
[CANCER RESEARCH 35. 807@8ll. March 1975]

SUMMARY

Seventy-five children under the age of 15 years, with
acute lymphoblastic leukemia, were treated with a multiple
drug chemotherapy regimen (L-2) and intrathecal metho
trexate. Remission was achieved in all except I. Three died
from infection early in remission and 1 was lost to
follow-up. Of the remaining 70, relapse occurred in 19; in 3
children this was confined to the central nervous system
(CNS) and in I was in both the CNS and bone marrow.
Fifty-one children continue in complete remission from 14
to 54 months. Fourteen of these children have completed 3
years of chemotherapy and are disease free 2 to 18 months
posttreatment. The results indicate that periodic adminis
tration of intrathecal methotrexate with no CNS irradia
tion, plus intensive systemic chemotherapy, can effectively
control CNS leukemia and prolong the duration of com
plete remissions.

INTRODUCTION

The effectiveness of â€œprophylacticâ€•therapy in preventing
CNS3 leukemia in children with acute lymphoblastic leu
kemia is well established (2, 21).

A number of techniques have been tried in an attempt to
forestall CNS leukemia. Early methods consisted of crani
ospinal irradiation in doses of 500 and 1200 rads shortly
after patients attained a remission (13, 14). These doses
were found to be insufficient for the prevention of CNS
leukemia; however, increasing the dose to 2400 rads proved
highly effective (17). Cranial irradiation with 2400 rads in
conjunction with it. MIX gave equally good results (17);
i.t. therapy alone, with MIX given every 28 days after a
remission was achieved, was shown to decrease the fre
quency of CNS leukemia ( 10). A single i.t. injection of this
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drug at the time of initial diagnosis of leukemia did not alter
the rate of subsequent CNS disease but did delay its time of
onset (22).

This study reports the results of administering prophylac
tic i.t. MIX intermittently throughout the 3-year course of
an intensive combination chemotherapy regimen.

MATERIALS AND METHODS

Patients. Between November 1969 and April 1973, 75
unselected, consecutive children, under the age of I5 years,
with acute lymphoblastic leukemia were entered in this
program. The presenting features at the time of diagnosis
are listed in Table 1.

Treatment Plan. The treatment protocol, which is termed
L-2, is outlined in Chart I . The rationale for the design of
this regimen, drug dosage and schedule, has been described
in detail before (5, 6, 15). A multiple-drug combination is
used in each of the 3 phases of the protocol. The induction
regimen consists of VCR, 1.5 to 2 mg/sq m, given once a
week for 4 weeks in association with prednisone, 60 mg/sq
m p.o. daily, for the same period. Daunorubicin, 60 mg/sq
m i.v. in 2 consecutive daily doses, is administered between
the 2nd and 3rd VCR injections. After a remission is
attained the 2 subsequent phases of treatment are attempts
at eliminating the leukemic cells that have survived the
induction. For consolidation, ara-C, 150 mg/sq m i.v., and
1G. 75 mg/sq m p.o., are given daily as 5-day courses for a
total of 4 courses. This combination is used with the
assumption that, following remission induction, the remain
ing leukemic cells would be proliferating faster than the
original population and should be more vulnerable to the
effect of S-phase-specific agents (5, 6). The last course of
ara-C and IG is followed by 12 doses of L-asparaginase,
60,000 lU/sq m, injected i.v. on alternate days. L-Asparagi
nase is expected to cause further leukemic cell reduction in
patients whose disease is sensitive to this drug. A single dose
of BCNU, 60 mg/sq m i.v., a cell cycle-nonspecific agent,
is administered at the conclusion of consolidation in an
attempt to kill residual dormant leukemic cells (5, 6). In the
maintenance phase, 8 drugs are given as a series of 5-day
courses interspaced by a treatment-free interval of I week.
The sequenceis as follows: 1G. 300 mg/sq m p.o. for 4
daily doses followed by a single dose of cyclophosphamide,
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Table I

Presenting features at the time ofdiagnosis in 75 children with acute Ivmphoblastic leukemia

a Palpation below costal margin.

h Roentgenogram.

