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a bs t r ac t
BACKGROUND

Imatinib, a selective BCR-ABL1 kinase inhibitor, improved the prognosis for patients with chronic myeloid leukemia (CML). We conducted efficacy and safety
analyses on the basis of more than 10 years of follow-up in patients with CML who
were treated with imatinib as initial therapy.
METHODS

The authors’ affiliations are listed in the
Appendix. Address reprint requests to
Dr. Hochhaus at Klinik für Innere Medizin II, Abteilung Hämatologie–Onkologie, Universitätsklinikum Jena, Am Klinikum 1, 07740 Jena, Germany, or at
andreas.hochhaus@med.uni-jena.de.

In this open-label, multicenter trial with crossover design, we randomly assigned
patients with newly diagnosed CML in the chronic phase to receive either imatinib
or interferon alfa plus cytarabine. Long-term analyses included overall survival,
response to treatment, and serious adverse events.

* A complete list of participating investigators in the International Randomized
Study of Interferon and STI571 (IRIS) is
provided in the Supplementary Appendix, available at NEJM.org.

RESULTS
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The median follow-up was 10.9 years. Given the high rate of crossover among
patients who had been randomly assigned to receive interferon alfa plus cytarabine
(65.6%) and the short duration of therapy before crossover in these patients
(median, 0.8 years), the current analyses focused on patients who had been randomly assigned to receive imatinib. Among the patients in the imatinib group, the
estimated overall survival rate at 10 years was 83.3%. Approximately half the patients (48.3%) who had been randomly assigned to imatinib completed study treatment with imatinib, and 82.8% had a complete cytogenetic response. Serious adverse events that were considered by the investigators to be related to imatinib
were uncommon and most frequently occurred during the first year of treatment.

Copyright © 2017 Massachusetts Medical Society.

CONCLUSIONS

Almost 11 years of follow-up showed that the efficacy of imatinib persisted over
time and that long-term administration of imatinib was not associated with unacceptable cumulative or late toxic effects. (Funded by Novartis Pharmaceuticals;
IRIS ClinicalTrials.gov numbers, NCT00006343 and NCT00333840.)
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hronic myeloid leukemia (CML) is a
myeloproliferative neoplasm that is characterized by the Philadelphia (Ph) chromosome and driven by its product, the BCR-ABL1
tyrosine kinase.1 In 2001, imatinib was introduced as a BCR-ABL1 tyrosine kinase inhibitor
and was approved for the treatment of CML on
the basis of a high level of activity in phase 2
studies.2 Early results from the phase 3 International Randomized Study of Interferon and
STI571 (IRIS) showed that imatinib at a dose of
400 mg once daily was more active and was associated with fewer side effects than interferon
alfa plus cytarabine in patients with newly diagnosed CML in the chronic phase.3 At 18 months,
the estimated rate of complete cytogenetic response (0% Ph-positive metaphases) was 76.2%
(95% confidence interval [CI], 72.5 to 79.9) in
the imatinib group, as compared with 14.5%
(95% CI, 10.5 to 18.5) in the group that received
interferon alfa plus cytarabine (nominal P<0.001),
and the estimated rate of freedom from progression to the accelerated phase or blast crisis of
CML was 96.7% versus 91.5% (nominal P<0.001).3
As a result, the majority of patients who had
been randomly assigned to interferon alfa plus
cytarabine crossed over to imatinib early in the
trial, and the focus shifted from between-group
comparisons to in-depth, exploratory analyses of
outcomes with imatinib.4-6 A retrospective analysis
that compared patients in the imatinib group of
IRIS with those in a historical cohort of patients
who had been treated with interferon alfa plus
cytarabine in an earlier trial showed that imatinib
therapy resulted in a higher rate of overall survival.7
This trial fundamentally changed CML treatment and led to marked improvements in prognosis for patients.8 In the United States, the annual
age-adjusted mortality rate among patients with
CML decreased from 0.9 deaths per 100,000 persons in 1996 to 0.4 deaths per 100,000 persons
in 2006.9 Similar improvements have been observed in patients with CML in other regions of
the world,10,11 and survival among patients is now
considered to be driven by coexisting conditions
rather than by CML.12 Here we report the final
analysis of IRIS.

