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Chronic Myeloid Leukemia (CML) represents about 15-20% of all adult leukemias. 

The introduction of Tyrosine Kinase Inhibitors (TKIs) was a breakthrough in the 

treatment of CML that drastically improved outcomes. Poor adherence is 

recognized to be a major source of treatment failure and is especially concerning 

in situations where medications are self-administered, as is the case with TKI 

therapy. Several published studies on patient adherence with oral chemotherapy 

found rates for long-term treatment to be around 40–50%. The primary purpose 

of this study was to determine long-term adherence to TKI therapy, and to 

establish the effect of adherence on the clinical response. A secondary purpose 

was to compare adherence and treatment outcomes among TKIs. This was a 

retrospective cohort study of CML patients receiving TKI therapy at any Veteran 
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Health Administration (VHA) facility. Patients 18-89 years of age, with CML 

diagnosis that filled at least one prescription for imatinib, nilotinib, or dasatinib 

from 10/1/2001 through 9/30/2010 were included in this study. Adherence was 

ascertained for 2,873 patients by calculating the Medication Possession Ratio 

(MPR) using administrative refill data. A manual chart review of 683 patients 

determined the clinical effectiveness of TKI therapy by identifying cases of major 

molecular response (MMR), as well as complete cytogenetic response (CCyR). 

Thirty-three percent of dasatinib-treated patients were adherent during first-year 

of treatment relative to 28% of nilotinib-treated patients, resulting in an adjusted 

OR 1.24 (95% CI: 0.78-1.95, p= 0.361). Fifty-one percent of the patients 

receiving dasatinib as second-line treatment achieved documented MMR by 18 

months relative to 56% of nilotinib-treated patients, resulting in an adjusted OR of 

0.66 (95% CI: 0.35 -1.23, p= 0.189). Documented MMR by 18 months was 

achieved by 53% of the patients adherent to TKI therapy relative to 45% of 

nonadherent patients. When adjusted for covariates, the difference was 

significant with an OR of 2.68 (95% CI: 1.58 – 4.57, p< 0.001). In conclusion, no 

significant difference in adherence rates or clinical effectiveness was observed 

between dasatinib or nilotinib when administered as second-line treatment. 

Adherence to TKI therapy was found to be significantly associated with improved 

clinical effectiveness.  
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CHAPTER 1 

INTRODUCTION 

Chronic Myeloid Leukemia (CML) 

 

Epidemiology and Pathophysiology 

Leukemia, a hematologic cancer originating in the bone marrow and 

characterized by an abnormal proliferation of white blood cells, is an umbrella 

term that includes Chronic Myeloid Leukemia (CML). In myelogenous leukemia, 

such as CML, oncogenic mutations occur in the bone marrow stem cells that 

normally form red blood cells, platelets, and granulocytes. This is in contrast to 

lymphocytic leukemia, where the stem cells affected would normally form 

lymphocytes. Unlike in acute disease, where the number immature cells increase 

rapidly, chronic leukemias are generally characterized by a slow and progressive 

buildup of relatively mature, yet still abnormal cells. This feature of chronic 

leukemia is the reason why CML has historically been more difficult to cure 

relative to some types of acute leukemia. 1 However, the hallmark of CML is the 

presence of the Philadelphia (Ph) chromosome within the oncologic cells, which 

is identified in 95% of CML cases. The Ph chromosome itself is actually a 

shortened chromosome 22 created by a reciprocal chromosomal translocation 

resulting in a fusion gene consisting of Abl from chromosome 9 and Bcr from the 
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original chromosome 22. The expression of the Bcr-Abl gene produces 

deregulated tyrosine kinase activity leading to a significant amplification of cell 

proliferation. 2 

CML represents about 15-20% of all adult leukemias. One in 600 people 

will be diagnosed with CML during their lifetime. CML can occur in all age 

groups; however, incidence increases with age, with the median age at diagnosis 

being 64 years. 3,4 The annual incidence of CML in the United States is 

approximately 5,000 cases, resulting in an estimated prevalence of 

approximately 70,000 in 2010. 4,5 However, prevalence is expected to persistently 

increase until it reaches an estimated peak of 181,000 in 2050. 5 This 

phenomenon is predominantly the result of the recognition of the Philadelphia 

chromosome as the biological basis of CML and the subsequent discovery of 

tyrosine kinase inhibitors (TKIs) as a way of blocking the expression of this 

acquired gene.  

CML has 3 distinct phases of disease: chronic, accelerated, and blast 

crisis (Table 1).  CML is most often diagnosed during the chronic phase of the 

disease. In this phase, less than 10% of the cells in the bone marrow are 

identified as blasts, premature precursors of blood cells. Patients in this phase 

are generally asymptomatic or may complain of nonspecific symptoms like 

fatigue or weight loss. Therefore, more specific hematologic analyses are often 

prompted by either a routine blood work revealing elevated white blood cell 

(WBC) count or enlarged spleen discovered on a physical examination. Without 
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treatment, after a median of 4-5 years, CML progresses to the accelerated phase, 

which while poorly defined, is generally characterized by the presence of 10-19% 

blasts cells in the bone marrow. Symptoms such as night sweats, common 

bleeding and bruising, fever with increased frequency of infections, and 

shortness of breath may also develop. At this stage treatment is generally less 

effective and, within a year, the disease progresses into a blast crisis phase. With 

>20% blasts cells in the bone marrow, this terminal phase resembles acute 

leukemia and is usually fatal. 6,7  

Table 1: Phases of CML 

Phase % Blasts Characteristics 

Chronic 
(CP) 

<10% • 85% of patients at diagnosis 
• Asymptomatic or have only mild symptoms 

Accelerated 
(AP) 

10-19% • Signals progression of disease 
• Treatment is less effective than during chronic phase 

Blast Crisis 
(BC) 

20-30% • Similar to acute leukemia 
• Rapid progression 
• Short survival 

 

Diagnosis and Monitoring 

Results of a physical examination and a complete blood count that may be 

suggestive of CML are nevertheless nonspecific, and further assessment is 

necessarily for a more conclusive diagnosis. A bone marrow biopsy is generally 

required to perform cytogenetics, an evaluation of the patients’ genetic material 

to pinpoint the precise chromosomal variation that may produce the 

abnormalities detected within the blood and subsequent symptoms the patients 
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may be experiencing. Cytogenetic tests reveal the percent of bone marrow cells 

that include the Ph chromosome. Conventional karyotyping analysis is usually 

used for the initial diagnosis, since it assesses all chromosomal abnormalities, 

not just the Ph chromosome. The more sensitive fluorescent in situ hybridization 

(FISH) is also often employed since results can be obtained faster, and the test 

does not require actively dividing cells, thereby allowing for the use of either 

blood or bone marrow samples. Molecular tests, such as Polymerase Chain 

Reaction (PCR), can detect extremely low levels of Bcr-Abl genes and even 

quantify the exact number of these transcripts being expressed (Table 2). 8-11 

Table 2: CML Diagnosis 

Diagnostic 
Assessment 

Findings of Interest 

Complete blood 
count (CBC) with 
differential 
 

Platelet count 
WBC 
Granulocyte count 
Basophil count 

Spleen palpation Spleen size 

Karyotyping 
FISH 

Presence of the Ph+ chromosome 

PCR  Bcr-Abl copy number 
Abl copy number  
Bcr-Abl/Abl ratio  

 

Treatment monitoring involves many of same analyses employed for 

diagnosis, with the goals of therapy comprising three different types of responses. 

Hematologic response is determined by a CBC and deferential along with 

palpitation of the spleen. A complete hematologic response (CHR) is defined as 

normalization of the white blood cell, platelet, granulocyte, and basophil count as 
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well as spleen size, where the spleen is no longer palpable. Cytogenetic 

response is determined using karyotyping or FISH, where a complete cytogenetic 

response (CCyR) is defined as the inability to detect the Ph+ chromosome by the 

standard cytogenetic testing, while a major cytogenetic response (MCyR) is 

defined as the percentage of cells containing the Ph+ chromosome at 35% or 

less. 8,12 Molecular response is based on quantitative or qualitative PCR analysis, 

where a complete molecular response (CMR) is defined as undetectable 

expression of Bcr-Abl transcripts, while a major molecular response (MMR) is 

defined as either at least a 3-log reduction in the number of Bcr-Abl transcripts 

from baseline or a (Bcr-Abl)/Abl ratio less than or equals to 0.1%. 13,14 The 

hematologic, cytogenetic, and molecular responses sequentially convey a more 

vigorous cellular response, with a complete molecular response signifying the 

lowest quantity of residual leukemic cells (Table 3). 8 
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Table 3: Levels of Treatment Response 

Response 
Category 
 

Type of Response Definition of Response 

Hematologic  
 

Complete 
Hematologic 
Response (CHR) 
 

o Platelets: < 450 X 109/L 
o WBC: < 10 X 109/L 
o No immature granulocytes 
o Basophils: < 5% 
o No palpable splenomegaly 

 
Partial hematologic 
response  
 

o Presence of immature cells 
o Platelet count < 50% of pretreatment count, but 

> 450 × 109/L 
o Persistent splenomegaly, but < 50% reduction from 

pretreatment examination 
 

Cytogenetic  
 

Complete 
Cytogenetic 
Response (CCyR) 
 

0% Ph+ 

Partial Cytogenetic 
Response (PCyR) 
 

1-35% Ph+ 
 

Minor 36-65% Ph+ 
 

Minimal 66-95% Ph+ 
 

None >95% Ph+ 
 

Molecular  
 

Complete Molecular 
Response (CMR) 
 

No detectable Bcr-Abl 
 

Major Molecular 
Response (MMR) 
 

≤ 3-log reduction in the number of Bcr-Abl transcripts from 
baseline 

 

The European LeukemiaNet [sic] (ELN) and the National Comprehensive 

Cancer Network (NCCN) guidelines recommend hematologic response to be 

evaluated every 3 months after initiation of treatment, cytogenetic response 

every 6 months until CCyR is confirmed, and molecular monitoring every 3 

months until CCyR occurs and every 3–6 months thereafter. An optimal response 

involves CHR by 3 months of treatment, MCyR by 6 months of treatment, CCyR 
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by 12 months of treatment, and MMR by 18 months of treatment. Conversely, 

treatment failure is defined as the absence of CHR at 3 months, MCyR at 12 

months, or CCyR at 18 months. Mutation screening is recommended in cases of 

treatment failure, a suboptimal response, or a relapse, where Bcr-Abl transcript 

levels increase subsequent of an optimal response (Table 4). 8,12,15 

Table 4: Treatment Response According to ELN and NCCN Guidelines  

Month of 
Evaluation Failure Suboptimal Response Optimal Response 

3 Less than CHR N/A CHR 

6 
No Cytogenetic 

Response  
(Ph+ >95%) 

Minor Cytogenetic 
Response  

(Ph+ >35%) 

CCyR (Ph+ 0%) or  
PCyR (Ph+ 1-35%) 

12 Less than PCyR  
(Ph+ >35%) 

PCyR  
(Ph+ 1-35%) CCyR 

18 Less than CCyR  
(Ph+ >0%) Less than MMR MMR 
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Tyrosine Kinase Inhibitors (TKIs) 

 

Approval of TKIs 

Since translation of the Ph chromosome leads to the deregulated and 

overexpressed activity of tyrosine kinase within the leukemic cells, the Ph 

chromosome became a rational target for pharmacological inhibitors. In the 

1980s, Swiss scientists from Novartis screened compound libraries for molecules 

with tyrosine kinase inhibitory activity and further refined those compounds to 

enhance selectivity towards the Bcr-Abl tyrosine kinase. 16 In vitro studies 

demonstrated that compound STI517 specifically inhibited and killed proliferating 

myeloid cells containing Bcr-Abl with minimal effect on normal cells since Bcr-Abl 

is unique to leukemic cells. 17 

STI517, later renamed imatinib (Gleevec®), was the first TKI to be 

approved by the FDA for the treatment of CML in May 2001. Its clinical efficacy 

was evaluated by three international, open-label, single-arm, phase II studies. 

These studies included 1,027 patients within chronic, accelerated, or blast crisis 

phases of CML. Chronic phase patients experienced a MCyR at the rate of 49%, 

whereas CHR occurred in 88% of these patients. MCyR rate for accelerated and 

blast phase patients was 21% and 14%, respectively; while the CHR rate of 

accelerated and blast phase patients was 28% and 4%, respectively. On the 

basis of these studies, imatinib was approved in all three clinical phases of CML. 
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While these studies did not directly compare imatinib to other treatments, the 

results did suggested superiority of imatinib relative to the historical data. 18-20 

Previous mainstay treatments including radiotherapy, busulfan, 

hydroxyurea, cytarabine, interferon alfa and allogeneic stem cell transplant 

carried a significant risk of morbidity and mortality. The IRIS trial compared the 

efficacy of imatinib with that of interferon alfa combined with low-dose cytarabine 

in newly diagnosed chronic-phase CML. The rate of a MCyR was 87.1% in the 

imatinib group compared to 34.7% in the group receiving interferon alfa plus 

cytarabine (P<0.001). In addition, CCyR was 76.2% and 14.5% respectively 

(P<0.001). 21  

Prior to the rapid, widespread adoption of imatinib among oncologists for 

the treatment of CML, 5-year survival rates were only 68%. 22 The results of the 5 

and 8-year follow-up of the IRIS trial demonstrated survival rates of 89% and 

85%, respectively. 23 In fact, the ILTE study, which followed patients for 2 years, 

determined that CML patients taking imatinib had mortality rates similar to people 

in the general population. 24 Unfortunately, the 5-year follow-up of the IRIS data 

also revealed a 17% relapse rate, with an estimated 7% of all patients 

progressing to the accelerated or blast crisis. 23 It appeared that imatinib was not 

the magic bullet it was once purported to be, and a need for newer agents still 

existed.  

The two second-generation TKIs, dasatinib (Sprycel®) and nilotinib 

(Tasigna®), were initially approved for patients who could not tolerate the side 
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effects of imatinib, or who had a disease that was resistant to imatinib treatment. 

FDA approval of dasatinib, in the summer of 2006, was based on the START 

trials. These were single-arm multicenter studies of patients with imatinib-

resistant disease or who were imatinib-intolerant. Dasatinib had the greatest 

benefit in patients in the chronic phase of CML, with MCyR observed in 45% of 

patients, 33% of whom achieved CCyR. 25,26 FDA approval of nilotinib, in the fall 

of 2007, was based on an open-label, multi-center trial. The 385 subjects in this 

study similarly had imatinib-resistant CML or were intolerant imatinib treatment. 

MCyR was observed in 40% of the subjects in the chronic phase of the disease, 

with 28% demonstrating CCyR. 27,28 In 2010, with these agents already available 

as second-line treatments, the FDA approved dasatinib and nilotinib as first-line 

therapy for adult patients newly diagnosed with CML based on several Phase III 

trials. Network Clinical Practice Guidelines in Oncology (NCCN Guidelines) 

subsequently revised their CML treatment guidelines to recommend all three 

TKIs as treatment options for patients with newly diagnosed CML. 

Comparing General Characteristics of TKIs  

Although all three TKIs generally exhibit the same primary mechanism of 

action, there are many aspects unique to each drug that must be considered 

when evaluating the impact of different factors on treatment outcomes. These 

aspects include pharmacodynamic and pharmacokinetic characteristics, the 

propensity for major drug interactions, resistance and side-effect profiles. 

Nilotinib has a similar chemical structure to imatinib but has an improved 
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topographical fit in the Abl kinase pocket and therefore is 20-30 times as potent. 

Dasatinib has a completely different chemical structure to imatinib giving it the 

ability to bind to the Src family of kinases and resulting in 325-fold increase in 

potency as compared to imatinib. All three TKIs are metabolized by the CYP3A4 

system; therefore, concomitant use of strong CYP3A4 inducers or inhibitors may 

result in serious consequences and should be avoided (Table 5).   

Table 5: General Characteristics of TKIs 

Category Imatinib Dasatinib Nilotinib 

Chronic phase dose 400 mg po daily 100 mg po daily 300 mg po bid 

Metabolism CYP3A4 CYP3A4 CYP3A4 

Elimination half-life 18 hours 3-5 hours 17 hours 

Administration with 
regard to food 

With or without 
food 

With or without 
food 

No food at least 2 hours 
before or 1 hour after 

administration 

Pregnancy Category D D D 

Monthly Cost 
(AWP) $9,193 $11,021 $11,182 

 

The three TKIs are largely associated with similar adverse event profiles 

(Table 6). Common side effects include myelosuppression, rash, gastrointestinal 

disturbances, fatigue, and headache. Peripheral and periorbital edema is 

common with imatinib. Imatinib is also associated with rare cases of severe heart 

failure. Both nilotinib and dasatinib are associated with QT prolongation and 
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caution should be exercised with concomitant use of antiarrhythmic medications 

or other drugs known to prolong the QT interval. Nilotinib can occasionally cause 

pancreatitis, and dasatinib has been observed to cause pleural effusions as well 

as gastrointestinal bleeding. Nausea and vomiting are usually not a concern with 

imatinib or dasatinib when administered with food. Nilotinib should be 

administered approximately two hours before or after meals due to a dramatic 

increase in bioavailability. On the other hand, gastric acid suppression, through 

the use of proton pump inhibitors (PPIs) and histamine-2 (H2) blockers, should be 

avoided with both dasatinib and nilotinib because of decreased bioavailability 

(Table 7). 

Table 6: Primary Side Effects of TKIs 

TKI Side effects Frequency 

All three TKIs 

Myelosuppression 1-12% 

Rash 13-40% 

Gastrointestinal disturbances 43-71% 

Fatigue 9-42% 

Headache 19-37% 

Second-  
Generation QT prolongation 1-4% 

Imatinib 

Peripheral edema 62% 

Periorbital edema 28-47% 

Heart failure 2% 

Nilotinib Pancreatitis 1% 

Dasatinib 
Pleural effusion 24% 

GI bleeding 2-9% 
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Table 7: Major Drug Interactions of TKIs 

TKIs affected Interacting Drugs 

All three TKIs CYP3A4 inducers and inhibitors 

Second-generation TKIs QT-prolonging medication 

Second-generation TKIs Gastric acid suppressants (H2RAs, PPIs) 

 

While essentially all patients experience some degree of response to TKI 

therapy, the extent and duration of this response in some patients is inadequate. 

Failure of these patients to achieve the desired response has been attributed to 

the presence of Bcr-Abl mutations. Although 100 different mutations have been 

isolated, only 16 of them account for 87% of total mutations reported, prompted 

by an insufficient treatment response and suspected resistance. Currently, 

second-generation TKIs are capable of overcoming most mutations causing 

imatinib resistance. 29 The major exception to this rule is the T315I mutation 

which results in resistance to all currently available TKIs. The E255K mutation 

leads to only moderate sensitivity to the second-generation TKIs. There are also 

certain mutations that are resistant to imatinib and only one of the second-

generation TKIs. For example, Y253H mutation is resistant to nilotinib but 

sensitive to dasatinib, while the F317L mutation is resistant to dasatinib, but 

demonstrates reasonable sensitivity to nilotinib. 30,31 

To overcome the emergence of these mutations, the development of even 

newer treatments have continued to be pursued (Table 8). Bosutanib (Bosulif®), 

another second-generation TKI, was approved by the FDA in the fall of 2012 as a 
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second-line agent for patients demonstrating resistance or intolerance to 

previous TKI treatment. While bosutinib has demonstrated activity against many 

mutations, V299L, and the more concerning T315I mutation, continue to be 

impervious to this medication. 32 Ponatinib (Iclusg®), dubbed as a third-generation 

TKI due to its unique binding at the kinase site, was approved in December of 

2012. It initially exhibited a great deal of potential since it was the only TKI that 

was able to overcome all known Bcr-Abl point mutations, including T315I. 33 

However, due to a high rate of life-threatening arterial thrombosis, the FDA 

suspended the sales of the drug the following year. 34 Omacetaxine (Synribo®), 

the first drug within the cephalotaxine class, was approved in the fall of 2012 for 

patients demonstrating resistance or intolerance to two or more TKIs. Unlike TKIs, 

omacetaxine inhibits mRNA translation, thereby blocking protein synthesis. Due 

to its novel mechanism of action it is impervious to any common mutations 

known to render TKIs ineffective, including T315I. 35 Several other agents, within 

the TKI class and other drug classes, are currently undergoing early phase 

clinical trials or are in pre-clinical development. While it is still unclear what niche 

in therapy the newer medications will secure, it does appear that for several 

years to come imatinib, dasatinib, and nilotinib will remain the mainstay treatment 

for CML. With the first patent for Gleevec® expiring in July of 2015, its use is 

expected to further increase as other companies begin manufacturing and 

marketing the drug at significantly lower prices. 36 
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Table 8: Novel TKIs 

Drug Stage of Development 

TKIs  

   Bosutinib (Bosulif®) Approved in September 2012 

   Ponatinib (Iclusg®) Approved in December 2012 
Suspended sales in October 2013 

   INNO-406/ Bafetinib Phase 2 

   DCC-2036/ Rebastinib Phase 1/2 

   XL228 Phase 1 

 
Other Classes  

   Omacetaxine (Synribo®) Approved in October 2012 

   Alox5 Pathway Inhibitor: Zileuton  Pre-clinical development 

   Hedgehog inhibitor: GDC-0449 Pre-clinical development 

   Farnesyltransferase inhibitor: BMS-214662 Pre-clinical development 

   HSP90 Inhibitor: IPI-504 Pre-clinical development 

 

Comparing Clinical Effectiveness of TKIs 

Dasatinib vs. Imatinib 

 Imatinib, dasatinib, and nilotinib also differ in terms of the clinical outcomes 

they produce. In the DASISION trial, dasatinib (n = 259) was compared with 

imatinib (n = 260). The 12-month CCyR rate was 77% for patients receiving 

dasatinib group as compared to 66% of patients receiving imatinib (p = 0.007). 

The rate of MMR was also higher in the dasatinib group than in the imatinib 

group (46% vs. 28%, p<0.0001). 37  The 24-month follow-up demonstrated a 

continued superior response to dasatinib than to imatinib. 38  

Nilotinib vs. Imatinib 
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 The ENESTnd study compared two different doses of nilotinib, 300 mg 

twice daily (n = 282) or 400 mg twice daily (n = 281), to imatinib 400 mg once 

daily (n = 283). The 12-month MMR rate, was achieved by 44% of patients 

receiving 300 mg of nilotonib and 43% of patients receiving 400 mg of nilotonib 

compared to just 22% of imatinib-treated patients (p < 0.001 for both comparison). 

The rates of CCyR by 12 months were also significantly higher for nilotinib (80% 

for the 300-mg dose and 78% for the 400-mg dose) than for imatinib-treated 

patients (65%) (p<0.001 for both comparisons). 39 Both groups of the nilotinib-

treated patients continued to demonstrate better response than the imatinib-

treated patients at the 24-month follow-up (Table 9). 40 

Table 9: First-line Phase III Trials with 24-month Follow-up 

Trial Treatment 
Groups 

Sample 
Size 

CCyR at 
12 mo 

MMR at 
12 mo 

CCyR at 
24 mo 

MMR at 
24 mo 

Overall 
Survival 
at 24 mo 

DASISION 37,38 

Dasatinib 100 
mg daily 259 83% 46% 86% 64% 95.3% 

Imatinib 400 
mg daily 260 72% 28% 82% 46% 95.2% 

ENESTnd 39,40 

Nilotinib 300 
mg twice daily 282 80% 44% 87% 71% 97.4% 

Nilotinib 400 
mg twice daily 281 78% 43% 85% 67% 97.8% 

Imatinib 400 
mg daily 283 65% 22% 77% 44% 96.7% 

 

Dasatinib vs. Nilotinib 

Although nilotinib and dasatinib have never been directly compared in a 
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randomized controlled trail, Signorovitch et al. 41 used data from the DASISION 

and ENESTnd trials to indirectly compare the two second-generation TKIs. The 

data were matched on several baseline characteristics including patient age, 

gender, ECOG performance status and hematology lab values. Nilotinib 

demonstrated a superior molecular response with 56.8% of the matched nilotinib-

treated patients exhibiting MMR as compared to 45.9% of dasatinib-treated 

patients with (p= 0.014). The 12-month survival was also higher in the nilotinib as 

compared to the dasatinib treated patients with 99.5% vs. 97.3%, respectively 

(p= 0.046).  

