
Age Disparity in the Dissemination of Imatinib for Treating
Chronic Myeloid Leukemia

Charles L. Wiggins, Linda C. Harlan, Harold E. Nelson, Jennifer L. Stevens, Cheryl L.
Willman, Edward N. Libby, and Robert A. Hromas
New Mexico Tumor Registry, University of New Mexico (UNM) Health Sciences Center,
Albuquerque, NM (Dr. Wiggins and Mr. Nelson); UNM Cancer Center, UNM Health Sciences
Center, Albuquerque, NM (Drs. Wiggins, Willman, Libby, and Hromas); National Cancer Institute
(NCI), Bethesda, MD (Dr. Harlan); Information Management Systems, Incorporated, Rockville,
MD (Ms. Stevens)

Abstract
Background—Imatinib is a highly effective treatment for chronic myeloid leukemia (CML) that
was approved by the Food and Drug Administration in 2001, and thereafter rapidly became front
line therapy. This study characterized the prevailing chronic myeloid leukemia therapies in the
United States and assessed the impact of imatinib on chronic myeloid leukemia survival and
mortality rates in the general population.

Methods—Investigators with the National Cancer Institute’s Patterns of Care study reviewed
medical records and queried physicians regarding therapy for 423 chronic myeloid leukemia
patients diagnosed in 2003 who were randomly selected from cancer registries in the Surveillance,
Epidemiology, and End Results (SEER) Program. Characteristics associated with the receipt of
imatinib were documented, as were survival differences between those who received imatinib and
those who did not. Population-based data were used to assess chronic myeloid leukemia survival
and mortality rates in time periods before and after the introduction of imatinib.

Results—76% of patients in the Patterns of Care study received imatinib. Imatinib use was
inversely associated with age: 90%, 75%, and 46% for patients ages 20–59, 60–79, and ≥80,
respectively. Elderly patients who received imatinib survived significantly longer than those who
did not. After adjusting for age, imatinib use did not vary significantly by race/ethnicity,
socioeconomic status, urban/rural residence, presence of co-morbid conditions, or insurance status.
Overall, chronic myeloid leukemia survival in the SEER population improved and mortality in the
United States declined dramatically during the period when imatinib became widely available;
these improvements diminished with increasing age.

Conclusion—Age disparities in treatment with imatinib likely contributed to worse survival for
many elderly chronic myeloid leukemia patients.
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INTRODUCTION
Chronic myelogenous leukemia (CML) can occur at any age, but is most commonly
diagnosed in older adults1. The American Cancer Society estimates that approximately
4,830 new cases of the disease will be diagnosed in the United States in 2008, and that 450
individuals will die from the disease2. Approximately 95% of chronic myeloid leukemia
cases harbor the aberrant Philadelphia Chromosome, which results from the translocation of
the ABL proto-oncogene on chromosome 9 to the breakpoint cluster region (BCR) at the
distal region of chromosome 22. The resulting BCR-ABL fusion protein is a key factor in
the development and maintenance of chronic myeloid leukemia 3,4.

The initial morbidity of chronic myeloid leukemia results from leukocytosis, and earlier
chemotherapeutic agents such as hydroxyurea and bulsulfan targeted the reduction of
leukocytes5,6. The introduction of interferon alpha for the treatment of chronic myeloid
leukemia resulted in the first major increases in survival in this disease, but this therapy was
not curative, and had significant morbidity5,6. The first curative therapy for chronic myeloid
leukemia was allogeneic bone marrow transplantation, which resulted in long-term disease-
free survivors, but with substantial early mortality5,6. Imatinib (trade name, Gleevec,
Novartis, Basel, Switzerland) is a tyrosine kinase inhibitor that binds to the BCR-ABL
protein and effectively inhibits the signaling cascade that leads to chronic myeloid leukemia
7,8. Clinical trials established the efficacy of imatinib in altering the biology of chronic
myeloid leukemia, resulting in significantly increased survival, with few side effects9–12.
The United States Food and Drug Administration (FDA) licensed imatinib for use in treating
chronic myeloid leukemia patients on May 10, 200113,14. Since the introduction of imatinib,
there has been an improvement in survival in younger but not elderly chronic myeloid
leukemia patients on a population basis15,16.

