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Abstract

Although bortezomib and rituximab have synergistic activity in patients with lymphoma, and can 

both attenuate graft-versus-host disease (GVHD), the drugs have not been used together in patients 

undergoing allogeneic stem-cell transplantation (alloSCT). In this phase 1/2 trial, we assessed the 

safety and activity of bortezomib added to the rituximab (R) plus BEAM (carmustine, etoposide, 

cytarabine, melphalan) regimen in patients with relapsed lymphoma undergoing alloSCT. Primary 

GVHD prophylaxis consisted of tacrolimus and methotrexate. Bortezomib (1 – 1.3 mg/m2 per 

dose) was administered intravenously on days −13, −6, −1, and +2. We performed inverse 

probability weighting analysis to compare GVHD and survival results to a historical control group 

that received R-BEAM without bortezomib. Thirty-nine patients were assessable for toxic effects 

and response. The median age was 54 years. The most common diagnosis was diffuse large B-cell 

lymphoma (41%). Twenty-two patients (56%) and 17 patients (44%) received their transplants 
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from matched related and unrelated matched donors, respectively. The maximum tolerated 

bortezomib dose was 1 mg/m2. The weighted cumulative incidences of grade II-IV and grade III 

or IV acute GVHD were 50% and 34%, respectively; these incidences and survival rates were not 

significantly different from those of the control group. Median survival has not been reached in 

patients age ≤50 years and who had a long follow-up time of 60.7 months. The R-BEAM regimen 

has a survival benefit in lymphoma patients age ≤50 years undergoing alloSCT. The addition of 

bortezomib has no impact on survival or incidence of GVHD.

INTRODUCTION

Allogeneic stem cell transplantation (alloSCT) is a potentially curative treatment for a wide 

range of hematologic malignancies [1, 2]. In patients with relapsed or refractory non-

Hodgkin lymphoma (NHL), alloSCT may have several benefits over autologous 

transplantation owing to the graft-versus-lymphoma effects and infusion of lymphoma-free 

grafts [2]. Despite the use of non-myeloablative (NMA) conditioning regimens to reduce 

toxicity following alloSCT over the past 2 decades [2, 3], acute graft-versus-host disease 

(GVHD) remains a clinically significant barrier to the more widespread application of 

alloSCT [4, 5]. In addition, NMA conditioning regimens have been associated with inferior 

survival times in patients with transformed aggressive histologies or heavily pre-treated 

refractory disease [6–10].

One major concern regarding the use of more-intense myeloablative conditioning regimens, 

is the higher risk of GVHD [11] due to cytokine release and organ toxicity. Myeloablative 

BEAM (carmustine, etoposide, cytarabine, and melphalan) is commonly used as a 

conditioning regimen in lymphoma patients receiving autologous SCT [12]. We and others 

previously showed that as a conditioning regimen for patients with refractory lymphoma 

receiving alloSCT, BEAM may help enable early disease control [13, 14]. However, the 

regimen was associated with significantly higher incidences of grade II-IV and grade III or 

IV than those observed with the NMA conditioning regimen of fludarabine, 

cyclophosphamide (or more recently, bendamustine), and rituximab, despite the use of the 

same GVHD prophylaxis of tacrolimus and methotrexate [3, 15].

Several strategies to reduce the incidence of GVHD among alloSCT recipients have been 

investigated. Given evidence that B-cell dysregulation contributes to the pathogenesis of 

GVHD [16], such strategies have included adding rituximab before and after alloSCT. 

Rituximab has also shown promise in both the treatment [17] and prevention of GVHD [18–

20]. Bortezomib might also be used to decrease the risk of GVHD. Studies in animal models 

have suggested that the addition of bortezomib before and immediately after transplantation 

significantly improves survival and delays the onset of acute GVHD, possibly by inhibiting 

alloreactive T cells [21]. Substantial data suggest that bortezomib and rituximab have 

synergistic activity in NHL patients, cell lines, and mouse models [22]. In addition, clinical 

trials have demonstrated tolerability and good responses in NHL patients treated with 

bortezomib and rituximab alone [23] or in combination to chemotherapy [24, 25]. However, 

bortezomib and rituximab have not been used together in patients undergoing alloSCT.
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We performed a clinical trial to determine the maximum tolerated dose (MTD) of 

bortezomib when combined with R-BEAM and to characterize toxic effects, GVHD, and 

efficacy in patients with lymphoid malignancies receiving alloSCT. We also compared 

patients treated with this combination to a historical control group of patients who received 

R-BEAM without bortezomib.

PATIENTS and METHODS

Eligibility Criteria

This prospective, single-arm, phase 1/2, open-label, investigator-initiated clinical trial 

(ClinicalTrials.gov #NCT00439556) enrolled patients receiving treatment for relapsed or 

refractory NHL at MD Anderson Cancer Center from May 2007 through May 2011 who 

were not eligible for NMA conditioning regimens. Other inclusion criteria were age ≤65 

years; an Eastern Cooperative Oncology Group performance status score of 0–2; adequate 

liver function, defined as a serum bilirubin level and liver enzyme concentrations ≤3 times 

the upper limit of normal; adequate renal function, defined as a serum creatinine level <1.8 

mg/dL; adequate cardiac function, defined as an ejection fraction ≥40%; adequate 

pulmonary function, defined as diffusing capacity of the lung for carbon monoxide ≥40% of 

predictive value. Patients and donors were typed by high-resolution techniques described 

previously [26]. All recipients were matched with their donors at 10 of 10 human leukocyte 

antigen (HLA) alleles.

