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ABSTRACT
Within the past decades, major advances in therapy for chronic myelocytic leukemia, including allogeneic hematopoietic stem cell trans-
plantation, interferon therapy, and, more recently, also therapy with the tyrosine kinase inhibitor imatinib, have entered clinical practice.
The impact of these advances on long-term survival on the population level should be disclosed as timely as possible. We estimated
trends in age specific 5- and 10-year relative survival of chronic myelocytic leukemia patients in the United States from 1990-1992 to
2002-2004. Our analysis is based on records from 8,329 patients aged 15 years or older with a first diagnosis of chronic myelocytic
leukemia included in the 1973-2004 data base of the Surveillance, Epidemiology, and End Results Program. Period analysis was used
to disclose recent developments with minimum delay. Overall, 5-year relative survival increased from 27 to 49%, and 10-year relative
survival increased from 9.5 to 34% between 1990-92 and 2002-04. The increase was most dramatic for younger patients, with 10-
year relative survival increasing from 16 to 72% in age group 15-44 years, from 12 to 54% in age group 45-54 years, and from 8 to
34% in age group 55-64 years (p<0.0001 in all cases). Improvements were more modest and not statistically significant, and survival
remained at much lower levels among age groups 65-74 and 75+ years. Our analysis discloses a dramatic recent increase in long-term
survival of younger patients with chronic myelocytic leukemia which most likely reflects rapid dissemination of advances in therapy on
the population level.
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Introduction

Major breakthroughs in clinical research have revolution-
ized therapy for patients with chronic myelocytic leukemia
(CML), especially therapy in younger patients in the past
decades. These include allogeneic hematopoietic stem cell
transplantation (usually restricted to patients up to 65 years of
age) and interferon (INF) therapy (which is also better tolerat-
ed in younger than in older patients). More recent studies have
shown that imatinib, a tyrosine kinase inhibitor (TKI) that
specifically inhibits BCR-ABL activity, is highly effective in
chronic phase CML and has activity, though less reliably, in
blast crisis.1-4 In the United States, imatinib was approved for
use in 2001,1 after several years of extensive use in experimen-
tal and compassionate use protocols. Published estimates of

long-term survival of patients with CML from population-
based cancer registries reflect prognosis of patients diagnosed
up to the early 1990s,5 and thus do not capture the potential
impact of recent advances in therapy. We aimed to disclose
recent trends in and up-to-date estimates of long-term survival
of CML patients by techniques of period survival analysis.6,7

Due to the differential application of novel therapies accord-
ing to age, we were specifically interested in age specific
trends of prognosis. 

Design and Methods

All data presented in this paper are derived from the 1973-
2004 limited-use database of the Surveillance, Epidemiology,



and End Results (SEER) Program of the United States
National Cancer Institute issued in April 2006.8 Data
included in the 1973-2004 SEER database are from pop-
ulation based cancer registries in Connecticut, New
Mexico, Utah, Iowa, Hawaii, Atlanta, Detroit, Seattle-
Puget Sound and San Francisco-Oakland which togeth-
er cover a population of about 30 million people.
Geographical areas were selected for inclusion in the
SEER Program according to their ability to operate and
maintain a high-quality population-based cancer report-
ing system and for their epidemiologically significant
population subgroups. The SEER population is compa-
rable to the general United States population with
regard to measures of poverty and education, though it
tends to be more urban and has a higher proportion of
foreign-born subjects than the latter.

For this analysis, all 8,475 patients aged 15 years or
older with a first diagnosis of CML (and no previous
cancer diagnosis) between 1980 and 2004 were selected.
These patients had been followed for vital status by the
SEER program (through linkage with the National
Death Index data from the National Center for Health
Statistics) until the end of 2004. After exclusion of 21
patients (0.25%) who were reported by autopsy only
and 125 patients (1.47%) who were reported by death
certificate only, there remained 8,329 patients (98.28%)
for the survival analysis. 

