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Little is known about the incidence of and risk factor for late
effects of infant leukemia. We evaluated 19 children with acute
lymphoblastic leukemia and 15 with acute myeloid leukemia
who were diagnosed at age 12 months or younger and have
survived for more than 5 years after the diagnosis (median
length of follow-up, 13 years; range, 5.7–29 years). Ten patients
received chemotherapy alone (group A), 17 received chemo-
therapy and CNS-directed radiation therapy (CRT) (group B),
and seven received chemotherapy, CRT and bone marrow
transplantation (group C). The most frequently observed late
sequelae included problems in growth (66% of survivors),
learning (50%), hypothyroidism (15%), and pubertal develop-
ment (12%). Cataract, cardiac and hearing abnormalities
occurred in 6% of patients. Only eight patients (24%) survive
without late effects. In comparison to patients in group A,
patients in groups B and C had a higher incidence of having
at least one late complication ( P = 0.009), a greater decrease in
height Z score at 5 years after diagnosis ( P = 0.023), and a
higher incidence of academic difficulties ( P = 0.004). The esti-
mated odds of academic difficulties increased by 18%
(P = 0.032) for each month younger in age at the time of CRT.
These results indicate that late sequelae are common in long-
term survivors of infant leukemia and are often related to CRT
and the patient’s age at the time of CRT. Leukemia (2000) 14,
1185–1190.
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Introduction

Much is known about the incidence of and risk factors for the
late effects of treatment of acute leukemia in older children.1

However, very little information exists about this aspect of
treatment in infants,2,3 largely because very few patients have
lived long enough for the problem to be assessed.4–8 The risk
of late effects in infants may be very different from that in
older children because in infants growth of all organ systems
is more rapid, disposition of antineoplastic agents is more vari-
able,9 and central nervous system (CNS) leukemia is more fre-
quent requiring CNS-directed therapy.2,8,10 Earlier studies
describing small cohorts of infants with brief follow-up per-
iods have not permitted accurate assessment of the risk of
each of the many developmentally dependent late effects. As
the number of survivors increases, evaluating the risk factors
of late morbidity is becoming possible, and increasingly
important. This information will not only have an important
bearing on the design of future therapeutic regimens but will
also identify areas for late effect surveillance and intervention.

We report the treatment sequelae of 34 children diagnosed
with acute leukemia at age 12 months or younger, who sur-
vived .5 years and have been extensively followed for a
median of 13 years. Comprehensive assessment of this rela-
tively large number of long-term survivors allowed us to
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evaluate the effect of CNS-directed radiation therapy (CRT)
and age at the time of CRT on the risk of late effects.

Patients and methods

Patient characteristics

Between May 1970 and July 1994, 38 infants (12 months of
age or younger) with newly diagnosed acute myeloid leuke-
mia (AML) and 45 infants with acute lymphoblastic leukemia
(ALL) were treated at St Jude Children’s Research Hospital.
Fifteen infants (39%) with AML and 19 (42%) of those with
ALL survived for more than 5 years after the diagnosis.
Twenty-three of these 34 survivors have been monitored for
more than 10 years after diagnosis. Their characteristics and
primary treatment are shown in Table 1. Details of the insti-
tutional protocols have been described previously: Total Ther-
apy Studies VII,11 VIII,12 IX,13 X,14 XI,15 XII,16 XIIIA,17 R11,18

R15,19 AML-76,20 AML-80,21 ANLL-83,22 AML8723 and AML-
91.23 Ten patients received chemotherapy alone (group A), 17
received chemotherapy and CRT (group B), and seven
received chemotherapy, bone marrow transplantation (BMT)
and CRT (group C). The median age at diagnosis for patients
in groups A, B and C was 0.7 (range, 0.2–1), 0.6 (range, 0.2–
0.9), and 0.7 (range, 0.3–1) year, respectively (P = 0.72). CRT
in group C was given as cranial irradiation (n = 2), as cranio-