Major exclusion criteria included initiation of anti-cancer therapy <3 weeks before study 

enrollment; active disease involvement in the central nervous system (CNS); pregnancy; 

breastfeeding; known infection with human immunodeficiency virus, human T-lymphotropic 

virus, or hepatitis B or C virus; concurrent presence of other malignancies, with the 

exception of cutaneous squamous cell or basal cell carcinoma; uncontrolled infection; and 

stroke or myocardial infarction within 6 months of study entry. Other exclusion criteria 

included active infections requiring therapy; grade 2 or higher active peripheral neuropathy; 

and any prior grade 4 or higher bortezomib toxicity.

The protocol was approved by MD Anderson’s Institutional Review Board, and informed 

consent was obtained prior to patient enrollment.

Study Design

Three bortezomib dose levels were to be evaluated: 1.0 mg/m2, 1.3 mg/m2, and 1.6 mg/m2. 

A standard 3+3 design was employed, with the starting dose of 1.3 mg/m2. Dose-limiting 

toxic effects were defined as grade 3 or 4 neurological toxicity, graft failure, or death due to 

GVHD at any time within the first 90 days after transplant. We used the Common 

Terminology Criteria for Adverse Events v3.0, which was available at the conception of the 

trial. Once the MTD was determined, the phase 2 portion of the trial ensued, and the 6 

patients enrolled at the MTD in the phase 1 portion were included in phase 2. Using the 

method by Thall et al [27], we would terminate the trial if it was likely that the toxicity rate 

would be >20% by day 90. A separate monitoring rule was instituted for patients who 

received a transplant from a matched unrelated donor (MUD); if it was likely that the death 
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rate at day 100 would be >20% in this subgroup, enrollment of these patients would be 

stopped. The maximum size of the phase 2 portion of the trial was 40 patients.

Treatments

All patients received the BEAM conditioning regimen consisting of intravenous carmustine 

(300 mg/m2 on day −6), etoposide (100 mg/m2 every 12 hours on days −5 through −2 for a 

total of 8 doses), cytarabine (100 mg/m2 every 12 hours on days −5 through −2 for a total of 

8 doses), and melphalan (1 dose of 100 mg/m2 on day −1).

All patients received primary GVHD prophylaxis consisting of tacrolimus (0.015 – 0.03 

mg/kg starting on day −2) and methotrexate (5 mg/m2 on days 1, 3, and 6). Patients who 

received a transplant from an MUD received an additional dose of methotrexate (5 mg/m2 on 

day 11) and rabbit antithymocyte globulin (ATG) (1 mg/kg intravenously on days −2 and 

−1). Tacrolimus tapering was initiated in patients with no active GVHD 6 months after 

alloSCT.

All patients received rituximab (375 mg/m2 intravenously on day −13 and 1000 mg/m2 on 

days −6, +1, and +8) as described previously [3, 4, 15]. Bortezomib was administered on 

days −13, −6, −1 and +2. Patients received supportive care with antibiotics, antifungals, 

antivirals, growth factors and immunizations as per institutional guidelines.

Clinical Evaluation

Acute GVHD and chronic GVHD were graded using standard criteria [28, 29]. Late acute 

GVHD was not considered to be chronic unless overlap features were present. This clinical 

trial did not use the National Institutes of Health (NIH) Staging System for the diagnosis and 

severity assessment of chronic GVHD because both this trial and the one involving the 

control group were conceived before the NIH diagnostic system was initially published [30], 

and long before this staging system was validated.

Pre-SCT disease status and post-SCT responses were assessed using standard criteria for 

lymphoma [31] and chronic lymphocytic leukemia (CLL) [32]. Patients were evaluated 1, 3, 

6, and 12 months after alloSCT; then every 6 months for up to 5 years; and yearly thereafter. 

Donor chimerism and engraftment were assessed using polymerase chain reaction–based 

methods as described previously [4].

Statistical Analysis

Overall survival (OS) was the time from the date of transplantation to the date of death or 

last follow-up; patients alive at last follow-up were censored. Progression-free survival 

(PFS) was the time from the date of transplantation to the date of disease progression, death, 

or last follow-up; patients alive with no disease progression at last follow-up were censored. 

The Kaplan–Meier method [33] was used to estimate OS and PFS. Differences in OS and 

PFS between the groups were assessed using the log-rank test. Associations between OS or 

PFS and variables of interest were determined using univariable and multivariable Cox 

proportional hazards regression.
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Clinical and transplant measures of interest included histology (indolent versus aggressive); 

age (>50 versus ≤50 years); hematopoietic cell transplantation (HCT)-specific comorbidity 

index; donor type; disease status at study entry; number of prior therapies; elevated serum 

LDH at study entry; International Prognostic Index for lymphoma patients; fluorine 18–

labeled fluorodeoxyglucose positron emission tomography (PET) status at study entry; 

number of CD34 cells/kg infused; recipient-donor sex-, cytomegalovirus (CMV) serology-, 

and ABO patient-donor mismatch; the use of ATG; and the presence of severe (II-IV and III 

or IV) acute or extensive chronic GVHD.

To assess the impact of bortezomib on GVHD risk and OS, we compared the outcomes of 

the patients in the present study, who received R-BEAM with bortezomib, with those of a 

historical control group of 21 patients enrolled in a previous prospective trial of alloSCT for 

lymphoid malignancies between July 2000 and August 2005 (protocol ID99–411), who 

received R-BEAM without bortezomib. Patients in both the study and control groups 

received rituximab at the same dose and schedule and GVHD prophylaxis with tacrolimus 

and methotrexate. Differences in clinical and transplant characteristics between the groups 

were assessed using the Fisher’s exact test or its generalization for categorical variables and 

the Wilcoxon rank-sum test for continuous variables.