Me thods

of

m e dic i n e

years of age and had previously untreated (except
with hydroxyurea or anagrelide), Ph-positive CML
in the chronic phase that had been diagnosed
within 6 months before trial entry. Patients were
randomly assigned to receive imatinib (at an oral
dose of 400 mg per day) or interferon alfa (administered subcutaneously at a dose of 5 million
IU per square meter of body-surface area daily)
plus cytarabine (administered subcutaneously for
10 days every month at a dose of 20 mg per square
meter daily) (see the protocol, available with the
full text of this article at NEJM.org).
Crossover was allowed for lack of response
(defined as no complete hematologic response by
6 months or no major cytogenetic response by
12 months; response definitions are provided
in the Methods section in the Supplementary Appendix, available at NEJM.org), disease progression (white-cell count, >20×109 per liter), loss of
complete hematologic response or major cytogenetic response, unacceptable side effects, or reluctance to continue taking interferon alfa plus
cytarabine after the trial results were released.
After 7 years, the trial was extended for imatinib
only. Patients in the group that received interferon alfa plus cytarabine were eligible to continue in the trial if they crossed over to imatinib.
End Points

The initial primary end point was event-free survival (defined as survival without progression to
accelerated phase or blast crisis, loss of complete
hematologic response, loss of major cytogenetic
response, or death from any cause during treatment),3 and the long-term primary end point was
overall survival in the imatinib group. Secondary
end points included response rates, time to response, disease progression, safety, and sideeffect profile. Assessments of the patients’ overall
prognosis were made with the use of the scoring
system devised by Sokal et al.13 The Sokal score
is based on age, spleen size, peripheral-blood
platelet count, and blast count. A Sokal score of
less than 0.8 indicates low risk, a score of 0.8 to
1.2 intermediate risk, and a score of more than
1.2 high risk. Additional information about the
end points and assessments is provided in the
Methods section in the Supplementary Appendix.
Trial Oversight

All the patients provided written informed conWe have described the design of the trial previ- sent. The trial was approved by the institutional
ously.3 In brief, eligible patients were 18 to 70 review board at each participating institution
Trial Design
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and was conducted in accordance with the provisions of the Declaration of Helsinki. All the authors analyzed the trial data, were involved in
the development of the manuscript, and had responsibility for the decision to submit the manuscript for publication. The trial sponsor (Novartis
Pharmaceuticals), in collaboration with the trial
investigators, participated in the design of the
trial and analyzed the data. The sponsor and the
authors vouch for the accuracy and completeness
of the data and analyses and for the fidelity of
the trial to the protocol. Financial support for
medical editorial assistance was provided by the
sponsor.
Statistical Analysis

Because of the high rate of crossover and the
subsequent closing of the group of patients receiving interferon alfa plus cytarabine, most longterm analyses (including safety, response rates,
and landmark analyses) included only patients
who had been randomly assigned to imatinib.
Cytogenetic and molecular response rates in the
imatinib group at each time point were calculated
in the intention-to-treat population and among
the patients who could be evaluated (i.e., patients
with cytogenetic or quantitative reverse transcriptase–polymerase chain reaction [RT-PCR] assessments that could be evaluated) at the indicated
time point.
Exploratory molecular monitoring of BCR-ABL1
transcript levels in peripheral blood used quantitative RT-PCR assessments that were performed
at reference laboratories as described in the Methods section in the Supplementary Appendix. This
analysis formed the basis for the development of
the International Scale: major molecular response
(now represented by a BCR-ABL1 level of ≤0.1%
on the International Scale) was defined as a reduction of at least 3 log in the BCR-ABL1 value
from the standardized baseline level on the International Scale, and molecular response 4.5
was defined as an undetectable level of BCR-ABL1
in a sample tested with the sensitivity to detect
a reduction of at least 4.5 log from the standardized baseline value that was confirmed in a second assessment or a BCR-ABL1 value of 0.0032%
or less on the International Scale with at least
32,000 copies of ABL1 or at least 400,000 copies
of BCR; these definitions are consistent with the
definitions proposed by the European Leukemia
Net14 and with those used in other studies.15,16
Serious adverse events and reasons for the
n engl j med 376;10

discontinuation of study treatment were documented throughout follow-up. Information about
other adverse events, biochemical evaluations,
and concomitant medication use was not collected after 5.5 years.

