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Background. The Pediatric Oncology
Group (POG) conducted a two-arm, random-
ized study for the treatment of children and
adolescents with stage III small, non-cleaved
cell lymphoma (SNCCL). Regimen A, based on
the group’s previous best treatment for this
group of patients, included cyclophosphamide
(CTX) and high-dose methotrexate (MTX), as
well as vincristine (VCR), prednisone (PRED),
and intrathecal (IT) chemoprophylaxis. Regi-
men B, based on a single institution pilot study
(Total B therapy), consisted of two rapidly al-
ternating chemotherapy combinations (CTX,
VCR, doxorubicin; MTX, and cytarabine (Ara-
C) plus coordinated IT chemotherapy.

Procedure. One hundred thirty-four con-
secutive patients were entered on this study.
Seventy patients were randomized to Regimen
A, and 64 patients to Regimen B. One hundred
and twenty-two patients are eligible for re-
sponse.

Results. Complete remission (CR) was
achieved by 81% (52/64) of patients on Regi-
men A, and 95% (55/58) of patients on Regi-
men B (p = 0.014 one-sided). The two-year
event-free survival (EFS) is 64% (SE = 6%) on
Regimen A, and 79% (SE = 6%) on Regimen B
(p = 0.027 by one-sided logrank test). No pa-
tient has relapsed on either regimen after a year
from diagnosis, although one patient had a sec-
ond malignancy at day 371. Severe, but man-
ageable, hematologic toxicity was seen in the
majority of patients on both regimens, but was
more frequent on Regimen B.

Conclusions. We conclude that the cure
rate in stage III SNCCL is significantly improved
with the use of a short, six-month chemo-
therapy regimen of fractionated CTX alternated
with coordinated MTX and Ara-C. Results sug-
gest that drug schedule, not simple drug selec-
tion, influences outcome. Med. Pediatr. Oncol.
29:526–533, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

High-grade small non-cleaved cell lymphomas
(SNCCL) are characterized by extranodal tumors usually
affecting the abdominal, pelvic, and/or retroperitoneal
viscera. As with many other malignancies, outcome in
SNCCL is influenced by extent of disease. While 80–
90% of patients presenting with localized SNCCL (Mur-
phy stage I and II) are cured, even with treatments of the
late 70’s, disease-free survival (DFS) for those with ad-
vanced-stage disease (Murphy stage III or IV) has his-
torically been <50%. More recently however, regimens
that included CTX and high-dose MTX with leucovorin
rescue, in addition to other chemotherapeutic agents, en-
abled the vast majority of patients to achieve remission.
This progress resulted in a 69% event-free survival (EFS)
for patients with stage III SNCCL treated on a six-month,
five-agent regimen, POG protocol ([8106), conducted
between January 1982 and October 1986 [1].

At approximately the same time, investigators led by
Murphy piloted a novel regimen referred to as ‘‘Total B’’

therapy [2]. The strategies employed in this innovative
study included fractionated doses of CTX alternated with
escalating high doses of intravenous cytarabine and in-
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termediate dose MTX coordinated with intrathecal (IT)
therapy. CTX was fractionated with the goal to encom-
pass the generation time of the tumor, as well as to pro-
vide a smoother induction with fewer metabolic compli-
cations. In addition, the Total B regimen included an
early switch to non-cross resistant antimetabolites, each
given by infusion to catch rebounding cells entering S
phase, to penetrate extramedullary sites, and to promote
synergistic drug effects. This single institution study re-
sulted in a DFS rate of 85% for 26 patients with stage III
disease [2].

In an attempt to improve outcome in children with
stage III SNCCL, investigators of the POG proposed to
evaluate the ‘‘Total B’’ therapy in a prospective random-
ized multicenter trial (POG[8616). Here we report a
significant superiority of the Total B regimen and cure of
eight out of ten children and adolescents with stage III
SNCCL.

