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ABSTRACT

BACKGROUND: Frequent molecular monitoring (qPCR tests), as recom-
mended by evidence-based monitoring guidelines, is associated with 
higher adherence to tyrosine kinase inhibitors (TKIs) in the management of 
chronic myeloid leukemia (CML); both factors have been associated with 
better clinical and economic outcomes. 
OBJECTIVES: To (a) estimate the effect of more frequent qPCR tests on 
health care resource utilization (HRU) and associated costs, including direct 
(effect of qPCR test frequency on HRU) and indirect (through TKI adher-
ence) effects, and (b) develop an economic model applicable to multiple 
clinical practice scenarios.
METHODS: Adult patients newly diagnosed with CML who started TKI first-
line therapy were identified from U.S. administrative claims data (2010-
2015). TKI adherence (medication possession ratio [MPR]), number of inpa-
tient days, emergency room (ER) visits, outpatient service days, and mean 
costs per HRU event were measured during the first year of CML treatment. 
Direct and indirect effects of qPCR test frequency were estimated using 
multivariate regression models. Subsequently, an economic model was 
developed to assess the overall effect of varying qPCR test frequency on 
HRU and associated costs during the first year of CML treatment under 
different clinical practice scenarios; the scenario reported is the increase 
from 1 to 2 qPCR tests.
RESULTS: Of the 1,431 patients included, 36% had no qPCR tests, the aver-
age qPCR test frequency was 1.6, and the average MPR was 0.86 during 
the first year of CML treatment. The direct effect of increasing qPCR test 
frequency by 1 was associated with 13.0% fewer inpatient days (adjusted 
incidence rate ratio [adjusted IRR] = 0.87; P = 0.010); 8.3% fewer ER visits 
(adjusted IRR = 0.92; P = 0.043); and 3.0% more outpatient service days 
(adjusted IRR = 1.03; P = 0.002). Each increase of 1 test was associated 
with an increase in TKI adherence by 2.2 percentage points (adjusted MPR 
difference = 0.022; P < 0.001). When considering the indirect effect of qPCR 
test frequency through TKI adherence, an increase of 1 qPCR test combined 
with an increase in TKI adherence by 2.2 percentage points was associated 
with a greater reduction of inpatient days from 13.0% to 15.2%, ER visits 
from 8.3% to 8.6%, and a smaller increase of outpatient service days from 
3.0% to 2.6%. Based on the economic model, an increase from 1 to 2 qPCR 
tests, considering the increase in TKI adherence, was associated with 
a reduction of 0.87 (95% CI = -1.49, -0.18) inpatient days and 0.06 (95% 
CI = -0.12, 0.05) ER visits, an increase of 0.98 (95% CI = 0.25, 1.60) outpa-
tient service days and a cost savings of $2,918 (95% CI = -5,213, -349) per 
patient per year. 
CONCLUSIONS: Closer alignment with the monitoring guidelines’ recom-
mended qPCR test frequency and better adherence to TKIs were associ-
ated with lower HRU and medical service costs. Managed care initiatives 
to increase qPCR test frequency and TKI adherence might benefit from an 
enhanced reduction because of the interaction between both factors.
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RESEARCH

Chronic myeloid leukemia (CML), a myeloproliferative 
disorder, represents approximately 15% of all adult 
leukemia cases diagnosed in the United States.1 Recent 

statistics on CML report that approximately 44,885 people in 
the United States have CML, with the incidence rate being 1.8 
new cases per 100,000 individuals per year.2 

In 95% of patients with CML, an abnormal chromosome, 
the Philadelphia chromosome, is found. It is generated by a 
reciprocal chromosome translocation (between 9 and 22), 
resulting in the fusion gene BCR-ABL1 and the production of an 
oncogenic tyrosine kinase protein.3,4 Tyrosine kinase inhibitors 
(TKIs) have been the standard of care for more than a decade 
and are used by the vast majority of patients.4,5 TKIs, includ-
ing the first-generation imatinib (introduced in 2001) and  

•	Frequent molecular monitoring during the course of treatment of 
chronic myeloid leukemia (CML) is recommended by evidence-
based monitoring guidelines such as the National Comprehensive 
Care Network guidelines.

•	From distinct studies, (a) frequent molecular monitoring has 
been associated with better adherence to treatment with tyrosine 
kinase inhibitors (TKIs), and (b) high adherence to TKIs and 
frequent molecular monitoring have been associated with better 
clinical and economic outcomes in the management of CML.

What is already known about this subject

•	The effect of more frequent molecular monitoring was esti-
mated, taking into consideration the indirect effect, through the 
improved adherence to TKIs, on health care resource utilization 
and associated costs to develop an economic model applicable to 
multiple clinical practice scenarios.

•	Over one third of patients with CML (36%) received no molecular 
monitoring within the first year of TKI therapy.

•	Overall, each additional molecular monitoring test, estimated at 
$223, was associated with fewer inpatient admissions, inpatient 
days, and emergency room visits and an increase in days with 
outpatient services, generating a positive economic effect of 
$2,918 per patient per year. 