We used three large data sets to characterize the prevailing chronic myeloid leukemia
therapies in the United States and to assess the impact of the introduction of imatinib on
chronic myeloid leukemia survival and mortality rates. We found that elderly chronic
myeloid leukemia patients were not treated with imatinib at the same rate as younger
patients, and that this age discrimination resulted in a survival disparity.

METHODS
This investigation was based on data from (1) the NCI’s Patterns of Care study, (2)
population-based cancer surveillance data routinely collected by the SEER Program, and (3)
population-based mortality rates derived from National Center for Health Statistics (NCHS)
records. The Human Research Review Committee at the University of New Mexico
determined that this analysis was not subject to federal regulations for review as human
research. The SEER Program is a collection of population-based registries that assemble
surveillance data on all incident cancer cases that occur in defined geographic regions of the
United States17.

The present analyses utilized data from an NCI Patterns of Care study that focused on
individuals diagnosed with chronic myeloid leukemia during calendar year 2003. Diagnosis
was based on cytogenetic or molecular evidence of the presence of BCR-ABL. The period
of this Patterns of Care study started 19 months after the FDA approved imatinib for chronic
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myeloid leukemia therapy, but preceded general availability of other ABL kinase inhibitors.
Patients were ineligible if they were under the age of 20 years at diagnosis, if the sole
documentation of chronic myeloid leukemia diagnosis was a death certificate or autopsy
report, or if they were diagnosed simultaneously with a second cancer. A total of 423
eligible patients were identified from the following participating SEER Program registries:
the metropolitan areas of San Francisco, San Jose/Monterey, Atlanta, Detroit, Los Angeles
County, Seattle, the remainder of the state of California, and the states of Connecticut, Iowa,
New Mexico, Utah, New Jersey, and Louisiana. Vital status was documented for all chronic
myeloid leukemia patients included in this study through December 31, 2005.

SEER Program registries routinely determine the county and census tract of residence at
time of diagnosis for all registered cancer cases. Surrogate measures of income and
educational level assigned to individual cancer patients based on aggregate data from their
respective census tracts of residence, as documented in the 2000 decennial census18. For the
purposes of this analysis, income was defined as the median household income and
educational level was defined as the percentage of individuals age 25 or older with a high
school diploma for individuals living in that same census tract. Designation of rural/urban
residence was assigned based on county of residence at diagnosis, according to a
classification system developed by the United States Department of Agriculture (USDA)19.

Logistic regression was used to assess the association between selected patient
characteristics and receipt of imatinib. Individuals for whom imatinib status could not be
determined (n=20) were excluded. Survival following chronic myeloid leukemia diagnosis
was compared between those Patterns of Care subjects who received imatinib and those who
did not. Cox proportional hazards model was used to generate survival curves for each of
three age-groups (20–59, 60–79, and ≥80 years) and for conducting multivariate survival
analyses20, 21. Data from the Patterns of Care study were weighted to reflect the population
from which the sample was drawn; sample weights, calculated as the inverse of the sampling
proportion for each sampling stratum (defined by race/ethnicity and gender), were used to
obtain estimates that are representative of all eligible chronic myeloid leukemia patients in
the study areas. SUDAAN software, Version 9.0.3 (Research Triangle Institute, Research
Triangle Park, NC) was used for all weighted analyses; all statistical tests were two-sided.

