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Abstract

The treatment of chronic myeloid leukemia (CML) has seen
several major advances over the past 30 years, notably with the
introduction of interferon followed by Bcr-Abl tyrosine kinase
inhibitors. We analyzed trends in the incidence of CML and
patient survival in France. All cases recorded in five population-
basedregistries between 1980and 2009 were included. European
(ESR) and world (WSR) standardized incidence rates as well as
relative survival (RS) rates were estimated. We analyzed data for
781 patients (9863/3: 13.6%; 9875/3: 82.2%; 9876/3: 4.2%). ESR
was 1.02 [95% confidence interval (Cl)=0.93-1.11] and WSR
was 0.81 [95% Cl = 0.72-0.90]. The five RS rates among patients
with Philadelphia chromosome positive (Ph+) CML were 43.7%
[30.9-61.9] when diagnosed in 1980-1986, 63.8% [56.9-71.5]
in 1987-1999 and 88.7% [84.5-93.0] in 2000-2009. The 8-year
RS rate of patients with Ph+ CML diagnosed in 2000-2009 was
83.3% [77.5-89.4]. Therapeutic innovations have thus led to
a significant increase in long-term survival in the general CML
patient-population.

Keywords: Chronic myeloid leukemia, incidence, relative survival,
population-based registries

Introduction

Successive advances in treatment and molecular monitoring
of the therapeutic response have revolutionized the manage-
ment and prognosis of chronic myeloid leukemia (CML). The
first therapeutic target was identified 40 years after discovery
of the Philadelphia (Ph) chromosome (reciprocal transloca-
tion 9;22) [1], 25 years after the development of the first meth-
ods to quantify Ph-positive metaphases in bone marrow [2],
and 15 years after the introduction of techniques for identi-
fying and measuring BCR-ABL transcripts with deregulated

tyrosine kinase activity [3]. The first tyrosine kinase inhibitor
(TKI) was introduced in the early 2000s, along with therapeu-
tic monitoring by means of real-time quantitative polymerase
chain reaction (RQ-PCR). The prognosis of CML has thus
been transformed, using oral medication.

In the 1990s, treatment options for newly diagnosed
patients with CML consisted of bone marrow transplant
(BMT), interferon alpha (IFNa) and chemotherapy (busulfan,
cytarabine) or hydroxyurea. Five-year survival rates were dis-
appointing, at around 57% with IFNo and 42% with chemo-
therapy [4]; the probability of long-term survival was 50-80%
among the 20-30% of patients eligible for allogenic BMT [5,6].
In 2001, the first phase I clinical trial [7] of imatimib mesylate
(IM) showed cytogenetic responses in patients with unsat-
isfactory responses to standard treatments. IM became the
first-line treatment for CML following the IRIS study (Inter-
national Randomized Study of Interferon vs. STI571) [8], and
was shown in 2004 to markedly enhance patient survival [9].
The second generation of TKIs (dastinib, nilotinib) seems to
be even more effective than IM [10-12]. However, few data are
available on the long-term survival of the general population
of patients with CML treated with TKIs.

The aim of this study was to examine trends in the
incidence of CML and patient survival in France over a
30-year period. We conducted a retrospective cohort study
of consecutive, unselected patients with CML registered
in five French population-based cancer registries between
1980 and 2009.

Patients and methods

Data sources
Cases were identified with the participation of five French
population-based registries that each exhaustively collect all
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cases of cancer within the relevant administrative area. The
Cote-d’Or registry specializing in hematologic malignancies
and the Doubs general cancer registry each represents a
population of about 500 000 inhabitants; the Limousin gen-
eral cancer registry covers about 720 000 inhabitants; and
the Basse-Normandie and Gironde registries specializing in
hematologic malignancies cover about 1 440 000 inhabitants
each. Exhaustive data were available for 1980-2009 in the
oldest registries (Cote-d’Or and Doubs), 1993-2009 in
the Limousin registry, 1997-2008 in the Basse-Normandie
registry and 2002-2008 in the Gironde registry.

