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A
dvances in biotechnology have produced many 
effective new treatments for serious and debilitating 
diseases. This is evidenced by the growth in use of 
specialty products and by the number of specialty 

products in the pipeline, most strikingly in the field of oncology. 
The number of investigational new drug applications for cancer 
treatment rose from 925 in 2003 to 1,440 in 2008.1 In addition, 
the price of oncologics has been increasing over time: the most 
expensive chemotherapy agent in the early 1990s was paclitaxel, 
which sold for $4,000 per year, while today, the cost of bevaci-
zumab is 10 times higher.2

As utilization of and spending on cancer medications increase, 
both public and private insurers have adopted a more aggressive 
approach to managing reimbursement, distribution, and benefit 
designs. For example, most medicare Part D plans place medica-
tions costing $600 or more per month (primarily cancer agents) 
on a special tier with higher cost-sharing requirements.3 In 2009, 
96% of plans had a specialty tier, with virtually every plan impos-
ing coinsurance rates of 25% to 33%.4

While lack of insurance is almost certainly a barrier to 
accessing specialty cancer medications, it is unclear whether 
demand for these products is affected by the cost-sharing burden 
imposed on patients by insurance benefit design. The tradeoff 
between risk-sharing and appropriate incentives raises the issue 
of how and to what extent payers should cover these products. 
benefit-design decisions regarding cancer agents are particularly 
challenging given the severity of the illnesses they are designed 
to treat, the diversity of patient responsiveness to therapy, and 
widespread off-label use within the field of oncology.5 The prin-
cipal challenge facing society is balancing the need to ensure 
access to a wide range of therapeutic alternatives and the need to 
constrain the rapid growth in healthcare expenditures. In order 
to do this effectively, more information is needed on clinical 
efficacy, price sensitivity, and overall value. 

In this article, we estimate coverage and demand for a spe-
cific class of high-cost cancer therapies; namely, tyrosine kinase 
inhibitors (TKIs). Imatinib was introduced in 2001 and quickly 
became the standard of care for patients with newly diagnosed 
chronic myeloid leukemia (CmL).6 Since then, dasatinib and 
nilotinib have been introduced and are associated with signifi-
cantly higher and faster rates of complete cytogenetic response, 
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between cost-sharing and MPR.
Conclusions: Use of TKIs was associated with a 30% 
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and better long-term, progression-free survival versus ima-
tinib.7 Dasatinib and nilotinib were originally introduced as 
second-line therapies in 2006 and 2007, respectively; both 
agents were approved for first-line use in 2010, given their 
demonstrated superiority to imatinib in this setting.7,8 

While these medications can dramatically alter the 
course of disease progression, they can cost $50,000 to 
$100,000 per year.9 For this reason, we examined the ways 
in which these products are covered in employer-sponsored 
plans, the degree of demand sensitivity to cost-sharing, and 
the extent to which spending on these products affects use 
of other healthcare services.

Chronic Myeloid Leukemia and the Role of TKIs
CmL is a slowly progressing blood and bone marrow 

disease that is usually diagnosed during or after middle age, 
and is rarely diagnosed in children. Prognosis and treatment 
options depend upon the patient’s age, the stage at diagnosis, 
the load of blasts in the blood (or bone marrow), and the 
patient’s general health. 

TKIs work by targeting a specific protein that promotes 
cancer cell growth.10 While it is not possible to eliminate all 
leukemia cells, treatment can help achieve long-term remis-
sion of the disease. The prognosis for patients with CmL 
has improved dramatically over the past decade. Prior to the 
introduction of TKIs, fewer than 20% of patients survived 10 
years after diagnosis. First-line treatment with a TKI agent 
increased 10-year survival rates to 85% or more.11 because 
complete response is not achieved or resistance is developed 
to first-line treatment in 20% to 30% of patients,12 the avail-
ability of multiple products in the class is clinically important. 

