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Abstract

Older patients with Burkitt lymphoma/leukemia (BL) have inferior outcomes. Because
cyclophosphamide is highly active in BL and can be dose-escalated without stem-cell rescue, we
designed a short, cyclophosphamide-intensive regimen without anthracyclines for patients aged
>30 with untreated, non-HIV-associated BL/atypical BL. Two cycles involving cyclophosphamide
1500 mg/m2, vincristine, rituximab, prednisone, methotrexate 3 g/m?, and intrathecal cytarabine
were delivered 2 weeks apart, followed by intensification with high-dose cyclophosphamide (50
mg/kg/day for 4 days) and rituximab. Of 21 patients, median age 53 (range, 34-75), 71% had
stage 1V, 95% were high-risk and 29% had performance status 3—-4. Response occurred in all
evaluable patients post-cycle 2 and in 76% post-intensification. Five non-relapse deaths occurred
(four before intensification). The estimated 1-year and 3-year event-free survival was 52%; 1-year
and 3-year overall survival was 57%. Seventeen (81%) received intensification (median 30 days to
intensification). Brief, anthracycline-sparing, intensive cyclophosphamide (BASIC) therapy yields
durable remissions in poorer-risk BL/atypical BL.
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Introduction

Burkitt lymphoma/leukemia (BL) and B-cell lymphoma, unclassifiable, with features
intermediate between diffuse large B-cell lymphoma and BL (atypical BL) are rare, highly
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aggressive neoplasms that are potentially curable with intensive, multiagent systemic and
central nervous system (CNS) directed therapies. Regimens for sporadic or atypical BL cure
most pediatric and young adult patients, but older individuals are underrepresented in this
literature [1-4]. Moreover, older individuals tend to have inferior outcomes attributed in part
to toxicities and resulting delays in scheduled therapy [3-6]. Age-related variations in
disease biology, while incompletely defined, also likely contribute to the outcome
differences seen in children and very young adults, as compared to older individuals, treated
with the same or similarly intensive regimens [1,4]. In an LMB (Mature B-cell Lymphoma)
study for adult BL, even age = 33 was associated with shorter survival [5]. Thus, more
effective and tolerable regimens are needed for older individuals with these diseases.

Cyclophosphamide is among the most active agents in BL where, remarkably, it can produce
durable remissions as a single agent [7,8]. In transplant and in a variety of other settings, it
has been repeatedly demonstrated that cyclophosphamide can be safely dose-escalated, and
that even at the highest tolerable doses, hematopoiesis rapidly and predictably reconstitutes
[9-13]. In contrast to cyclophosphamide, the importance of anthracyclines in BL has never
been clearly established, and particularly in children, excellent results have been reported
with intensive regimens without anthracyclines [14,15]. We hypothesized that
cyclophosphamide intensification in BL or atypical BL might reduce the need for other
cytotoxic agents and shorten treatment duration, thus potentially improving safety without
compromising cure rates in older patients. We report the results of a pilot trial of a new
approach to BL or atypical BL in older adults that involves brief, anthracycline-sparing,
intensive cyclophosphamide (BASIC) therapy.

Materials and methods

Patients

An investigator-initiated, single-arm, pilot phase 2 trial was conducted at Johns Hopkins
University (21 patients) and Hahnemann University (two patients) from 2005 to 2010
(http://www.clinicaltrials.gov, NCT00133991). The individual institutional review boards
approved the study, and all participants gave written informed consent.

Entry requirements consisted of patients aged = 30 years with newly diagnosed classic BL
or unclassifiable B-cell lymphoma/leukemia with features intermediate between diffuse
large B-cell lymphoma and BL per World Health Organization criteria (previously termed
atypical Burkitt or Burkitt-like lymphoma) [16]. Patients with human immunodeficiency
virus (HIV) infection, known significant cardiac dysfunction or irreversible renal
dysfunction were excluded; acute renal failure, even if necessitating dialysis, was permitted.
Treatment could begin while awaiting HIV testing. Prior treatment was limited to steroids,
two doses of intrathecal (i.t.) chemotherapy and surgical resection. No restrictions were
placed on performance status or disease extent.