What this study adds
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to estimate the overall effect of more frequent molecular moni-
toring on HRU in adult patients newly diagnosed with CML, 
including direct (the effect of qPCR test frequency on HRU) and 
indirect (through improved TKI adherence) effects. The second 
objective was to develop an economic model to illustrate the 
overall effect of more frequent molecular monitoring on HRU 
and associated costs, including the indirect effect through TKI 
adherence, applicable for multiple scenarios in clinical practice, 
assuming that the increased frequency of molecular monitor-
ing would be associated with lower HRU, which in turn may 
translate into lower costs. 

■■  Methods
Data Source
Two large U.S. administrative claims databases spanning 
January 1, 2006-June 30, 2015, were used to identify com-
mercially insured adult patients newly diagnosed with CML 
who were initiated on first-line TKI therapy. These databases 
include patient-level data from over 200 health plans and 
annually represent over 115 million enrollees from all U.S. cen-
sus regions. Data were de-identified to comply with the confi-
dentiality requirements of the Health Insurance Portability and 
Accountability Act (HIPAA); therefore, no institutional review 
was required.

Study Design and Sample Selection
The design was a retrospective cohort study. The index date 
was the first TKI (i.e., imatinib, dasatinib, or nilotinib) pre-
scription fill date, and the baseline period was the 6 months 
before the index date. The study period was the 12 months 
following the index date and was used to measure outcomes. 
The observation period was the 13 months following the index 
date and was used to measure frequency of molecular monitor-
ing. The thirteenth month following the index date was used 
to allow for the observation of a potential fourth molecular 
monitoring test that may have been delayed by a few days, 
since molecular monitoring is recommended every 3 months 
when patients respond to TKI therapy.17 

From the 2 claims databases, patients were included if they 
(a) were aged ≥ 18 years at the index date; (b) received ima-
tinib, dasatinib, or nilotinib on or after October 28, 2010, the 
date when the 3 TKIs were available as first-line therapy for 
CML (i.e., after U.S. Food and Drug Administration approval 
of dasatinib [October 28, 2010], imatinib [May 10, 2001], and 
nilotinib [June 17, 2010]);6-8 (c) had the first diagnosis for CML 
observed during the baseline period or the month following 
the index date; and (d) had continuous health plan coverage 
during the baseline and observation periods. 

Patients were excluded if they had (a) received omacetaxine 
mepesuccinate, bosutinib, or ponatinib before or on the index 
date; (b) a procedure for hematopoietic stem cell transplanta-
tion during the baseline period or at the index date; (c) used 

second-generation dasatinib and nilotinib,6-8 have improved 
the 8-year survival of patients newly diagnosed with CML by 
year of diagnosis from 42%-65% in 1983-2000 to 87% since 
2001.9 CML is now managed as a chronic condition. 

Successful TKI therapy has the potential to reduce the dis-
ease burden of CML below the threshold of detection of hema-
tologic and cytogenetic testing, and there is evidence that the 
early achievement of reduced disease burden predicts favorable 
long-term outcomes.10-12 Molecular monitoring, which mea-
sures BCR-ABL1 transcript level using quantitative real-time 
polymerase chain reaction (qPCR) on the International Scale 
(IS), allows the detection of low levels of residual leukemia 
cells and provides important prognostic information for CML 
patients receiving TKI.13 Molecular monitoring helps determine 
whether a patient is responding optimally to treatment, helps 
identify those at risk of progression, and provides evidence 
regarding the need to reassess treatment or initiate second-line 
therapy.14-16 Thus, it is important to monitor a patient’s molecu-
lar response at regular intervals to gauge continuing response 
to TKI therapy.

Regular molecular monitoring has been incorporated into 
several CML treatment guidelines since 2006, including those 
of the European LeukemiaNet (ELN) and the U.S. National 
Comprehensive Care Network (NCCN).16,17 The NCCN guide-
lines recommend molecular monitoring every 3 months after 
TKI initiation (except at the third and sixth months, where 
cytogenetic monitoring may be used if molecular monitoring 
using the IS is not available), every 3 months for 2 years, and 
every 3-6 months in the following years after complete cyto-
genetic response (CCyR) achievement.17 If BCR-ABL1 transcript 
levels increase by 1 log after achieving a major molecular 
response, the NCCN guidelines recommend testing to be 
repeated after 1-3 months. 

Despite these recommendations, several studies have dem-
onstrated that in clinical practice, patients with CML are often 
monitored less frequently for molecular response than is rec-
ommended.12,18-20 Payers could have the capacity to encourage 
the frequency of molecular monitoring as routine oncology 
practice by providing supportive measures to help physicians 
comply with evidence-based guidelines. However, in the U.S., 
few payers proactively encourage the management of molecular 
response monitoring in patients with CML, although more fre-
quent monitoring has been associated with improved adherence 
to TKIs,18 lower risk of progression,12 and lower health resource 
utilization (HRU) and costs.19 In addition, higher adherence to 
TKIs, which may result from more frequent molecular monitor-
ing, has also been shown to reduce HRU.18,21

