
Hematology

a report by 

T imo t hy  M  I l l i d g e , MD , PhD , F R CR , F R CP

Professor, Targeted Therapy and Oncology, Christie Hospital, Manchester

Despite the sensitivity of most lymphomas to initial
therapy with chemotherapy or radiotherapy, the
majority of patients with advanced non-Hodgkin’s
lymphoma (NHL) eventually relapse and die of their
disease.1 Furthermore, patients with advanced low-
grade lymphomas remain incurable and their survival
has not altered since the early 1960s.2 The
introduction of antibody (mAb)-based therapy
initially with Rituximab in the late 1990s and, more
recently, with the conjugation of radioisotopes to
mAb as part of radioimmunotherapy (RIT) has
provided fresh hope for NHL patients that their
prognosis can be improved. Rituximab has now
become integrated in the treatment of most NHL and
while the response rates of rituximab as a single agent
remain modest, with complete response rates in single
figures,4 combining rituximab with combination
chemotherapy (CHOP) has shown a survival
advantage when used in the treatment of aggressive
lymphomas, and dramatic improvements in
progression-free survival.5–7

To date, antibodies directed towards the CD20 antigen
have dominated the field of mAb therapy and RIT of
lymphoma. CD20 is highly expressed on mature B-cells
and present on 95% of B-cell lymphomas.8,9 It is neither
internalised nor shed from the cell surface and appears
on binding mAb to initiate signalling and trigger
apoptosis through a caspase-dependent pathway.9

131I labelled Tositumomab (Bexxar™) and 90Y labelled
ibritumomab tiuxetan (Zevalin®) are highly promising
therapies with significantly increased overall and
complete response rates over Rituximab. Both drugs
appear able to offer long durable remissions for some
patients.As Zevalin is the first and only one of this class
of radioimmunconjugates to have been granted EU
approval (May 2004), this brief article will be limited to
describing Zevalin.The introduction of Zevalin has some
parallels with the initial introduction of Rituximab into
clinical practice in the late 1990s.There is no doubting
that this is an active drug but considerable uncertainty
remains as to when and how to best integrate Zevalin
into clinical practice even within the licensed indication
of relapsed follicular lymphoma. Furthermore, there are
many new opportunities to explore integrating Zevalin
into the treatment of other NHL. Over the last year,
encouraging data has emerged that suggests that Zevalin
may play a useful role as consolidation after brief
chemotherapy for untreated follicular lymphoma. It can
form a component in the treatment of diffuse large B-
cell lymphoma (DLBCL) and may be integrated into the
conditioning regimen for autologous stem cell transplant
instead of total body irradiation (TBI).

What  i s  Z eva l i n  R I T ?

Zevalin is composed of the monoclonal antibody
ibritumomab, covalently bound to tiuxetan, a high-
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affinity chelator for the radioisotope 90Y.
Ibritumomab is a murine IgG1 kappa monoclonal
antibody that specifically targets the CD20 antigen.10

The tiuxetan chelator creates a high-affinity, stable
urea-type bond between the antibody and the
radioisotope, to prevent the radioisotope dissociating
and circulating around the body.11

The Zevalin treatment consists of a pre-treatment of the
rituximab. The regimen is delivered over seven to nine
days on an out-patient basis.A typical course of treatment
involves a one-day intravenous (IV) infusion of
rituximab 250mg/m2; a second IV infusion of rituximab
on day seven, eight or nine; immediately followed by an
IV ‘slow push’ 10-minute infusion of 90Y labelled
Zevalin. By labelling mAbs with beta-emitting
radioisotopes, radiation can be targeted to the tumour
increasing the potential for clinical response. Lymphomas
are highly radiosensitive tumours and localized
irradiation is the only treatment that potentially offers
curative treatment for those patients with early-stage
low-grade lymphomas.11 RIT has the potential advantage
over other mAb directed therapy that it may kill tumour
cells not directly targeted by the mAb via the ‘crossfire
effect’. This can provide cell kill to adjacent, antigen
negative tumour cells.11

The unlabeled antibodies may bring about anti-tumor
effects not only by recruiting the host immune system
but also through inducing cell cycle arrest or apoptosis.
Pre-clinical work indicates that intrinsic cytotoxicity of
mAb in RIT may be as important as its ability to
effectively deliver targeted radiotherapy.12,13 This suggests
that there may be a synergistic interaction between the
mAb effector mechanisms and the radiation.