BASIC treatment plan

Cycles 1 and 2 each consisted of cyclophosphamide, vincristine, prednisone and rituximab
with CNS prophylaxis or treatment (Table I). The cycle length was 14 days, contingent upon
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absolute neutrophil count (ANC) recovery to = 500/uL and completion of leucovorin rescue.
The specified regimen was cyclophosphamide 1500 mg/m? intravenously (i.v.) day 1;
vincristine 1.4 mg/m? (2 mg cap) i.v. day 1; prednisone 100 mg by mouth days 1-5;
rituximab 375 mg/m? i.v. days 1 and 8; methotrexate 3 g/m? i.v. day 8 with leucovorin
rescue; cytarabine 100 mg intrathecally (i.t.) on days 1, 4, 8 and 11; and filgrastim. To
prevent delay in cytotoxic chemotherapy, cycle 1, day 1 rituximab was given after
completion of cyclophosphamide and vincristine. To reduce acute toxicity, the protocol was
amended to permit delay or omission of the first rituximab. In cases of significant
lymphocytosis, rituximab could also be administered in divided doses. Tumor lysis
syndrome prophylaxis followed standard practice, including aggressive hydration, serial
laboratory monitoring, allopurinol and/or rasburicase and phosphate binders.

Intensification with cyclophosphamide was due on day 15 of cycle 2. This consisted of
rituximab day 1; high-dose cyclophosphamide (50 mg/kg i.v. daily, days 2-5) without stem-
cell rescue; filgrastim; and, when the ANC was = 1000/uL, once-weekly rituximab for 4
weeks (Table ). High-dose cyclophosphamide could be given in a specialized outpatient
setting.

Eligibility criteria for cyclophosphamide intensification consisted of absence of disease
progression; Eastern Cooperative Oncology Group (ECOG) performance status < 4;
ANC=500/pL; last filgrastim = 24 h beforehand; completion of leucovorin rescue; cardiac
ejection fraction = 40%; not on dialysis; and transaminases < 5 times the upper limit of
normal.

The same regimen of intrathecal chemotherapy and high-dose methotrexate was utilized for
prophylaxis and treatment of CNS disease. In addition, patients with CNS involvement were
to continue twice-weekly i.t. cytarabine during treatment delays and to receive maintenance
i.t. therapy after CNS clearance (per Table I). Radiation therapy was permitted.

Antibiotic prophylaxis during cycles 1 and 2 included ciprofloxacin from day 8 and
Pneumocystis jiroveci prophylaxis. Prophylaxis during intensification included fluconazole,
norfloxacin or ciprofloxacin, and Pneumocystis jiroveci and herpesvirus prophylaxis.

Diagnostic tissue was centrally reviewed by a Johns Hopkins hematopathologist in all cases.
The presence of a MYC-immunoglobulin gene (MYC-IG) translocation was determined by
conventional cytogenetics or interphase fluorescence in situ hybridization (FISH). FISH
analysis for t(8;14) in most cases included probes for a MYC breakaway (8g24.1;var) and
t(8;22). BCL2 expression was assessed by immunohistochemistry. FISH for t(14;18) was
not routinely performed. Per the Magrath criteria, low-risk disease was defined as a single
extraabdominal mass or completely resected abdominal disease and a normal lactate
dehydrogenase; all other presentations were considered high-risk [2].

Toxicities were graded by National Cancer Institute Common Terminology Criteria, version
3.0 [17], with censoring upon relapse. To identify patients with relapsed or progressive
disease, disease status was assessed before cyclophosphamide intensification by computed
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tomography (CT) and by bone marrow biopsy and lumbar puncture if previously abnormal.
Formal response was assessed following high-dose cyclophosphamide using the 2007
International Working Group (IWG) criteria [18], with 18F-fluorodeoxyglucose positron
emission tomography (}F-FDG PET)/CT performed in 16/17 cases. Imaging was reviewed
by one nuclear medicine specialist for reporting purposes.

