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ABSTRACT

Introduction. The survival of patients with chronic my-
elocytic leukemia (CML) has improved during the past
decades. However, there have been discrepancies be-
tween results reported from clinical trials and popula-
tion-based studies. We aimed to elucidate the extent of
these discrepancies.

Methods. We examined the 5-year survival rate of pa-
tients in clinical trials of CML treatment and compared
these results with the survival of patients in the general
population using the Surveillance, Epidemiology, and
End Results (SEER) database, correcting for differ-
ences in the age structure of the patient populations.

Results. Twenty-nine trials were identified for data
extraction. The survival rate calculated from SEER
data was lower than the survival rate in clinical trials in

the corresponding period, with differences of 2.1%–
50.7%. Age-adapted survival was similar for four trials,
but differences up to 35.8% were seen in most. Limita-
tions of the study include the lack of information on che-
motherapy in the SEER database and possible
heterogeneity of cases.

Discussion. The survival rate in clinical trials of CML
treatment is higher than the survival rate of all patients
with CML. We speculate that the difference may be a re-
sult of access to better medications, selection of healthier
patients for trials, and the time necessary for adoption of
new treatments. This finding underscores the need for
population-based studies to give a more realistic idea of
survival for patients with a given malignancy in the gen-
eral population. The Oncologist 2011;16:663–671

INTRODUCTION

The gold standard for determination of the superiority (or
equivalence) of one type of treatment over another is the

randomized, controlled clinical trial. However, results from
clinical trials cannot always be directly translated to the
general population. Insufficient numbers of elderly,
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women, and minority participants in clinical trials have de-
creased the confidence that the findings can be applied to
the general population [1, 2], although the importance of
this factor may have decreased over time [3]. Additionally,
patients in clinical trials may be systematically different
from patients in the general population. For example, few
clinical trials include patients with a poor performance sta-
tus [4]. Patients with comorbid conditions such as prior can-
cers, HIV, or poor organ function are generally excluded
from clinical trials as well. Treatments that work well under
the “ideal conditions” of a clinical trial may be unsuitable
for some patient populations or some clinical situations.
Additionally, treatment decisions may be affected by co-
morbid conditions that greatly limit life expectancy or the
ability to tolerate treatment. In such cases, aggressive treat-
ment may be withheld as being unlikely to benefit the pa-
tient, even when highly effective treatment for the specific
illness is available. Therefore, it is not possible to general-
ize directly from results obtained in clinical trials to results
to be expected in the general population.

The survival duration of patients with chronic myelo-
cytic leukemia (CML) has improved greatly over the past
decades [5]. The advent of interferon therapy [6], hemato-
poietic stem cell transplant [7], and finally tyrosine kinase
inhibitors (TKIs) [8] has greatly improved survival in pa-
tients with CML in clinical trials. However, population-
based estimates of CML survival lag behind results from
clinical trials, although survival on the population level has
increased greatly in the past two decades as well [5]. In this
article, we aim to provide a systematic comparison of re-
sults on CML survival reported from clinical trials and ob-
tained from population-based cancer registries and to
explore the extent and potential reasons for survival differ-
ences.

METHODS

Data on survival of CML patients in the general U.S. pop-
ulation were extracted from the Surveillance, Epidemiol-
ogy, and End Results 9 (SEER9) limited-use database for
the calendar years 1973–2006 [9]. This database includes
data from the nine registries that have been included in the
SEER database since 1973: Connecticut, Hawaii, Iowa,
New Mexico, Utah, Detroit, San Francisco/Oakland, Seat-
tle/Puget Sound, and Atlanta, which together cover a pop-
ulation of 30 million people. All patients diagnosed with
CML during each relevant period were identified in the da-
tabase and the observed survival rate was calculated. The
diagnosis of CML was determined by inclusion in the
SEER “recode” classification of 35022, which includes
the International Classification of Diseases for Oncology,
Third Revision, histology codes of 9863, 9875, 9876, 9945,

and 9946. The recode classification was used because it is
available for all dates and therefore avoids possible bias re-
sulting from changes in codes over time.

