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Acute lymphoblastic leukemia (ALL) diag-
nosed in the first month of life (congenital
ALL) is very rare. Although congenital ALL
is often assumed to be fatal, no studies have
been published on outcome except for case
reports. The present study reports the out-
come of 30 patients with congenital ALL
treated with the uniform Interfant-99 proto-
col, a hybrid regimen combining ALL treat-
ment with elements designed for treatment
of acute myeloid leukemia. Congenital ALL
was characterized by a higher white blood

cell count and a strong trend for higher
incidence of MLL rearrangements and CD10-
negative B-lineageALLcompared with older
infants. Induction failure rate was 13% and
not significantly different from that in older
infants (7%, P � .14), but relapse rate was
significantly higher in congenital ALL pa-
tients (2-year cumulative incidence [SE]
was 60.0 [9.3] vs 34.2 [2.3], P < .001).
Two-year event-free survival and survival
of congenital ALL patients treated with
this protocol was 20% (SE 9.1%). Early

death in complete remission and treat-
ment delays resulting from toxicity were
not different. The survival of 17% after
last follow-up, combined with a toxicity
profile comparable with that in older in-
fants, justifies treating congenital ALL
with curative intent. This trial was regis-
tered at www.clinicaltrials.gov as no. NCT
00015873, and at www.controlled-trials.
com as no. ISRCTN24251487. (Blood.
2009;114:3764-3768)

Introduction

Acute lymphoblastic leukemia (ALL) in infants (up to 1 year of
age) is known to be biologically different from ALL in older
children diagnosed with ALL. ALL in infants is more often
associated with a higher tumor load at diagnosis,1,2 a rearrangement
in the mixed lineage leukemia (MLL) gene, and very immature
B-cell phenotype (pro-B ALL) without CD10 expression.1-3 Infant
ALL cells are more resistant to several standard chemotherapeutic
agents,3,4 and the disease is also characterized by a poorer
prognosis compared with older children.5-14

Congenital ALL is diagnosed at birth or within the first month of
life and is very rare. Although it is assumed to be inevitably fatal
and the toxicity of the chemotherapeutic agents in these very young
infants is unclear, to the best of our knowledge, no series have been
published on congenital ALL except for case reports. Bresters et
al15 reviewed 24 patients with congenital ALL diagnosed over
25 years who were described in case reports: all patients died.

We recently reported the results of a large international collabo-
rative trial, Interfant-99, in infants younger than 1 year with ALL.14

Here, we detail the outcome and characteristics of 30 patients with
congenital ALL who received uniform therapy with curative intent.

Methods

Patients

The Interfant-99 trial design, the inclusion criteria, and recruitment methods have
been published earlier.14 Individual study groups obtained ethics approval from
all participating institutions, and patient informed consent was obtained in
accordance with the Declaration of Helsinki. Of the 518 infants diagnosed with
ALL, which account for approximately 3% of the ALL population, 35 patients
were younger than 1 month, confirming the rarity of congenital ALL
(� 2 children per every 1000 with ALL). The present study reports on 30 cases
that were treated with Interfant-99 (Figure 1).

Procedures

Enrolled patients were stratified into standard-risk and high-risk groups on the
basis of their response to 1 week of daily systemic prednisone (at a dose of
60 mg/m2) and 1 intrathecal dose of methotrexate. Patients were classified as
standard risk if their peripheral blood blast count was less than 1000 cells per
microliter at day 8 and high risk if the blast count was equal to or greater than
1000 per microliter.4,7 Patients were tested for MLL gene rearrangement with
split-signal fluorescent in situ hybridization, polymerase chain reaction, or both.
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Absence of MLL rearrangement was defined as a negative split signal for
fluorescent in situ hybridization.

The Interfant-99 treatment was a hybrid regimen combining standard ALL
treatment with elements designed for treatment of acute myeloid leukemia. The
protocol consisted of multiagent phases of induction and consolidation chemo-
therapy, followed by maintenance treatment with antimetabolites.16 Doses were
adjusted according to patients’ ages at the start of each treatment phase: children
younger than 6 months were given two-thirds of the full dose, and children 6 to
12 months of age received three-fourths of the full dose. Total treatment duration
was 104 weeks.

