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Acute lymphoblastic leukaemia under 2 years

A D LEIPER AND J CHESSELLS

Department of HaematologylOncology, The Hospital for Sick Children, London

SUMMARY Presenting features and natural history were assessed in 48 children with acute
lymphoblastic leukaemia less than 2 years of age at diagnosis. Of these, 16 were less than 1 year
(group 1) and 32 were between 1 and 2 years (group 2). Results were compared with a group of
348 children between the ages of 2 and 14 years (group 3) diagnosed over the same period.
The children in group 1 presented with a higher prevalence of null cell acute lymphoblastic

leukaemia, leucocyte counts >lOOx109/l, and hepatosplenomegaly and had a higher central
nervous system (CNS) relapse rate and shorter duration of remission than those in the other two
groups. Disease free survival and overall survival in group 2 paralleled that of group 3, although
children in group 2 had a significantly higher CNS relapse rate.

Neurological toxicity resulting from treatment with methotrexate and radiation was common in
those under 2 years as a whole.

In conclusion, children under 1 year have a particularly poor prognosis, while those between 1
and 2 years have a prognosis similar to that in the older age group. Alternative approaches to
CNS prophylaxis are needed to reduce the high prevalence of CNS disease and toxicity.

It has been recognised for some time that infants
with acute lymphoblastic leukaemia, less than 2
years of age at presentation, tend to have a worse
prognosis than older children.1-3

It has been suggested that babies presenting with
acute lymphoblastic leukaemia under 1 year do
particularly badly." We have examined the out-
come in a group of infants less than 2 years of age
diagnosed between 1972 and 1980 at our hospital,
comparing in particular the clinical features and
survival of those under 1 year with those aged
between 1 and 2 years. Data for children aged
between 2 and 14 years, presenting over the same
period, have been included in this study for com-
parison.

Patients and methods

Three hundred and ninety six children presented to
our hospital with acute lymphoblastic leukaemia
between 1972 and 1980. Forty eight were less than 2
years of age, of whom 16 were less than 1 year
(group 1) and 32 between 1 and 2 years (group 2).
The remainder (348) were between 2 and 14 years
(group 3). There were eight boys in group 1, 17 in
group 2, and 205 in group 3. The patients were
treated on a number of protocols designed or being

piloted for the Medical Research Council (MRC)
working party on childhood leukaemia (UKALL),
most of which have been reported elsewhere.7 All
comprised multiple agent induction with at least
three drugs, usually prednisolone, vincristine, and
L-asparaginase, and continuing multiple agent
chemotherapy for two to three years. Dosage
modification during induction did not occur in any
patient.

Central nervous system (CNS) prophylaxis con-
sisted of 24 Gy of cranial irradiation before 1979 and
18 Gy thereafter and regular intrathecal metho-
trexate until completion of radiotherapy. Cranial
irradiation was given as soon as complete remission
was achieved in 24 children under the age of 2 years,
and it was electively deferred until 2 years in a
further 18, prophylaxis being continued in the
intervening period with regular intrathecal metho-
trexate. Deferral of radiation became the consistent
policy from 1978 onwards. Four of the latter 18
infants, although electively deferred, never received
radiation: three died before the age of 2 and one
developed methotrexate encephalopathy. A further
six children did not receive irradiation because of
very early deaths or failure to achieve remission.

Various presenting features were assessed in the
three age groups and the results compared. All
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patients were followed up for a minimum of five
years. The following features were chosen, the first
two having prognostic importance.2 3 8

(1) Height of initial white blood cell count,
classified as <20x 109/l, 20-10Ox 109/l, and
>100oox 109/1.

(2) Organ involvement. The presence of hepa-
tomegaly, splenomegaly, lymphadenopathy,
and a mediastinal mass was documented.
Hepatomegaly and splenomegaly were termed
(massive' if below the umbilicus.

(3) Immunological surface markers. The leu-
kaemia was classified into phenotypic sub-
classes using standard techniques and defini-
tions previously described by Greaves et al.9
Acute lymphoblastic leukaemia was thus
divided into the four following types: common
(ALL) (cALLA+, la+Tdt+), T cell (T-ALL)
(E-rosette+la-, Tdt+), null cell (null-ALL)
(cALLA-, la+ Tdt+), and B cell (B-ALL)
(Smlg+, cALLA-, la+ Tdt-).