Table 1 Patient characteristics

AML ALL

Total number 15 19
Sex (M/F) 3/12 12/7
Age at diagnosis (months)

Median (range) 8 (2–12) 8 (2–12)
<6 months 6 3

Current age (years)
Median age (range) 16.3 (6.5–22.3) 12.8 (7.4–29.2)
.10 years from diagnosis 11 12

Primary regimen
AML 76/80/83/87/91 4/4/2/2/3 —
Total VII/VIII/X/XI/XII/XIIIA — 1/1/2/8/4/3

Radiation (Gy to cranium)
None 7 3
Cranial (,10/10–19/>20) 1/1/5 0/5/3
Craniospinal (10–19/>20) 0/0 1/4
TBI (10–19) 1 3

BMT
Autologous/Allogeneic 3/1 0/4

CNS leukemia at 7/2 7/5
diagnosis/relapse
Treatment of BM relapse

R11/R15 — 2/2

TBI, total body irradiation; BMT, bone marrow transplantation; CNS,
central nervous system; BM, bone marrow; R11, relapse protocol
11;18 R15, relapse protocol 15.19
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spinal irradiation (n = 1), or with total body irradiation (TBI)
(n = 4). The median age at CRT for patients in groups B and
C was 1.8 year (range, 0.3–3.1) and 1.4 year (range, 0.7–1.8),
respectively. One of the patients in group A received busulfan
and cyclophosphamide but no radiation before autologous
BMT.

Routine follow-up procedures

After completing therapy all patients received comprehensive
assessment at least annually by a primary attending oncologist
or, after 1984, in our After Completion of Therapy Clinic to
monitor remission status and late effects of treatment. A four-
page questionnaire was completed annually in the clinic eli-
citing information on current medical status, social history and
academic progress, among others. Urine analysis, blood cell
counts, serum electrolytes and liver function tests were rou-
tinely evaluated in all patients. Thyroid function tests were
routinely performed in patients who had received CRT. Elec-
trocardiogram and echocardiogram were routinely evaluated
at least every 2 to 3 yearly in patients who had received
anthracyclines or BMT. Pulmonary function tests were also
routinely performed at least every 2 to 3 yearly in all BMT
patients. Other laboratory tests were performed based on the
findings of the questionnaires and clinical grounds.

Patients 18 years or older are discharged from the institution
and followed thereafter by their local physicians. The status
of these patients is monitored by a two-page questionnaire
mailed annually by the hospital’s tumor registry, eliciting
information regarding current medical status, history of hospi-
talization, medications and schooling, among others. Reports
of serious sequelae are confirmed by contacting the local
physicians and the survivor or his or her family, and reviewing
medical records and pathology reports from local hospitals.
At the time of this report, 29 (85%) patients had follow-up
within the last year, 32 (94%) patients within the last 2 years,
and all patients within the last 3 years. The median length of
follow-up was 13 years (range 5.7–29 years).

Late complications

Late complications were determined by review of computer
database and medical record and were categorized as follows.
Cardiovascular: abnormalities detected by clinical cardio-
vascular examination, diagnostic imaging (echocardiograms
or chest radiograph), or electrocardiogram. Endocrine: clinical
evidence of endocrine dysfunction (eg delayed pubertal devel-
opment,24,25 abnormal menstrual patterns), abnormalities of
serum thyroid, gonadotropin, androgen or estrogen levels, or
use of hormonal replacement therapy. Growth: fall in height
Z score by .2 standard deviation (s.d.), fall in weight Z score
by .2 s.d., or gain in weight Z score by .2 s.d. at follow-up
since diagnosis; or abnormalities of serum insulin-like growth
factor-1 (IGF-1), insulin-like growth factor binding protein-3
(IGFBP-3), or growth hormone by provocative testing. Weight
Z scores were calculated similar to that of height Z scores:
(height minus mean height for sex and age) divided by s.d. of
height for sex and age.26 Neurocognitive: clinical neurological
disorders (eg seizure, hearing loss, speech delay); abnormal
diagnostic imaging, electroencephalogram, or audiometric
testing; abnormal neuropychologic evaluation of global intel-
lect and academic achievement (Wechsler Intelligence Scales
and Wide Range Achievement Test).27,28 Ophthalmologic:

abnormalities detected by clinical ophthalmologic examin-
ation. Pulmonary: clinical symptoms suggesting pulmonary
dysfunction (eg exertional dyspnea), abnormalities of spiro-
metry or diffusing capacity by pulmonary function testing.

Statistical analysis

The Wilcoxon rank sum test or Kruskal–Wallis test was used
to compare the height or weight changes since diagnosis
between two treatment groups or among all three treatment
groups, respectively.29 Differences in the incidences (odds) of
late effects by different risk categories were compared by
exact tests.30 The relationship of late effects to the patient’s
age at the time of CRT or to the dose of CRT (both as continu-
ous variable) were examined by exact logistic regression
analysis.31 Due to the small sample size in each subgroup of
patients, multivariate analysis was not attempted.

Results

At least one late complication was observed in 26 of the 34
(76%) patients. Six patients in group A (60%), two patients in
group B (12%), and none in group C (0%) had no observed
late effects thus far (P = 0.009), with a median follow-up of
12.2, 16.9, and 8.0 years, respectively.

Growth

Changes in height and weight Z scores at 5 years, 10 years or
15 years after diagnosis were analyzed. The height and weight
Z scores were stable (changed less than 2 s.d. since diagnosis)
in 15 patients (44%) at all of the time-points evaluated.

In comparison to patients in group A, patients in group B
had a greater decrease in height Z scores, whereas patients in
group C had the greatest decrease in height Z scores since
diagnosis (Figure 1, P = 0.023 by Kruskal–Wallis test at 5
years). No patient in group A had height Z score falling .2
s.d. since diagnosis (Table 2). The height Z score decreased
by .2 s.d. at last follow-up in three patients (18%) in group
B and five patients (71%) in group C. The decrease in height
Z scores was greatest in patients who received craniospinal
radiation or TBI (Figure 2). Six patients (three each from

Figure 1 Median change in height Z scores since diagnosis. The
number of patients evaluated (n) and the P value by Wilcoxon rank
sum test comparing patients in group A (d) with patients in group B
(G) or group C (j) are shown (n, P).
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Group A (CT only) Group B (CT + CRT) Group C (CT + CRT + BMT)

Five years since diagnosis n = 10 n = 17 n = 7
Decrease in height Z score .1 s.d., .2 s.d. 20%, 0% 41%, 12% 71%, 57%
Decrease in weight Z score .1 s.d., .2 s.d. 10%, 0% 18%, 18% 43%, 14%
Increase in weight Z score .1 s.d., .2 s.d. 20%, 10% 24%, 12% 14%, 0%

Ten years since diagnosis n = 6 n = 16 (15)a n = 2
Decrease in height Z score .1 s.d., .2 s.d. 50%, 0% 60%, 20% 100%, 100%
Decrease in weight Z score .1 s.d., .2 s.d. 33%, 0% 25%, 6% 100%, 100%
Increase in weight Z score .1 s.d., .2 s.d. 33%, 0% 44%, 25% 0%, 0%

Fifteen years since diagnosis n = 4 n = 9 (8)a n = 2
Decrease in height Z score .1 s.d., .2 s.d. 50%, 0% 88%, 13% 100%, 100%
Decrease in weight Z score .1 s.d., .2 s.d. 25%, 0% 22%, 11% 100%, 100%
Increase in weight Z score .1 s.d., .2 s.d. 25%, 0% 33%, 0% 0%, 0%

aOne of the patients received growth hormone treatment and was not analyzed for height.
CT, chemotherapy; CRT, CNS-directed radiation therapy; BMT, bone marrow transplantation; n, number of patient evaluated (censored at
last follow-up).