Because of the importance of preventing CML disease pro-
gression and providing patients with the optimal benefits from 
treatment, there is a need to better understand the effect of 
the frequency of molecular monitoring on clinical outcomes in 
real-world practice. Thus, the first objective of this study was 
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chemotherapy (except hydroxyurea) during the baseline period 
or at the index date; (d) a CML remission/relapse diagnosis 
before or on the index date; (e) an indicator of clinical trial 
enrollment during the baseline or observation periods; (f) > 4 
molecular monitoring tests during the observation period; or 
(g) a diagnosis for metastatic cancer or solid tumor during the 
baseline period or at the index date (Appendix A, available in 
online article). Reasons for having molecular monitoring were 
not available in the database, and considering the recommen-
dation by NCCN guidelines for molecular monitoring, it was 
assumed that patients receiving > 4 tests in the first 13 months 
of TKI initiation were likely to present unusual clinical profiles 
and were excluded.12,17-19

Measures and Outcomes
The frequency of molecular monitoring was measured during 
the observation period and was identified using procedure 
codes recorded in medical claims for qPCR testing (Appendix B, 
available in online article). Because specific Current Procedural 
Terminology procedure codes to identify qPCR tests were effec-
tive starting January 1, 2013,22 these specific codes were used 
after January 1, 2013, and groups of related procedure codes, 
≥ 30 days apart, were used to identify molecular monitoring 
before 2013. 

The medication possession ratio (MPR) was used to assess 
adherence to any TKI therapy (i.e., imatinib, dasatinib, nilo-
tinib, bosutinib, or ponatinib) during the study period. The 
MPR was the number of days of TKI supplied during the 
study period divided by the number of calendar days in the 
study period (i.e., 365 days), and was truncated at 1 if the total 
number of days of TKI supply exceeded 365 days (i.e., overlap-
ping prescription fills).23 Adherence to TKIs was analyzed as a 
continuous variable of MPR, theoretically ranging from 0 to 1.

The following HRU outcomes were measured during the 
study period and reported per patient per year: number of 
inpatient (IP) admissions and IP days; emergency room (ER) 
visits; and days with outpatient (OP) services (e.g., office visits, 
any laboratory services including molecular monitoring tests, 
and home care services). Associated health care costs were 
measured during the study period; mean costs were calculated 
by HRU event (i.e., 1 IP day, 1 ER visit, 1 day with OP ser-
vices) considering each event that occurred during the study 
period. Medical service costs were measured from a U.S. payer 
perspective (i.e., amount reimbursed by the commercial plan 
and coordination of benefits) and adjusted to 2015 U.S. dollars 
using the Consumer Price Index, medical care component.24

Statistical Methods
A zero-inflated negative binomial (ZINB) regression model was 
used to estimate the effect of more frequent molecular moni-
toring and higher adherence to TKIs on HRU (i.e., the direct 
effect of molecular frequency and adherence to TKIs on HRU 

in the economic model below). The first part of the ZINB model 
was a general linear model (GLM) with a log link and a logit 
distribution, and the second part was a GLM with a log link 
and a negative binomial distribution (due to the overdispersion 
confirmed by a chi-square test25); incidence rate ratios (IRRs) 
were reported. Goodness of fit was assessed using the Vuong 
test for each HRU outcome.26 P values with 95% confidence 
intervals (CIs) were estimated using a robust standard error.27 

The effect of molecular monitoring frequency on adherence 
to TKIs (i.e., the indirect effect through adherence to TKIs 
in the economic model below) was estimated using ordinary 
least-squares regression models (OLS), and the difference in 
MPR was reported. OLS assumptions for unbiased and robust 
estimates were met.28 P values and 95% CIs were estimated 
using a robust standard error.27 

All regression models were adjusted for the following a 
priori selected potential confounding factors: age, sex, year of 
the index date, U.S. census region, health plan type, whether 
patients started TKI therapy on the recommended dose for 
CML-chronic phase,6-8 Darkow CML Complexity Index score 
(which uses reported diagnoses of associated complications, 
comorbidities, or adverse events to categorize the difficulty of 
managing the patients’ disease as mild, moderate, or severe),29 
and Charlson-Quan Comorbidity Index (CCI) score.30

Economic Model
Based on the results of the statistical analyses, an economic 
model was developed to estimate the overall effect of the fre-
quency of molecular monitoring on HRU and associated costs, 
considering the indirect effect through adherence to TKIs on 
HRU, over the first year of CML management. 

Model inputs included frequency of molecular monitoring, 
adherence to TKIs, and mean cost per HRU event. The model 
output allowed an estimation of the putative overall effect of 
more frequent molecular monitoring for multiple scenarios 
in clinical practice. Using estimated parameters of the ZINB 
models, the number of HRU events was estimated at a pre-
determined frequency of molecular monitoring (e.g., 1 test), 
holding the TKI adherence level and other variables at their 
mean values. This was compared with the number of HRU 
events estimated at an increased test frequency (e.g., 2 tests), 
considering the increase in TKI adherence level (using the esti-
mated effect on MPR of the OLS model) and holding all other 
variables at their mean values. The difference in the number 
of HRU events associated with an increase in the number of 
molecular monitoring tests was translated into medical service 
costs by multiplying the difference in the number of HRU 
events by the mean cost of the corresponding HRU outcome. 
The 95% CIs of the differences in the number of HRU events 
and costs, considering the direct and indirect effects, were esti-
mated using a nonparametric bootstrap resampling technique 
with 499 iterations.31,32
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To illustrate the overall effect of more frequent molecular 
monitoring on each HRU outcome, stratified by direct and 
indirect effects, 2 potential scenarios in clinical practice set-
tings are presented: (1) an increase from 1 to 2 molecular 
monitoring tests, and (2) an increase from 2 to 4 molecular 
monitoring tests over the first year of CML treatment. 

