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Background: Burkitt’s lymphoma (BL) is a rare and rapidly progressive form of B-cell non-Hodg-

kin’s lymphoma. Cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate (CODOX-M)/

ifosfamide, etoposide and high-dose cytarabine (IVAC) is a highly effective alternating non-cross-

resistant regimen developed by Magrath et al. (Magrath I., Adde M., Shad A. et al. J Clin Oncol 1996;

14: 925–934) at the US National Cancer Institute. The aim was to confirm these results in a larger, inter-

national, multi-centre study using International Prognostic Index-based criteria to assign prognostic

groups, whilst slightly simplifying the protocol. 

Patients and methods: A phase II study where: (i) low risk (LR) patients were treated with three

cycles of modified CODOX-M; and (ii) high risk (HR) patients received treatment with four cycles of

alternating modified CODOX-M and IVAC chemotherapy. Target of 60 patients, fit for protocol treat-

ment, from 16 to 60 years of age with locally diagnosed, non-HIV-related, non-organ-transplant-related

BL.

Results: Results are given for 52 of 72 registered patients whose pathological eligibility was confirmed

by central pathology review: 12 LR plus 40 HR. The majority of patients (n = 41) completed protocol

treatment, but toxicity was severe, especially myelosuppression and mucositis. Overall, 2-year event-

free survival (EFS) was 64.6% (95% CI 50.4% to 78.9%) and 2-year overall survival (OS) was 72.8%

(95% CI 59.4% to 86.3%). For LR, 2-year EFS was 83.3% and OS was 81.5%. For HR, 2-year EFS was

59.5% and OS was 69.9%. 

Conclusions: This study confirms high cure rates with this CODOX-M/IVAC approach.
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Introduction

Burkitt’s lymphoma (BL) is a rare and rapidly progressive
form of B-cell non-Hodgkin’s lymphoma (NHL) that most
commonly occurs in males during childhood and young adult
life [1–3]. Burkitt’s lymphoma has a distinctive pathological
appearance associated with an 8:14 translocation which

results in over-expression of c-myc; these changes promote
mitosis such that virtually 100% of tumour cells are in cycle.

Burkitt-like lymphoma (B-LL) is a pathologically less well-
defined lymphoma sub-type that is sometimes described as being
associated with additional chromosomal translocations [1, 2,
4–8]. In the recent World Health Organization (WHO) Classi-
fication of Neoplasms of the Lymphoid System, B-LL has
been identified as a sub-type of Burkitt’s lymphoma [2].

Historically BL and B-LL have been treated together as dif-
fuse small non-cleaved lymphoma according to the Working
Formulation Classification [9]. In recent years, it has been
increasingly recognised that cure [event-free survival (EFS)
≥1 year] is possible in a large majority of these neoplasms if
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appropriate intensive (although relatively brief) intravenous
chemotherapy is given supplemented by intrathecal drugs.
Whilst these results were initially described in paediatric
series [10–18], recent series suggest that young adults can
achieve similar results [19–25].

Cyclophosphamide, vincristine, doxorubicin, high-dose
methotrexate (CODOX-M)/ifosfamide, etoposide and high-
dose cytarabine (IVAC) is an alternating non-cross-resistant
regimen developed at the National Cancer Institute. The treat-
ment of 20 adults and 21 children with small, non-cleaved NHL
achieved an overall 92% 2-year EFS rate (100% in adults)
[26]. It was decided to attempt to confirm these results in BL,
a more precisely defined neoplasm. This larger study [United
Kingdom Lymphoma Group (UKLG) LY06] planned to use
International Prognostic Index (IPI)-based criteria [27] to
divide patients into prognostic groups, whilst simplifying the
protocol in view of previous vincristine-related neuropathy.

Patients and methods

Study design

This prospective phase II study was initiated by the UKLG, co-ordinated

by the UK Medical Research Council’s Clinical Trials Unit (CTU),

London and funded by the Cancer Research Campaign. Clinicians from

the UK, Poland, the Australasian Leukaemia and Lymphoma Group

(ALLG) and Italy participated.

Registration entry criteria were broad in order to be as inclusive as pos-

sible. Eligible patients were aged from 16 to 60 years with non-HIV, non-

organ-transplant-related BL, not previously treated with chemotherapy or

radiotherapy and considered sufficiently physiologically and psycho-

logically fit to receive the treatment protocol. Patients with severe organ

dysfunction related to this diagnosis (most commonly acute renal failure)

were eligible and were permitted to receive a single cycle of pre-induction

low-dose chemotherapy [e.g. 50% dose cyclophosphamide, doxorubicin,

vincristine and prednisolone (CHOP)] to improve their clinical condition.

Appropriate ethical approval was gained for each centre, informed

consent was obtained and the trial adhered to the Declaration of Helsinki.

Following a diagnosis of BL from the local pathologist, patients were

evaluated urgently by physical examination with assessment of WHO

performance status and measurement of tumour diameters. Blood was

obtained for complete blood cell count (cbc), biochemical profile, lactate

dehydrogenase (LDH) and urate levels. In addition, a chest X-ray, com-

puted tomography of the chest, abdomen and pelvis, and bone scanning

were performed. Bone marrow aspirate and trephine were obtained and a

diagnostic lumbar puncture performed with instillation of intrathecal

cytarabine.

