LETTERS TO THE EDITOR
Long-term follow up of pediatric Philadelphia positive
acute lymphoblastic leukemia treated with the
EsPhALL2004 study: high white blood cell count at
diagnosis is the strongest prognostic factor
Approximately 3-5% of children with acute lymphoblastic leukemia (ALL) present with Philadelphia
chromosome (Ph+). In the pre-tyrosine kinase inhibitors
(TKIs) era, Ph+ ALL was associated with a poor
prognosis.1-10 The outcome improved with the use of
TKIs.11-14 Results of the EsPhALL2004 study (EudraCT
2004-001647-30 and clinicaltrials.gov identifier 00287105)
with the use of imatinib mesylate were published with a
median follow-up time of 3.1 years;14,15 we now report on
long-term outcomes and the impact of prognostic factors
in this study. This update shows that event-free survival
(EFS) is stable after about 4 years, and that white blood
cell (WBC) count at diagnosis is the most relevant prognostic factor, in a setting where the large majority of
patients receives imatinib and hematopoietic stem cell
transplantation (HSCT).
Between January 2004 and December 2009, 160 Ph+
ALL patients were enrolled in the EsPhALL2004 study in
the centers of 10 national study groups. Any subject aged
1-17 years, recruited into national frontline trials for ALL,
who showed evidence of t(9;22)(q34;q11) translocation
was eligible for the study. Ninety patients were defined
as good risk (GR; prednisone good response at day 8, or
≤25% bone marrow [BM] blast cells at day 15, or <5%
BM blast cells at day 21, and in complete remission (CR)
at the end of induction and were randomized to receive

(N=46) or not (N=44) imatinib. The remaining 70 poor
risk (PR) patients were all given imatinib. Thus, 128
patients overall were given intermittent imatinib, for a
total of 10 weeks if transplanted or 18 weeks if treated
with chemotherapy only. In total, 130/160 patients
underwent HSCT, and some received imatinib postHSCT according to local guidelines.
EFS was calculated as the time from diagnosis to first
failure, including resistance, relapse, death or second
malignant neoplasm (SMN). Disease-free survival (DFS)
in GR patients was defined as the time from randomization until relapse, death or SMN, whichever occurred
first. Overall survival (OS) considered death as event.
Observation periods were censored at the date of last
contact when no event was observed. The final follow up
was on June 30, 2014. DFS analysis in GR patients was
done by intention to treat; a secondary analysis was done
of patients as treated. EFS, DFS and OS curves were estimated according to Kaplan-Meier (with Greenwood standard error) and compared with the log-rank test. KaplanMeier plots for comparison of HSCT with chemotherapy
alone were adjusted to account for the waiting time to
transplantation. To deal with lack of proportional hazards, univariate comparison was performed at predefined
time points based on log-log transformation. The impact
of age and WBC count on EFS was analyzed with a Cox
model, stratified by risk group (GR and PR). The cumulative incidence of relapse (CIR) and death (CID) were estimated adjusting for competing risks of other events and
compared with the Gray test. All tests were two sided.
All analyses were performed with SAS software (version
9.2).

Table 1. Outcome by risk group and treatment performed in EsPhALL2004.

Good Risk
N=90
Chemo
N=20
Deaths in CCR
1
Infections
1
Other§
0
SCT-related
Time from diagnosis to death in CCR
≤ 5 months
1
6-12 months
0
>12 months
0
Relapses [deaths after relapse]
10 [6]
BM isolated
7
BM combined*
1
Extramedullary^
2
Time from diagnosis to relapse#
very early##
5
early
3
late
2
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9
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N=70

Overall
N=160
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Chemo
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Chemo
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Both
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0
0
5

2
2
0
-

7
0
0
7

3
1
2
-

12
0
0
12

15 (9.4%)
1
2
12

0
2
3
13 [9]
11
0
2

2
0
0
6 [4]
4
1
1

0
2
5
21 [14]
18
2
1

3
0
0
16 [10]
11
2
3

0
4
8
34 [23]
29
2
3

3
4
8
50 (31.2%) [33]
40
4
6

8
4
1
52

5
1
0
2

12
3
6
32

10
4
2
11

20
7
7
84

30
11
9
95 (59.4%)