Statistical significance was set at the 0.05 level. All data 
analyses were performed using SAS, version 9.3 (SAS Institute, 
Cary, NC). 

■■  Results 
A total of 1,431 adult patients newly diagnosed with CML met 
the sample selection criteria (Figure 1), composed of 668 (47%) 
patients who started first-line TKI therapy with imatinib, 443 
(31%) who started with dasatinib, and 320 (22%) who started 
with nilotinib (Table 1). Patient mean age was 54 years, with 
19% of patients aged ≥ 65 years, and 47% of patients were 
female. During the study period, most (42%) patients had mild 
Darkow complexity (36% moderate and 22% severe), and the 
average CCI was 2.1. The 5 most prevalent comorbidities were 
hypertension (46%), hyperlipidemia (39%), anemia (34%), dia-
betes (24%), and cardiovascular disease (19%). 

During the first year of CML management, 36% of patients 
had no molecular monitoring tests, 16% had 1, 15% had 2, 18% 
had 3, and 16% had 4 (Table 1); on average, patients had 1.6 
molecular monitoring tests. The proportion of patients without 
any molecular monitoring tests tended to decrease with later 
index date years (i.e., 46% in 2010-2011, 27% in 2013-2014). 
The average adherence to TKIs was 0.86, and 75% of patients 
had an adherence > 0.80,18,23,33,34 meaning that the majority of 
patients were considered as adherent to TKI therapy and used 
it continuously through the first year of CML treatment. The 
mean costs were estimated to be $3,660 per IP day, $848 per 
ER visit, and $313 per day with OP services. 

When assessing the direct effect of molecular monitoring 
frequency on HRU outcomes, an increase of 1 molecular moni-
toring test was associated with a reduction in the number of IP 
admissions by 11.6% (adjusted IRR = 0.8839; P = 0.012), IP days 
by 13.0% (adjusted IRR = 0.8701; P = 0.010), ER visits by 8.3% 
(adjusted IRR = 0.9167; P = 0.043), and an increase in the num-
ber of days with OP services by 3.0% (adjusted IRR = 1.0296; 
P = 0.002; Figure 2). Concurrently, from the same regression 
model, when assessing the direct effect of adherence to TKIs 
on HRU outcomes, an increase in adherence to TKIs by 1 unit 
(i.e., 1 percentage point—the difference in MPR level) was 
associated with a reduction in the number of IP admissions by 
1.3% (adjusted IRR = 0.9865; P < 0.001), the number of IP days 
by 1.1% (adjusted IRR = 0.9885; P < 0.001), and the number 
of ER visits and days with OP services by a nonstatistically 
significant 0.1% (adjusted IRR = 0.9988, P = 0.640 and adjusted 
IRR = 0.9985, P = 0.060, respectively; results not presented). 

When assessing the effect of molecular monitoring fre-
quency on adherence to TKIs, each increase of 1 molecular 
monitoring test was associated with an increase in adherence 
to TKIs by 2.2 units (i.e., 2.2 percentage points; adjusted differ-
ence in MPR level of 0.0221; P < 0.001; Figure 3). Consequently, 
when also considering the indirect effect of molecular monitor-
ing frequency through improved adherence to TKIs on HRU 
outcomes, an increase of 1 molecular monitoring test com-
bined with an increase of adherence to TKIs by 2.2 percentage 
points was associated with a greater reduction of the number 
of IP admissions from 11.6% to 14.2%, IP days from 13.0% to 
15.2%, a greater reduction of ER visits from 8.3% to 8.6%, and 
a smaller increase in the number of days with OP services from 
3.0% to 2.6%. The indirect effect of molecular monitoring test 
frequency through adherence to TKIs accounted for 18.4%, 
14.5%, and 2.8% of the reduction in IP admissions, IP days, 
and ER visits, respectively. 

Based on the economic model, increasing test frequency 
from 1 to 2 tests for a patient over the first year of CML man-
agement is expected to result in the following changes in HRU 
outcomes and costs per newly diagnosed CML patient per year: 
(a) a reduction of 0.04 IP admissions or 0.87 IP days, resulting 
in a cost savings of $3,175; (b) a numerical, but nonstatisti-
cally significant, reduction of 0.06 ER visits, resulting in a cost 
savings of $50; (c) an increase of 0.98 days with OP services, 
resulting in a cost increase of $307; and (d) a total cost savings 
of $2,918 (Table 2). A second scenario, modeling an increase 
from 2 to 4 tests for a patient over the first year of CML 
management is expected to result in the following changes 
per newly diagnosed CML patient per year: (a) a reduction of 
0.07 IP admissions or 1.4 IP days, resulting in a cost savings 
of $5,106; (b) a numerical, but nonstatistically significant, 
reduction of 0.1 ER visits, resulting in a cost savings of $87; (c) 
an increase of 2.05 days with OP services, resulting in a cost 
increase of $640; and (d) a total cost savings of $4,554 (Table 2).  
For a health plan of 1 million beneficiaries, and based on a 
CML annual incidence of 1.8 per 100,000 individuals,2 the 
overall effect of increasing the molecular monitoring frequency 
from 1 to 2 and from 2 to 4 would be expected to lead to an 
estimated cost savings of $52,530 and $81,971, respectively, 
over a 1-year period. 

