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Chronic myeloid leukemia 
(CML) is characterized 
by the increased and un-
regulated proliferation of 

mature granulocytes (neutrophils, eo-
sinophils, and basophils) and their pre-
cursors. Chronic myeloid leukemia is 
caused by the development of the Phil-
adelphia chromosome (Ph), formed by 
the reciprocal translocation between 
chromosomes 9 and 22 that fuses the 

ABL gene to the breakpoint cluster 
region (BCR) gene; the fusion results 
in the dysregulated expression of the 
oncogenic BCR-ABL tyrosine kinase 
protein (Faderl et al., 1999). Chronic 
myeloid leukemia accounts for 20% 
of all diagnosed adult leukemias, with 
approximately 5,000 new cases diag-
nosed each year in the United States 
(American Cancer Society, 2010). The 
incidence of CML increases with age, 

From Dana-Farber Cancer Institute, 
Boston, Massachusetts

Authors' disclosures of potential 
conflicts of interest are found at 
the end of this article.

Correspondence to: Ilene Galinsky, 
RNP, Dana-Farber Cancer Institute, 
450 Brookline Avenue, Boston, 
MA 02215.  
E-mail: igalinsky@partners.org

© 2012 Harborside Press®

Abstract
With the introduction of tyrosine kinase inhibitor (TKI) therapy for chronic 
myeloid leukemia, the course of the disease has been altered from an acute, 
rapidly progressive terminal disorder to a serious condition with high re-
mission rates when patients are compliant with long-term treatment. The 
goal of therapy is to prevent transformation to the accelerated or blast cri-
sis phases, which are associated with poor survival. Knowledge of the ap-
propriate monitoring tests and treatment milestones, as well as the ability 
to interpret responses, allows advanced practitioners (APs) to effectively 
communicate key aspects of management to their patients. Monitoring pa-
tient responses to TKIs and identifying suboptimal responses early on offer 
APs the opportunity to reevaluate and adjust therapeutic treatment options. 
One of the causes of treatment failure is noncompliance; thus, educating 
patients on the importance of adhering to treatment and identifying rea-
sons for noncompliance are of major importance. Because intolerance to 
TKIs may lead to discontinuation, frequent monitoring of side effects and 
response to treatment, open communication, patient education, and care-
ful management are all essential in helping patients remain compliant with 
therapy. This review discusses the AP’s role in helping patients achieve their 
best response to TKI therapy and optimize their long-term outcomes.  
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and it is more likely to occur in men than in wom-
en (Rohrbacher & Hasford, 2009). Although the 
incidence of CML has remained stable over the 
past 10 years, the prevalence of patients living 
with the disease has significantly increased due 
to a rise in overall survival rates provided by tyro-
sine kinase inhibitor (TKI) therapy. 

Untreated, CML can progress through three 
phases—chronic phase (CP), accelerated phase (AP), 
and blast crisis (BC)—typically over a period of 3 to 
5 years (Vardiman, Harris, & Brunning, 2002). Most 
CML patients are diagnosed in CP (Vardiman et al., 
2002). Potential symptoms are wide-ranging and in-
clude lethargy, anemia, splenomegaly, night sweats, 
and easy bruising. In developed countries, approxi-
mately half of patients are asymptomatic; CML is 
generally diagnosed as a result of routine blood tests 
(Perrotti, Jamieson, Goldman, & Skorski, 2010). Ac-
celerated phase, deemed an intermediate phase, is 
more advanced and signals disease progression and 
the imminence of BC, a critical phase with a median 
survival of 3 to 6 months (Cortes et al., 2006). Ad-
vances in CML treatment and disease-monitoring 
techniques have changed the course of CML from 
an often rapidly fatal disease to a serious condition 
that can be managed in many patients over the long 
term without transplantation—the only known po-
tential cure (Giles, O’Dwyer, & Swords, 2009; Sover-
ini, Martinelli, Iacobucci, & Baccarani, 2008). This 
review article focuses on the management of pa-
tients with stable, chronic-phase CML (CML-CP).

The most notable advance in the management 
of CML is the development of the oral TKIs ima-
tinib (Gleevec), nilotinib (Tasigna), and dasatinib 
(Sprycel). Imatinib, the first TKI introduced for the 
treatment of newly diagnosed CML patients, inac-
tivates the BCR-ABL kinase to uncouple the many 
cell processes creating the leukemic state. Tyrosine 
kinase inhibitor therapies have extended survival 
and are more tolerable than the previous first-line 
standard therapy, which consisted of interferon-alfa 
and cytarabine (O’Brien et al., 2003). Nilotinib and 
dasatinib were subsequently developed to treat pa-
tients resistant to or intolerant of imatinib and are 
now approved by the US Food and Drug Adminis-
tration for front-line treatment, based on demon-
stration of superior efficacy compared with imatinib 
(O’Brien et al., 2003).