Because the treatment groups were not randomized, we performed inverse probability 

weighting [34] to correct for potential bias in patients’ selection for the comparison of the 

primary endpoint (i.e., GVHD). The logistic regression model that produced the propensity 

scores used to compute the inverse probability weights included patient age (≤50 years 

versus >50 years) and donor type (sibling versus MUD).

The cumulative incidences of non-relapse mortality (NRM) and GVHD were determined 

using the competing risks method. The competing risk included for NRM was relapse, and 

patients who were alive at last follow-up were censored. The competing risks included for 

GVHD were relapse and death, and patients who did not have GVHD, did not have disease 

relapse, and were alive at last follow-up were censored. Differences in cumulative 

incidences, adjusted by inverse probability weighting for GVHD, between treatment groups 

were assessed using sub-distribution hazards regression modeling [35].

RESULTS

Patient Characteristics

The study enrolled 40 consecutive patients who received treatment for relapsed or refractory 

lymphoid malignancies at MD Anderson from May 2007 through May 2011. One patient 

withdrew consent after enrollment, leaving 39 patients for analysis.

The demographic and baseline disease characteristics of the 39 patients who received R-

BEAM with bortezomib are listed in Table 1, alongside the characteristics of 21 historical 

control patients who received R-BEAM without bortezomib. Among the patients who 

received R-BEAM with bortezomib, the most frequent histologies were diffuse large B-cell 

lymphoma, in 16 patients (41%), and CLL/Richter transformation, in 12 patients (31%). All 

patients had high-risk disease and had been heavily pre-treated; the median number of prior 
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treatments was 3 (range, 1–7 treatments). At the time of alloSCT, 8 patients (21%) had an 

HCT-specific comorbidity index ≥3, 16 (41%) had refractory disease, and 14 (36%) had 

active bone marrow involvement. Of 33 patients who underwent PET, 25 (76%) were 

positive for disease, and 6 (15%) had bulky disease.

Of the 12 CLL patients, 3 (25%) had documented Richter transformation, including 1 patient 

with transformation to Hodgkin disease, and 2 (17%) had suspected transformation based on 

refractoriness, elevated serum lactate dehydrogenase (LDH) levels, and PET-positivity at the 

time of transplant. One CLL patient (8%) had leptomeningeal disease, 1 (8%) had associated 

myelofibrosis, and 2 (17%) had 17p deletion with bulky disease refractory to chemo-

immunotherapy.

Of the 27 lymphoma patients, 3 (11%) had failed to mobilize autologous stem cells prior to 

enrolling in the study, and 4 (15%) had extranodal involvement at their last relapse: 1 patient 

with CNS involvement, 1 with liver involvement, 1 with lung involvement, and 1 with both 

CNS and lung involvement.

Bortezomib Dose and Schedule

Three patients entered the phase 1 study and received bortezomib at a dose of 1.3 mg/m2 

administered intravenously on days −13, −6, −1, and +2, according the treatment plan. 

Because C. difficile infections causing colitis and sepsis occurred in all 3 patients (resulting 

in 2 patients’ deaths), the bortezomib dose was decreased to 1 mg/m2 in the phase 2 portion 

of the study, with oral metronidazole given prophylactically from day −6 until absolute 

neutrophil count (ANC) recovery to ≥0.5 × 109/L. No patients in the phase 2 portion of the 

study had C. difficile infections.

Transplantation and Engraftment

Twenty-two patients (56%) received transplants from HLA-compatible siblings, and 17 

(44%) received them from MUDs. The source of the T-cell replete donor graft was from 

peripheral blood in 38 patients (97%); one patient (3%) received a marrow donor graft.

The median number of CD34 cells infused was 5.4 × 106/kg (range, 3 to 16). The median 

time to ANC recovery to ≥0.5 × 109/L after alloSCT was 12 days (range, 10 to 29). The 

median time to platelet count recovery to >20 ×109/L after alloSCT was 13 days (range, 10 

to 28).

All patients experienced donor cell engraftment. Thirty days after alloSCT, the median 

donor myeloid and T-cell values were both 100%. Donor cell recovery in patients who 

received transplants from siblings and those who received them from MUDs were similar.

Clinical Response

Twenty-four patients (62%) had a complete remission, 6 (15%) had a partial remission, and 

4 (10%) had progressive disease. Five patients (13%)—4 who died from infections 

(including the 2 patients with C. difficile infections) and 1 who had a subdural hematoma—

were not evaluable for response.
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Survival

The median follow-up duration was 28.4 months (range, 0.3 to 98.9) for all patients and 64.8 

months (range, 38.6 to 98.9) for patients who were alive at last follow-up. The estimated 5-

year OS and PFS rates were 35% (95% confidence interval [CI], 20% to 50%) and 28% 

(95% CI, 15% to 43%), respectively (Figure 1).

Patients age >50 years who had a MUD transplant, refractory disease, a higher-than-normal 

serum LDH level (normal range, 313–618 U/L), or grade III or IV acute GVHD had 

significantly worse OS compared with their respective counterparts (Table 2). Patients age 

>50 years who had a MUD transplant and grade III or IV acute GVHD remained predictors 

of OS in the multivariable analysis (Table 2). The median OS of patients age ≤50 years who 

had sibling or MUD transplants were not reached (NR), whereas the median OS of patients 

age >50 years who had sibling or MUD transplants were 23.1 months and 2.9; P = .002.