Data and Methods
Study Sample

We assembled a data set of all pharmacy and medical 
claims from 1997 to 2009 for 45 large, geographically diverse 
US employers. These data, obtained from a benefits consult-
ing firm, have been used previously to explore the associa-
tion of pharmacy benefit design with medication use by the 
chronically ill.13,14 each employer offered 1 or more health 
plans to its active or retired employees and their dependents. 
each pharmacy claim included the medication name, dos-
age, days supplied, date and place of purchase (retail or mail 
order), patient out-of-pocket (ooP) expense, and health 
plan payment. medical claims included information on the 
service type (eg, inpatient or emergency department [eD]) 
and date, billed charges, patient ooP expense, health plan 
payments, and associated diagnosis codes. Demographic vari-
ables included age, gender, the first 3 digits of the individual’s 

zip code of residence, relationship to the primary beneficiary, 
and employment status of the primary beneficiary.

The study sample included a cohort of adult patients 
(aged >18 years) with an initial diagnosis of CmL during 
1997 to 2009. We identified individuals with CmL based on 
the presence of 2 or more International Classification of Dis-
eases, Ninth Edition, Clinical Modification (ICD-9-CM) diag-
nosis codes (primary, secondary, or tertiary) of 205.1x in the 
medical claims, or 1 ICD-9-CM code and use of TKI therapy 
after diagnosis. The requirement for a second CmL diagnosis 
or the use of a TKI serves to filter out patients with “rule-out” 
diagnoses. We excluded patients with less than 1 year of fol-
low-up data and with just 1 ICD-9-CM diagnosis for CmL, as 
well as those with no claims for TKI therapy over their entire 
claims history. because firms entered and exited the database 
over time, we did not have a complete panel on all individu-
als. The majority of members were observed for 2 to 4 years, 
with fewer than 10% of the sample followed for 7 years.

We defined 2 distinct study samples: 1) those newly 
diagnosed with CmL, and 2) CmL patients in whom use of 
a TKI was initiated. Patients were considered newly diag-
nosed if they had at least 1 year of data prior to the index 
date (date of their first ICD-9-CM code) without a claim for 
the condition; for example, individuals with 2 ICD-9-CM 
codes for CmL in 2004 would be considered newly diag-
nosed if they had no other ICD-9-CM codes for the condi-
tion in prior years (eg, 1997-2003) if continuously enrolled. 
Similarly, we defined the TKI-initiation sample based on 
the absence of any TKI use in prior years. We focused on 
newly diagnosed patients because we had full information 
on the history of their condition and the treatments they 
had received for it.

Use of and Adherence to TKI Therapies
The aims of the study were to examine the ways in which 

TKIs are covered in private health plans, how demand 
responds to cost-sharing, and whether use of TKIs affects the 
use of other healthcare services. We measured adherence to 
TKI treatment as the proportion of days in which therapy was 
supplied; for example, if a patient filled 9 TKI prescriptions, 
each providing a 30-day supply, utilization was determined 
to be 74% (270/365). not all CmL patients who began a 
TKI regimen remained on therapy; nearly 3% of TKI users 
stopped therapy in the first year of treatment and more than 
5% stopped at some point during the study period. For these 
patients utilization was measured from the date of initiation 
to their last day of supply. This approach yields a higher esti-
mate of adherence but minimizes measurement error due to 
discontinuation of therapy.
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Patient Characteristics
because the data were derived from health claims and 

enrollment data, they contained a limited set of demographic 
covariates, including age, gender, marital status, and sponsor-
ship status (employee or dependent type). measures of health 
status were derived from the claims directly as a sequence 
of binary indicators for whether the patient had 2 or more 
claims for a specific condition during the year; 2 or more 
claims were required to avoid rule-out diagnoses. one virtue 
of such large data sets is that many comorbid conditions can 
be entered simultaneously as control variables. We included 
the following 30 comorbid conditions in the analyses: essen-
tial hypertension, congestive heart failure, diabetes, asthma, 
hypercholesterolemia, ulcer, depression, chronic obstruc-
tive pulmonary disease, allergic rhinitis, migraine, arthritis, 
chronic sinusitis, anxiety disorder, cardiac disease, vascular 
disease, epilepsy, gastric acid disorder, glaucoma, gout, hyper-
lipidemia, irritable bowel syndrome, malignancies other than 
Cme, psychotic illness, thyroid disorder, rheumatoid arthri-
tis, tuberculosis, angina, human immunodeficiency virus, 
anemia, and stroke.