■■  Discussion 
The benefits of an adequate frequency of molecular monitor-
ing in CML patients have been demonstrated in a number 
of studies.10-12,18,19 However, significant barriers to adherence 
to evidence-based CML monitoring guidelines exist.12,35,36 In 
this study, we found that 36% of patients had no molecular 
monitoring test within the first year of CML management, and 
although this proportion decreased with more recent index 
dates, there remained a substantial proportion of patients who 
received no molecular tests in the first year. According to a 
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recent study by Goldberg et al. (2015), the main obstacles for 
physicians to adhere to monitoring guidelines include resource 
and accessibility barriers regarding molecular response testing, 
unfamiliarity with molecular testing, and a lack of agreement 
with monitoring recommendations.37 The findings of this 
study add to the existing body of evidence by demonstrating 

that more frequent molecular monitoring among patients with 
CML, in closer alignment with NCCN guidelines, is associ-
ated with lower HRU and associated costs. These findings also 
support the need for consideration of U.S. payer programs to 
improve adherence to evidence-based CML monitoring guide-
lines, which in turn would improve quality of CML patient 

Patients with 4 molecular monitoring tests or less during observation period 
N = 1,431 (91.55%)

FIGURE 1 Sample Selection of Patients Newly Diagnosed with CML Receiving First-Line TKI Therapy

Patients received nilotinib, dasatinib, or imatinib as first-line therapy on or after October 28, 2010 
N = 8,652

Patients were newly diagnosed with CML 
N = 6,373 (73.66%)

Patients had continuous health plan coverage during baseline and observation periods 
N = 1,906 (29.91%)

Patients were aged ≥ 18 years as of index date 
N = 1,874 (98.32%)

Patients did not receive omacetaxine mepesuccinate, bosutinib, or ponatinib before or at index date 
N = 1,874 (100.00%)

Patients without an HSCT during baseline period or at index date 
N = 1,864 (99.47%)

Patients did not receive chemotherapy (except for hydroxyurea) during baseline period or at index date 
N = 1,808 (97.00%)

Patients without diagnosis for CML remission or CML relapse before or at index date 
N = 1,706 (94.36%)

Patients wihout diagnosis for metastatic cancer or solid tumor during baseline period or at index date 
N = 1,587 (93.02%)

Patients without medical claim associated with a clinical trial during baseline or observation period 
N = 1,563 (98.49%)

CML = chronic myeloid leukemia; HSCT = hematopoietic stem cell transplant; TKI = tyrosine kinase inhibitor.
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The findings of this study are consistent with several pre-

vious studies. A first chart review study, based on data from 

2006-2010, similarly reported that only 25% of patients with 

CML had a molecular monitoring test by 3 months, 45% 

between 4-6 months, and 65% between 7-12 months.20 By 12 

care and clinical outcomes. Since payers may be able to develop 

initiatives to increase the frequency of molecular response 

monitoring in routine oncology practice, the economic model 

built in this study describes the magnitude of the possible posi-

tive economic effect. 

Total number of patients 1,431
At the Index Date 
Demographic characteristics 

Age at the index date, years, mean ± SD [median] 54.29 ± 13.49 [55]
65 + years, n (%) 	 273	 (19.1)

Female, n (%) 	 665	 (46.5)
Health plan type,a n (%) 

Low flexibility plan 	 284	 (19.8)
Middle flexibility plan 	 999	 (69.8)
High flexibility plan 	 148	 (10.3)

Region of residence, n (%) 
South 	 530	 (37.0)
Northeast 	 281	 (19.6)
Midwest 	 204	 (14.3)
West 	 191	 (13.3)
North Central 	 198	 (13.8)
Unknown 	 27	 (1.9)

Index year, n (%) 
2010 	 91	 (6.4)
2011 	 483	 (33.8)
2012 	 440	 (30.7)
2013 	 359	 (25.1)
2014 	 58	 (4.1)

Index treatment, n (%) 
Imatinib 	 668	 (46.7)

Started on lower starting dose  
(200 mg/day-300 mg/day)

	 33	 (4.9)

Started on recommended starting dose  
(400 mg/day) 

	 605	 (42.3)

Started on higher starting dose  
(500 mg/day-1,000 mg/day)

	 30	 (4.5)

Dasatinib 	 443	 (31.0)
Started on lower starting dose  
(20 mg/day-90 mg/day)

	 14	 (3.2)

Started on recommended starting dose  
(100 mg/day) 

	 404	 (28.2)

Started on higher starting dose  
(from 140 mg/day-210 mg/day)

	 25	 (5.6)

Nilotinib 	 320	 (22.4)
Started on lower starting dose  
(150 mg/day-400 mg/day)