Peer-reviewed, randomized controlled trials of treat-
ments for patients with CML were identified by searching
the PubMed database up to June, 2010 using the key terms
“chronic myelocytic leukemia” and “chronic myeloid leu-
kemia” with the limitation that only clinical trials be shown.
Trials for which patients were recruited between 1973 and
2006 with full text in either English or German were se-
lected for analysis. Only prospective clinical trials for
which 5-year survival data were available were included in
the analysis. When results from a single trial were reported
in the literature more than once, the publication of the final
results of the trial was used. Trials that were not limited to
CML patients were not included. Only trials comparing one
form of treatment with another in which survival for �5
years was the primary outcome were included. Trials for
which survival data or years of recruitment could not be de-
termined were excluded. Trials for which the age of partic-
ipants could not be determined are listed in the results but
complete comparisons could not be made for these trials.

For each trial, the first author, year of publication, coun-
try of origin, type of trial, treatments being compared, years
of recruitment, number of patients included in the trial, me-
dian age (if stated) and age range of the patient population,
whether the trial included patients with advanced disease,
and the 5-year survival (if calculated or possible to estimate
from survival curves) in each arm were extracted.

For comparison, the observed survival rate for patients
in the SEER database during the time period in which pa-
tients were recruited for the trial in question was analyzed.
For the SEER population, the survival time was calculated
the using date of diagnosis and the date of death, last date on
which patient was known to be alive, or cutoff date for the
study comparison. Patients diagnosed by death certificate
or autopsy only were excluded. Additionally, patients with
a prior malignancy were excluded because they are ex-
cluded from most clinical trials. Data on the specific stage,
that is, chronic phase (CP), accelerated phase (AP), or blast
crisis (BC), are not available in the SEER database and
therefore no distinction among these groups could be made.
Absolute survival was calculated because most clinical tri-
als report absolute rather than relative survival.

Initially, all CML patients diagnosed in the same period
of time were included. Because the prognosis of CML pa-
tients varies strongly with age, the age structures of the pa-
tient populations being compared should be as similar as
possible. Because of a lack of detailed data on age distribu-
tion reported in most trials, direct age adjustment of sur-
vival was not possible. However, based on the age range of
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patients commonly reported in clinical trials, an “age
adapted” survival estimate was calculated for patients in the
SEER database diagnosed in the same period of time in the
age range included in each study, that is, if the age range of
the patients in the study was 18–65 then only patients aged
18–65 were included in the calculation of survival using
the SEER database. When the age range was not given in
the trial, the age range in the SEER analysis was selected in
such a way that the median age was the same as in the trial
and the width of the range was 50 years centered on the me-
dian age (i.e., the age range used was the median age � 25
years). The latter criterion was defined based on the obser-
vation that the width of the age range varied in the range of
38–70 years when reported, with the median range being
about 50 years.

In order to assess the effect of publication of studies on
survival in patients with CML, we calculated the age-
adapted 5-year survival rate for the 5 years prior to and in-
cluding the year of publication and the 5 years following
publication for the identified studies as well. Because
changes in the treatment of CML and therefore in survival
in patients treated in the community would likely start after
the publication of the first data from a trial, the date of first
publication of results was used for this calculation.

All analyses were performed with the SAS software
package, version 9.2 (SAS Institute, Inc., Cary, NC).

RESULTS

Two hundred eighty-six articles were initially identified in
the search (Fig. 1). Fifteen articles were excluded because
they were not in a language spoken by at least one of the
authors. Thirty-three articles were excluded because they
were preliminary reports of data for which final data were
published in an article included in the final analysis. Sixty
trials were excluded because the trials were not limited to
CML patients. One hundred fifteen articles were excluded
because the primary outcome addressed in the trial or anal-
ysis was not survival in CML patients or critical data were
missing. Eighteen were excluded because of a lack of data
on 5-year survival. Sixteen articles were excluded for other
reasons (e.g., trials limited to children).