Patients with grade III or IV acute GVHD as well as those with refractory disease were 

significantly associated with worse PFS when adjusting for donor type and age combination 

as well as LDH level (Table 3).

Toxicity

The non-hematologic adverse events in patients who received R-BEAM with bortezomib are 

listed in Table 4. Grade 5 toxicity occurred in the 2 patients who died from C. difficile 
infections. Grade 4 toxicity occurred in 2 patients (1 had aspergillosis, and 1 had elevated 

serum alanine transaminase and aspartate transaminase levels). Twenty-four patients had 

grade 3 toxicity, which was most commonly caused by infections, which were bacterial in 3 

patients, viral in 3 patients, bacterial and viral in 1 patient, and bacterial and fungal in 1 

patient. Grade 3 genitourinary toxicity was related to elevated serum creatinine levels in 2 

patients and cystitis in 2 patients. Grade 3 neurotoxicity was related to confusion, including 

in the setting of a septic embolus in 1 patient.

Twenty-five patients have died at the writing of this manuscript. Disease recurrence was the 

main cause of death (n=9; 36%). Other causes included infections (n=6, including the 2 

patients with C. difficile infections), acute GVHD (n=5), and chronic GVHD (n=4). One 

patient lost to follow-up died of unknown causes.

Patients with aggressive histologies, age >50 years, and grade II-IV acute GVHD had higher 

NRM compared with their respective counterparts. However, only grade II-IV acute GVHD 

remained a significant predictor of NRM when adjusting for histology and age (HR, 3.45; 

95% CI, 1.18–10.12; P = .024).

GVHD Incidence

The cumulative incidence of grade II-IV acute GVHD among all patients was 55% (95% CI, 

38% to 70%) and did not differ significantly different between patients with sibling or MUD 

transplants (P = .36) or between patients age ≤50 or >50 years (P = .48). There were no 

measures associated with the cumulative incidence of grade II-IV acute GVHD. The 

cumulative incidence of grade III or IV acute GVHD for all patients was 34% (95% CI, 20% 

to 49%). There was no significant association between grade III or IV acute GVHD and 
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donor type or age. However, MUD transplant recipients age >50 years had a higher risk of 

grade III or IV acute GVHD than sibling transplant recipients age ≤50 years did (hazard 

ratio [HR], 6.35), although this difference was not statistically significant (P = .08).

Control Group Comparison

The demographic and clinical characteristics of the study group (those receiving R-BEAM 

with bortezomib) and those of the control group (those receiving R-BEAM without 

bortezomib) did not differ significantly (Table 1), although patients in the study group were 

older and had a higher percentage of MUD transplants. The median follow-up duration was 

46.5 months (range, 1.7–196.8) for all control patients and 134.3 months (range, 46.5–

196.8) for control patients alive at last follow-up. For the weighted assessments, there was 

considerable overlap between the inverse probability weighting of the two groups. The 

groups’ weighted cumulative incidences of grade II-IV acute GVHD (Figure 2A), grade III 

or IV acute GVHD (Figure 2B), and chronic GVHD (Figure 2C), as well as OS (Figure 3A), 

did not differ significantly. Analysis of the OS in the combined study and control groups of 

patients further confirmed the statistically different rates of survival based on patients age 

(≤50 years versus >50 years) and donor type (sibling versus MUD) described in the study 

group of patients (Figure 3B).

The 100-day, 1-year, and end-of-assessment NRM rates of the study group (23%, 31%, and 

41%, respectively) were not statistically different from those of the control group (14%, 

33%, and 50%, respectively; P = .74).

DISCUSSION

In this phase 1/2 study, we showed that the addition of bortezomib to the R-BEAM 

myeloablative conditioning regimen did not reduce the risk of acute or chronic GVHD after 

alloSCT in patients with lymphoid malignancies. Owing to C. difficile colitis, the MTD of 

bortezomib in this setting was 1 mg/m2. However, we found promising survival results for 

patients age ≤50 years, who had a long follow-up time of 60.7 months, and for whom the 

median OS was not reached. This is the only prospective trial studying the combination of 

bortezomib plus rituximab for the prevention of GVHD after myeloablative conditioning for 

alloSCT.

Bortezomib-based GVHD prophylaxis without rituximab has been previously described at a 

different dose and schedule. Koreth et al conducted such a study in a phase 2 trial in patients 

undergoing myeloablative conditioning before receiving transplants from mismatched 

unrelated donors or MUDs [37]. The outcomes were retrospectively compared with a near-

contemporaneous standard-of-care cohort (N =45) of patients who received myeloablative 

conditioning from 2010 to 2012, MUD with T cell-replete peripheral blood grafts and 

tacrolimus/methotrexate GVHD prophylaxis. Despite older patients (P = .02) and use of 

HLA-mismatched grafts (P < .001) in the bortezomib-based versus standard-of-care cohort, 

the cumulative incidence of both grades II to IV and II to IV acute GVHD appeared lower in 

the presence of bortezomib (38% versus 56%, P = .04 and 12% versus 27%, P = .07; 

respectively). One-year cumulative incidences of chronic GVHD were similar in both 

groups. Contrary to these findings, the present study’s results did not demonstrate lower 
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rates of acute GVHD, NRM, and better long-term outcomes among patients who received 

bortezomib-based prophylaxis. Whereas most of the patients in the study by Koreth et al had 

acute myeloblastic leukemia, with 14 patients (41%) receiving MUD transplants and 20 

(59%) receiving mismatched-unrelated or -related donor peripheral blood grafts, all of the 

patients in the present study received transplants from matched related or unrelated donors. 