Similar results were demonstrated in an online physician-administered 

retrospective chart review by Griffin et al. 42 This study compared disease 

progression and progression-free survival (PFS) among CML patients receiving 

nilotinib or dasatinib as second-line therapy. Overall, 301 nilotinib-treated 

patients and 296 dasatinib-treated patients were evaluated in this study, all of 

which previously failed imatinib due to intolerance or resistance. Nilotinib was 

associated with a lower risk of disease progression (hazard ratio [HR] = 0.27; p = 

0.021) and longer PFS (HR = 0.48; p = 0.030) than dasatinib. 42 These results 

exhibited concordance with the study by Signorovitch et al. in that they both 

demonstrated nilotinib to be superior over dasatinib. It is also important to 

recognize outcomes were measured differently and the study design were 

distinct. Signorovitch et al. employed clinical trial data, while Griffin et al. 

evaluated patients in a natural setting through its retrospective design.  
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Duration of TKI Treatment 

Sustained Molecular Remission After Cessation of Treatment 

 
Although TKIs consistently produce high rates of  CCyR and CMR, they 

do not necessarily denote cure. Indeed chronic myeloid leukemia is a chronic 

disease and major national guidelines recommend indefinite TKI treatment, as 

long as patients continue to respond to therapy. On the other hand, the prospect 

of safe cessation of therapy without a high probability of relapse would be a 

significant achievement not only for pharmacoeconomic reasoning, but also to 

prevent some potential, though not yet determined, clinical repercussions of long-

term TKI therapy. 

The mere notion of a safe cessation of therapy originated from several 

case reports of imatinib discontinuation. Most patients experienced a recurrence 

of disease with an exponential increase in leukemic cells soon after stopping 

imatinib treatment. This was especially common in patients with a poor molecular 

response to imatinib treatment. Rapid relapse was likewise frequent in patients 

that achieved CCyR or CMR; however, in several instances, patients maintained 

CMR without imatinib treatment. In particular, patients that received prior 

interferon-alpha, and who were exposed to imatinib for longer periods of time, 

appeared to be more likely to exhibit a sustained molecular remission. 43-50 

Consequently, several studies were conducted to validate this 

phenomenon and further identify specific factors predictive of a sustained 
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response after TKI discontinuation. Rousselot et al. 51  evaluated imatinib 

discontinuation in 12 patients with a minimum undetectable residual disease of 

more than 2 years. After 18 months of follow-up, 50% still demonstrated 

undetectable levels of Bcr-Abl transcripts. This was the first study to specifically 

evaluate the effects of imatinib discontinuation in patients that experienced a 

prolonged duration of molecular remission while on imatinib therapy. 

Subsequently, a randomized, phase II trial evaluating 33 patients with CMR 

found a 17% relapse rate after 36 months of follow-up in patients continuing 

imatinib therapy as compared to a 67% relapse rate in patients where imatinib 

was discontinued. 52  

In the multicenter STIM study, Mahon et al. 45 evaluated the clinical 

consequences of imatinib discontinuation in 100 patients exhibiting CMR for a 

minimum of two years. Among 69 patients with a median follow-up of 24 months, 

39% of patients remained in CMR. Most relapses occurred within six months of 

imatinib discontinuation. Higher Sokal risk score, indicating poor prognosis, and 

shorter duration of imatinib therapy, were identified as independent prognostic 

factors for the prediction of molecular relapse.  

In the TWISTER study, Ross et al. 53 evaluated the discontinuation of 

imatinib in 40 patients with CMR for at least 2 years. After 24 months of follow-up, 

the molecular relapse-free survival was 47.1%.  Similar to the STIM trial, high 

Sokal risk score was associated with increased risk of relapse.  54 
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 Discontinuation of second-generation TKIs, dasatinib or nilotinib, has only 

been studied in very small trials. Ross et al. 55 evaluating discontinuation of 

dasatinib in three patients, reported that two patients remained in CMR 12 

months after stopping treatment. 55 Rea et al. 54 reported a loss of a major 

molecular response in 28% of the 14 patients studied within 6 months of stopping 

dasatinib or nilotinib treatment. 

 One study investigated secondary discontinuation in patients 

demonstrating CMR from TKI treatment re-initiated following a relapse during the 

first discontinuation. In this scenario, 12 of 16 patients (75%) exhibited a 

molecular relapse within an average of only 2.1 months. Nevertheless, the other 

25% of patients demonstrated a sustained molecular response after a median of 

32 months of follow-up. 56 

The available data reveal an apparent split between patients experiencing 

early relapse and those exhibiting a sustained CMR after stopping TKIs. This 

clear differentiation is certainly a consequence of a variation in 

pharmacodynamic and pathophysiologic factors that have not yet been identified 

definitively. Early relapse reinforces the evidence that many patients have a 

reservoir of leukemic cells that are subclinical and difficult to detect, but are 

nonetheless resistant to TKI therapy and may be the source of disease relapse.  

Indeed, in vitro, TKIs have not demonstrated the ability to completely eradicate 

leukemic stem cells. Furthermore, several studies have demonstrated that even 

in cases of CMR, extremely sensitive tests can still reveal Bcr-Abl containing 
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cells. However, the depth of molecular response to imatinib increases over time. 

A sustained CMR in the absence of TKI treatment may indicate eradication of 

leukemic clone, or simply signify that the undetectable residual cells are no 

longer in a proliferating state.  

Studies which have assessed the effects of re-initiation of TKI therapy 

following a relapse as a result of treatment discontinuation, describe a rapid 

restoration of cytogenetic and molecular response in virtually all patients. This 

suggests that a complete discontinuation of treatment is unlikely to induce 

resistance and continuing disease sensitivity to TKI therapy should be anticipated. 

While studies evaluating the discontinuation of TKIs varied in terms of size, 

inclusion criteria, and other methodologies, several factors remained consistent. 

Better disease prognosis as reflected by low Sokal score, longer duration CMR 

as a result of TKI treatment, and previous interferon therapy were all strongly 

associated with higher likelihood of sustained molecular response after treatment 

discontinuation. However, the exact mechanism of persistent molecular response 

as well as well-defined identification of patients deemed to be ideal candidates 

for treatment termination has not been established. In addition, it has been 

estimated that only about 12% of all first-line TKI-treated CML patients may 

eventually achieve treatment-free remission. 53 At this point, in the absence of 

more robust long-term studies, guidelines continue to recommend indefinite TKI 

treatment. 8,12 
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Incorporating Physician-directed Interruptions of TKI therapy into the 

Assessment of Medication Adherence 

When studying TKI adherence, it is imperative to consider whether the 

discontinuation is physician-directed, or simply represents patient nonadherence 

to a mutually agreed upon treatment plan. Physician-directed treatment 

interruptions have been employed for a variety of practical reasons.  Physician-

directed drug holidays from oral bisphosphonate for the treatment of 

osteoporosis are thought to be appropriate in certain patients that may be 

venerable to nonadherence. 57 In HIV therapy, structured treatment interruptions 

have been found to sometimes help stimulate production of T-cells. 58 ADHD 

medications may not be necessary during periods when school is not in session, 

such as weekends or summer vacations. 59 Warfarin administration is regularly 

suspended prior to certain surgeries and other medical procedures so as to 

reduce the risk of uncontrolled hemorrhage. 60 Drug holidays of proton-pump 

inhibitors are often used to determine the need for continued treatment. 61 Some 

medications for which tolerance develops or that yield rebound symptoms as a 

result of overuse often require a temporary interruption of therapy to reestablish 

an appropriate clinical response to treatment. 62-64 

On the other hand, nonadherence to CML treatment is the result of both 

intentional and unintentional reasons. Unintentional nonadherence refers to 

situations when the patient wants to take the medication but is unable to do so 

due to forgetfulness or extraneous causes such as inaccessibility to treatment. 
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Intentional nonadherence denotes patients’ conscious decision not to take their 

medication as prescribed, whether to avoid side effects, or simply unwillingness 

to obtain the prescription. A study by Eliasson et al.65 confirms these concepts, 

specifically in CML patients treated with imatinib. In fact, it was discovered that 

the same patient could, on separate occasions, display both intentional and 

unintentional reasons for nonadherence to imatinib treatment. Also, many 

patients believed that clinical repercussions of nonadherence are minimal and 

avoided discussing this issue with their health care provider. 65  

Regardless, indefinite TKI therapy remains the current standard for CML 

treatment. While guidelines acknowledge that some evidence demonstrates that 

a small percentage of patients may continue to exhibit a molecular response 

without treatment, they also do not believe there is sufficient data to make any 

unequivocal recommendations concerning the issue. It is nevertheless important 

to consider the possibility that TKI therapy may follow a variety of treatment 

patterns. 
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Medication Adherence in the Treatment of CML 

Adherence to Oral Oncologic Medications 

Since “medication compliance” is defined as the extent to which patients 

take their medications in accordance with medical advice, it suggests a 

paternalistic relationship with the health care provider where noncompliance 

implies weak or rebellious behavior. Therefore, “medication adherence” has been 

adopted as the preferred term where the medication regimen the patient is 

supposed to adhere to is developed through a collaborative decision based on a 

patient-centered partnership. 66  

Poor medication adherence has been clearly demonstrated to result in 

worse clinical outcomes, including increased mortality and hospitalizations, and 

leading to rising health care expenditures. 67-79 A meta-analysis of 21 studies 

determined a strong association between appropriate adherence to treatment for 

a variety of diseases with lower mortality (odds ratio 0.56, 95% confidence 

interval 0.50-0.63). 76 While this study also identified a strong healthy adherer 

effect, a separate study evaluating statin adherence post-myocardial infarction 

concluded that survival as a result of medication adherence improves 

irrespective of this phenomenon. 78 Hospitalizations have also been found to be 

lower for patients exhibiting appropriate medication adherence for the treatment 

of numerous chronic conditions. 77,79 A review of 23 studies found that increased 

adherence to treatment for diabetes and cardiovascular diseases led to 
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increased drug costs, but were offset by reduced non-drug costs, leading to 

overall cost savings. 72  

Although not as extensively studied, due to the relative novelty of self-

administered oral oncologic medications, similar associations have been 

discovered in the treatment of cancer. Adherence is expected to be improved in 

cancer patients, since these patients are assumed to be highly motivated, 

recognizing the severe repercussions of not taking medications as prescribed 

due to the seriousness of the disease. For example, a clear increase of mortality 

has been demonstrated in breast cancer patients with <80% adherence to 

tamoxifen therapy. 80 However, numerous published studies on patient 

adherence with oral chemotherapy do not validate this assumption, and 

adherence rates for long-term therapies have been reported as low as 45% 

(Table 10). 81-109 Likewise, although the effectiveness and safety of TKIs are far 

superior to CML treatments prior to their discovery, these advancements cannot 

be realized if patients do not adhere to their treatment regimen.  
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Table 10: Studies Measuring Adherence in Oral Oncologic Medications  

Study Cancer Treatment Sample 
Size 

Adherence 
Measure 

Adherence 
Rate 

Lennard et al. 81 Acute 
lymphocytic 
leukemia 
(ALL) 
 

6-mercaptopurine 327 Analysis of 
metabolites in 
the blood 

97% with 
some 
present 

Lancaster et al. 
82 

ALL 6-mercaptopurine 496 Analysis of 
metabolites in 
the blood 

98% with 
some 
present 
 

de Oliveria et al. 
83 

ALL 6-mercaptopurine 
Methotrexate 

39 Self-report Pill 
count 
Refill data 
 

47% 

Lau et al. 84 ALL 6-mercaptopurine 
 

24 Refill data 83% 
 

Bhatia et al. 85 ALL 6-mercaptopurine 327 MEMS 90% 
 

Hawwa et al. 86 ALL 6-mercaptopurine 18 Self-report 
Pill count 
 

84% 

Jaime-Perez et 
al. 87 

ALL Methotrexate 49 Self-report Pill 
count 
Refill data 
 

70% 

Dezentje et al. 
110 

Breast cancer Tamoxifen 1962 Refill data 
 

90% 

Waterhouse et 
al. 89 

Breast Cancer Tamoxifen 26 Self-report 
Pill count 
MEMS 

98% by self-
report 
92% by pill 
counts 
85% by 
MEMS 
 

McCowan et al. 
90 

Breast cancer Tamoxifen 2080 Refill data 
 

93% 

Murthy et al. 91 Breast cancer Tamoxifen 53 Self-report 
 

76% 

Partridge et al. 92 Breast cancer  Tamoxifen 2378 Refill records 
 

77% 

Grunfeld et al. 94 Breast cancer Tamoxifen 110 Self-report 
 

88% 

Atkins et al. 95 Breast cancer Tamoxifen 131 Self-report 45% 
Barron et al. 96 Breast cancer Tamoxifen 2816 Refill records 

 
78% 

Sedjo et al. 97 Breast cancer Examestano 
Anastrozole 
Letrozole 

13593 Refill data 77% 
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Table 10 (Cont.):Studies Measuring Adherence in Oral Oncologic Medications  

Study Cancer Treatment Sample 
Size 

Adherence 
Measure 

Adherence 
Rate 

Hershman et al. 
98 

Breast cancer Tamoxifen 
Aromatase 
inhibitors 
 

8769 Refill data 72% 

Ziller et al. 99 Breast cancer Tamoxifen 
Anastrozole 

100 Self-report 
Pill count 

80% 
tamoxifen 
69% 
anasrozole 

Kirk et al. 100 Breast cancer Tamoxifen 
Aromatase 
inhibitors 
Capecitabine 
Magestrol 
 

542 Self-report 84% 

Partridge et al. 93 Breast cancer Anastrozole 
 

12319 Refill records 78-86% 

Lebovits et al. 101 Breast cancer Cyclophosphamide 
 

51 Self-report 53% 

Ruddy et al. 102 Breast cancer Cyclophosphamide 
Methotrexate 
Fluorouracil 
 

317 Self-report 97% 

Winterhalder et 
al. 103 

Solid tumors Capecitabine 
 

177 Self-report 91% 

Partridge et al. 
111 

Breast cancer Capecitabine 
 

161 MEMS 78% 

Caro et al. 112 Colon cancer 
Rectal cancer 
Breast cancer 

Capecitabine 30 Self-report 
Refill records 
Pill count 
 

93% 

Bhattacharya et 
al. 113 

Breast or 
colon cancer 
 

Capecitabine 43 Self-report 72% 

Sadahiro et al. 
104 

Colon cancer Uracil-tegafur 57 Self-report 
Urine level 

94% by self-
report 
95% by 
urine level 

Klein et al. 105 Myelodysplast
ic syndrome 
 

Topotecan 90 MEMS 90% 

Lee et al. 107 Small cell 
lung cancer 
 

Etoposide 12 MEMS 93% 

Lee et al. 108 Ovarian 
cancer 
 

Altretamine 11 MEMS 97% 

Lee et al. 106 Lymphoma 
 

Chlorambucil 21 MEMS 100% 

Tebbi et al. 109 Variety Variety 46 Self-report 65% 
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Adherence to TKI Therapy 

Numerous studies have attempted to determine adherence rates in 

patients receiving TKIs for CML. These studies varied in terms of the method of 

assessing adherence as well as the definition of adherence itself. Overall, 

adherence rates ranged from 53% to 96%. 114-117 The largest of these studies, by 

Tsang et al.,118 measured TKI adherence and persistency in 4,043 patients 

treated for CML or gastrointestinal stromal tumors (GIST) by retrospectively 

analyzing prescription data. Adherence was determined by the medication 

possession ratio (MPR), defined as days supply of medication dispensed divided 

by the length of therapy. Overall, adherence was measured at 75% with 78% 

adherence specifically in CML patients. Only 41% of patients had adherence 

rates >90%. 118 

Several studies have also attempted to identify factors that affect 

adherence to TKI therapy. A retrospective study by Feng et al.119 evaluated 878 

patients treated with imatinib for CML (69%) or GIST (31%). The mean MPR for 

all patients was similar at 76%. Multivariable analysis showed adherence 

progressively decreased with age >51 years, higher number of concomitant 

medications, female sex, or presence of cancer complications. 119 A study by 

Efficace et al.120 evaluated 413 patients to identify patient-reported personal 

factors associated with adherence to TKI therapy. Fifty-three percent of patients 

exhibited optimal adherence behavior based on a 4-item questionnaire. 
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Independent predictors of suboptimal adherence included dissatisfaction with 

treatment information received, lack of social support, high concomitant drug 

burden. 120 Finally, a study Darkow et al.121 also aimed to identify causes of non-

adherence with imatinib. This retrospective analysis utilized electronic health 

care claims data from a US managed care provider. A cohort of 267 patients with 

CML was evaluated. Mean MPR was 77.7% and was inversely related to 

increased number of concomitant medications, female sex, high cancer 

complexity, and higher starting dose of imatinib. 121 

Darkow et al. 121 also examined the effects of adherence on health care 

costs. Using a generalized linear model to control for significant covariates, MPR 

was found to be inversely associated with health care costs. 121 Wu et al.122 also 

evaluated the association between imatinib adherence, direct health care costs, 

and resource utilization expressed in terms of hospitalization admissions and 

inpatient days. Non-adherence was defined as a Medication Possession Ratio 

(MPR) <85%. Using the MarketScan Commercial Claims database, 592 

privately-insured CML patients were evaluated. Mean MPR was 79%, with 41% 

of patients deemed non-adherent. Non-adherence was associated with greater 

number of hospital admissions  (4.1 vs. 0.4; p < 0.001) as well as inpatient days 

(14.8 vs. 1.8; p < 0.001). Non-adherence was also associated with a 283% 

increase in health care costs (p<0.001). 122 

Not only does adherence to TKI therapy affect health care expenditures, 

but costs incurred may likewise affect TKI adherence. A retrospective study by 
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Dusetzina et al.110  evaluated the association between copayment requirements 

and adherence to imatinib treatment through the insurance records of CML 

patients. The study utilized MarketScan claims database to identify 1,541 adults 

receiving imatinib therapy. Monthly copayments were classified by percentiles; 

75th percentile was the point above which copayments were defined as high, and 

25th percentile was the point below which copayments were defined as low. The 

primary outcome was discontinuation within 180 days of initiation, with 

discontinuation defined as a gap in supply of more than 60 days following the 

exhaustion of drug supply. The secondary outcome was adherence; defined by 

the proportion of days covered (PDC) with PDC >80% considered as adherent. 

During the study period 17% of patients with higher copayments discontinued 

treatment as compared to only 10% of patient with lower copayments (adjusted 

risk ratio [aRR], 1.70; 95% CI, 1.30 to 2.22). In addition, 21% of patients with 

lower copayments were nonadherent to imatinib therapy as compared to 30% of 

patients with higher copayments (aRR, 1.42; 95% CI, 1.19 to 1.69). This study 

demonstrated an association between higher copayments and an increased 

likelihood of imatinib discontinuation as well as lower adherence rates. These 

findings are consistent with analogous evaluations in other disease states. 110 

The Effect of Adherence to TKI Therapy on Clinical Outcomes 

Current data suggest that the effectiveness of TKI treatment requires high 

adherence to the prescribed dose of the drug for an indefinite period of time, 

whereas reduced adherence to therapy has been associated with a delay in 
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achieving cytogenetic or molecular response and possible development of 

resistance. Multiple studies have examined the association between adherence 

and treatment response. The ADAGIO trial prospectively evaluated a total of 169 

CML patients. Adherence to imatinib therapy was assessed by patient and doctor 

questionnaires, direct patient interviews, and pill counts. Suboptimal response 

was defined as incomplete hematologic response at 3 months, less than partial 

cytogenetic response at 6 months, and less than major molecular response at 18 

months. Only 14% of patients were determined to be completely adherent with 

100% of imatinib prescribed. On average, patients with suboptimal response 

failed to take an average of 23.2% of imatinib doses as compared to only 7.3% of 

doses in patients with an optimal response (P = 0.005). Multivariable analysis 

found the prognostic determinants of non-adherence to include increased age, 

longer time since CML diagnosis, living alone, male sex, and higher dose of 

imatinib. 123 

Marin et al. 124 utilized a micro-electro-mechanical systems (MEMS) to 

measure adherence of 87 CML patients. Adherence was then correlated to the 

levels of molecular response. The median adherence rate was determined to be 

97%. Patients with adherence rates of > 90% compared to adherence rates ≤ 

90% had a significantly higher rate of MMR (95% vs. 28%; p < .001) as well as a 

higher rate of CMR (44% vs. 0%; p = .002). A multivariable analysis identified an 

adherence rate of > 90% (RR 11.7, p=0.001) and the expression the molecular 

human organic cation trasporter-1 (RR 1.79, p=0.038) as the only independent 
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prognostic parameters for MMR. Adherence rate of >90% was also the sole 

predictor for CMR (RR 17.66, p=0.006). As a follow-up study Ibrahim et al.125 

determined that patients with adherence rates ≤85% exhibited a higher 

probability of losing their CCyR at 2 years (27% vs 2%, P = .0002) and a lower 

probability of remaining on imatinib (65% vs 91%, P = .006) when compared to 

patients with an adherence rate >85%. The multivariable analysis revealed that 

the adherence rate and failure to achieve a MMR were the only independent 

predictors for the loss of a CCyR, as well as the discontinuation of imatinib 

therapy. 125 

Ganesan et al.126  retrospectively evaluated 516 patient records to 

determine the impact of non-adherence to imatinib treatment on clinical 

outcomes of CML. Unwarranted interruption of treatment for more than 1 week 

was defined as non-adherence. Nearly one-third of the patients (29.6%) were 

observed to be non-adherent at some point during their treatment. Nonadherent 

patients were found to be less likely to achieve CCyR as compared to adherent 

patients (26% versus 44%; p = 0.004). 126 

Adherence Differences among TKIs 

Adherence was also compared between the various TKIs. Santoleri et 

al.127 evaluated adherence over three years of treatment with imatinib (n=63), or 

dasatinib (n=13), nilotinib (n=15). The study utilized a unique method of 

ascertaining adherence by calculating a ratio of Received Daily Dose and 

Prescribed Daily Dose. The study determined adherence rates of 83% for 
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imatinib, 85% for dasatinib, and 93% for nilotinib. In addition, persistence 

exceeded one year for 90%, 80%, and 83% of patients treated on imatinib, 

dasatinib, and nilotinib, respectively. 127 

Yood et al.128 evaluated real-world adherence patterns in CML patients 

receiving dasatinib or nilotinib as second-line therapy. This retrospective cohort 

study used HealthCore Research Database to identify CML patients receiving 

TKIs from 2001 to 2010. Medication possession ratio (MPR) was used to 

calculate adherence. One-hundred ninety-seven patients received dasatinib 

(≤100  mg/day, n  =  112; ≥140  mg/day, n  =  85) and 53 received nilotinib (400  mg 

BID, n  =  46; 400  mg QD, n  =  7) as second-line therapy. Cox proportional-hazard 

models were used to quantify rates of poor adherence, defined as MPR <85%. 