The primary objectives were to estimate response rate and 1-year event-free and overall
survival, and to describe feasibility and safety. The study aimed to accrue = 20 evaluable
patients, based upon 82% power (two-sided alpha, 0.05) to detect an absolute 20%
improvement in 1-year overall survival compared to an estimated historical rate from the
literature of 50% [6,19]. A composite endpoint of death or failure to reach complete
remission (CR) was utilized for early monitoring.

Event-free survival (EFS) was defined as time to progression or relapse, myelodysplasia or
acute leukemia, death or last evaluation. Survival was estimated using the Kaplan-Meier
method and compared by the log-rank test. Hazard ratios (HRs) were estimated using Cox
proportional hazards models. Cumulative incidences of relapse and non-relapse mortality
were estimated by competing-risk analysis using Gray's method [20], wherein non-relapse
mortality was a competing risk for relapse and relapse was a competing risk for non-relapse
mortality. A description of predictive factors was prespecified. Outcomes until 19 January
2012 are reported.

Patient characteristics

Efficacy

Twenty-one evaluable patients, median age 53 (range, 34-75), were accrued (Table I1). Two
additional participants were withdrawn because HIV testing returned positive. This was a
poor-risk cohort, with 52% being over age 50, 81% having extranodal disease (including
14% with known CNS disease), 95% being high-risk by the Magrath criteria, and 29%
presenting with a performance status of 3 or 4. Two patients presented with spinal cord
compression, three had early acute renal failure managed with hemodialysis, one had
preexisting sepsis and hypoxemia, one had a recent acute coronary syndrome, and one had a
diverting colostomy for bowel obstruction due to lymphoma.

With a median follow-up of 52 months (range, 15-72 months) in patients without events,
12/21 patients are alive, 11 without relapse. For all eligible patients, the actuarial 1-year and
3-year EFS was 52% (95% confidence interval [Cl], 35—-79%) after treatment initiation
[Figure 1(A)]. The estimated 1-year and 3-year overall survival was 57% (95% CI, 40-83%)
[Figure 1(A)]. At 6 months and beyond, the cumulative incidences of relapse and non-
relapse mortality were each 24%, with all events occurring < 5 months after treatment
initiation.
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After two cycles, 17 patients were evaluable for early response. Of these, eight (47%) had
CR, eight (47%) had CR unconfirmed (CRu), one (6%) had partial remission (PR), and none
had stable, relapsed or progressive disease by CT-based criteria [21]. The other patients
were inevaluable because of death (n = 3) or insufficient imaging (n = 1).

Four patients (age range, 59-75) did not receive cyclophosphamide intensification due to
early non-relapse death or comorbidities. Seventeen of 21 patients (81%) received and
completed cyclophosphamide intensification (median age 49, range 38-65), of whom 11
(65%) had CR, two (12%) had PR and four (24%) had relapsed or progressive disease on
post-treatment assessment by the 2007 IWG criteria [18]. Following high-dose
cyclophosphamide, the estimated 1-year and 3-year EFS was 65% (95% ClI, 46-92%) and
the estimated 1-year and 3-year overall survival was 71% (95% CI, 52-96%) [Figure 1(B)].

Of the 11 patients with CR after cyclophosphamide intensification, 10 remain alive in
continued remission 14—71 months (median, 56 months) after high-dose cyclophosphamide.
Of the two patients in PR after cyclophosphamide intensification, one remains in remission
after consolidative radiation therapy and the other, whose disease rapidly progressed, is in
CR 4 years after myeloablative, matched sibling donor transplant. The remaining four
patients with relapsed or progressive disease after high-dose cyclophosphamide (all of
whom had achieved CR or CRu by CT-based criteria prior to intensification) died from
lymphoma, one despite myeloablative, haploidentical transplant.