	 20	 (6.3)

Started on recommended starting dose  
(600 mg/day) 

	 247	 (17.3)

Started on higher starting dose  
(650 mg/day-1,000 mg/day)

	 53	 (16.6)

TABLE 1 Characteristics of Patients Newly Diagnosed with CML Receiving First-Line TKI Therapy

During Study Period 

Darkow Disease Complexity Index,29 n (%)

Mild 	 601	 (42.0)

Moderate 	 509	 (35.6)

Severe 	 321	 (22.4)

Number of qPCR monitoring tests,  
mean ± SD [median] 

1.61 ± 1.50 [1]

0 qPCR, n (%) 	 517	 (36.1)

1 qPCR, n (%) 	 226	 (15.8)

2 qPCR, n (%) 	 208	 (14.5)

3 qPCR, n (%) 	 257	 (18.0)

4 qPCR, n (%) 	 223	 (15.6)

Adherence to TKI therapy, MPR,  
mean ± SD [median]

0.86 ± 0.22 
[0.96]

≥ 0.80, n (%) 	 1,069	 (74.7)

CCI30 (excluding CML), mean ± SD [median] 2.10 ± 1.95 [2]

10 most prevalent comorbidities, n (%) 

Hypertension 	 654	 (45.7)

Hyperlipidemia 	 563	 (39.3)

Anemia 	 491	 (34.3)

Diabetes 	 347	 (24.2)

Cardiovascular disease 	 277	 (19.4)

Chronic pulmonary disease 	 223	 (15.6)

Fluid electrolyte disorder 	 214	 (15.0)

Coagulopathy 	 198	 (13.8)

Hypothyroidism 	 188	 (13.1)

Valvular disease 	 158	 (11.0)

Annual health care resource utilization, mean ± SD [median] 

IP admissions 0.36 ± 0.97 [0]

IP days 3.10 ± 12.79 [0]

ER visits 0.71 ± 2.09 [0]

Days with OP services 28.60 ± 19.95 [25]

Health care cost per event, mean ± SD [median] 

IP costs $32,496 ± 42,736 
[16,335]

IP day costs $3,660 ± 4,672  
[2,262]

ER costs $848 ± 1,481  
[504]

OP costs $313 ± 443  
[197]

aPlan flexibility is based on whether the primary care giver is assigned and whether there is patient incentive to use a certain provider.
CCI = Charlson-Quan Comorbidity Index; CML = chronic myeloid leukemia; ER = emergency room; IP = inpatient; MPR = medication possession ratio; OP = outpatient; 
qPCR = quantitative real-time polymerase chain reaction; SD = standard deviation; TKI = tyrosine kinase inhibitor. 
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current study contributes to the literature by providing an over-
view of the direct and indirect effects of more frequent molecu-
lar monitoring on economic outcomes. When combining the 
direct and indirect effects, the total effect on HRU and health 
care cost is enhanced. For example, our study sample had an 
average of 1.6 molecular monitoring tests over the first year of 
CML management. Based on our economic model, the effect of 
increasing the frequency of testing from 2 to 4 would result in 
a cost savings of $4,554 per patient, primarily driven by fewer 
IP days. Thus, a better alignment of the frequency of molecular 
monitoring with the NCCN guideline-recommended levels 
would result in greater direct and indirect effects, leading to 
substantial cost savings. Each additional molecular monitoring 
test, estimated at $223 (i.e., representing $307 in days with OP 
services in this study),38 would have the potential to generate a 
positive economic effect of $2,918 per patient per year.

The observed reduction in HRU resulting from increased 
testing frequency may have several explanations. Molecular 
response alerts health care providers of CML disease progres-
sion, so more frequent monitoring presents more opportunities 

months, 72% of patients had at least 1 molecular monitoring 
test; 28% had never received testing in the first year. Another 
chart review study, using data from 2006-2011, reported that 
while patients with CML were in chronic phase and on TKI 
therapy, 13% of patients had no molecular monitoring tests; 
41% had an average of 1-2 tests per year; and 46% had an aver-
age of 3-4 tests per year.12 Finally, a claims database analysis of 
patients with CML who initiated a TKI therapy between 2007-
2011 showed that over the first year following the TKI initia-
tion, 41% of patients with CML had no molecular monitoring 
tests; 32% had 1-2 tests, and 27% had 3-4 tests.19 

In the current study, more frequent molecular monitoring 
was associated with a reduction in HRU events, consistent with 
the findings of a previous retrospective claims analysis report-
ing a 44% reduction in IP admissions, and lower costs, among 
CML patients with 3-4 tests compared with patients with no 
tests in the first year.19 In addition, we found that higher adher-
ence to TKI therapy was associated with fewer IP visits and 
days, similar to a previous retrospective claims study among 
a population of privately insured patients with CML.21 The  

FIGURE 2 Direct Effect of More Frequent Molecular Monitoring on HRU Outcomes over First Year of CML 
Management in Newly Diagnosed CML Patients 