Figure 2 Box plots by radiation group the changes in height Z
scores at 5 years after diagnosis. The line in the middle of the box
represents the 50th percentile and the box extends from the 25th to
the 75th percentile. The lines emerging from the box extend to the
largest or the lowest data point. P = 0.0126 by Kruskal–Wallis test.

groups B and C) had growth hormone deficiency confirmed
by blood testing. Of these, two declined and four received
growth hormone replacement therapy.

Except one patient with an increase in weight Z score
.2 s.d. at 5 years, the weight Z scores of patients in group A
had not changed significantly since diagnosis (Table 2,
Figure 3). In contrast, the weight Z scores of patients in group
C decreased after diagnosis (Figure 3). The change in weight
Z scores was heterogeneous in group B: at each time-point
analyzed, approximately half of the patients had an increase
in weight Z score while another half had a decrease in weight
Z score. The weight Z scores of patients in group B decreased
by .2 s.d. since diagnosis in three patients (all boys) but
increased by .2 s.d. since diagnosis in four patients (two boys
and two girls) on at least one of the time-points analyzed
(Table 2).

Other endocrine function

Hypothyroidism requiring replacement therapy was found in
five (21%) of the 24 patients (three from group B and two from

Leukemia

Figure 3 Median change in weight Z scores since diagnosis. The
number of patients evaluated (n) and the P value by Wilcoxon rank
sum test comparing patients in group A (d) with patients in group B
(G) or group C (j) are shown (n, P).

group C) 4–13 years after CRT was completed. Serum thyroid
function tests were normal in 17 patients and were not perfor-
med in two patients. All these 19 patients were clinically
euthyroid.

Ten patients were appropriately prepubertal at the time of
this study. For the other 24 patients, 20 entered and pro-
gressed through puberty normally, reaching Tanner stages of
puberty at the appropriate age. Three (two from group B and
one from group C) had precocious puberty with menarche at
the age of 8 to 9.8 years. One patient from group B had
delayed puberty and hypogonadism after testicular irradiation
for bilateral testicular relapse.

Neurocognitive function

Review of the annual questionnaires and psychology reports
showed that 17 patients (50%) did not have any academic
problems. The other 17 patients had academic difficulties
requiring special tutoring or placement in special education
classes. Six of these children (four in group B and two in group
C) had a seizure disorder and moderate to severe neurocogni-
tive deficits with a median full-scale intelligence estimate (IQ)
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of 35 (range 7–68). Six patients had a full-scale IQ estimate
ranged from 60 to 84. Three patients had an IQ estimate in
the normal range: one with attention deficit disorder and
another with low verbal processing speed. Two patients were
identified as having learning disability by the local school
personnel but were not formally tested at SJCRH.

In comparison to patients in group A, patients in groups B
and C had higher incidences of academic difficulties (10%,
59% and 86%, respectively, P = 0.004). Younger age at the
time of CRT was associated with an increased risk of learning
problems. The estimated odds of academic difficulties
increased by 18% (95% CI 0.17–61%, P = 0.032) for each
month younger in age at the time of CRT (Figure 4). With three
quarters of patients receiving a narrow range of doses of CRT
(18–24 Gy), no association was found in this study between
the dose of CRT and the development of academic difficult-
ies (P = 0.77).

Cardiopulmonary functions

Serial electrocardiogram and echocardiogram were all normal
in 13 of the 15 AML patients and in all of the 12 ALL patients
tested. One patient in group C had thickening of the left ven-
tricular wall but normal contractility (shortening fractions
36–39%) that was found 13 years after receiving TBI
(12 Gy), cyclophosphamide (2.2 g/m2) and anthracyclines
(200 mg/m2). Another patient in group A had mild left ven-
tricular dilatation and cardiomyopathy (shortening fraction
24–30%) that developed 9 years after receiving cyclophos-
phamide (3.2 g/m2) and anthracyclines (350 mg/m2). Spiro-
metry, lung volumes and diffusing capacity were all within
normal limits (.80% predicted) on serial testings in the eight
patients who had received BMT.