Population-based survival rates were calculated using data from nine SEER Program
registries included in the SEER limited use dataset22. This analysis was based on all incident
cases of chronic myeloid leukemia that were diagnosed during the time period 1990–2004,
and that met the following criteria: (1) diagnosis of chronic myeloid leukemia was the first
and/or only cancer diagnosis that occurred during the study period; (2) chronic myeloid
leukemia diagnosis was confirmed; and (3) cases were 20 years of age and older at the time
of this chronic myeloid leukemia diagnosis. Cases included in the SEER Program dataset
utilized for this study were followed from date of diagnosis until December 31, 2005. Thus,
cases diagnosed in the earlier time periods had been followed for much longer time than
were cases diagnosed in more recent years. Accordingly, follow-up time was restricted to 36
months for each group in order to standardize the period of follow-up for cases diagnosed
during the three time periods of interest. Survival curves were calculated according to the
Kaplan and Meier method20 and multivariate survival analyses were conducted using the
Cox proportional hazards model21. All population-based survival analyses were conducted
with standard modules from the Statistical Analysis System, Version 9.1.3 (SAS Institute,
Cary, NC).

Age-specific chronic myeloid leukemia mortality rates were calculated from death
certificate data from the NCHS for each year during the time period 1975–200423;
population estimates derived from United States Census Bureau data served as denominators
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for the mortality rates24. Age-groups for mortality rates were defined as follows: 20–59
years; 60–79 years; and ≥80 years. All rates were calculated with the NCI’s SEER*Stat
software25. Temporal changes in age-specific mortality rates were assessed with the
joinpoint regression techniques26 using standard statistical software developed by NCI27.

RESULTS
Characteristics of 423 chronic myeloid leukemia cases that were included in the Patterns of
Care study are available from the corresponding author upon request. There was a slight
male predominance of the disease and a majority of the study sample was non-Hispanic
whites. Characteristics of the Patterns of Care study sample were generally consistent with
those of all chronic myeloid leukemia patients within the entire SEER Program.

Dissemination of Therapy
Imatinib therapy was documented in 76.1% of the Patterns of Care study subjects and was,
by far, the most commonly used therapeutic agent. Hydroxyurea was administered to 40.3%
of subjects, most of whom also received imatinib. Stem cell transplantation was performed
in 5.2% of subjects: 4.2% of study subjects received allogeneic transplants; 0.4% received
autologous transplants; and 0.6% received transplants of unknown type.

The percentage of chronic myeloid leukemia cases treated with imatinib decreased with age
in a statistically significant manner: 89.7% of 20–59 year-old patients received imatinib,
75.0% of 60–79 year olds received imatinib, and 46.0% of those 80 years of age and older
received imatinib (odds ratio of receiving imatinib per age group- 1.0, 0.4, 0.1 respectively).
Imatinib utilization also did not vary significantly by sex, race/ethnicity, socioeconomic
status, urban/rural residence, number of co-morbidities, or medical insurance status (specific
data available upon request).

Treatment and Survival in the Patterns of Care Study
Failure to receive imatinib and increasing age at diagnosis were both significantly associated
with poor survival among Patterns of Care study subjects (Table 1). The hazard ratios for
age at diagnosis and imatinib use were slightly diminished when both of these variables
were considered together in a multivariable model; nonetheless, both variables remained
significant predictors of survival. Socioeconomic status (i.e., income and education level),
sex, rural versus urban location, hospital type, and insurance coverage were not statistically
related to survival.

Figure 1 graphically displays the differences in survival between those Patterns of Care
subjects who received imatinib and those who did not, by age at diagnosis. Receipt of
imatinib did not significantly influence survival among Patterns of Care subjects under the
age of 60 years as a group, though it should be noted that a majority of subjects in this age
group received imatinib. There was a substantial and statistically significant survival
advantage for Patterns of Care subjects greater than 60 years of age at diagnosis who
received imatinib compared to those who did not (Figure 1).