R e sult s
Enrollment and Follow-up of the Patients

We enrolled 1106 patients at 177 centers in 16
countries; 553 patients were assigned to each
group. The first patient was enrolled in June
2000, and the last visit of the last patient was in
January 2012. The characteristics of the patients
at baseline were reported previously and were
similar between groups.3 The median duration
of follow-up was 10.9 years (range, 0 to 11.7,
including follow-up after the discontinuation of
study treatment).
Among patients who had been randomly assigned to imatinib, 267 (48.3%) completed treatment with the assigned study drug; 7 patients
(1.3%) who had been randomly assigned to interferon alfa plus cytarabine completed treatment
with that regimen (Fig. 1 and Table 1, and Table
S1 in the Supplementary Appendix). Among the
patients who had been randomly assigned to
interferon alfa plus cytarabine, 363 (65.6%)
crossed over to imatinib because of disease progression or lack or loss of response (31.5%),
unacceptable side effects (26.2%), or reluctance
to continue taking interferon alfa plus cytarabine (8.0%). The median duration of first-line
therapy with interferon alfa plus cytarabine before crossover was 0.8 years (range, <0.1 to 8.0).
By contrast, 15.9% of the patients in the imatinib group discontinued the study treatment
because of an unsatisfactory therapeutic effect,
and 6.9% discontinued because of adverse events
(Table S2 in the Supplementary Appendix). The
median duration of first-line imatinib therapy
was 8.9 years (range, <0.1 to 11.7).
Safety

A total of 51 of 551 patients (9.3%) receiving
first-line therapy with imatinib had a serious
adverse event (most frequently abdominal pain,
in 4 patients [0.7%]) that was considered by the
investigators to be related to the study drug.
The frequency of such events was highest during
the first year of treatment and declined over time.
Cardiac serious adverse events of any cause were
reported in 39 patients (7.1%), and serious adverse
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1106 Patients underwent randomization

553 Were assigned to receive imatinib
551 Received assigned intervention
2 Did not receive assigned intervention

553 Were assigned to receive interferon
alfa plus cytarabine
533 Received assigned intervention
20 Did not receive assigned intervention

14 Crossed over to interferon
alfa plus cytarabine

14 Discontinued after crossover

363 Crossed over to imatinib

267 Completed study treatment
272 Discontinued assigned intervention early
15 Were lost to follow-up

553 Were included in overall survival analysis
2 Were excluded from safety analysis

553 Were included in Kaplan–Meier 10-yr
survival analysis
356 Were alive at 10 yr
86 Died by 10 yr
111 Had data censored owing to
unknown survival status at 10 yr

7 Completed study treatment
183 Discontinued assigned intervention early
6 Were lost to follow-up

175 Completed study treatment
188 Discontinued after crossover
6 Were lost to follow-up

553 Were included in overall survival analysis
20 Were excluded from safety analysis

553 Were included in Kaplan–Meier 10-yr
survival analysis
288 Were alive at 10 yr
100 Died by 10 yr
165 Had data censored owing to
unknown survival status at 10 yr

Figure 1. Enrollment and Randomization of Patients and Censoring of Data for the Analysis of Overall Survival at 10 Years.

events of a second neoplasm (benign or malignant) were reported in 62 (11.3%). No new safety
signals were observed since the 5-year analysis.4
(Details are provided in Tables S3 through S6 in
the Supplementary Appendix.)
Progression and Survival