Descriptive analyses

For descriptive purposes, outcomes according to presenting features are shown in Figures
1(C)-1(E). On unadjusted analysis, patients with classic BL had a tendency toward better
EFS than those with atypical BL [estimated EFS at 1 year and beyond, 73% vs. 38%, p =
0.13; Figure 1(C)] and tended to be younger (median age 42 vs. 56; p = 0.009 by Wilcoxon's
test). The estimated 1-year and longer-term EFS of the six patients with stage I-I1 disease,
all having an International Prognostic Index of < 2, was 100%, vs. 33% in advanced-stage
patients [p = 0.01; Figure 1(D)]. Compared to patients aged < 50, patients aged > 50 had a
tendency toward an inferior EFS (36% vs. 70% at 1 year and beyond for age > 50 and < 50,
respectively, p = 0.10; HR 3.0, 95% CI, 0.8-11.5) and overall survival (36% vs. 80%, p =
0.04; HR 4.4, 95% Cl, 0.9-21.3) on unadjusted analysis [Figure 1(E)]. Of the six patients
aged > 60, four had non-relapse deaths and two are alive with durable CRs.

Of the five patients who relapsed or progressed, all had stage IV disease, including three
who presented with known CNS involvement (Table I11). Of the two with a documented
“double-hit” lymphoma [2,22], one (with MYC and BCL6 translocations) had primary
progressive disease after cyclophosphamide intensification, and one (with MYC and BCL2
translocations) remains in CR at 52 months. An additional patient with atypical BL having
t(8;14) and BCL2 expression, but in whom t(14;18) was inevaluable by FISH, remains in
CR at 62 months.
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The median time between start of therapy and cyclophosphamide intensification was 30
days (range, 28-40).

There were five treatment-related deaths, of which four occurred in cycle 1 or 2 (Table II1I).
Three patients died during cycle 1: a 59-year-old from acute tumor lysis syndrome on day 1,
in the face of overwhelming disease volume; a 75-year-old from neutropenic sepsis on day 8
(having sepsis and pneumonia on initial presentation); and a 69-year-old from multiorgan
failure with fungemia on day 46, preceded by respiratory arrest of unclear etiology on day
20 and protracted methotrexate toxicity. One additional patient, age 63, did not receive high-
dose cyclophosphamide because of comorbidities during cycles 1-2, including delirium and
pneumonia preceded by grade 4 neutropenic sepsis, and died in hospice.

Six patients (29%) either presented with or developed acute tumor lysis syndrome upon
treatment initiation. Three of these received hemodialysis. Effusions, renal failure,
hyperbilirubinemia and concurrent brain radiation led to omission of high-dose methotrexate
in 9/37 (24%) cycles. The first rituximab dose was omitted in one case and given in divided
doses in four cases.

The median time between cycles 1 and 2 was 14 days (range, 14-21). Likewise, the median
time between cycle 2 and cyclophosphamide intensification was 14 days (range, 14 — 22).
Grade 4 neutropenia (ANC < 500/uL) occurred in 17/20 evaluable patients (85%) during
cycle 1 and in 14/18 (78%) during cycle 2. In cycles 1 and 2, a total of nine documented
episodes of grade 3 infection (seven neutropenic) and two episodes of grade 4 infection
(both neutropenic) occurred, all of which resolved.

Hematopoietic recovery after completion of high-dose cyclophosphamide was brisk and
universal. The median time to a sustained ANC = 500/uL was 16 days (range, 10-21). The
median time to a sustained platelet count = 20 000/pL, without transfusion in the preceding
week, was 22 days (range, 0-31). Most patients required red blood cell and platelet
transfusions.

During or immediately following cyclophosphamide intensification, there were no life-
threatening infections save for one associated with late-onset neutropenia as described
below. All nine episodes of grade 3 infection (five neutropenic) resolved, including a case of
varicella zoster virus meningitis 3.6 months after high-dose cyclophosphamide. Of the 11
patients who received outpatient high-dose cyclophosphamide, six had hospitalizations,
most commonly for infection.