Plan-Level Index of Generosity
estimating the impact of patient cost-sharing requires 

measurement of benefit generosity at the plan level. based 
on prior work13 we characterized the ooP cost of TKI ther-
apy by computing the mean ooP cost within a plan for the 
weighted basket of TKI medications available in that year, 
where the weights reflect the market share of TKIs across all 
plans in the sample year. This allowed for a direct compari-
son of the ooP costs associated with purchase of these medi-
cations across plans. We excluded plans with small numbers 
of TKI users and adjusted prices to constant dollars using the 
medical services consumer price index.

Empirical Approach: Estimating the Demand for TKI 
Therapy

We estimated the price sensitivity of TKI therapy using 
multivariate regression to correlate the utilization of therapy 
to the price of drug therapy in the plan. Specifically, we used 
the following linear probability model for individual j and 
year t:

Yjt = α + δt + β1pricejt + ΓXjt+εjt

In the above equation,
•  Yjt is the number of days’ supply of TKIs by patient j in 

year t
•  α is a constant parameter

•  δt is a year fixed-effect
•  β1 is the price sensitivity parameter
•  pricejt is the average price per-claim for TKI therapies, 

which is calculated as the average ooP amount per 
claim among all persons using a TKI in individual j’s 
plan in year t

•  Γ is a vector of sensitivity parameters to individual 
characteristics

•  Xjt is a vector of individual characteristics (including 
age, comorbidities, etc)

•  εjt is the error term, which we cluster at the employer 
level, since the variation in price is at the plan level and 
plans are nested within employers.

We first estimated the probability of a patient initiat-
ing TKI therapy as a function of plan generosity, as well as 
adherence to TKI therapy, conditional on use. We measured 
adherence as the number of days supplied (or proportion of 
days covered, or cumulative medication gap in a time frame), 
conditional on initiating therapy. This structure imposed the 
restriction that the price sensitivity of TKI therapy is simi-
lar across the different medications. This seemed reasonable 
given that all 3 TKIs currently on the market are used to 
treat advanced forms of CmL, and imatinib was the sole TKI 
until 2006. moreover, pooling the data across TKIs allowed 
us to obtain more precise estimates than if we had focused on 
each medication alone—an important consideration given 
that some of the medications in our sample were used by only 
a small number of patients. We also estimated the impact of 
TKI therapy on medical spending and use. estimates from 
the multivariate models were used to predict medical and 
prescription spending for TKI users and TKI non-users, con-
trolling for individual and plan heterogeneity. more specifi-
cally, estimates from the models were used to predict annual 
spending by type of service for each person in the study sam-
ple. The models included controls for patient demographics 
(age, gender, marital status, employment status), comorbid 
conditions, time since diagnosis, geographic and socioeco-
nomic measures (census region or state, urban residence, 
median household income in the zip code), and annual time 
dummies. In all models we adjusted our variance estimates to 
allow for correlation (or “clustering”) of individuals within 
plans.

Sensitivity Analysis
To provide some context for our results, we looked at 

the impact of cost-sharing on the use of another oral cancer 
agent. erlotinib is a kinase inhibitor used to treat non-small-
cell lung cancer (nSCLC) and is also used as part of a com-
bination regimen for pancreatic cancer. erlotinib is widely 
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used in the United States and costs $30,000 to $40,000 for 
a year of treatment. We looked at the impact of copayments 
on utilization of erlotinib to provide a point of comparison.

Finally, we examined the sensitivity of our results against 
more stringent definitions of CmL by excluding individuals 
with CmL diagnosis codes who were not taking any medica-
tions for CmL. 