In the imatinib group in the intention-to-treat
population, 38 of 553 patients (6.9%) had progression to the accelerated phase or blast crisis17
during study treatment, and the estimated rate
of freedom from progression to the accelerated
phase or blast crisis at 10 years was 92.1% (95%
CI, 89.6 to 94.5). A total of 71 patients (12.8%)
in the group that received interferon alfa plus
cytarabine had progression to the accelerated
phase or blast crisis during study treatment. In
the two trial groups, most events of disease progression (in 34 of 38 patients in the imatinib
920

n engl j med 376;10

group and in 64 of 71 in the group that received
interferon alfa plus cytarabine) occurred during
the first 4 years of study treatment. The estimated rate of event-free survival at 10 years was
79.6% (95% CI, 75.9 to 83.2) among the patients
randomly assigned to imatinib, as compared
with 56.6% (95% CI, 51.5 to 61.6) among those
assigned to interferon alfa plus cytarabine (Table
S7 in the Supplementary Appendix).
The estimated overall survival rate at 10 years
among patients receiving first-line imatinib treatment was 83.3% (95% CI, 80.1 to 86.6) (Fig. 2).
A total of 260 patients (47.0%) were alive and
still receiving study treatment at 10 years, 96 patients (17.4%) were alive and not receiving study
treatment, 86 known deaths (15.6% of patients)
had occurred, and 111 patients (20.1%) had unknown survival status (the age distribution and
other characteristics at baseline were generally
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similar between patients with known survival
status and those with unknown survival status)
(Table S8 in the Supplementary Appendix). After
we accounted for patients with unknown survival
status, the estimated survival rates at 10 years
ranged from 64.4% (assuming all 111 patients
had died on the date of their last known followup) to 84.4% (assuming all 111 were alive).
Patients with a high Sokal score had a worse
estimated overall survival rate at 10 years (68.6%)
than those with an intermediate score (80.3%)
or a low score (89.9%), in an analysis that was
not adjusted for patients with unknown survival
status (Table S9 in the Supplementary Appendix).
Overall, by the end of the trial, 89 patients
(16.1%) in the imatinib group were known to
have died from any cause; 37 of the deaths were
related to CML in patients who had not undergone hematopoietic stem-cell transplantation
(16 of these 37 deaths occurred in year 5 or later)
(Table 2).
In the group that received interferon alfa plus
cytarabine in the intention-to-treat population,
105 patients (19.0%) were known to have died
from any cause by the end of the trial; 48 deaths
were related to CML in patients who had not
undergone hematopoietic stem-cell transplantation. A total of 165 patients (29.8%) had an unknown survival status at 10 years. The high rate
of crossover precluded a direct comparison of
overall survival between the imatinib group and
the group that received interferon alfa plus cytarabine. However, a hazard ratio of 0.74 (95% CI,
0.56 to 0.99) indicated a 26% lower risk of death
with first-line imatinib therapy than with interferon alfa plus cytarabine (nominal P = 0.04 by the
log-rank test).

Variable

All Patients
(N = 553)

Median age at baseline (range) — yr

50 (18–70)

Male sex — no. (%)
Median duration since diagnosis (range) — mo

In the imatinib group, the cumulative rate of
major cytogenetic response at the end of the
trial was 89.0%, and the rate of complete cytogenetic response at the end of the trial was
82.8% (Table S10 in the Supplementary Appendix).
The median time to response was 3.0 months
(interquartile range, 2.9 to 5.7) among patients
who had a major cytogenetic response and 5.8
months (interquartile range, 3.0 to 11.1) among
those who had a complete cytogenetic response.
An estimated 49.1% of all the patients in the
imatinib group had a complete cytogenetic response at 6 months. A total of 66 of 416 patients

341 (61.7)
2.1 (0–10.4)

Geographic region — no. (%)†
Europe

277 (50.1)

North America

245 (44.3)

Oceania
Completed study treatment — no. (%)

31 (5.6)
267 (48.3)

Up to end of the core trial in 2006

11 (2.0)

Up to 2007–2008

13 (2.4)

Up to closure of the trial in 2011–2012
Discontinued treatment — no. (%)

243 (43.9)
272 (49.2)

Unsatisfactory therapeutic effect

88 (15.9)

Withdrawal of consent

57 (10.3)

Adverse events

38 (6.9)

No longer required study drug owing to bone
marrow transplant

21 (3.8)