The model adjusted for patient age, sex, duration of previous imatinib exposure, 

number of concomitant medications, presence of cardiovascular disease or 

diabetes. Based on a hazard ratio of 1.6 (95% CI 1.0–2.4) for nilotinib versus 

dasatinib, nilotinib-treated patient’s were deemed to be in greater risk of poor 

adherence relative to dasatinib treated patients.  128 

Wu et al. compared health care resource utilization, costs, and treatment 

adherence of dasatinib versus nilotinib treatment. Treatment adherence was 

measured by the proportion of days covered (PDC). Dasatinib patients were less 

adherent, with a PDC value approximately 10% lower compared to nilotinib 

patients (p = 0.009). During the study period, dasatinib patients were estimated 

to have more than twice as many inpatient days (RR= 2.44; p < 0.001) and 



 34 

nearly double the number of inpatient admissions (RR= 1.99; p = 0.047) 

compared to nilotinib patients. 117 

Table 11: Studies Measuring Adherence of Imatinib Treatment 

Study Sample 
size 

Follow-
up 

Method of 
assessing 
adherence 

Adherence 
Ratea 

Predictors of 
poor 

adherence 

Consequence 
of 

nonadherence 

Doti et al. 
129 21 24 

months 
Refill data 

(MPR) 96% NR NR 

St.Charles 
et al. 116 340 12 

months 
Refill data 

(MPR) 64% NR NR 

Tsang et 
al.  118 4043 24 

months 
Refill data 

(MPR) 76% Low dose 
imatinib NR 

Feng et al. 
119 878 12 

months 
Refill data 

(MPR) 76% 

Age >51 years 
High number 

of concomitant 
medications 
Female sex 
Presence of 

cancer 
complications 

NR 

Efficace et 
al. 120 413 

no 
follow-

up 
(single 
point in 
time) 

Self-report 
53% 

(optimal 
adherence) 

Dissatisfaction 
with treatment 

information 
received 

Lack of social 
support 

High 
concomitant 
drug burden 

NR 

Noens et 
al. 123 

(ADAGIO) 
169 3 

months 

Self-report 
and pill 
count 

68% 
(14% 

perfect 
adherence) 

Older age 
Longer time 

from diagnosis 
Male gender 
High dose of 

imatinib 

Increased risk 
of suboptimal 

response 
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Table 11 (Cont.): Studies Measuring Adherence of Imatinib Treatment 
 

Study Sample 
size 

Follow-
up 

Method of 
assessing 
adherence 

Adherence 
Ratea 

Predictors of 
poor 

adherence 

Consequence 
of 

nonadherence 

Marin et 
al. 124 

Ibrahim et 
al. 125 

87 3 
months MEMS 

97% 
(74% of 

adherence 
>90%) 

NR 

Reduced 
chance of 

achieving MMR 
and CMR 
Increased 
chance of 

losing CCyR 
and 

discontinuation 
of therapy 

 

Ganesan 
et al. 130 516 6 

months 

Patient 
visits for 

drug refills 
71% NR 

Reduced rate 
of CCyR 

Reduced event 
free survival 

Darkow et 
al. 121 267 12 

months 
Refill data 

(MPR) 78% 

Increased 
number of 

concomitant 
medications 

Male sex 
High cancer 
complexity 

Higher starting 
dose of 
imatinib 

Increased 
health care 

costs 

Wu et al. 
122 592 12 

months 
Refill data 

(MPR) 79% NR 

Increased 
hospital 

admission and 
hospitalization 

days 
Increased 

health care 
costs 

Dusetzina 
et al. 110 1541 6 

months 
Refill data 

(PDC) 70-89% Increased 
cost-sharing NR 
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Table 11 (Cont.): Studies Measuring Adherence of Imatinib Treatment 
 

Study Sample 
size 

Follow-
up 

Method of 
assessing 
adherence 

Adherence 
Ratea 

Predictors of 
poor 

adherence 

Consequence 
of 

nonadherence 

Santoreli 
et al. 127 99 12 

months 

Refill data 
(Ratio of 
Received 

Daily Dose 
and 

Prescribed 
Daily Dose) 

Imatinib: 
83% 

Nilotinib: 
93% 

Dasatinib: 
85% 

NR NR 

Yood et 
al. 128 

197 
(dasatinib) 

53 
(nilotinib) 

24 
months 

Refill Data 
(MPR) NR Nilotinib NR 

Wu et al. 
117 

452 
(dasatinib) 

69 
(nilotinib) 

6 
months PDC 

Dasatinib: 
69% 

Nilotinib: 
79% 

Dasatinib 

Increased 
hospital 

admission and 
hospitalization 

days 

a. All of the studies solely evaluated adherence rates for imatinib except for Santoreli et al., Yood 
et al., and Wu et al.  

 

Barriers to Medication Adherence 

Factors Affecting Medication Adherence 

Medication adherence is as complex and enigmatic as human behavior 

itself. While it is not always appropriate to generalize behavior per se, we can 

attempt to identify barriers to medication adherence in order to design and 

effectively implement interventions that may optimize adherence. Recognizing 

that adherence is a multifactorial phenomenon, the World Health Organization 

(WHO) has delineated medication adherence into five basic dimensions; therapy-
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related, patient-related, condition-related, health care system, and social and 

economic. 131 Various cohorts within this study may exhibit distinctive proclivity 

towards certain aspects within these dimensions, and therefore need to be 

thoroughly explored.  

The therapy-related dimension refers to the complexity of the medication 

regimen, duration of therapy, side effects, and the immediacy of beneficial effects. 

The complexity of the regimen itself is one of the major stumbling blocks for 

many patients. An inverse relationship between number of prescribed daily doses 

of a medication and adherence exists, with a greater dosing frequency serving as 

one of the strongest predictors of poor adherence. 132-134A broad review of 

studies evaluating medication adherence found that one, two, three, and four 

time(s) a day scheduled dosing of medications resulted in mean adherence rates 

of 79%, 69%, 65%, and 41%, respectively. 133 Similarly, an inverse relationship 

has been well documented between number of concomitant medications and the 

likelihood of adherence. 135-138 Adherence also decreases when patients are 

expected to follow specific procedures to administer medications correctly, such 

as the use of medication delivery devices including inhalers and self-

administered injections. In addition, some medications, such as insulin, are 

administered according to protocols which are contingent on an analysis of blood 

levels. 137 Discomforting side effects, even if only transient, often depress the 

motivation for treatment adherence. Conversely, immediate therapeutic effects of 

a medication early in treatment typically promotes adherence. 137,139-141 



 38 

The patient-related dimension encompasses both physical and 

psychological/behavioral factors. Physical factors include visual, hearing, and 

cognitive impairments. The inability to read prescription labels, adequately hear 

instructions, properly understand how to take medications, and remember to 

follow an appropriate schedule may serve as major barriers to medication 

adherence. Likewise impaired dexterity and mobility may not only limit the 

patients’ ability to administer medications but also prevent them from obtaining 

the medications in the first place. 131,139 

Poor knowledge about the disease itself and the necessity of treatment, 

inadequate motivation, and substance abuse are also associated with poor 

medication adherence. Basic knowledge about a medical condition may influence 

the perceived danger of the disease, the expected course, and attitude towards 

management. With knowledge as the foundation, patients determine the value 

they place on treatment in general and the level of motivation they are willing to 

offer in order to adhere to the agreed treatment regimen. 131,139 On the other hand, 

behavioral factors such abuse of alcohol and other illicit substances have been 

found to significantly impair medication adherence in multiple patient populations. 

131,139,142-144  

Adherence rates are typically higher in patients with acute conditions. 

When the treatment regimen is preventative rather than curative, which is usually 

the case with chronic conditions, nonadherence is more common. 131,145-149 This 

is especially true for conditions that are asymptomatic and when the duration of 
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treatment is long such as with the treatment of hypertension, osteoporosis, and 

hyperlipidemia. Patients with a recent acute coronary syndrome have been found 

to have much higher adherence rates than patients with chronic coronary artery 

disease. 150 Reduction in adherence has been found to be most dramatic after 

the first six months of treatment. 151,152 

The quality of the relationship patients have with their health care provider 

is one of the most important health care system-related factors impacting 

adherence. The provider plays an essential role in promoting adherence through 

continuous encouragement and reinforcement, which includes communicating 

the benefits of medications, instructions for use, as well as the management of 

potential side effects. 153,154 Well coordinated medication reconciliation programs 

can dramatically reduce the likelihood of medication discrepancies for patients 

transitioning through various levels of care. 155 Discharge counseling and other 

educational processes for hospitalized patients have been found to have a 

positive impact on medication adherence after discharge. 131,139,152,156 

Socioeconomic factors such as lower education level and low health 

literacy have been linked with poor adherence as well. While the amount of 

education a person has may independently influence adherence, it is the ability 

to appreciate the purpose for treatment and understand medical instructions that 

are likely to be more instrumental factors. Low health literacy results in 

medication errors, an inability to follow treatment recommendations, and difficulty 

in navigating within the health care system. The shame and embarrassment 
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patients may feel only exacerbates the problem, since they may be unwilling to 

admit to having difficulties, thereby refusing to seek assistance. These situations 

highlight the importance of social support since the availability of family and 

friends to aid in the treatment process is positively associated with medication 

adherence. 131,139 Conversely, the social stigma of certain diseases, such as 

HIV/AIDS and mental illness, is associated with not only emotional distress and 

poor self-esteem, but also with poor adherence to treatment.  157,158 

Nevertheless, the capacity to pay for treatment as determined by cost of 

drugs, the attainability of health insurance coverage, and availability of financial 

resources are the major factors affecting medication adherence. 131,139  A review 

of 19 studies confirmed a strong link with medication nonadherence as a result of 

medication costs and financial burdens they produce. 159 A cross-sectional study 

analyzing a nationally representative pharmacy claims database concluded that 

high cost-sharing, larger prescription burden, lower income, and being a 

Medicare recipient were all associated with worsening medication adherence. 160 

A study using data from a national household survey from the year 2000 

determined that more than two million Medicare beneficiaries were exhibiting 

cost-related nonadherence with their medications. In addition, patients with low-

income and those with higher out-of-pocket medication expenditures were 

especially vulnerable to cost-related nonadherence. 161 Other studies found that 

up to 32% of elderly patients take fewer medications than prescribed to avoid 

costs. 159,162-164 
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Health care coverage appears to be an especially strong factor associated 

with the risk of cost-related nonadherence. A study utilizing a questionnaire to 

assess asthma treatment adherence identified uninsured patients as more likely 

to report a delay in filling a prescription, or a failure to fill a prescription, or taking 

less than recommended doses as compared to patients with private or public 

insurance. 153 The PILL-CVD study, which analyzed self-reported medication 

adherence after hospital discharge of cardiology patients, identified Medicaid 

insurance coverage as a predictor of nonadherence compared to private 

insurance. 165 

The specific features of the health care coverage itself may be just as 

significant as a general insurance status. Prior to the Affordable Care Act, 

Medicare Part D coverage was characterized by the standard benefit, which in 

2006 included an annual deductible of $250, an initial coverage limit of $2,250, 

and an out-of-pocket threshold of $5,100. Costs between the initial coverage limit 

and the out-of pocket threshold represented the coverage gap, also known as the 

“doughnut hole.” Patients situated in the doughnut hole were expected to pay 

100% of prescription costs as long as their total annual drug costs exceeded the 

initial coverage limit but did not reach the out-of pocket threshold. A systematic 

review determined that Part D implementation was associated with a 6% to 13% 

increase in drug use and a 13% to 18% decrease in patient costs. However, the 

entry into the coverage gap was associated with a 9% to 16% decrease in drug 

use and increases in costs of up to 89%. 166 A separate study evaluating 
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specifically the effects of the coverage gap found a 59% and 60% increase in 

nonadherence to antihypertensive and lipid-lowering medication, respectively. 167  

 

Table 12: Factors Affecting Medication Adherence 

Category Factor 
 

Patient-centered factors Age 
 Health literacy 
 Physical disabilities 
 Perceived severity of disease 
 Alcohol/substance abuse 

 
Disease factors Disease symptoms 
 Chronicity of disease 

 
Therapy-related factors Complexity of administration 
 Duration of treatment 
 Side effects 
 Schedule of administration 
 Immediacy of beneficial effects 
 Polypharmacy 

 
Health care system factors Insurance status/accessibility 
 Patient-provider relationship 
 Drug costs 
 Patient Education 
 Continuity of Care 

 
Social and economic factors Social support 
 Income 
 Education level 
 Social stigma 

 

Possible Barriers to TKI Adherence to TKI Therapy 

While no direct studies have evaluated adherence and cost-sharing of 

TKIs, some evidence exists concerning the impact of cost of oral oncology 

medications on adherence. Since these agents can cost up to thousands of 

dollars per month, it is only natural to assume that cost-related nonadherence 
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could be a major concern. Specifically, the Average Wholesale Price (AWP) for 

imatinib, dasatinib, and nilotinib, respectively, is $9,193, $11,021, $11,182 per 

month. 168 Even in cases were insurance covers a particular agent, the copay 

may be substantial and too onerous to afford. Studies of nonadherence to 

oncology medications have found that barriers to appropriate care included cost-

sharing requirements. One study determined that the abandonment rate of newly 

initiated oral oncological to be about 10%; with a logistic regression analysis 

finding a significant association between increased cost-sharing and higher rate 

of abandonment. In fact, claims with cost-sharing over $500 were four times 

more likely to be abandoned than claims with cost-sharing of $100 or less.  160 

On the other hand, generous medication coverage does not negate the 

association between socioeconomic status and adherence. Low socioeconomic 

status has been consistently correlated with poorer adherence to medical 

treatment in various chronic conditions. 169 While socioeconomic status is 

traditionally defined by education, income, and occupation, there are countless 

ways in which it could affect adherence, including its link to health literacy, 

psychosocial support, or access to health care, even in terms of obtainment of 

reliable transportation. 170 One study evaluating the adherence to inhaled 

corticosteroids in children with asthma determined that children from low 

socioeconomic households were less likely to have a corticosteroid prescription 

filled relative to children from high socioeconomic households, even in cases 

where prescriptions could be obtained at no charge. From these results we can 
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deduce that socioeconomic status may affect adherence irrespective of cost-

related barriers resulting from a lack of medication coverage. 171 

 Since the median age of CML diagnosis is about 65 years of age, one 

should expect this patient population to inherently possess several factors 

expected to produce negative effects on adherence to TKI therapy. For example, 

older patients are more likely to suffer from comorbidities. It is therefore no 

surprise that this patient population also receives a greater number of 

concomitant medications than any other age group. Visual and hearing 

impairment, as well as other physical barriers are also more common in the 

elderly. 

 CML is a chronic disease that is often asymptomatic and requires lifetime 

TKI therapy; all of which are characteristics associated with poorer adherence. 

Relative to other chemotherapy agents, TKIs are largely considered safe. 

Although heart failure, pulmonary hypertension, and pancreatitis and have been 

observed with imatinib, dasatinib and nilotinib, respectively; these events are 

usually rare. Conversely, fatigue is fairly common to all TKIs and may 

compromise quality of life, thereby representing a major barrier to adherence. 

Although GI disturbances are also common, they can usually be minimized when 

administered with meals, in the case of imatinib or dasatinib. Nilotinib, on the 

other hand, should be administered on an empty stomach to prevent excessive 

absorption and increased risk of toxicities. In addition, while dasatinib, as well as 

imatinib, are administered once daily, nilotinib is administered twice per day.  
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Social stigma in cancer has not been as extensively studied as in 

HIV/AIDS, a disease where stigma has been well established. However, due to 

its pathophysiological association with smoking, lung cancer conjures very similar 

attribution of blame as observed with HIV/AIDS. 172  A survey of nine countries, 

including Japan, Mexico, Russia, Argentina, China, France, India, Italy and South 

Africa, found that 25% of respondents believe that cancer patients brought the 

disease on themselves. Specifically in China and India, 50% agreed with this 

sentiment. 158 As a result of highly visible activism, this is not a common 

viewpoint of the US public, yet the idea of equating cancer to ensuing death must 

still be dispelled. 173 

For the purposes of this study, it is essential to take all of these barriers 

into consideration. Variables such as comorbidities, age, and race should be 

controlled by utilizing a variety of statistical techniques, including multivariable 

analysis. The cumulative effects of the difference in dietary restrictions and 

number of daily doses of nilotinib relative to imatinib and dasatinib should be 

evaluated by stratifying and comparing the results based on the type of TKI 

treatment patients receive. One of the reasons non-adherence rates have 

remained nearly unchanged in the last decades is due to a lack of knowledge to 

predict and explain non-adherence adequately. Ideally, this study will elucidate 

primary culprits leading to poor adherence to CML treatment with TKIs.  Study 

findings will enable the identification of valuable resources and implementation of 

effective interventions to help ameliorate the effects of these barriers. 
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Measuring Medication Adherence  

Approaches to Measuring Adherence 

To develop and implement a successful intervention to improve 

medication adherence, it is imperative to measure adherence through validated 

and consistent methods. Subsequently, the corrective program should then be 

evaluated using analogous methodology so as to determine its effectiveness as 

well as any necessity for further modifications. 

The measurement of adherence can be categorized in two basic groups: 

direct and indirect methods. 174 Direct measurements refer to a firsthand 

observation of drug administration or the detection of the drug or its metabolite in 

a biological fluid.  Direct methods are considered to be more accurate than 

indirect methods; however, there are many inherit disadvantages in the logistics 

of obtaining these measurements. Direct observation of medication is more 

suited for inpatient care, where drugs can only be administered by health care 

professionals in a hospital setting, or in the context of a clinical trial. Ironically, 

medication adherence is not a major concern in these highly controlled 

environments. In fact, Directly Observed Therapy (DOTS) has been promoted by 

the WHO to control the spread of tuberculosis. 175 The success of DOTS presents 

a concern due to bias as a consequence of the potential Hawthorne effect, where 

patients’ adherence does not reflect true behavior and is improved simply as the 

result of being observed. 176 The laboratory evaluation of blood levels is already 

common practice for antiepileptic medications, such as phenytoin and valproic 
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acid, as well as immunosuppressive drugs, such as cyclosporin and tacrolimus 

that reduce the likelihood of rejection following bone-marrow and solid organ 

transplant. Unfortunately, these may not be good indicators of long-term 

adherence due to the medications’ relatively short half-lives. In addition, the 

complexity of drug interactions, dietary factors, and individual drug metabolism 

must be considered. In clinical practice, to confidently modify the drug regimens 

based on drug levels, good patient-provider relationship with open 

communication is essential. However, it is the objectivity of quantitative results 

that is one of the primary theoretical advantages of measuring drug levels for the 

purpose of determining drug adherence. In general, direct measurements are 

relatively costly and are more labor-intensive for the health provider. 177 Due to 

these disadvantages, it is unreasonable to utilize direct methods on large patient 

populations. 

Indirect methods of measuring adherence are more commonly utilized due 

to their overall ease of use and less costly implementation. Self-reported 

measures, such as diaries, surveys, and questionnaires are all fairly simple to 

administer. The enrollment process may serve as an obstacle since some 

patients may be resistant to completing long forms or entering their medication 

administration in a diary on a daily basis. The questionnaires and diaries should 

be comprehensive but also straightforward and easy to complete so as to 

increase the response rate. Since the results are derived form the patients’ 

perspective, a crucial viewpoint is revealed; however, such methods may also be 
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vulnerable to overestimation of adherence because results are easily 

manipulated by the patient and are susceptible to recall bias, in the case of 

questionnaires. In addition, although diaries are less influenced by recall bias 

they have been used as an intervention to improve adherence and the 

Hawthorne effect once again becomes a concern. 174,178-180 

Pill counting is one of the simplest methods to determine adherence. 

However, it requires that patients bring their entire medication supply for every 

visit with the health care provider and refrain from sabotaging the correct pill 

count by discarding unused medication instead of administering it as directed. 

178,179,181,182 Similar to pill counts, the determination of the patients’ clinical 

response as a surrogate marker of adherence can be performed during regular 

visits to the health care provider and may already constitute the standard of care. 

Clinical response may include the measure of physiological markers such as 

blood pressures, serum glucose, or INR in the context of antihypertensive, anti-

diabetic, or anticoagulant therapy, respectively. While this method may allow the 

investigator to objectively capture severe nonadherence, each patient’s individual 

clinical response to a medication is usually affected by a complex combination of 

variables, rendering a precise derivation of medication adherence very difficult. 

177 Measurement of serum drug levels also provides more subjective results; 

however, variation pharmacokinetics between individuals can significantly impact 

the results. In addition, patients may attempt to manipulate the results by 
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exercising appropriate drug administration during the period preceding the blood 

draw. 178,182 

Electronic medication monitors, including the Medication Event Monitoring 

System (MEMS), consist of specialized microchips incorporated into medication 

bottles that catalogue every opening of the bottle with the assumption that each 

opening represents a medication administration. MEMS have been validated as a 

good estimation of the number of doses administered for the treatment of 

numerous diseases and is therefore often considered the gold standard. 183 Yet, 

a genuine consensus on the gold standard has never been achieved. MEMS 

offers a precise record of patients’ medication-taking behavior provided that each 

bottle opening truly represents a single administration and patients avoid 

transferring medications into other containers. These systems are also expensive 

and usually require regular downloading of information directly from the 

microchip to the compatible software program. 178,182,183 

Nevertheless, all of the previously mentioned indirect methods of 

measuring adherence may be impractical to perform on a large number of 

patients over an extended period of time; a major element that is enabled by the 

use of administrative data. However, the methods utilizing administrative data 

present with their own set of strengths and limitations. The Hawthorne effect is 

avoided since the acquired data were retrospectively entered for administrative 

purposes without active participation on the part of the provider or the patient. 

Studies have validated these methods and concluded pharmacy claim-based 
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measures of adherence to be a reliable source of drug exposure that correlate 

with clinical efficacy. 117,121,122,183-185 Since these measures are based on refills of 

prescriptions, they are more suited to study chronic rather than acute diseases. 

Also, the use of administrative data may be problematic for medications that 

require frequent dosage changes such as anticoagulants, and anticonvulsants, 

and immunosuppressive medications. Finally, medications cannot be purchased 

outside of the closed system where all prescription refills are documented in the 

same database. Such systems include managed care organization in situations 

where every prescription refill is preceded by a submitted claim, the Veterans 

Health Administration (VHA) that provides its recipients a generous prescription 

plan, or countries offering universal health coverage with integrated systems.  

The adherence value obtained from administrative data does not produce 

any information on medication consumption but rather solely provides 

assessment of acquisition and possession of medication. It is assumed that 

patients administer the medication between the day of dispensation and the day 

of the refill. Therefore, it represents the highest possible level of medication 

administration within the parameter. Also, days supply must be recorded within 

the administrative data or somehow extrapolated based on the physician 

directions or reflect standardized dosage. The absence of days supply or the 

directions for use from computerized prescription records renders these 

measurements nearly impossible to determine. Notwithstanding these limitations, 

administrative data do not require patient participation and provide objective 
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measurements of medication adherence in a naturalistic setting. In addition, the 

measures are relatively convenient and inexpensive to obtain.  

Table 13: Methods of Measuring Medication Adherence 

Method 
 

Advantage Disadvantage 

Direct methods   

Directly observed therapy Accurate and objective Cheeking 
Impractical 
 

Measurement of drug levels in the 
blood or urine  

Accurate and objective Expensive 
Variations in 
pharmacokinetics 
Not applicable to all 
medication 
 

Measurement of biological markers  Accurate and objective Expensive 
Variation in the 
correlation between 
adherence and effect on 
biological markers 
 

Indirect methods   

Patient questionnaires/self-reports Simple 
Inexpensive 
 

Susceptible to bias 

Pill counts Quantifiable 
Easy to perform 
 

Pill dumping 

Assessment of clinical response or 
measurement of physiologic 
markers 
 

Usually apart of standard care Many factors affect 
clinical response or 
physiologic markers 

Patient diaries Easy to perform Easily manipulated by the 
patient 
A type of intervention to 
improve adherence 
 

Electronic medication monitors 
(MEMS) 

Accurate Expensive 
Requires special 
equipment 
 

Rate of prescription refills through 
claims data (CMG, MPR, PDC) 

Easy to obtain Requires a closed 
system 
Does not measure actual 
administration 
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Application of Administrative Data to Measure Adherence 

The application of administrative data to calculate medication adherence 

is dependent on several variables, including days of coverage, gaps in treatment, 

and overall persistence. The days of coverage is the total days of supply of 

medication during a specific period of time. If the days supply of the last 

dispensation is included in the calculation of adherence then the same number of 

days should be added to the total length of treatment. While this procedure may 

result in overestimation of medication adherence, the exclusion of the days 

supply of the last refill may result in underestimation. The gap in treatment is the 

time when the patient is not assumed to be in possession of the medication: 

generally determined by the number of days between the date the supply of the 

medication is expected to be depleted and the date of the subsequent refill. A 

Continuous Measure of Medication Gaps (CMG) is a determination of adherence 

that is based completely on the total days of treatment gaps which is then divided 

by the total number of days of study participation. 186,187 

Persistence can be described as the time of continuous therapy, 

quantified by the number of days between the date of the first dispensation and 

the date when the days supply of the last dispensation is depleted. It can also be 

described as a dichotomous measure based on whether the patient’s length of 

therapy continues to or beyond a pre-specified threshold. On an aggregate level, 

persistence can be represented as the average length of time patients continued 

on medication, when measured as a continuous variable, or as the percentage of 
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patients who continue the medication up to a certain length of time, such as a 

year. Some have argued that persistence should be the primary measure of 

adherence since a complete discontinuation of therapy has the greatest clinical 

impact on the treatment of disease. 188 

The interval between refills may also be employed to express medication 

adherence. For this method, refill failure is defined as a refill unsuccessfully 

obtained within a prespecified interval after the previous prescription 

dispensation. The frequency of refill failure relative to refills obtained within the 

appropriate interval can then be calculated and provide a meaningful measure of 

adherence. 189 

Medication Possession Ration (MPR) has been the most prevalent 

method for measuring adherence in studies utilizing claims data. This measure 

essentially represents an aggregate of days supply of medication refills across a 

specific interval. Generally, the time interval is simply the time between the first 

fill and last fill of a medication; thereby assessing only the time period that the 

patient was persistent with the treatment. 190 MPR can also be measured over a 

pre-defined, fixed interval, regardless of whether the medication is discontinued.  

