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Abstract: Most cases of indolent non-Hodgkin lymphoma (NHL) are incurable with standard 

chemoimmunotherapy approaches, and patients with relapsed/refractory disease have pro-

gressively shorter remissions and short survival with subsequent chemotherapy regimens. 

This may potentially be overcome with diversification of treatment strategies to include other 

modalities including radiotherapy, small molecule signaling transduction inhibitors, or high-

dose chemotherapy with stem cell support. Yttrium-90 ibritumomab tiuxetan (Zevalin®) is a 

novel treatment entity for indolent NHL. A radiolabeled antibody conjugate, it consists of a 

murine anti-CD20 antibody linked to a chelator molecule, tiuxetan, which is bound to radioac-

tive yttrium. Yttrium-90 ibritumomab tiuxetan is approved for use as consolidation after initial 

treatment of follicular lymphoma as well as single-agent therapy in relapsed/refractory B-cell 

NHL. Responses are seen even in patients refractory to conventional cytotoxic chemotherapy and 

rituximab in both indolent and aggressive NHL subtypes. Recent clinical studies have also shown 

that yttrium-90 ibritumomab tiuxetan has significant activity when combined with novel targeted 

small molecular inhibitors as well as in autologous and allogeneic transplantation  regimens. Here 

we review the biology underlying the efficacy of yttrium-90 ibritumomab tiuxetan in NHL and 

present an overview of the clinical experience with this agent in NHL. Finally, we discuss the 

current role of yttrium-90 ibritumomab tiuxetan in the armamentarium of treatments for NHL 

and possibilities for incorporating it into future NHL treatment algorithms.
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Introduction
According to the Surveillance, Epidemiology and End Results program data, non-Hodgkin 

lymphoma (NHL) is the sixth leading cause of cancer death in the USA.1 Accounting for 

roughly 80,000 new diagnoses each year,1 NHL is a heterogeneous group comprising 

dozens of different lymphomas that can be broadly grouped into indolent or aggressive 

subtypes, both of which are primarily treated with chemotherapy-based regimens.2 Over 

half of these lymphomas are indolent B-cell lymphomas, which follow a relapsing and 

remitting course for which symptomatic patients will receive treatment intermittently 

for many years.3 With successive treatments, the durability of response and survival time 

in indolent NHL decreases substantially.4 Similarly poor outcomes are seen in relapsed/

refractory aggressive NHL. In aggressive NHL, while the goal of treatment is generally 

cure of the disease, less than half of patients with high-risk aggressive NHL subtypes, such 

as diffuse large B-cell lymphoma (DLBCL), will achieve a cure with standard chemoim-

munotherapy approaches.5–7 Thus, the development and use of effective, alternative 

approaches to treatment for patients in the relapsed/refractory setting is essential.
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Yttrium-90 (Y90) ibritumomab tiuxetan is an antibody-

drug conjugate targeting CD20 and has been investigated 

as a treatment for NHL in both the front-line and relapsed/

refractory settings. Greater than 85% of NHL cases arise from 

B-cells with high levels of CD20 expression, allowing the 

majority of lymphomas to be targeted with Y90 ibritumomab 

tiuxetan. This agent is approved by the US Food and Drug 

Administration (FDA) for use as consolidation after initial 

treatment of follicular lymphoma as well as single-agent 

therapy in relapsed/refractory B-cell NHL. While the clini-

cal utility of Y90 ibritumomab tiuxetan has been studied in 

hundreds of clinical trials covering a wide range of NHL 

subtypes and clinical situations, its current role in the treat-

ment of NHL is not well defined, and some investigators 

argue that Y90 ibritumomab tiuxetan is underused. Herein, 

we review the development of Y90 ibritumomab tiuxetan, 

clinical data supporting its use and possible reasons for its 

low utilization, and explore the current state of the clinical 

data regarding its use in other NHL subtypes.

Rationale for use
CD20-targeted antibodies work through multiple mechanisms, 

including direct interruption of receptor-ligand signal 

transduction, mediation of complement–dependent cyto-

toxicity, and antibody-dependent cellular cytotoxicity.8 

CD20 antibodies thus result in tumor cell death by modes 

distinct from those involved in the response to cytotoxic 

chemotherapy. They also essentially spare CD20-negative 

tissues from side effects. For example, very few side effects 

were seen in early phase clinical trials of rituximab, the first 

anti-CD20  monoclonal antibody to receive FDA approval.9,10 

Further clinical studies have shown that, when given as part 

of standard induction chemotherapy for the two most com-

mon forms of NHL, ie, DLBCL and follicular lymphoma, 

rituximab improves overall survival and progression-

free survival.11,12 More prolonged use in maintenance/

consolidation schemas employing rituximab improved overall 

survival in mantle cell lymphoma (MCL)13 and progression-

free survival in follicular lymphoma.14

To further capitalize on CD20 expression in NHL and 

take advantage of the sensitivity of lymphomas to radia-

tion,15 radiolabeled CD20 antibodies such as ibritumomab 

tiuxetan were developed. These antibodies deliver radioiso-

topes directly to the tumor cells by targeting the specific cell 

 surface antigen, CD20. After binding CD20, the radioisotope 

moieties are internalized and emit toxic ionizing radiation 

within the tumor cell.16 Y90 ibritumomab tiuxetan (Zevalin®; 

Idec Pharmaceuticals, Corporation, San Diego, CA, USA) is 

a unique CD20-radiolabeled antibody-drug conjugate and has 

been studied extensively in multiple Phase I–III clinical trials 

in NHL. Based on these studies, Y90 ibritumomab tiuxetan 

was approved by the FDA for the treatment of relapsed/

refractory indolent B-cell lymphoma and for consolidation 

therapy in follicular lymphoma responding to initial treatment 

with chemotherapy.17

Structure and administration
Ibritumomab is a monoclonal mouse immunoglobulin G

1
 

antibody that serves as the variable component of the chime-

ric antibody rituximab. It binds CD20 with high affinity at 

nanomolar concentrations and can elicit antibody-dependent 

cellular cytotoxicity or complement-dependent cytotoxicity 

effectively. The ibritumomab is bound to tiuxetan, a small 

molecule chelator agent that can bind multiple radioiso-

topes. Ibritumomab tiuxetan is then conjugated to Y90, the 

radioactive component, which provides much of the clinical 

benefit.