MATERIALS AND METHODS

Patients

Between October 1986 and November 1991, 134 con-
secutive newly diagnosed patients under the age of 21
years were entered into this multi-institutional coopera-
tive group trial after informed consent was obtained. Pa-
thology was confirmed by central review, as diffuse, un-
differentiated NHL, small, non-cleaved cell (Burkitt or
non-Burkitt), and all had stage III disease, according to
the staging system described by Murphy [3].

Most patients had extensive primary intra-abdominal
disease, and many had ascites and pleural effusions.

After central pathology review, 11 of the 134 regis-
tered patients were deemed ineligible, leaving 123 pa-
tients eligible for study. The median age of patients was
8.6 years (ranging from 2.3–20.2 years). There were 106
males and 17 females (Table 1).

Staging Studies

Patients were staged with a thorough physical exami-
nation, hematologic evaluation, examination of a percu-

taneous bone marrow aspiration and biopsy, cerebrospi-
nal fluid (CSF) examination, including a search for tumor
cells on a cytocentrifuged smear, chest radiogram, and a
computerized axial tomography scan to delineate areas of
primary tumor involvement. Gallium and bone scanning
were not mandatory. Cytogenetic and immunopheno-
typic studies, performed at the local institutions, were
encouraged, but not mandatory.

Treatment

All patients were randomized to receive either Regi-
men A or Regimen B (Figures 1 and 2). Investigators
were encouraged to initiate therapy expeditiously, within
72 hours of admission, to provide adequate hydration and
alkalinization, and to control elevated serum uric acid
levels with allopurinol.

Patients on Regimen A (Figure 1) underwent a
one-month induction with high-dose CTX (day 1),
MTX (days 24 and 31), VCR (weekly for five weeks)
and daily oral prednisone (PRED) for 28 days. Subse-
quently, they received consolidation chemotherapy for
22 weeks: CTX on days 52 and 102 and high-dose MTX
on days 74, 81, 124, and 131. VCR was given one hour
prior to each high-dose MTX. Finally, during mainte-
nance therapy (11 weeks), VCR and high-dose MTX
were given on days 174 and 216. Central nervous system
(CNS) prophylaxis on Regimen A included doses of in-
trathecal (IT) Ara-C on days 0, 1, 21, and 22, and IT
MTX on days 3 and 23. IT MTX, Ara-C and hydrocor-
tisone, referred to as TIT, was given on days 45, 73, 102,
123, 173, and 215. Thus, IT therapy was coordinated
with high-dose MTX on five occasions in an effort to
maintain therapeutic levels of MTX in the CSF for at
least 48 hours.

Patients on Regimen B (Figure 2) first received
fractioned CTX with VCR and doxorubicin (DOX) dur-
ing induction (or primary phase). Then, as soon as mu-
cosal recovery and returning marrow function (as evi-
denced by an absolute phagocyte count ofù500 per
microliter and a platelet count ofù100,000 per microli-
ter) were documented, sequential continuous infusions of
MTX and Ara-C were administered (infusion phase). A
course of therapy was defined as one cycle each of the
primary and infusion phase. A total of four courses of
therapy was given to each patient randomized to Regi-
men B, with the dosage of the Ara-C being doubled with
each succeeding course from an initial dose of 400 mg/
m2 to a maximum of 3.2 gm/m2. IT MTX and Ara-C
were given on two occasions during the initial induction
course (days 1 and 4) and one (day 1) with each subse-
quent course.

All therapy was completed within seven months on
both Regimens A and B. Second-look laparotomy was

TABLE I. Patient Characteristics at Presentation

Regimen A Regimen B

Median Age (Years) 9.0 8.5
Sex

Males 58 48
Females 7 10

Primary Site
Abdomen 61 53
Head/Neck 2 4
Mediastinum 2 1

Median LDH (IU/L) 806 898
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discouraged except to confirm persistent disease before
removing patients from study. No patients received ra-
diotherapy. As of 1988, all patients received tri-
methoprim-sulfamethoxisole three days per week for
prophylaxis againstPneumocystis cariniiinfection. He-
matopoietic growth factors were not utilized.