Patient selection

All cases of CML registered between 1980 and 2009 were
included. Before the publication of the third edition of
the International Classification of Diseases for Oncology
(ICD-0-3), a unique code (9863/3) was used for CML [13].
After publication of ICD-0-3 [14] in 2000, two supplemen-
tary codes were created: 9875/3 (Ph+ CML with positive
genetic [reciprocal translocation 9;22] or molecular biology
[Ber-Abl chimeric protein] documentation) and 9876/3
(myeloproliferative syndrome described in ICD-O-3 as
CML with negative genetic and molecular biology studies:
Ph— CML or atypical CML). The former code 9863/3 was
conserved from the previous edition of ICD-O. The ICD-
0-3 classification has often been applied retrospectively to
code cases before 2000. We chose to include patients coded
9863/3 in order to avoid underestimating the incidence of
CML, but this code included both patients with Ph+ CML
and patients with Ph— CML. It was therefore necessary to
study patients with Ph— CML to understand the results for
patients coded 9863/3.

Statistical analysis

Crude and age-standardized incidence rates and their
confidence intervals were calculated according to Bouyer
et al. [15] with data of french population [16]. All results are
reported as the number of cases per 100000 inhabitants per
year with 95% confidence intervals (CIs). We estimated inci-
dence rates according to age at diagnosis (0-14, 15-44, 45-54,

55-64, 65-74 and 75-99 years). Age-standardized incidence
rates were estimated using the direct method and calculated
for reference populations: the Europe standard population
(ESP) defined according to Waterhouse [17] and the World
standard population (WSP) corresponding to Segi’'s world
standards [18]. The cut-off date for determining vital status
was 31 December 2013. Relative survival (RS) was defined as
the ratio between observed survival and expected survival in
the corresponding general population, thereby expressing
the probability of CML survival after adjustment for compet-
ing causes of death. We used French mortality data published
by the Human Mortality Database [19]. RS was calculated
using the Maya Pohar-Perme method implemented with the
relsurv package for R [20]. All analyses were performed with
R 3.0.2 open access software.

Results

Study population

Between 1 January 1980 and 31 December 2009, 781 new
diagnoses of CML were registered. The characteristics of
the study population are shown in Table I according to the
period of diagnosis.

Mean age at diagnosis was 57.4 years (* 16.7). The male/
female sex ratio was 1.36. Patients classified as 9875/3 repre-
sented 82.2% of the cohort. Only 13.6% of patients overall were
classified as 9863/3 (CML-not otherwise specified [NOS]),
and the proportion of these patients fell with time, from 22%
in 1980-1986 to 17% in 1987-1999 and 11% in 2000-2009. The
proportion of patients classified as 9876/3 was 4.2%, and this
population had different sociodemographic characteristics
from the rest of the cohort, particularly a higher mean age
(71.8 vs. 56.7 years, p<<0.0001). The estimated mean inci-
dence of patients with CML in metropolitan France was 751
cases per year (= 92).

Incidence

The crude incidence rate was 1.14 [1.14-1.14] per 100000
person-years overall, 1.31 [1.31-1.13] in men and 0.98
[0.98-0.98] in women.

Table I. Characteristics of study cohort of 781 chronic myeloid leukemia patients.

Period of diagnosis

1980-1986 1987-1999 2000-2009 Total
(n=169) (n=250) (n=1462) (n=1781)

Age class at diagnosis, years, (n, %)

0-14 1(1) 5(2) 2(0) 8(1)

15-44 23 (33) 59 (24) 90 (19) 172 (22)

45-54 7(10) 44(18) 85 (18) 136 (18)

55-64 14 (20) 62 (25) 89 (19) 165 (21)

65-74 15 (22) 47(19) 111 (24) 173 (22)

75-99 9(13) 33(13) 85 (18) 127 (16)

Mean (SD) 54.3(18.5) 55.8 (16.4) 58.7 (16.5) 57.4(16.7)
Sex (n, %)

Men 43 (62) 139 (56) 258 (56) 440 (56)

Women 26 (38) 111 (44) 204 (44) 341 (44)
ICD-0-3 code (n, %)

9875/3: Ph+_CML 48 (70) 201 (80) 393 (85) 642(82)

9863/3: CML_NOS 15 (22) 42 (17) 49 (11) 106 (14)

9876/3: uMDS/MPS 6(9) 7(3) 20 (4) 33 (4)