The specificity afforded by targeting Y90 to CD20+ tis-

sues results in an approximately 800-fold higher radiation 

dose to CD20+ lymphoma tissue as compared with normal 

tissues.18 Although the radiation emitted is able to penetrate to 

some degree into the surrounding tissues, this effect is small 

because Y90 ibritumomab tiuxetan emits beta particles at an 

energy of 2.3 MeV and a penetration of only 5–10 mm. This 

degree of collateral radiation scatter may increase efficacy in 

states of bulky disease or compromised vascular distribution 

while avoiding unnecessary toxicity. In order to fully assess 

this hypothesis, for many years dosi metry was performed, 

prior to administering the therapeutic Y90 ibritumomab 

tiuxetan, to evaluate off-target radiation exposure to nearby 

normal tissue.18–20 Since Y90 is a pure beta emitter, it can-

not be detected externally by imaging devices; therefore, 

several days prior to treatment, patients were administered 

indium-111 ibritumomab tiuxetan, which can be imaged by 

measurement of gamma radiation. Indium-111-based dosim-

etry in these studies demonstrated that acceptable off-target 

radiation exposures are seen at the therapeutic dose of Y90 

ibritumomab tiuxetan. Ibritumomab tiuxetan dosimetry with 

indium-111 was used widely in clinical practice in the USA 

until an analysis of dosimetry data by Wiseman et al from 

four clinical trials involving 179 patients showed that dosim-

etry and dose adjustment would not change the administered 

dose compared with body surface area-based dosing alone 

in the majority of cases.21 Therefore, the requirement for 

indium-111 was removed from the product label in 2011, and 

a fixed dosing scheme is employed by most centers.
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In order to improve exposure of lymphoma cells to Y90 

ibritumomab tiuxetan is given after initial dosing with ritux-

imab to reduce the level of normal CD20+ B-cells. Adminis-

tration of rituximab prior to radiolabeled antibody-conjugate 

infusion improved dosimetry visualization of known disease 

in the initial Phase I study, presumably by depleting compet-

ing normal circulating and lymph node CD20+ B-cells prior 

to radioimmune conjugate treatment.

In Phase I trials, 0.4 mCi/kg was found to be the maximum 

tolerated dose for Y90 ibritumomab tiuxetan when given as 

a single agent in patients with a normal platelet count.22,23 

Thrombocytopenia is the most frequent grade 4 hematologic 

toxicity complicating Y90 ibritumomab tiuxetan treatment. 

A Phase II trial exploring treatment with reduced dose (0.3 

mCi/kg) Y90 ibritumomab tiuxetan in NHL patients with 

platelet counts of 100,000–150,000 µL showed tolerability 

in this patient population.24 It is not used in patients with 

platelet counts lower than 100,000 µL. Since cytopenias are 

the most profound toxicity and the radiation from Y90 can 

have some impact on surrounding  tissue, it is not used in 

patients with $25% lymphoma seen on bone marrow biopsy 

prior to treatment. Doses up to 1.2 mCi/kg have been used 

as the sole preparative regimen for allogeneic hematopoietic 

stem cell transplantation with tolerable non-hematopoietic 

dosimetry and toxicity profiles, but this is likely the upper 

limit of dosage tolerable to non-hematopoietic tissues and is 

not used outside of the clinical trial setting.25

In summary, the current labeling states that  Y90 ibritu-

momab tiuxetan may be given at a dose of 0.4 mCi/kg to subjects 

with a normal platelet count, and this dose is adjusted to 0.3 mCi/

kg if the baseline platelet count is 100,000–150,000/µL, with 

a maximum allowable dose of 32 mCi. No dosimetry-based 

adjustments are needed, and rituximab 250 mg/m2 is adminis-

tered on days 1 and 8 of a treatment scheme with Y90 ibritu-

momab tiuxetan infusion given immediately after the second 

dose of rituximab (Figure 1). Similar dosing schemas have 

been studied in hundreds of clinical protocols and retrospec-

tive series, largely in indolent subtypes of NHL.

Toxicities
Ytrium-90 ibritumomab tiuxetan is extremely well toler-

ated. Most of the toxicities seen in Phase I trials  (Table 

1) were hematologic, with a median granulocyte nadir 

of 1.1×109 µL (baseline 4.0×109 µL), and median platelet 

nadir of 49.5×109 µL (baseline 226×109 µL) in the first 

standard-dose Phase II study.23 An overview of these studies 

is depicted in Table 1.  Notably, development of cytopenias 

after radioimmunotherapy (RIT) occurs at 4–6 weeks post 

treatment, with recovery 9–20 days after nadir, which is 

later than what is typically noted after cytotoxic chemo-

therapy for NHL.22,23 The degree of cytopenia appears to 

be dependent upon the baseline blood counts at the time of 

treatment as well as the number of previous chemotherapy 

regimens, although safety with standard dosing after 

myeloablative hematopoietic stem cell transplantation has 

been demonstrated.23,26,27

Given the penetration of ionizing radiation from Y90 into 

normal tissue, and its pronounced effect on the bone marrow, 

a prominent concern with Y90  ibritumomab tiuxetan is the 

risk of developing treatment-related myeloid malignancies. 

Two data sets illuminate this issue. Czuczman et al reported 

a retrospective study of data from 746 patients treated with 

Y90 ibritumomab tiuxetan at multiple centers with a median 

follow-up of 4.5 years.28 Nineteen patients (2.5%) were 

diagnosed with treatment-related myelodysplastic syndrome 

(MDS) or acute myeloid leukemia (AML) within a median of 

1.9 years from administration of RIT, and a 0.7% per year rate 

of treatment-related MDS/AML was calculated from time of 

RIT. The majority of cases of treatment-related MDS/AML 

had recurrent cytogenetic abnormalities linked to previous 

treatment with radiation and/or alkylator-based chemother-

apy. Since these patients had also received multiple other lines 

of radiation and chemotherapy, it is impossible to determine 

the individual contribution of RIT versus prior chemotherapy 

exposure to the development of MDS/AML.28

Long-term data after RIT’s use in the front-line setting 

more clearly suggest an increased incidence of MDS/AML 

in subjects who received RIT. After a median follow-up of 

7.3 years, data from the randomized First Line Indolent 

(FIT) trial reported by Morschhauser et al showed that 

seven of 201 (actuarial 8-year incidence of 4.2%) patients 

treated with RIT consolidation developed treatment-related 

Rituximab 250 mg/m2

Rituximab 250 mg/m2

Day 1

Day 8

Y90 ibritumomab tiuxetan 0.4 mCi/kg 
(32 mCi maximum 0.3 mCi/kg for baseline platelets 100,000–149,000 µL)

Figure 1 Scheme for administration of rituximab followed by injection of Y90 
ibritumomab tiuxetan.
Note: The curved arrow indicates that ibritumomab dose is given on the same day 
as the rituximab.
Abbreviation: Y90, yttrium-90.
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Table 1 Toxicities from key multicenter clinical trials evaluating single-agent Y90 ibritumomab tiuxetan in relapsed/refractory non-
Hodgkin lymphoma (rows 1 and 2) and consolidation with Y90 ibritumomab tiuxetan after response to induction chemotherapy

Reference Design Patients (n) Y90 ibritumomab  
tiuxetan dosing

WBC nadir  
(baseline, µL)

Platelet nadir 
(baseline, µL)

Neutrophil 
nadir time

Platelet  
nadir time

Grade 3/4 
granulocytopenia

Grade  
3/4 anemia

Grade 3/4  
thrombocytopenia

Comments

Knox et al22 Phase i 18 3–4 patients per cohort treated  
with dose levels 13.5, 20, 30, 40, and 
50 mCi/kg Y90 ibritumomab tiuxetan

1.7 (5.6) 40 (177) 5.1 weeks 4.8 weeks 72.20% 22.20% 77.80% 3/4 patients at 40 mCi 
dose received G-CSF

witzig et al23 Phase i 15 0.4 mCi/kg Y90 ibritumomab tiuxetan 1.1 (4.0) granulocyte  
count

49.5 (226) 50 43 NR NR NR 3 patients received G-CSF, 
10 patients received 
platelet transfusion

Morschhauser  
et al29

Phase iii 409 (204 Y90 
ibritumomab 
tiuxetan treated)

Chemotherapy followed by  
0.4 mCi/kg Y90 ibritumomab tiuxetan

NR NR NR NR 66.70% 3.40% 60.80% Phase iii consolidation 
study, RiT given to 
responders post induction

Abbreviations: G-CSF, granulocyte colony-stimulating factor; NR, not reported; RiT, radioimmunotherapy; wBC, white blood cell count; Y90, yttrium-90. 

