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ABSTRACT

Purpose. Although the impact of imatinib in improving
survival outcomes in chronic myelogenous leukemia
(CML) patients has been widely reported, its impact on
mortality from CML has not been evaluated. A survival
benefit demonstrated in clinical trials does not simply
translate to a decrease in mortality. To evaluate the impact
of imatinib on the public health, we estimated the age-
standardized mortality rate of CML patients in Japan and
the U.S. using vital statistics data for Japan and data from
the Surveillance, Epidemiology, and End Results (SEER)
Program of the National Cancer Institute for the U.S.

Patients and Methods. The period covered in this analysis
is 1993–2008, during which 64,203 patients in Japan and
26,888 patients in nine registries in the U.S. died as a result
of CML. We used joinpoint regression analysis to evaluate
the significance of trends in mortality.

Results. Estimated age-standardized mortality rates de-
creased significantly in both countries after the availability
of imatinib. The annual percent changes (95% confidence
interval) in the U.S. were �12.3% (�14.8% to �9.7%) for
men and �11.6% (�13.1% to �10.1%) for women. In Ja-
pan, these were �20.8% (�36.2% to �1.6%) for men and
�15.6% (�18.8% to �12.2%) for women. The period of
change in the mortality trend seems to correlate with the
period in which imatinib appeared in the two countries.
The CML mortality rate in 2008 was nearly 30% that of the
1993 level.

Conclusion. This is one example of the advent of a single
new drug changing the picture of a single disease, CML.
These results may encourage further development of drugs
based on the concept of molecular targeting. The Oncologist
2012;17:1547–1550

INTRODUCTION
The efficacy of new oncology drugs is evaluated in clinical tri-
als with regard to adverse effects, the response rate, and the
survival rate, and those drugs showing some benefit, mainly in
terms of a survival benefit, are approved and introduced into
clinical practice. However, a survival benefit demonstrated in
clinical trials does not simply translate to a decrease in the mor-
tality rate. The age-standardized mortality rate is a fundamen-
tal epidemiological measure that tells us whether or not any

lives are saved. Significant decreases in mortality rates have
been demonstrated with interventions such as vaccination and
drugs like aspirin and antibiotics [1–3]. Similarly, mortality
rates also can be evaluated in the field of oncology to confirm
the impact of new drugs.

Chronic myelogenous leukemia (CML) is a myeloprolifer-
ative neoplasm characterized by the BCR-ABL1 fusion gene
located in the Philadelphia chromosome and uncontrolled pro-
liferation of mature and maturing granulocytes with fairly nor-
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mal differentiation [4]. CML has an annual incidence of one to
two cases per 100,000 in white populations, with a slight male
predominance [5]. The treatment of patients with CML
changed dramatically with the advent of imatinib, the first mo-
lecular-targeted drug that inhibits the specific class of tyrosine
kinases [6]. In the U.S., a phase I study of imatinib was started
in June 1998 and approval by the U.S. Food and Drug Admin-
istration was received in May 2001, whereas in Japan, a phase
I study was started in June 2000 and approval was received in
November 2001. Although the impact of imatinib in improv-
ing survival outcomes of CML patients has been widely re-
ported in clinical trials, hospital-based clinical experience, and
population-based registry data [7–10], its impact on the mor-
tality rate of CML patients has yet to be evaluated.

Here, to evaluate the clinical impact of imatinib on the pub-
lic health, we estimated the mortality rates of CML patients in
Japan and the U.S. using vital statistics data for Japan and data
from the Surveillance, Epidemiology, and End Results (SEER)
Program of the National Cancer Institute for the U.S. [11, 12].

MATERIALS AND METHODS
Japanese data were collected from all 47 prefectures, whereas
data for the U.S. were sourced from the SEER 9 database,
which covers only nine cities and states (Atlanta, Connecticut,
Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland,
Seattle-Puget Sound, and Utah) [11, 12]. The period covered in
this analysis is 1993–2008. Rates of sex-specific mortality
were age standardized by the world standard population [13].
Mortality rates were calculated as cases of death resulting from
CML per 100,000 person-years. We used joinpoint regression
analysis to evaluate the significance of the trend, as described
in detail elsewhere [14]. For the analysis, uncorrelated error
models were used. The minimum number of joinpoints was set
as zero and the maximum number was set as three. The stan-
dard error of the age-standardized rate was estimated for each
year. All computations were performed using STATA, version
11 (STATA Corp., College Station, TX), except for the join-
point regression analysis, for which we used the Joinpoint Re-
gression Program, version 3.3 (U.S. National Cancer Institute,
Bethesda, MD). For the joinpoint regression analysis, two-
sided p-values �.05 were considered statistically significant.

RESULTS
Totals of 64,203 patients from Japan and 26,888 patients from
nine cities and states of the U.S. died as a result of CML during
this period. The estimated age-standardized mortality rates of
CML patients in Japan and the U.S. are shown as circles in Fig-
ure 1. The line shows the age-standardized modeled mortality
rate estimated by joinpoint regression analysis. Age-standard-
ized mortality rates with 95% confidence intervals (CIs) in
both countries are shown in supplemental online Table 1. The
annual percent change (APC) and the trend in the CML moral-
ity rate estimated by joinpoint regression analyses are summa-
rized in Table 1.