90Yttrium (now licensed for use with Zevalin under
the brand name Yttracis®) offers a number of
advantages over the most commonly used
radioisotope in oncology practice, 131Iodine. 90Y is a
pure beta emitter delivering higher energy radiation
(2.3MeV v 0.6MeV) at a longer path length (5.3mm
versus 0.8mm).This enhances the crossfire effect and
may be advantageous in treating larger, less well-
vascularized tumour nodules.9 The physical half-life is
64 hours, which matches the biological half-life of
murine monoclonal antibody of Zevalin, and the
absence of penetrating gamma emissions enables
delivery as an out-patient.

Zevalin is dosed according to the patient’s body weight
and baseline platelet counts. For patients with platelet

counts ≥150,000/mm3, 5MBq/kg body weight is
given, up to a maximum allowable dose of 1,200MBq.
For patients with platelet counts of 100,000-
149,000/mm3, Zevalin is dosed at 11MBq/kg, up to a
maximum allowable dose of 1,200MBq.

C l i n i c a l  E x p e r i e n c e  w i t h  
Z eva l i n  R I T

Zevalin RIT has been used for over 10 years and has
emerged as a safe, effective and well tolerated 
therapy for relapsed ‘low-grade’ NHL.11 The majority
of patients treated in the registration approval 
studies had relapsed follicular lymphoma. These
published studies consistently show high rates of
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Figure 1: Dosing Schedule for Zevalin15

Table 1: Results of Initial Studies of Zevalin

Phase I/II Phase II Phase III

n=51 n=30 n=73

Overall Response % 73 83 80
Median DR (months) 11.7 11.5 13.9
CR, Cru % 29* 47 34
Median DR (months) 28* 23 23
On-going CR, Cru % 19 14 32
Median DR (months) 62.1 41.2 42.2
Range 60+ to 66+ 40+ to 42+ 33+ to 48+

Witzig et al., Proceedings of ASCO 2003.

Gordon et al., “Durable responses after ibritumomab tiuxetan radioimmunotherapy for CD20+ B-cell lymphoma: long-term follow-

up of a phase 1/2 study”, Blood (2004);103(15): pp. 4,429–4,431.

10. Witzig et al., “Randomised controlled trial of ytrrium-90 labelled ibritumomab tiuxetan”, J. Clin. Oncol. 220 pp.
2,453–2,463.

11. Gordon L I, et al., “Yttrium 90 ibritumomab tiuxetan radioimmunotherapy for relapsed or refractory low-grade non-Hodgkin's
lymphoma”, Semin. Oncol. (2002); 29: pp. 87–92.

Figure 2: Stages to Zevalin Treatment

Off study

CR/PR

Zevalin

Newly diagnosed follicular
NHL Stage lll-lV

Remission induction
Chemotheraphy**

Start of Study

No further
treatment

Illidge.qxp  15/12/05  4:16 pm  Page 99



overall and complete response rates in relapsed
follicular lymphoma.

Even in previously heavily pre-treated patients who
had received a median of four different chemotherapy
regimens and who either did not respond to prior
rituximab therapy or had disease progression within
six months of therapy, the overall response rate of 74%,
with 15% complete response was seen.11 A randomized
controlled trial of Zevalin versus rituximab in relapsed
or refractory low-grade or transformed follicular B-
cell NHL was performed with the primary aim of
demonstrating superior response rates of Zevalin over
Rituximab.10 Seventy-three patients received two
doses of rituximab 250mg/m2 a week apart as pre-
dosing followed by a single dose of Zevalin
0.4mCi/kg (15Mbq/kg). Seventy patients in the
control arm received rituximab 375mg/m2 weekly for
four weeks.The overall response rate was 80% for the
Zevalin group versus 56% for the rituximab alone
group (p=0.002). Complete responses were 30% and
16% in the Zevalin and rituximab groups, respectively.

Both regimens were well tolerated but, as expected,
there was more myelosuppression in the RIT group.

These highly promising results demonstrated that
Zevalin led to superior overall and complete response
rates to those seen with Rituximab, and for patients
with follicular lymphoma this translated into a
significant improvement in the time to treatment
failure. An interesting and potentially important
finding to emerge from this study was the high level
of activity of Zevalin in patients who had become

refractory to chemotherapy, which was significantly
greater than that seen with Rituximab. This data
suggests the Zevalin offers hope for meaningful
clinical responses even in patients who have become
refractory to chemotherapy.