The induction phase consisted of a standard 4-drug induction: dexametha-
sone, vincristine, daunorubicin, and L-asparaginase (Escherichia coli) with the
addition of low-dose cytarabine.16 The MARAM (6-mercaptopurine, methotrex-
ate, leucovorin rescue, prednisone, cytarabine, L-asparaginase) phase was a
consolidation course17 that included high-dose cytarabine and high-dose metho-
trexate. OCTADD (dexamethasone, 6-thioguanine, vincristine, daunorubicin,
cytarabine, prednisone, cyclophosphamide) was a reinduction block derived
from the consolidation phase of the Berlin-Frankfurt-Münster trials for treatment
of acute myeloid leukemia,18 except that prednisone was replaced by dexametha-
sone. Standard-risk patients were given a maintenance phase of oral 6-mercapto-
purine and methotrexate, combined with pulses of dexamethasone and vincristine
and intrathecal methotrexate with steroid in the first 3 cycles. High-risk patients
were given standard maintenance therapy intensified with pulses of cytarabine
and etoposide in the first 3 cycles. Patients were randomly assigned to receiving
an extra late intensification (VIMARAM) phase (similar to the MARAM
maintenance block but with the addition of vincristine).17 In case of availability of
a suitable donor, high-risk patients were eligible for allogenic bone marrow
transplantation. Only one congenital ALL patient underwent a bone marrow
transplantation instead of maintenance therapy. For more details on the
treatment protocol, see Pieters et al.14

Statistical analysis

The Interfant-99 trial database was used for analysis. The Fisher exact test was
applied to investigate the association between age group (congenitalALLpatients
vs older infants) and both patients’ characteristics and rate of induction failures.
The Wilcoxon test was used to compare durations of treatment phases between
age groups. Endpoints were early death (during induction); resistance to
induction (ie, no complete remission [CR] at the end of the induction phase);
relapse; death in CR; and second malignancy. Outcome measures were event-free
survival (EFS), defined as the time from diagnosis to any one of the endpoints
and survival, defined as time to death from any cause. Time was censored at the
latest follow-up available if no events were recorded. Follow-up was updated in
December 2007. EFS and survival curves were computed with the Kaplan-Meier
estimator and their SE with the Greenwood formula. The log-rank test was used
for univariate comparisons. A one-step Cox model was applied to estimate the
hazard of relapse for congenital ALL compared with older infants, adjusting for
relevant factors. The probabilities of relapse and death in CR were estimated by
applying the cumulative incidence estimator, which accounts for competing risks,
and were compared according to Gray.18 All tests were 2-sided. SPSS 16.0
statistical software (SPSS Inc), SAS 8.2 package (SAS Institute), and R statistical
software (http://www.R-project.org) were used for data analysis.

Role of the funding source

The many foundations that collaborated in and supported this study had no role in
study design, data collection, data analysis, data interpretation, or writing of the
report. All authors had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Patient characteristics

Thirty-five congenital ALL patients were eligible to enter the Inter-
fant-99 protocol. Five patients did not enter for various reasons (Figure
1), all of whom died, respectively, at the day of diagnosis, 2 days after
diagnosis, 1 month after diagnosis (2 patients), and 1 patient who was
treated died 5 months after diagnosis (2 weeks after relapse). Table 1
shows the distribution of relevant characteristics in 30 patients with
congenital ALL and in the remaining 452 infants treated with Interfant-
99. The percentage of patients with a poor response to prednisone was
not significantly different between the congenital ALL group (39%) and
the older infants 1 to 12 months of age (30%) (P � .29). In addition, sex
and central nervous system involvement did not differ between these
2 groups (P � .71 and P � .48, respectively). Congenital ALL cases
more often presented with a high white blood cell (WBC) count
(P � .01): only 23% had aWBC count at diagnosis less than 100 � 109/L
compared with 46% in the group 1 to 12 months of age. There was a
trend toward a higher incidence of a CD10�, B-lineage immunopheno-
type in the congenital ALL group (76%) compared with the older
patients (62%) (P � .09) and for a higher incidence (P � .09) of MLL
rearrangement in congenital ALL (93%) versus older patients (78%).
The distribution of the different MLL fusion partners did not differ
(P � .53). In both age groups, t(4;11) was the most common type of
translocation (congenitalALL 48% vs 53% in older patients).A t(11;19)
was found in 32% of congenital ALL patients, whereas this was seen in
19% of older infants.