As depicted in Figure 1, the age-standardized mortality rate
of patients with CML decreased significantly in Japan and the
U.S. The change in trend in the U.S. occurred in 1997 in males

(95% CI, 1995–1999) and in 1998 in females (95% CI, 1996–
2000), and it occurred in 2001 in Japan in both males and fe-
males (95% CI, 1999 –2002). The periods of change in the
mortality trend seem to correlate with the period in which ima-
tinib appeared in the two countries.

DISCUSSION
We showed a significant decrease in the mortality rate of CML
patients in the imatinib era, which is reasonable considering
the very strong clinical impact of imatinib. By 2008, the mor-
tality rate decreased to �20%–30% of the 1993 level in both
countries. Studies have shown decreases in mortality rates as-
sociated with screening methods for certain cancers [15, 16].
To date, however, no single drug has been proven to decrease
the mortality rate. This is the first study to report that a single
cancer drug has the ability to change the mortality rate of pa-
tients with a certain disease in the oncology field. The appear-

Figure 1. Mortality rate of patients with chronic myeloid leuke-
mia (CML) in Japan and the U.S. Shown is the age-standardized
mortality rate of CML patients in the U.S. and Japan. Segi’s world
standard population was applied. Circles indicate the observed
age-adjusted mortality rates and lines indicate age-adjusted mod-
eled mortality rates estimated by joinpoint regression analyses.
The dotted line around the circles indicates the 95% confidential
interval of the mortality rate.
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ance of a new and outstanding treatment or prevention
modality sometimes changes the whole picture of a disease,
and our results show that the molecular-targeted drug imatinib
could be one such drug. These findings may encourage further
development of drugs based on the concept of molecular tar-
geting.

The possibility exists that the observed decrease in the
CML mortality rate might have resulted from a decrease in in-
cidence. To evaluate this, we estimated the age-adjusted inci-
dence of CML from the Japanese cancer registry data and
SEER 9 data [11, 12, 17]. Although the results showed a con-
stant decrease in the two countries (supplemental online fig-
ure), the APC in the mortality rate after imatinib was far greater
than the change in incidence, supporting the idea that the ob-
served decrease in the mortality rate is not only a result of the
decrease in incidence but also a result of improvement in treat-
ment. Previous studies using population- and hospital-based
registries have shown an improvement in survival outcomes
after the introduction of imatinib [7, 8].

Although the reason for the decrease in incidence is un-
clear, one possibility is that the precise diagnostic criteria in-
troduced in the last decade that stipulate detection of the BCR-
ABL1 fusion gene might have decreased the diagnosis rate of
CML without this fusion gene [18]. The U.S. and Japan use the
International Classification of Diseases – Oncology (ICD-O)
for their cancer registries. ICD-O-3 version coding classifies
myeloproliferative neoplasm (MPN) as a malignant disease;
however, ICD-O-2 (used in the U.S. starting in 2001 and in Ja-
pan starting in 2002) did not include MPN as a malignant dis-
ease. This could lead to the coding of MPN as CML, which
would result in overestimation of the CML incidence. The
trend in incidence of MPN cannot be estimated properly be-
cause these diseases were not coded before ICD-O-3, which
makes it difficult to confirm this hypothesis. Little is known
about the features that predispose patients to a CML etiology.
Although some exposures, such as obesity, radiation, smoking,
and hair dye, are reported as the increasing the risk for CML
leukemogenesis [19, 20], these factors are still controversial.

Also, there are no data in cancer registries that can assess
whether or not these exposures decreased within our study pe-
riod.

To conclude that only imatinib decreased the mortality rate
remains controversial because the decreasing trend in the mor-
tality rate began to occur before imatinib approval in both
countries, especially in the U.S. As we described above, this
may be partially related to the decrease in incidence. Also, im-
provements in treatment, such as stem cell transplantation and
infection control, may have contributed to this decreasing
trend. However, the decreasing trend in the mortality rate after
imatinib approval is more remarkable than the trend before
imatinib approval, as we show with Trend 2 in Table 1. We can
conclude that something happened in the treatment of CML
during this period that may be attributed to imatinib.

SUMMARY
In conclusion, we found a significant decrease in the popula-
tion-based mortality rate of patients with CML in both Japan
and the U.S. that may be related to the introduction of imatinib
in the two countries. An increasingly large number of molec-
ular-targeted drugs is now available or under development.
Evaluation of the impact of these drugs may require assess-
ment of both survival and mortality outcomes from the time the
drugs appear in practice.
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Table 1. Trend in age-standardized mortality rate by joinpoint analysis
Mortality

Trend 1 Trend 2 Trend 3

Data source Year APC (95% CI) Year APC (95% CI) Year APC (95% CI)

U.S. (SEER)

Male 1993–1997 �1.3 (�7.7 to 5.4) 1997–2005 �12.3 (�14.8 to �9.7)a 2005–2008 �3.2 (�15.6 to 11.1)

Female 1993–1998 �4.4 (�7.8 to 0.9)a 1998–2008 �11.6 (�13.1 to �10.1)a

Japan

Male 1993–2001 �2.3 (�5.0 to 0.5) 2001–2004 �20.8 (�36.2 to �1.6)a 2004–2008 �6.1 (�13.9 to �2.5)

Female 1993–2001 �4.6 (�6.8 to �2.3)a 2001–2008 �15.6 (�18.8 to �12.2)a

aAPC is statistically significantly different from zero (two-sided p � .05, calculated using a t-test).
Abbreviations: APC, annual percent change; CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results.
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