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Introduction

Radioimmunotherapy (RIT) has provided a valuable tool in the treatment of patients with 

indolent B cell non-Hodgkin lymphoma (NHL). The two RIT agents that are currently Food 

and Drug Administration (FDA)-approved in NHL, 131I-tositumomab and 90Y-ibritumomab 

tiuxetan, target the CD20 antigen, which is present on the surface of most normal and 

malignant B cells, thereby delivering a radiation dose directly to the tumor cells. 131I-

tositumomab shows response rates in relapsed/refractory indolent NHL of approximately 

65–70%, with approximately half being complete responses (CRs) [1–3]. While response 

rates are high in indolent B-NHL, duration of response is limited in most patients, lasting 1–

2 years. Experience with aggressive lymphomas is more limited than that with indolent 

lymphomas, and results have been mixed. In a phase 2 study involving multiple histologies, 

none of the patients with diffuse large B-cell lymphoma (DLBCL) achieved a complete 

response [1]. A subsequent study in second-line treatment of patients with DLBCL not 

eligible for transplant showed that about half of patients responded, but those who had 

received prior rituximab had a much lower response rate (19%) [4]. A study of 90Y-

ibritumomab tiuxetan in mantle cell lymphoma (MCL) [5] showed a response rate of 67%, 

but event-free survival (EFS) was 6 months.
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One mechanism by which lymphoma cells could show resistance to RIT is a lack of target 

antigen. CD20, however is nearly universally expressed on newly diagnosed B cell 

lymphomas, and is not commonly lost with disease progression [6,7]. Therefore, resistance 

to radiation may play a more relevant role in lack of responsiveness to RIT than inadequate 

expression of the target antigen.

Bortezomib, through inhibition of the chymotrypsin- like activity of the 26S proteasome in 

mammalian cells [8], disrupts normal regulation of critical cellular path- ways including 

cellular protective responses to radiation. Bortezomib is active as a single agent in MCL, 

inducing responses in approximately one-third of relapsed patients [9], while reports of 

activity in other NHL subtypes are mixed [10–12]. Since bortezomib has only modest 

hematologic toxicity, consisting mainly of short-lived thrombocytopenia, combination of this 

drug with RIT, for which hematologic toxicity is the major adverse effect, should show 

limited overlapping toxicity. We hypothesized that administration of bortezomib during the 

time of maximal radiation exposure with 131I-tositumomab would optimize responsiveness 

of lymphoma to RIT and therefore improve therapeutic outcomes in patients with NHL, 

including those with aggressive subtypes.

Materials and methods

Patients

Patients with relapsed and refractory B-cell NHL were eligible for the study. Key inclusion 

criteria included Eastern Cooperative Oncology Group (ECOG) performance status 0–2, 

adequate organ function, including absolute neutrophil count (ANC) > 1500/μL and platelet 

count > 150 X 109/L, creatinine clearance > 20 mL/min, bilirubin < 1.5 Xupper limit of 

normal (ULN) and no symptomatic heart disease. Patients were excluded from study therapy 

if they had bone marrow involvement by lymphoma of greater than 25%, prior stem cell 

transplant, grade > 2 peripheral neuropathy, human immunodeficiency virus (HIV) or active 

brain metastases. Patients who had received prior RIT were excluded, but prior bortezomib 

was permitted. All patients provided written informed consent. The study was reviewed and 

approved by the Institutional Review Boards of Weill Cornell Medical College and the 

University of Michigan and was conducted in accordance with the Declaration of Helsinki. 

The study was registered with ClinicalTrials.gov as NCT00777114.

Treatment

This study was a phase 1 dose-escalation trial designed to evaluate the maximum tolerated 

dose (MTD) of bortezomib in combination with 131I-tositumomab. Secondary objectives 

included assessment of response rates and progression-free survival (PFS). The schedule of 

bortezomib treatment was planned to optimize proteasome inhibition during the time of 

maximal radiation exposure [1], and therefore patients received one dose of bortezomib prior 

to the therapeutic dose of 131I-tositumomab, and then four additional twice- weekly doses 

through day 12 (approximately five times the mean effective half-life of 131I-tositumomab).

A dosimetric dose of 131I-tositumomab was administered on day 1, followed by three whole-

body gamma camera scans for purposes of dose calculation and evaluation of 
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biodistribution. A therapeutic dose was delivered on day 8. After an initial cohort received a 

reduced whole-body dose of 50 cGy 131I-tositumomab to mitigate for the possible risk of 

unexpected hematologic toxicity, all subsequent cohorts received RIT at the standard dose of 

75 cGy. Patients were treated with escalating doses of bortezomib (0.3 to 1.2 mg/ m2) on 

days 6, 10, 13, 16 and 20 (schema shown in Figure 1). Dose levels are shown in Table I.

Patients were followed with weekly complete blood counts for 12 weeks, or until recovery 

from neutrophil and platelet nadir. After one patient experienced grade 3 disseminated 

herpes zoster, the protocol was amended to mandate prophylaxis for varicella zoster.