MDS/AML versus one case in 202 (actuarial 8-year 

incidence of 0.6%; P=0.042) patients in the comparator 

arm who received standard chemotherapy without RIT. 

The median time from randomization to diagnosis of 

MDS/AML was 57 (range 22–84) months. Therefore, there 

may be an excess of treatment-related myeloid malignan-

cies in patients treated with Y90 ibritumomab tiuxetan as 

compared with similarly treated patients with NHL not 

receiving RIT.29

An additional pragmatic consideration is the tolerability 

and efficacy of other treatments, including chemotherapy, 

high-dose chemotherapy, and stem cell rescue or radiotherapy 

administered around the time of Y90 ibritumomab tiuxetan. 

The question of chemotherapy dosing and toxicity post RIT 

was addressed by an analysis of patients treated in early clini-

cal protocols at the Mayo Clinic and reported by Ansell et al. 

In a cohort of 58 patients treated with cytotoxic chemotherapy 

administered after completion of Y90 ibritumomab tiuxetan, 

toxicities were similar to those in similarly treated control 

groups not treated with RIT;  additionally, eight patients in 

this study went on to successful hematopoietic stem cell 

collection after RIT.27

In front-line treatment  
of follicular lymphoma
In 2009, Y90 ibritumomab tiuxetan was approved by the FDA 

for use as consolidation in patients with previously untreated 

follicular lymphoma who have a partial response or a complete 

response (CR) to initial chemotherapy. Prior to its approval, 

the only maintenance approach used in  indolent lymphoma 

was intermittent rituximab every 2, 3, or 6 months.14,30,31 

While this demonstrated improved  progression-free survival 

compared with observation, it required up to 2 years of 

additional treatment. RIT is an attractive alternative form 

of consolidation because it is effective and convenient, with 

treatment given over a period of 1–2 weeks versus 2 years 

with conventional anti-CD20 antibodies.

Y90 ibritumomab tiuxetan has been evaluated as consoli-

dation post chemotherapy in one randomized Phase III clinical 

trial, ie, FIT. In this study, Morschhauser et al randomized 207 

patients with follicular lymphoma and documented CR/uncon-

firmed CR (Cru) or partial response after initial chemotherapy 

to Y90 ibritumomab tiuxetan 14.8 MBq/k or observation.29,32 

A variety of chemotherapy programs were used in this study, 

including CVP (cyclophosphamide, vincristine, and predni-

sone), CHOP (cyclophosphamide, doxorubicin, vincristine, 

and prednisolone), chlorambucil and fludarabine, but only 

13.2% of the RIT arm and 15.6% of the control arm received 

rituximab as part of their initial induction chemotherapy 

regimen. Post-chemotherapy rituximab maintenance schemes 

were not allowed in either arm. Progression-free survival in 

the overall patient cohort was 36.5 months in the Y90 ibri-

tumomab tiuxetan arm versus 13.3 months with observation 

alone (P,0.001). More substantial differences were seen in 

outcomes between arms in patients in partial response at time 

of enrollment where progression-free survival was 29.3 versus 

6.2 months (Y90 ibritumomab tiuxetan versus observation; 

P,0.0001). However, even patients in a CR/Cru at the time 

of randomization had an increased progression-free survival 

with RIT (29.5 versus 53.9 months, P=0.0154). In addition, 

78% of the patients with a partial response at study enrollment 

converted to a CR after RIT  versus only 17.5% in the control 

arm (P=0.001) suggesting that Y90 ibritumomab tiuxetan may 

deepen the response when used with chemotherapy. In long-

term follow-up reported in 2013, the median time to next treat-

ment was 8.1 years for Y90 ibritumomab tiuxetan versus 3.0 

years in the control arm. Both cohorts had an approximately 

80% response rate to retreatment with chemotherapy at time of 

first progression.29,32 RIT consolidation in this study was well 

tolerated with the expected increase in hematologic toxicities. 
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Grade 3/4 neutropenia occurred in 66.7% versus 2.5% in the 

control arm. The median time to neutrophil nadir was 44–46 

days, with a median recovery time of 20 days for grade 3 and 

28 days for grade 4 neutropenia. Grade 3/4 infection occurred 

in 7.9% versus 2.4% in the controls. Similarly, grade 3/4 

thrombocytopenia occurred in 60.8% of subjects on the RIT 

arm versus in none of the controls. Platelet nadir occurred a 

little earlier than neutropenia with nadir at 35 days for grade 

3 and 39 days for grade 4 thrombocytopenia. Median time to 

platelet recovery was 20 days and 35 days for the respective 

grades. There were more grade 3/4 non-hematologic adverse 

events in the RIT arm (29% versus 19%), mostly infection, 

pyrexia, and hypertension.29,32

Based on the results of the FIT trial, Y90 ibritumomab 

tiuxetan was approved by the FDA for consolidation after ini-

tial chemotherapy in follicular cell NHL. However, its ultimate 

role in this situation is not yet clear, since the data suggest 

that it may increase the incidence of MDS/AML compared 

with observation. In addition, randomized data are lacking to 

compare it with maintenance rituximab or even to look at its 

benefit after prior rituximab-containing regimens since less 

than 20% of subjects had previously received rituximab.

While Y90 ibritumomab tiuxetan is not approved by the 

FDA for single-agent use as initial therapy in indolent NHL, 

there are data suggesting that it may have a role in this set-

ting as well. Scholz et al reported 30-month follow-up from a 

multicenter Phase II trial in Europe that enrolled 59 patients 

with stage II–IV follicular lymphoma requiring treatment. 