After investigation an Ann Arbor stage was obtained. Patients were

then allocated to a risk group on the basis of the age-adjusted prognostic

index modified by allocation of patients with bulky disease to the high risk

(HR) group. Thus, those patients with all of the following features were

regarded as low risk (LR): (i) normal LDH level; (ii) WHO performance

status of 0 or 1; (iii) Ann Arbor stage I–II; and (iv) no tumour mass ≥10

cm. All remaining patients were considered HR.

Patients were registered by contacting the CTU or ALLG, who sub-

sequently collected all data. Analyses were performed at the CTU.

Treatment
Prior to chemotherapy, patients commenced oral allopurinol followed by
intensive intravenous hydration; a standard anti-tumour lysis protocol was
initiated.

Low risk patients were treated with three cycles of modified CODOX-M
(protocol A); HR patients received treatment with four cycles of alternat-
ing modified CODOX-M and IVAC chemotherapy (protocol B) [26].

Therefore, all patients commenced protocol treatment with CODOX-M
(Table 1). Prior to the administration of high-dose methotrexate, creatin-
ine clearance had to be >50 ml/min (24-h urine collection or radioisotope
technique). Methotrexate was administered regardless of cbc. The infusion
was discontinued at 24 h regardless of the dose given. Leucovorin com-
menced 36 h after starting methotrexate infusion and continued until the
serum methotrexate level was <5 × 10–8 M. Filgrastim 5 µg/kg (or 1 × 263 µg
ampoule) was given sub-cutaneously from day 13 until the absolute gran-
ulocyte count was >1 × 109/l, when it was discontinued.

The second cycle was CODOX-M for LR patients and IVAC (Table 2)
for HR patients. This, and subsequent cycles, commenced the day that
absolute granulocyte count without growth factor support was >1 × 109/l
with an unsupported platelet count of >75 × 109/l. No dose modifications
were recommended based on the previous cycle’s degree or duration of
myelosuppression, but vincristine was omitted in the presence of motor
weakness, or the dose reduced to 1 mg in the present of severe sensory
symptoms.

All patients received CNS prophylaxis with high-dose intravenous
methotrexate (LR and HR) and intravenous cytarabine (HR only) sup-
plemented by intrathecal cytarabine and methotrexate. Patients with
proven CNS disease received intensified treatment with intrathecal
cytarabine 70 mg (or 15 mg if given via an Ommaya reservoir) on days
1, 3 and 5 of CODOX-M (cycle 1) and days 7 and 9 of IVAC (cycle 2)
supplemented by intrathecal methotrexate 12.5 mg (2 mg if given via an
Ommaya reservoir) on days 15 and 17 of CODOX-M (cycle 1) and day 5
of IVAC (cycle 2). For cycles 3 and 4 (HR patients only), the intrathecal
drug dosing reverted to that shown in Tables 1 and 2.

Evaluation of response
The primary end point was EFS, defined as progressive disease at any
time or death from any cause. Overall survival (OS) was an important
secondary endpoint. Additionally, patients were evaluated for response
using conventional criteria. Formal response evaluation took place 3–4
weeks following the final chemotherapy administration. Complete remis-
sion (CR) was defined as complete resolution of all evidence of lym-
phoma both clinically and radiologically. Partial remission (PR) implied a
>50% reduction in the sum of the product of the perpendicular diameters
of all measurable lesions. Progressive disease implied >25% increase in
the size of lesions as defined for PR. All remaining patients had no
response (NR). It was recommended that, following restaging, patients
received follow-up monthly for 4 months, then two monthly for 1 year,
with decreasing follow-up thereafter. After initial response evaluation, no
routine follow-up CT scans were recommended.

Pathology review
Sections from all cases were to be reviewed centrally. Slides were stained
by haematoxylin–eosin (H&E) and Giemsa techniques, and using the Ki-67
proliferation antigen. A diagnosis of BL was accepted when characteristic
morphology was present together with 100% nuclear labelling on Ki-67
stained slides [2]. During the course of this study, the category B-LL
was not accepted since this was not precisely defined and was liable to
subjective interpretation. No routine cytogenetics were performed on
tissue samples, as these were not routinely available at the time the proto-
col was written.
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Statistical considerations

A sample size of ∼60 patients meeting all the eligibility criteria, and

having a diagnosis of BL confirmed on independent pathological review,

was planned. Equal numbers of LR and HR patients were anticipated.
This number should generate sufficient events to allow 2-year EFS rate

estimation with standard error <7%.

Event-free survival and OS rates are displayed using Kaplan–Meier
curves with time starting from the date protocol chemotherapy began.
Estimates of EFS at a given time are displayed as a point estimate with the

95% confidence interval (CI) in parentheses. Exploratory analyses of a
limited number of potential prognostic factors were carried out in which

EFS rates were compared using the log-rank test; where categories were
ordered, the log-rank test for linear trend was used.