Twenty-nine trials of treatment for CML were identified
(Table 1) [6–8, 10–35]. The years of recruitment of these
clinical trials were 1980 –1987 to 2004 –2005. Trial size
varied widely, in the range of 40–1,106 patients. The me-
dian age of patients in clinical trials was in the range of
37–60 years, compared with a median age of 62 years for
patients in the SEER database. Most trials involved the
treatment of patients in CP and, when performance status
was mentioned, patients had an Eastern Cooperative Oncol-
ogy Group performance status score of 0–2. Only two trials

of patients in AP or BC that included 5-year survival data
were identified. No major differences in the patient popu-
lation or outcomes were observed when comparing trials
based in the U.S. with those based in other countries.

The 5-year survival rate increased with year of recruit-
ment, from a range of 30%–40% in the earliest trials to 96%
in some trials of TKIs (Table 1, Fig. 2). The 5-year survival
rate in the general population calculated from the SEER da-
tabase for the corresponding calendar periods ranged from
22.2% in 1980–1987 to 44.4% in 2001. Overall, the 5-year
survival rate was higher in patients enrolled in clinical trials
than in patients treated outside a clinical trial in the same
years as in the trial enrolment. Age-adapted survival
showed less variation but, with the exception of trials of AP
or BC patients, the survival rate was still higher in patients
in clinical trials than in the general population (Table 1).

Changes in the standard of care based on results of clin-
ical trials can occur only after the trial results are published,
and therefore comparison of survival immediately before
and after the dates of publication of clinical trials is of in-
terest. Figure 3 compares the age-adapted population-based
5-year survival rate of the patients diagnosed in the 5 years
before (including the year of) and 5 years after the publica-
tion of trial results with the 5-year survival rate of patients
in the better arm of the relevant trial (recruitment of patients
completed 2–15 years prior to publication of each trial).
The 5-year survival rate for the years before and including
the year of publication was calculated for 20 studies (not
calculated for nine because the publication date was too re-

286 trials initially identified

Trials without 5-year survival 
information n = 18 

Miscellaneous n = 16 

Survival not one of the primary 
outcomes or critical data 
missing n = 115 

Trials not limited to CML 
n = 60

Papers describing preliminary 
results of included studies 
n = 33

Full text in language other than 
English or German n = 15 

Trials included in analysis 
n = 29

Figure 1. Diagram of clinical trials identified, excluded, and
included in this study.

Abbreviation: CML, chronic myelocytic leukemia.
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Table 1. Clinical trials of CML treatment published in 1980–2007

Study, country Trial/patient enrollment

Yrs of
recruitment/
first treatment

Patient population,
n, patient
characteristics,
median age (range) Results

5-yr OS,
SEER
database (SE)

5-yr age-adapted
OS,a SEER (SE)

Meyskens et al.
(1995) [10], USA

Busulfan with or without
vit A

1980–1987 n � 124; n � 51, vit
A; n � 46, no vit A

5-yr OS, 30%–40%; NS
between vit A and no vit A

22.2% (0.8%) 26.0% (1.4%)

Hehlmann et al. (1993)
[11], Germany

Busulfan versus HU 1983–1991 n � 441; CP; age
range, 47–50 yrs

5-yr OS: HU, 45%; busulfan,
25%

23.3% (0.8%) 30.6% (1.1%)

Gale et al. (1998) [7],
Germany

BMT versus HU or IFN 1983–1991 n � 548; n � 196,
HU; n � 75, IFN;
n � 36, BMT; n �
41, other

5-yr OS: BMT, 60%; other,
55%

23.3% (0.8%) 36.2% (1.3%)

Hehlmann et al. (1994)
[12], Germany

Busulfan versus HU
versus IFN

1983–1991 n � 513; median age
(range), 47–48 (15–
85) yrs

5-yr OS: IFN, 59%; HU,
44%; busulfan, 32%

23.3% (0.8%) 25.2% (1.5%)

Reiter et al. (1999) [13],
Austria

LRD versus MUD SCT 1983–1997 n � 88; median age
(range), 37 (19–57)
yrs

5-yr OS: CP, 59%; advanced,
44%; no difference LRD
versus MUD

26.2% (0.6%) 43.4% (1.1%)