Perhaps the most impressive finding to emerge from
these initial studies was that around 70% of the patients
who achieve a CR remain in remission for years—some
patients treated in the early studies are now in remission
for more than five years after Zevalin treatment, with a
median follow-up of almost four years (see Table 1).11

An analysis of prognostic factors has confirmed that
this remarkable durability of response is unlikely to be
accounted for by patient selection as most of these
durable remissions have been achieved in heavily
chemotherapy pre-treated and chemo-refractory
patients with validated poor prognostic factors, such
as extensive prior therapy (one to nine regimens),
bulky disease, high lactate dehydrogenase (LDH) and
extranodal disease. Only disease bulk correlated with

the overall response rate (<5cm) (89 patients
objective response rate (ORR) 90% (p<0.001).12

Examining the toxicity seen for patients treated in the
Zevalin trials (n=261) indicates that 28% will
experience grade 4 neutropenia and 8% will
experience grade 4 thrombocytopenia.11 The non-
hematological toxicity is extremely modest and even
the hematological toxicity can be minimized if
appropriate precautions are taken. Patients who have
been heavily treated with chemotherapy, such as those
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Zevalin is composed of the monoclonal antibody ibritumomab,

covalently bound to tiuxetan, a high-affinity chelator for the

radioisotope 90Y.

Illidge.qxp  15/12/05  4:17 pm  Page 100



For relapsed or refractory, low-grade or follicular, CD20+, B-cell non-Hodgkin’s lymphoma (NHL)

Median duration of response: initial therapy vs retreatment (n=23)1,2

Relapse.

Retreat.

Rituxan®.

SAFETY SUMMARY: In clinical trials (N=356), the most 
common adverse events were part of an infusion-related 
symptom complex. Reported Grade 3 and 4 cytopenias included:
lymphopenia (40%), neutropenia (6%), leukopenia (4%), anemia
(3%), and thrombocytopenia (2%). In addition, there have
been a limited number of post-marketing reports of prolonged
pancytopenia, marrow hypoplasia, and late onset neutropenia
(defined as occurring 40 days after the last dose of Rituxan) in
patients with hematologic malignancies.3

In both clinical studies and post-marketing surveillance, there
have been a limited number of reports of bronchiolitis obliterans
and pneumonitis occurring post-Rituxan infusion. Additionally,
hepatitis B virus (HBV) reactivation with fulminant hepatitis,
hepatic failure, and death has been reported in some patients
with hematologic malignancies treated with Rituxan.3

WARNINGS: Fatal Infusion Reactions: Deaths within 24 hours of RITUXAN
infusion have been reported. These fatal reactions followed an infusion reaction
complex, which included hypoxia, pulmonary infiltrates, acute respiratory distress
syndrome, myocardial infarction, ventricular fibrillation, or cardiogenic shock.
Approximately 80% of fatal infusion reactions occurred in association with the
first infusion. Tumor Lysis Syndrome (TLS): Acute renal failure requiring 
dialysis with instances of fatal outcome has been reported in the setting of TLS 
following treatment with RITUXAN. Severe Mucocutaneous Reactions:
Severe mucocutaneous reactions, some with fatal outcome, have been reported
in association with RITUXAN treatment.

Please see brief summary of prescribing information on adjacent page.

“Proven. Promising.” is a trademark of Genentech, Inc., and Biogen Idec Inc. 

REFERENCES: 1. Davis TA, Grillo-López AJ, White CA, et al. Rituximab anti-CD20 
monoclonal antibody therapy in non-Hodgkin’s lymphoma: safety and efficacy of
re-treatment. J Clin Oncol. 2000;18:3135-3143. 2. Data on file, Biogen Idec Inc.
3. Rituxan® (Rituximab) full Prescribing Information.
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Many patients who responded once 
to Rituxan responded again

©2005 Genentech, Inc., and Biogen Idec Inc. 
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Renewed hope

In clinical studies, of patients who had
relapsed following a previous response to
Rituxan therapy, 38% responded for about
15 months when retreated with Rituxan.
This suggests that Rituxan retreatment
responses may be even more durable than
initial Rituxan responses.1,3 
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BRIEF SUMMARY
The following is a brief summary. Before prescribing, please consult full
prescribing information.