Ph+_CML, Philadelphia chromosome-positive chronic myeloid leukemia; CML_NOS: chronic myeloid leukemia not otherwise
specified; uMPS/SPMD: unclassifiable myelodysplastic syndrome/myeloproliferatif syndrome; SD: standard deviation

2



Table II. Age-standardized incidence for 100 000 person-years during

1990-2009.
ESR [95% CI] WSR [95% CI]
Ph+_CML
Men 1.12[0.99-1.24] 1.09 [0.96-1.22]
Women 0.85 [0.74-0.95] 0.74 [0.63-0.84]
All 0.97 [0.88-1.05] 0.78 [0.71-0.85]
Ph+_CML & CML_NOS
Men 1.27[1.14-1.41] 1.25[1.11-1.39]
Women 0.96 [0.86-1.08] 0.83 [0.72-0.93]
All 1.10[1.01-1.19] 0.89 [0.81-0.96]

ESR, European standardized ratio, WSR: World standardized ratio.

Crude incidence rates ranged from 0.07 per 100 000 per-
son-years in the age group 0-14 years to 0.60 at 15-44 years,
1.49 at 45-54 years, 2.29 at 55-64 years, 2.79 at 65-74 years
and 2.34 at 75-99 years.

The crude incidence rates among patients with CML
9875/3 were 0.05 at 0-14 years, 0.55 at 15-44 years, 1.36 at
45-54 years, 1.97 at 55-64 years, 2.28 at 65-74 years and 1.58
at 75-99 years.

The age-standardized incidence rate of cohort and
Ph + CML was respectively 1.02 [0.93-1.11] and 0.97 [0.88-
1.05] relative to the European standardized rate (ESR), and
0.81 [0.72-0.90] and 0.78 [0.71-0.85] relative to the world
standardized rate (WSR). Age-standardized incidence rates
are reported in Table II.

Treatments
The treatments received were available for 679 patients.
Table IIT describes the treatments in three calendar periods
of diagnosis.

As shown in Table III, most patients diagnosed as 9875/3
in 1980-1986 received chemotherapy (hydroxyurea or

other). New treatments such as IFNo. and autologous stem
cell transplant were used in 1987-1999. Only a few patients
(mainly young patients with matched donors) received BMT.
Among the patients diagnosed in 2000-2009, 96.3% received
a TKI. Some long-term survivors diagnosed earlier also
received a TKI: 4% of patients diagnosed in 1980-1986 and
29% of patients diagnosed in 1987-1999.

Patients with CML-NOS diagnosed in 1980-1986 received
chemotherapy (33.3%), BMT (33.3%) and/or hydroxyurea
(66.7%), alone, in combination or sequentially. In 1987-
1999, hydroxyurea and BMT were the most frequently pre-
scribed treatments, but more than 29.4% of these patients
subsequently received a TKI. Among patients diagnosed in
2000-2009, 93.3% were prescribed a TKI.

Patients with Ph— CML diagnosed in 1980-1986 received
chemotherapy (50.0%) or hydroxyurea (50.0%). In 2000-2009,
TKIs were prescribed to 29.4% of these patients.

Relative survival

Median follow-up was 51 months. The 5-year RS rate among
patients diagnosed in 1980-1986, before the use of IFNa, was
only40.2% [28.7-56.4]. This rate improved to 59.4% [53.0-66.5]
for patients diagnosed in 1987-1999 and to 82.6% [78.3-87.1]
in the TKI era. The 5-year RS rate was 77.4% [73.6-81.3] among
patients diagnosed with Ph+ CML in 1980-2009, 52.8%
[42.2-66.0] in patients with CML-NOS and 12.1% [4.6-32.1] in
patients with Ph— CML. Figure 1 shows RS rates according to
ICD-0-3 code and calendar period of diagnosis.