Results
our sample included 995 patients newly diagnosed with 

CmL (Table 1). Since data were available for these indi-
viduals for multiple years after diagnosis, the number of 
person-years (number of individuals multiplied by number 
of years in the data post-diagnosis) is considerably larger 
(n = 3,765). more than 80% (812) of patients in the study 
sample were diagnosed with CmL after the introduction of 

imatinib in 2001, with 42% (415) having filled at least 1 
prescription for a TKI over the study period. The majority 
of patients were observed for 3 or more years. The demo-
graphic characteristics of CmL patients who initiated 
use of a TKI were similar to those of non-users, although 
non-users were more likely to be working than were users 
(34.7% vs 29.0%). This suggests that differences in health 
outcomes between the 2 groups are more likely to result 
from TKI use than from preexisting demographic differ-
ences. both groups frequently utilized healthcare services, 
with the average CmL patient making 26 outpatient visits 
per year and accruing total annual expenditures in excess of 
$50,000. even so, the distribution of spending varied sub-
stantially. TKI users incurred higher total healthcare costs 
than non-users; specifically, these patients spent consider-
ably more on pharmaceuticals and less on medical services 

n Table 1. Characteristics of Patients With Chronic Myeloid Leukemia

Full Sample TKI Users TKI Non-Users

N/Person-years 995/3,765 415/1,689 580/2,076

Demographics

Mean age (years) 61.9 62.2 61.8

Standard deviation (14.0) (13.2) (14.7)

Male (%) 53.6 54.6 52.8

Standard deviation (49.9) (49.8) (50.0)

Currently working (%) 32.2 29.0 34.7

Standard deviation (46.7) (45.4) (47.7)

Years since CML diagnosis 2.4 2.4 2.4

Standard deviation (2.5) (2.4) (2.5)

Number of comorbid conditions 3.4 3.3 3.4

Standard deviation (2.5) (2.4) (2.5)

Utilization (annual)

Percent hospitalized 33.2 30.6 35.3

Standard deviation (47.1) (46.1)  (47.8)

Outpatient visits 26.0 25.7 26.2

Standard deviation (21.9) (19.6) (23.6)

Emergency department visits 0.69 0.65 0.72

Standard deviation (1.8) (1.5) (1.9)

Medical expenditures ($) 34,240 26,565 40,492

Standard deviation (84,957) (57,703) (101,472)

Prescription expenditures ($) 23,173 36,414 12,386

Standard deviation (28,758) (23,415) (28,190)

Plan characteristics

Average coinsurance rate, TKIs (%) 5.2 3.6 7.0

Standard deviation (14.4) (10.0) (17.9)

CML indicates chronic myeloid leukemia; TKI, tyrosine kinase inhibitor. Sample means reflect averages across 3,765 person-years of data for the 
years 1997 to 2009. The average coinsurance rate for the plan is defined as the average ratio of patient out-of-pocket cost to total paid cost for TKIs.
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than non-users. non-users were enrolled in health plans 
with less generous coverage of TKIs but, overall, average 
coinsurance rates were low.

Although TKI therapies are expensive, they were 
generously covered in most of the employer-sponsored 
plans in our sample (Table 2). A 30-day supply of a TKI 
costs $4,000 to $8,000, yet the median copayment in our 
sample was just $25. The least generous plans, with copay-
ments of $100 or more per 30-day supply, had an average 
coinsurance rate of less than 5%. however, even generous 
cost-sharing at the plan level can translate into significant 
ooP expenses for CmL patients, given the cost of these 
treatments. For example, mean annual ooP costs in the 
sample were $2,779, with $785 attributable to medications. 
Further, 1 in 4 CmL patients had total ooP costs in excess 
of $7,000.

given the efficacy of these therapies and the low level of 
patient cost-sharing, it is not surprising that adherence was 
high. The average medication possession ratio for TKIs was 
85.7%, which suggests that CmL patients had the TKI on 
hand roughly 7 out of 8 days. more importantly, we found 
no statistically significant relationship between generosity of 
coverage and use of TKI therapies, measured either as initia-
tion of TKI therapy or adherence conditional on use. CmL 
patients with less generous coverage were more likely to stop 
therapy. This effect was statistically significant, although 
quite modest in size. It is notable here that no plans charged 
copayments in excess of $200, and only a small number 
charged copays higher than $100. The lack of extreme cost-
sharing is likely to mute the effect of cost-sharing on initia-
tion of treatment. 