 Several comparisons between various adherence assessment methods 

have been performed. 183,184,191-195 A twelve-week study of adolescent patients 

with depression receiving fluoxetine concluded that relative to MEMS, pill counts 

and medication diaries tended to overestimate medication adherence. 191 An 

analysis of medication adherence among patients with hypertension or heart 
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failure as measured by patient self-reports, prescription refill records, and MEMS 

found similar estimates of overall adherence between all three methods. The 

concordance between prescription refill records and MEMS was discovered to be 

especially strong. 183 Although a true gold standard to assess adherence has 

never been established, MEMS is generally considered one of the best measures. 

The high level of concordance between measures that utilize administrative refill 

data and MEMS suggests that methods to be employed in this study would allow 

for an accurate and efficient evaluation of a large population, including patients 

treated for CML over a 10-year period and across the entire VHA system. 
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Study Rationale 

Many veterans of the U.S. Armed Forces have been exposed to 

substances known to cause cancer, including ionizing radiation in WWII and 

Agent Orange during the Vietnam Conflict. In addition, a large portion of veterans 

are at an age where the incidence of many cancers, including CML, is 

substantially higher. In fact, as of 2011, 45% of veterans were 65 or older 

compared to 8.5% in the general population. 196 To date, no published study has 

evaluated the adherence to TKIs for the treatment of CML in this unique patient 

population. 

The VHA is also distinguished in being the largest integrated health care 

systems in the US. The VHA medical care system consists of a network of 152 

medical centers, 1,400 community-based outpatient clinics, serving 8.3 million 

veterans each year. These health care facilities have a broad geographic 

distribution with locations in all 50 States. 197 

Since the advent of the TKIs, CML survival has dramatically improved and 

the VA system offers a unique opportunity to follow patients for a long period of 

time for the duration CML treatment.  VA patients are likely to receive care within 

the system on a long-term basis. VA coverage is not linked to a specific job 

benefit plan, and therefore does not vary with a change in employment. Since VA 

medical facilities are dispersed throughout the US, a veteran can usually 

continue to receive care at a nearby VA facility no matter where they are located. 
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Finally, for veterans affected by service-connected disabilities or unable to afford 

other health insurance, the VA often represents the only source of medical care. 

Considering that VHA provides such generous medication coverage, the 

prevalence of cost-related nonadherence is expected to be limited. Although the 

cost of medications is an important socioeconomic factor, medication 

nonadherence remains common among the VA population. 198 Eliminating cost-

related nonadherence as a major confounding variable will allow the analysis to 

focus on other less recognized factors. 

Since imatinib, dasatinib, and nilotinib are now all recommend as first-line 

agents in patients with CML, it is essential that clinical outcomes are evaluated 

all three agents. In addition, it is unlikely that the two, second-generation TKIs will 

be compared in a randomized controlled clinical trial in the near future. A 

extensive retrospective database study that includes cytogenetic and molecular 

outcomes will allow for a direct comparison between dasatinib and nilotinib in a 

naturalistic setting. 

To reconcile contradictory conclusions expressed by currently published 

studies and definitively determine adherence rates of various TKIs, a 

comprehensive study utilizing various validated methodologies is necessary. The 

studies that evaluated adherence and its impact on treatment response were 

generally small in size with a short follow-up period. The accessibility of VA data 

allowed an evaluation of a large number of patients from across the country over 

a prolonged period of time. In addition, the majority of the studies examined 
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treatment adherence with imatinib, and none of the studies included the all three 

currently available TKIs in their evaluation. There is currently a need for a study 

that not only evaluates the adherence of all three TKIs but also examines all the 

significant factors on multiple clinically relevant treatment outcomes. A broader 

scope of such a study would undoubtedly have a more generalized impact in 

terms of future drug selection. 
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Purpose of the Study  

A primary purpose of this study was to compare adherence and treatment 

outcomes among second-generation TKIs. The secondary purpose was to 

establish the effect of adherence on the clinical response for overall TKI therapy.  
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Objectives and Hypotheses 

 
Objective 1: Compare medication adherence between dasatinib and 

nilotinib as second-line treatment 

Hypothesis 1.1: There is no difference in the time to discontinuation between 

nilotinib and dasatinib therapy when administered as second-line treatment while 

controlling for patient age, sex, ethnicity, marital status, VHA priority group, 

Charlson comorbidity score, and previous CML treatment. 

Hypothesis 1.2: There is no difference between nilotinib and dasatinib therapy in 

the proportion of patients continuing treatment beyond the first-year of treatment 

when administered as second-line treatment while controlling for patient age, sex, 

ethnicity, marital status, VHA priority group, Charlson comorbidity score, and 

previous CML treatment. 

Hypothesis 1.3: There is no difference in the average MPR during the first-year of 

treatment between nilotinib and dasatinib therapy when administered as second-

line treatment, while controlling for patient age, sex, ethnicity, marital status, VHA 

priority group, Charlson comorbidity score. 

Hypothesis 1.4: There is no difference in the proportion of patients deemed 

adherent during the first-year of treatment, defined as achieving a MPR threshold 

of ≥80%, between nilotinib and dasatinib therapy when administered as second-

line treatment, while controlling for patient age, sex, ethnicity, marital status, VHA 

priority group, Charlson comorbidity score. 
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Objective 2: Compare the clinical response between dasatinib and nilotinib 

as second-line treatment 

Hypothesis 2.1: There is no difference in the proportion of patients experiencing 

CCyR by 12 months (+30 days) between nilotinib and dasatinib therapy when 

administered as second-line treatment while controlling for patient age, sex, 

ethnicity, marital status, VHA priority group, Charlson comorbidity score, and 

previous CML treatment. 

Hypothesis 2.2: There is no difference in time to achieve CCyR by 12 months 

(+30 days) between nilotinib and dasatinib therapy when administered as 

second-line treatment while controlling for patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 

Hypothesis 2.3: There is no difference in the proportion of patients experiencing 

MMR by 18 months (+60 days) between nilotinib and dasatinib therapy when 

administered as second-line treatment while controlling for patient age, sex, 

ethnicity, marital status, VHA priority group, Charlson comorbidity score, and 

previous CML treatment. 

Hypothesis 2.4: There is no difference in time to achieve MMR by 18 months 

(+60 days) between nilotinib and dasatinib therapy when administered as 

second-line treatment while controlling for patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 
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Objective 3: Assess the association between TKI adherence and clinical 

response 

Hypothesis 3.1: Greater adherence, as measured by MPR, is associated with an 

increase in the likelihood of achieving CCyR by 12 months (+30 days) while 

controlling for TKI received, line of treatment, patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 

Hypothesis 3.2: Greater adherence, as measured by MPR, is associated with an 

increase in the likelihood of achieving MMR by 18 months (+60 days) while 

controlling for TKI received, line of treatment, patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 

Hypothesis 3.3: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with an increase in the 

likelihood of achieving in CCyR by 12 months (+30 days) while controlling for TKI 

received, line of treatment, patient age, sex, ethnicity, marital status, VHA priority 

group, Charlson comorbidity score, and previous CML treatment. 

Hypothesis 3.4: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with an increase in the 

likelihood of achieving in MMR by 18 months (+60 days) while controlling for TKI 
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received, line of treatment, patient age, sex, ethnicity, marital status, VHA priority 

group, Charlson comorbidity score, and previous CML treatment. 

Hypothesis 3.5: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with a decrease in time to 

achieve CCyR by 12 months (+30 days) while controlling for TKI received, line of 

treatment, patient age, sex, ethnicity, marital status, VHA priority group, Charlson 

comorbidity score, and previous CML treatment. 

Hypothesis 3.6: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with a decrease in time to 

achieve MMR by 18 months (+60 days) while controlling for TKI received, line of 

treatment, patient age, sex, ethnicity, marital status, VHA priority group, Charlson 

comorbidity score, and previous CML treatment. 
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CHAPTER 2 

METHODOLOGY 

 

Design 

This was a retrospective cohort study of CML patients receiving TKI 

therapy at any of the approximately 150 VHA hospitals and 800 VHA clinics in 

the United States. 

Study Population Criteria 

1. VHA beneficiaries with an encounter at the VHA with a diagnosis code for 

CML (205.1x) from October 1, 2000 through September 30, 2012 

2.  Patient age 18 to 89 years on the day of CML diagnosis 

3. Patient had to have filled at least one prescription for one of the three 

established TKIs of interest (imatinib, nilotinib, dasatinib) from October 1, 

2001 through September 30, 2010  

Data Collection Methods 

This study utilized internal VHA databases for the time period of October 1, 

2000 to September 30, 2012. Enrollment spanned from October 1, 2001 to 

September 30, 2010. The VHA electronic medical record system includes 

administrative, clinical, laboratory, and pharmacy data repositories. These 

databases are linked together using a unique patient identifier (i.e., scrambled 
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social security numbers). The extracted data were used to develop a database of 

relevant patient and provider information. The investigators created the study 

variables and prepared an analytic dataset by integrating data from existing 

administrative and clinical data repositories using four national VA data sources: 

the VA Medical SAS Datasets (both inpatient and outpatient), the VA Vital Status 

File, and the VA Decision Support System (DSS) Datasets, and the VHA 

Assistant Deputy Under Secretary of Health (ADUSH) Annual Enrollment Files. 

MedSAS Datasets contain national administrative data on patient care 

encounters for health care provided by VHA both inpatient and outpatient. The 

DSS datasets are VHA’s managerial and cost accounting system, which contain 

National Data Extracts (NDEs) that provide clinical and financial information at 

the patient level. ADUSH enrollment files include enrollment, eligibility, 

demographic, cost, utilization, and location information. The VHA Corporate Data 

Warehouse (CDW) is a national repository of data from the Veterans Health 

Information Systems and Technology Architecture (VistA) and several other VHA 

clinical and administrative systems. Pharmacy prescription utilization on the 

outpatient and inpatient setting is included in this data repository. 
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Figure 1: Enrollment 

 

The majority of variables of interest were obtained from the electronic data 

systems, which were already populated with existing data. However, several 

variables, including Bcr-Abl copy number to determine MMR, the presence of the 

Ph chromosome to determine CCyR, and the existence of clinically significant 

mutations, were collected by a manual chart review. The chart review was 

performed by two clinically trained pharmacists with vast knowledge of CML 

management. 

An observation period extending one year prior to the initiation of the index 

medication was employed to identify any previous CML treatment; defined as any 

administration of interferon, cytarabine, hydroxyurea, or busulfan.  
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Study Variables 

 

Dependent Variables 

 
Persistence: the time of continuous therapy, quantified by the number of days 

covered by the drug from treatment initiation until treatment discontinuation. 

Persistence was evaluated both as a continuous variable and a dichotomous 

variable. As a continuous measure it was determined by number of days 

between the date of the first dispensation and the date when the days supply of 

the last dispensation is depleted within the follow-up period. Time of persistence 

beyond the point of follow-up was censored when applied to survival analysis. As 

a dichotomous measure persistence was based on whether the patients length of 

therapy continued to or beyond the first-year of treatment. 

 

Gaps in Treatment: defined as the interruption of a TKI administration whereby 

the same TKI is reinitiated after at least 60 days from the exhaustion of the drug 

supply (Figure 3). Only a maximum of two gaps in treatment were evaluated for 

using descriptive statistics. 
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Figure 2: Gaps in Treatment 

 

MPR: calculated as the days supply of medication dispensed within the first-year 

of treatment divided by a fixed interval of 365 days. The MPR was thus 

calculated by the following formula: MPR = (total prescription days of supply 

dispensed within the initial 365 day interval) ÷ 365 days.  

MPR was evaluated both as a continuous variable and a dichotomous 

variable. As a continuous measure it was represented as the average adherence 

across all patients within study cohorts. However, MPR may have been 

overestimated when patients receive early refills. Since a continuous MPR values 

>100% may have significantly misrepresented the overall adherence of a cohort, 
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patient-level values resembling overadherence was truncated to 100%. As a 

dichotomous variable a threshold of MPR ≥80% was utilized to delineate 

between adherence and nonadherence.  

 

CCyR: defined as the inability to detect the Philadelphia chromosomes within the 

bone marrow as measured by conventional testing, such as karyotyping or FISH. 

Guidelines recommend cytogenetic response to be evaluated every 6 months 

until CCyR is confirmed. In addition, guidelines define optimal cytogenetic 

response as CCyR by 12 months of treatment. CCyR was evaluated both as a 

dichotomous variable and a continuous variable. As a dichotomous variable it 

was defined as the presence or absence of CCyR by 12 months (+30 days) after 

the initiation of the current line of TKI therapy. As a continuous measure it was 

measured as time to CCyR through 12 months (+30 days). Patients lacking 

cytogenetic labs drawn within the first 13 months of treatment were excluded 

from analysis of clinical effectiveness. 199,200 Likewise, in cases where the last 

cytogenetic lab drawn prior to initiation of the second or third-line of treatment 

demonstrated CCyR, those lines of therapy were excluded form analysis of 

clinical effectiveness. 

 

MMR: defined as the Bcr-Abl:Abl ratio <0.1%. MMR was evaluated both as a 

dichotomous variable and a continuous variable. Guidelines recommend 

molecular response to be evaluated every 6 months until CCyR occurs, and 
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every 3–6 months thereafter. In addition, guidelines define optimal molecular 

response as MMR by 18 months of treatment. As a dichotomous variable it was 

defined as the presence or absence of MMR by 18 months (+60 days) after the 

initiation of the current line of TKI therapy. As a continuous measure it was 

measured as time to MMR through 18 months (+60 days). Patients lacking 

molecular labs drawn within the first 20 months of treatment were excluded from 

analysis. 199,200 Likewise, in cases where the last molecular lab drawn prior to 

initiation of the second or third-line of treatment demonstrated MMR, those lines 

of therapy were excluded form analysis of clinical effectiveness. 
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Table 14: Dependent Variables 

Variable Type Approach Hypothesis Source 

Persistence Continuous  Days of treatment until 
discontinuation of treatment 

1.1 Electronic 
pharmacy refill 
data 

Dichotomous Persistence definition: one year of 
continuous treatment 
 

1.2 

MPR Continuous  Truncated to 100% when >100% 1.3 Electronic 
pharmacy refill 
data Dichotomous Adherence definition: ≥80%  1.4 

CCyR Dichotomous CCyR by 12 months (+30 days) 2.1, 3.1, 3.3 Chart review 

Continuous Time to CCyR by 12 months (+30 
days) 
 

2.2, 3.5 

MMR Dichotomous MMR by 12 months (+60 days) 2.3, 3.2, 3.4 Chart review 

Continuous Time to MMR by 18 months (+60 
days) 

2.4, 3.6 
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Independent Variables 

 
Adherence: served as a independent variable when evaluating clinical 

effectiveness. The direct relationship between adherence to TKI therapy and 

treatment response has been demonstrated by multiple studies.  123-125,130 

 

TKI: captured by the generic or brand names within VHA medical record, that 

included imatinib (Gleevec®), nilotinib (Tasigna®), and dasatinib (Sprycel®). At 

least one dispensation is required for index medication designation.  

 

Line of Treatment: for the purpose of evaluating objective 3, the line of 

treatment was determined by the number of other TKIs dispensed on at least one 

occasion prior to the dispensation of the index medication. Therefore, first-line of 

treatment represents no previous dispensations of other TKIs, second-line 

represents a previous dispensation of one other TKI. The third-line of treatment 

represents a previous dispensations of two other TKIs, where a repeat of the 

same TKI in the first-line of treatment is excluded from analysis.  

 

Age: a continuous variable representing the patient’s age, in years, on first date 

of dispensation of the index medication. 

 

Gender: a dichotomous variable indicating whether the patient is male or female. 
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Race: a categorical variable indicating whether the patient is white, black, 

Hispanic, other non-Hispanic. Missing determination of the patients’ race was 

another possible result. Previous evidence exists demonstrating a relationship 

between race and CML outcomes.  215-217 

 

Marital status: a dichotomous variable indicating whether the patient is married 

or single. Social support has been identified as an independent variable for TKI 

adherence. 120 

 

VHA priority group: a dichotomous variable where each patient’s eligibility for 

VHA health care service is based on their assigned a priority group. VA uses 

priority groups to balance demand for VA health care enrollment with resources. 

The priority groups range from 1-8 where patients in priority group 1 are not 

required to pay a co-pay for the medications, while patients in patients in priority 

groups 2-8 are required to pay an $8-9 copay. Since, the priority group 

establishes the co-payment structure it may serve as a maker for cost-related 

nonadherence. 
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Table 15: Definition of VHA Priority Groups 

Priority 
Group 
 

Definition 

1 Veterans with service-connected disabilities rated 50 percent or more and/or 
veterans determined by VA to be unemployable due to service-connected 
conditions 
 

2 Veterans with service-connected disabilities rated 30 or 40 percent 
 

3 Veterans with service-connected disabilities rated 10 and 20 percent; veterans who 
are former Prisoners of War (POW) or were awarded a Purple Heart medal; 
veterans awarded special eligibility for disabilities incurred in treatment or 
participation in a VA Vocational Rehabilitation program; and veterans whose 
discharge was for a disability incurred or aggravated in the line of duty 
 

4 Veterans receiving aid and attendance or housebound benefits and/or veterans 
determined by VA to be catastrophically disabled 
 

5 Veterans receiving VA pension benefits or eligible for Medicaid programs, and non 
service-connected veterans and noncompensable, zero percent service-connected 
veterans whose gross annual household income and/or net worth are below the VA 
national 
 

6 Veterans of World War I; veterans seeking care solely for certain conditions 
associated with exposure to ionizing radiation during atmospheric testing or during 
the occupation of Hiroshima and Nagasaki; for any illness associated with 
participation in tests conducted by the Department of Defense (DoD) as part of 
Project 112/Project SHAD; veterans with zero percent service-connected disabilities 
who are receiving disability compensation benefits and veterans who served in a 
theater of combat operations after Nov. 11, 1998 as follows: 

1. Veterans discharged from active duty on or after Jan. 28, 2003, who were 
enrolled as of Jan. 28, 2008 and veterans who apply for enrollment after 
Jan. 28, 2008, for 5 years post discharge 
2. Veterans discharged from active duty before Jan. 28, 2003, who apply for 
enrollment after Jan. 28, 2008, until Jan. 27, 2011 

 
7 Veterans with gross household income below the geographically- adjusted income 

threshold (GMT) for their resident location and who agree to pay copays 
 

8 Veterans with gross household income and/or net worth above the VA national 
income threshold and the geographic income threshold who agree to pay copays. 
Note: Due to income relaxation rules implemented on June 15, 2009 Veterans with 
household income above the VA national threshold or the GMT income threshold for 
their resident location by 10 percent or less, who agree to pay copays, are eligible 
for enrollment in Priority Group 8 

 
 
Charlson comorbidity score: a continuous variable predicting ten-year mortality 

for a patient based on a range of comorbid conditions. Each condition is 
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assigned a score of 1, 2, 3, or 6, depending on the risk of dying associated with 

each one. Scores are summed to provide a total score to predict mortality.  

 
Table 16: Charlson Comorbidity Index Scoring System 

Score Condition 
 

1 • Myocardial infarction (history, not ECG changes only) 
• Congestive heart failure 
• Peripheral disease (includes aortic aneurysm >= 6 cm 
• Cerebrovascular disease: CVA with mild or no residual effects or TIA 
• Dementia 
• Chronic pulmonary disease 
• Connective tissue disease 
• Peptic ulcer disease 
• Mild liver disease (without portal hypertension, includes chronic hepatitis) 
• Diabetes without end-organ damage (excludes diet-controlled alone) 
 

2 • Hemiplegia 
• Moderate or severe renal disease 
• Diabetes with end-organ damage (retinopathy, neuropathy, nephropathy) 
• Tumor without metastasis (exclude if > 5 y from diagnosis) 
• Leukemia (acute or chronic) 
• Lymphoma 
 

3 • Moderate or severe liver disease 
 

6 • Metastatic solid tumor 
• AIDS (not just HIV positive) 
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Table 17: Independent Variables 

Variable Type Approach Hypothesis Source 

MPR Continuous  Truncated to 100% when 
>100% 

3.1, 3.2 Electronic 
pharmacy refill 
data 

Dichotomous Adherence definition: ≥80%  3.1 - 3.6 

TKI 
received 

Categorical Imatinib, dasatinib, nilotinib 1.1-1.4 
2.1-2.4 
3.1-3.6 

Electronic 
database 

Line of 
Treatment 

Categorical First, second, third-line 3.1 - 3.6 Electronic 
database 

Age Continuous Only patients 18-89 at the time 
of CML diagnosis were 
included in the study 
 

1.1-1.4 
2.1-2.4 
3.1-3.6 

Electronic 
database 

Gender Dichotomous  1.1-1.4 
2.1-2.4 
3.1-3.6 

Electronic 
database 
 

Race/ 
ethnicity 

Categorical White, black, Hispanic other 
non-Hispanic, and missing 

1.1-1.4 
2.1-2.4 
3.1-3.6 

Electronic 
database 
 

Marital 
status 

Dichotomous Married vs. single 1.1-1.4 
2.1-2.4 
3.1-3.6 

Electronic 
database 
 

VHA 
priority 
group 

Dichotomous Priority group 1 vs. Priority 
group 2-8 

1.1-1.4 
2.1-2.4 
3.1-3.6 

Electronic 
database 
 

Charlson 
comorbidity 
score 

Ordinal Identification of certain 
comorbidities presence of 
which affects ten-year mortality 

1.1-1.4 
2.1-2.4 
3.1-3.6 

Electronic 
database 

Previous 
treatment 

Dichotomous Interferon alpha, cytarabine, 
busulfan, or hydroxyurea 

1.1-1.2 
2.1-2.4 
3.1-3.6 

Electronic 
pharmacy data 
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Figure 3: Periods of Ascertainment of Study Variables 
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• Gender	  
• Marital	  Status	  
• Charlson	  comorbidity	  score	  
• Previous	  CML	  treatment:	  
• Interferon	  
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Analysis 

 

Software utilized: Study variables were constructed using SAS Version 9.2®. 

Statistical analyses were performed using IBM® SPSS® Statistics Version 21 

analytical software as well as JMP Version 10.0®. 

 

Stratification: For the evaluation of 1st and 2nd objective, analysis was stratified 

based on the line of TKI therapy the index medication represents. The line of TKI 

therapy was determined by the number of trials of other TKIs dispensed on at 

least one occasion prior to the dispensation of the index medication.  

 

Direct Comparison: The three TKIs studied were compared between each other. 

Due to the lack of patients receiving second-generation TKIs as first-line 

treatment and imatinib as second-line treatment, only the two second-generation 

TKIs were compared as second-line treatment beyond descriptive statistics. 

Adherence and nonadherence to first-year of treatment was also compared for 

the first three lines of treatment, with adherence being defined as MPR ≥80%.  

 

Statistical Analysis: Continuous variables were presented as mean, standard 

deviation, median, and interquartile range. Categorical variables were presented 

as the number and percentage of subjects in each category. All study measures 

were evaluated using two-way statistical tests to inform the final decisions on 
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which models are most appropriate given the distributional forms for the relevant 

variables.  

Chi-square tests was used to test for significant differences in the 

distributions of categorical variables. Two-tailed Student’s t-test and Wilcoxon 

Rank Sum test were be used to test for significant differences in the distributions 

of continuous variables. Shapiro Wilk-Test was used to determine whether the 

data analyzed corresponds to a normal distribution. Levene’s test was used to 

test equality of variances between two continuous variables.  

To determine the association between dichotomous dependent variables 

and independent variables a logistic regression model was used. A Hosmer and 

Lemeshow Test was used to detect misspecification in the predictive capacity of 

the model, while the Nagelkerke Pseudo R2 model determined fraction of 

variability in the dependent variable that can be accounted by the independent 

variables.  