Among patients with Ph+ CML (n=642), the median
RS time was 48 months for those diagnosed in 1980-1986,
90 months in 1987-1999 and not reached in 2000-2009. The
5- and 8-year RS rates were respectively 43.7% [30.9-61.9]

Table III. Treatments received during follow-up according to period of diagnosis and ICD-O-3 codes

(n=1679).
Period of diagnosis
Treatments received 1980-1986 1987-1999 2000-2009
Morphologic type during follow-up (n=57) (n=199) (n=423) Total
9875/3 Ph+_CML, n (%)
BMT 3(6) 13 (7) 8(2) 24(4)
Chemotherapy 25 (53) 13 (7) 4(11) 42(7)
Hydroxyurea 38(81) 140 (79) 62 (17) 240 (40)
IFNo. 3(6) 113 (64) 33(9) 149 (25)
ASCT 2 (4) 31(18) 3(1) 36 (6)
TKI 2(4) 52 (29) 362(96) 416 (69)
Total 47 177 376 600
9863/3 CML-NOS, 7 (%)
BMT 2(33) 5(29) 2(10) 9(17)
Chemotherapy 2(33) 0 0 2(4)
Hydroxyurea 4(66) 8(47) 3(7) 15 (28)
IFNo 0 3(18) 0 3(6)
ASCT 0 0 0 0
TKI 0 7 (41) 28 (93) 35 (66)
Total 6 17 30 53
9876/3 atypical CML, n (%)
BMT 0 0 0 0
Chemotherapy 2 (50) 0 0 2(8)
Hydroxyurea 2 (50) 5(100) 11 (65) 18 (70)
IFNo 0 0 0 0
ASCT 0 0 0 0
TKI 0 0 5(29) 5(19)
Total 4 5 17 26

Ph+_CML: Philadelphia chromosome-positive chronic myeloid leukemia; CML_NOS: chronic myeloid leukemia not
otherwise specified; atypical CML: atypical chronic myeloid leukemia; BMT: bone marrow transplantation; IFNo.: interferon

alpha; ASCT: autologous stem-cell transplant; TKI: tyrosine kinase inhibitor.
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Figure 1. (A) Relative survival of patients diagnosed in 1986-2009
according to ICD-0-3 code. (B) Relative survival of patients diagnosed
in 1980-2009 according to ICD-O-3 code.

and 30.6% [19.2-48.8] for patients diagnosed in 1980-1986,
63.8% [56.9-71.5] and 47.0% [39.9-55.5] in 1987-1999 and
88.7% [84.5-93.0] and 73.3% [77.5-89.4] in 2000-2009. The
8-year RS rate among patients with Ph+ CML aged less
than 65 years increased across the three periods, from 38.4%
[25.5-57.6] in 1980-1986 to 50.4% [42.6-59.7] in 1987-1999
and 89.7% [84.7-94.9] in 2000-2009. The 8-year RSrate among
patients diagnosed with Ph+ CML at age 65 years or more
also increased, from 0% in 1980-1986 to 40.1% [26.9-59.9] in
1987-1999 and 73.7% [62.6-86.8] in 2000-2009.

Five- and 8-year RS rates among patients with Ph+ CML
aged 45-64 years were respectively 48.6% [35.0-67.6] and
38.4% [25.5-57.6] for those diagnosed in 1980-1986, 62.4%
[54.7-71.1] and 50.4% [42.6-59.7] in 1987-1999 and 92.0%
[88.2-95.9] and 89.7% [84.7-94.9] in 2000-2009. Figure 2
shows RS curves for patients with Ph+ CML.

Likewise, the 5- and 8-year RS rates among patients with
Ph+ CML aged 65 years or more improved from respectively
26.7% [8.3-86.0] and 1.4% [0.1-17.6] for patients diagnosed

Relative survival ratio
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Figure 2. (A) Relative survival of patients with Ph+ CML according to
period of diagnosis. (B) Relative survival of patients with Ph+ CML
aged 0-64 years according to period of diagnosis.

in 1980-1986 to 67.5% [53.6-84.9] and 40.1% [26.9-59.9] in
1987-1999 and 82.9% [74.5-92.3] and 73.7% [62.6-86.8] in
2000-20009.

Among patients diagnosed in 2000-2009, the 5-year RS
rate of patients with CML-NOS (n = 106) was 63.6 [46.6-86.8]
and the 3-year RS rate of patients with Ph— CML (n=33)
was 12.0 [3.9-36.8]. RS curves for the overall cohort are
shown in Figure 2 according to the ICD-0O-3 code and period
of diagnosis.