The three TKIs provide options for practitio-
ners to effectively and safely treat their patients with 
CML. Certain safety issues that have been reported 

in clinical trials may be of concern to patients with 
special health issues (Bristol-Myers Squibb, 2010; 
Novartis Corporation, 2010a, 2010b), and appro-
priate selection of TKI therapy may be made to fit 
a patient’s needs. Furthermore, the availability of al-
ternative treatment options is particularly advanta-
geous to the individual who responds poorly or ex-
periences intolerable treatment-related side effects.

Patients with CML are typically managed by a 
multidisciplinary team that includes the physician, 
oncology nurses, nurse practitioners, and physician 
assistants. Successful long-term management of pa-
tients with CML requires patient compliance with 
prescribed treatment and regularly scheduled dis-
ease monitoring according to recommended guide-
lines (Alvarado et al., 2009; National Comprehensive 
Cancer Network [NCCN], 2011). Health-care pro-
viders need to educate patients on the importance of 
compliance, the potential for common side effects, 
early reporting of any treatment- or disease-related 
toxicities, proper administration of medication and 
critical information relating to the use of concomi-
tant medications, and the importance of keeping 
scheduled visits to enable assessment of treatment 
response and compliance over time.

In this article, we describe the commonly used 
monitoring tests, discuss the responses observed 
in CML, and review the importance of accurate 
interpretation of patients’ progress and tolerance 
to treatment.

Monitoring Techniques
With appropriate monitoring, patients who 

are not responding optimally to treatment can 
be identified promptly and managed in order to 
minimize the risk for disease progression (Clark, 
2009). Allogeneic stem cell transplantation (SCT) 
has been viewed as the only potential curative 
treatment for CML, but the advanced age of many 
patients, potential risk factors, and the availability 
of a fully matched donor are limitations inherent 
to this procedure. In fact, the promising survival 
data from the International Randomized Study 
of Interferon and STI571 (IRIS) trial—a phase III 
trial of imatinib (formerly known as STI571) vs. 
interferon alfa/cytarabine treatment in CML pa-
tients—indicated that patients do not require SCT 
unless they are at high risk for disease progression, 
e.g., if they have a T315I mutation (Deininger et 
al., 2009). Therefore, since transformation to AP 
or BC is associated with poor survival, the goal of 
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therapy is to prevent progression of disease (Robin 
et al., 2005). Because an early change in therapy 
for those patients not achieving optimal responses 
may delay or prevent disease progression, clini-
cians should be sure to monitor patient response 
consistently throughout the course of treatment.

Recommendations for monitoring patient re-
sponse to treatment are found in guidelines devel-
oped by the NCCN and the European LeukemiaNet 
(ELN; Baccarani et al., 2009; NCCN, 2011). The 
primary goal of the NCCN, which represents an 
alliance of 21 of the world’s leading cancer cen-
ters, is to improve quality and effectiveness of care 
provided to patients with cancer through the use 
of NCCN Clinical Practice Guidelines in Oncol-
ogy (NCCN Guidelines®). The NCCN Guidelines® 
are developed through an explicit review of the 
evidence integrated with expert medical judgment 
and recommendations by multidisciplinary panels 
from NCCN member institutions. The ELN is the 
European counterpart to the NCCN. Its guidelines 
are used more commonly by practitioners in Euro-
pean countries.

The NCCN Guidelines and the ELN guidelines 
recommend scheduled monitoring of patients 
with CML, using three sequential parameters: he-
matologic, cytogenetic, and molecular testing; see 
Table 1 (Baccarani et al., 2009; NCCN, 2011).

Defining Treatment Response and 
Recommended Schedule for  
Monitoring

HEMATOLOGIC MONITORING
Hematologic analysis is accomplished by ob-

taining a complete blood count (CBC) with a man-
ual differential. The initial CBC of the CML patient 
is characterized by abnormally high levels of white 
blood cells, including leukemic blast cells, promy-
elocytes, myelocytes, basophils, and neutrophils. 
Healthy individuals do not have blast cells, promy-
elocytes, or myelocytes in their peripheral blood, so 
an early goal of treatment is the eradication of these 
cell types. The normalization of blood counts is the 
first response to treatment; hematologic responses 
are typically observed within 4 weeks of initiating 
TKI therapy (see Table 2). Frequent monitoring 
for hematologic response is recommended during 
early treatment: weekly or biweekly during the first 
month of treatment (Novartis Corporation, 2010a; 
Bristol-Myers Squibb, 2010) or biweekly until re-

sponse is observed (Baccarani et al., 2009), and at 
regular intervals thereafter, such as every 3 months 
or as directed in your practice. The NCCN Guide-
lines are less specific on when or how often to assess 
hematologic response, but a complete hematologic 
response is expected by 3 months (NCCN, 2011).