To determine the correlation between continuous dependent variables and 

independent variables a linear regression model was used with the square of the 

correlation coefficient to determine the fraction of variance in the dependent 

variable that can be explained by the independent variables. The unstandardized 

β-coefficient was used to describe the effect of one unit change of the 

independent variable on the dependent variable. The standardized beta 

coefficient was a similar measure that utilized a standardized units, adjusted 

based on standard deviations of the variables. Kaplan-Meier model with log rank 
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test as well as Cox proportional-hazards models were used for time-to-event 

analyses. 

For multivariable analyses the primary independent variables of interests 

where automatically incorporated into the models, while a backwards conditional 

stepwise regression was applied for all other independent variables. 
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Table 18: Statistical Analysis 

Objective Primary 
Independent 
Variables 

Dependent 
Variables 
 

Hypothesis Statistical Analysis 

1 Dasatinib vs. 
Nilotinib 

Persistence 
(Continuous) 
 

1.1 Cox proportional-hazards  
 

Persistence 
(Dichotomous) 

 

1.2 Logistic regression 
 

MPR 
(Continuous) 
 

1.3 Linear regression 
 

MPR 
(Dichotomous) 
 

1.4 Binary logistic regression 
 

2 Dasatinib vs. 
Nilotinib 

CCyR 
(Dichotomous) 

2.1 Logistic regression 
 
 

Time to CCyR 
(Continuous) 
 

2.2 Cox proportional-hazards 
 

MMR 
(Dichotomous) 
 

2.3 Logistic regression 
  

Time to MMR 
(Continuous) 
 

2.4 Cox proportional-hazards 
 

3 MPR 
(Continuous) 

CCyR 
(Dichotomous) 
 

3.1 Logistic regression 
 

MMR 
(Dichotomous) 
 

3.2 Logistic regression 
 

MPR 
(Dichotomous) 

CCyR 
(Dichotomous) 
 

3.3 Logistic regression 
 

MMR 
(Dichotomous) 
 

3.4 Logistic regression 
 

Time to CCyR 
(Continuous) 

3.5 Cox proportional-hazards 
 

Time to MMR 
(Continuous) 

3.6 Cox proportional-hazards 
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Sample size 

Objective 1: To detect a 10% difference in adherence between distinct TKIs, a 

difference demonstrated in previous studies, this study will require at least 267 

patients per treatment group when using a fixed alpha level of 0.05 and beta 

level of 0.2. 117,127 

 

ni = (zα/2 + zβ)2  × (π1(1 - π2) + π2 (1 - π2)) ÷ (π1 - π2)2
 

 

zα/2 = 1.96 

zβ = 0.84 

π1 = 0.9 

π2 = 0.8 

 

 

Objective 2: To detect a 20% difference in the proportion of patients 

demonstrating a major molecular response by 18 months between distinct TKIs, 

a difference demonstrated in clinical trials, this study will require at least 103 

patients per treatment group when using a fixed alpha level of 0.05 and beta 

level of 0.2. 37,38,40,41 

 

ni = (zα/2 + zβ)2  × (π1(1 - π2) + π2 (1 - π2)) ÷ (π1 - π2)2
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zα/2 = 1.96 

zβ = 0.84 

π1 = 0.45 

π2 = 0.25 

 

Objective 3: Based on previous data, we estimate at least 50% of patients 

adherent to TKI therapy will achieve a major molecular response by 18 months 

as compared to no more than 25% of non-adherent patients. 38,40,124 With a fixed 

alpha level of 0.05 and beta level of 0.2, this study will require at least 71 patients 

per group.  

Sample size equation: 

ni = (zα/2 + zβ)2 × (π1(1 - π2) + π2 (1 - π2)) ÷ (π1 - π2)2
 

 

zα/2 = 1.96 

zβ = 0.84 

π1 = 0.5 

π2 = 0.25 
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CHAPTER 3 

RESULTS 

 

Cohort Description 

 From October 1st, 2001 through September 30th, 2010, the enrollment 

period, medical claims reflecting a CML diagnosis was submitted for 6,591 

unique patients in the VHA system. After excluding 115 patients that did not meet 

the documented 18-89 years age criteria, 2,873 patients were identified to have 

TKIs as treatment for CML, which comprised the cohort for the study (Figure 4). 

 

Figure 4: Identification of the Study Cohort 

 

 

N=6,591	  

• Criteria:	  CML	  diagnosis	  (ICD-‐10-‐CM	  code	  of	  205.1x	  in	  any	  
position	  on	  at	  least	  one	  outpatient	  or	  inpatient	  medical	  claim)	  

• Time	  Period:	  Oct	  1,	  2001-‐	  Sept	  30,	  2010	  

N=6,476	  

• Criteria:	  Patient	  age	  of	  18	  to	  89	  years	  (excluding	  patients	  
with	  missing	  age)	  

• Time	  Period:	  On	  the	  ]irst	  data	  of	  CML	  diagnosis	  

N=2,873	  
• Criteria:	  At	  least	  one	  dispensation	  of	  a	  TKI	  of	  interest	  
• Time	  Period:	  Oct	  1,	  2001-‐Sept	  30,	  2010	  
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Out of the 2,873 patients that received first-line treatment, 586 (20.4%) 

were switched to a different TKI constituting second-line treatment. Two-hundred 

forty-five patients (8.5%) were switched again to third-line treatment. Finally, a 

very small percentage of patients switched TKIs for the third, fourth, and fifth time 

(Table A-1). It was obvious that since there are only three TKIs that were 

evaluated in this study, a portion of the patients were retrying TKIs that they had 

previously received, which had been discontinued in favor of a different TKI. 

As anticipated nearly all (98.2%) patients received imatinib as first-line 

treatment. In fact, even after second-generation TKIs were introduced to the 

market more than 95% of patients newly initiated on TKIs received imatinib. 

Conversely, second-generation TKIs represented 99.1% of second-line 

treatments (Table 19).  Ninety-nine percent of patients receiving third-line 

treatment received imatinib as first-line treatment that was followed by a second-

generation TKI as second-line treatment. However, only 53% of these patients 

received the other second-generation TKI, while the rest were reinitiated on 

imatinib therapy (Table A-2).  
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Table 19: Lines of Treatment by TKI 

TKI 
First-line 
(N = 2873) 

N (%) 

Second-line 
(N = 586) 

N (%) 

Third-line 
(N = 245) 

N (%) 

Fourth-line 
(N = 88) 
N (%) 

Fifth-line 
(N = 28) 
N (%) 

Sixth-line 
(N = 3) 
N (%) 

Imatinib 2822 
(98.2) 

5 
(0.9) 

115 
(46.9) 17 (19.3) 12 

(42.9) 
1 

(33.3) 

Dasatinib 32 
(1.1) 

457 
(78.0) 

17 
(6.9) 

44 
(50.0) 

4 
(14.3) 

1 
(33.3) 

Nilotinib 19 
(0.7) 

124 
(21.2) 

113 
(46.1) 

27 
(30.7) 

12 
(42.9) 

1 
(33.3) 

 
 

Time of follow-up reflects both time to treatment discontinuation, as well 

as continuation of treatment until the static point of follow-up period termination 

on September 30th, 2012. The average days of follow-up were 1,441 days for 

first-line imatinib as compared to an approximate average of 600 days for the 

second-generation TKIs (Table A-4). This result was anticipated since imatinib 

was available for 5 years prior to dasatinib approval. The differences in the days 

of follow-up among TKIs when administered as subsequent lines of therapy are 

much smaller. In addition, the time of follow-up steadily decreased with 

successive lines of therapy, with second-line treatments maintaining average 

follow-up of about 500 days as compared to about 400 days for third-line 

treatment (Table A-5 and A-6). 

Extended gaps in treatment representing at least 60 days after the 

exhaustion of the drug supply were rare. Only 4.4% of patients receiving first-line 

treatment experienced such a gap in therapy (Table A-7). For second-line 
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treatment this phenomenon occurred even more seldom, with only 2.0% 

demonstrating at least one prolonged gap in therapy (Table A-8). Although the 

prevalence of extended treatment gaps were rare they were notably long, with 

the duration of about 200 days.  
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Patient Baseline Characteristics 

The mean age of patients initiating TKI therapy of about 67 (±12.7) years 

is very similar to the 64 years of the mean age for a CML diagnosis as 

determined by previous epidemiological studies (Table 20). The 97% of patients 

being identified as male in this study, makes up a greater proportion of patients 

as compared to the general VHA population, of which 92% are of male sex. 

Although CML is slightly more likely to occur in males, the greater proportion of 

male patients observed in this study is likely due to the fact that patients 

diagnosed with CML are also generally older, while the proportion of active 

military female personnel has been even smaller in the past than today.  The 

proportion of patients identified as white of about 66% more closely resembles 

the general population, where 62% are identified as white as compared to 81% in 

the VHA population. On the other hand, the “married” marital status in 65% of 

patients in this study is similar to the rest of the VHA population, where 67% of 

the patients are married as compared to 49% in the general population. 196 The 

average Charlson comorbidity index score of 3.15 (±1.79) can be interpreted as a 

10-year survival rate of about 45%. 201 Eighteen percent of the patients studied 

were designated priority level 1, denoting that one-fifth of the study cohort did not 

have to pay a co-pay for their medications. About 23% of patients received 

hydroxyurea one year prior to initiating TKI therapy. Only about 5% received 

interferon-alpha, with less than 1% receiving busulfan, and no one receiving 

cytarabine. 
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Table 20: Baseline Characteristics of First-line Treatment 

 
All First-line Treatments 

N=2873 

Age 
Mean (sd)a 

66.7 
(12.7) 

Male 
N (%) 

2796 
(97.3) 

Black 
N (%) 

288 
(10.0) 

White 
N (%) 

1891 
(65.8) 

Hispanic 
N (%) 

96 
(3.3) 

Other Race 
N (%) 

266 
(9.3) 

Race Missing 
N (%) 

332 
(11.6) 

Married 
N (%) 

1868 
(65.0) 

Priority Level 1 
N (%) 

514 
(17.9) 

Charlson Comorbidity Score 
Mean (sd)a 

3.15 
(1.79) 

Interferon-alpha 
N (%) 

134 
(4.7) 

Cytarabine 
N (%) 

0 
(0) 

Hydroxyurea 
N (%) 

651 
(22.7) 

Busulfan 
N (%) 

9 
(0.3) 

 

Nearly all baseline characteristics among patients receiving dasatinib or 

nilotinib as second-line treatment were statistically similar. The only difference 
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identified between the two groups was nearly three times as many dasatinib-

treated patients received hydroxyurea prior to the initiation of TKI therapy as 

compared to nilotinib-treated patients (OR: 2.71, 95% CI: 1.52-4.82, p<0.001) 

(Table 21).  
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Table 21: Baseline Characteristics Second-generation TKIs as Second-line Treatment 

TKI Dasatinib 
N=457 

Nilotinib 
N=124 

Dasatinib vs. Nilotinib 

OR/Mean 
difference 
(95% CI) 

p-value 

Age 
Mean (sd) 

67.0 
(13.4) 

67.2 
(13.0) 

-0.24 
(-2.9 - 2.4) 0.860 

Male 
N (%) 

445 
(97.4) 

120 
(96.8) 

1.24 
(0.40-3.90) 0.717 

Black 
N (%) 

67 
(16.0) 

20 
(17.9) 

0.87 
(0.50-1.51) 0.628 

White 
N (%) 

313 
(74.5) 

83 
(74.1) 

1.02 
(0.64-1.65) 0.928 

Hispanic 
N (%) 

19 
(4.5) 

6 
(5.4) 

0.84 
(0.33 – 2.15) 0.711 

Other Race 
N (%) 

21 
(5.0) 

3 
(2.7) 

1.91 
(0.56-  6.53) 0.293 

Race Missing 
N (%) 

37 
(8.1) 

12 
(9.7) 

0.82 
(0.42 – 1.63) 0.574 

Married 
N (%) 

277 
(60.6) 

75 
(60.5) 

1.00 
(0.67 - 1.51) 0.979 

Priority Level 1 
N (%) 

86 
(18.8) 

27 
(21.8) 

0.83 
(0.51 -1.36) 0.461 

Charlson 
Comorbidity Score 

Mean (sd) 

3.58 
(1.90) 

3.61 
(2.09) 

-0.03 
(-0.42 – 0.36) 0.876 

Interferon-alpha 
N (%) 

19 
(4.2) 

3 
(2.4) 

1.75 
(0.51 – 6.01) 0.368 

Cytarabine 
N (%) 

0 
(0.0) 

0 
(0.0) NA NA 

Hydroxyurea 
N (%) 

124 
(27.1) 

15 
(12.1) 

2.71 
(1.52 – 4.82) <0.001 

Busulfan 
N (%) 

0 
(0.0) 

0 
(0.0) NA NA 

a. Levene’s Test: >0.05: equal variances assumed 
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Characteristics of the Manual Chart Review 

 
 Clinical effectiveness data was collected from 683 unique patients using a 

manual chart review, representing a total of 1,633 separate lines of treatment 

(Table A-10 through A-15). One hundred percent of patients that received 

second-generation TKIs as any line of treatment throughout the enrollment 

period were evaluated. Thereby all 586 patients that received second-line 

treatment were evaluated. However, due to the complexity of the chart review 

process, manual data collection was limited to only about 22% of the 2822 

patients that received imatinib as first-line treatment. Twelve percent of patients 

evaluated in the chart review had no molecular and genetic labs identified. 

 A total of 6,818 separate lab draws were identified; three quarters of 

which were testing for molecular response (Table 22). Seventy-seven percent of 

results for molecular testing were available and recorded. Although only 74% of 

the cytogenetic test revealed results with the exact quantity of cells containing 

the Ph chromosome, 91% of results that simply identified the presence or 

absence of Ph chromosome within the bone marrow were obtainable.  
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Table 22: Proportion of  Lab Results Recorded in the Chart Review 

Labs 
Results 

Recorded 
N (%) 

Results 
Unavailable 

N (%) 
Labs 

Drawn 

Cytogenetic testing    

Quantity of cells with Ph+ 1080  
(73.6) 

388  
(26.4) 1468 

Presence of Ph+ cells 1332  
(90.7) 

136  
(9.3) 1468 

Molecular Testing 4075  
(77.0) 

1216  
(23.0) 5291 

Mutation Analysis 56  
(94.9) 

3  
(5.1) 59 

Total Labs Drawn   6818 

 

Of the first 3 lines of treatment, 61% had a molecular test collected within 

the first 19 months of treatment, while 24% had a cytogenetic test collected 

within the first 13 months of treatment (Table A-16). Only treatments where the 

respective lab results were recorded within the appropriate time intervals were 

included in the analysis of clinical effectiveness. Nine percent of second-line 

treatments and 13% of 3rd line treatments had a documented CCyR in the last 

cytogenetic lab drawn prior to initiation the respective treatments. Seventeen 

percent of second-line treatment and 2% of 3rd had a documented MMR in the 

last molecular lab drawn prior to initiation of the respective treatments. All lines of 

treatment where the outcome of interest was documented prior to the initiation of 

the corresponding treatment were excluded from respective analyses. Based on 

this criteria, a total 42% of patients achieved documented CCyR within 12 
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months (+30 days) of treatment.  A total of 43% of patients achieved documented 

MMR within 18 months (+60 days) of treatment.   
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Evaluation of Objectives and Hypotheses 

 

Objective 1: Compare medication adherence between dasatinib and 

nilotinib as second-line treatment 

 

Hypothesis 1.1: There is no difference in the time to discontinuation between 

nilotinib and dasatinib therapy when administered as second-line treatment while 

controlling for patient age, sex, ethnicity, marital status, VHA priority group, 

Charlson comorbidity score, and previous CML treatment. 

 

Kaplan-Meier analysis with a log-rank test did not demonstrate a statistically 

significant difference in time to discontinuation between dasatinib and nilotinib 

(p= 0.740) (Figure 5). Once backwards-conditional stepwise regression was 

applied to the multivariable analysis, age and Charlson Comorbidity score were 

the only covariates to be included in the final step of the model. The Cox 

proportional-hazards model evaluating time to discontinuation revealed a HR of 

1.06 (CI 0.92 – 1.37, p= 0.671) for dasatinib when compared to nilotinib. 

Increasing age (p= 0.007) and Charlson Comorbidity score (p= 0.001) were 

found to have a statistically significant association with an increased rate of 

discontinuation (Table 23).  
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Figure 5: Kaplan-Meier Curve for Time to Discontinuation for Dasatinib and Nilotinib as 
Second-line Treatment 
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Table 23: Cox proportional-hazards for Time to Discontinuation for Second-line Treatment 
Comparing Dasatinib and Nilotinib 

Variable β-coefficient HR 
(95% CI) p-value 

Dasatinib vs. Nilotinib 0.06 1.06 
(0.82 – 1.37) 0.671 

Age 0.01 1.01 
(1.00- 1.02) 0.007 

Charlson Comorbidity 
Score 0.08 1.08 

(1.03 – 1.14) 0.001 

Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1, previous interferon, previous cytarabine, previous hydroxyurea, 
previous busulfan 
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Hypothesis 1.2: There is no difference between nilotinib and dasatinib therapy in 

the proportion of patients continuing treatment beyond the first-year of treatment 

when administered as second-line treatment while controlling for patient age, sex, 

ethnicity, marital status, VHA priority group, Charlson comorbidity score, and 

previous CML treatment. 

 

Forty-five percent of patients receiving dasatinib as second-line treatment 

continued therapy beyond one year relative to 44% of patients receiving nilotinib. 

This resulted in an OR of 1.10 (95% CI 0.71-1.68, p= 0.680), which was not 

statistically significant (Table 24). Once backwards-conditional stepwise 

regression was applied to the multivariable analysis, age and Charlson 

Comorbidity score were the only covariates to be included in the final step of the 

model. When controlling for these covariates the results were similar with OR 

1.09 (95% CI 0.71-1.68, p= 0.704), which was likewise not statistically significant. 

An increase in age by one year was found to have a slight 2% decrease in the 

odds of continuing treatment beyond the first-year (Table 25). 

 

Table 24: Proportion of Treatments Continuing beyond First-year for Dasatinib and 
Nilotinib as Second-line Treatment 

Outcome 
Dasatinib 
(N=457) 
N (%) 

Nilotinib 
(N=124) 
N (%) 

Unadjusted Comparison 

95% CI p-value 

Treatments 
Continuing 

beyond  
First-year 

207 
(45.3) 

54 
(43.5) 

1.07 
(0.72-1.60) 0.729 
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Table 25: Multivariable Logistic Regression for Persistence within the First-year for 
Dasatinib and Nilotinib as Second-line Treatment 

Variable β-coefficient OR 
(95% CI) p-value 

Dasatinib vs. Nilotinib 0.083 1.09 
(0.71 – 1.68) 0.704 

Age -0.016 0.98 
(0.97 – 1.00) 0.020 

Charlson Comorbidity 
Score -0.085 0.92 

(0.84 – 1.01) 0.079 

Hosmer and 
Lemeshow Test p= 0.636 

Nagelkerke R^2 0.028 

Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1, previous interferon, previous cytarabine, previous hydroxyurea, 
previous busulfan 
 
 

  



 99 

Hypothesis 1.3: There is no difference in the average MPR during the first-year of 

treatment between nilotinib and dasatinib therapy when administered as second-

line treatment, while controlling for patient age, sex, ethnicity, marital status, VHA 

priority group, Charlson comorbidity score. 

 

The average MPR for the first-year of second-line treatment was 51% (±35%) for 

dasatinib-treated patients relative to 47% (±34%) nilotinib-treated patients, 

resulting in a mean difference of 4% (95% CI: -3.3 - 10.6%, p=0.297). Once 

backwards-conditional stepwise regression was applied to the multivariable 

analysis, no other variables were included in the last step of the model. The 

linear regression model generated nearly identical results with a mean difference 

of 4% (95% CI: -3.5 - 11.0%, p= 0.309) (Table 26). No other variables were found 

to have a significant association with the average MPR (Table 27). 
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Table 26: Comparing MPR between Dasatinib and Nilotinib as Second-line Treatment 

Outcome 

Dasatinib 
(N=457) 

Mean MPR  
(sd) 

Nilotinib 
(N=124) 

Mean MPR  
(sd) 

Unadjusted Comparison 

Mean 
Difference 
(95% CI) 

p-value 

MPR  51.1% 
(35.1%) 

47.4% 
(34.4%) 

3.5% 
(-3.3 - 10.6%) 0.297 

Equal variances according to the Levene’s test 
 

 
Table 27: Multivariable Linear Regression for MPR of the first-year of Second-line 
Treatment  

Variable 
β-coefficient 

(95% CI) 
 

Standardized 
Beta p-value 

Dasatinib vs. Nilotinib 0.038 
(-0.035 – 0.110) 0.044 0.309 

R^2 0.002 

Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1 
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Hypothesis 1.4: There is no difference in the proportion of patients deemed 

adherent during the first-year of treatment, defined as achieving a MPR threshold 

of ≥80%, between nilotinib and dasatinib therapy when administered as second-

line treatment, while controlling for patient age, sex, ethnicity, marital status, VHA 

priority group, Charlson comorbidity score. 

 

Thirty-three percent of the dasatinib-treated patients were adherent during first-

year of treatment relative to 28% of nilotinib-treated patients. The resulting OR of 

1.24 (95% CI: 0.80 - 1.92, p= 0.330) was not statistically significant (Table 28). 

Once backwards-conditional stepwise regression was applied to the multivariable 

analysis, Charlson Comorbidity score was the only covariate to be included in the 

final step of the model. When adjusted for this variable, the difference was also 

not significant with an OR of 1.24 (95% CI: 0.78-1.95, p= 0.361). Logistic 

regression model revealed that an increase in the Charlson comorbidity score by 

1 point decreased the odds of  continuing treatment by 15% (Table 29). 

 

Table 28: Comparing Proportion of Patients with MPR ≥80% between Dasatinib and 
Nilotinib as Second-line Treatment 

Outcomes 
Dasatinib 
(N=457) 
N (%) 

Nilotinib 
(N=124) 
N (%) 

Unadjusted 

OR 
(95% CI) p-value 

Patients with 
MPR ≥80% 

150 
(32.8) 

35 
(28.3) 

1.24 
(0.80 – 1.92) 0.330 
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Table 29: Multivariable Logistic Regression Comparing Proportion of Patients with MPRs ≥ 
80% between Dasatinib and Nilotinib of Second-line Treatment  

Variable β-coefficient OR 
(95% CI) p-value 

Dasatinib vs. Nilotinib 0.217 1.24 
(0.78 -1.98) 0.361 

Charlson Comorbidity 
Score -0.158 0.85 

(0.77 – 0.95) 0.005 

Hosmer and 
Lemeshow Test 0.111 

Nagelkerke R^2 0.025 

Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1 
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Objective 2: Compare the clinical response between dasatinib and nilotinib 

as second-line treatment 

 

Hypothesis 2.1: There is no difference in the proportion of patients experiencing 

CCyR by 12 months (+30 days) between nilotinib and dasatinib therapy when 

administered as second-line treatment while controlling for patient age, sex, 

ethnicity, marital status, VHA priority group, Charlson comorbidity score, and 

previous CML treatment. 