Outcome

Outcomes are described for 482 enrolled patients overall (30 with
congenital ALL; Table 2), with a median follow-up time from diagnosis
of 58 months (range, 1-102 months). Nine patients were diagnosed at
the age of 0 to 7 days and 21 patients at the age of 8 to 30 days.
One congenital ALL patient (diagnosed at the age of 24 days) and
2 older patients died during the first week of prednisone treatment (and
could therefore not be further stratified in the standard- or high-risk
group). Two of 30 congenital ALL patients (7%, diagnosed both at the
age of 0-7 days) died during the induction phase, whereas 16 of 452
(4%) older patients died during induction. One congenital ALL patient
did not achieve CR at the end of induction and died thereafter (age at
diagnosis, 0 days), whereas 11 patients were resistant among the older
infants (8 died). The induction failure rate in congenital cases (13%) was
not significantly different from that in older patients (7%, P � .14).

Nineteen of 26 (73%) congenital ALL patients had a relapse after
achieving CR, whereas relapses in the infants of 1 to 12 months were
176 of 423 (42%) (P � .001). All relapses in congenital ALL patients
presented in the bone marrow, and none was detected in the central
nervous system. Ten relapses occurred within 6 months from CR,
6 between 7 and 12 months, and the remaining 3 after 1 year (of whom
only 1 after the end of therapy, at 2.6 years). All relapsed patients died.
The cumulative incidence (SE) of relapse in the congenitalALL patients
was 60.0 (9.3) at 2 years, whereas the corresponding value for older
infants with ALL was 34.2 (2.3; P � .001). Results of the multivariable
Cox model indicate that congenitalALL cases had a significantly higher

518 assessed for eligibility

452 analysed 30 analysed

30 eligible452 eligible

35 age 0-1 month483 age 1-12 months

0-1 month
5 did not enter protocol

1 clinical decision
1 parent withdrew 

consent
1 died before start

Interfant-99
2 did not give consent

1-12 months
31 did not enter protocol

14 did not meet               
inclusion criteria

3 clinical decision 
4 died before start

Interfant-99
4 did not give consent
6 for other reason

Figure 1. Trial profile.
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risk of relapse than older infants (hazard ratio � 2.4; 95% confidence
interval [CI], 1.5-3.9, P � .001), even after adjusting for known
prognostic factors (WBC count at diagnosis, MLL gene rearrangement,
and response to prednisone) and other characteristics (sex,
immunophenotype).

Two of 26 (8%) congenital ALL patients in CR died from toxicity:
1 from a brain abscess and 1 from septic complications (2 and 5 months
from diagnosis, respectively).Atotal of 23 deaths (9%) occurred in older
ALL infants. The cumulative incidence (SE) of death in CR at 2 years
was 6.7 (4.7) and 5.1 (1.0) in congenital ALL and older ALL infants,
respectively (P � .70).

Five patients (17%) with congenital ALL were still in CR
at last follow-up, after 29 up to 103 months from diagnosis.
No second malignancies were diagnosed among the congenital
ALL patients.

EFS and survival for congenital ALL were significantly lower than
for older infants (Figure 2). Two-year EFS was 20.0% (SE 9.1; 95% CI,
2.2-37.8) and 54.2% (SE 2.4; 95% CI, 49.5-58.9) and overall 2-year
survival was 20.0% (SE 9.1; CI, 2.2-37.8) and 66.4% (SE 2.4; 95% CI,
62.1-70.7) for congenital ALL and older infants with ALL, respectively.

As expected, a treatment delay, as an indirect measure for
toxicity, was observed in all phases of chemotherapy in congenital

ALL patients as well as in older infants (Table 3). Nineteen
congenital ALL patients and 335 infants 1 to 12 months of age of
whom data were available had a median induction phase delay of
1 versus 0.3 weeks, respectively. The consecutive phases, consoli-
dation and reinduction, were started with a median delay in
congenital ALL patients of 2.1 weeks (1.8 weeks in older infants),
1.6 weeks (2.1 weeks in older infants), and 2.8 weeks (2.7 weeks in
older infants). None of these differences in treatment delay
between the 2 groups was statistically significant.