Acute transformation

Data on transformation to acute leukemia were available
for 424 patients. The rate of acute transformation fell from
51.8% among patients diagnosed in 1980-1986 to 33.5% in
1987-1999 and only 7.4% in 2000-2009 (p <0.0001). Acute
transformation was less frequent in women than in men
(19.1% vs. 28.4%, p=0.028), and more frequent in patients
with Ph— CML than in the rest of the cohort (53.3% vs. 23.2%,
p=0.0076).



Discussion

With 781 cases, this is one of largest French multicenter
cohorts of patients with CML. Our analysis of data from vari-
ous geographic and socioeconomic areas provides original
information on patients with CML in France.

Median age at diagnosis of Ph+ CML was 55.8 years, and
33.6% of patients were aged 65 years or more. The ESR was
0.97 [0.88-1.05] and the WSR was 0.78 [0.71-0.85]. These
results are similar to those reported in northern France
(Nord-Pas de Calais), where median age was 56 years, 32% of
patients were 65 years or older and the ESR was 1.3 for men
and 0.9 for women [21]. Likewise, a population-based study
in south-east England conducted in 1999-2000 showed an
ESR of 1.09 and a WSR of 0.83 [22].

Osca-Gelis et al. published similar incidence rates, with
an ESR 0f 0.96 in the province of Girona, Spain, between 1994
and 2008, and a median age of 64 years for men and 60 years
for women [23]. The Surveillance of Rare Cancers in Europe
(RARECARE) project showed a standardized incidence rate
of 1.2 cases (standard error 0.01) per 100 000 person-years
in an analysis of 64 European population-based cancer
registries of patients diagnosed from 1995 to 2002 [24]. The
Cote-d’Or specialized registry of hematologic malignancies,
which was included in our study, has published a CML WSR
0f 0.9 (1.1 for men and 0.7 for women) [25]. Crude and stan-
dardized incidence rates based on published registry data
are shown in Table IV. Recently, the HAEMACARE project,
designed to improve the standardization and availability
of population-based data on hematologic malignancies
archived by EUROCARE cancer registries, published inci-
dence rates of hematologic malignancies in Europe for the
period 2000-2002 [26], using data from 44 cancer registries
operating in 20 countries. The Cote-d’Or registry was the only
French registry specializing in hematologic malignancies to
participate in this study. Cases of CML with ICD-0-3 codes
9863/3 and 9875/3 were included. With 2468 cases, the crude
incidence rate was 1.10 [1.06-1.15] per 100 000 person-years

(1.23 [1.17-1.30] for men and 0.98 [0.92-1.04] for women),
and the incidence of CML increased with age: the incidence
was higher at age 75 years or more than between 65 and 74
years. These rates are higher than in our cohort, in which the
incidence among patients aged 75 years or more tended to
decrease (2.58 vs. 2.24 per 100 000 person-years), except in
the Doubs registry in which it increased. This result is diffi-
cult to explain, but might be due to under-diagnosis among
older patients, particularly in rural France.

The RS rate improved between 1980-1986 and 1987-1999
when IFNo was the main therapy, and more significantly after
2000, when TKIs showed efficacy in the general population
of patients with Ph+ CML. Estimates of net survival among
patients with CML in France between 1989 and 2004, includ-
ing patients included in the FRANCIM network of cancer
registries, showed that the net 5-year age-standardized sur-
vival rate increased from 47% to 69% for patients diagnosed
between 2001 and 2004, corresponding to the advent of TKIs
[27]. Efficacy was higher in patients younger than 75 years.
In the IRIS study, which compared first-line IM versus IFNo.
and cytarabine, the 5-year overall survival rate estimated for
selected patients aged 18-70 years in the chronic phase was
89% [86-92] [28]. In this trial, a large proportion of patients
in the IFNo and cytarabine arm crossed over to the IM arm.
The M. D. Anderson Cancer Center CML database shows an
8-year survival rate of 87% since 2001 [29]. In our population-
based study, we found that RS improved in each age category,
including = 65 years. Osca-Gelis et al. published a 5-year RS
of 61 months for patients diagnosed in 1994-2008 in Girona,
Spain among a heterogeneous population: 43 patients of 99
received TKIs [30]. They performed a multivariate analysis
of relative excess risk (RER) of death adjusted for TKI treat-
ment, gender and age. The RER was statistically significantly
inferior for patients treated with TKIs (RER = 0.19 [0.06-0.60],
p<0.001). In our cohort, long-term survivors (4% of patients
diagnosed in 1980-1986, 29% of patients diagnosed in 1987-
1999) received TKIs after 2000. We chose not to compare
patients according to TKI treatment, because of a survival

Table IV. Crude and standardized incidence ratio stemming from registries data.