INDICATIONS AND USAGE
RITUXAN® (Rituximab) is indicated for the treatment of patients with relapsed or
refractory, low-grade or follicular, CD20-positive, B-cell non-Hodgkin’s lymphoma.
CONTRAINDICATIONS
RITUXAN is contraindicated in patients with known anaphylaxis or IgE-mediated
hypersensitivity to murine proteins or to any component of this product. (See WARNINGS.)
WARNINGS (See BOXED WARNINGS.)
Severe Infusion Reactions (See BOXED WARNINGS, ADVERSE REACTIONS 
and Hypersensitivity Reactions): RITUXAN has caused severe infusion reactions.
In some cases, these reactions were fatal. These severe reactions typically occurred
during the first infusion with time to onset of 30 to 120 minutes. Signs and symptoms
of severe infusion reactions may include hypotension, angioedema, hypoxia or
bronchospasm, and may require interruption of RITUXAN administration. The most
severe manifestations and sequelae include pulmonary infiltrates, acute respiratory
distress syndrome, myocardial infarction, ventricular fibrillation, and cardiogenic
shock. In the reported cases, the following factors were more frequently associated
with fatal outcomes: female gender, pulmonary infiltrates, and chronic lymphocytic
leukemia or mantle cell lymphoma.
Management of severe infusion reactions: The RITUXAN infusion should be
interrupted for severe reactions and supportive care measures instituted as medically
indicated (e.g., intravenous fluids, vasopressors, oxygen, bronchodilators,
diphenhydramine, and acetaminophen). In most cases, the infusion can be resumed
at a 50% reduction in rate (e.g., from 100 mg/hr to 50 mg/hr) when symptoms have
completely resolved. Patients requiring close monitoring during first and all
subsequent infusions include those with pre-existing cardiac and pulmonary
conditions, those with prior clinically significant cardiopulmonary adverse events and
those with high numbers of circulating malignant cells (≥ 25,000/mm3) with or
without evidence of high tumor burden.
Tumor Lysis Syndrome [TLS] (See BOXED WARNINGS and ADVERSE
REACTIONS): Rapid reduction in tumor volume followed by acute renal failure,
hyperkalemia, hypocalcemia, hyperuricemia, or hyperphosphatasemia, have been reported
within 12 to 24 hours after the first RITUXAN infusion. Rare instances of fatal outcome
have been reported in the setting of TLS following treatment with RITUXAN. The risks
of TLS appear to be greater in patients with high numbers of circulating malignant cells
(≥ 25,000/mm3) or high tumor burden. Prophylaxis for TLS should be considered for
patients at high risk. Correction of electrolyte abnormalities, monitoring of renal function
and fluid balance, and administration of supportive care, including dialysis, should be
initiated as indicated. Following complete resolution of the complications of TLS, RITUXAN
has been tolerated when re-administered in conjunction with prophylactic therapy for TLS
in a limited number of cases.
Hepatitis B Reactivation with Related Fulminant Hepatitis: Hepatitis B virus
(HBV) reactivation with fulminant hepatitis, hepatic failure, and death has been
reported in some patients with hematologic malignancies treated with RITUXAN.
The majority of patients received RITUXAN in combination with chemotherapy. The
median time to the diagnosis of hepatitis was approximately 4 months after the
initiation of RITUXAN and approximately one month after the last dose.
Persons at high risk of HBV infection should be screened before initiation of
RITUXAN. Carriers of hepatitis B should be closely monitored for clinical and
laboratory signs of active HBV infection and for signs of hepatitis during and for 
up to several months following RITUXAN therapy.
In patients who develop viral hepatitis, RITUXAN and any concomitant
chemotherapy should be discontinued and appropriate treatment including antiviral
therapy initiated. There are insufficient data regarding the safety of resuming
RITUXAN therapy in patients who develop hepatitis subsequent to HBV reactivation.
Hypersensitivity Reactions: RITUXAN has been associated with hypersensitivity
reactions (non-IgE-mediated reactions) which may respond to adjustments in the
infusion rate and in medical management. Hypotension, bronchospasm, and
angioedema have occurred in association with RITUXAN infusion (see Severe Infusion
Reactions). RITUXAN infusion should be interrupted for severe hypersensitivity reactions
and can be resumed at a 50% reduction in rate (e.g., from 100 mg/hr to 50 mg/hr)
when symptoms have completely resolved. Treatment of these symptoms with
diphenhydramine and acetaminophen is recommended; additional treatment with
bronchodilators or IV saline may be indicated. In most cases, patients who have
experienced non-life-threatening hypersensitivity reactions have been able to complete
the full course of therapy. (See DOSAGE and ADMINISTRATION.) Medications for the
treatment of hypersensitivity reactions, e.g., epinephrine, antihistamines and
corticosteroids, should be available for immediate use in the event of a reaction 
during administration.
Cardiovascular: Infusions should be discontinued in the event of serious or 
life-threatening cardiac arrhythmias. Patients who develop clinically significant
arrhythmias should undergo cardiac monitoring during and after subsequent infusions
of RITUXAN. Patients with pre-existing cardiac conditions including arrhythmias and
angina have had recurrences of these events during RITUXAN therapy and should be
monitored throughout the infusion and immediate post-infusion period.
Renal: RITUXAN administration has been associated with severe renal toxicity including
acute renal failure requiring dialysis and in some cases, has led to a fatal outcome. Renal
toxicity has occurred in patients with high numbers of circulating malignant cells
(>25,000/mm3) or high tumor burden who experience tumor lysis syndrome (see Tumor
Lysis Syndrome) and in patients administered concomitant cisplatin therapy during clinical
trials. The combination of cisplatin and RITUXAN is not an approved treatment regimen. If
this combination is used in clinical trials extreme caution should be exercised; patients
should be monitored closely for signs of renal failure. Discontinuation of RITUXAN should
be considered for those with rising serum creatinine or oliguria.
Severe Mucocutaneous Reactions (See BOXED WARNINGS and
ADVERSE REACTIONS): Mucocutaneous reactions, some with fatal outcome, have been
reported in patients treated with RITUXAN. These reports include paraneoplastic pemphigus (an
uncommon disorder which is a manifestation of the patient’s underlying malignancy), Stevens-
Johnson syndrome, lichenoid dermatitis, vesiculobullous dermatitis, and toxic epidermal