 

Forty-two percent of patients receiving dasatinib as second-line treatment 

demonstrated documented CCyR by 12 months (+30 days) relative to 46% of 

nilotinib-treated patients. The resulting OR of 0.83 (95% CI: 0.26 – 2.67, p= 

0.755) was not statistically significant (Table 30). Once backwards-conditional 

stepwise regression was applied to the multivariable analysis, age and 

race/ethnicity were the only covariates to be included in the final step of the 

model. When adjusted for these covariates, the difference was similarly not 

significant with an OR of 0.50 (95% CI: 0.12 -1.70, p= 0.243). An increase in age 

by one year was found to decrease the odds of achieving documented CCyR by 

3% (p= 0.034) (Table 31). 
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Table 30: Comparing Proportion of Patients Demonstrating CCyR between Dasatinib and 
Nilotinib TKIs as Second-line Treatment 

Outcome 
Dasatinib 

(N= 89) 
N (%) 

Nilotinib 
(N=13) 
N (%) 

Unadjusted 
Comparison 

OR 
(95% CI) p-value 

CCyR  by 12 
months 

37 
(41.6) 

6 
(46.2) 

0.83 
(0.26 – 2.67) 0.755 

 

 
Table 31: Multivariable Logistic Regression for CCyR by 12 months for Second-generation 
TKIs as Second-line of Treatment 

Variable β-coefficient OR 
(95% CI) p-value 

Dasatinib vs. Nilotinib -0.779 0.50 
(0.12 – 1.70) 0.243 

Age -0.036 0.97 
(0.94 – 1.00) 0.034 

White Race  NA NA 0.217 

Hispanic Ethnicity -21.608 NA 0.999 

Other Race/Ethnicity 1.995 7.36 
(0.78 – 69.01) 0.081 

Hosmer and Lemeshow Test P=0.904 

Nagelkerke R^2 0.174 
Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1, previous interferon, previous cytarabine, previous hydroxyurea, 
previous busulfan 
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Hypothesis 2.2: There is no difference in time to achieve CCyR by 12 months 

(+30 days) between nilotinib and dasatinib therapy when administered as 

second-line treatment while controlling for patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 

 

Kaplan-Meier analysis with a log-rank test did not demonstrate a statistically 

significant difference in time to documented CCyR by 12 months (+30 days) 

between dasatinib and nilotinib (p= 0.989) (Figure 6). Once backwards-

conditional stepwise regression was applied to the multivariable analysis, age 

and race/ethnicity were the only covariates to be included in the final step of the 

model. The Cox proportional-hazards model evaluating time to documented 

CCyR revealed a HR of 1.02 (CI 0.40 – 2.58, p= 0.968) for dasatinib when 

compared to nilotinib. Increasing age was found to have a statistically significant 

inverse relationships to the rate of achieving documented CCyR (p= 0.026). 

Relative to being identified as white, an identification of other race/ethnicity 

resulted in an over a three fold increase in the rate of achieving documented 

CCyR (p=0.022). (Table 32) 
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Figure 6: Kaplan-Meier Curve for Time to CCyR by 12 months (+30 days) for Dasatinib and 
Nilotinib as Second-line Treatment 

 
 

Table 32: Cox proportional-hazards for Time to CCyR by 12 months (+30 days) for Second-
generation TKIs as Second-line Treatment 

Variable β-coefficient HR 
(95% CI) p-value 

Dasatinib vs. Nilotinib 0.019 1.02 
(0.40 – 2.58) 0.968 

Age -0.026 0.98 
(0.95 – 1.00) 0.023 

White Race  NA NA 0.036 

Black Race -0.57 0.57 
(0.22 – 1.49) 0.249 

Hispanic Ethnicity -12.386 NA 0.980 

Other race/ethnicity 1.170 3.22 
(1.19 – 8.75) 0.022 

Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1, previous interferon, previous cytarabine, previous hydroxyurea, 
previous busulfan 
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Hypothesis 2.3: There is no difference in the proportion of patients experiencing 

MMR by 18 months (+60 days) between nilotinib and dasatinib therapy when 

administered as second-line treatment while controlling for patient age, sex, 

ethnicity, marital status, VHA priority group, Charlson comorbidity score, and 

previous CML treatment. 

 

Fifty-one percent of the patients receiving dasatinib as second-line treatment 

achieved documented MMR by 18 months (+60 days) relative to 56% of nilotinib-

treated patients. The resulting OR of 0.80 (95% CI: 0.44 – 1.44, p= 0.448) was 

not statistically significant (Table 33). Once backwards-conditional stepwise 

regression was applied to the multivariable analysis, age and race/ethnicity were 

the only covariates to be included in the final step of the model. When adjusted 

for these covariates, the difference was similarly not significant with an OR of 

0.66 (95% CI: 0.35 -1.23, p= 0.189). An increase in age by one year resulted in a 

3% decrease in odds of achieving. Relative to being identified as white, an 

identification of other race/ethnicity resulted in a nearly a 12 fold increase in the 

odds of achieving documented MMR (Table 34). 
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Table 33: Comparing Proportion of Patients Demonstrating MMR between Dasatinib and 
Nilotinib as Second-line Treatment 

 

Outcome 
Dasatinib 
(N= 210) 

N (%) 

Nilotinib 
(N= 57) 
N (%) 

Unadjusted Comparison 

OR 
(95% CI) p-value 

MMR by 18 
months  

(+60 days) 

106 
(50.5) 

32 
(56.1) 

0.80 
(0.44 – 1.44) 0.448 

 
 

Table 34: Multivariable Logistic Regression for MMR by 18 months for Second-generation 
TKIs as Second-line of Treatment 

Variable β-coefficient OR 
(95% CI) p-value 

Dasatinib vs. Nilotinib -0.420 0.66 
(0.35 – 1.23) 0.189 

Age -0.030 0.97 
(0.95 – 0.99) 0.003 

White Race  NA NA 0.069 

Hispanic Ethnicity 0.145 1.16 
(0.24 – 5.57) 0.859 

Other race/ethnicity 2.478 11.91 
(1.45 – 97.64) 0.021 

Hosmer and Lemeshow Test 0.309 

Nagelkerke R^2 0.095 
Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1, previous interferon, previous cytarabine, previous hydroxyurea, 
previous busulfan 
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Hypothesis 2.4: There is no difference in time to achieve MMR by 18 months 

(+60 days) between nilotinib and dasatinib therapy when administered as 

second-line treatment while controlling for patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 

 

Kaplan-Meier analysis with a log-rank test did not demonstrate a statistically 

significant difference in time to documented MMR by 18 months (+60 days) 

between dasatinib and nilotinib (p= 0.208) (Figure 7). Once backwards-

conditional stepwise regression was applied to the multivariable analysis, age 

was the only covariate to be included in the final step of the model. The Cox 

proportional-hazards model evaluating time to documented MMR revealed a HR 

of 0.73 (CI 0.48 – 1.11, p= 0.141) for dasatinib when compared to nilotinib (Table 

35).  
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Figure 7: Kaplan-Meier Curve for Time to MMR by 18 months (+60 days) for Dasatinib and 
Nilotinib as Second-line Treatment 

 
  

Table 35: Cox proportional-hazards for Time to MMR by 18 months (+60 days) for Second-
line Treatment 

Variable β-coefficient HR 
(95% CI) p-value 

Dasatinib vs. Nilotinib -0.284 0.75 
(0.50 – 1.14) 0.176 

Age -0.011 0.99 
(0.98 – 1.00) 0.084 

Variables controlled for in the model: sex, age, Charlson comorbidity score, black race, white race, other race, missing 
race, Hispanic ethnicity, marital status, priority score of 1, previous interferon, previous cytarabine, previous hydroxyurea, 
previous busulfan 
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Objective 3: Assess the association between TKI adherence and clinical 

response 

 

Hypothesis 3.1: Greater adherence, as measured by MPR, is associated with an 

increase in the likelihood of achieving CCyR by 12 months (+30 days) while 

controlling for TKI received, line of treatment, patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 

 

A logistic regression model determined that an increase in MPR by 1% increased 

the odds of achieving documented CCyR by 12 months (+30 days) by 2% with an 

OR of 1.02 (95% CI: 1.01- 1.02, p= 0.001). Once backwards-conditional stepwise 

regression was applied to the multivariable analysis, age and previous interferon 

treatment were the only other covariates to be included in the final step of the 

model.  Neither the line of treatment, the type of TKI received, nor any other 

covariates were associated with a significant difference in the likelihood of 

achieving documented CCyR (Table 36). 
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Table 36: Multivariable Logistic Regression for the Effect of Increasing Adherence based 
on MPR on CCyR by 12 months (+30 days) 

Variable β-coefficient OR 
(95% CI) p-value 

MPR 0.015 1.02 
(1.01 – 1.02) <0.001 

TKI-imatinib (reference) NA NA 0.620 

TKI-nilotinib 0.838 2.31 
(0.44 – 12.07) 0.321 

TKI-dasatinib 0.468 1.59 
(0.40 – 6.46) 0.511 

Line of Treatment- 1 (reference) NA NA 0.460 

Line of Treatment- 2 0.385 1.47 
(0.37 – 5.83) 0.584 

Line of Treatment- 3 -0.532 0.60 
(0.09 – 4.06) 0.590 

Previous interferon -20.583 NA 0.999 

Age -0.015 0.99 
(0.97 – 1.00) 0.110 

Hosmer and Lemeshow Test P = 0.383 

Nagelkerke R^2 0.121 
Variables controlled for in the model: adherence (MPR ≥80%), TKI, line of treatment, sex, age, Charlson comorbidity 
score, black race, white race, other race, missing race, Hispanic ethnicity, marital status, priority score of 1, previous 
interferon, previous cytarabine, previous hydroxyurea 
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Hypothesis 3.2: Greater adherence, as measured by MPR, is associated with an 

increase in the likelihood of achieving MMR by 18 months (+60 days) while 

controlling for TKI received, line of treatment, patient age, sex, ethnicity, marital 

status, VHA priority group, Charlson comorbidity score, and previous CML 

treatment. 

 

A logistic regression model determined that an increase in MPR by 1% increased 

the odds of achieving documented MMR by 18 months (+60 days) from treatment 

initiation by 1% with an OR of 1.01 (95% CI: 1.00 – 1.01, p= 0.005). Once 

backwards-conditional stepwise regression was applied to the multivariable 

analysis, age, sex, race/ethnicity, and Charlson Comorbidity score were the only 

other covariates to be included in the final step of the model. The type of TKI 

received was not associated with a significant difference in the likelihood of 

achieving documented MMR. However, receiving TKI’s as third-line treatment 

increased the odds of achieving documented MMR by 150% relative to first-line 

treatment. Male sex (p= 0.032) was associated with a decrease in the odds of 

achieving documented MMR by 60% (p= 0.032). Relative to being identified as 

white, an identification of other race/ethnicity resulted in a nearly a three-fold 

increase in the odds of achieving documented MMR (p= 0.018) (Table 37). 
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Table 37: Multivariable Logistic Regression for the Effect of Increasing Adherence based 
on MPR on MMR by 18 months (+60 days) 

Variable β-coefficient OR 
(95% CI) p-value 

MPR 0.007 1.01 
(1.00 – 1.01) 0.005 

TKI-imatinib (reference) NA NA 0.873 

TKI-nilotinib 0.098 1.10 
(0.49 – 2.49 0.813 

TKI-dasatinib -0.042 0.96 
(0.43 – 2.12) 0.917 

Line of Treatment- 1 (reference) NA NA 0.078 

Line of Treatment- 2 0.412 1.51 
(0.69 – 3.30) 0.302 

Line of Treatment- 3 0.981 2.67 
(1.09 – 6.55) 0.033 

Male Sex -0.922 0.40 
(0.17 – 0.92) 0.032 

White Race NA NA 0.063 

Black Race -0.218 0.80 
(0.53 -1.22) 0.307 

Hispanic Ethnicity -0.212 0.81 
(0.35 – 1.89) 0.625 

Other race/ethnicity 1.085 2.96 
(1.21 – 7.26) 0.018 

Age -0.012 0.99 
(0.98 – 1.00) 0.056 

Charlson Comorbidity Score 0.078 1.08 
(0.99 – 1.18) 0.078 

Hosmer and Lemeshow Test P=0.542 

Nagelkerke R^2 0.072 
Variables controlled for in the model: adherence (MPR ≥80%), TKI, line of treatment, sex, age, Charlson comorbidity 
score, black race, white race, other race, missing race, Hispanic ethnicity, marital status, priority score of 1, previous 
interferon, previous cytarabine, previous hydroxyurea, previous busulfan 
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Hypothesis 3.3: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with an increase in the 

likelihood of achieving in CCyR by 12 months (+30 days) while controlling for TKI 

received, line of treatment, patient age, sex, ethnicity, marital status, VHA priority 

group, Charlson comorbidity score, and previous CML treatment. 

 

CCyR by 12 months (+30 days) was achieved by 42% of the patients adherent to 

TKI therapy during the first-year of each line of treatment relative to 25% of 

nonadherent patients. The resulting OR of 2.21 (95% CI: 1.38 – 3.55, p= 0.001) 

was statistically significant (Table 38). Once backwards-conditional stepwise 

regression was applied to the multivariable analysis, age and previous interferon 

treatment were the only other covariates to be included in the final step of the 

model. When adjusted for these covariates, the difference was also significant 

with an OR of 2.68 (95% CI: 1.58 – 4.57, p< 0.001). Neither the line of treatment, 

the type of TKI received, nor any other covariate were associated with a 

significant difference in the likelihood of achieving documented CCyR by 12 

months (+30 days) of treatment (Table 39). 

 
Table 38: Effect of Adherence based on MPR of ≥80% on CCyR by 12 months (+30 days) 

Outcome 
Adherent 
(N= 136) 

N (%) 

Non-
adherent 
(N=190) 
N (%) 

Unadjusted 

OR 
(95% CI) p-value 

CCYR by 12 
months 

57 
(41.9)  

47 
(24.6) 

2.21 
(1.38 – 3.55) 0.001 



 116 

Table 39: Multivariable Logistic Regression for the Effect of Adherence based on MPR of 
≥80% on CCyR by 12 months (+30 days) 

Variable β-coefficient OR 
(95% CI) p-value 

Adherence 
(MPR ≥80%) 0.987 2.68 

(1.58 – 4.57) <0.001 

TKI-imatinib (reference) NA NA 0.639 

TKI-nilotinib 0.776 2.17 
(0.42 – 11.18) 0.353 

TKI-dasatinib 0.370 1.45 
(0.36 – 5.81) 0.602 

Line of Treatment- 1 (reference) NA NA 0.354 

Line of Treatment- 2 0.425 1.53 
(0.39 – 6.03) 0.544 

Line of Treatment- 3 -0.627 0.53 
(0.08 – 3.63) 0.538 

Previous interferon treatment -20.522 NA 0.999 

Age -0.014 0.99 
(0.97 – 1.00) 0.121 

Hosmer and Lemeshow Test P= 0.273 

Nagelkerke R^2 0.125 
Variables controlled for in the model: adherence (MPR ≥80%), TKI, line of treatment, sex, age, Charlson comorbidity 
score, black race, white race, other race, missing race, Hispanic ethnicity, marital status, priority score of 1, previous 
interferon, previous cytarabine, previous hydroxyurea, previous busulfan 
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Hypothesis 3.4: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with an increase in the 

likelihood of achieving in MMR by 18 months (+60 days) while controlling for TKI 

received, line of treatment, patient age, sex, ethnicity, marital status, VHA priority 

group, Charlson comorbidity score, and previous CML treatment. 

 

MMR by 18 months (+60 days) was achieved by 53% of the patients adherent to 

TKI therapy during the first-year of each line of treatment relative to 45% of 

nonadherent patients. The resulting OR of 1.38 (95% CI: 1.04 – 1.84, p= 0.027) 

was statistically significant (Table 40). Once backwards-conditional stepwise 

regression was applied to the multivariable analysis, age, sex, race/ethnicity, and 

Charlson Comorbidity score were the only other covariates to be included in the 

final step of the model. When adjusted for these covariates, the difference was 

also significant with an OR of 1.62 (95% CI: 1.18 – 2.23, p= 0.003).\ The type of 

TKI received was not associated with a significant difference in the likelihood of 

achieving documented MMR. However, receiving TKI’s as third-line treatment 

increased the odds of achieving documented MMR by 150% relative to first-line 

treatment (p= 0.004). Male sex (p= 0.032) was associated with a decrease in the 

odds of achieving documented MMR by 60% (p= 0.033). Relative to being 

identified as white, an identification of other race/ethnicity resulted in a nearly a 

three-fold increase in the odds of achieving documented MMR (p= 0.018) (Table 

41). 
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Table 40: Effect of Adherence based on MPR of ≥80% on MMR by 18 months (+60 days) 

Outcome 
Adherent 
 (N= 334) 

N (%) 

Non-adherent 
 (N= 422) 

N (%) 

Unadjusted 

OR 
(95% CI) p-value 

MMR  by 18 
months 

(+60 days) 

177 
(53.0) 

190 
(44.9) 

1.38 
(1.04 -1.84) 0.027 
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Table 41: Multivariable Logistic Regression for the Effect of Adherence based on MPR of 
≥80% on MMR by 18 months 

Variable β-coefficient OR 
(95% CI) p-value 

Adherence 
(MPR ≥80%) 0.482 1.62 

(1.18 – 2.23) 0.003 

TKI-imatinib (reference) NA NA 0.845 

TKI-nilotinib 0.112 1.12 
(0.50 – 2.52) 0.787 

TKI-dasatinib -0.044 0.96 
(0.43 – 2.11) 0.914 

Line of Treatment- 1 (reference) NA NA 0.102 

Line of Treatment- 2 0.387 1.47 
(0.68 – 3.21) 0.331 

Line of Treatment- 3 0.922 2.51 
(1.03 – 6.15) 0.043 

Male Sex -0.913 0.40 
(0.17 – 0.93) 0.033 

White Race  NA NA 0.063 

Black Race -0.220 0.80 
(0.53 – 1.22) 0.302 

Hispanic Ethnicity -0.173 0.84 
(0.36 – 1.98) 0.692 

Other race/ethnicity 1.090 2.97 
(1.21 – 7.32) 0.018 

Age -0.012 0.99 
(0.98 – 1.00) 0.054 

Charlson Comorbidity Score 0.076 1.08 
(0.99 – 1.18) 0.083 

Hosmer and Lemeshow Test P=0.417 

Nagelkerke R^2 0.074 
Variables controlled for in the model: adherence (MPR ≥80%), TKI, line of treatment, sex, age, Charlson comorbidity 
score, black race, white race, other race, missing race, Hispanic ethnicity, marital status, priority score of 1, previous 
interferon, previous cytarabine, previous hydroxyurea, previous busulfan 
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Hypothesis 3.5: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with a decrease in time to 

achieve CCyR by 12 months (+30 days) while controlling for TKI received, line of 

treatment, patient age, sex, ethnicity, marital status, VHA priority group, Charlson 

comorbidity score, and previous CML treatment. 

 

Kaplan-Meier analysis with a log-rank test did not demonstrate a statistically 

significant difference in time to documented CCyR by 12 months (+30 days) 

between adherent  and nonadherent patients (p= 0.255) (Figure 8). Once 

backwards-conditional stepwise regression was applied to the multivariable 

analysis, previous interferon treatment was the only other covariates to be 

included in the final step of the model.  A Cox proportional-hazards model 

evaluating time to documented MMR revealed a HR of 1.50 (95% CI: 1.00 – 

2.27, p= 0.056) for adherent patients when compared to nonadherent patients. 

The type of TKI received was not associated with a significant difference in the 

likelihood of achieving documented CCyR. Neither the line of treatment, the type 

of TKI received, nor any other covariate were associated with a significant 

difference in the likelihood of achieving documented CCyR by 12 months of 

treatment (Table 42).  
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Figure 8: Kaplan-Meier Curve for Time to CCyR by 12 Months (+30 days) of Treatment 
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Table 42: Cox proportional-hazards for Time to CCyR by 12 months (+30 days) for All 
Lines of Treatment 

Variable β-coefficient HR 
(95% CI) p-value 

Adherence 
(MPR ≥80%) 0.353 1.42 

(0.94 – 2.15) 0.093 

TKI-imatinib 
(reference) NA NA 0.979 

TKI-nilotinib 0.105 1.11 
(0.26– 3.75) 0.888 

TKI-dasatinib 0.024 1.02 
(0.27 – 3.95) 0.972 

Line of Treatment- 1 
(reference) NA NA 0.350 

Line of Treatment- 2 0.889 2.43 
(0.64 – 9.29) 0.193 

Line of Treatment- 3 0.438 1.55 
(0.29 – 8.33 0.610 

Previous 
Administration of 

Interferon 
-12.039 NA 0.956 

Variables controlled for in the model: adherence (MPR ≥80%), TKI, line of treatment, sex, age, Charlson comorbidity 
score, black race, white race, other race, missing race, Hispanic ethnicity, marital status, priority score of 1, previous 
interferon, previous cytarabine, previous hydroxyurea, previous busulfan 
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Hypothesis 3.6: Good adherence during the first-year of treatment, defined as 

achieving a MPR threshold of ≥80%, is associated with a decrease in time to 

achieve MMR by 18 months (+60 days) while controlling for TKI received, line of 

treatment, patient age, sex, ethnicity, marital status, VHA priority group, Charlson 

comorbidity score, and previous CML treatment. 

 

Kaplan-Meier analysis with a log-rank test did not demonstrate a statistically 

significant difference in time to documented MMR by 18 months (+60 days) 

between adherent and nonadherent patients (p= 0.104) (Figure 9). Once 

backwards-conditional stepwise regression was applied to the multivariable 

analysis, sex, race/ethnicity, and Charlson Comorbidity score were the only other 

covariates to be included in the final step of the model. A Cox proportional-

hazards model evaluating time to documented MMR revealed a HR of 0.94 (95% 

CI: 0.75 – 1.17, p= 0.579) for adherent patients when compared to nonadherent 

patients. The type of TKI received was not associated with a significant 

difference in the time to achieving documented MMR. However, patients 

receiving TKI’s as third-line treatment achieved documented MMR at more than 

twice rate of first-line treatment with a (p= 0.004). Male sex was associated with a 

decrease in the rate of achieving documented MMR by 40% (p= 0.032). Relative 

to being identified as white, an identification of other race/ethnicity resulted in a 

nearly a 2 fold increase in the rate of achieving documented MMR (p= 0.018). An 
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increase in the Charlson comorbidity score by 1 point increased the rate of 

achieving documented MMR by 6% (Table 43). 
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Figure 9: Kaplan-Meier Curve for Time to MMR by 18 Months (+60 days) of Treatment

 
  



 126 

 

  
Table 43: Cox proportional-hazards for Time to MMR by 18 Months (+60 days) for all Lines 
of Treatment 

Variable β-coefficient HR 
(95% CI) p-value 

Adherence 
(MPR ≥80%) -0.063 0.94 

(0.75 – 1.17) 0.579 

TKI-imatinib 
(reference) NA NA 0.369 

TKI-nilotinib 0.316 1.37 
(0.82 – 2.30) 0.232 

TKI-dasatinib 0.123 1.13 
(0.68 – 1.89) 0.637 

Line of Treatment- 1 
(reference) NA NA 0.011 

Line of Treatment- 2 0.346 1.41 
(0.86 – 2.33) 0.175 

Line of Treatment- 3 0.123 2.23 
(1.29 – 3.87) 0.004 

Male Sex -0.504 0.60 
(0.37 – 0.99) 0.045 

White race NA NA 0.034 

Black race -0.097 0.91 
(0.67 – 1.22) 0.525 

Hispanic ethnicity -0.325 0.72 
(0.40 – 1.30) 0.280 

Other race/ethnicity 0.628 1.87 
(1.16 -3.04) 0.011 

Charlson Comorbidity 
Score 0.062 1.06 

(1.00 – 1.13) 0.040 

Variables controlled for in the model: adherence (MPR ≥80%), TKI, line of treatment, sex, age, Charlson comorbidity 
score, black race, white race, other race, missing race, Hispanic ethnicity, marital status, priority score of 1, previous 
interferon, previous cytarabine, previous hydroxyurea, previous busulfan 
 
 



 127 

 
 

CHAPTER 4 DISCUSSION AND CONCLUSION 

 

Discussion 

 

Objective 1: Compare medication adherence between dasatinib and 

nilotinib as second-line treatment 

 
Four different approaches were employed to determine the difference in 

adherence between dasatinib and nilotinib when administered as second-line 

therapy. The four separate outcomes that were compared within these respective 

approaches included: persistence in terms of time to discontinuation, persistence 

in terms of proportion of patients continuing treatment beyond the first-year, 

average MPR during the first-year of treatment, and the proportion of patients 

achieving a MPR threshold of ≥80%. Multivariable analysis was used to control 

for patient age, sex, ethnicity, marital status, VHA priority group, and Charlson 

comorbidity score. 

 No statistically significant differences were observed in any of the four 

analyses. It is important to consider the fact that dasatinib was available more 

than one year before nilotinib was approved by the FDA. Therefore, it is not a 

surprise that 81% of dasatinib-treated patients discontinued as compared to 63% 



 128 

of nilotinib-treated patients.  Additionally, the average follow-up periods for 

dasatinib and nilotinib-treated patients were 527 days and 419 days, respectively 

(Table A-22, Table A-5). Yet, as demonstrated by the Cox-proportional hazards 

model, the rate of discontinuation was essentially identical. 