MTX.!T rotation, i.e., approximately every 2 months. In the original
protocol (November 1969), i.t. therapy was limited to the
induction and consolidation phases. In February 1971. i.t.
MIX was introduced into the maintenance phase. There
fore, 16 children who were enrolled in the earlier protocol
did not receive i.t. MIX beyond consolidation until 1971.

Methods. The MIX used in this study was the commer
cial preparation (Lederle Laboratories, Pearl River, N. Y.),
dispensed in 2-mi vials each containing 5 mg of MIX with
0.08% w/v of methylparaben and 0.02% w/v of propyl
paraben as preservatives. The drug was drawn in a 10-mi
syringe and then attached to the spinal needle hub. From 5
to 8 ml of CSF were drawn slowly into the syringe for
admixture with the drug and were then reinjected slowly. In
September 1973, a high incidence of meningeal reactions
(headache, vomiting, fever, CSF pleocytosis) were noted
following these injections. Upon inquiry, the manufacturer
revealed that the preservatives methylparaben and propyl
paraben had been eliminated and 0.90% w/v of benzyl
alcohol had been substituted. Because this agent was
suspected as the cause of these reactions, we tried to
minimize its effect by diluting the 50-mg vial of MIX,
which also contains 0.90% w/v of benzyl alcohol, with
distilled water without preservative, to achieve a con
centration of 2.5 mg of drug per ml. This solution was
kept under refrigeration and brought to room temperature
prior to administration. It was not used beyond 72 hr from
preparation. In most of the children, repeated lumbar
punctures were performed without undue difficulty. How
ever, for those who did show great anxiety about this
procedure, it was performed under general anesthesia with
ketamine hydrochloride on an outpatient basis.

The CSF samples were examined for their chemical
(sugar and protein) and cellular contents. Total cell count as
well as examination of the centrifuged material stained by
Papanicolaou technique for the morphological characteris
tics of the cells were performed on all the specimens.
Cytocentrifuge examination of the CSF (8) has also been
added to these methods in recent years to verify CNS
leukemia. Leukemic involvement of CNS was diagnosed
when leukemic cells were present in the CSF. Pleocytosis
(cell count > 10/cu mm) alone was not considered sufficient
grounds for this diagnosis. None of the children in this study
had evidence of CNS leukemia at the time of the 1st lumbar
puncture, which was done on the 4th day of induction.
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Chart I . Outline of intensive chemotherapy, L-2 protocol. CP, cyclo
phosphamide; DNR, daunorubicin; A-ASE, L-asparaginase: HU, hydroxy
urea; PRED. prednisone.

600 mg/sq m i.v. on Day 5; hydroxyurea, 2400 mg/sq m
P.O. for 4 days followed by a single dose ofdaunorubicin, 45
mg/sq m i.v. on Day 5; MIX, 10 mg/sq m p.o. for 4 days
followed by a single dose of BCNU, 60 mg/sq m i.v. on
Day 5; and finally, ara-C, 150 mg/sq m i.v. for 4 days
followed by a single dose of VCR, 2 mg/sq m i.v. on Day 5.
A new rotation beginning with IG is resumed after the
treatment-free rest from the previous course. The 4-day
course of an S-phase-specific drug is aimed at killing any
leukemic cells that have resumed proliferating followed by a
single dose of cell cycle-nonspecific agent for the elimina
tion of the resting cells (5, 6). Since the doses used are high,
no more than 4 consecutive days of S-phase-specific drugs
are tolerable. Chemotherapy is discontinued after 3 years,
provided that the patient has shown no evidence of recur
rence.