Evaluation Criteria

Intent to treat was utilized in all our analyses [4]. EFS,
the primary endpoint of this study, was measured from
the time of initial therapy. An event was defined as in-
duction death, progressive disease, relapse, death in re-

Fig. 1. Treatment Schema Regimen A.

Fig. 2. Treatment Schema Regimen B.
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mission, or second malignancy. Patients who did not
have an adverse event were censored at last contact. A
secondary goal of this study was to evaluate response.
Complete response (CR) was defined as the disappear-
ance of all evident disease by physical examination and
appropriate imaging studies. In addition, pleural and
peritoneal fluid collections had to be resolved and pa-
tients had to have recovered from treatment-induced mu-
cosal and bone marrow toxicities. Response was evalu-
ated after induction. Patients with small residual masses
after induction who were felt to be free of tumor by
clinical and biochemical parameters were designated as
being in ‘‘provisional CR’’, and continued on study un-
less there was histopathologic evidence of persistent
lymphoma or subsequent tumor progression. An analysis
of treatment toxicities and prognostic factors is also in-
cluded.

STATISTICAL CONSIDERATIONS

Our design called for a one-sided test asking if To-
tal-B therapy (Regimen B) was superior to the control
therapy (Regimen A) carried from POG 8106. Based on
a proportional hazards model, a study of 123 eligible
patients has at least 80% power [4] to detect a 20%
improvement in EFS from 65% (historical control), atP
4 5%, one-sided. The power to detect a 15% improve-
ment is at least 58%. The power numbers are exact if

failure after two years is deemed impossible, and is
higher if such failures can occur. The logrank test [5] was
specified for use in the protocol.

Comparisons of EFS and survival utilized the logrank
method [5], while comparison of achievement of a com-
plete response was conducted by the exact unconditional
Z-test [6]. These comparisons were one-sided, as speci-
fied in the protocol. Toxicity was compared by two-sided
exact unconditional Z-tests.

Prognostic factors were studied univariately by the
stratified logrank test [5], post stratifying for treatment.
A Cox forward stepwise analysis [7] was also conducted
with treatment forced into the model. Actuarial EFS
curves were constructed by the method of Kaplan-Meier
[8] with standard errors of Peto and co-workers [9]. Fi-
nally, a second look at the EFS comparison, stratified for
factors found in the Cox analysis, was taken.

RESULTS

Sixty-five patients were randomized to Regimen A,
and 58 patients to Regimen B. One patient (Regimen A)
refused therapy one day after registration. The cut-off
date for analysis was October 20, 1994.

CR and EFS

One hundred and seven patients achieved CR, for an
overall CR rate of 88% (Table II). CR was obtained by

Fig. 3. Event-free survival (EFS) for patients treated on the control arm (Regimen A) and total B therapy (Regimen B). EFS was measured
from time of initial therapy, utilizing the logrank method. EFS was superior for patients on total B therapy (P 4 0.027).
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52/64 (83%) of patients on Regimen A, and 55/58 (95%)
of patients on Regimen B (P 4 0.014). The two-year
EFS was 64% (SE4 6%) and 79% (SE4 6%) for
patients on Regimen A and B respectively (P 4 0.027)
(Fig. 3).

Relapse

All 19 patients who relapsed after achieving CR (ten
randomized to Regimen A, and nine to Regimen B) did
so within one year of diagnosis. Local recurrence ac-
counted for 6/10 relapses on Regimen A, and 7/9 relapses
on Regimen B, while primary bone marrow relapse was
noted in four patients on Regimen A, but none on Regi-
men B. Only two patients (<5%) experienced first relapse
in the CNS, both treated on Regimen B.

Prognostic Factors

No prognostic significance was found for sex, race,
age, presenting white blood cell count, or the presence of
pleural effusions (Table III). However, patients present-
ing with an LDH level of >500 IU/L fared significantly
worse than those with an initial LDHø500 IU/L (P 4
0.01) (Table III). Treatment arm and LDH at presentation
retained prognostic significance in multivariate analysis
(Table III).