Note: Regression models were adjusted for the following a priori selected potential confounding factors: age, sex, year of index date, U.S. census region, health plan type, 
whether patients started TKI therapy on recommended dose for CML chronic phase, Darkow CML Complexity Index score, and Charlson-Quan Comorbidity Index score.
aSignificant at 5% level (P < 0.05). IP admission, P = 0.012; IP days, P = 0.010; ER visits, P = 0.043; days with OP services, P = 0.002.
CI = confidence interval; CML = chronic myeloid leukemia; ER = emergency room; HRU = health resource utilization; IP = inpatient; IRR = incidence rate ratio; OP = outpatient.
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to determine if a patient is responding optimally and whether 
there is a need to reassess therapy.10 The high sensitivity of 
molecular monitoring, combined with the recommended test-
ing frequency per NCCN guidelines, allows providers to moni-
tor the achievement and maintenance of optimal treatment 
response, note increases in BRC-ABL1 transcript levels (a sign 
of potential resistance/treatment failure), and identify treat-
ment nonadherence.39,40 Response to TKI therapy is the most 
important prognostic factor for disease progression and can 
be predicted as early as 3 months from therapy initiation.41,42 

Early detection of progression or nonadherence may allow the 
provider to intervene quickly to minimize the potential effect 
on long-term and progression-free survival.10,11,17,41-43 

The high proportion of patients who fail to receive any 
molecular monitoring tests within the first year of CML treat-
ment signals that some providers may not appreciate the 
need for regular, consistent molecular monitoring or may 

not fully appreciate the importance of monitoring after CCyR  
achievement.36 There may also be a lack of familiarity regard-
ing how frequently monitoring should be performed or how 
to interpret and act on test results.13,37,44,45 For these reasons, 
measures that support more frequent molecular monitoring 
are needed to help achieve the recommended testing frequency 
per NCCN guidelines and encourage a proactive strategy for 
CML management.17,36 In addition to multifaceted educational 
programs aimed at raising provider awareness of routine 
monitoring (such as point-of-care computerized reminders), 
other initiatives from payers to encourage regular monitoring 
are warranted to improve quality of CML care. The economic 
model built in this study has the flexibility to be adaptive to 
the specific characteristics of the CMS population within indi-
vidual health plans and could be used to illustrate the effect of 
more frequent molecular monitoring on HRU and associated 
health care costs of each health plan. 

FIGURE 3 Effect of More Frequent Molecular Monitoring on Level of Adherence to TKI Therapy over  
First Year of CML Management in Newly Diagnosed CML Patients

Note: Regression models were adjusted for the following a priori selected potential confounding factors: age, sex, year of index date, U.S. census region, health plan type, 
whether patients started TKI therapy on recommended dose for CML-chronic phase, Darkow CML Complexity Index score, and Charlson-Quan Comorbidity Index score.
aThe estimated difference in the level of adherence to TKI therapy was 2.2 percentage points (i.e., adjusted difference in MPR of 0.022; P<0.001). The robustness of the 
estimated difference in MPR was tested using a fractional logistic regression model with robust standard error, and the results remained constant.
CML = chronic myeloid leukemia; MPR = medication possession ratio; TKI = tyrosine kinase inhibitor. 
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Limitations
The results of this study should be interpreted in the context of 
its limitations, which are inherent to the data sources. First, the 
studied sample was limited to commercially insured employees 
and their dependents diagnosed with CML, so generalizability 
to the overall CML population may be limited. Second, mea-
sures of disease severity such as the Sokal score or performance 
status,46,47 phase of CML (chronic phase, accelerated phase, or 
blast crisis17), and laboratory test results (including the avail-
ability of molecular monitoring using the IS) were not available 
in the data. Third, there was no procedure code to identify 
molecular monitoring (i.e., qPCR tests) in claims data before  
January 1, 2013. Therefore, an algorithm was developed to iden-
tify these tests. Fourth, 2 databases were stacked to increase the 
sample size. According to data use agreements, data cannot be 
combined in any manner that would allow for re-identification 
of payers or plans, and per HIPAA requirements, it is forbidden 
to assess the potential overlap of patients between the 2 data-
bases; however, the potential overlap, if any, was insignificant. 
Fifth, this study demonstrated the association between molecu-
lar monitoring frequency and adherence to TKI therapy and 
economic outcomes, not causation.

■■  Conclusions
Closer alignment with the NCCN guideline-recommended 
molecular monitoring frequency and better adherence to TKIs 
were associated with a reduction in HRU events and costs among 

newly diagnosed adult patients with CML receiving first-line 
TKI therapy. Managed care initiatives or incentives to increase 
molecular monitoring frequency and improve adherence to TKIs 
have the potential to generate a positive economic effect.