Eighty-seven percent of patients responded, with 56% attain-

ing a CR after 6 months of treatment. In this trial, the median 

progression-free survival for all subjects was 25.9 months and 

had not been reached for those in a CR. In addition, as seen 

in other RIT trials, those patients still with a CR at 12 months 

had very durable responses, with relapses seen in only three 

of 26 patients at the time of the report. Not surprisingly, there 

appeared to be a trend towards shorter progression-free sur-

vival in patients with elevated lactate dehydrogenase levels or 

higher ($2) Follicular Lymphoma International Prognostic 

Index scores, suggesting patients with more aggressive disease 

may require more intensive chemotherapy-based induction 

treatment rather than single-agent RIT.33

A fractionated scheduled of Y90 ibritumomab tiuxetan 

as front-line therapy for follicular lymphoma has also been 

studied in an attempt to further deepen the response. Treatment 

consisted of two 11.1 MBq/kg doses of RIT scheduled 8–12 

weeks apart. This scheme was designed with the rationale that 

initial debulking of disease would improve rates of response to 

administration of a second dose of RIT. In cases where count 

recovery was delayed, an additional 4 weeks of recovery time 

was allowed. Seventy-four patients with follicular lymphoma 

and less than 20% bone marrow involvement who required 

treatment according to Groupe d’Etude des Lymphomes Fol-

liculaires/British National  Lymphoma Investigation criteria 

were enrolled. In patients with $20% follicular lymphoma 

involvement on bone marrow biopsy, four weekly doses with 

four doses separated by one week each were administered 

followed by repeat bone marrow examination to determine if 

the study inclusion criteria were met prior to study involve-

ment. Responses similar to those in other studies of front-line 

RIT in follicular lymphoma were noted in this trial, with an 

overall response rate of 94.4% and a CR/Cru of 58.3% after 

initial RIT. With the repeat dose, this increased to an overall 

response rate of 95.8% and a CR rate of 69.4%. Three-year 

progression-free survival was estimated to be 58% and 3-year 

overall survival was 95%. Sixteen percent of subjects did 

not receive the second dose of RIT because of prolonged 

cytopenias, and the incidence of cytopenias was higher after 

the second dose of RIT. Grade 3/4 thrombocytopenia occurred 

in 20.8% of subjects after the first RIT and in 56% after the 

second RIT. The duration of thrombocytopenia was longer 

Table 1 Toxicities from key multicenter clinical trials evaluating single-agent Y90 ibritumomab tiuxetan in relapsed/refractory non-
Hodgkin lymphoma (rows 1 and 2) and consolidation with Y90 ibritumomab tiuxetan after response to induction chemotherapy

Reference Design Patients (n) Y90 ibritumomab  
tiuxetan dosing

WBC nadir  
(baseline, µL)

Platelet nadir 
(baseline, µL)

Neutrophil 
nadir time

Platelet  
nadir time

Grade 3/4 
granulocytopenia

Grade  
3/4 anemia

Grade 3/4  
thrombocytopenia

Comments

Knox et al22 Phase i 18 3–4 patients per cohort treated  
with dose levels 13.5, 20, 30, 40, and 
50 mCi/kg Y90 ibritumomab tiuxetan

1.7 (5.6) 40 (177) 5.1 weeks 4.8 weeks 72.20% 22.20% 77.80% 3/4 patients at 40 mCi 
dose received G-CSF

witzig et al23 Phase i 15 0.4 mCi/kg Y90 ibritumomab tiuxetan 1.1 (4.0) granulocyte  
count

49.5 (226) 50 43 NR NR NR 3 patients received G-CSF, 
10 patients received 
platelet transfusion

Morschhauser  
et al29

Phase iii 409 (204 Y90 
ibritumomab 
tiuxetan treated)

Chemotherapy followed by  
0.4 mCi/kg Y90 ibritumomab tiuxetan

NR NR NR NR 66.70% 3.40% 60.80% Phase iii consolidation 
study, RiT given to 
responders post induction

Abbreviations: G-CSF, granulocyte colony-stimulating factor; NR, not reported; RiT, radioimmunotherapy; wBC, white blood cell count; Y90, yttrium-90. 
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after the second treatment (median 20 days versus 40 days). 

Grade 3/4 neutropenia was similarly affected, with 20.8% 

initially up to 36% after the second injection, and median 

duration of neutropenia increased from 18 days to 31 days. 

No non-hematologic Grade 3/4 toxicities occurred in more 

than 3% of patients enrolled.34

Taken together, these studies show the efficacy and 

feasibility of using Y90 ibritumomab tiuxetan as the sole 

therapy for previously untreated follicular lymphoma. In 

these studies, RIT was associated with high response rates, 

especially when considering conversion to CR/Cru over 

the initial 6–12 months. These trials had response rates and 

outcomes comparable with those in studies of front-line 

induction immunochemotherapeutic approaches. However, 

direct comparisons between front-line RIT and front-line 

rituximab with/without chemotherapy have not been carried 

out in a prospective randomized manner, so the role of RIT as 

a single agent for induction therapy in follicular lymphoma in 

the rituximab era is unclear. Further prospective, randomized 

controlled trials with longer follow-up are needed to better 

evaluate the potential of RIT as monotherapy for indolent 

lymphoma in the front-line setting.

In relapsed/refractory NHL
Y90 ibritumomab tiuxetan was initially approved for use in 

patients with relapsed/refractory indolent B-cell NHL (see 

Table 2). Due to the incurable nature of the indolent lym-

phomas, affected patients require intermittent treatment with 

non-cross-resistant therapies. Given that cytotoxic chemo-

therapies appear to lose efficacy with subsequent rounds of 

treatment,35 different approaches with high response rates in 

relapsed/refractory NHL are needed. Its unique properties as 

a radioimmunoconjugate make Y90 ibritumomab tiuxetan an 

exciting approach.

The initial Phase I studies evaluating Y90 ibritumomab 

tiuxetan in relapsed disease found overall response rates of 

67%–72%, with roughly a third of patients attaining a CR at 

dose levels approaching 0.4 mCi/kg. Both studies included 

patients with low-grade NHL, most of whom had received 

two or more prior chemotherapy regimens.22,23 In the subse-

quent Phase II study by Witzig et al,23 relapsed low-grade 

NHL histologies had an overall response rate of 82% with 

a 26% CR, but the overall/CR rate was only 43%/29% for 

intermediate histologies. Notably, no patients with MCL 

responded to Y90 ibritumomab tiuxetan in this trial. The 

median duration of response was 11.7 months, with more 

than 40% of patients having durable responses out to 16 

months of follow-up.23
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As with prior studies, thrombocytopenia was the most 

frequent adverse event in the relapsed setting. In the 

Phase I  portion of the study by Witzig et al, the baseline 

platelet count was found to be a strong predictor of degree 

of thrombocytopenia, given that no patients with baseline 

platelets .150×109/mL developed grade 4 thrombocytopenia 

but this occurred in 2/8 patients with baseline platelet counts 

of 100–120×109 cells/L.23 A 0.3 mCi/kg (32 mCi maximum 

cap Y90 ibritumomab tiuxetan) dose was thus assessed in 

a similar Phase II format in 30 mildly thrombocytopenic 

(platelet count 100,000–150,000×109 cells/L) NHL patients, 

67% of whom had bone marrow involvement. Responses 

were excellent, even at this lower dose. In this cohort, largely 

comprised of patients with relapsed follicular lymphoma 

(83% with a median of two prior therapies), Wiseman et al 

reported an 83% overall response rate, with a CR/CRu rate 

of 43% and a calculated median time to progression of 

12.6 months in responders (9.4 months overall). Acceptable 

toxicity was seen with this dose of Y90 ibritumomab tiuxetan, 

even given the baseline thrombocytopenia. The median nadir 

absolute neutrophil count and platelet count in this study 

was 0.6×109 cells/L and 26.5×109 cells/L, respectively, with 

33% of patients experiencing grade IV neutropenia and 13% 

having grade IV thrombocytopenia. As in other RIT stud-

ies, non-hematologic toxicities were predominantly mild, 

with only three grade III non-hematologic toxicities noted 

(no grade IV non-hematologic toxicity occurred). Thus, the 

0.3 mCi/kg dose of Y90 ibritumomab tiuxetan appears to 

be safe and efficacious in thrombocytopenic patients with 

relapsed/refractory indolent NHL.24,36

Randomized controlled trials have shown that RIT results 

in higher response rates than single-agent rituximab in ritux-

imab-naïve patients. In a multicenter randomized trial, Y90 

ibritumomab tiuxetan RIT (0.4 mCi/kg, capped at 32 mCi) 

was compared with rituximab in 143 patients with rituximab-

naïve relapsed, refractory, low-grade, or transformed NHL. 