Death

19 (3.4)

Protocol violation

17 (3.1)

Loss to follow-up

15 (2.7)

Administrative problems

12 (2.2)

Abnormal laboratory values

3 (0.5)

Abnormal procedure

2 (0.4)

Crossed over to interferon alfa plus cytarabine
— no. (%)

14 (2.5)

Imatinib exposure during the trial‡
Duration of exposure — yr
Mean
Median (range)
Duration of total exposure — patient-yr
Median actual-dose intensity (range) — mg/day

Cytogenetic and Molecular Responses

n engl j med 376;10

Table 1. Characteristics of the Patients, Trial Completion, Discontinuations,
Crossovers, and Study-Drug Exposure in the Imatinib Group.*

7.5±4.0
8.9 (<0.1–11.7)
4129
400 (114–770)

*	Plus–minus values are means ±SD. Trial completion, discontinuation, and
crossover were evaluated in the intention-to-treat population (553 patients).
†	The geographic region of Europe included Austria, Belgium, Denmark, France,
Germany, Italy, the Netherlands, Norway, Spain, Sweden, Switzerland, and the
United Kingdom; North America included Canada and the United States; and
Oceania included Australia and New Zealand.
‡	Imatinib exposure during the trial was evaluated in the safety population (551
patients).

(15.9%) who had had a confirmed complete cytogenetic response at any time during the trial
no longer had that response by the time of data
cutoff, including 9 patients who had progression
to the accelerated phase or blast crisis.
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No. of
Patients

No. of
Deaths

No. of
Patients with
Censored Data

553
553

89
105

464
448

10-Yr Survival
% (95% CI)

83.3 (80.1–86.6)
78.8 (75.0–82.5)

100
90

Imatinib

Patients Who Survived (%)

80
Interferon alfa + cytarabine

70
60
50
40
30
20
10
0

0

12

24

36

48

60

72

84

96

108

120

132

144

Months since Randomization
No. at Risk
553
Imatinib
Interferon alfa + cytarabine 553

No. of Deaths

Imatinib
Interferon alfa + cytarabine

0
0

542
512

492
441

461
388

430
358

368
299

250
199

0
0

6
12

41
52

57
73

71
83

82
96

88
104

89
105

Figure 2. Kaplan–Meier Estimated Overall Survival Rates at 10 Years in the Intention-to-Treat Population.
Shown is the overall survival over time among patients assigned to each trial group. For the curve for the group of
patients who had been randomly assigned to receive interferon alfa plus cytarabine, data include survival among
the 363 patients who crossed over to imatinib (65.6%). These patients crossed over to imatinib after a median of
0.8 years of receiving interferon alfa plus cytarabine. In patients with no reported death (whether because they were
known to be alive or because their survival status was unknown), survival was censored (tick marks) at the date of
last contact.

Among 134 patients with cytogenetic assessments at 10 years, 123 (91.8%) had a complete
cytogenetic response, whereas 11 did not (a lack
of response was confirmed by means of molecular assessments in 4 of these 11 patients) (Table 3,
and Fig. S1 in the Supplementary Appendix).
Among 204 patients who had molecular assessments that could be evaluated at 10 years, 190
(93.1%) had a major molecular response and 129
(63.2%) had molecular response 4.5. Some of
these patients may have been eligible for studies
investigating treatment-free remission, but this
was not prospectively investigated within the present trial.

922
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Among the 304 patients taking first-line imatinib who could be evaluated for a molecular response at 12 months, the estimated overall survival rate at 10 years was 91.1% among those with
a major molecular response, as compared with
85.3% among those without a major molecular
response at 12 months (Table 4). In an analysis
that included only CML-related deaths, the estimated survival rate at 10 years was 97.8% among
patients with a major molecular response, as compared with 89.4% among those without a major
molecular response. Similar trends were observed
in the comparison of survival rates at 10 years
among patients with a major molecular response
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at 18 months and those without such a response
(overall survival rate, 93.0% vs. 85.6%; rate of freedom from CML-related death, 100% vs. 90.5%).