Table 1. Cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate (CODOX-M) regimena

aThis differs from the NCI 89-C-41 protocol only by the omission of an injection of vincristine (1.5 mg/m2) on day 15 [26].
bMethotrexate: methotrexate should only be given in the presence of normal serum creatinine for the patient’s age and a measured creatinine clearance 
of >50 ml/min. Commence methotrexate regardless of blood counts. Stop infusion at hour 24 regardless of dose given.
cLeucovorin: commence leucovorin at 36 h from start of methotrexate infusion. Continue leucovorin until the serum methotrexate level is <5 × 10–8 M. 
Leucovorin may be given orally after the first 24 h if patients are compliant, not vomiting and otherwise without complication.
dG-CSF: 5 µg/kg (1 × 263 µg ampoule) s.c. daily until absolute granulocyte count is ≥1 × 109/l. Discontinue G-CSF at this time.
AGC, absolute granulocyte count; G-CSF, granulocyte colony-stimulating factor; i.t., intrathecal; i.v., intravenous; p.o., by mouth; s.c., subcutaneous.

Day Drug Dose Method Time

1 Cyclophosphamide 800 mg/m2 i.v.

Vincristine 1.5 mg/m2 (max 2 mg) i.v.

Doxorubicin 40 mg/m2 i.v.

Cytarabine 70 mg i.t.

2–5 Cyclophosphamide 200 mg/m2 i.v. Daily

3 Cytarabine 70 mg i.t.

8 Vincristine 1.5 mg/m2 (max 2 mg) i.v.

10 Methotrexateb 1200 mg/m2 i.v. Over 1 h

240 mg/m2 i.v. Each hour over 23 h

11 Leucovorinc 192 mg/m2 i.v. At hour 36

12 mg/m2 i.v. Every 6 h until methotrexate level is <5 × 10–8 M

13 G-CSFd 5 µg/kg (or 1 × 263 µg ampoule) s.c. Daily until AGC >1 × 109/l

15 Methotrexate 12 mg i.t.

16 Leucovorin 15 mg p.o. 24 h after IT methotrexate

Commence next cycle on the day that unsupported absolute granulocyte count is >1.0 × 109/l, with an unsupported platelet count of >75 × 109/l.

Table 2. Ifosfamide, etoposide and high-dose cytarabine (IVAC) regimena

aThis does not differ from the NCI 89-C-41 protocol.
bEtoposide given in 500 ml of normal saline or 5% dextrose.
AGC, absolute granulocyte count; i.t., intrathecal; i.v., intravenous; p.o., by mouth; s.c., subcutaneous.

Day Drug Dose Method Time

1–5 Etoposideb 60 mg/m2 i.v. Daily over 1 h

Ifosfamide 1500 mg/m2 i.v. Daily over 1 h

Mesna 360 mg/m2 (mixed with ifosfamide) i.v. Over 1 h

then 360 mg/m2 i.v. 3 hourly (seven doses/24 h period)

1 and 2 Cytarabine 2 g/m2 i.v. Over 3 hours, 12 hourly (total of four doses)

5 Methotrexate 12 mg i.t.

6 Leucovorin 15 mg p.o. 24 h after i.t. methotrexate 

7 G-CSF
5 µg/kg
(or 1 × 263 µg ampoule)

s.c. Daily until AGC >1.0 × 109/l

Commence next cycle (CODOX-M) on the day that the unsupported absolute granulocyte count is >1.0 × 109/l, with an unsupported platelet count of 
>75 × 109/l.
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Results

Accrual and eligibility

The study accrued from October 1995 to June 1999. Patients
were registered by 45 consultants at 39 centres (range 1–20
patients; median 1). Because of the need to initiate protocol
treatment rapidly, it was made possible to register patients
after the start of chemotherapy. Of 72 patients registered for
the trial, 18 (25%) were registered on or before the first day of
chemotherapy, 42 (58%) within 7 days of starting chemother-
apy and the remaining 12 (17%) were registered before com-
pleting cycle 1.

Sufficient histological material for the essential independ-
ent central pathological review was available in 65 of 72
patients: a diagnosis of BL was confirmed in 52 (80%) cases.
The remaining patients (n = 13) were diagnosed on review as
cases of diffuse large B-cell lymphoma (DLBCL). Overall,
central pathology review disagreed with the local diagnosis in
20% of registered cases. The results presented here are for this
core group of 52 eligible BL patients.

Patient characteristics

Baseline characteristics are shown in Table 3. Twelve LR
patients were included: all IPI = 0. The primary site included
Waldeyer’s ring (n = 4), small bowel (n = 2), stomach (n = 1),
chest (n = 1), nasopharynx (n = 1) and peripheral lymph node
sites (n = 3). Forty HR patients were included. Four patients
(10%) were IPI = 0, but assigned the HR protocol based on
bulk disease. Disease was usually widespread at presentation;
however, the most common primary sites identified were ileo-
caecal (nine patients, 23%) and bone marrow (five patients,
13%). Sixteen HR cases (40%) had bone marrow involvement
from aspirate and/or trephine; 34 (85%) underwent evaluation
of cerebrospinal fluid (CSF) for cytological involvement with
lymphoma after lumbar puncture with three reporting posi-
tive. Four other HR patients were reported as having CNS
involvement, including two cranial nerve palsies (one CSF
positive, one not tested), one extra-dural mass and one with
CSF-positive, cranial nerve palsy and an extra-dural mass.
There were no cases of intra-cerebral mass. Twenty-six cases
(65%) were Ann Arbor stage IV.