The overall response rate in the RIT arm was 80% versus 56% 

with rituximab (P=0.002), with a 30% versus 16% (P=0.04) 

Table 3 Results of key studies evaluating Y90 ibritumomab tiuxetan in aggressive NHL subtypes

Reference Treatment Patient  
population

Patients 
(n)

PFS* OS* ORR 
(%)

CRR 
(%)

Comment(s)

Tsimberidou 
et al89

ibritumomab Richter  
syndrome

7 NA NA 0 0 Case series, no 
responses noted

Morschhauser 
et al45

ibritumomab DLBCL 104 5.9 months 21.4 months 52 24 Results divided by a 
priori strata

Zinzani et al47 ibritumomab  
consolidation/FM

DLBCL 20 2 years (75%) 2 years (95%) 100 95 elderly front-line 
trial

wang et al51 ibritumomab Relapsed/ 
refractory MCL

34 6 months 21 months 31 15.5 Pretreated MCL 
patients; various 
subset analyses

Zinzani et al46 ibritumomab  
consolidation  
R-CHOP

DLBCL 55 2 years (85%) 2 years (86%) NA NA 50% of PRs obtained 
CRs with RiT

Yang et al48 ibritumomab  
consolidation  
R-CHOP

DLBCL bulky  
stage i/ii disease

21 3 years (75%) 3 years (85%) 80.9 76.1 DLBCL 
consolidation no 
comparator

Beaven et al61 ibritumomab  
bortezomib

MCL and low- 
grade NHL

12 6.4 months Median  
survival  
24 months

50% 42% 4/6 patients with 
response were MCL

Smith et al49 ibritumomab  
consolidation  
R-CHOP

MCL previously 
untreated

56 34.2 months  
median FFS

5 years (73%) 82 55 eastern Cooperative 
Oncology Group 
Study e1499

Arranz et al50 ibritumomab  
consolidation/ 
R-HyperCvAD

MCL 30 4 years, (52%) 4 years, (81%) 97 77 (intention to 
treat) 96% in  
patients 
completing  
treatment

R-HyperCvAD, 
Zevalin consolidation

Notes: *Median PFS or OS, respectively where calculated in the study, percentages calculated at a set period of time are listed as the period of time followed by the PFS/
OS percentage in parentheses.
Abbreviations: CR, complete response; CRR, complete response rate; DLBCL, diffuse large B-cell lymphoma; FFS, failure-free survival; NHL, non-Hodgkin lymphoma; OS, 
overall survival; PFS, progression-free survival; FM, fludarabine/mitoxanthrone chemotherapy; MCL, mantle cell lymphoma; PR, partial response: RIT, radioimmunotherapy; ORR, 
overall response rate; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone; NA, not available; R-HyperCvAD, rituximab, cyclophosphamide, 
vincristine, doxorubicin, dexamethasone alternating with cytarabine, and methotrexate; Y90, yttrium-90.
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CR rate. RIT responses were also more durable in this study, 

with significantly more ongoing responders at 6 and 9 months 

in the RIT arm. While a significant improvement in freedom 

from progression or survival was not seen in this trial, it is 

nevertheless an important study because it established the 

superiority of RIT versus rituximab with regard to response 

rate and durability in a randomized fashion.

A pooled analysis of four clinical studies including data from 

the same centers hosting this trial has been performed to analyze 

the outcome of long-term responder patients (response .12 

months) in more detail. This study found long-term responses 

in 37% of patients treated with Y90 ibritumomab tiuxetan and 

.80% 5-year overall survival when long-term responders 

were considered as a group.37 Long-term response appeared to 

be predicted by CR, as this conferred an odds ratio of 7.0 for 

achievement of long-term response in multivariate analysis (CR/

CRu comprised 65% of long-term responders).37 An analogous 

trial in patients with rituximab-refractory NHL showed CR and 

partial response rates of 15% and 74%, respectively, with a time 

to progression of 6.8 months.38 Therefore, RIT after rituximab 

failure is also efficacious, but response rates appear to be lower 

and may be less durable than in rituximab-naïve patients. These 

data argue that a sizable proportion of NHL patients may have 

long-term responses to RIT even after failure of chemotherapy, 

and responses can even be seen in a high percentage of patients 

who are additionally rituximab-refractory.38–40

Retreatment with RIT after relapse also has efficacy in 

a subset of NHL patients. Shah et al reported on a series of 

18 patients receiving repeat Y90 ibritumomab tiuxetan after 

an original CR/partial response to RIT followed by relapse. In 

this study, toxicities were comparable between first and subse-

quent RIT treatments and the majority of patients responded 

to retreatment, including 6/10 patients with repeat CR upon 

the second infusion of Y90 ibritumomab tiuxetan.41

Overall, these studies show that Y90 ibritumomab tiux-

etan is effective as a single agent for the treatment of relapsed/

refractory NHL. RIT in this population has an acceptable 

toxicity profile, and durable responses have been noted in a 

minority of patients. Salvage chemotherapy treatments and 

high-dose chemotherapy (HDCT) and stem cell transplanta-

tion can be administered before and after Y90 ibritumomab 

tiuxetan, thus arguing for its status as part of the treatment 

algorithm for relapsed/refractory NHL, particularly in indo-

lent histologies such as follicular lymphoma.

In aggressive NHL subtypes
The role of RIT in the treatment of aggressive NHL subtypes 

such as diffuse large B-cell lymphoma and MCL is an area 

of ongoing investigation. These patients show higher rates 

of progression and death as compared with those with the 

typical indolent NHL subtypes,42–44 so there is a great need 

for novel therapies. Studies of RIT as a single-treatment 

modality in relapsed/refractory aggressive lymphomas have 

not yielded encouraging results (see Table 3). Treatment with 

Y90 ibritumomab tiuxetan at the time of relapse was stud-

ied in a single-arm Phase II study that enrolled 104 elderly 

patients not eligible for high-dose salvage therapy and stem 

cell rescue as reported by Morschhauser et al.45 This study 

classified patients into three strata determined a priori, that 

included patients who had relapsed after a CR with chemo-

therapy alone without rituximab (group A1), patients refrac-

tory to front-line induction chemotherapy without rituximab 

(group A2), and patients treated with rituximab chemotherapy 

(group B). Overall response rates of about 50% were obtained 

in patients who had never received rituximab regardless of 

whether they had primary refractory disease or had relapsed 

after prior therapy, whereas rituximab-pretreated patients had 

an overall response rate of only 19%. This relatively poor out-

come in patients with progression post rituximab-containing 

treatment was also reflected in overall survival, with a median 

overall survival of 4.6 months in the rituximab-treated group 

versus .20 months in those without prior rituximab. Thus, it 

appears that the response to RIT in DLBCL is greatly dimin-

ished in patients with progression after receiving rituximab-

based chemoimmunotherapy, and it may not have a role in 

the treatment of this group of patients.

Three published clinical trials have evaluated the use of 

Y90 ibritumomab tiuxetan as consolidation therapy after 

response to initial chemotherapy in DLBCL, and have dem-

onstrated more encouraging results. Consolidation with Y90 

ibritumomab tiuxetan after response to CHOP with or without 

rituximab (R-CHOP) yielded CR rates of 82%–95%, with 

acceptable toxicity.46–48 One intriguing study in this group is 

the report by Zinzani et al evaluating short-course R-CHOP 

(four cycles) versus RIT in elderly patients with DLBCL. 