necrolysis. The onset of the reaction in the reported cases has varied from 1 to 13 weeks
following RITUXAN exposure. Patients experiencing a severe mucocutaneous reaction should not
receive any further infusions and seek prompt medical evaluation. Skin biopsy may help to
distinguish among different mucocutaneous reactions and guide subsequent treatment. The
safety of readministration of RITUXAN to patients with any of these mucocutaneous reactions has
not been determined.
PRECAUTIONS
Laboratory Monitoring: Because RITUXAN targets all CD20-positive B lymphocytes,
malignant and nonmalignant, complete blood counts (CBC) and platelet counts should
be obtained at regular intervals during RITUXAN therapy and more frequently in
patients who develop cytopenias (see ADVERSE REACTIONS). The duration of
cytopenias caused by RITUXAN can extend well beyond the treatment period.
Drug/Laboratory Interactions: There have been no formal drug interaction studies
performed with RITUXAN. However, renal toxicity was seen with this drug in
combination with cisplatin in clinical trials. (See WARNINGS, Renal.)
HACA Formation: Human antichimeric antibody (HACA) was detected in 4 of 356
patients and 3 had an objective clinical response. The data reflect the percentage of
patients whose test results were considered positive for antibodies to RITUXAN using 
an enzyme-linked immunosorbant assay (limit of detection = 7 ng/mL). The observed
incidence of antibody positivity in an assay is highly dependent on the sensitivity and
specificity of the assay and may be influenced by several factors including sample
handling, concomitant medications, and underlying disease. For these reasons,
comparison of the incidence of antibodies to RITUXAN with the incidence of antibodies
to other products may be misleading.
Immunization: The safety of immunization with live viral vaccines following RITUXAN
therapy has not been studied. The ability to generate a primary or anamnestic
humoral response to vaccination is currently being studied.
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal
studies have been performed to establish the carcinogenic or mutagenic potential
of RITUXAN, or to determine its effects on fertility in males or females. Individuals
of childbearing potential should use effective contraceptive methods during treatment
and for up to 12 months following RITUXAN therapy.
Pregnancy Category C: Animal reproduction studies have not been conducted with
RITUXAN. It is not known whether RITUXAN can cause fetal harm when administered to
a pregnant woman or whether it can affect reproductive capacity. Human IgG is known
to pass the placental barrier, and thus may potentially cause fetal B-cell depletion;
therefore, RITUXAN should be given to a pregnant woman only if clearly needed.
Nursing Mothers: It is not known whether RITUXAN is excreted in human milk. Because
human IgG is excreted in human milk and the potential for absorption and immunosuppression
in the infant is unknown, women should be advised to discontinue nursing until circulating drug
levels are no longer detectable. (See CLINICAL PHARMACOLOGY.)
Pediatric Use: The safety and effectiveness of RITUXAN in pediatric patients have
not been established.
Geriatric Use: Among the 331 patients enrolled in clinical studies of single agent
RITUXAN, 24% were 65 to 75 years old and 5% were 75 years old and older. The overall
response rates were higher in older (age ≥ 65 years) vs. younger (age < 65 years)
patients (52% vs. 44%, respectively). However, the median duration of response, based on
Kaplan-Meier estimates, was shorter in older vs. younger patients: 10.1 months (range,
1.9 to 36.5+) vs. 11.4 months (range, 2.1 to 42.1+), respectively. This shorter duration of
response was not statistically significant. Adverse reactions, including incidence, severity
and type of adverse reaction were similar between older and younger patients.
ADVERSE REACTIONS
The most serious adverse reactions caused by RITUXAN include infusion reactions, tumor
lysis syndrome, mucocutaneous reactions, hypersensitivity reactions, cardiac arrhythmias
and angina, and renal failure. Please refer to the BOXED WARNINGS and WARNINGS
sections for detailed descriptions of these reactions. Infusion reactions and lymphopenia
are the most commonly occurring adverse reactions.
Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical
trials of another drug and may not reflect the rates observed in practice. The adverse
reaction information from clinical trials does, however, provide a basis for identifying the
adverse events that appear to be related to drug use and for approximating rates.
Additional adverse reactions have been identified during postmarketing use of RITUXAN.
Because these reactions are reported voluntarily from a population of uncertain size, it is
not always possible to reliably estimate their frequency or establish a causal relationship
to RITUXAN exposure. Decisions to include these reactions in labeling are typically based
on one or more of the following factors: (1) seriousness of the reaction, (2) frequency of
reporting, or (3) strength of causal connection to RITUXAN.
Where specific percentages are noted, these data are based on 356 patients treated in
nonrandomized, single-arm studies of RITUXAN administered as a single agent. Most
patients received RITUXAN 375 mg/m2 weekly for 4 doses. These include 39 patients
with bulky disease (lesions ≥ 10 cm) and 60 patients who received more than 1 course
of RITUXAN. Thirty-seven patients received 375 mg/m2 for 8 doses and 25 patients
received doses other than 375 mg/m2 for 4 doses and up to 500 mg/m2 single dose in the
Phase 1 setting. Adverse events of greater severity are referred to as “Grade 3 and 4
events” defined by the commonly used National Cancer Institute Common Toxicity Criteria.