Table 3 shows adjusted estimates of annual spending 
for TKI users and non-users based on multivariate mod-
els that control for individual and plan heterogeneity. 
Pharmaceutical spending was considerably higher among 
TKI users. CmL patients using TKIs spent $26,452 more on 
medications than similar patients who did not begin treat-

ment with a TKI (in 2009 dollars). however, average annual 
medical expenditures were $11,788 lower, offsetting nearly 
45% of the incremental costs in medication spending. In 
sum, the use of TKIs increased total expenditures at a rela-
tively modest cost per life-year and shifted the distribution of 
healthcare spending. Specifically, as discussed in the second 
article in this supplement by Yin et al,15 the introduction of 
TKIs led to a 10-year gain in median survival, from 7.5 years 
to 17.5 years. The incremental annual cost of TKI use is just 
under $15,000. over a 17.5-year horizon, with a 3% real rate 
of discount, an annual flow of $15,000 in net costs has a net 
present value of $206,000. Thus, this rough “back-of-the-
envelope” calculation suggests that the incremental cost-
effectiveness ratio is less than $20,600 per life-year gained, 
which would be considered cost-effective by conventional 
standards.

Sensitivity Analyses
given the generosity of coverage for TKIs and the lack 

of variation across plans, we looked at the coverage of other 
oral cancer agents to assess the impact of high patient cost-
sharing on use. As previously noted, the kinase inhibitor 
erlotinib is used for the treatment of nSCLC and as part 
of a combination regimen for the treatment of pancreatic 
cancer and costs $30,000 to $40,000 for a year of treatment. 
The mean copayment in our sample was $124, with the least 
generous plans (top decile) charging members $224 or more 
for a 30-day supply. Table 4 shows the adjusted impact of 
copayments on the annual days of supply for erlotinib. For 
lung cancer patients using erlotinib, annual days supplied 
was 15% lower for those paying $200 or more, relative to 
similar patients with copayments less than $100 per 30-day 
prescription.

Some individuals in our sample were classified as having 
CmL based on 2 or more ICD-9-CM diagnosis codes, but 
were not taking TKIs or other medication for the condition. 
We re-estimated the models excluding these patients to 

n Table 2. Coverage and Adherence to TKI Therapies

Mean Median 75th Percentile 90th Percentile

Payments (per script)

Patient out-of-pocket ($) 56 25 63 122

Total ($) 3,842 3,747 4,647 5,426

Adherence

Medication possession ratio (MPR)a 85.7 94.8 100.0 100.0

TKI indicates tyrosine kinase inhibitor.
aMeasurement of MPR can vary depending on how the end date is defined. In this case, we measure MPR from the date of first TKI use through 
the last recorded fill date of any TKI therapy. This approach excludes nonadherence due to cessation of therapy. A total of 2.5% of TKI users 
stopped therapy in the first year of treatment, whereas 5.3% of TKI users stopped therapy at some point in the study period.
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assess the extent of this misclassification bias. Although the 
overall results were substantively unchanged, the magnitude 
of effect increased in some specifications. For example, 58% 
of CmL patients were taking a TKI, which was more in line 
with current levels of treatment. In addition, TKI use was 
associated with even larger reductions in medical spending 
(38%) when potentially misclassified CmL patients were 
excluded.

Discussion
Cost-sharing has been viewed as a way to protect against 

moral hazard and discourage overconsumption of services 
with little social value. one difficulty, of course, is identify-
ing the services that are cost-saving or cost-effective and 
then ensuring that cost-sharing policies are sufficiently gen-
erous to encourage their use.

We found that use of TKIs was associated with lower 
spending on other types of healthcare services. CmL 
patients on TKI therapy had roughly $12,000 less in non-
pharmaceutical medical costs than did patients on alterna-
tive forms of therapy. This translated into a decline of more 
than 30% in medical spending and offset roughly 40% of the 
cost of TKIs. This result is consistent with prior work that 
suggested changing generosity for one healthcare service has 
both short- and long-term implications for spending in other 
areas. Chandra et al16 found substantial off-setting increases 
in hospitalizations when copayments for outpatient and 
pharmaceutical use were increased. In this case, the cost of 
hospitalizations was borne by medicare while the benefits 
of the reduction in prescription use accrued to the state’s 
supplemental retiree plan. Similarly, gaynor et al17 found 
that while increased copayments for prescription medica-
tions reduced prescription utilization and spending, consum-
ers spent more on other outpatient care.