BONE MARROW CYTOGENETICS

Cytogenetic analysis, which is performed 
with conventional karyotype analysis using bone 
marrow aspirate, reports the percentage of cells 
containing the Ph chromosome. A minimum of 20 
dividing cells (metaphases) is required for an ad-
equate sample. Karyotype analysis is recommended 
at baseline to confirm the diagnosis and to rule out 
other chromosomal abnormalities, such as a double 
Ph chromosome or an additional aberration that 
may predict poor outcome (Sadamori, Matsunaga, 
Yao, Ichimaru, & Sandberg, 1985). Bone marrow cy-
togenetics is preferred for the initial workup, as it 
can detect chromosomal abnormalities that are not 
detectable on peripheral blood fluorescence in situ 
hybridization (FISH; NCCN, 2011). Following diag-
nosis, cytogenetic analysis is used to measure treat-
ment response. Cytogenetic responses are defined in 
Table 2; the lowest response measurement is minor 
cytogenetic response (mCyR), then partial cytoge-
netic response (PCyR), and finally complete cyto-
genetic response (CCyR) as the percentage of Ph+ 
cells, or leukemic burden, decreases. The ultimate 
goal is the elimination of the Ph+ cells, or a CCyR.

Cytogenetic analysis of a bone marrow or blood 
sample to monitor response is recommended 6, 12, 
and 18 months after initiating TKI therapy (Bac-
carani et al., 2009; NCCN, 2011). Once the patient 
achieves CCyR, bone marrow cytogenetic analysis 
need not be repeated unless patients who have not 
achieved a major molecular response (MMR) dem-
onstrate increasing BCR-ABL transcript numbers 
(NCCN, 2011). An alternative method to assess the 
cytogenetic response is FISH using a peripheral 
blood sample to detect the presence of the Ph chro-
mosome, particularly when bone marrow collection 
is not feasible or an inadequate number of meta-
phases are present (NCCN, 2011). However, it is best 
to use the same method of assessment at each time 
point in order to accurately compare responses.

MOLECULAR MONITORING

In addition to monitoring hematologic and cy-
togenetic responses, molecular monitoring is an 
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important aspect of measuring response to treat-
ment (see the article on molecular monitoing in 
CML by Stephanie Bauer and Edie Romvari in the 
May/June 2012 issue of JADPRO [2012; 3:151–160] 
). With the effectiveness of TKIs in eliminating the 
Ph chromosome, more sensitive tests to quantify 
minimal residual disease are needed. Because the 
Ph chromosome produces an abnormal, constitu-
tively activated BCR-ABL tyrosine kinase that is 
linked to malignant transformation, the presence 
of BCR-ABL mRNA serves as a surrogate marker of 
disease activity (Pasternak, Hochhaus, Schultheis, 
& Hehlmann, 1998). Molecular monitoring, or the 
analysis of BCR-ABL mRNA, is performed using 

polymerase chain reaction (PCR) technology, and 
both qualitative and quantitative assessments are 
available. It is important to distinguish qualitative 
(which simply indicates the presence or absence of 
BCR-ABL) from quantitative (which measures the 
level of BCR-ABL transcripts). 

Advanced practitioners should ensure that the 
correct PCR method is ordered and reported on 
test results, as selecting the incorrect PCR analysis 
method hampers the accurate monitoring of patient 
response and disease burden. Furthermore, it is crit-
ical to consistently provide the same specimen type 
(bone marrow or blood sample) and use the same 
testing facility in order to compare sequential mea-

Table 1. Summary of Tests for Monitoring Chronic Myeloid Leukemia Patients

Type of test Questions asked Suggested frequency Comments

Hematologic 
 
 

What blood cells are normally 
present, and what are their relative 
numbers?
CBC normal valuesa:

WBC: 3.8–9.2 × 103 cells/µL
Basophils: 0%–1%
Eosinophils: 0%–6%
Neutrophils: 49%–79%
Lymphocytes: 11%–38%
Monocytes: 5%–12%
Blasts: none in peripheral blood
Platelets: 155–410 × 103/µL

Other hematologic values:
Hemoglobin: 11.9–15.0 g/dL
Hematocrit: 34.8%–43.6%

Imatinib: Weekly during the
  first month of treatment; 
  regular intervals thereafter

Nilotinib: Biweekly during
  the first 2 mo of treatment;    
  regular intervals thereafter

Dasatinib: Regular intervals

Least sensitive assay

Cytogenetic Are cells containing the Ph 
chromosome present, or 
are additional chromosomal 
abnormalities present?

• �Karyotype analysis of bone marrow 
sample (conventional assay)

OR

• �FISH of blood or bone marrow 
sample

At diagnosis; at 6 and 12 mo 
after initiation of therapy to 
monitor response to therapy;  
at 18 mo if not in CCyR at 12 mo

More sensitive than 
hematologic assessment; can 
detect 1 CML cell in a sample 
of 20 to 500 cells.
Only karyotype analysis 
allows visualization of 
additional chromosomal 
aberrations, such as a double 
Ph chromosome. Presence 
of these abnormalities helps 
to further define stage of 
disease and need for stem 
cell transplantation.