Olsson-Strömberg et al.
(2004) [14], Sweden

Busulfan versus HU
followed by BMT

1984–1989 n � 179; median age
(range), 58–59 (12–
82) yrs

5-yr OS: no HSCT, 22%;
HSCT, 50%; median 10-yr
OS: no SCT, 2%; SCT, 46%

22.6% (1%) 25.3% (1.1%)

Kloke et al. (2000) [15],
Germany

IFN long-term follow-up 1984–1990 n � 71; newly
diagnosed, CP;
median age, 38 yrs

5-yr OS, 60%; median OS,
5.9 yrs; 10-yr OS, 32%

23.4% (0.9%) 36.3% (1.5%)

Italian Cooperative
Study Group on CML
(1998) [16], Italy

IFN vs chemotherapy
(busulfan or HU)

1986–1988 n � 322; CP; median
age, 48 yrs; age �70
excluded

5-yr OS: IFN, 65%; busulfan/
HU, 50%; 10-yr OS: IFN,
29%; busulfan/HU, 17%

23.7% (1.4%) 32.7% (2.0%)

Gratwohl et al. (1996)
[17], multinational
(European)

BMT with or without
splenic radiation

1986–1990 n � 229; CP; age
range, 8–52 yrs

5-yr OS: both groups, 66%;
6-yr OS: radiation, 62%; no
radiation, 57% (NS)

25.8% (1.1%) 43.3%

Clift et al. (1994) [18],
USA

BMT AP 1986–1992 n � 58; LRD
available; CP;
median age (range),
37 (6–59) yrs

5-yr OS, 45% 25.2% (0.9%) 40% (1.6%)

Allan et al. (1996) [19],
Britain

HU, busulfan, or busulfan
� thioguanaine followed
by IFN or further
chemotherapy

1986–1994 n � 587; age range,
18–74 yrs

5-yr OS: IFN, 52%;
chemotherapy, 34%

27.2% (0.8%) 34.0% (1.0%)

BeNeLux CML Study
Group (1998) [20],
BeNeLux

HU versus HU � IFN 1987–1992 n � 195; CP; median
age (range), 56 (20–
84) yrs

5-yr OS: both arms, 55% 26.4% 91.0%) 28.5% (1.1%)

Clift et al. (1994) [21],
USA

BMT � CPA versus XRT,
busulfan, � CPA

1988–1992 n � 142; median age
(range), 37–38 (6–
55) yrs

5-yr OS: 70% 26.7% (1.1%) 38.2% (1.7%)

Ohnishi et al. (1998) [6],
Japan

IFN versus busulfan 1988–1991 n � 159; newly
diagnosed, CP; age
range, 20–70 yrs

5-yr OS: IFN, 54%; busulfan,
32%

26.7% (1.2%) 35.4% (1.7%)

Guilhot et al. (1997)
[22], France

IFN �/-ARAC 1991–1996 n � 754; age range,
50–51 yrs (4 aged
�70 yrs)

5-yr OS: 60%–70% 28.3% (1%) 35.3% (1.6%)

Kluin-Nelemans et al.
(2004) [23], Britain

High- versus low-dose
IFN

1993–2001 n � 407; CP; median
age (range), 60 (20–
81) yrs

5-yr OS: both arms, 49%–
50%

34.2%a (0.8%) 38.9%a (0.9%)

Kühr et al. (2003) [24],
Austria

IFN � ARAC versus
IFN � HU

1994–1997 n � 114; median age
(range), 52 (20–73)
yrs

5-yr OS: both arms, 60% 30.6% (1.2%) 40.8%

Baccarani et al. (2002)
[25], Italy

IFN with or without
ARAC

1994–1997 n � 538; CP, no or
minimal
pretreatment;
average age, 45 yrs;
all �66 yrs

5-yr OS: ARAC, 68%; no
ARAC, 65%

30.6% (1.2%) 44.3% (1.7%)

Peñarrubia et al. (2003)
[26], Spain

Intermediate- versus high-
dose IFN

1994–1999 n � 121; CP; median
age, 48

5-yr OS: intermediate dose,
83.4%; high dose, 73.3%

32.7% (1.0%) 42.6% (1.3%)