Treatment

Low risk

Eleven patients (92%) completed the planned three cycles of
CODOX-M. The remaining patient suffered a toxic death after
two cycles. Five patients (42%) had all three cycles at full
dose. The drug most often reduced in the remaining patients
was methotrexate. The median cycle 1–2 interval was 22 days
(range 18–32) and cycle 2–3 was also 22 days (range 16–54).

High risk

Thirty patients (75%) completed the protocol-specified four
cycles of alternating CODOX-M/IVAC; five patients (13%)
received three cycles (reasons for stopping: one fatal disease
progression, one toxic death and one fatality recorded as pro-
gression and toxicity; one excess toxicity and one patient
changed treatment following local pathology revision to acute
lymphoblastic leukaemia—central pathology review dis-
agreed); three patients (8%) received two cycles (one fatal
disease progression, one toxic death and one stopped protocol
treatment following small bowel perforation with develop-
ment of multiple intra-abdominal collections of pus) and two
patients (5%) received one cycle (one toxic death, one fatality
from disease and toxicity).

Seventeen patients (43%) received all four cycles without a
reported reduction from protocol-specified dose. The most
commonly reduced drug was methotrexate during CODOX-M
and cytarabine (IV) during IVAC. The median cycle 1–2 inter-
val was 24.5 days (range 16–40), cycle 2–3 was 20 days (range
14–41) and cycle 3–4 was 27 days (range 18–41).

Toxicities

Toxicity was severe for all patients. All had WHO grade 3/4
white blood cell count toxicities and nearly all had WHO
grade 3/4 granulocyte toxicity. Figures 1 and 2 show the worst
toxicity grade experienced. During the entire treatment proto-
col, LR patients required 0–25 (median 0) platelet units and
0–32 days (median 17) of treatment with i.v. antibiotics. High
risk patients required 0–90 (median 8.5) platelet units and
0–67 days (median 19) antibiotics during chemotherapy. The
majority of patients on each regimen required blood product
support, especially HR patients; this may simply reflect that
they received more cycles of chemotherapy.

There was little evidence of late toxicity during follow-up:
one HR patient reported grade 3 neuropathy 3 months after
relapsing, relapse having occurred 4 months after completing
trial treatment. With regard to long-term fecundity: of 14
female patients aged <50 years at registration, three (one LR,
two HR) have subsequently reported a pregnancy; there have
been no reports of fatherhood amongst trial patients.

Response and survival

All BL patients (LR and HR)

Combining the results for the 52 LR and HR BL patients rep-
resents the overall risk-stratified approach of the protocol.
Forty patients (76.5%; 95% CI 64.8% to 88.1%) attained CR
and five attained PR. Overall 1-year EFS was 69.2% (95% CI
56.5% to 81.9%) and 2-year EFS 64.6% (95% CI 50.4% to
78.9%); 1-year OS was 75.0% (95% CI 63.1% to 86.8%) and
2-year OS 72.8% (95% CI 59.4% to 86.3%). Figure 3 shows
EFS and OS for all 52 BL patients, combined.
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Table 3. Baseline characteristics of patients (n = 52)

Due to rounding, percentages may not sum to 100%.

Low risk High risk Total

Count % Count % Count %

Age (years)

<21 4 33 5 13 9 17

21–30 3 25 7 18 10 19

31–40 2 17 9 23 11 21

41–50 1 8 7 18 8 15

>50 2 17 12 30 14 27

Median 26.5 38.0 35.0

Min–max 15–52 16–60 15–60

Sex

Male 10 83 20 50 30 58

Female 2 17 20 50 22 42

WHO performance status

0 10 83 11 28 21 41

1 2 17 9 23 11 22

2 0 0 13 33 13 25

3 0 0 5 13 5 10

4 0 0 1 3 1 2

Missing 0 – 1 – 1 –

Ann Arbor Stage

I 8 67 3 8 11 22

II 4 33 5 13 9 18

III 0 0 5 13 5 10

IV 0 0 26 67 26 51

Missing 0 – 1 – 1 –

Largest tumour mass

<10 cm diameter 12 100 18 46 30 59

≥10 cm diameter 0 0 21 54 21 41

Missing 0 – 1 – 1 –

Lactate dehydrogenase (LDH)

Normal 12 100 7 18 19 37

Raised 0 0 33 83 33 63

International Prognostic Index score (age-adjusted)

0 12 100 4 10 16 31

1 0 0 2 5 2 4

2 0 0 19 48 19 37

3 0 0 14 35 14 27

Missing 0 0 1 3 1 2

Total 12 100 40 100 52 100
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Low risk

The CR rate in LR patients was 83% (10 patients). Of the two
remaining patients, one (8%) died from sagittal sinus throm-
bosis (after cycle 2) that developed as a presumed non-specific
complication of intravenous chemotherapy (no further details
were available—relatives refused post-mortem) and one (8%)
progressed. This patient was initially salvaged with IVAC,
hyperfractionated total body irradiation and an allograft. How-
ever, he relapsed again 4 months later and died 12 months
after initial relapse.