Molecular Is the molecular marker of CML, the 
BCR-ABL fusion gene, present? 
• �Qualitative PCR analysis, only for 

diagnosis 
• �Quantitative PCR analysis on blood 

or bone marrow sample to assess 
BCR-ABL transcript levels 

At diagnosis; every 3 mo during 
treatment to assess response, 
and every 3–6 mo after CCyR

Most sensitive assay available; 
can detect 1 CML cell among 
≥ 105 cells. For comparison of 
quantitative PCR analyses, 
the same type of specimen 
must be obtained. The 
consistent use of a single 
testing facility is essential 
for comparison of multiple 
assessments unless the 
laboratories are standardized 
to the International Scale. 

Note. CBC = complete blood count; WBC = white blood cells; FISH = fluorescence in situ hybridization; CCyR = complete cyto-
genetic response; CML = chronic myeloid leukemia;  PCR = polymerase chain reaction. Information from Novartis Corporation 
(2010a, 2010b), Bristol-Myers Squibb (2010), and NCCN (2011).
aLaboratory reference values used at Dana-Farber Cancer Institute.
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surements to ensure that each sample is assessed 
with the same processing and internal controls, al-
lowing more accurate comparison between results 
from different time points.

While qualitative analysis can be used at di-
agnosis, it is not useful for monitoring response to 
treatment over time. Quantitative assessments us-
ing a modified PCR procedure, real-time quantita-
tive PCR (qRT-PCR), measure BCR-ABL transcript 
levels in peripheral blood or bone marrow. Using pe-
ripheral blood as the specimen source is more con-
venient and less painful for patients. Quantification 
of the BCR-ABL mRNA transcript allows practitio-
ners to monitor BCR-ABL transcript levels over time 
and to detect minimal residual disease (Zhang et al., 
2007). As the BCR-ABL transcript levels decrease, 
the burden of leukemic cells decreases. The devel-
opment of an international scale that has been vali-
dated using molecular response results from many 
laboratories has led to the standardization of testing 
methods and reporting across academic and pri-
vate laboratories (Branford et al., 2006; Branford et 
al., 2008; Hughes et al., 2006). Molecular response 
goals—MMR (≥ 3-log reduction of BCR-ABL levels) 
and complete molecular response (CMR, or unde-
tectable BCR-ABL levels beyond a specified sensitiv-
ity of the assay)—are described in Table 2. Graphic 
representation of BCR-ABL values over time can be 

used as an educational tool to help patients visualize 
their response and reinforce the importance of ad-
hering to treatment and routine monitoring. 

Established guidelines recommend qRT-PCR 
at diagnosis to establish baseline BCR-ABL tran-
script levels (NCCN, 2011). Thereafter, qRT-PCR 
is recommended every 3 months to assess re-
sponse to therapy, and every 3 to 6 months when 
a CCyR is achieved (NCCN, 2011). An increase 
in BCR-ABL levels (typically defined as a 1-log 
rise) in patients who have achieved an MMR in-
dicates that the test should be repeated. Increas-
ing BCR-ABL levels can alarm patients; advanced 
practitioners can reassure patients that rising 
BCR-ABL levels are not an immediate cause for 
concern or absolute indication of loss of response, 
as BCR-ABL levels fluctuate over time and can be 
affected by multiple factors. With confirmation 
of increased BCR-ABL levels, molecular moni-
toring should be repeated every 1 to 3 months, 
and testing for additional mutations (e.g., T315I) 
should be considered while continuing TKI 
treatment (NCCN, 2011). Mutation analysis by 
DNA sequencing is most commonly performed in 
patients with a suboptimal response, in patients 
who have lost their response, and in patients who 
have transformed to AP or BC (Baccarani et al., 
2009; NCCN, 2011). Most importantly, changes 

Table 2. Response Criteria Defined 

Type of response
Degree of 
response Criteria

Hematologic Complete • �Complete normalization of peripheral blood counts with leukocyte count  
< 10 × 109/L

• Platelet count < 450 × 109/L
• �No immature cells such as myelocytes, promyelocytes, or blasts in peripheral blood
• �No signs and symptoms of disease, with disappearance of palpable splenomegaly

Partial Same as complete hematologic response except for: 
• Presence of immature cells
• Platelet count < 50% of the pretreatment count but > 450 × 109/L
• Persistent splenomegaly, but < 50% of the pretreatment spleen size

Cytogenetic Complete No Ph+ metaphases (0 Ph+ out of 20 metaphases)

Major 0%–35% Ph+ metaphases (0–7 Ph+ out of 20 metaphases)

Partial 1%–35% Ph+ metaphases (1–7 Ph+ out of 20 metaphases)

Minor > 35% Ph+ metaphases (8–19 Ph+ out of 20 metaphases)

Molecular Complete BCR-ABL mRNA undetectable by qRT-PCR (current technology can detect a 4.5-fold 
reduction of BCR-ABL mRNA or 0.0032% on the International Scale)

Major  ≥ 3-log reduction of BCR-ABL mRNA or 0.1% on the International Scale

Note. Ph+ = Philadelphia chromosome–positive; qRT-PCR = quantitative reverse-transcriptase polymerase chain reaction. 
Adapted, with permission, from Faderl et al. (1999).
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in TKI therapy are not made based on elevated 
BCR-ABL levels, but on loss of either hematologic 
or cytogenetic response.