Other late sequelae

Two of the seven patients in group C had cataracts that were
diagnosed 9–11 years after the completion of TBI, whereas all
ophthalmologic examinations were normal in groups A and B
(P = 0.037). Two of 34 patients (one each from groups A and
C) had speech delay and hearing loss requiring a hearing aid.

Figure 4 Fitted logistic dose–response relationship. Predicted
probability of academic difficulties as a function of age at which CRT
was administered.

Papillary thyroid carcinoma developed in one patient 25 years
after craniospinal irradiation (total dose 24 Gy); this patient is
free of disease 3 years after surgery.

Discussion

We describe the incidence and severity of treatment sequelae
in a cohort of long-term survivors of infant leukemia treated
with contemporary therapy. Our results indicate that late mor-
bidity is very common, with three-quarters of our cohort exhi-
biting abnormalities affecting growth, endocrine, neurocogni-
tive, cardiac, ophthalmologic and/or audiologic function.
Many of these late effects can be directly attributed to CRT
and the young age at the time of CRT.

Growth problems, as manifested by changes in height or
weight Z scores .2 s.d. since diagnosis, represented one of
the most common late sequelae in this cohort. In general,
patients who received chemotherapy alone had normal
growth, whereas patients who received additional CRT and
BMT (group C) had poor height and weight gain. Patients who
received CRT but not BMT (group B) had a slight height
compromise that may or may not be accompanied by parallel
weight compromise. The growth pattern was least predictable
in this latter group of survivors: while some had poor weight
gain, others developed obesity. The biological reason for this
heterogeneity in weight gain after CRT is uncertain.32,33

This study confirms and extends the prior finding of an
association between CRT and neurocognitive deficits
observed in smaller patient cohorts at our institution and at
others.27,34–36 We show for the first time that the estimated
odds of development of academic difficulties increase by 18%
for each month younger in age at the time of CRT. Although
intensive CNS-directed chemotherapy may also adversely
affect the immature CNS,28,35,37 its impact is likely to be less
than that of CRT. Indeed, Kaleita et al38 recently showed a
substantial improvement in neurodevelopmental outcomes of
infant leukemia survivors evaluated at a mean age of 5 years
who were treated on the CCG107 protocol that does not
include CRT. In our study, only one of the 10 patients (in
group A) who did not receive CRT has academic difficulties.
These 10 patients have been in school for a median of 7.5
years (range, 2.5–17 years), which should allow sufficient time
for the identification of significant neurocognitive deficits.
Taken together, these results support the contemporary trend
of avoiding CRT in young children, even those with CNS leu-
kemia at the time of diagnosis.6,7 For young children who
require CRT, our age-effect data emphasize the potential
benefit of delaying CRT until the child is older. The probability
of having academic difficulties decreased by approximately
50% if CRT administration was delayed until the child was 2
years of age instead of soon after diagnosis (Figure 4).

Our study is not without limitations. First, the retrospective
nature of this study predisposes specific limitations. Incom-
plete surveillance and noncompliance with recommended fol-
low-up may contribute to under or over-estimation of treat-
ment-related toxicity. Propitiously, 29 (85%) of our 34 patients
were last evaluated by an oncologist or a primary care phys-
ician within 1 year of this analysis. Second, although 23
patients (68%) have survived for more than 10 years after the
diagnosis, the length of follow-up may still be short for some
late sequelae, as illustrated by the secondary malignancy
which was diagnosed 25 years after therapy in one of our
patients. Brief follow-up may create bias in the comparison of
patients who received CRT and those who did not, because
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late effects in patients who were not treated with CRT may
remain latent for a longer period of time. Continuous, long-
term follow-up of this cohort and others will be necessary to
evaluate this possibility.