Discussion

The limited, single case report based, literature to date suggested that
congenital ALL was invariably fatal. The present study is the first that
reports on a series of 30 patients with congenital ALL treated uniformly
with curative intent. The Interfant database includes all diagnosed
infants with ALL, even if they were not treated or not treated according
to protocol. The present analysis demonstrates that the outcome,
although worse than in older infants, is not inevitably fatal. A total of
17% of the congenital ALL patients were still alive at last follow-up.

Table 1. Patient characteristics by age group and risk group

Enrolled patients P* Standard-risk patients High-risk patients Risk unknown

Age at diagnosis, mo 0-1 1-12 0-1 1-12 0-1 1-12 0-1 1-12

Total patients 30 452 17 307 12 139 1 6

Female sex 17 (57%) 234 (52%) .71 10 (59%) 161 (52%) 6 (50%) 71 (49%) 1 2

WBC count (cells/L) .01

Less than 100 � 109 7 (23%) 204 (46%) 7 (41%) 167 (55%) 0 35 (25%) 0 2

100-300 � 109 16 (53%) 123 (27%) 9 (53%) 91 (30%) 6 (50%) 32 (23%) 1 0

At least 300 � 109 7 (23%) 121 (27%) 1 (6%) 48 (16%) 6 (50%) 72 (52%) 0 1

Not known 0 4 0 1 9 0 0 3

Immunophenotype .09

B-lineage: CD10 negative 22 (76%) 251 (62%) 14 (88%) 168 (61%) 7 (58%) 80 (63%) 1 3

B-lineage: CD10 positive 6 (21%) 133 (33%) 2 (13%) 103 (37%) 4 (33%) 29 (23%) 0 1

B-lineage: CD10 unknown 1 37 1 25 0 12 0 0

Other 0 21 (5%) 0 5 (2%) 0 16 (11%) 0 0

AUL 1 (3%) 2 (0%) 0 1 (0%) 1 (8%) 1 (1%) 0 0

Not known 0 8 0 5 0 1 0 2

11q23 abnormalities (MLL gene

status)

.09†

Not (fully) known 3 83 0 51 3 20 0 2

MLL germline 2 (7%) 80 (22%) 1 (6%) 59 (24%) 1 (11%) 21 (18%) 0 0

MLL rearrangement 25 (93%) 289 (78%) 16 (94%) 187 (76%) 8 (89%) 98 (82%) 1 4

t(4;11) 12 (48%) 154 (53%) 8 (50%) 101 (54%) 3 (38%) 50 (51%) 1 3

t(9;11) 1 (4%) 34 (12%) 1 (6%) 25 (13%) 0 8 (8%) 0 1

t(11;19) 8 (32%) 56 (19%) 5 (31%) 34 (18%) 3 (38%) 22 (22%) 0 0

Other fusion partner‡ 2 (8%) 23 (8%) 2 (13%) 12 (6%) 0 11 (11%) 0 0

Fusion partner undefined 2 (8%) 22 (8%) 0 15 (8%) 2 (25%) 7 (7%) 0 0

CNS involvement .48

Yes 3 (10%) 41 (11%) 1 (8%) 25 (9%) 1 (13%) 14 (12%) 1 2

No 18 (90%) 347 (89%) 11 (92%) 244 (91%) 7 (88%) 102 (88%) 0 1

Not evaluable or not known 9 64 5 38 4 31 0 3

Response to 7-day prednisone

prophase

.29

Good response 17 (61%) 301 (70%) 16 (100%) 300 (100%) 1 (8%) 1 (1%) 0 0

Poor response 11 (39%) 127 (30%) 0 0 11 (92%) 127 (99%) 0 0

Not evaluable 0 6 0 2 0 4 0 0

Not known 2 18 1 5 0 7 1 6

All data are number (%). Percentages calculated as proportion of the known and evaluable data.
AUL indicates acute undifferentiated leukemia; MLL, mixed lineage leukemia; and CNS, central nervous system.
*Comparison (Fisher exact test) between congenital ALL patients and ALL patients aged 1-12 months.
†Value of P for association between age group and presence of MLL rearrangement. For MLL rearranged patients, distribution of translocation did not differ significantly

(P � .53) between age groups.
‡The fusion partner of the MLL gene is defined, but differs from that in t(4;11), t(9;11), or t(11;19).