Moreover, our patients received rituximab on days −13, −6, +1, and +8 and 1 mg/m2 

bortezomib on days −13, −6, −1, and +2, whereas those in the study by Koreth et al received 

no rituximab and 1.3 mg/m2 bortezomib on days +1, +4, and +7. Although GVHD 

prophylaxis with tacrolimus and methotrexate was used in both trials, the 

immunosuppression taper was started at day 100 in the Koreth et al trial but started at day 

180 day in our trial. These differences, together with both trials’ non-randomized designs, 

may explain the studies’ different outcomes.

The patients in the present study were heavily pretreated; in addition, 66% had PET 

positivity at the time of transplantation, and 21% had an HCT-specific comorbidity index of 

≥3. Our results suggest that in this high-risk patient population, the R-BEAM regimen has 

promising therapeutic potential for patients of who are ≤ 50 years and who received sibling 

or MUD transplants. The median OS has not been reached in these patients. However, the 

survival rates of patients age >50 years who received MUD transplants were significantly 

lower than those of patients age ≤50 who received sibling or MUD transplants; of the 11 

patients in this group, only 1 (9%) remains alive. These patients’ poorer survival was likely 

related to their higher incidence of grade III or IV acute GVHD.

Several previous studies have suggested that bortezomib and rituximab have a synergistic 

effect against lymphoma in vitro. In the present study, however, the study group (R-BEAM 

with bortezomib) and the control group (R-BEAM without bortezomib) did not have 

significantly different OS after adjustment for donor type, which suggests that the addition 

of bortezomib to R-BEAM provides no additional OS benefit. The incidence of GVHD in 

these 2 trials is similar to a trial with fludarabine plus BEAM described recently by O’Meara 

et al [38].

The addition of bortezomib resulted in 2 of the first 3 treated patients dying from C. difficile 
infections, which prompted us to lower the bortezomib dose to 1.0 mg/m2 and administer 

prophylactic metronidazole in subsequent patients. William et al reported an increased risk 

of C. difficile infection in conjunction with the addition of bortezomib to BEAM in 

lymphoma patients receiving autologous SCT [39]. In that study, 23% of the treated patients 

developed C. difficile colitis, with 11% developing grade 3 or higher colitis. Those findings 

have prompted researchers to consider the MTD of bortezomib to be 1.0 mg/m2 for 

lymphoma patients receiving autologous SCT, which is in accordance with our findings. 

However, C. difficile colitis was not observed in the studies by Koreth et al, who used a 

conditioning regimen of busulfan and fludarabine, suggesting that this toxicity may be 

related to the additional innate toxicity of the BEAM regimen.

We acknowledge the limitations of the non-randomized design of our study. The importance 

of this concept of randomization stems from recent results of a randomized trial conducted 

by Koreth et al showing no benefit to the addition of bortezomib on the incidence of GVHD 

Chamoun et al. Page 9

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in patients receiving alloSCT after NMA conditioning [40], contrary to the findings of prior 

phase 2 trials reported by the same authors [41]. Another limitation in our study was the 

small sample size, including the small number of patients who received MUDs and were 

<50 years. Although the OS of the latter group was not statistically different from young 

patients who received sibling transplants, further studies are needed to confirm these 

findings.

In conclusion, our data suggest that in lymphoma patients receiving alloSCT, the addition of 

bortezomib to the R-BEAM myeloablative conditioning regimen given with standard GVHD 

prophylaxis does not result in a lower cumulative incidence of clinically significant GVHD. 

However, the R-BEAM regimen alone may have a survival benefit in young, heavily pre-

treated lymphoma patients and should be investigated further in patients who are not eligible 

for NMA conditioning.

ACKNOWLEDGMENTS

We thank Joseph A. Munch from the Department of Scientific Publications at MD Anderson Cancer Center for 
editing this manuscript.

Financial disclosure: This study was supported in part by Millennium Pharmaceuticals, Inc., and by the National 
Institute of Health (P30CA016672.

This study is supported by the National Health Institutes of under award number P30CA016672. In addition, trial 
NCT01538472 was supported by Millennium Pharmaceuticals, Inc.

REFERENCES

1. Gooley TA, Chien JW, Pergam SA, et al. Reduced mortality after allogeneic hematopoietic-cell 
transplantation. N Engl J Med. 2010;363(22):2091–3101. [PubMed: 21105791] 

2. Khouri IF, Champlin RE. Nonmyeloablative allogeneic stem cell transplantation for non-hodgkin 
lymphoma. Cancer J. 2012;18(5):457–462. [PubMed: 23006952] 

3. Khouri IF, Keating M, Korbling M, et al. Transplant-lite: induction of graft-versus-malignancy using 
fludarabine-based nonablative chemotherapy and allogeneic blood progenitor-cell transplantation as 
treatment for lymphoid malignancies. J Clin Oncol. 1998;16(8):2817–2824. [PubMed: 9704734] 

4. Khouri IF, McLaughlin P, Saliba RM, et al. Eight-year experience with allogeneic stem cell 
transplantation for relapsed follicular lymphoma after nonmyeloablative conditioning with 
fludarabine, cyclophosphamide, and rituximab. Blood. 2008;111(12):5530–5536. [PubMed: 
18411419] 

5. Zeiser R, Blazar BR. Acute graft-versus-host disease - biologic process, prevention, and therapy. N 
Engl J Med. 2017;377(26):2167–2179. [PubMed: 29171820] 

6. Doocey RT, Toze CL, Connors JM, et al. Allogeneic haematopoietic stem-cell transplantation for 
relapsed and refractory aggressive histology non-Hodgkin lymphoma. Br Journal Haematol. 
2005;131(2):223–230.