SEER-wide Chronic Myeloid Leukemia Survival
Population-based data from the SEER Program were used to assess whether survival
patterns observed in Patterns of Care study subjects were mirrored in the general population.
A total of 6,418 incident cases of chronic myeloid leukemia were diagnosed among
residents of the specified SEER Program areas from 1990–2004. A total of 1,351 (21.1%) of
these cases did not meet eligibility criteria, leaving 5,067 subjects available for this analysis.
We found that chronic myeloid leukemia survival generally declined with age (Figure 2).
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Within each age group, however, chronic myeloid leukemia survival was highest among
those who were diagnosed from 2001–2004, the period immediately following FDA
approval of imatinib therapy for chronic myeloid leukemia. However, the elderly did not
benefit nearly as much from the improvement in chronic myeloid leukemia survival after
2001. The differences among survival curves for the periods 1990–1997, 1998–2000, and
2001–2004 become less distinct with increasing age (Figure 2).

Chronic Myeloid Leukemia Mortality Rates in the United States
We also queried NCHS records to determine if changes in chronic myeloid leukemia
survival were reflected in mortality rates for the general population. Dramatic declines in
age-specific mortality rates were observed in a time frame that corresponded to the
introduction of imatinib (Figure 3). By joinpoint regression, the greatest Annual Percent
Change (APC) in mortality rates occurred after calendar year 2000 for 20–59 year olds
(APC = −17.58; 95% confidence interval (CI) −20.73, −14.29), after 1997 for 60–79 year
olds (APC=−11.91; 95% CI −13.76, −10.01), and after 1997 for those 80 years of age and
older (APC=−7.78; 95% CI −9.90, −5.62). Also, the magnitude of the APC was greatest in
the youngest group and decreased with age.

DISCUSSION
By the time Patterns of Care study subjects were diagnosed in 2003, imatinib was standard
first-line therapy for chronic myeloid leukemia, supplanting the existing standards of care9–
12, 28. Results from the analysis of three data bases included in this report indicate that
increasing age was a barrier to receipt of imatinib therapy for chronic myeloid leukemia.
Nearly 90% of Patterns of Care study subjects less than 60 years of age received imatinib.
Although there was no significant difference in survival in these patients, it may be that the
Patterns of Care study lacked the power to detect the difference with such a large percentage
of patients on imatinib. Less than half of chronic myeloid leukemia patients 80 years of age
and older received the drug. These results are disturbing because of the profound survival
advantage accrued by the elderly Patterns of Care study subjects who received imatinib.
Perhaps because of this, reductions in chronic myeloid leukemia mortality rates in the
United States in recent years were most pronounced at younger ages and were least evident
among the elderly.

Results from previous studies have shown that age can be a barrier to receipt of optimal
treatment due, in part, to the presence of co-morbid conditions29–33, increased toxicity of
some therapies in the elderly29–34, lack of data on the elderly from clinical trials35–38, social
marginalization30,31, and patient and physician preferences31,32,39–41. It is unlikely that co-
morbid conditions influenced receipt of imatinib in the Patterns of Care study. Co-morbid
conditions were documented here in similar proportions of those subjects who did and did
not receive imatinib; this pattern persisted after adjustment for age at diagnosis.

It is possible that some prescribing physicians avoided imatinib therapy in elderly chronic
myeloid leukemia patients out of concern for toxicity. Little toxicity was reported in clinical
trials that established the efficacy of imatinib therapy for chronic myeloid leukemia 9–12. It
is possible that patients and physicians were unaware of such findings since results from
clinical trials were often not reported by age. One study that specifically demonstrated the
benefits of imatinib without significant toxicity in older chronic myeloid leukemia patients
was published in 200328. It is unlikely that those results were widely disseminated by the
time most Patterns of Care study subjects were accrued. For these reasons, it is plausible that
anxiety for, or lack of knowledge of, toxicity of imatinib therapy in the elderly could have
contributed to the age disparity in treatment. Certainly, drug interactions with imatinib could
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be worse in the elderly, and this could also have been a limiting factor in physician
decisions.