Prophylactic i.t. MIX, in a dose of 6.25 mg/sq m, is first
given on Day 4 of induction, after the number of blasts in
the peripheral blood has been lowered by chemotherapy to
avoid the possible hazard of introducing circulating blast
cells into the CSF. Iwo additional doses are administered
on alternate days upon the completion of induction, and a
single dose is injected prior to the termination of consolida
tion. During the maintenance phase, patients receive 2
injections of i.t. MIX on alternate days at the end of each
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observed in patients with an initial leukocyte count of
25,000/cu mm (15). Iwo ofthe 3 children with CNS relapse
alone had leukocyte counts above 25,000/cu mm at diagno
sis, and the child with concurrent bone marrow and CNS
relapse had an initial white blood count of 123,000/cu mm.
In all of them the platelet count was < 30,000/cu mm. Iwo
of the children with CNS leukemia in whom relapse
occurred at 31 and 41 months postremission belonged to the
group enrolled prior to 1971 and thus did not receive i.t.
MIX during the earlier courses oftheir maintenance phase.

Side-Effects of i.t. MTX. The adverse reactions caused by
the administration of i.t. MIX have been described in
several reports (3, 9, 12, 20, 24). Neurotoxicity of i.t. MIX
when given prophylactically appears to be less frequent than
when it is used in established CNS leukemia (3). If the
side-effects of this therapy are graded into mild, moderate,
severe, and life threatening as was done in one of the
communications (9), most of the reactions in our series fall
into the 1st 2 categories. No life-threatening complication
was encountered, and only I episode of generalized seizure
was observed in a boy following the instillation of i.t. MIX.
As the seizure coincided with the i.v. administration of
VCR, it could not be attributed solely to MIX. He
tolerated the subsequent i.t. injections with the same dose
without complication. The incidence of the clinical side
effects of i.t. MIX in our series were: headache, 35%;
backache, 22%; vomiting, 13%; fever, 10%; and leg pain,
7%. Reactions did not correspond to length of treatment,
and their intensity was quite variable for each individual
throughout the treatment course. Adolescents tended to
have more frequent and longer lasting headaches following
i.t. injections. Selection of a small-guage needle (22) for the

Table 2

RESULTS

Overall Results. The criteria for evaluating results have
been described previously (15). Ofthe 75 children who were
enrolled on the L-2 regimen, 74 achieved remission. The
only failure was a girl with Down's syndrome who died with
sepsis during the induction phase. Three children died
shortly after entering remission, 2 as the result of serum
hepatitis and the 3rd as a result of Pneumocystis carinii
pneumonia. One child who had achieved remission on this
regimen was lost to follow-up. In the remaining 70, relapse
terminated complete remission in 19 within 1 to 44 months.
The presenting features ofchildren with relapse are summa
rized in Table 2. The site of relapses were: CNS alone in 3;
CNS and bone marrow concurrently in I; and bone marrow
alone in 15. Three of these relapses occurred following
cessation of the 3-year chemotherapy regimen, at 4 (CNS)
8, and 8 months (bone marrow), respectively. Fifty-one
children continue to remain in complete remission for
periods from 14 to 54 months. Fourteen of these children
have been off chemotherapy from 2 to 18 months and their
disease-free status is documented by periodic bone marrow
and CSF examinations. Eleven of the 19 children who
relapsed died 3 to 26 months following their relapse.

CNS Relapse. All of the CNS relapses, except for the
child with simultaneous bone marrow recurrence, were
diagnosed on periodic routine lumbar punctures in asympto
matic patients. The 3 children with CNS relapse have
remained in bone marrow remission without recurrence of
CNS leukemia for 12, 15, and 21 months, respectively,
following diagnosis and treatment of relapse.

In our earlier report, a higher frequency of relapse was

Presenting features at the time of diagnosis in I 9 children with relapse
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lumbar puncture and postpuncture prone position seemed to
ameliorate this side-effect perhaps by reducing the loss of
CSF from the injection site (4). Pleocytosis of the CSF was
noted following 33 of the 702 i.t. injections that preceded a
2nd lumbar puncture. The cell counts ranged from 10 to
98/cu mm; the higher counts were observed when the
undiluted benzyl alcohol preparation of MIX was used. On
cytocentrifuge preparation, most of these cells were mono
nuclear with varied nuclear shapes such as indented, lobu
lated, or segmented.The chromatin pattern was fine and
sometimes a nucleus contained a prominent nucleolus.
Occasionally, large cells with an eccentric nucleus and
foamy vacuolated cytoplasm were noted. Pleocytosis was
not accompanied by an increase in the CSF protein content.

