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Disparities in chronic myeloid leukemia survival by age, gender, and
ethnicity in pre- and post-imatinib eras in the US
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Abstract

Background. Since May 2001, imatinib mesylate has become the first-line therapy for chronic myeloid leukemia
(CML) but the survival pattern by age, sex, and ethnicity is not clear. Material and methods. We analyzed the Surveillance,
Epidemiology, and End Results (SEER*Stat) database to compare survival rates in CML among Caucasians, African-
Americans (AA), and other races, and also within each race to see survival differences from the pre-imatinib (1973-2000)
to post-imatinib eras (2002—2008). We used Z-tests in SEER"Stat to compare relative survival rates categorized by race,
gender, and age groups (all ages, <50, 50+ years). Results. The three-year relative survival rates among Caucasians, AA,
and other races in the pre-imatinib era were 44.9 +0.6%, 46.8 +1.8%, and 48.0 *= 2.2%, respectively, and in the post-
imatinib era 64.4 + 0.8%, 67.3 £2.4%, and 69.6 = 1.6%, respectively. The relative survival increased from the pre-to post-
imatinib era for all ethnic groups. In the post-imatinib era, three-year relative survival rates among young AA women were
significantly lower (Z-value = —2.54, p=0.011) than young Caucasian women, 80.5*+4.5% (n=105) vs. 90.3=1.4%
(n=589). Conclusions. The relative survival rates of CML patients have improved in the post-imatinib era. However, the
improvement in survival rates has been modest in this population-based data compared to those reported from randomized
trials. Improvement in survival among older patients is lower than in younger patients. Young (<50 years) AA women with

CML had lower relative survival rates compared to young Caucasian women in the post-imatinib era.

Chronic myelogeneous leukemia is a clonal myelo-
proliferative disorder comprising approximately 15—
20% of all leukemias. CML is characterized by a
consistent cytogenetic abnormality, the Philadelphia
chromosome (Ph). Ph chromosome is the product of
the translocation t(9;22) (q34;q11). This results in a
unique gene product, BCR-ABL]1 fusion, which leads
to overactive tyrosine kinase.The deregulated tyrosine
kinase activity is the hallmark of CML as it is respon-
sible for myeloid cell proliferation.

Discovery of tyrosine kinase inhibitors has revo-
lutionalized the treatment of CML. Imatinib mesy-
late (Gleevec®) is the first tyrosine kinase inhibitor
approved as the front line treatment of CML since
May 2001. This was based on the results of Interna-
tional Randomized study of Interferon and STI571
(IRIS) trial [1]. A recent update of the IRIS trial
showed six-year overall survival of 88% in patients
with CML treated with imatinib 400 mg daily in
the first line setting [2]. Treatment with imatinib is

superior to stem cell transplantation as the first line
treatment of CML [3]. Little is known about the
effectiveness of imatinib in different age groups and
ethnic groups. A single institution study showed a
possible racial disparity in CML survival in a sample
of 26 patients; non-Caucasians reported to have
poorer response to treatment with imatinib [4].
However, this has not been verified in a large popu-
lation based study. This study was conducted to
evaluate survival differences in CML by race, gender,
and age categories in pre- and post-imatinib eras
using the Surveillance, Epidemiology and End
Results (SEER) database.

Methods

The Surveillance, Epidemiology and End Results
(SEER) Program from the National Cancer Insti-
tute is a population-based cancer registry covering
more than 25% of the US population across several
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disparate geographical regions [5]. The SEER Pro-
gram obtains fairly accurate and complete mortality
data by collecting information on all deaths occur-
ring in the US from the National Center for Health
Statistics on an annual basis.

Using the April 2011 release of the SEER 17
registries database + hurricane Katrina impacted
Louisiana cases, we analyzed the relative survival
rates in CML categorized by race, gender, and age
[6]. As imatinib was approved in May 2001, patients
diagnosed from 1973-2000 and 2002-2008 were
categorized into the pre- and post-imatinib eras,
respectively. We used April 2001 as the study cut-off,
as well as for defining cut-offs for pre-era patients
that were lost to follow-up. Patients followed through
December 2008 were included for the post-era.

Statistical analysis

Relative survival rates were used as measures of
CML survival which measures a net cancer survival
in the absence of other causes of death. It has been
defined as the ratio of the proportion of observed
survivors in a cohort of cancer patients to the propor-
tion of expected survivors in a comparable general
population free from the cancer in question. We used

Z-tests [7] in SEER*Stat to compare the relative sur-
vival rates among Caucasians (CC), African Ameri-
cans (AA), and other races categorized by gender
and age groups. The young and old populations
are defined by age groups <50 and 50 + years,
respectively. The Ederer II method was used for the
expected cumulative survival. All p-values corre-
spond to two-tailed tests, with p<<0.05 considered
statistically significant.