Mucositis was less than grade 3. Other toxicities included grade = 3 sensory and/or motor
neurotoxicity in five patients: four with grade 3 neurotoxicity, and one with grade 4
ischemic stroke (having a history of stroke) preceded by a grade 3 axonal and demyelinating
polyneuropathy. Additionally, there was a case of self-limited grade 3 pericarditis
attributable to cyclophosphamide and a case of grade 3 anasarca with contrast nephropathy.

Following neutrophil recovery, seven episodes of grade = 3 neutropenia (ANC < 1000/uL)
without apparent cause (such as infection) were documented in 6/17 patients (35%) at a
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median of 7.2 months (range, 2.6-11.8) after high-dose cyclophosphamide completion. This
includes a case of fatal, late neutropenic sepsis (2.6 months after cyclophosphamide
completion) in a 65-year-old debilitated by a stroke. The other episodes carried no major
clinical consequences. The frequency of late-onset neutropenia (attributable in part to
rituximab) [23] may be underestimated, as this often occurred beyond the period of intensive
laboratory monitoring. No treatment-related myelodysplastic syndrome or acute leukemia
has been diagnosed.

Discussion

High CR rates have been achieved in older adults with BL or atypical BL with a number of
intensive approaches [1-3,24]. However, relapse and toxicity remain as significant problems
in older patients [1,3,6]. Modifications of standard intensive BL regimens have been
suggested to overcome often prohibitive toxicities [1,24,25]. In this older patient cohort
(30% were over age 60), including patients with poor performance status (29% had a
performance status of 3 or 4) and substantial comorbidities, this very intensive but brief
regimen was associated with a 57% overall survival at 1 year. The outcomes are
encouraging given the poor-risk nature of this cohort. The entry criteria were broad, with
very few restrictions on organ dysfunction and no restrictions placed on performance status,
maximum age, disease extent including CNS disease, or concurrent infection. These patients
therefore seem representative of the patients actually encountered in practice. Nevertheless,
the planned dose intensity was achievable, and 81% of eligible patients were able to
complete treatment.

While there is a general consensus that older patients with BL have worse outcomes, there is
no universally agreed-upon definition of an “older” patient with BL [4]. In a study of
hyperCVAD (hyperfractionated cyclophosphamide, vincristine, cytarabine, doxorubicin),
the estimated 3-year overall survival was 77% for patients aged < 60 and 17% for those aged
> 60 [19]. In a Cancer and Leukemia Group B trial, patients aged > 50 were more than twice
as likely to not complete therapy and had greater incidences of disease progression, toxicity
and death [6]. The tendency toward worse outcomes with greater age may reflect tumor
biology, reduced ability to tolerate toxicities and/or altered drug metabolism. The patients in
our study with atypical BL tended to have worse outcomes than those with classic BL,
potentially due to their significantly older age, worse biology, or the relative importance of
anthracyclines in atypical as compared with classic BL.

Cyclophosphamide spares the early hematopoietic stem cells responsible for bone marrow
reconstitution, and thus at high doses (50 mg/kg/day for 4 days) is lymphoablative but not
fully myeloablative [12,13]. Phase 2 studies have demonstrated that transplant doses of
cyclophosphamide can be administered without the need for stem-cell rescue, eliminating
the problem of tumor reseeding from a contaminated autograft [9-11]. Moreover, when used
as a single agent in lymphomas and autoimmune disorders, high-dose cyclophosphamide
was associated with few serious side effects other than brief, transient cytopenias and a very
low mortality [9-11]. In the present study, four out of five treatment-related deaths occurred
during the conventional-dose therapy, prior to high-dose cyclophosphamide, and the one
death afterward was associated with late-onset neutropenia and thus possibly related to
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rituximab [23]. Thus, the duration of aplasia (similar to autologous transplant) and low
treatment-related mortality after high-dose cyclophos phamide was in keeping with previous
experiences. Because of its toxicity profile, treatment intensification with high-dose
cyclophosphamide can be pursued safely in older patients and importantly does not preclude
salvage autologous or allogeneic transplant.