Chemo: chemotherapy only; HSCT CR1: hematopoietic stem cells transplantation in first complete remission; CCR: continuous complete remission; BM: bone marrow;
§
Other causes of death were capillary leak syndrome (n=1) and cardiac failure during chemotherapy (n=1). *BM combined relapses are with central nervous system (N=2,
both in Poor Risk patients) and testes (N=2, one in a Good Risk and the other one in a Poor Risk patient). ^extramedullary relapses were in central nervous system (N=5,
N=3 in Good Risk and N=2 in Poor Risk patients) or testes (N=1, in a Good Risk patient). #time from diagnosis to relapse is defined as very early (if relapse occurred <18
months), early (18 to 30 months) and late (≥30 months). ##three relapses were observed before the median waiting time to transplant (5 months from CR1, all counted in
the chemotherapy-only group).
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With a median follow-up time of 6.6 years (range, 0.3
– 10.5 years), the 5-year and 7-year EFS were 60.3% (SE
3.9) and 58.2% (SE 4.0). Corresponding OS figures were
71.5% (SE 3.6) and 68.2% (SE 3.9). The CIR at 5 and 7
years was 30.9% (SE 3.7) and 31.9% (SE 3.8, Figure 1,
Panels A and B). Curves by risk group (Figure 1, Panels CF) showed 5-year EFS and OS of 68.5% (SE 4.9) and
78.5% (SE 4.4) in GR patients, and of 49.7% (SE 6.0) and
62.9% (SE 5.8) in PR patients. The outcome in GR
patients by ITT showed a 5-year DFS in the imatinib arm
of 75.5% (SE 6.4) vs. 61.4% (SE 7.3) in the no imatinib
arm (P-value 0.20); the difference was higher in the
analysis “as treated”, corresponding figures being 77.2%
(SE 5.6) vs. 54.8% (SE 8.9, P-value=0.04). As shown in
Table 1, of the 130 patients transplanted in CR1, there
were 12 deaths in CCR (9.2%) and 34 relapses (26.2%),
including 31 medullary and 20 very early. In the small
subgroup of 30 patients treated with chemotherapy only,
6 failed within the median waiting time to transplant (5.1
months; 3 died and 3 relapsed) and 13 of the remaining
24 patients relapsed later on. Patients treated with
chemotherapy had a 5-year DFS of 46.8% (SE 10.6) and
a 5-year OS of 68.8% (SE 8.9). All events occurred within
3 years of diagnosis. Transplanted patients had a 5-year
DFS of 66.1% (SE 4.2) and a 5-year OS of 74.2% (SE 3.9).
DFS was 20% higher in HSCT (P-value at 5 years=0.07)
compared to chemotherapy, while survival curves were