Response Milestones
To help clinicians determine the best course of 

treatment based on responses at a given time point 
after initiating TKI therapy, the NCCN Guidelines 
have proposed milestone responses. Table 3 outlines 
the recommended management for patients accord-
ing to their responses at specific time points during 
treatment. However, before changing treatment for 
patients failing to achieve milestone responses, ad-
vanced practitioners should evaluate patient com-
pliance and drug-drug interactions (NCCN, 2011).

Implications of Response
We are continuing to better understand the rele-

vance of achieving milestone responses. In the IRIS 
study using imatinib for newly diagnosed CML pa-
tients, early CCyR (at 6 months) predicted long-term 
progression-free survival (PFS). At 6 years, the rates 
of PFS for patients who achieved a CCyR and PCyR 
at 6 months were 91% and 85%, respectively, vs. 58% 
and 59% for patients who achieved a minor cytoge-
netic remission and no cytogenetic remission, re-
spectively (Hochhaus et al., 2009). In addition to in-
creased overall survival (OS), patients who achieved 
a CCyR were less likely to progress to AP or BC 
(Hochhaus et al., 2009). Lastly, patients who did not 
achieve CCyR by 6 months after initiation of therapy 
had a decreased probability of eventually achieving 
CCyR and an increased probability of experienc-
ing a poor outcome, defined as progression to AP or 
BC, loss of complete hematologic response, loss of 
mCyR, or death (Quintás-Cardama et al., 2009).

The implications of molecular response are also 
becoming clearer. Analysis of IRIS trial data at 5 
and 7 years of follow-up indicated that patients who 
achieved CCyR and early MMR (12 or 18 months) 
were less likely to lose CCyR than were patients 
who had achieved CCyR but no MMR (Hughes et 
al., 2010). The data also showed that patients who 
achieved MMR by 18 months were free from trans-
formation to advanced disease (AP or BC) and had 
a 95% rate of event-free survival (EFS) at 7 years 
(Hughes et al., 2010). The German study CML-IV 
has recently demonstrated that imatinib-treated 
patients who achieved MMR by 12 months had im-
proved rates of OS and PFS at 3 years compared with 
patients who had not achieved MMR by 12 months: 

OS, p = .0011; PFS,  p = .0023 (Müller et al., 2010). 
These studies suggest that early achievement of 

MMR is associated with better long-term outcomes. 
A retrospective analysis of imatinib-treated patients 
corroborates these results; patients who achieved 
stable MMR demonstrated increased OS and PFS 
compared with patients who never achieved MMR 
(Palandri et al., 2009). Patients treated with front-
line nilotinib or dasatinib who achieved MMR did 
not transform to AP or BC (Kantarjian et al., 2010; 
Saglio et al., 2010), indicating that MMR may pre-
dict better long-term outcomes for patients than the 
achievement of CCyR without MMR.

These results illustrate an important relation-
ship between a patient’s current response and re-
sponses expected at future times and are essen-
tial educational points to emphasize with patients 
through ongoing communication. Therapeutic pa-
tient education has been shown to exert a positive 
effect on health outcomes (Lagger, Pataky, & Golay, 
2010). Providing additional context for patients im-
proves their understanding of the necessity for mon-
itoring, compliance to treatment, and interpretation 
of their own PCR results and may ultimately lead to 
higher patient satisfaction. 

Undesirable Treatment Responses
Although TKI therapy represents a powerful 

addition to our armamentarium, not all patients re-
spond to therapy as desired. Undesirable responses 
include suboptimal response, the development of re-
sistance, intolerance to TKI therapy, and failure (see 
Table 4). Patients having undesirable responses re-
quire careful reconsideration of their treatment regi-
men and a thorough discussion of treatment options. 

SUBOPTIMAL RESPONSE

Knowledge of milestone response criteria and an 
understanding of response implications have helped 
define suboptimal response. A patient who does not 
achieve the optimal milestone responses discussed 
above—that is, complete hemotologic response by 
3 months, PCyR by 6 or 12 months, or CCyR by 18 
months after initiating TKI therapy—demonstrates 
a suboptimal response (Baccarani et al., 2009; Marin 
et al., 2008). In contrast to the NCCN Guidelines, 
which focus on CCyR as optimal response at 18 
months, the ELN guidelines suggest that any re-
sponse less than MMR at 18 months is suboptimal 
(Baccarani et al., 2009). In a study of 281 patients 
treated with imatinib, rates of suboptimal response 
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Table 3. Responses and Recommended Course of Action (Adapted From the NCCN Guidelines)

Month Response Recommendation

3 mo CHRa Continue same dose of TKI

< CHR Evaluate patient compliance and drug-drug interactions
Consider mutational analysis
Switch to another TKI
Evaluate for HSCT (depending on response to secondary therapy) 
OR  
Consider enrollment in a clinical trial