Table 1
Incidence of Adverse Events ≥ 5% of Patients in Clinical Trials (N = 356)

(Adverse Events were followed for a period of 12 months 
following RITUXAN therapy.)

Table 1 (Continued)
Incidence of Adverse Events ≥ 5% of Patients in Clinical Trials (N = 356)

(Adverse Events were followed for a period of 12 months 
following RITUXAN therapy.)

Risk Factors Associated with Increased Rates of Adverse Events:
Administration of RITUXAN weekly for 8 doses resulted in higher rates of Grade 3 and
4 adverse events overall (70%) compared with administration weekly for 4 doses
(57%). The incidence of Grade 3 or 4 adverse events was similar in patients retreated
with RITUXAN compared with initial treatment (58% and 57%, respectively). The
incidence of the following clinically significant adverse events was higher in patients
with bulky disease (lesions ≥ 10 cm) (N = 39) versus patients with lesions < 10 cm
(N = 195): abdominal pain, anemia, dyspnea, hypotension, and neutropenia.
Infusion Reactions (See BOXED WARNINGS and WARNINGS): Mild to moderate
infusion reactions consisting of fever and chills/rigors occurred in the majority of patients
during the first RITUXAN infusion. Other frequent infusion reaction symptoms included
nausea, pruritus, angioedema, asthenia, hypotension, headache, bronchospasm, throat
irritation, rhinitis, urticaria, rash, vomiting, myalgia, dizziness, and hypertension. These
reactions generally occurred within 30 to 120 minutes of beginning the first infusion, and
resolved with slowing or interruption of the RITUXAN infusion and with supportive care
(diphenhydramine, acetaminophen, IV saline, and vasopressors). In an analysis of data
from 356 patients with relapsed or refractory, low-grade NHL who received 4 (N = 319)
or 8 (N = 37) weekly infusions of RITUXAN, the incidence of infusion reactions was
highest during the first infusion (77%) and decreased with each subsequent infusion
(30% with fourth infusion and 14% with eighth infusion).
Infectious Events: RITUXAN induced B-cell depletion in 70% to 80% of patients and
was associated with decreased serum immunoglobulins in a minority of patients; the
lymphopenia lasted a median of 14 days (range, 1 to 588 days). Infectious events
occurred in 31% of patients: 19% of patients had bacterial infections, 10% had viral
infections, 1% had fungal infections, and 6% were unknown infections. Incidence is not
additive because a single patient may have had more than one type of infection. Serious
infectious events (Grade 3 or 4),17 including sepsis, occurred in 2% of patients.
A report in the literature described an increase in fatal infection in HIV-related lymphoma
patients when RITUXAN was used in combination with CHOP chemotherapy as compared 
to CHOP alone.
Hematologic Events: In clinical trials, Grade 3 and 4 cytopenias17 were reported in 48% of
patients treated with RITUXAN; these include: lymphopenia (40%), neutropenia (6%),
leukopenia (4%), anemia (3%), and thrombocytopenia (2%). The median duration of
lymphopenia was 14 days (range, 1 to 588 days) and of neutropenia was 13 days (range, 2
to 116 days). A single occurrence of transient aplastic anemia (pure red cell aplasia) and two
occurrences of hemolytic anemia following RITUXAN therapy were reported.
In addition, there have been a limited number of postmarketing reports of prolonged
pancytopenia, marrow hypoplasia, and late onset neutropenia (defined as occurring 40
days after the last dose of RITUXAN) in patients with hematologic malignancies. In
reported cases of late onset neutropenia (NCI-CTC Grade 3 and 4), the median
duration of neutropenia was 10 days (range 3 to 148 days). Documented resolution of
the neutropenia was described in approximately one-half of the reported cases; of
those with documented recovery, approximately half received growth factor support. In
the remaining cases, information on resolution was not provided. More than half of the
reported cases of delayed onset neutropenia occurred in patients who had undergone
a prior autologous bone marrow transplantation. In an adequately designed, controlled,
clinical trial, the reported incidence of NCI-CTC Grade 3 and 4 neutropenia was higher
in patients receiving RITUXAN in combination with fludarabine as compared to those
receiving fludarabine alone (76% [39/51] vs. 39% [21/53]).18