Discussion

Table 2. Deaths during the Trial among Patients Randomly Assigned
to Imatinib.
Variable

Patients
(N = 553)

Total deaths

89 (16.1)

no. (%)

With more than 10 years of follow-up in IRIS, the
long-term outcomes in imatinib-treated patients
that we describe here confirm and extend earlier
findings. No new safety signals and few drugrelated serious adverse events were observed during the later years of follow-up, and molecular
and cytogenetic response rates were high among
the patients who could be evaluated. The estimated overall survival rate at 10 years with firstline imatinib therapy was 83.3%, which is similar to the rate (84%) reported among patients
who were treated with imatinib-based regimens
in the CML-IV study, which was initiated shortly
after IRIS to further evaluate alternative dosing
strategies and drug combinations in patients with
newly diagnosed CML in the chronic phase.18
There are several caveats to these long-term

Cause of death
Chronic myeloid leukemia
Without hematopoietic stem-cell
transplantation

37 (6.7)

After hematopoietic stem-cell
transplantation

13 (2.4)

Secondary malignant condition*

11 (2.0)

Cardiac disorder or cardiovascular disease

7 (1.3)

Infectious disease

5 (0.9)

Other

16 (2.9)

*	Reported causes of death due to secondary malignant condition were metastases to the liver (in two patients) and BCR-ABL1–negative acute myelogenous leukemia, bronchial carcinoma, esophageal carcinoma, lung cancer,
prostate cancer, rectal cancer, renal-cell carcinoma, sarcoma, and transitionalcell carcinoma (in one patient each).

Table 3. Patients Treated with First-Line Imatinib Therapy Who Had a Complete Cytogenetic Response, Major Molecular Response, or
Molecular Response 4.5 at the Indicated Time Points.*
Time Point

Baseline

Complete Cytogenetic Response

Major Molecular Response

Molecular Response 4.5

Patients Who Could
Be Evaluated

Intention-to-Treat
Population
(N = 553)

Patients Who Could
Be Evaluated

Intention-to-Treat
Population
(N = 553)

Patients Who Could
Be Evaluated

Intention-to-Treat
Population
(N = 553)

no./total no. (%)

%

no./total no. (%)

%

no./total no. (%)

%

2/523 (0.4)

0.4

1/153 (0.7)

0.2

1 yr

292/412 (70.9)

52.8

153/305 (50.2)

27.7

0/153

0

4/305 (1.3)

0.7

4 yr

315/348 (90.5)

57.0

235/305 (77.0)

42.5

50/305 (16.4)

9.0

5 yr

276/302 (91.4)

49.9

278/316 (88.0)

50.3

127/316 (40.2)

23.0

6 yr

244/257 (94.9)

44.1

257/292 (88.0)

46.5

122/292 (41.8)

22.1

7 yr

207/225 (92.0)

37.4

227/247 (91.9)

41.0

86/247 (34.8)

15.6

8 yr

150/161 (93.2)

27.1

211/228 (92.5)

38.2

77/228 (33.8)

13.9

9 yr

72/73 (98.6)

13.0

218/233 (93.6)

39.4

128/233 (54.9)

23.1

10 yr

123/134 (91.8)

22.2

190/204 (93.1)

34.4

129/204 (63.2)

23.3

*	A complete cytogenetic response was defined as 0% Philadelphia (Ph) chromosome–positive cells in metaphase. Major molecular response
was defined as a reduction of at least 3 log in the BCR-ABL1 value from the standardized baseline level on the International Scale, and molecular response 4.5 as an undetectable level of BCR-ABL1 in a sample tested with the sensitivity to detect a reduction of at least 4.5 log from
the standardized baseline level that was confirmed in a second assessment or a BCR-ABL1 value of 0.0032% or less on the International
Scale with at least 32,000 copies of ABL1 or at least 400,000 copies of BCR. Owing to protocol amendments and for practical reasons, fewer
(and to some extent different) patients were analyzed for cytogenetic response at 8, 9, and 10 years than were analyzed for molecular response.
Thus for these time points, the percentage of patients in the intention-to-treat population who had a complete cytogenetic response cannot
be compared with that of patients who had a major molecular response or molecular response 4.5.
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Table 4. Landmark Analysis of Outcomes at 10 Years According to Molecular Response Levels at 12 Months
and 18 Months in Patients Treated with First-Line Imatinib Therapy Who Could Be Evaluated.*
Major Molecular
Response or Better

