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There are approximately 8,500 new diagnoses of Hodgkin's lymphoma (HL) each year in the
United States[1]. Patients who do not respond to initial therapy or who relapse after initial
response are rarely cured with additional conventional chemotherapy alone. Two
randomized trials have compared salvage chemotherapy to high-dose chemotherapy with
autologous stem cell transplant (ASCT) with both showing a significant benefit in disease-
free survival favoring ASCT[2,3]. ACST has therefore become the standard of care for
patients with chemosensitive relapsed or refractory HL.

No single high-dose combination preparative regimen for ASCT has proven superior to
another in patients with lymphoma, and therefore the choice is usually based on institutional
experience and/or toxicity profile. Busulfan and cyclophosphamide, with or without
etoposide, is well described as a preparative regimen for myeloablative allogeneic stem cell
transplantation, and busulfan, cyclophsophamide, and etoposide (BuCyE) is a standard
ASCT preparative regimen for patients with non-Hodgkin lymphoma[4] and HL[5,6]. We
recently reported our experience with busulfan and cyclophosphamide (Bu/Cy) in patients
with NHL, and showed comparable efficacy and toxicity to other high-dose chemotherapy
regimens[7]. However, an experience of Bu/Cy alone has not yet been published for a series
limited to patients with HL. Here, we describe our institution's experience with Bu/Cy-
ASCT in patients with HL to present an additional option for high-dose chemotherapy in
this patient population.

Between 1995 and 2008, 19 patients with chemosensitive relapsed or refractory Hodgkin
lymphoma received Bu/Cy followed by autologous stem cell transplantation at the
Massachusetts General Hospital Cancer Center (MGHCC). After Institutional Review Board
approval, data was collected by retrospective review of electronic medical records. ASCT
eligibility and supportive care were as described previously[7]. Overall survival was defined
as the time from transplantation until death from any cause. Progression-free survival was
defined as the time from transplantation until lymphoma relapse or death from any cause.
Seven days prior to transplant, patients received either 1 mg/kg oral busulfan (5 of 19
patients) or, after December 2000, intravenous busulfan at 0.8 mg/kg, every 6 hours for 4
days for a total of 14 or 16 doses, with intravenous cyclophosphamide 60 mg/kg daily on
days -3 and -2. Patients older than 50 years received 14 doses of busulfan while patients
younger than 50 received 16 doses. Cyclophosphamide and oral busulfan were dosed at the
average of ideal and actual body weight for patients >20% above ideal body weight.
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Intravenous busulfan dosing was based on either actual or ideal body weight, whichever was
less. On day 0, patients received a minimum dose of 2x10% CD347 cells/kg as an infusion of
mobilized autologous peripheral blood stem cells (with bone marrow in two patients).
Patients were hospitalized until neutrophil engraftment as defined by an ANC =500/l on
two consecutive days. Platelet engraftment was defined by an unsupported platelet count
=50,000/p1 on two consecutive occasions.

Clinical characteristics and toxicity data are displayed in Table I. There were no instances of
autologous graft failure. Ten patients had grade 1-2 mucositis during their ASCT
hospitalization. Three patients experienced documented bacterial infections (coagulase-
negative Staphlococcus bacteremia in two patients, and acute appendicitis 45 days post-
transplant in one), one of whom also had a fungal infection (Candida parapsilosis fungemia).
There was one case of localized varicella zoster reactivation during the transplant admission.

Transplant-related toxicities are summarized below. There was one case of hepatic veno-
occlusive disease (VOD) in a 38 year-old woman with relapsed stage 11B HL. Thirteen days
post-transplant she developed VOD, requiring intensive care unit care for multiorgan system
dysfunction, but improved after treatment with defibrotide and ultimately survived to
hospital discharge. There was one case of acute cardiac toxicity in a 62 year-old woman who
developed transient congestive heart failure. This was postulated to be due to
cyclophosphamide cardiotoxicity, which resolved to baseline cardiac function with medical
management. There was one case of neurotoxicity in a 39 year-old female who received oral
busulfan, and who had been on phenytoin prior to transplant for a seizure disorder. She
experienced a generalized tonic-clonic seizure on her third day of conditioning despite
having a phenytoin level in the therapeutic range. The final two doses of busulfan (of
planned 16) were held and no further seizure activity occurred.

Four patients experienced pulmonary complications after ASCT. Three patients developed
shortness of breath and decreased D; CO on pulmonary function testing consistent with
pneumonitis, which resolved over several months with conservative therapy. The fourth
patient was a 23 year-old male who died 88 days post-transplant due to pneumonitis-related
complications. He had been treated with ABVD and mediastinal radiation for stage 11B HL
one year prior to transplant, and subsequent salvage ICE chemotherapy at relapse. Pre-
transplant testing revealed asymptomatic interstitial lung disease possibly related to prior
chemotherapy and radiation, evidenced by a chest CT and pulmonary function tests. He
presented 57 days post-transplant with severe shortness of breath and hypoxemia requiring
intubation and mechanical ventilation. Lung wedge biopsy showed diffuse alveolar damage
and early fibrosis. Extensive infectious studies and evaluation by bronchoscopy were
negative. Despite high-dose steroid treatment, he developed right-sided heart failure and
died 88 days post-transplant.