6 mo Partial CyR or complete CyRa Continue same dose of TKI

Minor CyR Continue same dose of TKI or increase dose of imatinib to 
maximum of 800 mg, as tolerated (400 mg twice daily)

No CyR Evaluate patient compliance and drug-drug interactions Consider 
mutational analysis
Switch to another TKI
Evaluate for HSCT (depending on response to secondary therapy) 
OR  
Consider enrollment in a clinical trial

12 mo Complete CyRa Continue same dose of TKI

Partial CyRa Continue same dose of TKI or increase dose of imatinib to 
maximum of 800 mg, as tolerated

Minor CyR or no CyR Evaluate patient compliance and drug-drug interactions
Consider mutational analysis
Switch to another TKI OR  
Evaluate for HSCT (depending on response to secondary therapy) 
OR  
Consider enrollment in a clinical trial

Cytogenetic relapse Evaluate patient compliance and drug-drug interactions
Consider mutational analysis
Switch to another TKI OR
Increase dose of imatinib to maximum of 800 mg as tolerated AND 
Evaluate for HSCT (depending on response to secondary therapy)  
OR
Consider enrollment in a clinical trial

18 mo Complete CyRa Continue same dose of TKI

Partial CyR Evaluate patient compliance and drug-drug interactions
Consider mutational analysis
Switch to another TKI OR  
Evaluate for HSCT (depending on response to secondary therapy) 
OR  
Consider enrollment in a clinical trial

Cytogenetic relapse Evaluate patient compliance and drug-drug interactions
Consider mutational analysis
Switch to another TKI OR 
Evaluate for HSCT (depending on response to secondary therapy) 
OR  
Consider enrollment in a clinical trial

Note. NCCN = National Comprehensive Cancer Network; CHR = complete hematologic response; TKI = tyrosine kinase inhibi-
tor; HSCT = hematopoietic stem cell transplantation; CyR = cytogenetic response. Adapted with permission from the NCCN 
Clinical Practice Guidelines in Oncology® (NCCN Guidelines®) for Chronic Myelogenous Leukemia V.2.2012. © 2011 National 
Comprehensive Cancer Network, Inc. All rights reserved.   
aIndicates milestone response suggested by NCCN Guidelines.

at 6, 12, and 18 months were compared with long-
term outcomes (Alvarado et al., 2009). Patients with 
a suboptimal response constitute a distinct, albeit 
heterogeneous, patient population, with a prognosis 
that depends strongly on the time at which a subop-
timal response occurred. The outcome for patients 

with a suboptimal response at 6 months was simi-
lar to that of patients who failed to respond to treat-
ment. In contrast, the outcome for patients with a 
suboptimal response at 18 months closely resembled 
that of patients with an optimal response. Therefore, 
it is important for oncology practitioners to be famil-
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iar with the optimal disease milestones to improve 
their ability to assess their patients’ responses and 
identify patients who are at increased risk for poor 
long-term outcomes.

Identifying patients with a suboptimal response 
is important for clinical decision-making, because it 
is unclear whether such patients benefit from con-
tinuing with their current therapy. Practitioners 
may consider continuing current TKI therapy at the 
same dose or increasing the imatinib dose to 800 
mg as tolerated (NCCN, 2011). Nonetheless, practi-
tioners may adopt a “wait and see” strategy with a 
patient with CML-CP to observe whether MMR is 
subsequently achieved. The ELN guidelines indicate 
that if MMR is not achieved, switching to a different 
TKI should be considered (Baccarani et al., 2009); 
however, the current NCCN Guidelines do not rec-
ognize MMR as a milestone (NCCN, 2011).

At least one modifiable factor, patient compli-
ance, has been associated with reduced response.  
Poor compliance with therapy was the major reason 
for not achieving MMR in a study of imatinib-treat-
ed CML-CP patients (Marin et al., 2010). In addi-
tion, noncompliance may result in loss of response 
(Hughes & Branford, 2009). 

RESISTANCE

An initial lack of response is termed primary 
resistance, and these patients are unable to achieve 
optimal outcomes (Mauro, 2006; Alvarado et al., 
2009). Secondary resistance refers to acquired re-
sistance that develops during therapy; such patients 
achieve a complete hematologic, cytogenetic, or 
molecular response before suffering a relapse or no 
further response. Most research in this field has fo-
cused on the mechanisms of resistance to imatinib, 
as this was the first TKI approved for CML. To date, 
resistance to frontline nilotinib or dasatinib has not 
been described in the literature due to the lack of 
long-term data.