Five- and 10-year survival was calculated for the cal-
endar periods 1990-1992, 1993-1995, 1996-1998, 1999-
2001 and 2002-2004 using the period analysis method-
ology.6 Furthermore, we tested for statistical signifi-
cance of trends in 5- and 10-year survival between 1990-
1992 and 2002-2004 by a recently described modeling
approach.7 All analyses were carried out separately for
the following 5 major age groups: 15-44, 45-54, 55-64,
65-74, and 75+, which are commonly used for presenta-

tion of age specific survival and for calculation of age
adjusted survival in international comparative cancer
survival studies. 

With period analysis, first proposed by Brenner and
Gefeller in 1996,9 only survival experience during the
period of interest is included in the analysis. This is
achieved by left truncation of observations at the begin-
ning of the period in addition to right censoring at its
end. The type of period analysis applied in this study is
graphically illustrated in Figure 1. For example, a period
estimate of 10-year survival for the 2002-2004 period is
obtained by combining survival in the 1st year following
diagnosis derived from patients diagnosed in 2001-
2004, conditional survival in the 2nd year following diag-
nosis derived from patients diagnosed in 2000-2003,
and so on, until conditional survival in the 10th year fol-
lowing diagnosis, which is obtained from patients diag-
nosed in 1992-1995. Period estimates of survival for the
other periods are calculated analogously. It has been
shown by extensive empirical evaluation that period
analysis provides more up-to-date long-term survival
estimates than traditional cohort-based survival analysis,
and quite closely predicts long-term survival expecta-
tions of cancer patients diagnosed within the period of
interest.10-13 Furthermore, it has been shown that trends
in 5- and 10-year survival are disclosed almost five and
ten years earlier respectively than by traditional cohort
survival analysis.14 Meanwhile, the method has become
an established tool for up-to-date cancer survival analy-
sis in international collaborative studies, such as the
EUROCARE study.15,16

According to standard practice in population-based
cancer survival analysis, relative rather than absolute
survival was calculated. Relative survival reflects sur-
vival of cancer patients compared to survival of the gen-
eral population. It is calculated as the ratio of absolute
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Figure 1. Years of diagnosis and
years of follow-up included in deri-
vation of 10-year relative survival
estimates for calendar periods
1990-1992, 1993-1995, 1996-
1998, 1999-2001, and 2002-
2004. The numbers within the
cells indicate the years following
diagnosis. 



survival of cancer patients divided by the expected sur-
vival of a group of persons of the corresponding sex, age
and race in the general population.17,18 Estimates of
expected survival were derived according to the so-
called Ederer II method19 using US sex, age and race spe-
cific life tables.20

All analyses were performed with the SAS software
package using adapted versions of previously described
macros for period analysis.6,7

Results

Numbers of cases by age group and calendar period
are shown in Table 1. Overall numbers as well as age
distribution were quite stable over time. The smallest
and the largest group were patients aged 45-54 and 75+
(12.8% and 31.7% of all patients respectively). The lat-
ter group further increased in the two most recent peri-
ods. The number of patients exceeded 100 for each com-
bination of age group and calendar period.

For all age groups combined, 5-year relative survival
increased from 27.1% in 1990-1992 to 48.7% in 2002-
2004, an increase of 21.6 percentage points (p-value for
trend <0.0001, Table 2). Even stronger increases of 40.3,
32.7 and 31.2 percentage points were seen in the age
groups 15-44, 45-54, and 55-64 respectively (p<0.0001 in
each age group). Although survival estimates also
increased in the older age groups, the increase was much
less pronounced and did not reach statistical signifi-
cance. In this way the age gradient in 5-year relative sur-
vival, already visible in 1990-1992, strongly increased
over time. In 2002-2004, 5-year relative survival ranged
from about 79.8% in the age group 15-44 to 19.7% in
the age group 75+. 
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Table 1. Numbers of patients with chronic myelocytic leukemia by
age group and calendar period.