Variable

Lack of Major Molecular
Response

P Value

At 12 mo
No. of patients who could be evaluated
Death — no. (%)
Not related to CML

153

151

15 (9.8)

22 (14.6)

11 (7.2)

7 (4.6)

4 (2.6)

15 (9.9)

Related to CML
Estimated 10-yr overall survival — % (95% CI)

91.1 (86.5–95.7)

85.3 (79.5–91.1)

0.15

Estimated 10-yr freedom from CML-related
death — % (95% CI)

97.8 (95.4–100)

89.4 (84.3–94.5)

0.007

164

89

12 (7.3)

13 (14.6)

12 (7.3)

4 (4.5)

At 18 mo
No. of patients who could be evaluated
Death — no. (%)
Not related to CML
Related to CML
Estimated 10-yr overall survival — % (95% CI)
Estimated 10-yr freedom from CML-related
death — % (95% CI)

0

9 (10.1)

93.0 (89.0–97.0)

85.6 (77.9–93.2)

0.04

100 (100–100)

90.5 (84.1–96.8)

<0.001

*	A total of 305 patients were considered able to be evaluated for molecular response at 12 months; however, 1 patient
discontinued study treatment at 11 months (the patient was considered able to be evaluated for molecular response at
12 months on the basis of an 11-month assessment) and was therefore excluded from the 12-month landmark analysis.
Patients who died or who had data censored before each landmark analysis were excluded from that landmark analysis.
The deaths reported here are those that occurred in patients with the indicated level of molecular response at 12 months
or 18 months who died at some point after 12 months or 18 months, respectively. Two-sided P values were calculated
with the use of the log-rank test. CML denotes chronic myeloid leukemia.