Results
Case distribution by age

There were 10744 and 6425 patients diagnosed
with chronic myeloid leukemia in the pre- (1973—
2000) and post-imatinib (2002-2008) eras, respec-
tively. A comparison of race, gender, and age specific
survival rates in the pre- and post-imatinib eras is
given in Table I. Patients younger than 50 years rep-
resented 28.3% and 30.5% of the sample in the
pre- and post-eras, respectively. Proportions of
young AA and other race patients presenting with
CML were higher compared to young Caucasians
in both eras. Similarly, there was a male predomi-
nance in each category.

Table I. Demographics and 3-year relative survival for comparison groups in the pre- and post-imatinib eras.

Pre-era (1973-2000)

Post-era (2002-2008)

Race and gender category N (%) RS% SE N (%) RS% SE
All ages Male & female CcC 9090 (84.6%) 44.90 0.6 5357 (83.38%) 64.4 0.8
Male & female AA 998 (9.2%) 46.8 1.8 594 (9.24%) 67.3 2.4
Male & female Other 656 (6.11%) 48 2.2 474 (7.38%) 69.6 2.6
Male CcC 5160 43.3 0.8 3136 64.5 1.1
Male AA 566 43.5 2.3 326 66.1 3.2
Male Other 401 46.4 2.8 290 68.1 3.4
Female CcC 3930 46.9 0.9 2221 64.2 1.3
Female AA 432 51.1 2.7 268 68.6 3.6
Female Other 255 50.5 3.5 184 71.7 4
<50 Male & female CcC 2344 60.7 1.1 1507 87.9 1
Male & female AA 414 56.5 2.6 250 79 3
Male & female Other 285 60.2 3.2 203 87.2 2.7
Male CcC 1404 (27.2%) 59.1 1.4 918 (29.3%) 86.4 1.3
Male AA 247 (43.6%) 50.5 3.4 145 (44.5%) 78 4.1
Male Other 178 (44.4%) 58.2 4.1 130 (44.8%) 85.8 35
Female CcC 940 (23.9%) 63.2 1.7 589 (26.5%) 90.3 1.4
Female AA 167 (38.7%) 65.2 3.9 105 (39.2%) 80.5 45
Female Other 107 (42%) 63.3 5.1 73 (39.7%) 89.6 4.2
50+ Male & female CcC 6746 39.2 0.7 3850 54.9 1
Male & female AA 584 39.7 2.3 344 58.3 3.4
Male & female Other 371 38.3 2.9 271 55.3 3.9
Male CcC 3756 (72.8%) 37.2 0.9 2218 (70.7%) 55.2 1.4
Male AA 319 (56.4%) 37.9 3.1 181 (55.5%) 56 4.7
Male Other 223 (55.6%) 36.7 3.7 160 (55.2%) 52.2 5.2
Female CcC 2990 (76.1%) 41.7 1 1632 (73.5%) 54.6 1.5
Female AA 265 (61.3%) 41.9 3.5 163 (60.8%) 60.3 5.1
Female Other 148 (58%) 40.9 45 111 (60.3%) 59.2 5.8

AA, African American; CC, Caucasian; Other, other races; RS, relative survival; SE, standard error.
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Table II. Columns 2 and 3 include Z-value comparing 50+ and <50 cohorts in the pre- and post
imatinib era for 3-year relative survival. P-values are suppressed as all of these are significant at <0.01
level. Columns 4 and 5 include Z-value/p-value comparing post- and pre-imatinib eras’ cohorts for

3-year relative survival.

50 +vs. <50 yrs

Post-era vs. pre-era

Z-value Z-value/p-value
Race and gender category Pre-era Post-era <50 50+
Male and female/All races -21.0 —24.1 16.5/<0.01 13.4/<0.01
Male and female/CC —19.1 —22.1 14.7/<0.01 11.6/<0.01
Male and female/AA —=5.7 —6.2 5.2/<0.01 4.3/<0.01
Male and female/Other —-6.4 =7.0 4.9/<0.01 3.1/<0.01
Male/All races —16.3 —17.9 12.8/<0.01 11.4/<0.01
Male/CC —15.2 —16.4 11.0/<0.01 10.3/<0.01
Male/AA -3.5 —-4.9 4.6/<0.01 2.9/<0.01
Male/Other —=5.0 —-5.6 3.8/<0.01 2.1/0.02
Female/All races —13.6 —16.1 10.4/<0.01 7.3/<0.01
Female/CC -11.9 —14.8 9.7/<0.01 5.9/<0.01
Female/AA —4.9 —-3.9 2.4/0.02 3.2/<0.01
Female/Other —-4.0 —4.4 3.1/<0.01 2.3/0.02
Age category and survival Discussion

The overall three-year relative survival pooled across
age, gender, and race categories increased from
45.2*0.5% in the pre-era to 65*0.7% in the
post-era. Similarly, survival rates are estimated at
60.1 1% and 86.7£0.9% for the young patient
population and 39.2 = 0.6% and 55.2 £ 0.9% for the
older patient population in the pre- and post-eras,
respectively. For each stratified group, the relative
survival in the older population was lower compared
to the young population in the pre-era, as well as in
post-era (Table I); this difference was statistically
significant (p <0.01) for each cohort (Table II).
From the pre- to post-eras, relative survival improved
and was statistically significant for each cohort
(Table II). In the post-era, the highest survival was
found among young Caucasian women (90.3 = 1.4%)
and the lowest survival among older men of other
race (52.2+5.2%).