7. Maris MB, Sandmaier BM, Storer BE, et al. Allogeneic hematopoietic cell transplantation after 
fludarabine and 2 Gy total body irradiation for relapsed and refractory mantle cell lymphoma. 
Blood. 2004;104(12):3535–3542. [PubMed: 15304387] 

8. Dean RM, Fowler DH, Wilson WH, et al. Efficacy of reduced-intensity allogeneic stem cell 
transplantation in chemotherapy-refractory non-hodgkin lymphoma. Biol Blood Marrow Transplant. 
2005;11(8):593–599. [PubMed: 16041309] 

9. Bishop MR, Dean RM, Steinberg SM, et al. Correlation of pretransplant and early post-transplant 
response assessment with outcomes after reduced-intensity allogeneic hematopoietic stem cell 
transplantation for non-Hodgkin’s lymphoma. Cancer. 2010;116(4):852–862. [PubMed: 20041482] 

Chamoun et al. Page 10

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Robinson SP, Goldstone AH, Mackinnon S, et al. Chemoresistant or aggressive lymphoma predicts 
for a poor outcome following reduced-intensity allogeneic progenitor cell transplantation: an 
analysis from the Lymphoma Working Party of the European Group for Bood and Marrow 
Transplantation. Blood. 2002;100(13):4310–4316. [PubMed: 12393626] 

11. Scott BL, Pasquini MC, Logan BR, et al. Myeloablative versus reduced-intensity hematopoietic 
cell transplantation for acute myeloid leukemia and myelodysplastic syndromes. J Clin Oncol. 
2017;35(11):1154–1161. [PubMed: 28380315] 

12. Chahoud J, Sui D, Erwin WD, et al. Updated results of rituximab pre- and post-BEAM with or 
without 90yttrium-ibritumomab tiuxetan during autologous transplant for diffuse large b-cell 
lymphoma. Clin Cancer Res. 2018; 24(10):2304–2311. [PubMed: 29476021] 

13. Przepiorka D, van Besien K, Khouri I, et al. Carmustine, etoposide, cytarabine and melphalan as a 
preparative regimen for allogeneic transplantation for high-risk malignant lymphoma. Ann Oncol. 
1999;10(5):527–532. [PubMed: 10416001] 

14. Faulkner RD, Craddock C, Byrne JL, et al. BEAM-alemtuzumab reduced-intensity allogeneic stem 
cell transplantation for lymphoproliferative diseases: GVHD, toxicity, and survival in 65 patients. 
Blood. 2004;103(2):428–434. [PubMed: 12969983] 

15. Khouri IF, Wei W, Korbling M, et al. BFR (bendamustine, fludarabine, and rituximab) allogeneic 
conditioning for chronic lymphocytic leukemia/lymphoma: reduced myelosuppression and GVHD. 
Blood.2014;124(14):2306–2312. [PubMed: 25145344] 

16. Shimabukuro-Vornhagen A, Hallek MJ, et al. The role of B cells in the pathogeneis of graft-versus-
host disease. Blood. 2009;114(24):4919–4927. [PubMed: 19749094] 

17. Cutler C, Miklos D, Kim HT, et al. Rituximab for steroid-refractory chronic graft-versus-host 
disease. Blood. 2006;108(2):756–762. [PubMed: 16551963] 

18. Laport GG, Wu J, Logan B, et al. Reduced-intensity conditioning with fludarabine, 
cyclophosphamide, and high-dose rituximab for allogeneic hematopoietic cell transplantation for 
follicular lymphoma: a phase two multicenter trial from the Blood and Marrow Transplant Clinical 
Trials Network. Biol Blood Marrow Transplant. 2016;22(8):1440–1448. [PubMed: 27118571] 

19. Cutler C, Kim HT, Bindra B, et al. Rituximab prophylaxis prevents corticosteroid-requiring chronic 
GVHD after allogeneic peripheral blood stem cell transplantation: results of a phase 2 trial. Blood. 
2013;122(8):1510–1517. [PubMed: 23861248] 

20. Arai S, Sahaf B, Narasimhan B, et al. Prophylactic rituximab after allogeneic transplantation 
decreases B-cell alloimmunity with low chronic GVHD incidence. Blood. 2012;119(25):6145–
6154. [PubMed: 22563089] 

21. Sun K, Welniak LA, Panoskaltsis-Mortari A, et al. Inhibition of acute graft-versus-host disease 
with retention of graft-versus-tumor effects by the proteasome inhibitor bortezomib. PNAS. 
2004;101(21):8120–8125. [PubMed: 15148407] 

22. Wang M, Han XH, Zhang L, et al. Bortezomib is synergistic with rituximab and cyclophosphamide 
in inducing apoptosis of mantle cell lymphoma cells in vitro and in vivo. Leukemia. 2008;22(1):
179–185. [PubMed: 17898787] 

23. S de Vos S, Goy A, Dakhil SR, et al. Multicenter randomized phase II study of weekly or twice-
weekly bortezomib plus rituximab in patients with relapsed or refractory follicular or marginal-
zone b-cell lymphoma. J Clin Oncol. 2009; 27(30):5023–5030. [PubMed: 19770386] 