In patients with Waldenstrom’s macroglobulinemia, following initiation of RITUXAN
therapy transient increases in serum IgM levels have been observed which may result
in hyperviscosity syndrome requiring plasmapheresis.
Cardiac Events (See BOXED WARNINGS): Grade 3 or 4 cardiac-related events
include hypotension. Rare, fatal cardiac failure with symptomatic onset weeks after
RITUXAN has also been reported. Patients who develop clinically significant
cardiopulmonary events should have RITUXAN infusion discontinued.
Pulmonary Events (See BOXED WARNINGS): 135 patients (38%) experienced
pulmonary events in clinical trials. The most common respiratory system adverse
events experienced were increased cough, rhinitis, bronchospasm, dyspnea, and
sinusitis. In both clinical studies and postmarketing surveillance, there have been a
limited number of reports of bronchiolitis obliterans presenting up to 6 months post-
RITUXAN infusion and a limited number of reports of pneumonitis (including interstitial
pneumonitis) presenting up to 3 months post-RITUXAN infusion, some of which
resulted in fatal outcomes. The safety of resumption or continued administration of
RITUXAN in patients with pneumonitis or bronchiolitis obliterans is unknown.
Immune/Autoimmune Events: Immune/autoimmune events have been reported,
including uveitis, optic neuritis in a patient with systemic vasculitis, pleuritis in a
patient with a lupus-like syndrome, serum sickness with polyarticular arthritis, and
vasculitis with rash.
Less Commonly Observed Events: In clinical trials, < 5% and > 1% of the
patients experienced the following events regardless of causality assessment:
agitation, anorexia, arthritis, conjunctivitis, depression, dyspepsia, edema, hyperkinesia,
hypertonia, hypesthesia, hypoglycemia, injection site pain, insomnia, lacrimation
disorder, malaise, nervousness, neuritis, neuropathy, paresthesia, somnolence, vertigo,
weight decrease.
OVERDOSAGE
There has been no experience with overdosage in human clinical trials. Single doses
of up to 500 mg/m2 have been given in controlled clinical trials.
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RITUXAN® (Rituximab) BRIEF SUMMARY

All Grades (%) Grade 3 and 4 (%)
Any Adverse Events 99 57
Body as a Whole 86 10

Fever 53 1
Chills 33 3
Infection 31 4
Asthenia 26 1
Headache 19 1
Abdominal Pain 14 1
Pain 12 1
Back Pain 10 1
Throat Irritation 9 0
Flushing 5 0

Cardiovascular System 25 3
Hypotension 10 1
Hypertension 6 1

Digestive System 37 2
Nausea 23 1
Diarrhea 10 1
Vomiting 10 1

Hemic and Lymphatic System 67 48
Lymphopenia 48 40
Leukopenia 14 4
Neutropenia 14 6
Thrombocytopenia 12 2
Anemia 8 3

Metabolic and Nutritional Disorders 38 3
Angioedema 11 1
Hyperglycemia 9 1
Peripheral Edema 8 0
LDH Increase 7 0

Musculoskeletal System 26 3
Myalgia 10 1
Arthralgia 10 1

All Grades (%) Grade 3 and 4 (%)
Nervous System 32 1

Dizziness 10 1
Anxiety 5 1

Respiratory System 38 4
Increased Cough 13 1
Rhinitis 12 1
Bronchospasm 8 1
Dyspnea 7 1
Sinusitis 6 0