 In multivariable analysis, an increase in the Charlson Comorbidity score 

was associated with increased the rate of discontinuation. Although it is well 

established that increased comorbidities have a negative impact on adherence 

for the treatment of variety of diseases, such a relationship has not been 

demonstrated specifically in CML patients. 202 However, studies by Darkow et al. 

121 and Feng et al. 119 both concluded that a high number of concomitant 

medications is a risk factor of poor TKI adherence. Since, increased number of 

concomitant medications are largely attributed to comorbidities, it is therefore 

theorized that this is primary mechanism of the negative impact that 

comorbidities pose on medication adherence. 

Age was found to have an inverse relationship with both time to 

discontinuation and the likelihood of continuing treatment beyond one year. The 

relationship between age and persistence, as well as adherence in general, is 

mixed. 203,204 However, several studies evaluating adherence to imatinib 

evaluated the effect of age as well. Feng et al. 119 concluded that adherence 

progressively decreased with age >51 years, while in the ADAGIO trial, a 

multivariable analysis found increasing age as one of the prognostic 

determinants of non-adherence. 123 Regardless, while statistically significant, the 
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effect that age had on persistence was found to be small; a one year increase in 

age was found to be associated with only a 2% decrease in the odds of 

continuing therapy beyond one year. 

While persistence was evaluated in several previous studies, our study is 

the first to evaluate persistence using multivariable time-to-event analysis. 118,127 

Using a Kaplan-Meier curve with log-rank test Santoreli et al. 127 determined that 

imatinib, dasatinib, and nilotinib all demonstrated identical persistence. In 

addition, persistence exceeded one year for 90%, 80%, and 83% of patients 

treated on imatinib, dasatinib, and nilotinib, respectively. Tsang et al.  118 obtained 

one-year persistence rate of 72% for imatinib treatment. In our study, the one-

year persistence rates of 45% and 44% for dasatinib and nilotinib-treated 

patients, respectively, are drastically lower than the rates reported by both 

Santoreli et al. 127 and Tsang et al. 118 Santoreli et al. 127 was a fairly small study 

evaluating a total of 99 patients treated in the same Italian hospital. It surprisingly 

compared first-line imatinib therapy with second-line dasatinib and second-line 

nilotinib therapy. Tsang et al.  118 was a rather large study comprised of 4,043 

patients; however, only imatinib treatment was evaluated and an unknown 

proportion of patients were being treated for gastrointestinal stromal tumor and 

not CML. While the differences in the methodology and patient populations 

between these studies and our study are considerable, such an extreme variance 

in one-year persistence rates cannot be easily explained. 

Persistence is often defined as the time of continuous therapy, quantified 
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by the number of days covered by the drug from treatment initiation until a 

prespecified permissible gap in the allowed number of days between refills. Ways 

to designate an appropriate permissible gap could be based on the 

pathophysiology of the disease state, as well as pharmacologic properties of the 

drug, and reflect the maximum period of time before patients are expected to 

experience negative clinical effects as a result of lack of treatment. Most 

adherence studies utilize gaps ranging from one-half to three times the duration 

of the days supply dispensed in the previous prescription, generally 15 to 120 

days. 205-212 Similar to other studies evaluating adherence to oral medication for 

chronic diseases, including hypertension, hyperlipidemia, osteoporosis, and 

diabetes, a 60-day permissible gap after the expected depletion of days supply 

was selected for this study. This time period was chosen to limit the likelihood of 

misclassifying short-term nonadherence as long-term treatment discontinuation 

due to common inaccuracies within retrospective data. 213  

Since some evidence demonstrates that a small percentage of patients 

may continue to exhibit a molecular response without treatment, the possibility 

that discontinuation may have occurred as a result of a physician-directed 

interruption in treatment must be considered. Therefore, extended gaps in 

treatment representing at least 60 days after the exhaustion of the drug supply 

were evaluated.  

Relapse after discontinuation is very common even in cases of a deep and 

prolonged molecular response. Based on previous data, vigorous response after 
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re-initiation of the previously administered TKI is expected. If physician-directed 

interruption was common practice, one would anticipate to identify a large 

number of prolonged gaps. Yet, this assessment revealed a very low incidence of 

these gaps occurring in any of the lines of therapy. 

The purpose of defining termination of persistence with a permissible gap 

is due to the risk that a simple gap in treatment may encompass the point where 

follow-up ends, thereby misclassifying the initiation of the gap as discontinuation 

of treatment. The extended follow-up period used in this study allowed for a 

prolonged evaluation of persistence reducing the likelihood of such a scenario. 

Along with the discovery that the incidence of extended gaps was low, it was 

decided that the use of a 60-day permissible gap to define termination of 

persistence was unnecessary. 

Neither evaluation of adherence, as a continuous measure of overall MPR 

over the first-year or as a dichotomous variable with an MPR threshold of ≥80%,  

produced statistically significant differences when comparing dasatinib and 

nilotinib-treated patients. The average MPR of 51% and 47% for dasatinib and 

nilotinib-treated patients, respectively, are the lowest adherence rates reported 

as compared to adherence rates of 53% to 97% as determined by all other 

previous studies evaluating adherence of TKIs (Table 11). 114-118,120,122-

125,127,128,130 Some of the studies used alternative methods of measuring 

adherence, such as MEMS and self-reports. Nearly all of the studies exclusively 

evaluated adherence rates for imatinib as first-line therapy.  
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Two of the three studies, which evaluated adherence in second-

generation TKIs employed fairly atypical methodologies. Santoleri et al.127 

ascertained adherence rates by calculating a ratio of Received Daily Dose and 

Prescribed Daily Dose that was then presented in a purely descriptive manner. 

Yood et al.128, which concluded that nilotinib-treated patients were at higher risk 

of nonadherence, applied Cox proportional-hazard models to compare time to 

poor adherence, defined as MPR <85.  

A comparable evaluation to our study, by Wu et al. 117, used refill data to 

calculate proportion of days covered (PDC) over a 6-month period for second-

generation TKI. The study demonstrated a statistically significant difference 

between adherence rates of 69% for dasatinib-treated patients as compared to 

79% for nilotinib treated patients (p= 0.009).  
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Table 44: Comparing Medication Adherence between Dasatinib and Nilotinib 

Study Sample 
size 

Follow-
up 

Method of 
assessing 
adherence 

Adherence 
Ratea 

Predictors of 
poor 

adherence 

Consequence 
of 

nonadherence 

Santoreli 
et al. 127 

Imatinib: 
63 

Dasatinib: 
13 

Nilotinib: 
15 

12 
months 

Refill data 
(Ratio of 
Received 

Daily Dose 
and 

Prescribed 
Daily Dose) 

Imatinib: 
83% 

Nilotinib: 
93% 

Dasatinib: 
85% 

NR NR 

Yood et 
al. 128 

197 
(dasatinib) 

53 
(nilotinib) 

24 
months 

Refill Data 
(MPR) NR Nilotinib NR 

Wu et al. 
117 

452 
(dasatinib) 

69 
(nilotinib) 

6 
months PDC 

Dasatinib: 
69% 

Nilotinib: 
79% 

Dasatinib 

Increased 
hospital 

admission and 
hospitalization 

days 

Kreys et 
al. 

457 
(dasatinib) 

124 
(nilotinib) 

12 
months 

Refill Data 
(MPR) 

Dasatinib: 
51% 

Nilotinib: 
47% 

Older Age 
 

Charlson 
Comobidity 

Score 

Reduced 
likelihood of 
achieving 

CCyR by 12 
months 

 
Reduced 

likelihood of 
achieving MMR 
by 18 months 

 

Proportion of Days Covered (PDC) is a more novel method of calculating 

adherence that has gained popularity in recent years. Unlike MPR, PDC 

determines whether the patient is in possession of the medication for each day 

within a pre-specified interval. Therefore, if a patient is nonadherent in the 

beginning of the interval but subsequently refills the prescription prematurely, the 
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initial nonadherence will still be taken into account. Similar to MPR with a fixed 

interval, PDC is measured over a defined period regardless of whether the 

medication is discontinued within the interval, thereby permitting non-persistence 

to be identified. It is therefore expected that since Wu et al. 117 evaluated 

adherence over a much shorter, six-month period, that calculated adherence 

rates would be much higher relative to our study, which measured adherence 

over a 12-month period. 

The primary advantage of PDC is that it provides a more accurate rate of 

adherence in treatments that are prone to frequent switching and regimens that 

include multiple concomitant medications such as HAART for the treatment of 

HIV. 214 For single drug regimens, such as TKI treatment of CML, PDC and MPR 

with a fixed interval are nearly identical. 
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Objective 2: Compare the clinical response between dasatinib and nilotinib 

as second-line treatment 

 
Four different approaches were also employed to determine the difference 

in clinical effectiveness between dasatinib and nilotinib when administered as 

second-line therapy. The four separate outcomes that were compared within 

these respective approaches included: the proportion of patients achieving CCyR 

by 12 months (+30 days), time to CCyR by 12 months (+30 days), the proportion 

of patients achieving documented MMR by 18 months (+60 days), time to 

documented MMR by 18 months (+60 days). Multivariable analysis was used to 

control for patient age, sex, ethnicity, marital status, VHA priority group, Charlson 

comorbidity score, as well as previous CML treatment. 

Documented MMR by 18 months (+60 days) was achieved by 51% and 

56% of the patients treated with dasatinib and nilotinib, respectively. Documented 

CCyR by 12 months (+30 days) was achieved by 42% and 46% of patients 

treated with dasatinib and nilotinib, respectively. These results are generally 

lower than what was determined in the DASISION 37,38 and ENESTnd 39,40 trials, 

where CCyR at 12 months was achieved by 83% and 80% of patients receiving 

dasatinib and nilotinib, respectively. MMR at 18 months was not reported in 

either study, and instead was reported at 12 and 24 months. Documented MMR 

at 12 months was achieved by 46% and 44% of patients receiving dasatinib and 

nilotinib, respectively. Documented MMR at 24 months was achieved by 64% 

and 71% of patients receiving dasatinib and nilotinib, respectively. The rates of 
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achieving MMR from our study actually align in between these two sets of values, 

which is what would be expected for outcomes measured between 12 and 24 

months. 

Several issues need to be considered before equating our study with the 

DASISION and ENESTnd trials. First, there is a myriad of well-recognized 

reasons why treatment may display better efficacy in the clinical trial setting as 

compared to real-world observational studies; including strict criteria for patient 

selection, the consistency of follow-up, and treatment adherence controls. 

Second, while clinical studies measured the outcomes at prespecified periods of 

time from the initiation of treatment, due to the retrospective nature of our study 

limiting the outcome assessment to such inflexible time periods would have 

reduced the available sample dramatically (Table A-16). Instead, the presence of 

documented CCyR and MMR were evaluated within pre-specified time intervals; 

by 12 months (+30 days) and by 18 months (+60 days), respectively. This 

methodology is consistent with determination of optimal response defined by 

clinical treatment guidelines. 8,12,15 Finally, the two clinical trials evaluated 

dasatinib and nilotinib as first-line therapy, while our study evaluated the second-

generation TKIs as second-line therapy, primarily due to the fact that while both 

second-generation TKIs are approved as first-line therapy they are continued to 

be used predominantly as second-line treatment. Since, patients receiving 

second-line treatment have already failed first-line treatment, either as a result of 
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inadequate clinical response or adverse effects, one should anticipate worse 

clinical outcomes as the results of first-line treatment overall. 

No significant difference in clinical effectiveness was detected between 

dasatinib and nilotinib, whether clinical effectiveness was defined by CCyR or 

MMR, or outcomes were measured in terms of proportions or time-to-event.  

Clinical effectiveness of dasatinib and nilotinib has only been compared in two 

published studies. Signorovitch et al. 41 used data from the DASISION and 

ENESTnd trials to indirectly compare the two second-generation TKIs. A 

retrospective chart review by Griffin et al. 42 compared disease progression and 

progression-free survival (PFS) among patients receiving dasatinib or nilotinib as 

second-line therapy. Unlike our study, both of these studies demonstrated 

superiority of nilotinib over dasatinib. However, the substantial differences in 

study design and outcomes measured renders any true comparison between our 

study and Signorovitch et al. and Griffin et al. impractical. 

 Multivariable analyses consistently identified an inverse association 

between various measures of clinical effectiveness and increasing age as well as 

race identification of “other”. Younger age is a well-established predictor of 

response to TKI therapy. 14  However, very limited evidence exists regarding 

racial/ethnic variation on CML outcomes. Mandal et al. 215 concluded that young 

black women had lower survival rates compared to young white women.  Lee et 

al. 216 found that Hispanic patients present with lower risk profile CML and 

achieve better hematologic response than non-Hispanic patients. Finally, 
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Ailawadhi et al. concluded that black patients had the worst overall survival 

among all other ethnicities. 217 Unfortunately, none of these studies support the 

findings in our study concerning the effect race/ethnicity variation on clinical 

response.  Also, “other” race is an umbrella term that could include Asians, 

Native Americans, or any other racial or ethnic label that the patient may identify 

with. Due to the nature of this term it is difficult to interpret and compare it to 

other research. 
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Objective 3: Assess the association between TKI adherence and clinical 

response 

Six different approaches were employed to determine the association 

between TKI adherence and clinical response. Adherence was measured both as 

a continuous variable and as a dichotomous variable defined by a threshold of 

MPR ≥80%. The four separate outcomes that were compared within these 

respective approaches included: the proportion of patients achieving CCyR by 12 

months (+30 days), time to CCyR by 12 months (+30 days), the proportion of 

patients achieving MMR by 18 months (+60 days), time to MMR by 18 months 

(+60 days). The first three lines of therapy were analyzed for every patient. Data 

analysis was not stratified by TKI or line of therapy, and instead they were 

incorporated into multivariable models. Multivariable analysis was also used to 

control for patient age, sex, ethnicity, marital status, VHA priority group, and 

Charlson comorbidity score, as well as previous CML treatment. 

Documented CCyR by 12 months (+30 days) was achieved by 42% of the 

patients adherent to TKI therapy during the first-year of each line of treatment 

relative to 25% of nonadherent patients. Documented MMR by 18 months (+60 

days) was achieved by 53% of patients adherent to TKI therapy during the first-

year of each line of treatment relative to 45% of nonadherent patients. The effect 

of TKI adherence on clinical response has never been evaluated using similar 

methodology. corresponding 

The ADAGIO trial 123  was a prospective study assessing adherence by 
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using patient and doctor questionnaires, direct patient interviews, and pill counts. 

Rather than determining suboptimal response with distinct clinical outcomes, a 

composite measure was used that was defined as an incomplete hematologic 

response at 3 months, a less than partial cytogenetic response at 6 months, and 

a less than major molecular response at 18 months. On average, patients with 

suboptimal response failed to take an average of 23.2% of imatinib doses as 

compared to only 7.3% of doses in patients with an optimal response (P = .005). 

Marin et al. utilized a micro-electro-mechanical systems (MEMS) to measure 

adherence. After three months of treatment, patients with adherence rates of 

>90% compared to adherence rates ≤ 90% had a significantly higher rate of 

MMR (95% vs. 28%; p < .001) as well as a higher rate of CMR (44% vs. 0%; p 

= .002). Ganesan et al.126 defined non-adherence as an interruption of treatment 

for more than one week within the 6 month follow-up period. Nonadherent 

patients were found to be less likely to achieve CCyR as compared to adherent 

patients (26% versus 44%; p = 0.004). 126 

Multivariate analyses in the context of TKI adherence revealed third-line 

treatment, female sex, and a racial identification of “other” as positive predictors 

molecular response. The fact that third-line treatment has more favorable results 

over first-line treatment is a little unusual, since patients receiving third-line 

treatment have failed at least two other TKIs and are therefore expected to be 

poor responders either due to mutations or higher propensity to experience 

adverse effects. A residual effect from previous treatments may have had an 
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impact on the improved molecular response; however, those patients that 

demonstrated MMR prior to third-line treatment would have been excluded from 

analysis. Likewise patients that received the same medication as first-line 

treatment were also excluded from the analysis due to the unconventional 

treatment sequence. 

The fact that female sex was found to increase the odds of achieving 

documented MMR and increase the rate of achieving documented MMR is 

consistent with previous literature, which found female sex to be a strong 

predictor of an early and stable molecular response. 218  
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Strengths 

The VHA is the largest integrated health care system in the US with a 

broad geographic distribution of patients. 197 VA patients are likely to receive care 

within the system on a long-term basis allowing for an evaluation of a large 

number of patients from across the country over a prolonged period of time. Due 

to the generous medication coverage provided by VHA, the prevalence of cost-

related nonadherence is limited. This is first study that has evaluated adherence 

to TKIs for the treatment of CML in this patient population. 

Adherence to the two second-generation TKIs has only been evaluated by 

three previously published studies. Two of the studies employed unusual 

methodologies and either didn’t report the actual adherence rates or didn’t 

compare the rates among the TKIs. 127,128 While the study by Wu et al. 117 did 

employ more typical methods to evaluate adherence, the study was relatively 

short, with only a six month follow-up period. Our study evaluated adherence 

over a one year and also utilized a time-to-event analysis to evaluate long-term 

persistence. In addition, our study applied multivariable analysis to control for 

possible confounding variables.   

To date, no clinical trial has directly compared the clinical effectiveness of 

the two second-generation TKIs. Due to the nature of today’s clinical research it 

is unlikely that such a trial will ever be conducted. Signorovitch et al. 41 used data 

from the DASISION and ENESTnd trials to indirectly compare the two second-

generation TKIs. However, clinical response may be significantly different in a 
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naturalistic setting as compared to a highly controlled clinical trial setting. Also, 

the two clinical trials evaluated dasatinib and nilotinib as first-line treatment even 

though they continue to largely be used as second-line treatment. A retrospective 

chart review by Griffin et al. 42 compared the clinical response of dasatinib and 

nilotinib using more global clinical outcomes, such as disease progression and 

progression-free survival (PFS) instead of the more typical outcomes, such as 

CCyR and MMR, which define optimal response and treatment failure per clinical 

guidelines.  

This is the first study to compare the effects of long-term adherence to TKI 

treatment on clinical effectiveness consistent with the guideline definition of 

optimal response. The ADAGIO trial was a well-designed prospective study that 

assessed adherence using several approaches and employed a unique 

composite measure of suboptimal response. However, the study evaluated the 

effects of adherence on clinical effectiveness by initially identifying patients 

displaying suboptimal response and then went back to determine their adherence 

rates. While this technique may adequately illustrate the relationship, it is difficult 

to interpret clinically. Marin et al. 124 utilized a validated micro-electro-mechanical 

systems (MEMS) to measure adherence and compared adherence to the rate of 

MMR. However, the study was relatively small and employed a follow-up period 

of only 3 months, which is insufficient to properly measure molecular response. 

Ganesan et al. 130 conducted a larger retrospective study that defined 

nonadherence as an interruption of treatment for more than one week. This may 
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not be the most appropriate measure of adherence since CML is a chronic 

disease with few symptoms and TKI treatment is considered indefinite where as 

a single one week interruption in therapy is likely to be clinically inconsequential. 

In addition, while a six-month follow-up period is longer than the 3-month follow-

up used in Marin et al. 124, it is nevertheless insufficient to appropriately measure 

cytogenetic response. In addition, for this analysis our study evaluated all three 

TKIs and up to three lines of treatment, while also controlling for relevant 

covariates. No comparable study utilized such robust methodology. 
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Limitations 

Due to the uniqueness of the VHA system one must consider whether the 

finding of this study are generalizable in the non-VHA setting. Although males are 

slightly more likely to be diagnosed with CML, the 97% of patients being 

identified as male in this study is a major divergence from the general population.  

With regards to the veteran population, unlike the privately insured and 

Medicare population, cost-related nonadherence is usually not a major concern. 

The VHA offers more comprehensive medication coverage than nearly any other 

payor in the US. Medications on the VA formulary are completely covered for 

patients with low income or service-connected disabilities. Most other VA patients 

only pay an $8 to $9 copayment for a 30-day prescription. VA patients have no 

cap on the total cost of their covered drugs, and patients who incur $960 in 

medication costs within a year have all subsequent copayments waived. 221  A 

study by Piette et al. determined that chronically ill patients with access to the 

VA's prescription drug coverage had low rates of cost-related nonadherence 

(12%) relative to other forms of insurance.  The rate for VA patients was 

significantly lower than the rate for Medicaid patients at 25% (p= 0.0004), 

Medicare patients at 22% (p= 0.001), or patients with no insurance coverage at 

35% (p < 0.0001). 222 Eliminating cost-related nonadherence as a major 

confounding variable allowed the analysis to focus on other less recognized 

factors. While this feature of this health care system may have improved the 

internal validity of our study it may have come at an expense of generalizability. 
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Beyond the ability to afford medication, socioeconomic status is 

independently an important factor affecting medication adherence. The 

socioeconomic status of veterans as a whole is not significantly different from the 

rest of the population. However, there are some components that define 

socioeconomic status that are noteworthy in the veteran population. Between 

2000 and 2009, the percentage of veterans with a Bachelor’s degree was lower 

than that of non-veterans. The rate of residence in homeless shelters was also 

higher for veterans than for adult non-veterans. 223 Finally in 2011, the average 

unemployment rate was 12.1% for post-9/11 veterans and 8.7% for non-veterans. 

224 

Substance abuse has been found to significantly impair medication 

adherence. Although substance abuse, overall, is not significantly more prevalent 

in the veteran population than in non-veterans, there are certain areas of concern 

that suggest that veterans may have a slightly higher propensity to abuse 

particular substances. A 2003 National Survey on Drug Use and Health found an 

estimated 57% of veterans used alcohol in the past month compared with 51% of 

nonveterans, while an estimated 19% of veterans reported to have smoked 

cigarettes on a daily basis compared with 14% of nonveterans. Heavy use of 

alcohol was slightly more prevalent among veterans, with 7.5% compared to 

6.5% of nonveterans classified as heavy alcohol users, and an estimated 0.8% of 

veterans received specialty treatment for a substance use disorders in the past 

year compared with 0.5% of nonveterans. 225 
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Situations may have occurred where patients received care in a facility 

outside of the VHA system at certain points throughout the course of CML 

treatment. Since the temporal relationship between the initiation of treatment and 

the measurement of outcomes is particularly crucial for this study, these 

scenarios may have produced incomplete or even inaccurate results. However, 

due to the generous medication coverage VHA offers to its recipients, it would be 

unusual for CML patients to seek care elsewhere considering the otherwise high 

cost of TKI therapy.  

For certain disease states, where hospitalizations are common, adherence 

calculations may need to be adjusted for the number of days the patient 

remained in the hospital, considering that all the medications are typically 

provided by the institution during an inpatient stay. Since medications are 

scheduled and are delivered directly to the patient, the adjustment usually 

involves an assumption of 100% adherence during the hospitalization period. 

However, due to the relatively safe adverse effect profile of TKIs and low 

propensity of CML to cause severe symptoms, hospitalizations in these patients 

are rare, and such an adjustment was considered to be unnecessary. 

Several variables were not available for this analysis including dose 

intensity, drug interactions, and concomitant medications. Both dose intensity 

and the number of concomitant medications have been identified as predictors of 

poor adherence. 118-121,123 While drug interactions have not been studied 

previously they may have a profound effect on both adherence and clinical 
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effectiveness. Concurrent administration of certain medications may drastically 

affect TKI drug levels or significantly increase the likelihood of TKIs to cause 

serious toxicities. These include strong CYP 3A4 inducers and inhibitors, agents 

known to further prolong the QT interval, and gastric acid suppressing agents 

such as PPIs or H2RAs. 

Of the first 3 lines of treatment, 61% of patients had a molecular test 

collected within the first 19 months of treatment, while 24% had a cytogenetic 

test collected within the first 13 months of treatment. Clearly monitoring 

guidelines were not being followed. The only patients that were included in the 

analysis for clinical effectiveness were those that had at least a single 

corresponding lab drawn within an appropriate interval of the line of treatment 

being evaluated. The alternative would have been to evaluate all of the patients 

receiving the line of therapy and deem the patients lacking the lab draws as non-

responders. Previous literature has demonstrated that inadequate monitoring as 

according to clinical guidelines was common. 199,200 Therefore, it was felt that 

considering the patients lacking the labs draws as non-responders would result in 

a high probability of misclassification. Nevertheless, the inability to evaluate the 

treatment response of a large proportion of patients within the study as a result of 

inadequate monitoring is a major limitation. 