Current TKI coverage policies 
appear to support the continued 
diffusion and use of these prod-
ucts. While the medications cost 
approximately $4,000 per month, 
the median copayment for a 30-day 
supply of TKIs was $25, and only a 
few plans charged members more 

than $100 per prescription. Further, neither initiation nor 
use of TKIs was related to cost-sharing. Patient adher-
ence to prescribed medication regimens was high, perhaps 
reflecting the generosity of insurance coverage and the effi-
cacy of these agents. by contrast, other oral cancer agents 
are not covered as generously and can serve as cautionary 
examples of the demand response if cost-sharing increases 
beyond certain thresholds. Copayments of $200 or more 
per month for erlotinib, an analogous oral agent used to 
treat lung cancer, were associated with a 15% reduction in 
use relative to those with copayments less than $100. Thus 
far, copay burdens of this magnitude are absent for TKIs. If 
they were to appear and exert downward pressure on adher-
ence of the sort observed in the case of erlotinib, the evi-
dence suggests that adverse health outcomes would result.18

A key challenge in this type of analysis is that disease 
severity cannot be measured directly, and patients who 
are more severely ill may use different types of therapies. 
Ideally, we would want to instrument for TKI use with the 
generosity of plan coverage, but, as noted earlier, there 
was limited variation in cost-sharing across plans in our 
sample. We attempted to minimize bias by selecting a 
more homogenous cohort of patients newly diagnosed with 
CmL. Although this reduced our sample size by nearly 
40%, we had full information on the history of the condi-
tion and the treatments received by these patients. Further, 
we found no significant differences between TKI users and 
non-users with regard to number of comorbid conditions or 
the probability of being hospitalized or admitted to the eD 
during their first year in the database. An additional limi-
tation of our study was that the sample of CmL patients, 
although large for this condition, was not representative of 
all privately insured patients or CmL patients nationally. 
Lastly, our measure of medication utilization, days supplied, 
may have overstated actual adherence to TKI therapies, 
although this measurement error should not vary system-
atically across health plans.

Conclusions
The continued introduction of effective, high-cost, 

novel cancer therapeutics and diagnostics is likely to exert 

n Table 3. Predicted Annual Medical and Prescription Spending by TKI Use

Annual Spending TKI User (A) TKI Non-User (B) Difference (A-B)

Medical ($) 26,406 38,194 –11,788

Prescriptions ($) 39,126 12,674 +$26,452

Total ($) 65,532 50,868 +14,664

TKI indicates tyrosine kinase inhibitor.

n Table 4. Predicted Use of Erlotinib at Different 
Copayment Levels

Copayment (for a 30-Day 
Supply)

Annual Use (Average Days 
Supplied)

Less than $100 202

$100 or more 184

$200 or more 171
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increasing financial pressure on patients, oncologists, pay-
ers, businesses, and society, while simultaneously improving 
outcomes and expanding treatment options. Payers will have 
more latitude with which to vary the benefit designs offered 
to patients with cancer, and these decisions are likely to 
have significant health consequences. The solution is a more 
evidence-based approach to the design of insurance benefits. 
It will become critical to identify the value to patients of 
new therapies themselves, and of generous coverage for 
these therapies. greater importance will thus be placed on 
evidence of value, and pressure will grow for payers to con-
nect reimbursement and cost-sharing more directly to this 
evidence.

TKIs in particular have generated substantial health 
improvements for patients with CmL; for instance, the 
evidence presented in this study suggests that their use has 
decreased medical care utilization by more than 30%. Payers 
appear to have recognized this value insofar as they have 
insulated TKIs from the more extreme cost-sharing require-
ments that have been placed on other oncology agents. This 
decision likely explains why adherence to TKIs is relatively 
high compared with other oncology agents. Taken together, 
these facts suggest that TKI coverage represents an impor-
tant and instructive success story, in which benefit design is 
connected to value.
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