Skin and Appendages 44 2
Night Sweats 15 1
Rash 15 1
Pruritus 14 1
Urticaria 8 1

RITUXAN® (Rituximab) BRIEF SUMMARY

WARNINGS
Fatal Infusion Reactions: Deaths within 24 hours of RITUXAN infusion have
been reported. These fatal reactions followed an infusion reaction complex which
included hypoxia, pulmonary infiltrates, acute respiratory distress syndrome,
myocardial infarction, ventricular fibrillation or cardiogenic shock. Approximately
80% of fatal infusion reactions occurred in association with the first infusion.
(See WARNINGS and ADVERSE REACTIONS.)
Patients who develop severe infusion reactions should have RITUXAN infusion
discontinued and receive medical treatment.
Tumor Lysis Syndrome (TLS): Acute renal failure requiring dialysis with
instances of fatal outcome has been reported in the setting of TLS following
treatment with RITUXAN. (See WARNINGS.)
Severe Mucocutaneous Reactions: Severe mucocutaneous reactions, some
with fatal outcome, have been reported in association with RITUXAN treatment.
(See WARNINGS and ADVERSE REACTIONS.)
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with a reduced platelet count (<150 x 109/L), need
to be given a reduced dose of radioactivity.With this
in mind, Zevalin 0.3mCi/kg (11.1MBq/kg) proved
to be both safe and efficacious.13–16

Although the results for single agent RIT are
encouraging, the future is likely to involve integrating
RIT into chemotherapy treatment protocols, and the
current challenge for clinical investigators is to
determine the optimal approach of integrating Zevalin
RIT into chemotherapy schedules. Early data using
Zevalin given to consolidate clinical responses
following both shortened or full course chemotherapy
look extremely promising.

Shipley et al. presented impressive data demonstrating
the ability of Zevalin to convert partial response after
brief chemotherapy to complete responses. In this
study patients were treated with four weekly infusions
of Rituximab followed by three cycles of R-CHOP
followed eight weeks later by Zevalin. Of the 22
patients who had completed the protocol there was a

40% CR rate before Zevalin, which was converted to
a 86% CR rate after Zevalin.17

The large European intergroup study in previously
untreated follicular lymphoma, which randomized
patients to Zevalin after initial chemotherapy, has now
completed accrual with over 400 patients recruited, and
will provide invaluable data as to whether Zevalin may
has a role as consolidation after primary chemotherapy.

Clinical responses have also been observed for Zevalin
in transformed follicular and relapsed de novo diffuse
large B-cell lymphoma (DLBC). Small numbers of
patients were treated as part of the initial phase I/II
study and response rates of 58% with a 33% CR rate
were found.A recent European phase II trial with over
100 patients older than 60 with relapsed DLBC has
confirmed this impressive response rate in large
numbers of patients with relapsed DLBC unsuitable

for transplantation.18 Given this high single agent
activity, clinical trials are now under way to integrate
Zevalin into the front line treatment of DLBC and a
large intergroup study with a randomisation for 90Y
ibritumomab tiuxetan (Zevalin) after full course R-
CHOP chemotherapy is under way.

The dose-limiting toxicity from RIT is
myelosuppression with delayed thrombocytopenia
and neutropenia occurring at around four to six
weeks after therapy. The extent and duration of the
myelosuppression appears to depend on bone marrow
reserve (amount of previous chemotherapy, age of
patient), degree of bone marrow infiltration,
pharmacokinetics of the mAb, and the stability of 
the radioimmunoconjugate.

Higher myeloablative doses may, however, be delivered
safely with support from an autologous stem cell
transplant. Zevalin RIT is currently being extensively
investigated as a component of high dose therapy and
Zevalin have been added to high dose chemotherapy

with the ‘standard’ conditioning regimen of BCNU,
Etoposide, Ara-C and Melphalan (BEAM). The early
results confirm the feasibility of this approach and these
important studies are on-going.

Con c l u s i o n

In summary, Zevalin RIT offers an excellent
treatment alternative in relapsed follicular lymphoma
and provides an attractive alternative in second relapse
after R-Chemo schedules for many patients.
Promising results are emerging in the treatment of
aggressive lymphoma and RIT is now being
integrated into treatment schedules for DLBC
including high dose therapy and ASCT.The future for
RIT is therefore likely to involve integration into
chemotherapy schedules, and the recent clinical results
suggests that this type of approach offers great promise
for the future treatment of lymphoma. ■
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18. Morschauser et al., “Yttrium-90 Ibritumomab Tiuxetan (Zevalin) for patients with Relapsed/Refactory Diffuse large B-Cell
Lymphoma not appropriate for Autologous Stem Cell Transplantation: Results of and Open-Label Phase II trial”, ASH (2004);
abstract 130.

The dose-limiting toxicity from RIT is myelosuppression with

delayed thrombocytopenia and neutropenia occurring at around

four to six weeks after therapy.
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