Fifty-five patients median age 70 years received four cycles of 

R-CHOP. After R-CHOP, the overall response rate was 89% 

(CR 58%). All patients (n=48) without disease progression 

received RIT, after which eight additional subjects achieved 

a remission, with a CR rate of 73%. After a median follow-up 

of 18 months, the estimated 2-year overall survival was 86%. 

Toxicity with this program was reasonable, with no patient 

withdrawn from the study due to adverse events. After RIT, 

the most common adverse events were hematologic, with 

grade 3/4 neutropenia in 39.5% and grade 3/4 thrombocy-

topenia in 48%, and 6% requiring platelet transfusions.47
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Several trials have also evaluated the activity of Y90 ibri-

tumomab tiuxetan in MCL, both as a front-line consolidation 

strategy and in relapsed/refractory disease. The Eastern 

Cooperative Oncology Group 1499 trial evaluated Y90 

ibritumomab tiuxetan consolidation in patients with at least 

stable disease after four cycles of R-CHOP induction. RIT 

was administered to 50 of 56 eligible patients. After RIT, 

the CR/CRu rate was 55% versus 20% after R-CHOP, with 

16 patients changing from PR to CR/Cru and three patients 

with stable disease obtaining a CR/Cru after RIT. The median 

time to treatment failure was 34.2 months, with an estimated 

3-year overall survival of 80%.49 The Spanish GELTAMO 

(Grupo Español de Linfomas y Trasplantes de Médula ósea) 

group evaluated a similar consolidation strategy adminis-

tered after R-HyperCVAD induction chemotherapy in 30 

patients. In this study, 24 patients completed six cycles of 

R-HyperCVAD, and Y90 ibritumomab tiuxetan consolidation 

was administered to 18 complete responders from this group. 

Four-year failure-free survival and overall survival was 55% 

and 87%, respectively;  notably, one death occurred because 

of hematologic toxicity in the RIT consolidation group. 

However, 38% of patients who received chemotherapy and 

Y90 ibritumomab tiuxetan consolidation developed sec-

ondary malignancies, thus limiting the applicability of RIT 

consolidation after intensive induction chemotherapy for 

MCL.50 The ability of RIT to increase the CR rate after less 

intensive chemotherapy, however, demonstrates that RIT may 

have an important role as part of consolidation therapy, but 

randomized trials are needed to confirm these results.

A Phase II trial completed at MD Anderson Cancer 

Center treated 34 patients with relapsed/refractory MCL 

(32 of whom had received prior rituximab-containing 

 chemotherapy) using a standard dose of Y90  ibritumomab 

tiuxetan and demonstrated an overall response rate of 31%. 

Event-free survival was 28 months in those with a response 

to RIT. In subset analysis, patients with non-bulky disease 

(,5 cm) and those with a previous CR after induction 

chemotherapy had statistically significant improvements in 

event-free survival.51

Given the FDA approval of three agents for relapsed/

refractory MCL based on clinical efficacy from recent 

reports (ibrutinib,52,53 lenalidomide,54–57 bortezomib58–60), 

an important consideration in this entity is the potential 

for RIT/novel therapeutic combinations. RIT in combina-

tion with bortezomib was evaluated in a Phase I study that 

included MCL patients. The combination was found to be 

tolerable, with overall response and CR rates of 80% and 

60%, respectively, which is higher than reported previously 

for either bortezomib or RIT alone in MCL.61 Thus, more 

investigation of therapeutic combinations of Y90 ibritu-

momab tiuxetan and targeted therapeutics is warranted in 

relapsed/refractory MCL.

Overall, RIT appears to have activity in aggressive 

subtypes of NHL, particularly as part of a consolidation 

regimen after short-course chemotherapy. However, a rela-

tive paucity of data exists for these indications, especially 

in regard to comparison with current chemoimmunotherapy 

regimens and novel targeted therapeutic strategies, so fur-

ther investigation of these entities is needed before RIT can 

become part of the standard of care.

As a preparative regimen  
prior to high-dose therapy  
and hematopoietic stem  
cell transplantation
One of the most exciting recent developments in the field of 

RIT for NHL has been the investigation of Y90 ibritumomab 

tiuxetan in preparative regimens prior to hematopoietic stem 

cell transplantation. High-dose chemotherapy (HDCT) and 

hematopoietic stem cell transplantation results in durable 

disease-free survival in a subset of NHL patients and is an 

important modality in the treatment of both indolent and 

aggressive NHL. HDCT and autologous stem cell transplan-

tation (ASCT) at relapse improve progression-free survival 

as well as overall survival in chemoresponsive patients, and 

the probability of relapse at the time of long-term follow-up 

appears to be significantly correlated with achievement of CR 

after transplant.62–64 ASCT was previously widely performed 

with a preparative regimen including total body irradiation 

(TBI), which takes advantage of the radiosensitivity of NHL, 

but this approach has become much less common recently 

given concerns over the added long-term risk of secondary 

malignancies after TBI-based regimens.62,65,66 As compared 

with TBI, RIT offers a targeted method of delivering radio-

therapy to CD20+ NHL, which better balances toxicity with 

the benefits of radiation. Additionally, as stem cell infusion 

in the setting of hematopoietic stem cell transplantation can 

negate the hematologic toxicity of Y90 ibritumomab, it can 

be administered in the setting of bone marrow transplantation 

with very little toxicity.

Strategies using Y90 ibritumomab at myeloablative 

doses alone as well as in addition to standard HDCT have 

been studied and continue to be investigated as innovative 

treatments for NHL, most often with ASCT. The sim-

plest approach to stem cell transplantation utilizing Y90 
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 ibritumomab in NHL is the administration of myeloablative 

doses of RIT followed by stem cell rescue. Such a strategy 

used with the initial report of CD20-targeted RIT and dose 

escalation with stem cell support using non-hematopoietic 

toxicity and dosimetry data established 1.2 mCi/kg as the 

maximum tolerated Y90 ibritumomab dose. This dosing 

was evaluated in an Italian trial that enrolled 60 patients 

with relapsed/refractory or high-risk NHL and reported a 

CR rate of 90%, with 5-year progression-free survival and 

overall survival rates of 62.7% and 72.9%, respectively, and a 

5-year relapse rate of 32.5%.67,68 Toxicities were manageable 

in this study, with a non-relapse mortality of 1.2%. Notably, 

all the patients enrolled in this study were deemed ineligible 

by their primary treating physician for HDCT/ASCT. Thus, 

myeloablative Y90 ibritumomab preparative dosing regimens 

may be an effective method to allow patients to undergo a 

potentially curative transplant even when they are unable to 

tolerate conventional HDCT. This could be a particularly 

valuable strategy in this population, given that outcomes 

are poor with standard-dose chemotherapy and this patient 

group has few established treatment options. High-dose Y90 

ibritumomab can also be added to standard HDCT with very 

little added toxicity; two published trials have evaluated this 

strategy using a dosimetric approach in patients with NHL. 