Statistical analysis

The primary endpoint was identification of the MTD of bortezomib in combination 

with 131I-tositumomab. Dose escalation was undertaken via the Time to Event-Continuous 

Reassessment Model (TiTE-CRM) [13,14]. The TiTE-CRM method assumes a simple 

model for the probability of a dose limiting toxicity (DLT) as a function of the combination, 

and uses the occurrence of toxicities in the patients previously enrolled in the trial to 

subsequently determine which dose to allocate to the next patient. New subjects are 

continuously enrolled without pausing for complete follow-up of current subjects. DLT was 

defined as any grade 3 or 4 non- hematologic toxicity or any grade 4 hematologic toxicity as 

defined by the Common Terminology Criteria for Adverse Events (CTCAE) version 3.

Secondary endpoints included response rate and PFS. Response rate was defined using the 

Revised Response Criteria for Malignant Lymphoma [15]. An exact 95% confidence interval 

(CI) was calculated to assess the precision of the observed response rate. PFS was calculated 

by the Kaplan-Meier method and defined as time from initiation of treatment to 

documentation of disease progression or death from any cause. Greenwood’s formula was 

used to calculate 95% Cis for the Kaplan Meier estimates. All analyses were performed in 

Stata Version 12.0 (StataCorp, College Station, TX).

Results

Thirty-one patients were enrolled in the study between April 2007 and June 2012 (Table II). 

Six patients did not receive treatment due to ineligibility (three patients), lack of availability 

of drug (one patient), early progression (one patient) or abnormal biodistribution of 131I-

tositumomab (one patient). Of the 25 patients who did receive study treatment, the median 

age was 68 (range 40–81). Eleven patients (44%) had follicular lymphoma (FL), eight (32%) 

had DLBCL, five (20%) had MCL and one had marginal zone lymphoma (MZL). The 

median number of prior therapies was 2 (range 1–4), and all but one patient had received 

prior rituximab.

Of the 25 treated patients, all but one patient completed study treatment. In the patient who 

did not complete treatment, the last bortezomib dose was held due to grade 3 hyponatremia. 

The therapeutic dose of 131I-tositumomab was delayed for 1 week in two patients due to 

fevers and chills experienced on the day the dose was due.
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Twenty-four of the 25 patients were evaluable for DLT. One patient was not evaluable due to 

early disease progression; that patient proceeded to alternative therapy 4 weeks after 

initiation of study treatment. Two patients each were treated at dose levels 1, 2 and 3, and 

none experienced DLT. Eight patients were treated at dose level 4, again with no patients 

experiencing DLT. At dose level 5, DLT was observed in four of 11 patients. Two of these 

patients experienced grade 4 thrombocytopenia, one had grade 3 hyponatremia and one 

patient developed grade 3 herpes zoster. The MTD of the combination was determined to be 

dose level 4: bortezomib 0.9 mg/m2 in combination with 131I-tositumomab at 75 cGy. 

Treatment was generally well tolerated. Hematologic toxicity was common, mild to 

moderate in severity and reversible. Grade 3 and 4 hematologic toxicities included 

neutropenia in five patients (20%), anemia in one patient (4%) and thrombocytopenia in 

eight patients (33%) (Table III)

All patients experiencing hematologic toxicities recovered blood counts to baseline during 

the time of follow-up. The most common grades 1 and 2 non-hematologic toxicities included 

fatigue and chills (Table IV).

Two patients developed new grade 1 peripheral neuropathy while on treatment. One patient 

developed human anti-mouse antibody (HAMA) 12 weeks after receiving 131I-tositumomab. 

No patient developed hypothyroidism during the follow-up period.

Sixteen of the 25 patients (64%; 95% CI = 43–82%) achieved an objective response to the 

study treatment, including 10 of 11 (91%) patients with FL, three of eight (36%) patients 

with DLBCL and three of five (60%) patients with MCL (Table V). CRs were observed in 

nine of 11 patients with FL, and one each with DLBCL and MCL. Nine patients did not 

respond to study treatment. At a median follow-up of 7 months (range 1–36 months), the 

median PFS for all patients was 7 months (95% CI = 5–9 months) [Figure 2(A)]. Median 

PFS for patients with FL was not reached; the 12-month PFS for patients with FL was 64% 

(95% CI = 30–85%) [Figure 2(B)]. Seven of 11 patients with FL remained in remission at a 

median follow-up of 22 months (range 12–36 months) [Figure 2(B)].

Discussion

Although RIT is effective in relapsed indolent lymphomas, the fact that most responses are 

of limited duration combined with the suboptimal activity in aggressive NHL sub- types 

suggests that improvements can be made. Our strategy of radiosensitization using 

bortezomib is based on preclinical studies demonstrating improved responsiveness to 

radiation with exposure to bortezomib [16]. Bortezomib appears to exert this effect through 

suppression of nuclear factor-κB (NF-κB) activation, and by inhibiting up-regulation of anti- 

apoptotic proteins in response to radiation damage [17].