Few prospective studies of rituximab-containing regimens for BL have been published
[3,26-30]. These studies suggest that it is feasible to integrate rituximab safely both in the
non-HIV and HIV settings, including in the CODOX-M/IVAC (cyclophosphamide,
vincristine, doxorubicin, methotrexate, ifosfamide, etoposide, cytarabine) regimen [26,28].
Rituximab has single-agent activity in BL [29], in which some [3,26] but not all [31]
retrospective comparisons suggest it reduces relapse. However, rituximab may also
complicate the initial management of high-grade disease. Given the risk of first-dose
reactions in patients who may be clinically and metabolically unstable, this protocol
mandated that the first rituximab dose be given after cyclophosphamide and vincristine.

In this study, five of 11 patients aged > 50 had a non-relapse death, and all five non-relapse
deaths occurred in patients aged = 59. Because the entry criteria were very liberal, such that
a number of participants might not have ordinarily been considered clinical trial candidates,
differentiating toxicities of this investigational regimen from general chemotherapeutic
toxicities can be difficult. At least two of the four deaths that occurred during conventional-
dose therapy (acute tumor lysis syndrome; neutropenic sepsis) may have occurred regardless
of the specific regimen. Nevertheless, the toxicity of this regimen may be problematic in
older patients with a marginal performance status or serious comorbidities, and continued
efforts to reduce toxicity in such patients would be important. For example, some regimens
for high-grade malignancies incorporate a “prephase,” such as fractionated
cyclophosphamide and steroids, with the intent of reducing the severity of tumor lysis [6,7].
It is possible that a prephase or divided dosing of the cycle 1 cyclophosphamide could
reduce early morbidity in patients with high disease burden or marginal clinical status.

In BL and atypical BL, neurotoxicity concerns have prompted modifications such as
reductions in vincristine and in the intensity of CNS prophylaxis [1,24,25]. High-dose
methotrexate dosed at 3 g/m?, as done in the BASIC regimen, appears to be less toxic than
more aggressive dosing though similarly effective [25]. Additional approaches to target
sanctuary sites of disease (e.g. other systemic agents that penetrate the blood-brain barrier,
radiation therapy) may enhance efficacy, but may also cause neurotoxicity.

How the BASIC regimen compares to commonly used regimens for BL or atypical BL
[2,3,24] is unknown. The study did not detect a 20% improvement in 1-year overall survival
compared to the estimated historical rate, with its 95% CI ranging from 40 to 83%. Such
comparisons are limited in part by sample size, coupled with differences in published studies
with respect to organ dysfunction, comorbidities, performance status and disease extent.

In conclusion, we report encouraging outcomes from this pilot initiative for poorer-risk
patients with non-HIV-associated BL or atypical BL. The BASIC platform, relying heavily
on cyclophosphamide and including CNS prophylaxis, produces durable remissions with
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ceptable toxicities, while shortening the treatment duration. Continued efforts to improve

outcomes, including treatment toxicities, are needed especially in poorer-risk patients. Given
the efficacy and short duration of the BASIC regimen, comparative studies and building
upon this platform would be of interest.
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Figure 1.
Survival outcomes. (A) Event-free survival (EFS) and overall survival of all evaluable

patients after treatment initiation, and (B) of patients after high-dose cyclophosphamide. (C)
EFS after treatment initiation according to diagnosis, (D) stage and (E) age.
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Table |

BASIC therapy schema.