Ethnicity and survival

In post-imatinib era, the three-year relative survival
rates among young AA women and young Caucasian
women were 80.5 +4.5% (n=105) and 90.3 = 1.4%
(n=589), respectively (Table I). Thus, the survival
rates of young AA women were significantly lower
(Z-value= —2.54, p=20.01) compared to young
Caucasian women (Table III, Figure 1). The survival
rates of the older population were lower than the
younger population for each group (Figure 1).

Although the survival rate of young AA men was
significantly lower (Z-value = —2.69, p=0.01) com-
pared to young Caucasian men (Table III, Figure 2)
in the pre-imatinib era, this difference disappeared
in the post-imatinib era.

Chronic myeloid leukemia is a clonal hematopoetic
stem cell disorder. Based on the results of the IRIS
study, imatinib gained FDA approval for treatment
of advanced stages of CML in May 2001. In our
population based study, survival for CML patients
has improved since approval of imatinib. However,
the overall three-year relative survival rate of 65% in
post-imatinib era is significantly lower compared to
the findings of published studies [1,2,8,9]. A recent
study from England suggested similar findings of
lower efficacy of imatinib in CML in a small popula-
tion based study [10]. Improvement in survival for
patients older than 50 years has been modest (39.2%
in the pre-imatinib to 55.2% in post- imatinib era).
This is consistent with the findings of other studies
[11-13]. The study by Wiggins et al. showed that the
poorer survival rates in older patients may be second-
ary to the lower rate of imatinib use in this popula-
tion [11]. The barriers of imatinib use in older CML
patients may include patient’s preference, co-morbid
conditions, higher rates of toxicities, among other

Table III. Comparison between different groups and Z-test values
for 3-year relative survival in pre- and post-imatinib eras.

Pre-era Post-era
Age (years) Comparison groups Z-values Z-values
<50 Male: AA vs. CC —2.69" —1.94
Male: Other vs. CC 0.18 —0.26
Female: AA vs. CC 0.58 —2.54*
Female: Other vs. CC 0.26 —0.12
50+ Male: AA vs. CC 0.45 0.13
Male: Other vs. CC —0.08 —-0.14
Female: AA vs. CC 0.31 1.9
Female: Other vs. CC —0.53 1.21

“*Statistically significant.
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Figure 1. Cumulative relative survival rates by calendar period of diagnosis in the post-imatinib era (2002-2008).

factors. Further studies may be needed to evaluate
these issues. Optimal benefits of tyrosine kinase
inhibitors in CML can be obtained by improving
their use in older patients who form the bulk of the
CML patient population. Younger patients, on the
other hand, had excellent three-year relative survival
rates (86.7% in post-imatinib compared to 60.1% in
pre-imatinib era).

In the post-imatinib era, the relative survival
rate among young AA women was significantly
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lower than young Caucasian women (Tables I and
III, Figure 1). One may argue that socioeconomic
status and poor compliance might be factors
responsible for this. Since we used aggregate
survival rates for comparisons between groups in
this study, we could not adjust for socio-economic
status (SES). However, this is to some extent
internally controlled. For example, we did not
observe differences in survival rates for the same
cohort of AA patients over a relatively prolonged
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Figure 2. Cumulative relative survival rates by calendar period of diagnosis in the pre-imatinib era (1973-2000).



pre-imatinib era (28 years). Similarly, if SES were
important, this would have probably affected
survival in other subgroups of AA patients also.
Furthermore, survival differences among young
Caucasian men and young AA men (Tables I and
III, Figure 2) that existed in the pre-imatinib era
appear to have normalized in the post-imatinib
era. In addition, the study by Wiggins et al. has
shown that imatinib use does not vary significantly
by gender, race/ethnicity, socio-economic status,
urban/rural residence, number of comorbidities,
or medical insurance status in recent years [11].
Thus, one possible explanation for the lower sur-
vival among young AA women may be higher rates
of imatinib resistance in this group. Socioeco-
nomic status and access to healthcare have been
known to impact survival in the past [14,15],
which may explain the lower survival in AA men
that we observed in the pre-imatinib era.

Conclusions

Even though relative survival rates of CML patients
have improved since the use of imatinib, the survival
rates seem considerably lower in this population
based data compared to those reported from ran-
domized trials. Young (<50 year) African American
women with CML had lower three-year relative sur-
vival rates compared to young Caucasian women in
the post-imatinib era.
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