly cytopenias (59.5%), was strikingly high in our cohort.
Cytopenia occurred at the standard dose of 400 mg and at different
times during treatment, not just within the first months of treatment,
as reported in other studies. The cytopenia that develops during

therapy has been recognized to be associated with poorer outcome
because (1) the withholding of doses on account of cytopenia
decreases overall exposure to imatinib, and (2) cytopenia may result
from a low residual normal stem cell pool, with consequent lower
chance of recovery of normal hematopoiesis after suppression of
the malignant clone.26,27,29 The combination of severe myelosup-
pression and inadequate response to treatment in the chronic
phase has been associated with a high risk of transformation to the
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Figure 2. Low rate of major molecular response in

patients with CML in Tanzania. A total of 130 patients

received imatinib for 12 months or more. Only 23.1% of

patients reached a BCR/ABL ratio of #0.1%.

Table 4. Bivariate and multivariate, multinomial logistic regression of clinical and treatment-related factors associated with molecular

response

Variable

Molecular response, n (%) Crude OR (95% CI) Adjusted OR (95% CI)

Failure, n 5 104

(65.8)

Warning, n 5 17

(10.8)

Optimal, n 5 37

(23.4)

Warning vs

optimal

Failure vs

optimal

Warning vs

optimal

Failure vs

optimal

Abdominal

fullness

Present 92 (67.6) 16 (11.8) 28 (20.6) 5.14 (0.60- 44.4) 2.46 (0.94-6.45) — —

Not present 12 (54.6) 1 (4.5) 9 (40.9) 1.00 1.00 — —

Previous BT

Yes 41 (78.9) 5 (9.6) 6 (11.5) 2.11 (0.55- 8.40) 3.36 (1.29-8.77) 2.11 (0.54- 8.25) 3.48 (1.32-9.17)

No 63 (59.4) 12 (11.3) 31 (29.3) 1.00 1.00 1.00 1.00

Sokal risk groups

High 32 (74.4) 3 (7.0) 8 (18.6) 9.2 3 105 (0,–) 2.67 (0.60-11.7) — —

Intermediate 35 (68.6) 6 (11.8) 10 (19.6) 1.4 3 106 (0,–) 2.33 (0.55-9.92) — —

Low 6 (60.0) 0 (0.0) 4 (40.0) 1.00 1.00 — —

Cytopenia from imatinib

Present 70 (74.5) 6 (6.4) 18 (19.1) 0.58 (0.18-1.88) 2.17 (1.01-4.66) 0.59 (0.18-1.93) 2.26 (1.03-4.96)

Not present 34 (53.1) 11 (17.2) 19 (29.7) 1.00 1.00 1.00 1.00

Adherence

High 24 (60.0) 5 (12.5) 11 (27.5) 0.84 (0.21-3.43) 0.59 (0.23-1.51) — —

Medium 32 (64.0) 5 (10.0) 13 (26.0) 0.71 (0.18-2.84) 0.67 (0.27-1.62) — —

Low 48 (70.6) 7 (10.3) 13 (19.1) 1.00 1.00 — —

Data in column headings are the percentages of the total group of 158 patients. Data in the table body are number of patients (percentage of the response category). Bold statistics have
P , .05.
BT, blood transfusion.
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accelerated or blastic phase and consequently reduced survival.30,31

Sadly, this is what we observed in our study. We lack exact data on
the timing, duration, and depth of the worst cytopenias, but
myelosuppression may have been severe enough to demand dose
reductions or dose interruptions. During recruitment, a significant
number of patients had anemia (65.1%), neutropenia (41.1%), or
thrombocytopenia (21.5%), but in most cases, they were grade 1 or
2. This rate of imatinib toxicity is comparable to that reported by
Francis et al in India, where 68% of patients experienced various
adverse events, predominantly hematologic toxicity-thrombocytopenia,
occurring in 21% of patients.32 It is not clear to what extent the lower
normal value for neutrophils in African populations (benign ethnic
neutropenia)33,34 may have contributed to dose interruptions that were
triggered by neutrophil counts of less than 1.0 3 109/L. It is
conceivable that, on account of this threshold value, some patients
may have been unintentionally undertreated.

Nonhematologic toxicity

Fluid retention and gastrointestinal side effects were not as frequent
in this study as reported by studies from Europe or the United
States.24,35-37 Instead, skin hypopigmentation was the third most
common (13.9%) after gastrointestinal and musculoskeletal side effects.
Skin hypopigmentation has not been widely reported in previous studies,
perhaps because in most studies so far, most patients were of European
descent. Thus, the imatinib toxicity profile in our Tanzanian cohort differs
from that seen elsewhere. Genetic differences in drug metabolism and
individual responses (pharmacogenetics) may be a plausible explanation
and may have contributed to the low rate of molecular response that we
observed. In the future, imatinib dose titration to minimum effective dose
should be performed on the basis of cutoff values for neutropenia
derived from our normal population group. This approach may avoid
unnecessary drug interruptions, and it may decrease the rate of
disappointing levels of molecular response.

Adherence to medication

This is a well-recognized challenge in chronic conditions, with
adherence rates ranging from 50% to 60%.38,39 Studies from Brazil
and the Congo showed that adherence rates in patients with CML

on imatinib ranged between 20% and 50%.17,40,41 A similar
situation was observed in our cohort, where almost one-half (43%)
of patients had low adherence. Poor adherence may result from
multiple social, financial, and treatment factors. Among those
investigated in this study, the total time after imatinib initiation was
found to be a strong predictor of adherence in both simple and
multiple linear regression analysis. Adherence progressively de-
creased with increased time since imatinib initiation. This finding is
similar to what has been reported by Dos Reis et al, Marin et al,
and Gater et al.41-43 It appears that with prolonged drug use,
disappearance of symptoms, and normalization of blood counts,
patients simply get tired of taking medications on a daily basis and
start missing some of the doses. This is made worse when an
objective assessment of minimum residual disease is lacking.
Regular RT-PCR molecular monitoring provides an incentive for
adherence, thus lowering the risk of disease progression and
mortality.44 Despite the availability of imatinib at no direct cost, the
patients still need to incur traveling costs to the centers where
imatinib is available. The majority of patients (60%) in this study lived
outside the region where imatinib is available. Although distance
was not a statistically significant factor in the observed low
adherence, it is likely that financial constraints played a role.

Impact of imatinib on survival

With the introduction of imatinib, the overall survival of patients with
CML now approaches, for the first time, that of the general
population in high-income countries.45,46 The IRIS trial reported median
5- and 10-year overall survival of 89% and 83%, respectively.20,47 In our
study, the overall survival within the observation period of 22months was
only 81.7%, clearly a reflection of the low number of patients with optimal
molecular response (23.4%), given that its depth influences the survival
rate, which may be 90% or more in those with a major molecular
response or better.47 In our study, patients who had an optimal response
had a survival rate at 2 years of 97%; but it was only 78.6% in the
response failure category. Careful management of dose adjustments,
better adherence, combined with close monitoring of response, are
clearly necessary to improve our patients’ rate of attaining desirable
molecular milestones.

Conclusion

To our knowledge, this is the first large study in Africa to determine
the risk factors that underlie a low rate of molecular response to
imatinib in patients with CML. Although imatinib is clearly highly
effective in our patient population, late presentation with massive
disease bulk is probably a major factor in compromising treatment
response. Efforts aimed at earlier diagnosis, better assessment and
management of imatinib toxicity, and increased adherence, are all
needed to improve overall survival of our patients with CML.
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