Page 12

Drug” Dose Time
Cycles 1 and 2
Cyclophosphamide 1500 mg/m?/day i.v. over 1 h Day 1
Mesna' 900 mg/m?/day i.v. in divided doses Day 1
Vincristine® 1.4 mg/m?/day i.v. push (2 mg cap) Day 1
Prednisone8 100 mg/day p.o. Days 1-5
Rituximab 375 mg/m2/day i.v. Days 1and 8
Filgrastim 5 pg/kg/day s.c. Day 3, until post-nadir ANC = 500/uL
Methotrexate™ 3g/m?iv.over2h Day 8

Leucovorin®t

Cytarabi nef+88

25 mg/m? i.v. every 6 h

100 mg i.t. + hydrocortisone 50 mg i.t.

Cyclophosphamide intensification

Rituximab
Cyclophosphamide'"'"
MesnaT

Filgrastim***

Rituximab

Cytarabi nef T1

375 mg/m?/day i.v.
50 mg/kg/day i.v. over 1 -2 h

40 mg/kg/day i.v. in divided doses
5 pg/kg/day s.c.

375 mg/m?/day i.v.
100 mg i.t. + hydrocortisone 50 mg i.t.

24 h after start of MTX, until clearance

Days 1, 4, 11; day 8 if i.v. MTX omitted

Day 1

Days 2-5

Days 2-5

Day 11, until post-nadir ANC = 1000/uL

Weekly for 4 doses, when ANC = 1000/uL

Maintenance regimen, if prior CNS disease

ANC, absolute neutrophil count; BASIC, brief, anthracycline-sparing, intensive cyclophosphamide; CNS, central nervous system; i.t., intrathecal;
i.v., intravenous; MTX, methotrexate; p.o., by mouth; s.c, subcutaneous.

*
Commence cycle 2 on day 15 and commence cyclophosphamide intensification on cycle 2, day 15, provided ANC = 500/uL, leucovorin rescue
completed, and filgrastim last given = 24 h prior.

TOr hydration with forced

diuresis.

¢Vincristine omitted if direct bilirubin 5.0 mg/dL; 50% reduction (1 mg cap) suggested if direct bilirubin 3.0 — 4.9 mg/dL.

§Or dexamethasone i.v. equivalent.

ﬂCycIe 1, day 1 rituximab given after cyclophosphamide, vincristine and prednisone. Subsequent doses of rituximab preceded cytotoxic
chemotherapy. First rituximab could be given in divided doses if the circulating lymphocyte count was high, delayed until day 4, 5 or 6 of cycle 1,

or omitted.

Fk

MTX omitted if estimated creatinine clearance < 50 mL/min. Dose reduction or omission for other reasons (e.g. hyperbilirubinemia, effusion)

permitted.

TTLeucovorin dose titrated according to MTX level. Leucovorin could be given orally when MTX level < 0.2 uM/L and discontinued when

<0.05M/L.

ijr-Omission of cycle 1, day 1 i.t. cytarabine permitted if no apparent CNS disease. Time points for i.t. treatment are + 1 day, separated by = 48 h.

8§

In patients with CNS involvement, twice-weekly i.t. cytarabine was to continue after day 11 if there were treatment delays.

wHigh-dose cyclophosphamide with mesna dosed according to lesser of ideal and actual body weight, and administered with aggressive hydration;
other chemotherapy dosed according to actual weight.
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KKk
Or pegfilgrastim 6 mg s.c. once.

”Suggested maintenance after CNS clearance: once weekly for four doses, then every other week for four doses.
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Patient characteristics.