Hehlmann et al. (2007)
[27], Germany

Drug therapy versus
allogeneic SCT first line

1995–2001 n � 621; median age
(range), 40 (11–59)
yrs

5-yr OS: HSCT-LRD, 62%;
HSCT eligible-no LRD, 73%;
not HSCT eligible, 60%; total,
64%

35.1%a (1%) 58%a (1.5%)

Deenik et al. (2007)
[28], The Netherlands

High- versus low-dose
ARAC � IFN

1998–2001 n � 118; PS �2; age
range, 16–65 yrs

5-yr OS: high dose, 56%; low
dose, 77%

39.2%a (1.3%) 60.3%a (1.8%)

Hochhaus et al. (2008)
[29] multinational

Imatinib after IFN failure 1999–2000 n � 532; CP; median
age (range), 57 (18–
90) yrs

5-yr OS: �80% 39.4% (1.8%) 40.3% (1.8%)

Stone et al. (2009) [30],
USA

Homoharringtonine and
ARAC

1999–2001 n � 44; age range,
�50–79 yrs

5-yr OS: �70% 41% (1.5%) 41.7% (1.9%)

(continued)
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cent to allow calculation of a 5-year survival rate using the
SEER database.) In 17 of the 20 studies, the survival rate
was higher in the best arm of the study than in the general
population, as calculated from the SEER database (Fig. 3).
Two of the exceptions showed a marginally higher survival
rate in the SEER database, whereas one, which was pub-
lished in 2004 but enrolled patients in the 1980s, had a
clearly higher survival rate for patients in the SEER data-
base.

The 5-year survival rate for the patients in the SEER da-
tabase in the 5 years following publication of the relevant
comparison study was calculated for 14 studies (not calcu-
lated for 15 because the publication date was too recent to
allow calculation of the 5-year survival rate using the SEER
database). The 5-year survival rate for the 5 years following
the publication of the relevant clinical trial was higher than
in the preceding 5 years in all cases. However, the survival
rate calculated from the SEER database was still lower than
or similar to the survival rate in the relevant trial for eight of
14 studies (Fig. 3).

DISCUSSION

Controversy exists as to what extent survival in clinical tri-
als can be generalized to survival in patients in the general

community and whether participation in a clinical trial is, in
itself, a positive prognostic factor [36, 37]. Our results sug-
gest that the difference in survival can range from minimal
to very large, depending on the particular characteristics of
a given trial, both in terms of the treatment being tested and
patients involved (i.e., their age, disease stage, and general
health).

Overall, patients with CML treated in clinical trials tend
to be younger and are more likely to be in CP and have a
good performance status than patients in the general popu-
lation. In general, the 5-year survival rate for patients in the
general population is lower than that for patients enrolled in
clinical trials, even after adjusting for differences in the me-
dian age of patients in clinical trials.

Survival in CML patients in the SEER database has im-
proved over time, but rarely reaches levels similar to those
seen in clinical trials. When the age-adapted 5-year survival
rate was compared between the best arm of a clinical trial
and the general population for 5 years after the trial’s pub-
lication, the survival rate from the trial was still comparable
with or better than the survival rate in the general popula-
tion in eight of 14 studies. It should be noted that the pub-
lications cited in this manuscript represent the final
publication of a given study, so the study may have a minor

Table 1. (Continued)

Study, country Trial/patient enrollment

Yrs of
recruitment/
first treatment

Patient population,
n, patient
characteristics,
median age (range) Results

5-yr OS,
SEER
database (SE)

5-yr age-adapted
OS,a SEER (SE)

Druker et al. (2006) [8],
international

Imatinib versus IFN �
ARAC, 5-yr follow-up

2000–2001 n � 1106; CP;
ECOG PS, 0–2;
average age (range),
50–51 (18–70) yrs

5-yr OS: imatinib, 89%; 5-yr
relative survival: imatinib,
95%

42.9% (1.8%) 64.3% (2.3%)

Palandri et al. (2009)
[31], Italy

Imatinib in AP 2000–2001 n � 111; AP;
median age (range),
58 (26–82) yrs

5-yr OS: �45% 42.9% (1.8%) 47.4% (2.2%)