There were two cases of secondary myelodysplastic syndrome (MDS) after ASCT. Both
occurred in patients who received oral busulfan as part of their conditioning regimen. Both
patients were then treated with an allogeneic non-myeloablative matched related donor stem
cell transplant. One patient died of infectious complications six months after allogeneic
transplant. The other patient had recurrence with frank AML three months post allogeneic
transplant and died of relapsed leukemia and infectious complications.

The median duration of follow-up for survivors was 5.1 years (range 1.5-9.9 years). Figure 1
shows Kaplan-Meier probability curves for overall (OS) and progression-free survival
(PFS). At 3 years, progression-free survival was 39% (95% confidence interval [CI] = 15%
to 62%), and overall survival was 61% (95% CI = 38% to 84%). At 5 years, progression-free
survival was 31% (95% CI = 8% to 54%), and overall survival was 41% (95% CI = 16% to
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65%). Twelve patients in the cohort had died at the time of data analysis. Eight patients died
of relapsed lymphoma, two of secondary MDS/AML, one of therapy-related pneumonitis as
described above, and one due to a cardiovascular event in a patient who was in sustained
remission five years after ASCT.

While Bu/Cy conditioning has been reported in prior ASCT studies for patients with non-
Hodgkin lymphoma[7] and multiple myeloma[8], to our knowledge, this is the first study to
describe its use in a cohort of patients with HL. The outcomes reported in prior published
studies of ASCT for relapsed or refractory HL have been summarized recently[9,10]. Five
year PFS ranged from 40-49% and OS from 48-57%. Survival in our cohort may be inferior
by comparison, although our patient population was not matched with prior studies with
respect to age, comorbidities, and prior therapy. Furthermore, the small number of patients
reported here precludes rigorous statistical comparison. Additionally, our cohort has a
relatively high proportion of patients with established poor prognostic factors for survival
after ASCT (reviewed in [9]), including stage IV and extranodal disease at relapse, and
inclusion of five patients who did not reach a complete remission to initial chemotherapy.

Nonetheless, our experience suggests that Bu/Cy may not be as active against HL as other
ASCT preparative chemotherapies, and therefore at our institution we reserve Bu/Cy as an
alternative conditioning regimen. We previously described the use of Bu/Cy in elderly
patients with NHL (above the age of 60), and noted favorable efficacy and toxicity
outcomes[11]. Hence, our routine is to use Bu/Cy in lymphoma patients older than 70, or in
those who have significant comorbidities, while higher intensity regimens such as CBV
(cyclophosphamide, BCNU, and etoposide) and BUCyE are our institutional standards for
younger patients with lymphoma undergoing ASCT.

When given as a component of conditioning chemotherapy for transplantation, intravenous
busulfan is less toxic than when administered orally, likely due to improved
pharmacokinetic reproducibility with intravenous dosing[12]. We find it notable that the two
cases of secondary MDS, the case of VOD, and the case of neurotoxicity all occurred in
patients who received oral busulfan. Furthermore, in two prior studies of patients with NHL
who received a BUCyE regimen for ASCT using either oral or intravenous busulfan, there
was a survival advantage in those receiving intravenous busulfan due to both reduced
toxicity and lower rates of relapse[13,14]. Improved outcomes may be achieved when
exclusively using intravenous busulfan, and possibly also if ASCT is performed in transplant
centers utilizing pharmacokinetic-based busulfan dosing.

In summary, we report here that a Bu/Cy chemotherapy regimen prior to ASCT for relapsed
or refractory HL is comparable in toxicity to other published HL ASCT regimens, and
demonstrates evidence of anti-lymphoma activity. We suggest that Bu/Cy may be added to
the available choices of conditioning chemotherapy prior to ASCT for HL, and may be of
particular use in the elderly or in those patients with comorbidities that pose prohibitive risk
with other regimens. Prospective, randomized comparison studies are needed to define the
optimal regimen(s) that maximizes anti-lymphoma effects while minimizing treatment-
related toxicity.
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Table |

Patient characteristics and transplantation outcomes

n (%)
Total patients 19
Age (years) [median (range)] 39 (22-79)
Male 11 (58)
HIV positive 2(11)
Prior chemotherapy regimens [median (range)] 2(1-4)
Prior radiotherapy 10 (53)
Duration of first response (months) [median(range)] 12 (0-96)
Extranodal disease at relapse/progression 12 (63)
Stage at relapse/progression
1A 6 (32)
A 1(5)
IVA 7(37)
IVB 5 (26)
Status at ASCT
Chemosensitive 19 (100)
PR1 5 (26)
CR2 6 (32)
PR2/PR3 8 (42)
Days to neutrophil engraftment, median (range) 10 (8-14)
Days to platelet engraftment, median (range) 13 (9-123)
Hospital stay (days) [median (range)] 19 (16-81)
100-day TRM 1(5)
Infection, n (%)
Bacterial 3(16)
Fungal 1(5)
Viral 1(5)
VoD 109
Cardiac toxicity, n (%) 1(5)
CNS toxicity, n (%) 1(5)
Pulmonary toxicity, n (%) 4(21)
Secondary MDS/AML 2(11)

HIV, human immunodeficiency virus; ASCT, autologous stem cell transplantation; CR or PR, complete remission or partial remission (as
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determined by PET or gallium, and CT scans prior to ASCT); VOD, veno-occlusive disease of the liver; CNS, central nervous system; TRM,

treatment-related mortality; MDS, myelodysplastic syndrome; AML, acute myeloid leukemia
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