Variable Result
Number evaluable 21
Patient age, years
Median (range) 53 (34-75)
30-40 5 (24%)
41-50 5 (24%)
51-60 5 (24%)
>60 6 (29%)
Male sex 14 (67%)
Ann Arbor stage, n
| 1
IE 2
1 2
lE 1
11 0
v 15
B symptoms present 6 (29%)
Histology
Classic BL 11 (52%)
Documented t(8;14) or t(8;22) 6
Other MYC translocation 1
MYC translocation absent 4
Atypical BL" 10 (48%)
Documented t(8;14) or t(8;22) 4
Other MYC translocation 1
MYC translocation absent 4
BCL2 expression-r
Documented double-hit, n¥
Age-unadjusted IPI risk category
Low 5 (24%)
Low-intermediate 2 (10%)
High-intermediate 5 (24%)
High 9 (43%)
High-risk by Magrath criteria 20 (95%)
ECOG performance status, n
Oorl 11
2 4
3 4
4 2
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Variable Result
Elevated LDH 18 (86%)
Ratio, LDH:ULN

Mean 16

Median (range) 6.6 (0.6-148)
Extranodal sites

0 3 (14%)

1 8 (38%)

2 or more 10 (48%)

Bone marrow biopsy positive

Yes

< 20% involved

20-90%

> 90% and/or nearly completely ef aced

Involved, degree not estimated

No
Circulating blasts or atypical lymphocytes
CNS involvement at presentation, n

Yes

No or not identified

Unknown
Concurrent RT for CNS disease ™

RT to other sites™

Tumor-related renal insufficiency or failure

Epidural cord compression

10 (48%)8
1
2
6
1
11 (52%)
8 (38%)

Kl

16

2
3 (14%)
2 (10%)
5 (24%)
2 (10%)

Page 15

BL, Burkitt lymphoma/leukemia; CNS, central nervous system; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; RT,

radiation therapy; ULN, upper limit of normal.

*
Includes two cases in which classic BL could not be excluded, and which were therefore excluded from comparison of outcomes by histology.

TAssessed by immunohistochemistry. MYC translocation testing and BCL2 immunohistochemistry not performed in one case. One case without
detected MYC translocation had three MYC signals on FISH.

¢Defined by a MYC/8q24 translocation combined with another recurrent breakpoint.

§Five other patients had stage IV disease based on extranodal involvement other than bone marrow.

ﬂAII leptomeningeal.

Fk

Excluding RT for relapsed or progressive disease

Leuk Lymphoma. Author manuscript; available in PMC 2014 November 17.



Page 16

Kasamon et al.

NIH-PA Author Manuscript

‘[eabuiuswoida

1

‘lewAyouased pue [eabuluswoida
*

"UOIIBIIIUI JUBWITRaI] Ja)Je palnseaw ‘ain|ie) Juswieal 0} awin ‘41 | ‘(asdejas 01 Jouid)
Adeiayy uoneipel ‘1 Y ‘Aujeniow asdejal-uou ‘INEN ‘9]qenfeAs 1ou ‘JN ‘arexasioyiaw asop-ybiy ‘X 1IN ‘epiweydsoydojako ‘AD (walsAs SnoAlau [esjusd ‘SND ‘elwaynajewoydwA] nung ‘g ‘ou ‘o ‘sek ‘T

0 T 0 syuow 2y (AD 8sop-ybiy saye sisdas ajef) WHN - G9
0 0 0 stpuow T°Z (z 2192 'sampigiowod) WYN €9
0 T 0 sypuow 7 (T 21940 ‘aunyrey uebiomnw) WYN -~ 69
0 — 0 skep g (T 919kd 'sisdas) WHN -~ 6L
0 — aN Rept (T 810A0 'sish| Jowm) WIN 66
0 1 0 syluow gy (o1waisAs) esdejed 6
1 0 4T syluow ¢ (o1wmshs) esdejy S9
T T 41T syluoW £°¢ (onwuaisAs) ssdejsy 2y
T 0 1T SyIUoW Z°€ (,SNO ‘onaIshs) asdejoy ¢
0 0 aN SYIOW 67 (,SNO "o1wershs) asdejey ¢
SSESSIPSNO 104 1Y WBAIB XLIN  ssoubelp e + SNO 411 aunreyjoadAL  aby

lraiqeL

NIH-PA Author Manuscript

"Sain|Ie) JusLIeal |

NIH-PA Author Manuscript

Leuk Lymphoma. Author manuscript; available in PMC 2014 November 17.