data, including the large number of patients who
had an unknown survival status (approximately
20% of the patients in the imatinib group) or
who did not have molecular or cytogenetic assessments that could be evaluated (approximately
half the patients who completed the trial while
taking imatinib had cytogenetic assessments at
10 years that could be evaluated) and the limited
collection of long-term safety information. Nonetheless, these results highlight the safety and
efficacy of imatinib therapy, with a clear improvement over the outcomes that were expected
in patients who received a diagnosis of CML before the introduction of tyrosine kinase inhibitor
therapy, when interferon alfa and hematopoietic stem-cell transplantation were the standard
therapies.19,20
The ability of imatinib to reduce rates of disease progression and CML-related death (and
the resulting increase in the rate of overall survival) has made it a model for targeted cancer
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therapy.21 Although high rates of response have
now also been observed with targeted therapies
in patients who have other cancers with wellcharacterized molecular abnormalities, including
BRAF-driven melanoma and epidermal growth
factor receptor (EGFR)–mutated lung cancer, the
durability of responses observed with targeted
therapies for these cancers is much less impressive (and similar to the results with imatinib in
patients with CML in blast crisis).21 These findings are likely to be attributable to CML in the
chronic phase being driven solely by BCR-ABL1,
whereas solid tumors and the advanced phases
of CML may be driven by multiple pathways and
complex genomic abnormalities,21 which further
underscores the importance of initiating treatment early in the course of the disease.
While the IRIS trial was under way, new recommendations for CML treatment 22 and new
BCR-ABL1 inhibitors23-26 were developed. Each of
the newer agents has a distinct safety and effi-
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cacy profile,23-26 and two (nilotinib and dasatinib)
have been approved as first-line therapies in patients with CML in the chronic phase on the
basis of results from phase 3 trials in which they
were associated with higher response rates than
imatinib (although a higher dose of imatinib
may also increase the rates of response).15,16,23,24,27
Furthermore, nilotinib resulted in lower rates of
progression to the accelerated phase and blast
crisis and CML-related death than imatinib.16
However, despite the better early control of disease observed with second-generation tyrosine
kinase inhibitors than with imatinib, it remains
to be seen whether they will have similarly favorable long-term safety. Given the long-term safety
and efficacy results with imatinib and the increasing availability of generic imatinib, comparative
analyses evaluating the available tyrosine kinase
inhibitors for first-line therapy are likely to be
forthcoming.
As experience with imatinib accrued throughout the course of this trial, the treatment of patients who were taking a tyrosine kinase inhibitor improved over time. For example, after issues
related to poor adherence to the oral-drug regimens became apparent (more so in routine clinical practice than among patients enrolled in
clinical trials), physicians learned to conduct
more specific consultations with patients to ensure that they were taking their medication as
prescribed.
Survival rates in our trial were especially high
in certain subgroups of patients, including those
who had a major molecular response at 12
months or 18 months and those with low Sokal
scores. These results are consistent with previous
reports from IRIS and other studies showing that
early responses to tyrosine kinase inhibitor therapy are valuable prognostic markers for long-term
outcomes and that patients with low risk scores
(according to Sokal,13 Hasford,28 or European
Treatment and Outcome Study29 scores) at baseline typically have high rates of complete cytogenetic response and overall survival while taking
any of the available tyrosine kinase inhibitors.4,6,16,27,30,31 The risk profile of our trial cohort,
according to Sokal score, was similar to that in
other studies.23,32
Imatinib treatment has also allowed for the
successful stopping of therapy (for >5 years) in
small subgroups of patients with a sustained
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deep molecular response (molecular response 4
[defined as a reduction of 4 log in the BCR-ABL1
value from the standardized baseline level on
the International Scale], molecular response 4.5,
or undetectable BCR-ABL1 transcripts), which promotes treatment-free remission as a treatment
goal.33 Approximately 39 to 45% of patients who
attempt treatment-free remission after having a
durable deep molecular response with imatinib
therapy can remain in remission for 3 years or
longer.33 The eligibility rate for an attempt at
treatment-free remission has been estimated
to be 21.6% after 6 years of imatinib therapy (on
the basis of maintenance of a stable deep molecular response for ≥12 months).34 Thus, the total
percentage of imatinib-treated patients who may
have a stable treatment-free remission is approximately 10%. Because a greater percentage of patients have deep molecular responses with secondgeneration tyrosine kinase inhibitors than with
imatinib across all risk strata, second-generation
agents may enable a larger proportion of patients
in all Sokal-score risk groups to be eligible to
attempt treatment-free remission.16,27
Although long-term survival data were incomplete, the observation that many of the reported
deaths in the imatinib group were unrelated to
CML is in line with published data showing that
patients who have a response to imatinib have a
survival rate that is equivalent to that in the
general population and are unlikely to die from
CML.35 This trend also highlights the importance of monitoring and managing coexisting
conditions in patients with CML in the chronic
phase. As the prognosis that is associated with
CML in the chronic phase improves and as patients can be expected to live for years or decades,
an increasing number of patients will be at risk
for death from general health conditions or coexisting conditions rather than from CML.31,35 In
particular, of the few deaths reported in the lowrisk Sokal-score group, most were unrelated to
CML (and were likely to be related to the coexisting-condition profile that is typical of this age
group12). In contrast, patients with a high Sokal
score typically died from CML. As is consistent
with a previous analysis of the outcomes in patients who crossed over from interferon alfa plus
cytarabine to imatinib,36 the long-term overall
survival rate in the group that received interferon
alfa plus cytarabine was high, which suggests
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that second-line imatinib was an effective therapy
in many of these patients.
Several new questions have arisen, such as the
relative benefits and risks of imatinib versus
newer tyrosine kinase inhibitors and the role and
effect of second-line inhibitor therapy. Approximately half the patients in the imatinib group
discontinued the trial early, which suggests that
the high rate of overall survival in the imatinib
group must be attributed to the use of commercially available imatinib or effective second-line
therapies in these patients.25,26,37,38 Despite these
unanswered questions, the long-term results presented here highlight the clinical benefits observed in patients with CML over the past 15 years.
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