A

superimposable (P-value at 5 years=0.56).
In total, 101 patients were male and 59 female; their 5year EFS was 60.8% (SE 4.9) vs. 59.3% (SE 6.4) and 5year OS 72.8% (SE 4.5) vs. 69.4% (SE 6.0), with non-significant differences, respectively. In the analysis by age,
the outcome in the 85 patients <10 years was compared
with that of 75 patients ≥10 years: their 5-year EFS was
55.9% (SE 5.4) vs. 65.1% (SE 5.5, P-value =0.22) and 5year OS 70.1% (SE 5.0) vs. 73.0% (SE 5.2, P-value =0.63).
At diagnosis, 52 patients had a WBC count of <20 x109/L,
48 of 20-100 x109/L and 60 of ≥100x109/L. As shown in
Figure 4, their 5-year EFS was 86.3% (SE 4.8), 58.3% (SE
7.1) and 39.6% (SE 6.4; P-value <0.0001) and 5-year OS
was 91.9% (SE 3.9), 72.9% (SE 6.4) and 53.2% (SE 6.5;
P-value<0.0001), respectively. These differences
remained statistically significant in GR patients (Figure 4,
panels C and D). In PR patients, the outcome was equally
unfavorable for patients with WBC count of 20-100
x109/L and ≥100 x109/L (Figure 4, panels E and F). A Cox
regression model, stratified by risk group and including
age and WBC count as covariates, revealed that WBC
count was the only independent risk factor: high WBC
count ≥100×109/L was associated with poor prognosis
(HR 5.26, 95% CI 2.37-11.70, P-value<0.0001), as well as
WBC count of 20 to 100×109/L (HR 2.90, 95% CI 1.286.61, P-value=0.0111), as compared to WBC count
<20×109/L. When the analysis was repeated on the sub-
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Figure 1. Event-free survival (EFS), overall survival (OS), cumulative incidence of relapse and death of 160 Ph+ALL patients, overall (Panels A and B) and by risk
group (Good Risk in Panels C and D, Poor Risk in Panels E and F). CCR: continuous complete remission.
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group of 128 patients who received imatinib, results did
not change substantially; HR being of 3.22 (95% CI 1.17
– 8.82) for WBC count of 20 to 100×109/L and 4.84 (95%
CI 1.81 – 12.94) for WBC count ≥100×109/L. Restricting
the analyses to the small subgroup of 76 patients with
MRD levels available at the end of Protocol IB, WBC
count ≥100×109/L was borderline significant (HR 2.85,
95% CI 1.01- 8.10, P-value=0.0490) and MRD was not
significant (HR 2.09, 95% CI 0.76- 5.72 of positive vs.
negative MRD, P-value=0.15). The 4-year survival after
relapse was 34.2% (SE 6.7), with very similar outcome
for the 34 patients who relapsed after HSCT (23 deaths)
and for the 16 patients who were previously treated with
chemotherapy only (10 deaths).
The long-term follow up of the EsPhALL2004 study
shows that the EFS and OS, previously reported at 4
years (EFS 61.9% and OS 72.1%), decreased slightly,
with 7-year figures of 58.2% and 68.2%, respectively.
After 4 years, no events occurred in the few patients who
received chemotherapy only, while 3 events occurred in
transplanted patients (2 relapses and 1 death in CCR due
to pulmonary GvHD). Overall, these data confirm that
the introduction of imatinib decreased the rate of relapses, and conveyed a marked improvement in EFS when
compared to the outcome reported for Ph+ALL before the

advent of TKI therapy.4 These results are in keeping with
those reported for the COG studies AALL003112 and
AALL062213: their 5-year OS of 81% (SE 6) and 86% (SE
5), respectively, support the use of increased exposure to
imatinib (and other TKIs) and decreased need for HSCT
in the next generation of studies. The comparison of outcome by treatment (chemotherapy vs. transplant) in
EsPhALL2004 is very difficult, considering that 81% of
patients was transplanted. Although survival was similar,
a higher rate of relapse was observed in the few patients
who did not undergo transplant, suggesting that intermittent and short exposure to imatinib is inadequate for
patients treated with chemotherapy only. In transplanted
patients, this treatment strategy was associated with low
relapse rate in GR patients (18.6%) and a higher risk in
PR patients (35.0%). Interestingly, a high proportion of
relapses were very early (30/50). Of note, in this longterm evaluation, the most relevant unfavorable prognostic factor was high WBC count at diagnosis (≥100x109/L),
while neither MRD nor age at diagnosis showed a prognostic impact in the multivariable analysis. As already
reported, in EsPhALL2004 only early MRD negativity,
which occurred in a small proportion of patients (10%),
was associated with good prognosis.15 Interestingly, with

A

B

C

D

E

F

Figure 2. Event-free survival (EFS) and overall survival (OS) by white blood cell count (WBC) count at diagnosis, overall (Panels A and B), in Good Risk (Panels
C and D) and Poor Risk patients (Panels E and F).
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the use of imatinib and HSCT, age is no longer a relevant
prognostic factor. The main findings of this update are
that EFS, DFS and OS are stable after about 4 years from
diagnosis. Moreover, WBC count at diagnosis emerged as
the most relevant independent prognostic factor. This
observation should, however, be tested in other studies
with longer exposure to TKI and fewer transplanted
patients.
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