The median follow-up time was 35.9 months (range 10–56
months). No patient achieving CR has relapsed: each was last
known to be alive and well, with no relapse events reported,
>6 months after starting chemotherapy.

Event-free survival at 1-year was 83.3% (95% CI 61.3% to
99.0%) and at 2-years 83.3% (95% CI 59.0% to 99.0%); OS
rate at 1-year was 91.7% (95% CI 75.3% to 99.0%) and at
2-years 81.5% (95% CI 56.1% to 99.0%). Figures 4 and 5
show EFS and OS for LR patients, respectively.

High risk

Twenty-nine (74%) HR patients attained CR after treatment,
including four patients who had less than four cycles of altern-
ating CODOX-M/IVAC treatment. Five patients (13%) had

PR, two (5%) NR and three died (7.5%) during chemotherapy:
all three reported disease as the primary cause of death,
although for two patients infection was implicated and one of
these also had Crohn’s disease. Five patients (12.5%) who
achieved CR have relapsed: four relapsed 3–9 months after
starting protocol chemotherapy, the other after 19 months.
This late-relapsing patient was last known to be alive 6 months
after relapse. One of the four early-relapsing patients was suc-
cessfully salvaged and was alive and well 3 years later. The
other three patients died <6 months after relapse. No patients
with NR or PD after chemotherapy were salvaged: none sur-
vived >6 months after treatment. However, three patients with
PR after chemotherapy achieved CR by their first follow-up
visit: two of whom had received no further therapy, whilst the
other had an extra CODOX-M cycle. Two of these three
patients were last known to be alive 40 and 45 months after
finishing protocol chemotherapy, respectively; the other
relapsed after 20 months, and was last known to be alive
6 months later.

The median follow-up time is 32 months (range 3–59).
Event-free survival at 1 year is 65.0% (95% CI 50.2% to
79.8%) and at 2 years is 59.5% (95% CI 43.0% to 76.0%); OS
at 1 year is 70.0% (95% CI 54.4% to 85.5%) and at 2 years is
69.9% (95% CI 52.3% to 87.5%). Figures 4 and 5 display EFS
and OS for HR patients.

Figure 1. Worst World Health Organization toxicity grade for low-risk patients (n = 12) during cyclophosphamide, doxorubicin, vincristine, high-dose 
methotrexate (CODOX-M). Other toxicities included one grade 3 renal failure and one grade 3 alopecia.
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Prognostic factors

The HR group reported here comprises one of the largest
groups of consistently treated BL patients in the literature and
provides an opportunity to examine prognostic factors, in par-
ticular the IPI index, not previously applied to BL patients.
This is still, however, a small sample on which to perform these
analyses: the findings are considered hypothesis-generating.

Table 4 shows estimates of 1-year EFS for subgroups within
this group of 40 patients. A trend was noted towards worsen-
ing EFS for older patients, for poorer IPI scores (at least in the
short term) and for bone marrow involvement.

Discussion

Burkitt’s lymphoma is a rapidly progressive and rare form of
NHL, comprising <1% of these cancers according to recent
series [4]. Burkitt’s lymphoma has been consistently iden-
tified by pathologists, using routine stains, in the multiple
classifications of lymphoid malignancy that have been
derived in the last 20 years [1, 2, 8]. Burkitt’s lymphoma is
characteristically associated with an 8;14 (or occasionally 2;8
or 8;22) chromosomal translocation that is associated with
over-expression of c-myc. These changes are thought to be of

great importance in the pathogenesis of this condition, associ-
ated as they are with marked increase in mitotic activity such
that virtually 100% of cells are in division [27, 28]. The Ki-67
(mib-1) stain used to confirm a diagnosis of BL in this series
identifies this mitotic activity and 100% staining of neoplastic
cells has been accepted in the recently described WHO classi-
fication as a necessary finding in patients with BL [2].

The literature relating to the treatment of adult BL is scant
and derived over a long period of time, and therefore, is diffi-
cult to interpret because of conflicting views about classifi-
cation, the probable inclusion of substantial numbers of the
less well-defined B-LL and wide variations in patient mix
(e.g. median age, incidence of bone marrow involvement).
Certainly the 20% rejection of cases in this series by review
pathology illustrates the difficulty of diagnosis of this con-
dition by non-expert pathologists. Many regimens have
been tested in adult BL, including a Stanford regimen [19],
ProMACE-based therapy [23], the French LMB protocols
[22, 24], and the German B-NHL [25] regimen. These series
cannot easily be compared (for the reasons cited above), but
report cure rates in the range 50–70%, often despite bone
marrow and CNS involvement [29, 30]. Salvage rates are poor
throughout.