In summary, the incidence and risk factor for a wide spec-
trum of late sequelae has been described in this study of long-
term survivors of infant leukemia. These findings should pro-
vide valuable information for individual risk assessment and
for defining areas of surveillance and intervention. Early
identification and treatment of late sequelae should improve
the quality of life for many long-term survivors.

Acknowledgements

We thank James M Boyett, PhD, for his helpful comments,
Patricia Harrison for exact logistic regression analysis, the staff
of the Department of Behavioral Medicine for psychological
evaluations, Julia C Jones, PhD, for scientific editing, Lisa
Edwards, Sherri Patterson, and Margie Zacher for data man-
agement, the physicians and staff who provide medical care,
and the patients and families who completed the question-
naires and participated in this study. This work was supported
in part by grants CA-20180 and CA-21765 from the National
Institutes of Health, by a Center of Excellence grant from the
State of Tennessee, and by the American Lebanese Syrian
Associated Charities (ALSAC).

References

1 Pui CH. Childhood leukemia. New Engl J Med 1995; 332:
1618–1630.

2 Pui CH, Kane JR, Crist WM. Biology and treatment of infant leuke-
mia. Leukemia 1995; 9: 762–769.

3 Felix CA, Lange BJ. Leukemia in infants. Oncologist 1999; 4:
225–240.

4 Pui CH, Ribeiro RC, Campana D, Raimondi SC, Hancock ML,
Behm FG, Sandlund JT, Rivera GK, Evans WE, Crist WM, Krance
R. Prognostic factors in the acute lymphoid and myeloid leukemia
of infants. Leukemia 1996; 10: 952–956.

5 Pui CH, Behm FG, Downing JR, Hancock ML, Shurtleff SA, Ribeiro
RC, Head DR, Mahmoud HH, Sandlund JT, Furman WL, Roberts
WM, Crist WM, Raimondi SC. 11q23/MLL rearrangement confers
a poor prognosis in infants with acute lymphoblastic leukemia.
J Clin Oncol 1994; 12: 909–915.

6 Reaman GH, Sposto R, Sensel MG, Lange BJ, Feusner JH, Heerema
NA, Leonard M, Holmes EJ, Sather HN, Pendergrass TW, John-
stone HS, O’Brien RT, Steinherz PG, Zeltzer PM, Gaynon PS, Trigg
ME, Uckun FM. Treatment outcome and prognostic factors for
infants with acute lymphoblastic leukemia treated on two con-
secutive trials of the Children’s Cancer Group. J Clin Oncol 1999;
17: 445–455.

7 Dordelmann M, Reiter A, Borkhardt A, Ludwig WD, Gotz N,
Viehmann S, Gadner H, Riehm H, Schrappe M. Prednisone
response is the strongest predictor of treatment outcome in infant
acute lymphoblastic leukemia. Blood 1999; 94: 1209–1217.

8 Pui CH, Raimondi SC, Srivastava DK, Tong X, Behm FG, Razzouk
B, Rubnitz JE, Sandlund JT, Evans WE, Ribeiro R. Prognostic factors
in infants with acute myeloid leukemia. Leukemia 2000; 14:
684–687.

9 McLeod HL, Relling MV, Crom WR, Silverstein K, Groom S, Rod-
man JH, Rivera GK, Crist WM, Evans WE. Disposition of antineo-
plastic agents in the very young child. Br J Cancer 1992; 66
(Suppl. 18): S23–29.

10 Pui CH, Kalwinsky DK, Schell MJ, Mason CA, Mirro J Jr, Dahl GV.
Acute nonlymphoblastic leukemia in infants: clinical presentation
and outcome. J Clin Oncol 1988; 6: 1008–1013.