3766 van der LINDEN et al BLOOD, 29 OCTOBER 2009 � VOLUME 114, NUMBER 18

 For personal use only. by guest on June 3, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


Resistance to prednisone prephase did not differ between the
neonates and older infants. Neither was induction failure or mortality in
CR significantly higher in the congenital ALL cases compared with
older infants. Because of the small sample size, lack of significance in
this study does not prove equivalence; therefore, results should be
interpreted with caution. However, patients with congenital ALL did
have a significantly higher relapse rate. Congenital ALL was character-
ized by a significantly higher WBC count, a trend toward a higher
incidence of MLL gene rearrangements, and a CD10� B-lineage
immunophenotype than ALL in older infants. These biologic character-
istics have all been associated with a dismal outcome, as also a very
young age per se has been established as a risk factor for an inferior
outcome.14 Nevertheless, a multivariate analysis showed that congenital
ALL cases had a higher relapse rate also after adjustment of risk factors
other than age. Possibly, because of fear for severe side effects in these
young patients, the reduced doses administered to these patients
contribute to the higher relapse rate.

As there is evidence for a prenatal initiation of acute leukemia in
young patients,19 we realize the definition of congenital ALL defined as
diagnosed within the first month of life is arbitrary. The definition is

based on previous literature (eg, Bresters et al15), although the type of
MLL rearrangement shifts as infants are diagnosed later. A total of 91%
of infants younger than 6 months had MLL rearrangements compared
with 66% of infants 6 to 12 months of age. Two-thirds of patients with
t(4;11) or t(11;19) were younger than 6 months at diagnosis compared
with one-third of patients with t(9;11).14 A longer latency from initiation
to diagnosis, and by this possibly a less aggressive form of leukemia,
could be in part an explanation for the better outcome of the older infants
with MLL-rearranged ALL.

Improvement of outcome for the congenital ALL patients is still
urgently needed. New treatment strategies are under current investiga-
tion to improve outcome of infants withALL. Unpublished observations
of the Interfant-99 trial suggest that infants with MLL rearrangements,
younger age, and a very high WBC might benefit from stem cell
transplantation. In the current Interfant-06 study, different early intensifi-
cation strategies are studied to prevent early bone marrow relapses. New
therapeutic targets have to be identified by unraveling the biology of
MLL-rearranged ALL. Phase 1/2 trials with FLT3 inhibitors20 are
currently being initiated in infant MLL-rearranged ALL.

In conclusion, the current study shows a survival of 17% for
congenital ALL and a toxicity profile comparable with that in older
infants. This proves that congenital ALL is not invariably fatal and
justifies treatment with curative intent. For now, the treatment to be used
should be the same as for older infants, but their poor outcome also
necessitates the testing of newer approaches, such as new strategies to
prevent early relapses as tested in the ongoing Interfant-06 and new
targeted treatments as FLT3 inhibitors.
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Table 2. Outcome by age group and risk group

Enrolled patients P* Standard-risk patients High-risk patients Risk unknown

Age at diagnosis, mo 0-1 1-12 0-1 1-12 0-1 1-12 0-1 1-12

Total patients 30 452 17 309 12 139 1 4

No CR 4 (13%) 29 (7%) .14‡ 2 (12%) 10 (3%) 1 (8%) 17 (12%) 1 2
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All data are number (%). SMN � secondary malignant neoplasm, CR � complete remission.
*Unless mentioned otherwise, comparison of cumulative incidence of events in corresponding row(s), in congenital ALL versus ALL patients aged 1-12 months.
†Comparison of complete remission rate in congenital ALL patients versus ALL patients aged 1-12 months.
‡Value indicates difference in no complete remission versus complete remission.
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Table 3. Treatment phase duration by age group

Induction Consolidation Reinduction Intensification Maintenance 1B Maintenance 1A

Planned duration 6 6 8 6 42 42

Congenital ALL

Patients with available data 19 14 11 4 4 2

Actual duration (median) 7.0 8.1 9.6 8.8 42.7 44.4

Infant ALL (1-12 mo)

Patients with available data 335 288 209 69 98 14

Actual duration (median) 6.3 7.8 10.1 8.7 41.9 43.1

P* 0.22 0.50 0.26 0.84 0.55

Patients in numbers. Durations in weeks.
*Comparison of phase duration in congenital ALL patients versus ALL patients aged 1-12 months.
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