The etiology of resistance is commonly 
divided into BCR-ABL–dependent and 
BCR-ABL–independent types (Agrawal, Garg, 
Cortes, & Quintás-Cardama, 2010; Volpe, Pan-
uzzo, Ulisciani, & Cilloni, 2009). The best-under-
stood type of resistance is a form of BCR-ABL–
dependent resistance, in which point mutations 
develop within the kinase domain of the BCR-
ABL gene. Point mutations result in structural 
changes in the BCR-ABL protein that interfere 
with the binding of imatinib to BCR-ABL (Bixby 

& Talpaz, 2009; Gorre et al., 2001). Many muta-
tions have been found to cause such resistance, 
but of particular note is the T315I mutation, 
which is exceptionally difficult to treat; none of 
the approved TKIs is effective against this muta-
tion (Gorre et al., 2001). However, agents that tar-
get T315I are in active clinical trials. Patients can 
develop multiple mutations within the BCR-ABL 
gene, which causes more pronounced resistance 
(Gorre et al., 2001). Amplification and overex-
pression of the BCR-ABL gene can also contribute 
to resistance (Agrawal, Garg, Cortes, & Quintás-
Cardama, 2010; Volpe et al., 2009).

BCR-ABL–independent resistance to TKIs is 
expected to be less frequent; this is less well under-
stood, and several mechanisms have been suggested 
(Agrawal, Garg, Cortes, & Quintás-Cardama, 2010). 
These include differences in expression levels of the 
transporter proteins responsible for the import of 
imatinib into cells, or its efflux from cells, as well as 
pharmacokinetic considerations, e.g., bioavailability 
(Hegedus et al., 2002; le Coutre et al., 2004; White et 
al., 2006; Volpe et al., 2009).

Various options are available for patients who 
develop resistance (Agrawal, Garg, Cortes, & Quin-
tás-Cardama, 2010). Following imatinib failure, 
higher imatinib doses may be used, or imatinib may 
be combined with other agents (e.g., interferon-alfa). 
However, data on combination therapies are lim-
ited and in the early phases of study. Current NCCN 
Guidelines recommend switching to an alternate 
TKI (NCCN, 2011). Although all TKIs broadly share 
the same mechanisms of action, nilotinib and dasat-
inib have substantially greater in vitro potency than 
does imatinib and are efficacious against many ima-
tinib-resistant BCR-ABL mutations (Agrawal, Garg, 
Kantarjian, & Cortes, 2010; Jabbour et al., 2011). 

INTOLERANCE TO TREATMENT

Patient intolerance to TKIs can lead to inter-
ruption or discontinuation of treatment (Druker et 
al., 2006). Specific definitions for intolerance have 
been applied in each clinical trial, but, in general, in-
tolerance is recognized when a patient develops an 
adverse event (AE), typically of grade 3 or 4 sever-
ity, that cannot be managed with symptomatic relief 
or through dose reduction. In addition, intolerance 
may be acknowledged when low-grade AEs inter-
fere with a patient’s quality of life. 

In the pivotal IRIS study, approximately 4% of 
patients discontinued imatinib at 6 years due to AEs 
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(Hochhaus et al., 2009). The most frequently report-
ed AEs with imatinib therapy are mainly hemato-
logic, including neutropenia and thrombocytopenia, 
and are noted early during treatment. Common non-
hematologic AEs include rash, liver toxicity, fluid re-
tention, gastrointestinal intolerance, and musculo-
skeletal complications (O’Brien et al., 2003). 

Treatment intolerance can be addressed by 
switching TKI therapy. For example, imatinib-in-
tolerant patients may be switched to nilotinib or da-
satinib. Although these agents share some AEs with 
imatinib, cross-intolerance is infrequent (Kantarjian 
et al., 2010; Saglio et al., 2010). Selection of therapy 
can be individualized to the patient. For example, 
patients prone to fluid retention are better served 
with nilotinib since pleural effusion is reported rela-
tively frequently in patients treated with dasatinib 
(Kantarjian et al., 2007a; 2010). For patients un-
able to comply with food restriction during medi-
cation dosing, dasatinib could be a better choice 
than nilotinib.

Tolerability and Safety Monitoring
In addition to monitoring response to 

TKI therapy, patients need to be monitored for 
TKI-related toxicity, including hematologic and lab-
oratory abnormalities. Patients should be routinely 
questioned regarding symptoms indicative of TKI-
related intolerance or toxicity.

The prescribing information for each TKI con-
tains information regarding suggested monitoring 
before and throughout the course of treatment. Rou-
tine blood tests, including CBC, bilirubin, and liver 
function transaminases, are recommended for all 
TKIs. Patients taking imatinib should be weighed 
and monitored regularly for signs and symptoms of 
fluid retention or unexpected weight gain (Novartis 
Corporation, 2010a). Complete blood counts should 
be monitored weekly for the first month, biweekly 
for the second month, and periodically thereafter 
(Novartis Corporation, 2010a). 