Statistical methods. Statistical methods used were
Fisher's exact probability test and the x2 test.
Survival curves were compared using the log rank
test.

Results

Presenting features. Presenting features in the three
age groups are shown in Table 1.

(i) White blood cell count
The proportion of babies in Group 1 who had a

Table 1 Presenting features in children with acute
lymphoblastic leukaemia, relating to the three age groups

Presenting feature Age group

I (<1 year) 2 (1-2 years) 3 (2-14 years)
(n=16) (n=32) (n =348)

White blood cell
count (x109ll)
<20 5 19 233
20-100 3 9 80
>100 8 4 35
Organomegaly
Hepatomegaly 16 27 207
Splenomegaly 16 25 218
Lymphadenopathy 12 22 265
Mediastinal mass 0 2 33
Immune type
Common 4 17 166
Null cell 5 2 14
Tcell 0 1 33
B cell 0 0 7
Dubious or not

tested 7 12 125

white blood cell count >100x 109/l was significantly
higher than in groups 2 (p=0-009) and 3
(p=<OOOl). The difference between groups 2 and 3
was not significant. The number of patients who had
a white blood cell count between 20 and 100x 109/l
was similar in all groups, while only a third of those
in group 1 had a count <20x 109/l.

(ii) Organ involvement
The prevalence of hepatomegaly in groups 1 and 2
was not significantly different, but there was a much
higher prevalence in these two groups compared
with group 3 (p=0-001 and 0-005, respectively).
None had hepatomegaly below the umbilicus. All 16
babies in group 1 had splenomegaly, of whom five
had massive spleens extending below the umbilicus.
Although the total prevalence was not significantly
different from group 2, none of the latter group had
massive splenomegaly. The prevalence of sple-
nomegaly in group 1 was significantly higher than
group 3 (p=0.002), but there was no difference
between groups 2 and 3.

(iii) Immunological markers
Fifty six per cent of the patients tested in group 1,
10% of those tested in group 2, and 6% of those
tested in group 3 had null-ALL. Although we were
unable to apply statistical tests to these results in
view of their incomplete nature, null-ALL seemed
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Fig. 1 Life table showing disease free survival in the three
age groups (group 1 aged <1 year, group 2 aged 1-2 years,
and group 3 aged 2-14 years) ofchildren with acute
lymphoblastic leukaemia.
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to be more common in group 1 than in groups 2 and
3. Less than half of those tested in group 1 had
common ALL. No child under 2 years had B-ALL,
and only one had T-ALL.

Natural history.
(i) Remission induction and disease free survival
Of the 48 patients aged less than 2 years, 45 (94%)
achieved remission using standard induction
chemotherapy without modification of dosage. This
compared with 97% of those achieving remission in
group 3. Of the two patients in group 1 and one in
group 2 who did not achieve remission, two died of
sepsis and one of haemorrhage secondary to leuco-
stasis.

Figure 1 shows the disease free survival in the
three groups. There was a highly significant differ-
ence between groups 1 and 2 (p=001) and groups 1
and 3 (p=0-01) but no significant difference be-
tween groups 2 and 3. The median duration of
remission in group 1 was 10 months compared with
29 months in group 2 and 41 months in group 3.

(ii) Survival
Overall survival is shown in Table 2. This was
significantly higher in groups 2 and 3 than in group 1
(p=0-009). There was no significant difference in
the duration of survival of children in groups 2 and
3. Two girls are still alive from group 1, both in their
first remission, 42 and 116 months from diagnosis.
Fourteen children (nine boys and five girls) are still
alive from group 2, 12 in their first remission,
between 39 and 127 months from diagnosis. No
patient in group 1 and only one in group 2 with white

blood cell count at diagnosis greater than 10Ox 109/1
has survived. Deaths in complete remission are
shown in Table 2.