Palandri et al. (2008)
[32], Italy

Imatinib in BC 2000–2001 n � 92; BC; median
age (range), 55 (18–
88) yrs

5-yr OS: �10% 42.9% (1.8%) 44.7% (1.9%)

Guilhot et al. (2009)
[33], international

Imatinib after initial
treatment w it IFN �
ARAC

2000–2001 n � 359; CP; ages
not disclosed

5-yr OS: �85% 42.9% (1.8%) NA

Palandri et al. (2008)
[34], Italy

Imatinib with IFN 2001 n � 76; ages not
disclosed

5-yr OS: 96% 44.4% (2.6%) NA

Castagnetti et al. (2009)
[35], Italy

High-dose imatinib 2004–2005 n � 78; CP,
intermediate Sokal;
median age (range),
56 (26–79) yrs

5-yr OS: 96% b b

aIf an age range was given in the paper, only the ages included in the trial are included in the analysis of the SEER data.
Otherwise, when the mean or median age was given, a 50-year cohort around the median age was used.
bFollow-up through 2006.
cCould not be calculated because of an inadequate follow-up period.
Abbreviations: AP, accelerated phase; ARAC, cytarabine; BC, blast crisis; bid, twice daily; BeNeLux, Belgium, The
Netherlands, and Luxembourg; BMT, bone marrow transplant; CML, chronic myelocytic leukemia; CP, chronic phase;
CPA, cyclophosphamide; ECOG, Eastern Cooperative Oncology Group; HU, hydroxyurea; IFN, interferon; LRD, living
related donor (stem cell transplant); MUD, matched unrelated donor (stem cell transplant); NA, not available; NS, not
significant; OS, overall survival; PBSCT peripheral blood stem cell transplant; Peg-IFN-A pegylated interferon A; PS,
performance status score; SCT, stem cell transplant; SE, standard error; SEER, Surveillance, Epidemiology, and End
Results; vit A vitamin A; XRT, radiation therapy.
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effect on treatment choices of physicians treating off study
even before the year cited as being the year of publication;

that is, preliminary papers or abstracts presented at con-
ferences may influence care even before the final paper is

Figure 2. The 5-year survival rate of patients participating in clinical trials (squares) and age-adapted survival for patients in the
Surveillance, Epidemiology, and End Results database diagnosed in the same time period as patients in the related clinical trial
(triangles) are shown. In trials in which there was a difference in survival between arms of the trial, the higher survival rate is given
as a thicker, red square; the lower survival rate is shown as a lighter, orange square. Reference numbers for the relevant trial are
given next to the red squares.

Figure 3. The 5-year survival rate of patients participating in clinical trials (squares) and the age-adapted survival rate for patients
in the Surveillance, Epidemiology, and End Results database for the 5 years prior to and including the year of publication of the
relevant trial (blue triangles) and the 5 years following publication of the relevant trial (green triangles) are shown. If survival
differed in different arms of the clinical trial, the arm with the best survival was used. Reference numbers for the relevant trials are
included next to squares representing trials.

668 CML Survival Comparison



published. However, the standard of care, and therefore
the treatment given to the majority of patients not partic-
ipating in clinical trials, is unlikely to change prior to the
publication of final results of clinical trials. Overall, this
confirms that, although treatment improves over time as
a result of clinical trials, survival in clinical trials is not a
good predictor of survival expectations for patients who
are treated outside the context of a clinical trial.

Two notable exceptions to the general trend, showing
better survival in the SEER database, were two trials of sur-
vival in patients receiving imatinib in AP or BC. One of the
limitations of the SEER database for hematologic malig-
nancies is its lack of information on stage. Because the
SEER population is an unselected population, it is likely
that the majority of patients in the SEER database at any
given time point are in the CP of disease simply because
patients with CML do not spend a prolonged period of time
in AP or BC. Of course, the disease may evolve into a more
aggressive stage during the follow-up period.