11 Aur RJ, Hustu HO, Verzosa MS, Wood A, Simone JV. Comparison
of two methods of preventing central nervous system leukemia.
Blood 1973; 42: 349–357.

Leukemia

12 Aur RJ, Simone JV, Verzosa MS, Hustu HO, Barker LF, Pinkel DP,
Rivera G, Dahl GV, Wood A, Stagner S, Mason C. Childhood
acute lymphocytic leukemia: study VIII. Cancer 1978; 42:
2123–2134.

13 Pui CH, Aur RJ, Bowman WP, Dahl GV, Dodge RK, George SL,
Ochs J, Kalwinsky DK, Abromowitch M, Hustu HO. Failure of
late intensification therapy to improve a poor result in childhood
lymphoblastic leukemia. Cancer Res 1984; 44: 3593–3598.

14 Pui CH, Simone JV, Hancock ML, Evans WE, Williams DL, Bow-
man WP, Dahl GV, Dodge RK, Ochs J, Abromowitch M, Rivera
GK. Impact of three methods of treatment intensification on acute
lymphoblastic leukemia in children: long-term results of St Jude
total therapy study X. Leukemia 1992; 6: 150–157.

15 Rivera GK, Raimondi SC, Hancock ML, Behm FG, Pui CH, Abro-
mowitch M, Mirro J Jr, Ochs JS, Look AT, Williams DL. Improved
outcome in childhood acute lymphoblastic leukaemia with
reinforced early treatment and rotational combination chemo-
therapy. Lancet 1991; 337: 61–66.

16 Evans WE, Relling MV, Rodman JH, Crom WR, Boyett JM, Pui
CH. Conventional compared with individualized chemotherapy
for childhood acute lymphoblastic leukemia. New Engl J Med
1998; 338: 499–505.

17 Pui CH, Mahmoud HH, Rivera GK, Hancock ML, Sandlund JT,
Behm FG, Head DR, Relling MV, Ribeiro RC, Rubnitz JE, Kun
LE, Evans WE. Early intensification of intrathecal chemotherapy
virtually eliminates central nervous system relapse in children with
acute lymphoblastic leukemia. Blood 1998; 92: 411–415.

18 Ribeiro RC, Rivera GK, Hudson M, Mulhern RK, Hancock ML,
Kun L, Mahmoud H, Sandlund JT, Crist WM, Pui CH. An intensive
re-treatment protocol for children with an isolated CNS relapse of
acute lymphoblastic leukemia. J Clin Oncol 1995; 13: 333–338.

19 Relling MV, Mahmoud HH, Pui CH, Sandlund JT, Rivera GK, Rib-
eiro RC, Crist WM, Evans WE. Etoposide achieves potentially cyto-
toxic concentrations in CSF of children with acute lymphoblastic
leukemia. J Clin Oncol 1996; 14: 399–404.

20 Dahl GV, Kalwinsky DK, Murphy S, Look AT, Amadori S, Kumar
M, Novak R, George SL, Mason C, Mauer AM, Simone JV. Cyto-
kinetically based induction chemotherapy and splenectomy for
childhood acute nonlymphocytic leukemia. Blood 1982; 60:
856–863.

21 Dahl GV, Kalwinsky DK, Mirro J Jr, Look AT, Pui CH, Murphy SB,
Mason C, Ruggiero M, Schell M, Johnson FL, Thomas ED. Allo-
geneic bone marrow transplantation in a program of intensive
sequential chemotherapy for children and young adults with acute
nonlymphocytic leukemia in first remission. J Clin Oncol 1990;
8: 295–303.

22 Kalwinsky D, Mirro J Jr, Schell M, Behm F, Mason C, Dahl GV.
Early intensification of chemotherapy for childhood acute nonlym-
phoblastic leukemia: improved remission induction with a five-
drug regimen including etoposide. J Clin Oncol 1988; 6: 1134–
1143.