Calendar period
Age 1990-92 1993-95 1996-98 1999-01 2002-04 Total

All 1,030 1,118 1,049 1,108 1,003 5,308
15-44 216 241 214 232 198 1,101
45-54 113 147 126 169 124 679
55-64 148 153 147 151 131 730
65-74 228 252 237 210 186 1,113
75+ 325 325 325 346 364 1,685

Table 2. Estimates of 5- and 10-year relative survival (PE: point
estimate, SE: standard error) of patients with chronic myelocytic
leukemia by age groups and calendar period.

Calendar period
1990-1992 2002-2004

Age PE SE PE SE Increase1 p-value2

5-year all 27.1 1.6 48.7 1.8 21.6 <0.0001
relative 15-44 39.5 3.5 79.8 3.0 40.3 <0.0001
survival 45-54 36.2 4.9 68.9 4.2 32.7 <0.0001

55-64 28.8 3.9 60.0 4.7 31.2 <0.0001
65-74 23.8 3.3 36.8 4.1 13.0 0.08
75+ 14.4 2.7 19.7 3.0 5.3 0.68

10-year all 9.5 1.2 34.1 1.9 24.6 <0.0001
relative 15-44 16.1 2.8 72.4 3.5 56.3 <0.0001
survival 45-54 11.7 3.5 54.0 5.2 42.3 <0.0001

55-64 7.9 2.2 33.5 5.1 25.6 <0.0001
65-74 11.4 3.3 17.0 3.6 5.6 0.10
75+ 2.1 1.5 5.5 2.5 3.4 0.97

1increase from 1990-1992 to 2002-2004 in percent units; 2p-value for trend from
1990-1992 to 2002-2004.

Figure 2. Ten-year relative survival curves of
patients with chronic myelocytic leukemia by
major age groups. Period estimates for 1990-
1992 (solid curves) and 2002-2004 (dashed
curves).
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For the two youngest age groups, the increase in 10-
year relative survival from 1990-1992 to 2002-2004 was
even more pronounced (+56.3 and +42.3 percent units
respectively; p<0.0001 in both cases). Whereas only one
out of 6 patients diagnosed with CML between 15 and
44 years of age was expected to survive the disease for
ten years or more in 1990-1992, this proportion
increased to almost 3 out of 4 in 2002-2004. A very
strong, statistically significant improvement in 10-year
relative survival was also seen in the age group 55-64.
Nevertheless, 2 out of 3 patients were still expected to
die from the disease within ten years in 2002-2004 in
this age group. For age groups 65-74 and 75+, the
improvement was again very modest and not statistical-
ly significant, and only one out of 20 patients with CML
was expected to survive the disease for ten years or
more in the oldest age group even in 2002-2004. The
large differences between 5- and 10-year relative sur-
vival indicate that, in contrast to many other malignan-
cies, a large proportion of patients with CML still die of
the disease more than five years after diagnosis. This
pattern particularly applies to older patients. A more
comprehensive picture of the shape of the survival
curves within ten years after diagnosis by age groups is
shown in Figure 2. The relative survival curve does not
flatten within ten years following diagnosis (as one
would expect in case of cure of all surviving patients) in
either age group, either in 1990-1992, or in 2002-2004.
Nevertheless, improvement in survival is seen at all time
points after diagnosis. This is even more evident from
Figure 3, where relative survival in the subsequent five
years is shown for patients who have already survived
up to five years after diagnosis. For all age groups com-
bined, relative survival in the subsequent five years was

around 30% at diagnosis in 1990-1992 and hardly
increased over time among patients who survived the
first years after diagnosis. In 2002-2004, the initial five
year relative survival of almost 50% increased to about
70% relative survival between five and ten years after
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Figure 3. Conditional relative sur-
vival in subsequent five years of
patients with chronic myeloid
leukemia, all ages and age group
15-44, according to year following
diagnosis. Period estimates for
1990-1992 (solid lines) and 2002-
2004 (dashed lines).