Because of the lack of information on chemotherapy in
the SEER database, most statements concerning the reasons
for the differences observed are speculative. However, the
difference between the survival rate in clinical trials and in
the general population most likely can be accounted for by
multiple, overlapping reasons. First, patients who partici-
pate in phase I–III clinical trials in oncology tend to be less
“sick” overall than the general population: most trials re-
quire patients to have a good performance status and serious
comorbidities disqualify patients from the vast majority of
clinical trials. Although no information on comorbidities or
performance status is given in the SEER database, given its
nonselective nature, it is safe to assume that more people
with a poor performance status or severe comorbidities are
found in the SEER database than in clinical trials, which
frequently require a specified performance status and organ
function for participation. Thus, patients in clinical trials
may be less likely to die as a result of comorbid illnesses
and more likely to be able to tolerate intensive therapy. No-
tably, survival estimates from the SEER database tend to be
close to survival rates from clinical trials of relatively low
intensity therapy (i.e., hydroxyurea and TKIs), whereas
they are uniformly far lower than survival rates from trials
of intensive therapy (i.e., stem cell transplantation or inter-
feron).

Practitioners may not adopt therapies shown in clinical
trials to have survival advantages for a significant amount
of time: initial trials may be small or limited to patient pop-
ulations different from the typical patient, the advantage of
the therapy may be controversial, the treatment may be un-
suitable for the practitioner’s patients, or practitioners may
simply not be aware of the trials’ findings or have immedi-

ate access to the relevant medication. Even in cases when
the advantage is clear and well publicized, adoption of the
new therapy is not instantaneous. For example, the use of
imatinib in leukemia increased linearly between 2001 and
2005 in a study of drug uptake in several European coun-
tries [38]. Hence, uptake of new medications or techniques
may not be complete even 5 years after clinical trials
demonstrating their efficacy. However, because of the
lack of chemotherapy data in the SEER database, the ex-
tent to which this contributes to the observed differences
could not be directly evaluated. Finally, patients who be-
come involved in clinical trials may be self-selected for
better compliance and therefore better outcomes. A re-
cent study of compliance with imatinib in patients with
CML showed that approximately one third of patients
taking imatinib, a relatively simple and well-tolerated
medication, as part of standard therapy for CML were
nonadherent to their planned medication and that nonad-
herence was associated with a lower rate of complete re-
sponse [39].

In interpreting our data, some limitations must be con-
sidered. First, as mentioned earlier, the SEER database does
not include data on stage or chemotherapy and biological
therapy, and therefore no direct comparison of patients re-
ceiving a given therapy on or off protocol can be made and
survival cannot be stratified based on stage. Second, be-
cause the SEER database is based on U.S. data only,
whereas many of the clinical trials were performed in Eu-
rope, Canada, or Asia, with many being multinational,
some differences in survival observed in clinical trials may
be a result of differences in survival rates in the country or
countries the trial took place in versus the U.S. Because of
the collaborative nature of the SEER database, there is no
central pathology review of cases in the database, which
can introduce bias through pathological misclassification.
Additionally, with the exception of prior cancers, the SEER
database does not contain information on comorbidities,
making it difficult to judge the overall health status of pa-
tients in the database.

The literature review has a number of limitations. The
initial screening identified papers based on whether they
were classified in PubMed as “clinical trials” or not. It is
possible that some papers were miscategorized and there-
fore improperly excluded from the analysis. Additionally,
the review was limited to studies of CML in adults only,
potentially limiting information about patients with CML
treated on more general protocols. This may be most rele-
vant to stem cell transplant protocols, which may report re-
sults for patients with more than one type of leukemia.
Finally, as with the SEER data, the literature review is lim-
ited by the heterogeneity of the studies.
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In conclusion, the survival rate from clinical trials of
treatment for CML is higher than the survival rate of pa-
tients with CML in the general population. This difference
can be attributed to access to better medications, a bias to-
ward selecting younger, healthier patients for clinical trials,
and the time necessary for new treatments to be adopted by
practitioners. Additionally, socioeconomic factors, such as
compliance, medical literacy, and access to medical care,
may vary between patients in clinical trials and in the gen-
eral population. This finding underscores the need for pop-
ulation-based studies to give a more realistic idea of
survival for patients with a given malignancy in the general
population. The inclusion of a more diverse patient popula-

tion in clinical trials, including older and less fit patients,
may reduce the disparity.
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