TABLE 2 Potential Effect of More Frequent Molecular Monitoring on HRU Outcomes and Health Care Costs 
Per Newly Diagnosed CML Patients over First Year of CML Management

Adjusted Difference in Number of HRU Events/Costs 

Direct Effecta 
HRU Event

Indirect Effectb 
HRU Event

Overall Effectc

HRU Event [95% CI] Cost, USD 2015 [95% CI]

A. Increasing molecular monitoring frequency from 1 to 2 
IP admissions -0.034 -0.008 	 -0.04	 [-0.08, -0.010]

	 -$3,175	 [-5,438, -677]
IP days -0.74 -0.13 	 -0.87	 [-1.49, -0.18]
ER visits -0.06 < -0.01 	 -0.06	 [-0.12, 0.05] 	 -$50	 [-99, 41]
Days with OP services 1.11 -0.13 	 0.98	 [0.25, 1.60] 	 $307	 [80, 501]

Total cost 	 -$2,918	 [-5,213, -349]
B. Increasing molecular monitoring frequency from 2 to 4

IP admissions -0.057 -0.013 	 -0.07	 [-0.12, -0.02]
	 -$5,106	 [-7,670, -1,312]

IP days -1.21 -0.19 	 -1.40	 [-2.10, -0.36]
ER visits -0.10 < -0.01 	 -0.10	 [-0.18, 0.11] 	 -$87	 [-156, 92]
Days with OP services 2.31 -0.26 	 2.05	 [0.52, 3.43] 	 $640	 [162, 1,072]

Total cost 	 -$4,554	 [-7,203, -587]

Note: Regression models were adjusted for the following a priori selected potential confounding factors: age, sex, year of index date, U.S. census region, health plan type, 
whether patients started TKI therapy on recommended dose for CML-chronic phase, Darkow CML Complexity Index score, and Charlson-Quan Comorbidity Index score.
aDirect effect of qPCR test frequency on HRU alone.
bIndirect effect of qPCR test frequency through TKI adherence; increasing qPCR test frequency increased TKI adherence level, which in turn reduced HRU events.
cSum of direct and indirect effects.
CI = confidence interval; CML = chronic myeloid leukemia; ER = emergency room; HRU = health resource utilization; IP = inpatient; OP = outpatient; qPCR = quantitative 
real-time polymerase chain reaction; TKI = tyrosine kinase inhibitor; USD = U.S. dollars.
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CPT Code ICD-9-CM Code Description

– 205.1x Chronic myeloid leukemia (CML)
– 205.12 CML relapse
– 205.11 CML remission
– 196.xx, 197.xx, 198.xx, 199.xx, 209.7x, 789.51

140.xx to 165.xx

179.xx to 195.xx

170.xx, 171.xx, 172.xx, 174.xx, 175.xx, 176.xx, 209.0x, 209.1x, 209.2x, 
209.3x, 258.01, 258.02, 258.03

Metastatic cancer or solid tumor

– V70.7 Participation in a clinical trial
38240, 38241, 38242 Procedure: 41.00, 41.01, 41.02, 41.03, 41.04, 41.05, 41.07, 41.08, 41.09

Diagnosis: V42.81, V42.82, 238.77, 279.5x, 996.8x

Hematopoietic stem cell transplant

CPT = Current Procedural Terminology; ICD-9-CM = International Statistical Classification of Diseases, 9th revision, Clinical Modification.

APPENDIX A Codes Used to Search for Procedures and Diagnoses
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• AmeriPath. BCR/ABL quantitative PCR. 2013. 

• Mayo Clinic. BCR/ABL1, qualitative, diagnostic assay. 2015. 2015. 
Available at: http://www.mayomedicallaboratories.com/test-catalog/Clinical+
and+Interpretive/89006. Accessed December 31, 2016.

• Diagnostic Laboratory of Oklahoma Clinic. 2012 AMA changes in CPT 
coding. 2012. 

• Cleveland Clinic Laboratories. 2013 new molecular CPT codes. 2013. 
Available at: http://portals.clevelandclinic.org/portals/66/pdf/2013_New_
Molecular_CPT_Codes.pdf. Accessed December 31, 2016.

APPENDIX B Molecular Monitoring and CPT Codes Used Before and After 2013

CPT Code Description

Before 2013a 
83891 Isolation or extraction of highly purified nucleic acid, each nucleic acid type (i.e., DNA or RNA)
83892 Enzymatic digestion, each enzyme treatment
83896 Nucleic acid probe, each 20
83898 Amplification, target, each nucleic acid sequence
83900 Amplification, target, multiplex, first 2 nucleic acid sequences
83901 Amplification, target, multiplex, each additional nucleic acid sequence beyond 2
83902 Reverse transcription
After 2013
81206 BCR/ABL1 (t (9;22)) (e.g., chronic myelogenous leukemia) translocation analysis; major breakpoint, qualitative or quantitative
81207 BCR/ABL1 (t (9;22)) (e.g., chronic myelogenous leukemia) translocation analysis; minor breakpoint, qualitative or quantitative
81208 BCR/ABL1 (t (9;22)) (e.g., chronic myelogenous leukemia) translocation analysis; other breakpoint, qualitative or quantitative
aSee Appendix B2.
CPT = Current Procedural Terminology; DNA = deoxyribonucleic acid; RNA = ribonucleic acid.

2. Scheme and CPT Codes Used for Identifying Molecular Monitoring Before 2013

and

or oror

No codes 83903-83909 within that 30-day  
window — qPCR test excluded

No codes 81315, 81401, and 81479 in 2013  
and after — patient excluded

Must have:
83891 and 83902

83896 + 83898 83900 + 83901 83896 + 83900 83896 + 83892

Within a 30-day window

Note: Code descriptions listed in Appendix B1.
CPT = Current Procedural Terminology; qPCR = quantitative real-time polymerase chain reaction.
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