The present phase 1 study was designed to focus bortezomib dosing during the time of 

greatest radiation exposure to the tumor cells in order to maximize synergy. To achieve this, 

one dose of bortezomib was given prior to the treatment dose of 131I-tositumomab, and 

bortezomib dosing was continued for four additional doses during the 2 weeks after RIT, 

when tumor exposure to radiation is expected to be highest [1]. With this regimen, the 
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combination of bortezomib with 131I-tositumomab was tolerable, with the MTD of 

bortezomib given in combination with standard dose 131I-tositumomab identified to be 0.9 

mg/m2.

No unexpected toxicities were observed, with hematologic toxicity being most prominent. 

The rates of grade 3 and grade 4 hematologic toxicity were comparable to those observed 

with 131I-tositumomab alone [1, 2]. The observation of disseminated zoster is consistent 

with the baseline immunosuppression of pretreated patients with lymphoma, and is a known 

complication of bortezomib [18]; therefore, all patients treated with this regimen should 

undergo viral prophylaxis. Other toxicities were mostly mild and reversible. Peripheral 

neuropathy was rare and mild. Hypothyroidism, a known risk following 131I-tositumomab, 

was not observed in this study. This finding might be related to limited patients numbers 

and/or relatively short follow up.

The combination of bortezomib and 131I-tositumomab showed notable activity in this 

preliminary study, particularly in FL. Although numbers were small, the response rate in FL 

of 91% with 82% CR, is higher than expected with RIT, response rates in MCL and DLBCL 

were lower than in FL, but still notable. All the patients with aggressive lymphoma had 

received prior rituximab, which has previously been demonstrated to be associated with 

markedly inferior responses [4].

Two other trials have been published exploring the combination of bortezomib in 

combination with RIT, both using 90Y-ibritumomab tiuxetan administered on the day of the 

third dose. Patients subsequently received consolidation with bortezomib after count 

recovery. Both studies found the combination to be tolerable, with hematologic toxicity 

common. Both showed activity, although response rates were lower than those reported here. 

Beaven et al. showed an overall response rate of 50% in patients with mixed NHL 

histologies. In the study by Roy et al., 89% of a group with mostly FL responded, but with 

only a 22% CR rate. While the difference in activity could be due to small numbers enrolled 

in these phase 1 studies, another potential explanation is the difference in dosing schedule. 

The present study was designed to maximize exposure to the tumor. Both previous studies 

had relatively limited overlapping exposure, which may have moderated the synergy of the 

two drugs. Another potential explanation for differences in activity could be the difference in 

RIT agent. Although no differences in the clinical activity between 131I-tositumomab 

and 90Y-ibritumomab tiuxetan, it is conceivable that synergistic interactions between the two 

RIT agents and bortezomib could differ, possibly through mechanistic differences between 

the type II tositumomab and the type I ibritumomab [21].

In conclusion, the combination of bortezomib and 131I-tositumomab is tolerable in both 

indolent and aggressive relapased/refractory B-cell NHL. Although limited by the small 

cohort number in this phase 1 study, the response rates noted in this mixed population 

suggest improved activity over RIT alone, particularly with regard to response rats in FL. 

This combination merits study in trials designed to further explore its activity.
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Figure 1. 
Treatment schema. The dosimetric dose of 131I-tositumomab was 5 mCi in all patients. 

Therapeutic dosing of 131I-tositumomab was as per the dose escalation scheme.
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Fig 2. 
Progression-free survival in (A) all patients with follicular lymphoma.
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Table I

Dose levels.

Dose level 131I-tositumomab Bortezomib Number treated DLT

1 50 cGy 0.3 mg/m2 2 0

2 75 cGy 0.3 mg/m2 2 0

3 75 cGy 0.6 mg/m2 2 0

4 75 cGy 0.9 mg/m2 8 0

5 75 cGy 1.2 mg/m2 11 4

DLT, dose limiting toxicity.
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Table II

Patient demographics.

Age, median (range) 68 (40–81)

Gender n (%)

 Male 18 (72)

 Female 7 (28)

Histology

 FL 11 (44)

 DLBCL 8 (32)

 MCL 5 (20)

 MZL 1 (4)

Prior therapies

 <3 17 (68)

 ≥3 8 (32)

FL, follicular lymphoma; DLBCL, diffuse large B-cell lymphoma; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma.
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Table III

Toxicity: grades 3 and 4.

Toxicity n (%)

Neutropenia 5 (20)

Thrombocytopenia 8 (33)

Anemia 1 (4)

Hyponatremia 1 (4)

Herpes zoster 1 (4)
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Table IV

Non-hematologic toxicity present in ≥5 patients.

Toxicity Grade 1–2 (%)

Fatigue 6 (24)

Chills 8 (32)

Dizziness 5 (20)

Anorexia 5 (20)

Fever 8 (32)

Hypocalcemia 9 (36)

Hyponatremia 7 (28)

Hypoglycemia 5 (20)
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