Toxicity

Four patients suffered early death during induction
therapy. One patient, on Regimen A, died of septic shock
on day 10 of therapy, and one died with pneumonia on
day 10. Two patients on Regimen B died of metabolic
complications secondary to tumor lysis syndrome (one
on day 3, and one on day 7 of therapy). Four additional
patients required dialysis for reversible renal failure due
to tumor lysis syndrome.

As expected, the most frequent and predictable toxic-
ity was hematopoietic, which was nearly universal.
Grades 3 and 4 hematologic toxicities were noted for
74% of patients on Regimen A and 97% of patients on
Regimen B (P < 0.001). Regimen B also resulted in a
significantly higher rate of grades 3 and 4 infectious
complications (81% vs 51%,P 4 <.001) and stomatitis
(19% vs 6%,P 4 <.035). Regimen A on the other hand,

was shown to be more neurotoxic (17% vs 5%,P 4
.042), although persistent neurologic impairment has not
been encountered on either arm.

DISCUSSION

Over the past decade, several studies have reported
encouraging results in the treatment of advanced stage
childhood B-cell lymphomas [1,10–18]. Some of these
reports involve small numbers of patients, often from a
single institution, and therefore require confirmation in
multicenter trials. Our results are comparable to those
reported. For example, Schwenn et al [10], reported a
two-year actuarial EFS rate of 75% in 20 patients with
stage III and IV Burkitt lymphoma or B-cell acute lym-
phoblastic leukemia (ALL) treated with a two-month
chemotherapy regimen utilizing intensive CTX, high-
dose MTX, high-dose Ara-C, and VCR. Finlay et al [12],
utilizing an eight-drug regimen for 48–84 weeks, re-
ported an EFS of 76.7% in 30 children and adolescent
patients with ‘‘poor prognosis’’ non-lymphoblastic lym-
phoma, including both SNCC and large cell histologies.

In a non-randomized multicenter study organized by
the Children’s Cancer Group (CCG), 68 children with
disseminated, non-lymphoblastic lymphoma were treated
with a cyclic chemotherapy regimen including CTX,
VCR, DOX, and PRED (CHOP) plus IT chemotherapy.
This resulted in an EFS rate of 86% for patients with
stage III SNCCL and serum LDHø500 IU/L. However,
EFS was only 39% for those with either stage III disease
and LDH >500 IU/L, stage IV patients or B-ALL [17].
The Berlin-Frankfurt-Munster (BFM) Group, utilizing a
regimen consisting of dexamethasone, MTX, and IT
therapy in each course, plus ifosfamide, Ara-C and eto-
poside alternating with CTX and DOX [18] reported an
EFS of 79% for stage II patients (not resected) and stage
III patients. The French Pediatric Oncology Society
(SFOP) utilized high-dose fractioned CTX, high-dose
MTX, and continuous infusion Ara-C, as well as VCR,
DOX, and PRED with patients randomized to either four
months or seven months of treatment, and reported an
overall EFS for 167 patients with stage III disease of 80%
[11]. Finally, the United Kingdom Children’s Cancer
Study Group (UKCCSG) treated 44 patients with stage
III disease on either an eight-drug modified CHOP regi-
men, utilizing standard dose chemotherapy or a more
dose-intensive five-drug regimen similar in design to the
‘‘Total B’’ regimen of POG 8616 [14]. Chemotherapy in
the UKCCSG study was completed within six months.
An overall actuarial EFS of 76% was obtained, with no
difference between the two (eight vs five-drug) treatment
groups. However, since patients were not randomly as-
signed to either regimen, it is difficult to assess the role
of either drug schedule or dose intensity in the UKCCSG
study.