DISCUSSION

Initial remission can be obtained in a very high propor
tion of children with acute lymphoblastic leukemia when
combination drug therapy is used. However, long-lasting,
disease-free survival for all children who enter remission has
been hindered by medullary as well as extramedullary
recurrence of leukemia. Multiple-drug therapy and the use
of prophylactic methods to prevent extramedullary disease,
namely CNS leukemia, are currently being used to increase
the number of long-term complete remissions.

The successof craniospinal irradiation or cranial irradia
tion with i.t. MIX (2, 21) has made them widely accepted
techniques in the treatment of acute lymphoblastic leukemia
in children. Although these techniques are called prophylac
tic, their effectiveness, when used at the early stage of
disease, without clinical or laboratory evidence of CNS
leukemia, makes it possible to infer that they are therapeu
tic for subclinical illness.

Considering the potential for harmful late effects of
irradiation, particularly when one thinks in terms of cure in
children with acute lymphoblastic leukemia, we elected to
rely on i.t. MIX alone for the prevention of CNS disease.
Our results are compared in Chart 2 to the Total Therapy
Study VII of St. Jude Children's Research Hospital where
the 94 children who achieved complete remission had

100
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received craniospinal or cranial irradiation with i.t. MIX
(Ref. I; R. J. A. Aur, personal communication). The data
for each protocol have been summarized by the life-table
method (7) with CNS relapse alone being represented as
treatment failure. There were 3 such cases among the 70
patients on the L-2 protocol and I I among the 94 patients in
the St. Jude study. One child on the L-2 and 3 children on
the Total Therapy Study VII had simultaneous CNS and
bone marrow relapse; these were not classified as treatment
failure in the computations. Although the difference be
tweenthe 2 curvestaken over the entire rangeis statistically
significant at p < 0.05 ( I 1), the observed remission rates are
quite similar after 42 months. All of the Study VII patients
had had at least 29 months of follow-up; for the L-2 trial the
corrsponding figure is only 14 months.

MIX i.t. was administered intermittently throughout the
treatment course in the protocol 06 LA 66-Paris (19), as the
sole method for the prophylaxis of CNS disease, but 33% of
the children treated developedCNS leukemia. The differ
ence in results between the Paris study and ours can possibly
be explained by the composition and intensity of the L-2
regimen. Drugs such as BCNU and ara-C are known to
cross the blood-brain barrier (16, 18), and both these agents
are administered periodically in the maintenance phase of
L-2 regimen. It has also been shown that high-dose
chemotherapy will influence both time of onset and mci
dence of CNS leukemia (23).

The seriouslife-threatening toxicity of i.t. MIX hasbeen
a matter of concern, especially when it is used for prophy
laxis. The absence of such a complication in our study is
perhaps accounted for by the smaller dose of i.t. MIX
administered on the L-2 regimen as compared to those used
in other studies.

High-dose-multiple-drug-systemic chemotherapy is usu
ally well tolerated, and no fatal infection has yet been
encountered during the maintenance phase. The 3 children
who succumbed to infection shortly after entering remission
were not myelosuppressed,and all 3 acquired their infec
tions at the beginning of the consolidation phase. The
frequency of side-effects for each drug and the incidence of
hematopoietic depression have been described before (IS).

The results of this study indicate that i.t. MIX coupled
with an intensive systemic chemotherapy can effectively
prevent the development of CNS leukemia without life
threatening toxicity in children with acute lymphoblastic
leukemia. Any conclusion as to the advantage of this
method over CNS irradiation would, however, be prema
ture at this time.
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