Figure 2. Worst World Health Organization toxicity grade for high-risk patients (n = 40) during cyclophosphamide, doxorubicin, vincristine, high-dose 
methotrexate (CODOX-M)/ifosfamide, etoposide, high-dose cytarabine and intrathecal methotrexate (IVAC). Other toxicities were as follows: grade 3 
haemorrhage, one; grade 3 per vaginal bleeding, one; grade 3 lung toxicity, one; grade 3 sepsis, one; grade 4 sepsis, two; grade 4 constipation, one; 
and grade 3 alopecia, one.



1271

Figure 3. Overall and event-free survival for all patients (pts; n = 52).

Figure 4. Event-free survival for all patients (n = 52).



1272

Figure 5. Overall survival for all patients (n = 52).

Table 4. Estimate of 1-year event-free survival (EFS) for subgroups of high-risk patients (n = 40)

aHazard ratio (95% CI): 2.64 (0.94–7.43).
bHazard ratio (95% CI): 0.30 (0.08–1.16).
cInternational Prognostic Index score missing for one patient.
CI, confidence interval; df, degrees of freedom.

Variable n 1-year EFS (%) (95% CI) χ2 (df)
Log-rank P 
value

Age (years)

<30 11 72.7 (46.4–99.0)

30–49 17 70.6 (48.9–92.2)

≥50 12 50.0 (21.7–78.3) 4.28 (1) 0.1179

Marrow

Positive 16 43.8 (19.4–68.1)

Not positive 24 79.2 (62.9–95.4) 3.37 (1) 0.0663a

CNS involvement

Positive 5 100.0 (47.8–100.0)

Not positive 35 60.0 (43.5–76.5) 3.06 (1) 0.0802b

International Prognostic Index scorec

0–1 6 83.3 (53.5–99.0)

2 19 63.2 (41.5–84.9)

3 14 57.1 (31.2–83.1) 0.24 (1) 0.8852
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The NCI 89-C-41 [26] regimen on which this study was
based evolved from long experience of treating childhood
high-grade lymphoma with relatively prolonged CODOX-M
chemotherapy. IVAC was designed as a salvage regimen
which, when it proved moderately effective, was used as part
of initial therapy. In the series reported by Magrath et al. [26],
20 adults (five LR, 15 HR) all remained event-free with 1-year
minimum follow-up. Notably, all patients had small non-
cleaved lymphoma, but most were of non-Burkitt type (no
central pathology review was performed). The median age
was 24 years, compared with 35 years in this series; the latter
is likely to be more representative of the adult population with
this condition.

United Kingdom Lymphoma Group LY06 attempted to
confirm the  results of Magrath et al. [26] in a multi-group,
international setting in a more defined group. The combined
2-year EFS and OS of 65% and 73%, respectively, confirm the
high efficacy of this treatment regimen in this condition, with
cure possible despite CNS or bone marrow involvement.
Chemotherapy salvage after relapse was poor and subsequent
survival short, as described previously [31], with no obvious
role, currently, for high-dose chemotherapy according to this
limited data. Furthermore, it would not be possible to support
a previously described role for consolidation high-dose ther-
apy for patients in complete remission [32, 33] as relapse rates
were low (0% LR, 10% HR).

This regimen is highly toxic, short-term, particularly mani-
fest by myelosuppression and mucositis. Most patients (par-
ticularly with HR disease) required relatively prolonged in-
patient care; there was a significant toxic death rate. Almost
no long-term toxicity was apparent, with preliminary data
suggesting recovery of fertility, at least in females.

Prognostic factor analyses were limited by small patient
numbers, but indicated a trend to a worsening EFS with
increasing age and marrow involvement. Although the IPI
system had not been derived for this patient group the results
were not inconsistent with expectations: higher IPI scores
being associated with worse EFS.

A follow-on clinico-pathological study has been initiated
(CRC LY10) with broadened entry criteria: B-cell lymphoma
with 100% Ki-67 staining. An attempt will be made to obtain
fresh tissue, at presentation, for cytogenetics. Paraffin blocks
will be reviewed centrally with fluorescence in situ hybridisa-
tion (FISH) studies performed to demonstrate 8;14 and 14;18
translocations, where present. Efforts will be made to make
the pathological study all-encompassing by including all pro-
tocol-eligible patients, even if untreated, with the recruitment
of leukaemic and elderly patients. In an effort to further reduce
toxicity, methotrexate doses will be decreased, as will cytara-
bine in the elderly. This study should better define BL and
B-LL clinico-pathologically, and will evaluate the efficacy of
CODOX-M/IVAC in high-grade B-cell malignancy of any
type.

In summary, BL is a rare neoplasm of young adults which is
explosive in onset, often bulky and widespread at presenta-

tion, yet highly curable. This study demonstrated high cure
rates with CODOX-M/IVAC in an international patient group
which included only non-endemic BL using conventional his-
tological criteria.