TABLE II. Treatment Comparison

Regimen A Regimen B

P-ValueN Failed Expected N Failed Expected

Achieve CRa 64 12 7.9 58 3 7.1 .014
EFSb 65 23 17.3 58 12 17.7 .027***
Survivalb 65 19 16.0 58 12 15.0 .14

aOne patient was inevaluable for response. One sided exact uncondi-
tional Z-test was employed.
bBy one-sided logrank test.
*** P-value, stratified for LDH over vs under 500;p 4 .012.
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POG 8616 was designed to prospectively compare
the best arm of the previous POG study (8106) (1)
with ‘‘Total-B’’ therapy, a regimen piloted from 1981 to
1985 at St. Jude Children’s Research Hospital (SJCRH)
(2). Comparison of the regimens shows a significantly
better remission rate and EFS for Total-B. The superior
EFS for Total-B, may, at least in part, be attributed to
the recommendation to commence each chemotherapy
cycle as soon as marrow recovery from the previous
cycle was confirmed, rather than administering the drugs
at fixed time intervals. The dose intensification undoubt-
edly also resulted in the significantly higher rate of he-
matologic toxicity and febrile episodes. The superior
EFS on Total-B was primarily due to the significantly
higher induction rate, suggesting that Total-B therapy
provides superior initial cytoreduction critical to the like-
lihood of cure.

Only two of the 107 patients who achieved CR suf-
fered an isolated CNS recurrence, suggesting that the
combination of intensive IT prophylaxis and infusions of
MTX and/or Ara-C, which penetrate the CNS, is highly
effective in preventing meningeal spread of lymphoma in
patients who do not have CNS (or bone marrow) involve-
ment at diagnosis.

The prognostic importance of tumor burden as evi-
denced by LDH level at presentation, was confirmed.
Other than treatment assigned and LDH, we were unable
to identify other prognostic variables within this group of
stage III patients.

The data reported here confirm, in a large randomized
multi-institutional trial, that eight out of ten young pa-
tients with stage III SNCCL can be cured with a short

(six month) intensive chemotherapy regimen. Based on
these results, and that of other investigators [10], we
intend to further reduce treatment duration. Further dose
intensification, and the addition of other effective agents,
such as ifosfamide and etoposide, combined with the use
of hematopoietic growth factors, may improve survival
for patients with stage III SNCCL beyond that reported in
this study, and is the subject of further randomized trials
in our group.

CONCLUSION

‘‘Total-B’’ therapy, which included fractionated CTX,
VCR, and doxorubicin, alternating with back-to-back
high-dose MTX and Ara-C, plus IT chemotherapy, was
superior to the POG’s previous best regimen for the treat-
ment of children and adolescents with stage III SNCCL.
Both regimens were effective in preventing CNS relapse.
The prognostic importance of tumor burden, as evi-
denced by LDH level at presentation, was confirmed.
Approximately 80% of pediatric patients with stage III
SNCCL can be cured with the short, intensive ‘‘Total-B’’
regimen.

ADDENDUM

Following completion of this manuscript, a single pa-
tient on Regimen B has suffered a late recurrence at the
primary tumor site 46 months after achieving CR. Al-
though one cannot be certain that this is not a second

TABLE III. Univariate Prognostic Factors for EFS

Factor

Negative Positive

P-Value*N Failed Expected N Failed Expected

Female 106 32 30.0 17 3 5.0 .33
Black Race 113 33 31.9 10 2 3.1 .52
LDH > 500 31 3 9.7 85 29 22.3 .010
LDH > 1000 62 17 17.5 54 15 14.5 .85
WBC > 1000 77 22 22.0 45 12 12.0 .99
Pleural Effusion 83 20 22.5 38 13 10.5 .34
Age > 5.00 Yrs 27 5 7.3 96 30 27.7 .33
Age > 10.00 Yrs 75 21 21.8 48 14 13.2 .79

*By two-sided log rank test, stratified for treatment.

Cox Stepwise Analysisa

Forcing Treatment in the Model

Adverse Variable Estimated Hazard Ratiob 95% Confidence Limits

Treatment A 260% 115%–587%
LDH > 500 425% 129%–1411%

aNo other variable entered model atP < .05.
bA hazard ratio estimate of 260% means that we estimate that the instaneous risk of
failure under the adverse factor is 260% of that under the favorable factor.
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malignancy, the histology is unchanged from that at ini-
tial diagnosis.
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