Nademanee et al completed a Phase I/II trial of indium-111 

ibritumomab tiuxetan infusion on day 21 followed by Y90 

ibritumomab infusion dosed to achieve a maximum of 1,000 

cGy to normal organs.69 A median total dose of 71.6 (range 

36.6–105) mCi was delivered, followed by etoposide 60 mg/

kg and cyclophosphamide 100 mg/kg on days −4 and −2, 

respectively. A total of 31 patients were treated in this study, 

and 12/13 patients with active disease prior to treatment 

achieved a CR. The 2-year progression-free survival and 

overall survival rates were 78% and 92%, respectively, with 

manageable  toxicities. Another trial using high-dose Y90 

ibritumomab evaluated up to 1,700 cGy delivered to normal 

organs in combination with BEAM (rituximab/carmustine, 

etoposide, cytarabine, and melphalan) chemotherapy in 44 

patients with relapsed/refractory NHL.70 In this study, 3-year 

progression-free survival and overall survival rates were 43% 

and 60%, respectively, and median time to progression was 

estimated to be 20 months.  Toxicities with this approach were 

similar to those expected with chemotherapy given without 

the addition of RIT.

In all three of the above studies, bone marrow engraft-

ment occurred at the expected time points, with median 

times of 7–10 and 12–21 days for neutrophil and platelet 

engraftment, respectively. Thus, high-dose/myeloablative 

Y90 ibritumomab has been shown to be tolerable in multiple 

studies, with toxicities and times to bone marrow recovery 

comparable with those experienced with high-dose chemo-

therapy alone.

The addition of standard-dose Y90 ibritumomab tiuxetan 

(0.4 mCi/kg) to standard autologous transplantation condi-

tioning chemotherapy has also been found to have encourag-

ing efficacy, durability, and tolerability in salvage therapy for 

relapsed/refractory indolent and aggressive NHL in at least a 

half dozen published Phase I/II studies performed at multiple 

centers.71–76 As with the use of myeloablative RIT prior to 

ASCT, this strategy is feasible, with toxicities and engraft-

ment patterns similar to historical experience with preparative 

chemotherapy alone. Progression-free survival and overall 

survival at short-term follow-up (2–4 years) ranged from 

52% to 80% and from 26.3% to 97%,  respectively, in these 

studies, with variations in outcome seen between patients of 

differing risk strata and residual disease at time of HDCT/

ASCT/RIT. Overall, while these results are encouraging, 

given the non-randomized nature of these data, the diverse 

subtypes of NHL treated, and variations in the high-dose 

preparative regimens used, it is difficult to deduce whether 

the addition of Y90 ibritumomab improves outcomes with 

HDCT/ASCT approaches.

Three studies have approached this problem with 

matched cohort and randomized studies. At the City of 

Hope National Medical Center, Krishnan et al conducted a 

matched-cohort analysis of TBI-based HDCT/ASCT versus 

Y90 ibritumomab added to BEAM (Z-BEAM) in 92 patients 

with relapsed/refractory or high-risk international prog-

nostic index score at diagnosis.77 Patients in the Z-BEAM 

group underwent indium-111 imaging on day 21 followed 

by Y90 ibritumomab on day −14 and ASCT after BEAM 

chemotherapy; patients in the TBI-HDCT cohort underwent 

ASCT after 1,200 cGy radiation given on days −8 to −6 and 

etoposide 40 mg/kg and cyclophosphamide 100 mg/kg on 

days −4 and −2, respectively. There were significantly more 

grade 3–4 toxicities in the TBI group, which consisted pri-

marily of infections and mucositis and at least three deaths 

related to therapy versus none with Z-BEAM treatment. 

Notably, significantly better overall survival at 4 years was 

noted in the Z-BEAM cohort versus those receiving TBI 

(81% versus 52.7%, respectively, P=0.01) and there was a 

trend towards improved 4 year progression-free survival 

with Z-BEAM (59.6% versus 42%, P=0.1) with lower non-

relapse mortality in the Z-BEAM group. Thus, the results of 

this study indicate that standard-dose RIT added to HDCT 

is more efficacious and tolerable than TBI-based preparative 
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regimens prior to ASCT, in particular because of higher 

non-relapse-associated mortality rates with TBI.

Different results were found in the Nordic MCL3 study, 

which used a similar trial design and analysis in 160 MCL 

patients treated with five cycles of induction chemotherapy 

followed by positron emission tomography-computed 

tomography assessment of response and planned BEAM 

or BEAC (carmustine, etoposide, cytarabine) conditioning 

and ASCT.78 Y90 ibritumomab (0.4 mCi/kg) was added to 

the preparative regimen in patients with less than a CR by 

Deauville criteria at the time of assessment by positron 

emission tomography-computed tomography. Results 

were then compared with a historical control from the 

MCL2 trial, which enrolled patients with almost identical 

baseline characteristics to those in the MCL3 trial, but 

did not incorporate Y90 ibritumomab into HDCT/ASCT 

consolidation. In the MCL2 trial, 64/67 patients who did 

not achieve a CR after induction chemotherapy went on 

to receive RIT as planned. However, addition of RIT did 

not improve outcomes when compared with those in the 

MCL2 trial. Median event-free survival, progression-free 

survival, and overall survival rates were the same in both 

studies for the entire cohort as well as for the subgroup 

that did not obtain a CR after induction chemotherapy, 

demonstrating that addition of RIT did not seem to improve 

outcomes.

A small randomized study of Y90 ibritumomab tiuxetan 

plus BEAM conditioning versus BEAM conditioning alone 

in 43 patients with relapsed/refractory NHL found no differ-

ence in 2-year progression-free survival (59% versus 37%, 

P=0.2), but there was an improvement in 2-year overall 

survival in the Y90 ibritumomab tiuxetan + BEAM group 

(91% versus 62%, P=0.05).79 An ongoing Phase III study 

is evaluating this strategy in an expanded cohort, and will 

hopefully provide a definitive answer about the role of RIT 

in ASCT.

Several groups have also reported on allogeneic transplan-

tation after Y90 ibritumomab tiuxetan-containing conditioning 

regimens,80–84 but these data are largely limited to single-insti-

tution experience. Overall, encouraging results have been seen 

in these studies, and this is an approach deserving of further 

study in relapsed/refractory and high-risk NHL.

Y90 ibritumomab can be added to myeloablative regimens 

in high-risk or relapsed/refractory NHL, with very little 

added toxicity and encouraging outcomes in selected patients. 

Further analysis of the utility of this strategy in autologous 

and allogeneic treatment regimens for NHL is an exciting 

frontier in the investigation of novel therapeutics for these 

diseases, and will continue to be a focus of active study in 

the coming years.

Current role in RIT for NHL
Even though Y90 ibritumomab tiuxetan has been evaluated in 

hundreds of studies in CD20+ NHL and has two indications 

approved by the FDA, its role in the treatment of patients 

with newly diagnosed or relapsed/refractory lymphoma is 

unclear. This uncertainty has been reflected in a perceived 

underuse of RIT by oncologists, which may have ultimately 

led to the recent withdrawal of I131-tositumomab, another RIT 

agent, from commercial sales. The reluctance of oncologists 

to prescribe Y90 ibritumomab tiuxetan for NHL indications 

may be better explored by discussion and synthesis of the 

data previously mentioned.