Crude
Registries Period incidence 95% CI ESR 95% CI WSR 95% CI

South-East England CML Men 1999-2000 2.06 - 1.34 - 1.00 -
Phekoo KJ. et al. 2006 Women 1.39 - 0.87 - 0.67 -
All - 1.09 - 0.83 -
HAEMACARE Ph+_CML & CML_NOS Men 2000-2002 1.23 [1.17-1.30] - - - -
Sant M. et al. 2010 Women 0.98 [0.92-1.04] - - - -
All 1.10 [1.06-1.50] - - - -
Nord-Pas de Calais Ph+_CML Men 1990-2007 - - 1.3 - 1.00 -
Corm S. et al. 2011 Women - - 0.9 - 0.70 -
RARECARE Ph+_CML & CML_NOS Men 1995-2002 1.40 - - - - -
Visser et al. 2012 Women 1.10 - - - - -
All 1.20 - - - - -
Girona, Spain CML Men 1994-2008 - - 1.13 - - -
Osca-Gelis G. et al. 2013 Women - - 0.82 - - -
All 1.15 - 0.96 - - -

Our cohort Ph+_CML Men 1990-2009 1.24 - 1.12  [0.99-1.24] 1.09 [0.96-1.22]

Women 0.91 - 0.85 [0.74-0.95] 0.74  [0.63-0.84]

All 1.07 - 0.97 [0.88-1.05] 0.78 [0.71-0.85]

Ph+_CML & CML_NOS Men 1.41 - 1.27 [1.14-1.41] 125  [1.11-1.39]

Women 1.07 - 0.96 [0.86-1.08] 0.83  [0.72-0.93]

All 1.24 - 1.10 [1.01-1.19] 0.89  [0.81-0.96]

Ph+_CML, Philadelphia chromosome-positive chronic myeloid leukemia; CML_NOS: chronic myeloid leukemia not otherwise specified; CI, confidence interval.



bias for patients for patients diagnosed before 2000: indeed
only long-term survivors could be treated with TKIs during
follow-up.

The difference in survival between patients diagnosed in
1987-1999 and 2000-2009 was significant for all age classes,
contrary to the results of the Surveillance, Epidemiology and
End Results Program of the United States National Cancer
Institute [31], which showed a significant improvement in
the 5- and 10-year RS rates in all age categories except for
65-74 and = 75 years. Five-year RS rates among patients with
Ph+ CML are shown in Table V for different population-
based studies and calendar periods.

In an Italian study, cumulative complete cytogenetic and
molecular remission rates were the same in patients aged
65 years or more as in younger patients [32]. Most of the
patients aged 65 years or more who died during follow-up
were in complete hematologic remission, suggesting more
severe treatment-related toxicity in this age range. A large
Swedish population-based study [33] of RS among patients
with CML according to the calendar period of diagnosis
showed a significant improvement in the estimated 5-year
RS rate for all age categories from 1973-1979 to 2001-2008,
but the increase between 1994-2000 and 2001-2008 among
patients aged 79 or more was smaller than in other age cat-
egories, despite a large increase among patients aged 70-79
years. As in an American study [34], we found disparities in
access to TKIs between patients aged 75 years or more and
younger patients (p=0.0008). It is possible that prescrib-
ing physicians believe that older patients are more likely to
experience adverse effects of TKIs (fatigue, musculoskeletal
disorders), but this is not supported by published data. On
the contrary, younger patients and women may be more
susceptible to these adverse effects [35].

CML patient survival in the TKI era remains poorer than
that of the general population of the same age and gender.
This could be explained by the occurrence of blast crisis
before an optimal therapeutic response is achieved, and
also by the onset of mutations conferring resistance to IM
[36]. Second-generation TKIs may reduce mortality related
to these factors. Epidemiological studies have shown that
some second malignancies occur during TKI therapy,
but no causative relationship has been found [37,38]. A

Table V. Relative 5-year suvival of Ph+_CML patients according
population-based studies and period.