Acknowledgements

The participating clinicians were as follows: Dr S. Al-Ismail,
Dr D.H. Bevan, Prof. P. Coser, Prof. D. Crowther, Dr D.
Cunningham, Dr J.M. Davies, Dr R. Doig, Dr E.J. Fitzsimons,
Dr M. Gobbi, Dr A. Goldstone, Dr A. Grigg, Dr C. Guarnaccia,
Dr C. Hatton, Dr D.C. Heaton, Dr J. Houghton, Dr G. Jackson,
Dr R. Johnson, Dr S. Kelsey, Dr M.S. Lewis, Prof. A. Lister,
Dr T.J. Littlewood, Dr R.M. Lowenthal, Dr P. Mackie, Dr A.
Manna, Dr C.J. McCallum, Dr J. McKendrick, Dr R. McLen-
nan, Dr G.M. Mead, Dr F. Merli, Dr D.W. Milligan, Prof. G.
Morgan, Prof. A.C. Newland, Dr P. Norbert, Dr I. Olver, Dr J.
Pattinson, Dr A. Porcellini, Dr C.H. Poynton, Prof. S. Proctor,
Dr J. Radford, Prof. G. Santini, Dr S. Schey, Dr A. Schwarer,
Dr J. Seymour, Dr S.R. Smith, Dr G. Smith, Dr M. Strevens,
Dr G. Summerfield, Dr J.A. Walewski, Dr J. Westwick; and
research support staff at all participating centres. 

Reference pathologists: Prof. D. Wright (throughout) and
Dr A. Jack (March 1999 to April 1999). Coordination: Cancer
Division, MRC Clinical Trials Unit (formerly the MRC
Cancer Trials Office, Cambridge). MRC statisticians: Prof D.
Machin (design–October 1997), Dr M.K.B. Parmar (October
1997 to March 1998), Dr P.M. Fayers (January 1998 to
September 1999), S.P. Stenning (May 1999–ongoing) and
Mr M.R. Sydes (January 1999–ongoing). MRC Trial Co-
ordinators/Clinical Trial Managers: Mrs D. Gibson (design–
July 1996), Dr S. Simnett (July 1996 to December 1997),
Mr M.R. Sydes (August 1997 to February 2001) and Mrs H.
Brooks (March 2001 to June 2001). ALLG Trial Co-ordinator:
J. Stone.

References
1. Harris NL, Jaffe ES, Stein H et al. A revised European–American

classification of lymphoid neoplasms: a proposal from the Inter-
national Lymphoma Study Group. Blood 1994; 84: 1361–1392.

2. Harris NL, Jaffe ES, Diebold J et al. The World Health Organization
classification of neoplastic diseases of the hematopietic and lym-
phoid tissues. Ann Oncol 1999; 10: 1419–1432.

3. Wright DH. What is Burkitt’s lymphoma and when is it endemic?
Blood 1999; 93: 758–759.

4. The Non-Hodgkin’s Lymphoma Classification Project. A clinical
evaluation of the International Lymphoma Study Group classifica-
tion of non-Hodgkin’s lymphoma. Blood 1997; 89: 3909–3918.

5. Lones MA, Auperin A, Raphael M et al. Mature B-cell lymphoma/
leukemia in children and adolescents: intergroup pathologist consen-
sus with the revised European–American lymphoma classification.
Ann Oncol 2000; 11: 47–51.

6. Macpherson N, Lesack D, Klasa R et al. Small non-cleaved, non-
Burkitt’s (Burkitt-like) lymphoma: cytogenetics predict outcome and
reflect clinical presentation. J Clin Oncol 1999; 17: 1558–1567.



1274

7. Hutchison RE, Finch C, Kepner J et al. Burkitt lymphoma is immuno-
phenotypically different from Burkitt-like lymphoma in young
persons. Ann Oncol 2000; 11 (Suppl 1): S35–S38.

8. Braziel RM, Arber DA, Slovak ML et al. The Burkitt-like lympho-
mas: a Southwest Oncology Group study delineating phenotypic,
genotypic, and clinical features. Blood 2001; 97: 3713–3720.

9. The Non-Hodgkin’s Lymphoma Pathologic Classification Project.
National Cancer Institute sponsored study of classifications of non-
Hodgkin’s lymphoma. Cancer 1982; 49: 2112–2135.

10. Murphy SB, Bowman WP, Abromowitch M et al. Results of treat-
ment of advanced-stage Burkitt’s lymphoma and B-cell (SIg+) acute
lymphoblastic leukemia with high-dose fractionated cyclophos-
phamide and coordinated high-dose methotrexate and cytarabine.
J Clin Oncol 1986; 4: 1732–1739.

11. Patte C, Philip T, Rodary C et al. Improved survival rate in children
with stage III and IV B-cell non-Hodgkin’s lymphoma and leukemia
using multi-agent chemotherapy: results of a study of 114 children
from the French Pediatric Oncology Society. J Clin Oncol 1986; 8:
1219–1226.

12. Patte C, Bernard A, Hartmann O et al. High-dose methotrexate and
continuous infusion Ara-C in childhood NHL. Pediatr Hematol
Oncol 1986; 3: 11–18.

13. Patte C, Philip T, Rodary C et al. High survival rate in advanced-stage
B-cell lymphomas and leukemias without CNS involvement with a
short intensive polychemotherapy: results from the French Pediatric
Oncology Society of a randomized trial of 216 children. J Clin Oncol
1991; 9: 123–132.