Imatinib use did not vary substantially by race/ethnicity, socioeconomic status, urban/rural
residence, or insurance status; these findings persisted after adjustment for age at diagnosis.
These findings suggest progress in the dissemination of novel cancer therapy since factors
such as lower socioeconomic status, rural residency, and lack of insurance had previously
influenced receipt of state-of-the-art cancer treatment30, 31. Previous studies have shown
that elderly patients generally do not perceive their age or current health as a barrier to
treatment39,40,42 or as a limiting factor for their enrollment in clinical trials43. Physician
preferences for treatment may be influenced if elderly patients are perceived as less able to
tolerate therapy or as having a short life expectancy, or if there is a dearth of clinical trial
data specific to elderly patients39–41,44.

Several limitations should be considered when interpreting results from this investigation.
The study was based on a population-based sample that was generally representative of
chronic myeloid leukemia cases diagnosed in participating SEER Program registries.
Nonetheless, the sample size of 423 resulted in some analyses that were based on relatively
few observations. For example, results regarding race/ethnicity and urban/rural residence
should be interpreted with caution since the study sample included relatively few members
of minority populations and rural residents. Indicators of socioeconomic status (i.e., income
and education) were derived from aggregate measures that represented the census tract of
residence for each Patterns of Care study subject. Nonetheless, previous studies have shown
that such aggregate data can serve as reasonable surrogate measures of education and
income18. Finally, existing co-morbid conditions were documented from medical record
review and physician statements, and were not categorized by severity. Indeed, ethical
considerations may be important in the physician decision process for imatinib use in elderly
with severe co-morbid conditions, such as dementia.

The high efficacy of imatinib resulted in dramatic increases in survival and diminished
chronic myeloid leukemia mortality rates in the general population of the United States15–
17. However, results from this study also show that the percentage of chronic myeloid
leukemia patients treated with imatinib declined with age. These findings indicate that age
disparities in receipt of imatinib resulted in worse survival for many elderly chronic myeloid
leukemia patients who might have benefited from this new therapy. Age disparities in
treatment of cancer patients have been well-documented in the medical literature29–33 and a
number of positive steps have been taken to address these concerns. For example, the FDA
issued guidelines for the study of drugs likely to be used in the elderly45, the National
Cancer Care Network has issued guidelines for care of elderly cancer patients46,47, and
clinical trial groups have developed tools for uniformly evaluating elderly cancer patients48.
The present study serves as a reminder that these steps are not sufficient, and additional
work is needed to ensure that novel therapy is available to all.

Patient advocates have challenged the status quo of drug development and delivery49, and
there is undoubtedly a role for such advocacy in the dissemination of new cancer therapies.
However, physicians must also bear responsibility for the dissemination of novel cancer
therapy to elderly patients. Specifically, several further measures are recommended: 1)
Mandatory inclusion of elderly patients in federally-funded clinical trials, 2) Requiring
separate reporting of study results for elderly patients, and 3) Implementing standards that
require pharmaceutical firms to educate oncologists regarding the safety and efficacy of
novel therapy in the elderly. In summary, age is a major health disparity when it comes to
the introduction of novel cancer therapy, and this disparity results in mortality that could be
prevented.
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Figure 1.
Survival (months) among Patterns of Care Study subjects by age at diagnosis and imatinib
utilization status. A- 20–59 years of age. B- 60–79 years of age. C- 80 and over years of age.
These data indicate that elderly patients that did not receive imatinib fared more poorly
compared to those that did. There was no significant difference in socioeconomic status or
co-morbidities between those that received imatinib and those that did not.
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Figure 2.
Survival (months) for chronic myeloid leukemia cases in nine core Surveillance,
Epidemiology, and End Results (SEER) Program participants by age at diagnosis and time
period of diagnosis. A- 20–59 years of age. B- 60–79 years of age. C- 80 and over years of
age. These data indicate that elderly patients with CML had a worse survival on a population
basis.
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Figure 3.
Joinpoint analysis of chronic myeloid leukemia (CML) patients by age at year of death.
These data show that there has been an overall improvement in survival of chronic myeloid
leukemia patients in the imatinib era, but that this improvement extends less well to elderly
patients.
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