Relative
5-year
Article n Period  survival (%) 95% CI
SEER 8329 1990-1992 21.1 -
Brenner H. et al. 2002-2004 48.7 -
2008
Sweden 3173 1973-1979 21 (17-24]
Bjorkholm M. et al. 1994-2000 54 [50-58]
2011
2001-2008 80 75-83]
Nord-Pas de Calais 691 1990-1994 64 56-71]
Corm S. et al. 2011 1995-1999 66 57-76]

[

|
2000-2007 88 [80-93]

[

[

[

Our cohort 642 1980-1986 43.7 30.9-61.9]
1987-1999 63.8 56.9-71.5]
2000-2009 88.7 84.5-89.4]

CI: confidence interval.

population-based study conducted before the TKI era
showed significantly higher standardized incidence ratios
(SIRs) for stomach cancer (SIR = 2.76, 95% CI: 1.33-5.08),
urogenital cancers (SIR = 1.61, 95% CI: 1.15-2.21) and skin
cancer (SIR = 5.36, 95% CI: 3.18-8.47) in patients with CML
compared to the general population [39].

Our survival results are coherent with trends in CML mor-
tality reported after IM introduction in Japan and the USA
[40]. In our cohort, patients diagnosed as 9876/3 (Ph — CML)
had a higher mean age than the overall cohort (71.8 vs. 56.7
years, p <0.0001), and also experienced more acute transfor-
mations and a lower survival rate. These patients, formerly
classified as having atypical CML (aCML), were reclassified
as having unclassifiable myelodysplastic/myeloproliferative
syndromes (MDS/MPS) in the 2008 World Health Organiza-
tion (WHO) “classification of tumors of hematopoietic and
lymphoid tissues” [41]. aCML is characterized by spleno-
megaly and neutrophilic leukocytosis associated with dys-
granulopoiesis and circulating immature granulocytes. In a
retrospective study from the M. D. Anderson Cancer Center
[42], the median overall survival time of these patients was
24 months. In our cohort it was less 20 months, and did not
differ across the three study periods. Except for BMT, there
is no effective therapeutic option for these patients. Among
patients diagnosed as 9876/3 in 2000-2009, 29.4% received a
TKIwith no improvement in survival, confirming the hetero-
geneity of the pathological mechanism. Code 9876/3 should
be removed from future versions of the ICD-O.

Patients classified as CML-NOS have no available cyto-
genetic or molecular analyses and probably form a hetero-
geneous group. This lack of information on BCR-ABL status
may be related to the presence of adverse clinical prognos-
tic factors, in elderly patients for example. Nevertheless,
some of these patients benefited from TKI therapy, as the
8-year survival rate was higher among patients diagnosed
in 2000-2009 than in those diagnosed in 1987-1999, in
whom TKIs were used in respectively 93.3% and 29.4% of
cases (p =0.0003). Currently, the proportion of CML-NOS
is rather low, probably due to better access to appropriate
genetic and molecular analyses for diagnosis.

As cytogenetic aberrations at diagnosis [trisomy 8, second
Ph chromosome and isochromosome (17)(q10)] may have
an important impact on the prognosis of CML (the 5-year
survival rate is only 53% despite treatment with IM [43]),
exhaustive recording of cytogenetic aberrations in registries
might prove useful. The complexity of classification and
recording of pertinent information in hematologic malig-
nancies underlines the need for specialized registries. RS
rates for patients diagnosed during the last decade suggests a
margin of possible progression for observance improvement
and for new drugs based on molecular targeting.

Conclusion

During the last 30 years, major therapeutic advances have
led to a significant improvement in the RS of patients with
CML. For example, the 5-year RS rates among patients
with Ph+ CML were 43.7% [30.9-61.9] when diagnosed
in 1980-1986, 63.8% [56.9-71.5] in 1987-1999 and 88.7%



[84.5-93.0] in 2000-2009. The 8-year RS rate of patients with
Ph+ CML diagnosed in 2000-2009 was 83.3% [77.5-89.4].
TKIs have thus dramatically improved the prognosis of
all patients with Ph+ CML, not only those included in
clinical trials.

Potential conflict of interest: Disclosure forms provided
by the authors are available with the full text of this article at
www.informahealthcare.com/lal.
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