14. Schwenn M, Blattner SR, Lynch E et al. HiC-Com: a 2-month intens-
ive chemotherapy regimen for children with stage III and IV Burkitt’s
Lymphoma and B-cell acute lymphoblastic leukemia. J Clin Oncol
1991; 9: 133–138.

15. Reiter A, Schrappe M, Ludwig W-D et al. Favourable outcome of
B-cell acute lymphoblastic leukemia in childhood: a report of the
three consecutive studies of the Berlin–Frankfurt–Münster Group.
Blood 1992; 80: 2471–2478.

16. Reiter A, Schrappe M, Parwaresch R et al. Non-Hodgkin’s lympho-
mas of childhood and adolescence: results of a treatment stratified for
biologic subtypes and stage—a report of the Berlin–Frankfurt–
Münster Group. J Clin Oncol 1995; 13: 359–372.

17. Gasparini M, Rottoli L, Massimino M et al. Curability of advanced
Burkitt’s lymphoma in children by intensive short-term chemo-
therapy. Eur J Cancer 1993; 29A: 692–698.

18. Atra A, Imeson JD, Hobson R et al. on behalf of the UKCCSG.
Improved outcome in children with advanced stage B-cell non-
Hodgkin’s lymphoma (B-NHL): results of the United Kingdom
Children Cancer Study Group (UKCCSG) 9002 protocol. Br J
Cancer 2000; 82: 1396–1402.

19. Bernstein JL, Coleman CN, Strickler JG et al. Combined modality
therapy for adults with small noncleaved cell lymphoma (Burkitts
and non-Burkitt’s types). J Clin Oncol 1986; 4: 847–858.

20. Lopez JM, Hagemeister FB, McLaughlin P et al. Small non-cleaved
cell lymphoma in adults: superior results for stages I–III disease.
J Clin Oncol 1990; 8: 615–622.

21. Straus DJ, Wong GY, Liu J et al. Small non-cleaved-cell lymphoma
(undifferentiated lymphoma, Burkitt’s type) in American adults:
results with treatment designed for acute lymphoblastic leukemia.
Am J Med 1991; 90: 328–337.

22. Philip T, Meckenstock R, Deconnick C et al. Treatment of poor prog-
nosis Burkitt’s lymphoma in adults with the Société Française
d‘Oncologie Pédiatrique LMB protocol: a study of the Federation
Nationale des Centres de Lutte Contre le Cancer (FNLCC). Eur
J Cancer 1992; 28A: 1954–1959.

23. Longo DL, Duffey PL, Jaffe ES et al. Diffuse small non-cleaved-cell,
non-Burkitt’s lymphoma in adults: a high grade lymphoma respons-
ive to ProMACE-based combination chemotherapy. J Clin Oncol
1994; 12: 2153–2159.

24. Soussain C, Patte C, Ostronoff M et al. Small non-cleaved cell
lymphoma and leukemia in adults. A retrospective study of 65 adults
treated with the LMB pediatric protocols. Blood 1995; 85: 664–674.

25. Hoelzer D, Ludwig W-D, Thiel E et al. Improved outcome in adult
B-cell acute lymphoblastic leukemia. Blood 1998; 87: 495–508.

26. Magrath I, Adde M, Shad A et al. Adults and children with small non-
cleaved-cell lymphoma have a similar excellent outcome when
treated with the same chemotherapy regimen. J Clin Oncol 1996; 14:
925–934.

27. Shipp MA, Harrington DP, Andersen JR et al. A predictive model for
aggressive non-Hodgkin’s lymphoma. N Engl J Med 1993; 329: 987–
994.

28. Hecht JL and Aster JC. Molecular biology of Burkitt’s lymphoma.
J Clin Oncol 2000; 18: 3707–3721.

29. Sandlund JT, Murphy SB, Santana VM et al. CNS involvement in
children with newly diagnosed non-Hodgkin’s lymphoma. J Clin
Oncol 2000; 18: 3018–3024.

30. Gururangan S, Sposto R, Cairo MS et al. Outcome of CNS disease at
diagnosis in disseminated small noncleaved-cell lymphoma and
B-cell leukemia: a Children’s Cancer Group Study. J Clin Oncol
2000; 18: 2017–2025.

31. Thomas DA, Cortes J, O’Brien S et al. Hyper-CVAD program in
Burkitt’s type adult acute lymphoblastic leukemia. J Clin Oncol
1999; 17: 2461–2470.

32. Troussard X, Leblond V, Kuentz M et al. Allogenic bone marrow
transplantation in adults with Burkitt’s lymphoma or acute lympho-
blastic leukemia in first complete remission. J Clin Oncol 1990; 8:
809–812.

33. Sweetenham JW, Pearce R, Taghipour G et al. for the European
Group for Blood and Marrow Transplantation Lymphoma Working
Party. Adult Burkitt’s and Burkitt-like non-Hodgkin’s lymphoma—
outcome for patients treated with high-dose therapy and autologous
stem-cell transplantation in first remission or at relapse: results from
the European Group for Blood and Marrow transplantation. J Clin
Oncol 1996; 14: 2465–2472.