24. Friedberg JW, Vose JM, Kelly JL, et al. The combination of bendamustine, bortezomib, and 
rituximab for patients with relapsed/refractory indolent and mantle cell non-Hodgkin lymphoma. 
Blood. 2011; 117(10):2807–2812. [PubMed: 21239695] 

25. Flinn IW, Thompson DS, Boccia RV, et al. Bendamustine, bortezomib and rituximab produces 
durable complete remissions in patients with previously untreated, low grade lymphoma. Br J 
Haematol. 2018;180(3):365–373. [PubMed: 29193021] 

26. Mickelson EM, Petersdorf E, Anasetti C, et al. HLA matching in hematopoietic cell 
transplantation. Hum Immunol. 2000;61(2):605–614. [PubMed: 10825589] 

27. Thall PF, Simon RM, Estey EH. New statistical strategy for monitoring safety and efficacy in 
single-arm clinical trials. J Clin Oncol. 1996;14(1):296–303. [PubMed: 8558211] 

28. Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus Conference on Acute GVHD Grading. 
Bone Marrow Transplant. 1995;15(6):825–828. [PubMed: 7581076] 

Chamoun et al. Page 11

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Shulman HM, Sullivan KM, Weiden PL, et al. Chronic graft-versus-host syndrome in man. A long-
term clinicopathologic study of 20 Seattle patients. Am J Med. 1980;69:204–217. [PubMed: 
6996481] 

30. Filipovich AH, Weisdorf D, Pavletic S, et al. National Institutes of Health consensus development 
project on criteria for clinical trials in chronic graft-versus-host disease: I. Diagnosis and staging 
working group report. Biol Blood Marrow Transplant. 2005;11(12):945–956. [PubMed: 
16338616] 

31. Cheson BD, Pfistner B, Juweid ME, et al. Revised response criteria for malignant lymphoma. J 
Clin Oncol. 2007;25(5):579–586. [PubMed: 17242396] 

32. Hallek M, Cheson BD, Catovsky D, et al. Guidelines for the diagnosis and treatment of chronic 
lymphocytic leukemia: a report from the International Workshop on Chronic Lymphocytic 
Leukemia updating the National Cancer Institute-Working Group 1996 guidelines. Blood. 
2008;111(12):5446–5456. [PubMed: 18216293] 

33. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc. 
1958;53(282):457–481.

34. Robins JM, Hernán MA, Brumback B. Marginal structural models and causal inference in 
epidemiology. Epidemiol. 2000; 11:550–560.

35. Fine JP and Gray RJ A proportional hazards model for the subdistribution of a competing risk. J 
Am Stat Assoc. 1999; 94:496–509.

36. Baird K, Steinberg SM, Grkovic L, et al. National Institutes of Health chronic graft-versus-host 
disease staging in severely affected patients: organ and global scoring correlate with established 
indicators of disease severity and prognosis. Biol Blood Marrow Transplant. 2013;19(4):632–639. 
[PubMed: 23340040] 

37. O’Meara A, Halter J, Heim D, et al. Allogeneic stem cell transplantation for relapsed or refractory 
lymphoma after conditioning with BEAM/fludarabine/TBI. Biol Blood Marrow Transplant. 
2013;19(1):82–86. [PubMed: 22897965] 

38. Koreth J, Kim HT, Lange BP, et al. A bortezomib-based regimen offers promising survival and 
graft-versus-host disease prophylaxis in myeloablative HLA-mismatched and unrelated donor 
transplantation: a phase II trial. Biol Blood Marrow Transplant. 2015;21:1907–1913. [PubMed: 
26055298] 

39. William BM, Allen MS, Loberiza FR jr., et al. Phase I/II study of bortezomib-BEAM and 
autologous hematopoietic stem cell transplantation for relapsed indolent non-hodgkin lymphoma, 
transformed, or mantle cell lymphoma. Biol Blood Marrow Transplant. 2014;20(4):536–542. 
[PubMed: 24434781] 

40. Koreth J, Kim HT, Lange BP, et al. et al. Bortezomib-based versus standard of care reduced 
intensity conditioning hematopoitic stem cell transplantatiom: a phase 2 randomized controlled 
trial. Haematologica. 2018;103(3):522–530. [PubMed: 29326124] 

41. Koreth J, Stevenson KE, Kim HT, et al. Bortezomib-based graft-versus-host disease prophylaxis in 
HLA-mismatched unrelated donor transplantation. J Clin Oncol. 2012;30(26):3202–3208. 
[PubMed: 22869883] 

Chamoun et al. Page 12

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
OS and PFS of patients who received R-BEAM with bortezomib.
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Figure 2. 
(A) Weighted cumulative incidence of grade II-IV acute GVHD (aGVHD II-IV) in patients 

who received R-BEAM with bortezomib and those who received R-BEAM without 

bortezomib. (B) Weighted cumulative incidence of grade III or IV acute GVHD (aGVHD 

III-IV) in patients who received R-BEAM with bortezomib and those who received R-

BEAM without bortezomib. (C) Weighted cumulative incidence of chronic GVHD 

(cGVHD) in patients who received R-BEAM with bortezomib and those who received R-

BEAM without bortezomib.
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Figure 3. 
(A) Weighted OS rates of patients who received R-BEAM with bortezomib and those who 

received R-BEAM without bortezomib. (B) OS by donor type (sibling vs. MUD) and patient 

age (≤50 years versus >50 years) in the combined study- and control groups. Median OS 

was not reached among patients age ≤50 years and who received sibling donors or who had 

MUDs. Patients age >50 years whose donors were MUDs had worse outcomes.
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Table 1.