Figure 4. Period estimates of 10-year relative survival of patients
with CML by major age groups in defined calendar periods from
1990-1992 to 2002-2004.
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diagnosis among those patients who had survived the
first five years. In age groups 15-44 and 45-54, about
90% and 80% respectively of patients surviving the first
5 years could expect to survive another five years (com-
pared to about 40% and 30% respectively in 1990-
1992). Although further survival expectations of 5-year
survivors seem to have increased even in age group 75+,
this pattern needs to be interpreted with caution
because of the relatively high statistical uncertainty of
the estimates resulting from the small numbers of 5-year
survivors in this age group.

To address the question of when the strongest
increase in survival was achieved for the various age
groups, 10-year relative survival is shown for each of the
five calendar periods under investigation in Figure 4. In
age group 15-44, a strong, steady improvement was seen
from calendar period to calendar period. In age groups
45-54 and 55-64, there was modest improvement
between 1990-1992 and 1996-1998, followed by rapid
and strong improvement in more recent years. In age
group 65-74, no improvement at all was seen up to
1999-2001, but 10-year survival was strongly rising in
the most recent period. In the oldest age group, 10-year
relative survival remained at low levels around 5% or
lower throughout the period of investigation.

Discussion

This first application of period analysis to age specific
long-term survival of patients with CML discloses a dra-
matic improvement at an unprecedented rate for younger
patients diagnosed with CML in the United States
between 1990-1992 and 2002-2004. Whereas only one
out of 4 CML patients was expected to be still alive five
years after diagnosis in the early 1990s, this applied to
one out of 2 patients in 2002-2004. Starting in the early
1990s, the improvement was most pronounced in age
group 15-44, but a very strong improvement was also
seen from the late 1990s onwards in age groups 45-54
and 55-64. While there is an indication that this improve-
ment may have started to encompass age group 65-74 in
the early years of the 21st century, long-term prognosis
remained poor and essentially unchanged among the old-
est patients. 

Treatment for CML has changed significantly over the
past two decades, and survival improvements seen in our
analysis most likely reflect advances in treatment, includ-
ing allogeneic hematopoietic stem cell transplantation
and interferon (INF) therapy,21 and, more recently, also

imatinib therapy.1

The remarkable improvement in survival seen in
younger patients does not appear to extend to older
patients, particularly those over 75 years of age. Patients
over 65 made up the majority (55%) of patients with
CML in the years 2002-2004 and, therefore, improve-
ments must be made in this age group in order to
improve the overall outlook for patients with CML. 

There are several potential overlapping reasons for the
lack of improvement in survival in the oldest population
of CML patients. Older patients do not qualify for allo-
grafting and do not tolerate IFN well. Furthermore, the
disease may itself be different in older patients, i.e. it
may be more aggressive or less responsive to therapy. In
fact, age is the major prognosticator of the two most
commonly used prognostic scores for CML.22,23

In the interpretation of our results, a number of limita-
tions require careful consideration. Because the SEER
data base does not contain information on drug treat-
ment and SCT, the role of these factors could not be
assessed directly. Although our period analysis provides
more up-to-date long-term survival estimates than con-
ventional cohort analyses, even the period estimates may
still be somewhat too pessimistic as they still partly
reflect the survival experience of patients first diagnosed
and treated in earlier years. Therefore, long-term survival
expectations of patients diagnosed in 2002-2004 may
even be somewhat higher.

To summarize, the outlook for patients with CML
improved dramatically between the years 1990 and 2004.
This improvement is especially notable in the younger
patient populations, but there is reason to expect that
improvement in survival will extend to older populations
as further experience in the use of TKIs for CML is accu-
mulated24,25 and studies delineate the safest and most
effective ways to use them in older patients. Relative sur-
vival for younger patients with CML who have survived
for five years is greater than 90%, suggesting that late
progression is becoming a rarer event in CML and that
the course of the disease may be significantly delayed.
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