23 Hurwitz CA, Krance R, Schell MJ, Santana VM, Brenner MK, Ribei-
rio R, Roberts WM, Mahmoud H, Belt J, Crom W. Current stra-
tegies for treatment of acute myeloid leukemia at St Jude Chil-
dren’s Research Hospital. Leukemia 1992; 6 (Suppl. 2): 39–43.

24 Marshall WA, Tanner JM. Variations in pattern of pubertal changes
in girls. Arch Dis Child 1969; 44: 291–303.

25 Marshall WA, Tanner JM. Variations in the pattern of pubertal
changes in boys. Arch Dis Child 1970; 45: 13–23.

26 Tanner JM, Davies PS. Clinical longitudinal standards for height
and height velocity for North American children. J Pediatr 1985;
107: 317–329.

27 Mulhern RK, Kovnar E, Langston J, Carter M, Fairclough D, Leigh
L, Kun LE. Long-term survivors of leukemia treated in infancy: fac-
tors associated with neuropsychologic status. J Clin Oncol 1992;
10: 1095–1102.

28 Mulhern RK, Fairclough D, Ochs J. A prospective comparison of
neuropsychologic performance of children surviving leukemia
who received 18-Gy, 24-Gy, or no cranial irradiation. J Clin Oncol
1991; 9: 1348–1356.

29 Kruskal WH, Wallis WA. Use of ranks in one-criterion variance
analysis. J Am Stat Assoc 1952; 47: 583–621.

30 Mehta CR, Patel NR. A network algorithm for performing Fisher’s
exact test in r × c contingency tables. J Am Stat Assoc 1983; 78:
427–434.



Late effects in survivors of infant leukemia
W Leung et al

1190

Leukemia

31 Tritchler D. An algorithm for exact logistic regression. J Am Stat
Assoc 1984; 79: 709–711.

32 Schell MJ, Ochs JJ, Schriock EA, Carter M. A method of predicting
adult height and obesity in long-term survivors of childhood acute
lymphoblastic leukemia. J Clin Oncol 1992; 10: 128–133.

33 Craig F, Leiper AD, Stanhope R, Brain C, Meller ST, Nussey SS.
Sexually dimorphic and radiation dose dependent effect of cranial
irradiation on body mass index. Arch Dis Child 1999; 81: 500–
504.

34 Reaman G, Zeltzer P, Bleyer W, Amendola B, Level C, Sather H,
Hammond D. Acute lymphoblastic leukemia in infants less than
one year of age: a cumulative experience of the Children’s Cancer
Study Group. J Clin Oncol 1985; 3: 1513–1521.

35 Silverman LB, McLean TW, Gelber RD, Donnelly MJ, Gilliland
DG, Tarbell NJ, Sallan SE. Intensified therapy for infants with acute
lymphoblastic leukemia: results from the Dana-Farber Cancer
Institute Consortium. Cancer 1997; 80: 2285–2295.

36 Ferster A, Bertrand Y, Benoit Y, Boilletot A, Behar C, Margueritte
G, Thyss A, Robert A, Mazingue F, Souillet G. Improved survival
for acute lymphoblastic leukaemia in infancy: the experience of
EORTC-Childhood Leukaemia Cooperative Group. Br J Haematol
1994; 86: 284–290.

37 Waber DP, Tarbell NJ, Fairclough D, Atmore K, Castro R, Isquith
P, Lussier F, Romero I, Carpenter PJ, Schiller M. Cognitive seque-
lae of treatment in childhood acute lymphoblastic leukemia: cran-
ial radiation requires an accomplice. J Clin Oncol 1995; 13:
2490–2496.

38 Kaleita TA, Reaman GH, MacLean WE, Sather HN, Whitt JK. Neu-
rodevelopmental outcome of infants with acute lymphoblastic leu-
kemia: a Children’s Cancer Group report. Cancer 1999; 85:
1859–1865.