Clinical and transplant characteristics of allogeneic patients who received R-BEAM with or without 

bortezomib

Characteristic R-BEAM with bortezomib R-BEAM without bortezomib P

No. of patients 39 21 –

Median age, y (range) 54 (22– 65) 46 (19–59) .007

Male gender, no. (%) 30 (77) 17 (81) 1.00

Histology, no. (%) .19

 Diffuse large B-cell lymphoma 16 (41) 13 (62)

 Chronic lymphocytic leukemia/ Richter’s 12 (31) 4 (19)

 T-cell lymphoma 5 (13)

 Follicular lymphoma 4 (10) 1 (5)

 Mantle cell lymphoma 2 (5) 3 (14)

LDH level above normal 18 (46) 6 (29) .27

Median no. of prior chemotherapies (range) 3 (1–7) 3 (1–8) .45

Disease status at transplantation, no. (%) 1.00

 Refractory 16 (41) 8 (38)

 Sensitive 23 (59) 13 (62)

Months from diagnosis to transplant, (range) 28.0 (5.5–257.3) 21.6 (5.8–170.2) .38

HCT-CI, median (range) 1 (0–6) 2 (0–6) .27

 ≥ 3, no. (%) 8 (21) 5 (24) .75

Donor type, no. (%) .008

 Matched related 22 (56) 19 (90)

 Matched unrelated 17 (44) 2 (10)

Donor median age, y (range) 45 (20–70) 43 (27–64) .86

Stem cell source, no. (%) .28

 Peripheral blood/marrow 38/1 (97/3) 19/2 (90/10)

ABO-mismatched transplants, no. (%) 22 (56) 7 (33) .11

Female-to-male transplants, no. (%) 6 (15) 3 (14) 1.00

Median no. of CD34+ infused, × 106/Kg 5.4 4.9 .18

Cytomegalovirus status, no. (%) .56

 Recipient+/donor+ 12 (31) 10 (48)

 Recipient+/donor− 17 (44) 6 (29)

 Recipient−/donor+ 3 (8) 2 (10)

 Recipient−/donor− 7 (18) 3 (14)

R-BEAM, rituximab plus carmustine, etoposide, cytarabine, melphalan; y, year; LDH, lactate dehydrogenase; HCT-CI, hematopoietic cell 
transplant comorbidity index.
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Table 2.

Univariable and multivariable analysis of OS

Variable

Univariable analysis Multivariable analysis

Median OS in months HR 95% CI P HR 95% CI P

Age, y

 ≤50 NR ref

 >50 6.6 3.58 1.41, 9.08 .007

Donor type

 Sibling 42.3 ref

 MUD 5.2 1.86 0.84, 4.10 .13

Donor type/patient age, y

 Sibling / ≤ 50 NR ref ref

 Sibling / > 50 30.6 2.48 0.76, 8.07 .13 0.89 0.22, 3.52 .86

 MUD / ≤50 NR 0.95 0.17, 5.19 .95 0.68 0.11, 4.24 .68

 MUD / >50 2.9 6.46 1.88, 22.26 .003 4.18 1.09, 16.00 .037

Disease status

 Refractory 5.2 ref ref

 Sensitive NR 0.38 .17, .84 .016 0.38 0.13, 1.07 .07

LDH level

 Normal 56.7 ref ref

 Elevated 3.8 2.36 1.06, 5.26 .036 1.38 0.52, 3.64 .52

Grade III-IV aGVHD

 No ref

 Yes 3.91 1.71, 8.92 .001 3.66 1.49, 8.97 .005

OS, overall survival; HR, hazard ratio; CI, confidence interval; y, years; ref, reference; MUD, matched unrelated donor; NR, not reached; aGVHD, 
acute graft-versus-host disease.

Note: Grade III-IV aGVHD was included in the model as a time-dependent covariate.
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Table 3.

Univariable and multivariable analysis of PFS

Variable

Univariable analysis Multivariable Analysis

Median PFS in months HR 95% CI P HR 95% CI P

Donor type/patient age, y

 Sibling / ≤ 50 18.3 ref ref

 Sibling / > 50 21.6 1.30 0.46, 3.67 .61 .38 .11, 1.38 .14

 MUD / ≤50 NR 0.87 0.22, 3.50 .85 .80 .18, 3.45 .76

 MUD / >50 2.7 2.87 1.00, 8.20 .05 2.20 .72, 6.70 .16

Disease status

 Refractory 3.0 ref ref

 Sensitive 14.7 0.46 0.22, 0.96 .040 .28 .10, 78 .015

LDH level

 Normal 28.4 ref ref

 Elevated 3.2 2.15 1.00, 4.59 .049 1.56 .64, 3.84 .33

Grade III-IV aGVHD

 No ref ref

 Yes 2.93 1.30, 6.61 .010 4.03 1.57, 10.31 .004

PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; y, year; ref, reference; MUD, matched unrelated donor; NR, not reached; 
LDH, lactate dehydrogenase; aGVHD, acute graft-versus-host disease.

Note: Grade III-IV aGVHD was included in the model as a time-dependent covariate.
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Table 4.

Non-hematologic adverse events after R-BEAM with bortezomib

Event type, no. Grade 2 Grade 3 Grade 4 or 5

Infection 2 8 3

Gastrointestinal

 Nausea/vomiting 6 3 -

 Diarrhea 2 4 -

 Mucositis 2 2

Genito-urinary 2 4 -

Neurologic - 3 -

Pulmonary 1 - -

Liver 1 - 1

R-BEAM, rituximab plus carmustine, etoposide, cytarabine, and melphalan.
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