(iii) Relapse
Table 2 shows bone marrow and CNS relapse as first
events in the three groups. The incidence of bone
marrow relapse, including combined bone marrow
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Fig. 2 Actuarial prevalence ofcentral nervous system
relapse in the three age groups (group 1 aged <1 year,
group 2 aged 1-2 years, and group 3 aged 2-14 years) of
children with acute lymphoblastic leukaemia.
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Table 2 Table of first events and survival in chzildren with acute lymphoblastic leukaemia in the three age groups

Age group

1 (<1 year)
(n= 16)

2 (1-2 years)
(n =32)

3 (2-14 years)
(n=348)

Relapses
Bone marrow
Central nervous system
Testis
Combined

No remission

Death in complete remission

5
4
0
2 (1 central nervous system +
bone marrow + testis,
I central nervous system +
bone marrow)

1 (pneumocystis)

7
6
()
I (central nervous system +
bone marrow)

5 (3 septicaemia,
I measles,
I viral pneumonia)

Survival 2

121
27
21
4 (3 bone marrow + testis,

I bone marrow + central nervous
system)

11

15 (2 septicaemia,
7 measles,
2 cytomegalovirus,
2 encephalitis,
I chickenpox,
I mycoplasma)

186Survival 2 14
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and extramedullary relapses, was 44% in group 1
compared with 25% in group 2, which was signifi-
cant (p=0008). There was no difference between
groups 2 and 3. Figure 2 shows that the CNS relapse
rate was significantly higher in groups 1 and 2
compared with group 3 (p=<0-0001 and 0-03,
respectively). Although the incidence was higher in
group 1 than in group 2, this difference did not reach
significance.
Table 3 shows the number of patients suffering a

CNS relapse in groups 1 and 2 in relation to the time
at which cranial radiotherapy was given. When CNS
relapse was related to the timing of cranial irradia-
tion in groups 1 and 2 combined, we found that of
the 18 patients in whom radiotherapy was deferred
to the age of 2 years, six had isolated CNS relapses
and one had a combined bone marrow, CNS, and
testicular relapse. Three patients, all in group 1,
relapsed in the CNS before receiving radiotherapy.
Of the 24 patients receiving cranial radiotherapy
soon after remission, four had isolated CNS relapses
and a further two had combined relapses (bone
marrow and CNS). All but one were in group 2. One
patient relapsed before radiotherapy. The differ-
ence in incidence of CNS relapse using these two
approaches was not significant, not did it depend on
the dose of radiation received.

(iv) Neurological complications
The overall incidence of major neurological com-
plications in patients less than 2 years was 17%.
Confirmed methotrexate encephalopathy occurred
in four children (two in group 1 and two in group 2).
Three of these had CNS leukaemia (two in group 1
and one in group 2), two of whom were treated with
intrathecal methotrexate and craniospinal irradia-
tion. Encephalopathy developed in the third in the
absence of radiotherapy, which was therefore with-
held. This child was 8 months of age at the time of
his first CNS relapse. The remaining child who
suffered encephalopathy in the absence of CNS
leukaemia was 2 years old at the time of his
radiotherapy. In addition, convulsions have oc-
curred for the first time in one of the long term

Table 3 No ofpatients suffering a central nervous system
relapseltotal No ofpatients receiving radiotherapy in groups
1 and 2 in relation to timing of cranial radiotherapy

Group Timing of radiotherapy

Deferred* Earlyt

l 5/10 1/3
2 2/8 5/21

*Deferred=until 2 years of age.
tEarly=on achieving remission.

survivors from group 1 at 116 months from diagno-
sis. Computed tomography revealed calcification,
which, although not diagnostic, is suggestive of
methotrexate encephalopathy.

Intellectual impairment occurred in three survi-
vors. One child was severely affected, with an intel-
ligence quotient (IQ) of 50 and is also deaf. Two of
the three, including this patient, received prophy-
lactic irradiation when less than 2 years of age.

Discussion

Most reports state that children less than 2 years old
at diagnosis have a worse prognosis than those
diagnosed between the ages of 2 and 10 years.1 2
Our study seems to indicate, however, that these
figures are heavily weighted by the cohort of infants
less than 1 year of age, who fare particularly badly.
Those aged 1-2 years seem to have survival curves
very similar to those aged 2-14 years, despite the
higher prevalence of CNS disease.