Several technical and logistic obstacles exist with regard 

to administration of Y90 ibritumomab tiuxetan, and are 

major hurdles to its implementation. RIT requires careful 

handling and nuclear medicine expertise, which often exists 

only in tertiary referral centers. Likewise, dosimetry has 

historically been required to dose RIT, and this has limited 

its use to centers with nuclear medicine expertise. Although 

dosimetry is no longer required, infrequent prescribers of the 

drug may not be aware of the change. As a single infusion, 

Y90 ibritumomab tiuxetan is also very expensive (.$40,000 

USD),85 but is comparable with other anti-CD20 antibody 

approaches when considering one infusion of RIT to be an 

entire treatment course whereas multiple infusions of ritux-

imab would be needed at a similar total cost for a course of 

treatment. Considering that multiple cycles of combination 

chemotherapy with rituximab are often chosen for initial and 

salvage treatment of follicular lymphoma and other NHLs, 

the cost of RIT seems more reasonable.86  Nevertheless, the 

upfront cost of RIT and logistic difficulties in its administra-

tion may result in negative attitudes toward its clinical use 

in NHL.

Critical appraisal of the evidence base for use of  Y90 

ibritumomab tiuxetan also sheds light on some of the dif-

ficulties the oncology community has had in incorporating it 

into treatment schemes for NHL. A major impediment is that 

much of the data on RIT are compared with or added to non-

rituximab-containing regimens, which are no longer a stan-

dard of care. Therefore, it is difficult to determine the role of 

RIT and its efficacy when given to patients previously treated 

with rituximab-containing regimens. In the front-line setting, 

Y90 ibritumomab tiuxetan has been shown to have excellent 

activity in follicular lymphoma, but no clinical trials have 

reported response rates, progression-free survival, or overall 
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survival comparisons with standard chemoimmunotherapy 

induction schemes, such as R-CVP or R-CHOP with or 

without CD20-targeted maintenance approaches. Because 

the existing data on RIT as sole upfront therapy come from 

Phase II studies, it is difficult to draw conclusions as to the 

role of RIT in induction treatment for follicular lymphoma. 

Also, indolent NHL is often now treated with new upfront 

approaches, such as rituximab-bendamustine combinations,87 

that may further prolong progression-free survival in indolent 

NHL compared with R-CVP or anthracycline-containing 

programs which were not widely used when the completed 

studies of RIT were designed.

Studies of Y90 ibritumomab tiuxetan as a consolidation 

strategy in patients with chemotherapy-responsive fol-

licular lymphoma have shown significant clinical activity, 

with impressive rates of CR/Cru conversion and improved 

progression-free survival. However, each of these studies 

suffers from significant flaws and potential biases that limit 

the ability to draw conclusions in favor of RIT consolida-

tion using Y90 ibritumomab tiuxetan. Addition of Y90 ibri-

tumomab tiuxetan consolidation has not been well studied 

in a population of patients treated with current standard 

chemotherapy/rituximab combinations such as R-CHOP 

or R-bendamustine.87 In FIT, only 14% of patients received 

rituximab, so adequate statistical power to detect a difference 

between rituximab-treated patients randomized to Y90 ibritu-

momab tiuxetan versus observation was not reached. Two of 

the three other Phase II studies evaluating Y90 ibritumomab 

tiuxetan for this indication did use rituximab in preconsolida-

tion treatment but by design did not have comparator arms. 

Additionally, at present, given the popularity of rituximab 

maintenance schemes, the data regarding Y90 ibritumomab 

tiuxetan consolidation in follicular lymphoma must be 

considered in light of the fact that rituximab maintenance 

may narrow the difference between RIT consolidation and 

standard therapy. A hint of this notion can be gleaned from 

the Southwest Oncology Group S0016 trial that compared 

initial treatment of follicular lymphoma using CHOP fol-

lowed by I131-tositumomab against initial R-CHOP alone 

and found no differences in progression-free survival (80% 

versus 76%, P=0.11) or overall survival (97% versus 93%, 

P=0.08).88 Thus, it is unclear what the role of RIT should play 

in the front-line treatment of indolent NHL. Randomized 

controlled trials using updated initial treatment strategies 

as comparators against RIT front-line and consolidation 

therapy are needed.

Y90 ibritumomab tiuxetan RIT has been best studied in 

relapsed/refractory or transformed NHL, and is an attractive 

agent for this indication, given its unique mechanism of 

cytotoxicity and potential for avoiding cross-resistance to 

chemotherapeutics. One consideration in the treatment of 

patients with relapsed/refractory disease is the timing of 

onset and recovery from RIT-associated cytopenias. Given 

that neutropenia and thrombocytopenia occur relatively fur-

ther out from RIT than cytotoxic chemotherapy (4–6 weeks 

post infusion), delayed cytopenias from RIT may make 

subsequent cycles of palliative chemotherapy more difficult 

to administer in the face of rapidly progressing symptomatic 

disease. Additionally, RIT appears less effective and poten-

tially more toxic in more heavily pretreated patients, and it 

is unclear what benefit Y90 ibritumomab tiuxetan may offer 

in multiply relapsed NHL patients over any given salvage 

regimen administered with or without consolidative stem 

cell transplantation.

The use of Y90 ibritumomab as part of the preparative 

regimen prior to stem cell transplant is the most exciting area 

of ongoing research. RIT preparative regimens may be less 

toxic than traditional TBI-based regimens, and may open the 

door for less fit patients to successfully undergo potentially 

curative ASCT. Ultimately, more rigorous investigation is 

needed to define the benefit of these strategies over conven-

tional HDCT/ASCT and/or allogeneic stem cell transplant 

alone, and these studies are ongoing.

Lastly, the concern about a possible increased incidence 

of MDS/AML after RIT may make oncologists cautious 

about using it. This may particularly be true in the front-line 

setting when a multitude of other therapeutic options are 

available.

A number of limitations thus exist to explain the lack of 

more widespread use of Y90 ibritumomab tiuxetan for NHL. 

However, application of these data to the practical treatment 

of NHL reveals a number of opportunities for the use of RIT 

and for future study. In the front-line setting, one rational 

approach would be to use RIT in tandem with front-line strate-

gies including rituximab/chemotherapy combinations or with 

newer agents such as bendamustine. This strategy maintains 

the benefit of rituximab early on in therapy and likely has 

long-term progression-free survival and treatment-free inter-

vals at least similar to those of rituximab-based maintenance 

schemes. In relapsed/refractory disease, RIT appears to be 

best suited for use as an early salvage regimen in patients with 

a low disease burden. Ultimately, it may become a standard 

part of induction therapy prior to stem cell transplant. Y90 

ibritumomab tiuxetan also has potential in combination with 

novel molecular targeted therapies in relapsed/refractory 

disease and should be investigated in this setting.
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Conclusion
RIT with Y90 ibritumomab tiuxetan is a unique and 

efficacious treatment modality with activity across the spec-

trum of NHL subtypes and at various phases of treatment. 

Front-line and relapsed follicular lymphomas are the two 

clinical indications for which FDA approval has been granted. 

Other clinical trials have examined Y90 ibritumomab tiuxetan 

in other disease types alone and in combination with chemo-

therapy, hematopoietic stem cell transplantation, and novel 

small molecular inhibitor therapies. Overall, RIT including 

Y90 ibritumomab tiuxetan is an exciting approach to the 

treatment of NHL, but a lack of randomized controlled Phase 

III trials limits the ability to draw conclusions regarding the 

role of RIT in the rituximab era.
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