 Twelve percent of patients evaluated in the chart review had no labs 

identified, while of the lab draws that were identified 79% were available to be 
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documented. It is conceivable that the availability of the inaccessible data may 

have altered the results of our study. 

Sokal or Hasford risk scores are quantitative compilations of various 

factors to determine the prognosis during CML diagnosis and may have been 

significant covariates. The determination of these scores requires the obtainment 

of patients’ age, spleen size, platelet count, and complete blood count with 

differential to determine % blood basophils, % blood eosinophils, % blood 

myoloblasts or WBC with total blood basophils, total blood eosinophils, and total 

blood myeloblasts. Since spleen size was unlikely to be obtained on a consistent 

basis, it was impractical to attempt to calculate this potentially valuable variable 

for our study. Likewise, CHR is an important indicator of response and is defined 

as a normalization of peripheral blood counts with leukocyte count <10 X 109/L, 

platelet count <450, no immature cells, such as myelocytes, promyelocytes, or 

blasts in peripheral blood, and no signs and symptoms of disease with 

disappearance of palpable splenomegaly. The inability to reliably capture 

patients’ signs and symptoms, as well as the disappearance of palpable 

splenomegaly through a retrospective evaluation of progress notes, rendered this 

outcome unreasonable to analyze. 

There are certain limitations that are inherit to retrospective database 

research and chart review analysis. For example, electronic medical data are 

generally created for the purpose of patient care and not necessarily research. 

Although research may be conducted with a philosophy that the results would be 
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applied in clinical practice, the data required for such research may still not 

correspond with the data that are documented in everyday practice. Similarly, 

since the data from the chart review were recorded manually some degree of 

error must anticipated. 
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Conclusion  

 
The discovery of TKIs as a way of inhibiting the expression of the Ph 

chromosome, not only changed the paradigm of CML as a terminal disease, but 

was a major breakthrough in the treatment of cancer that significantly advanced 

the field of molecular medicine. The transformation of CML into a truly chronic 

disease also carried some other features of chronic diseases, including a decline 

in medication adherence. Even with the intensification in research on the topic of 

TKI utilization for the treatment CML, numerous questions still lingered. To 

answer some of these questions we conducted this study on TKI adherence and 

clinical response with the focus on comparative effectiveness of dasatinib and 

nilotinib as second-line treatment. The utilization of the largest integrated health 

system in the US allowed us to conduct one of the largest and most 

comprehensive retrospective studies concerning TKI treatment in CML. Several 

conclusions can be made from this study. First, no difference in adherence or 

clinical effectiveness was detected between dasatinib and nilotinib therapy when 

administered as second-line treatment. Second, while adherence has 

consistently demonstrated to have a significant positive effect on the likelihood of 

achieving CCyR and MMR within the appropriate time intervals, it does not 

appear to affect the rate of achieving these outcomes. Conversely, the low 

adherence rates demonstrated in this patient population clearly had a major 

clinical impact on outcomes. Finally, a large proportion of patients were not 

monitored according to clinical guidelines, undoubtedly further hindering the 
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appropriate management of TKI treatment. Certainly VHA should take additional 

steps to enhance adherence to TKI therapy, improve the clinical response, and 

optimize CML treatment as a whole. 
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APPENDIX 

Lines of Treatment 

 

Table A-1: Lines of Treatment 

 
Lines of Treatment 

(N = 2873) 
N (%) 

First-line 2873 
(100) 

Second-line 586 
(20.4) 

Third-line 245 
(8.5) 

Fourth-line 88 
(3.1) 

Fifth-line 28 
(1.0) 

Sixth-line 3 
(0.1) 
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Table A-2: Treatments Received During Previous Lines of Therapy for Second and Third-
line Treatment 

TKIs Previously 
Received 

Second-line Third-line 

Imatinib 
(N=5) 
N (%) 

Dasatinib 
(N=457) 
N (%) 

Nilotinib 
(N=124) 
N (%) 

Imatinib 
(N=115) 
N (%) 

Dasatinib 
(N=17) 
N (%) 

Nilotinib 
(N=113) 
N (%) 

1st 

Imatinib 0 
(0) 

453 
(99) 

117 
(94) 

114 
(99) 

17 
(100) 

112 
(99) 

Dasatinib 3 
(60) 

0 
(0) 

7 
(1) 

1 
(1) 

0 
(0) 

0 
(0) 

Nilotinib 2 
(4) 

4 
(1) 

0 
(0) 

0 
(0) 

0 
(0) 

1 
(1) 

2nd 

Imatinib NA NA NA 0 
(0) 

0 
(0) 

1 
(1) 

Dasatinib NA NA NA 90 
(78) 

0 
(0) 

112 
(99) 

Nilotinib NA NA NA 25 
(22) 

17 
(100) 

0 
(0) 
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Table A-3: Treatments Received During Previous Lines of Therapy for 4th through 6th  Line 
Treatment 

TKIs Previously 
Received 

Fourth-line Fifth-line Sixth-line 

Imatinib 
(N=17) 
N (%) 

Dasatinib 
(N=44) 
N (%) 

Nilotinib 
(N=27) 
N (%) 

Imatinib 
(N=12) 
N (%) 

Dasatinib 
(N=4) 
N (%) 

Nilotinib 
(N=12) 
N (%) 

Imatinib 
(N=1) 
N (%) 

Dasatinib 
(N=1) 
N (%) 

Nilotinib 
(N=1) 
N (%) 

1st 

Imatinib 16 
(94) 

44 
(100) 

27 
(100) 

12 
(100) 

4 
(100) 

12 
(100) 

1 
(100) 

1 
(100) 

1 
(100) 

Dasatinib 1 
(6) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

Nilotinib 0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

2nd 

Imatinib 1 
(6) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

Dasatinib 11 
(65) 

39 
(89) 

14 
(52) 

11 
(92) 

1 
(25) 

11 
(92) 

1 
(100) 

1 
(100) 

1 
(100) 

Nilotinib 5 
(29) 

5 
(11) 

13 
(48) 

1 
(8) 

3 
(75) 

1 
(8) 

0 
(0) 

0 
(0) 

0 
(0) 

3rd 

Imatinib 0 
(0) 

29 
(66) 

25 
(93) 

11 
(92) 

3 
(75) 

7 
(58) 

0 
(0) 

1 
(100) 

1 
(100) 

Dasatinib 5 
(29) 

0 
(0) 

2 
(7) 

0 
(0) 

1 
(25) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

Nilotinib 12 
(71) 

15 
(34) 

0 
(0) 

1 
(8) 

0 
(0) 

5 
(42) 

1 
(100) 

0 
(0) 

0 
(0) 

4th 

Imatinib    0 
(0) 

0 
(0) 

3 
(25) 

0 
(0) 

0 
(0) 

0 
(0) 

Dasatinib    8 
(67) 

0 
(0) 

9 
(75) 

1 
(100) 

1 
(100) 

0 
(0) 

Nilotinib    4 
(33) 

4 
(100) 

0 
(0) 

0 
(0) 

0 
(0) 

1 
(100) 

5th 

Imatinib       0 
(0) 

1 
(100) 

1 
(100) 

Dasatinib       0 
(0) 

0 
(0) 

0 
(0) 

Nilotinib       1 
(100) 

0 
(0) 

0 
(0) 
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Days of Follow-up 

 
Table A-4: Days of Treatment Follow-up for First-line Treatment 

Measure Imatinib 
N=2822 

Dasatinib 
N= 32 

Nilotinib 
N=19 

Overall 
(N= 2873) 

Mean 
(sd) 

1441 
(1113) 

615 
(471) 

609 
(427) 

1427 
(1110) 

Median 
(IQR) 

1222 
(482-2216) 

654  
(275-912) 

702 
(238-910) 

1204 
(470-2191) 

 
 
Table A-5: Days of Treatment Follow-up for Second-line Treatment 

Measure Imatinib 
(N=5) 

Dasatinib 
(N=457) 

Nilotinib 
(N=124) 

Overall 
(N= 586) 

Mean 
(sd) 

580 
(615) 

527 
(569) 

419 
(438) 

504 
(545) 

Median 
(IQR) 

501 
(65-1137) 

292 
(59-867) 

255 
(46-686) 

280 
(58-788) 

 
 
 
Table A-6: Days of Treatment Follow-up for Third-line Treatment 

Measure Imatinib 
(N=115) 

Dasatinib 
(N=17) 

Nilotinib 
(N=113) 

Overall 
(N=245) 

Mean 
(sd) 

454 
(521) 

269 
(342) 

396 
(401) 

415 
(459) 

Median 
(IQR) 

231 
(29-699) 

122 
(29-526) 

255 
(48-609) 

238 
(36-631) 
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Gaps in Treatment 

 

Table A-7: First-line Gaps in Treatment 

GAP within Line of Treatment Imatinib 
(N=2822) 

Dasatinib 
(N=32) 

Nilotinib 
(N=19) 

Overall 
(N=2873) 

1st Gap 

N  
(%) 

121 
(4.3) 

3 
(9.4) 

1 
(5.3) 

125 
(4.4) 

 

Mean Length in 
Days 
(sd) 

213.3 
(282.8) 

120.7 
(69.2) 

136.0 
(NA) 

210.5 
(278.8) 

2nd Gap 

N  
(%) 

95 
(3.4) 

2 
(6.3) 

0 
(0) 

97 
(3.4) 

Mean Length in 
Days 
(sd) 

194.1 
(360.7) 124.5 0 

(NA) 
192.6 

(357.1) 

 

Table A-8: Second-line Gaps in Treatment 

GAP within Line of Treatment Imatinib 
(N=5) 

Dasatinib 
(N=457) 

Nilotinib 
(N=124) 

Overall 
(N=586) 

1st Gap 

N  
(%) 

0 
(0) 

10 
(2.2) 

2 
(1.6) 

12 
(2.0) 

Mean Length in 
Days 
(sd) 

0 
(NA) 

272.8 
(290.8) 

66.5 
(9.2) 

238.4 
(275.0) 

2nd Gap 

N  
(%) 

0 
(0) 

10 
(2.2) 

2 
(1.6) 

12 
(2.0) 

Mean Length in 
Days 
(sd) 

0 
(NA) 

175.7 
(253.0) 

77.5 
(17.7) 

159.3 
(232.0) 
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Table A-9: Third-line Gaps in Treatment 

GAP within Line of Treatment Imatinib 
(N=115) 

Dasatinib 
(N=17) 

Nilotinib 
(N=113) 

Overall 
(N=245) 

1st Gap 

N  
(%) 

8 
(7.0) 

1 
(5.9) 

9 
(8.0) 

18 
(7.3) 

Mean Length in 
Days 
(sd) 

100.4 
(27.6) 

64.0 
(NA) 

120.1 
(93.0) 

108.2 
(67.8) 

2nd Gap 

N (%) 3 
(2.6) 

0 
(0) 

4 
(3.5) 

7 
(2.9) 

Mean Length in 
Days 
(sd) 

82.0 
(7.9) 

0 
(NA) 

135.0 
(57.3) 

112.3 
(49.7) 
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Proportion of Lines Reviewed 

 

Table A-10: Proportion of First-lines of Therapy Reviewed Manually 

 

Imatinib 
(N=2822) 

N (%) 

Dasatinib 
(N=32) 
N (%) 

Nilotinib 
(N=19) 
N (%) 

All TKIs 
(N=2873) 

N (%) 

Lines of 
Treatment 

632 
(22.4) 

32 
(100) 

19 
(100) 

683 
(23.8) 

 

Table A-11: Proportion of Second-lines of Therapy Reviewed Manually 

 

Imatinib 
(N=5) 
N (%) 

Dasatinib 
(N=457) 
N (%) 

Nilotinib 
(N=124) 
N (%) 

All TKIs 
(N=586) 
N (%) 

Lines of 
Treatment 

5 
(100) 

457 
(100) 

124 
(100) 

586 
(100) 

 

Table A-12: Proportion of Third-lines of Therapy Reviewed Manually 

 

Imatinib 
(N=115) 
N (%) 

Dasatinib 
(N=17) 
N (%) 

Nilotinib 
(N=113) 
N (%) 

All TKIs 
(N=245) 
N (%) 

Lines of 
Treatment 

115 
(100) 

17 
(100) 

113 
(100) 

245 
(100) 
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Table A-13: Proportion of Fourth-lines of Therapy Reviewed Manually 

 

Imatinib 
(N=17) 
N (%) 

Dasatinib 
(N=44) 
N (%) 

Nilotinib 
(N=27) 
N (%) 

All TKIs 
(N=88) 
N (%) 

Lines of 
Treatment 

17  
(100) 

44 
(100) 

27 
(100) 

88 
(100) 

 

Table A-14: Proportion of Fifth-lines of Therapy Reviewed Manually 

 

Imatinib 
(N=12) 
N (%) 

Dasatinib 
(N=4) 
N (%) 

Nilotinib 
(N=12) 
N (%) 

All TKIs 
(N=34) 
N (%) 

Lines of 
Treatment 

12 
(100) 

4 
(100) 

12 
(100) 

28 
(100) 

 
 
Table A-15: Proportion of Sixth-lines of Therapy Reviewed Manually 

 

Imatinib 
(N=1) 
N (%) 

Dasatinib 
(N=1) 
N (%) 

Nilotinib 
(N=1) 
N (%) 

All TKIs 
(N=1) 
N (%) 

Lines of 
Treatment 

1 
(100) 

1 
(100) 

1 
(100) 

3 
(100) 
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Labs Recorded within Clinically Critical Intervals 

 

Table A-16: Proportion of Lines of Treatments with Labs Recorded within Clinically Critical 
Intervals 

Lab with Time 
Interval 

First-line of 
Treatment 
 (N=683) 

N (%) 

Second-line 
of Treatment 

 (N=586) 
N (%) 

Third-line of 
Treatment 

(N=245) 
N (%) 

All 3 Lines of 
Treatment 
(N=1496) 

N (%) 

Bcr by 18 months 
(+60 days) 

402 
(58.9) 

349 
(59.6) 

158 
(64.5) 

909 
(60.8) 

 

Bcr at 18 months ±60 
days 

257 
(37.6) 

199 
(34) 

77 
(31.4) 

533 
(35.6) 

Ph by 12 months 
(+30 days) 

201 
(29.4) 

121 
(20.6) 

42 
(17.1) 

364 
(24.3) 

Ph at 12 months ±30 
days 

54 
(7.9) 

19 
(3.2) 

6 
(2.4) 

79 
(5.3) 
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Variable Retention 

Table A-17: Variable Retention 

TKI Variable Retention 
N=2873 

Age 
Mean (sd)a 

2873 
(100) 

Male 
N (%) 

2873 
(100) 

Black 
N (%) 

2541 
(88.4) 

White 
N (%) 

2541 
(88.4) 

Hispanic 
N (%) 

2541 
(88.4) 

Other Race 
N (%) 

2541 
(88.4) 

Race Missing 
N (%) 

2873 
(100) 

Married 
N (%) 

2873 
(100) 

Priority Level 1 
N (%) 

2873 
(100) 

Charlson 
Comorbidity Score 

Mean (sd)a 

2860 
(99.5) 

Interferon-alpha 
N (%) 

2873 
(100) 

Cytarabine 
N (%) 

2873 
(100) 

Hydroxyurea 
N (%) 

2873 
(100) 

Busulfan 
N (%) 

2873 
(100) 



 193 

Baseline Characteristics 

 

Table A-18: Baseline Characteristics of Dasatinib and Nilotinib as First-line Treatment 

TKI Dasatinib 
N= 32 

Nilotinib 
N=19 

Dasatinib vs. Nilotinib 

OR/Mean difference 
(95% CI) p-value 

Age 
Mean (sd)a 

57.6 
(14.9) 

65.5 
(11.6) 

-7.90 
(-15.92 – 0.13) 0.110 

Male 
N (%) 

29 
(90.6) 

16 
(84.2) 

1.81 
(0.33 – 10.05) 0.492 

Black 
N (%) 

4 
(13.8) 

1 
(6.7) 

2.24 
(0.23 – 22.05) 0.480 

White 
N (%) 

23 
(79.3) 

14 
(93.3) 

0.27 
(0.03 – 2.52) 0.228 

Hispanic 
N (%) 

1 
(3.4) 

0 
(0) NA 0.467 

Other Race 
N (%) 

1 
(3.4) 

0 
(0) NA 0.467 

Race Missing 
N (%) 

3 
(9.4) 

4 
(21.1) 

0.39 
(0.08 – 1.96) 0.241 

Married 
N (%) 

21 
(65.6) 

15 
(78.9) 

0.51 
(0.14- 1.91) 0.313 

Priority Level 1 
N (%) 

7 
(21.9) 

3 
(15.8) 

1.49 
(0.34 – 6.63) 0.597 

Charlson Comorbidity 
Score 

Mean (sd)a 

2.84 
(1.73) 

3.42 
(1.87) 

-0.58 
(-1.61 – 0.46) 0.268 

Interferon-alpha 
N (%) 

0 
(0) 

0 
(0) NA NA 

Cytarabine 
N (%) 

0 
(0) 

0 
(0) NA NA 

Hydroxyurea 
N (%) 

6 
(18.8) 

1 
(5.3) 

4.15 
(0.46 – 37.51) 0.176 

Busulfan 
N (%) 

0 
(0) 

0 
(0) NA NA 

a. Levene’s Test: >0.05: equal variances assumed 
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Table A-19: Baseline Characteristics of First and Second-generation TKIs First-line 
Treatment 

TKI 
First-

generation 
N=2822 

Second- 
generation 

N=51 

Second-generation vs. First-
generation 

OR/Mean difference 
(95% CI) p-value 

Age 
Mean (sd)a 

66.8 
(12.7) 

60.6 
(14.2) 

-6.25 
(-9.77 – -2.73) 0.001 

Male 
N (%) 

2751 
(97.5) 

45 
(88.2) 

0.19 
(0.08 – 0.47) <0.001 

Black 
N (%) 

283 
(11.3) 

5 
(11.4) 

1.00 
(0.39 – 2.57) 0.995 

White 
N (%) 

1854 
(74.2) 

37 
(84.1) 

1.83 
(0.81 – 4.13) 0.138 

Hispanic 
N (%) 

95 
(3.8) 

1 
(2.3) 

0.59 
(0.08 – 4.32) 0.597 

Other Race 
N (%) 

265 
(10.6) 

1 
(2.3) 

0.20 
(0.03 – 1.43) 0.073 

Race Missing 
N (%) 

325 
(11.5) 

7 
(13.7) 

1.22 
(0.55 – 2.74) 0.625 

Married 
N (%) 

1832 
(64.9) 

36 
(70.6) 

1.30 
(0.71 – 2.38) 0.400 

Priority Level 1 
N (%) 

504 
(17.9) 

10 
(19.6) 

1.12 
(0.56 – 2.25) 0.747 

Charlson 
Comorbidity 

Score 
Mean (sd)a 

3.15 
(1.79) 

3.06 
(1.78) 

-0.09 
(-0.59 – 0.40) 0.713 

Interferon-alpha 
N (%) 

134 
(4.7) 

0 
(0) NA 0.111 

Cytarabine 
N (%) 

0 
(0) 

0 
(0) NA NA 

Hydroxyurea 
N (%) 

644 
(22.8) 

7 
(13.7) 

0.54 
(0.24 - 1.20) 0.124 

Busulfan 
N (%) 

9 
(0.3) 

0 
(0) NA 0.686 

a. Levene’s Test: >0.05: equal variances assumed 



 195 

 
Table A-20: Baseline Characteristics of Second-line Treatment 

TKI Imatinib 
N=5 

Dasatinib 
N=457 

Nilotinib 
N=124 

Dasatinib vs. Nilotinib 

OR/Mean 
difference 
(95% CI) 

p-value 

Age 
Mean (sd) 

69.5 
(13.3) 

67.0 
(13.4) 

67.2 
(13.0) 

-0.24 
(-2.9 - 2.4) 0.860 

Male 
N (%) 

3 
(60) 

445 
(97.4) 

120 
(96.8) 

1.24 
(0.40-3.90) 0.717 

Black 
N (%) 

0 
(0) 

67 
(16.0) 

20 
(17.9) 

0.87 
(0.50-1.51) 0.628 

White 
N (%) 

4 
(100) 

313 
(74.5) 

83 
(74.1) 

1.02 
(0.64-1.65) 0.928 

Hispanic 
N (%) 

0 
(0) 

19 
(4.5) 

6 
(5.4) 

0.84 
(0.33 – 2.15) 0.711 

Other Race 
N (%) 

0 
(0) 

21 
(5.0) 

3 
(2.7) 

1.91 
(0.56-  6.53) 0.293 

Race Missing 
N (%) 

1 
(20) 

37 
(8.1) 

12 
(9.7) 

0.82 
(0.42 – 1.63) 0.574 

Married 
N (%) 

3 
(60.0) 

277 
(60.6) 

75 
(60.5) 

1.00 
(0.67 - 1.51) 0.979 

Priority Level 1 
N (%) 

2 
(40.0) 

86 
(18.8) 

27 
(21.8) 

0.83 
(0.51 -1.36) 0.461 

Charlson 
Comorbidity Score 

Mean (sd) 

3.58 
(1.30) 

3.58 
(1.90) 

3.61 
(2.09) 

-0.03 
(-0.42 – 0.36) 0.876 

Interferon-alpha 
N (%) 

0 
(0.0) 

19 
(4.2) 

3 
(2.4) 

1.75 
(0.51 – 6.01) 0.368 

Cytarabine 
N (%) 

0 
(0.0) 

0 
(0.0) 

0 
(0.0) NA NA 

Hydroxyurea 
N (%) 

1 
(20.0) 

124 
(27.1) 

15 
(12.1) 

2.71 
(1.52 – 4.82) <0.001 

Busulfan 
N (%) 

0 
(0.0) 

0 
(0.0) 

0 
(0.0) NA NA 

a. Levene’s Test: >0.05: equal variances assumed   
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Table A-21: Baseline Characteristics of Third-line Treatment 

TKI Imatinib 
N=115 

Dasatinib 
N=17 

Nilotinib 
N=113 

Dasatinib vs. Nilotinib 

OR/Mean 
difference 
(95% CI) 

p-value 

Age 
Mean (sd)a 

68.9 
(13.5) 

66.9 
(7.4) 

68.1 
(13.5) 

-1.19 
(-7.85 – 5.47) 0.593 

Male 
N (%) 

113 
(98.3) 

17 
(100.0) 

108 
(95.6) NA 0.376 

Black 
N (%) 

14 
(13.2) 

4 
(23.5) 

16 
(15.4) 

1.69 
(0.49 – 5.85) 0.402 

White 
N (%) 

82 
(77.4) 

11 
(64.7) 

78 
(75.0) 

0.61 
(0.21 – 1.82) 0.372 

Hispanic 
N (%) 

3 
(2.8) 

1 
(5.9) 

9 
(8.7) 

0.66 
(0.08 – 5.57) 0.700 

Other Race 
N (%) 

7 
(6.6) 

1 
(5.9) 

1 
(1.0) 

6.44 
(0.38 – 108.15) 0.140 

Race Missing 
N (%) 

9 
(7.8) 

0 
(0) 

9 
(8.0) NA 0.228 

Married 
N (%) 

72 
(62.6) 

10 
(58.8) 

72 
(63.7) 

0.81 
(0.29 – 2.30) 0.697 

Priority Level 1 
N (%) 

20 
(17.4) 

3 
(17.6) 

21 
(18.6) 

0.94 
(0.25 – 3.56) 0.926 

Charlson 
Comorbidity Score 

Mean (sd)b 

3.88 
(2.15) 

4.06 
(1.85) 

3.82 
(2.04) 

0.24 
(-0.80 – 1.28) 0.654 

Interferon-alpha 
N (%) 

2 
(1.7) 

0 
(0) 

8 
(7.1) 

0.93 
(0.88 – 0.98) 0.257 

Cytarabine 
N (%) 

0 
(0) 

0 
(0) 

0 
(0) NA NA 

Hydroxyurea 
N (%) 

28 
(24.3) 

1 
(5.9) 

27 
(23.9) 

0.20 
(0.03 - 1.57) 0.092 

Busulfan 
N (%) 

0 
(0) 

0 
(0) 

0 
(0) NA NA 

a. Levene’s Test: <0.05: equal variances not assumed 
b. Levene’s Test: >0.05: equal variances assumed 
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