Babies under 1 year at diagnosis have a much
higher prevalence at presentation of null cell
leukaemia, white blood cell count >10Ox 109/1,
and splenomegaly extending below the umbilicus
than either those between 1 and 2 years or those
between 2 and 14 years. They also have a greater
prevalence of hepatomegaly than the latter group.
Their disease free and overall survival is significantly
less than the other two groups, and they have a
much higher prevalence of CNS disease, although
this only reaches significance when compared with
those patients over 2 years of are. This experience
parallels that of other authors,P5 although we did
not find a hiPh incidence of meningeal involvement
at diagnosis.

Early cytogenetic studies on the leukaemic clone
of cells has only recently become routine at our
hospital. The recent recognition of the (4:11)
translocation (t4:11) in acute lymphoblastic leu-
kaemia and its unsustained response to standard
chemotherapy in young babies"'11 makes it likely
that at least some of the infants included in our study
have possessed these abnormal chromosomes,
which may help to account for their poor survival. It
has also been shown that children with t4: 11 tend to
present with the same features as we have found in
our group of infants. Typically, the patients are less
than 1 year of age, have high white blood cell counts
at diagnosis, and do not express the common
acute lymphoblastic leukaemia antigen.'0 Their
prognosis is poor.
Age is said to be an independent prognostic

factor,4 6 but our finding of a number of poor
prognostic features in infants in the first year of life,
including hepatomegaly, massive splenomegaly, and
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high white blood cell count,3 4 makes it difficult to
confirm such a statement. It has recently been
suggested, however, that age of less than 6 months
seems to be an independent prognostic variable.5
CNS disease is particularly prevalent in infants

aged less than 2 years at diagnosis and especially so
in infants aged less than 1 year. It was initially
thought that the high prevalence of meningeal
involvement might be due to the practice of defer-
ring cranial irradiation until after the second birth-
day. It is true that more patients in group 2 had early
radiation than in group 1 and that the prevalence of
CNS disease is lower in this group, but none the less
the percentage of patients relapsing in group 2
despite early radiotherapy is the same as in those in
whom radiation was deferred. Certainly, when these
two approaches were compared statistically the
prevalence of CNS relapse did not differ signifi-
cantly. A similar experience is shared by Reaman et
al, who found that there was no difference in CNS
relapse rate between those in whom prophylaxis
combined cranial radiation and intrathecal metho-
trexate and those in whom intrathecal methotrexate
was used alone.5 It has been noted in our study,
however, that more patients relapsed before
receiving radiotherapy in the group of children in
whom it was deferred (16%) than in those who
received early radiotherapy (4%). These patients
were all in group 1, and it may reflect an inherent
propensity for early CNS disease in the very
young.
The high prevalence of neurological complica-

tions found in our series of 48 patients under 2 years
is perhaps not unexpected. Several studies have
revealed that although most children have IQs
within the normal range after treatment with stan-
dard CNS prophylaxis and oral methotrexate, those
under 3 years at the time of radiation have signifi-
cantly lower IQs than those treated at an older
age. - Moss et al also noted greater impairment in
intellectual abilities in the youngest children.'5 It is
not surprising therefore that intellectual impairment
was found in three children, two of whom received
cranial irradiation under the age of 2 years. It is for
this reason that our policy since 1978 has been to
defer cranial irradiation until after the second
birthday, and this also warrants alternative
approaches such as triple intrathecal chemotherapy
to decrease CNS morbidity.'6

Methotrexate neurotoxicity is more commonly
encountered in children with previous CNS leu-
kaemia17 where the cumulative dose of intrathecal
methotrexate is high in combination with cranial
radiotherapy. As the prevalence of CNS leukaemia
is high in those aged under 2 years methotrexate
encephalopathy is a real cause for concern. Indeed,

we found that out of 13 children aged under 2 years
who developed CNS disease, three developed
severe methotrexate neurotoxicity. Two further
children with fits and changes in their computed
tomograms compatible with toxicity did not have
CNS disease.

In summary, this study confirms suspicions that
infants less than 1 year at presentation have a very
poor prognosis, while those between 1 and 2 years
show long term survival comparable to that of older
children. Whether the outlook will be improved by
more intensive chemotherapy remains unclear, but
in view of the high prevalence of CNS disease and
toxicity, alternative approaches to CNS prophylaxis
need to be found.
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