For nilotinib, CBCs are recommended every 2 
weeks for the first 2 months and monthly thereafter 

Table 4. Suboptimal Treatment Responses

Type of response Milestone Criteria

Suboptimal (Baccarani et al., 2009) 3 mo No CyR

6 mo Less than partial CyR (Ph+ > 35%; > 7 Ph+ out of 
20 metaphases)

12 mo Partial CyR (Ph+ 1% to 35%; 1–7 Ph+ out of 20 
metaphases)

18 mo Less than MMR (< 3-fold reduction in BCR-ABL 
transcripts or 0.1% on the International Scale)

Resistant (Kantarjian et al., 2007a; 
Kantarjian et al., 2007b; NCCN, 2011)

Primary

3 mo No HR

6 mo No CyR (Ph+ > 95%; > 19 Ph+ out of 20 
metaphases)

12 mo Less than major CyR (Ph+ > 35%; > 7 Ph+ out of 
20 metaphases)

18 mo No complete CyR (≥ 1 Ph+ out of 20 metaphases)

Secondary

At any time during treatment Loss of HR or CyR

Intolerant (Kantarjian et al., 2007a, 
2007b)

Typically by 3 mo Recurrent and unmanageable adverse events, ≥ 
grade 3 severity

Failure (O’Brien et al., 2011; 
Baccarani et al., 2009)

3 mo Less than CHR

6 mo No CyR

12 mo Less than PCyR

18 mo Less than CCyR

Note. CyR = cytogenetic response; MMR = major molecular response; HR = hematologic response; CHR = complete hemato-
logic response; PCyR = partial cytogenetic response; CCyR = complete cytogenetic response. 
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(Novartis Corporation, 2010b). Electrocardiograms 
to assess the QTc at baseline, 7 days after initiation 
of nilotinib, with any dose changes, and periodically 
thereafter should be obtained (Novartis Corpora-
tion, 2010b). Blood chemistry panels should include 
assessment of serum lipase and amylase (Novartis 
Corporation, 2010b). 

With regard to dasatinib, CBCs should be per-
formed weekly for the first 2 months and then 
monthly thereafter, or as clinically indicated, to mon-
itor for cytopenias (Bristol-Myers Squibb, 2010). In 
clinical trials, fluid retention, including pleural and 
pericardial effusions, has been reported with treat-
ment in both front-line and second-line settings 
(Bristol-Myers Squibb, 2010). Patients should be 
closely monitored for any signs or symptoms that 
may suggest fluid retention, such as cough or dys-
pnea, and should be promptly evaluated by exam 
and chest x-ray if there is clinical suspicion.

Treatment-related toxicity may affect com-
pliance to therapy, which may ultimately lead to 
decreased response and the increased rate of re-
sistance (Marin et al., 2010; Williams et al., 2010). 
Ensuring patient compliance is a critical component 
of the long-term management of CML patients. Es-
tablishing good communication with patients early 
in treatment allows practitioners to closely monitor 
response to therapy, tolerability, and compliance to 
therapy, and proactive questioning of patients re-
garding treatment-related toxicity is an important 
aspect of patient management. As discussed previ-
ously, there are several strategies to manage treat-
ment-related toxicity, and for the patient unable to 
continue treatment due to intolerance, switching 
to an alternate therapy may be indicated (NCCN, 
2011). Active management of AEs may improve pa-
tient compliance, leading to improved responses 
(Giles et al., 2009).

Role of the Advanced Practitioner 
The advanced practitioner is an integral 

member of the multidisciplinary team caring 
for the CML patient and plays a critical role in 
educating patients about CML throughout the 
course of their disease. Advanced practitioners 
are the key resource providing patients informa-
tion concerning their diagnosis, treatment, and 
monitoring. Because response to treatment can 
be a source of confusion and concern to patients, 
advanced practitioners help patients understand 
their treatment responses and test results. Dis-

cussing monitoring results and treatment re-
sponse over time can improve patients’ under-
standing and involvement in the management of 
their disease. Additionally, advanced practitio-
ners are in the best position to assess and encour-
age patient treatment adherence and to recognize 
and manage AEs.

Conclusion
The essential components of CML manage-

ment include support and education during di-
agnosis, monitoring, and treatment. Familiarity 
with the type and recommended scheduling of 
monitoring tests and the ability to interpret re-
sponses allow oncology practitioners to effec-
tively communicate key aspects of management 
to their patients. The principal assessments used 
in monitoring responses in patients with CML 
include hematologic, cytogenetic, and molecular 
testing, in order of increasing sensitivity. Molecu-
lar monitoring is also more selective, as it mea-
sures the causative agent of disease, the BCR-
ABL transcript. Patients with CML may respond 
suboptimally or may become treatment-resistant 
or treatment-intolerant. In such instances, ear-
ly identification of suboptimal response allows 
practitioners to reassess the treatment strategy.

Advanced practitioners play a vital role in ensur-
ing that patients appreciate the importance of regu-
lar monitoring and the correlation between treat-
ment response and long-term outcomes. Educating 
patients about their disease and the importance of 
monitoring milestones, as well as effectively com-
municating, are both critical in gaining patient trust 
and confidence. These essential factors rely heav-
ily on establishing a good relationship between the 
health-care provider and the patient and ultimately 
affect patient outcomes.
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