
Dosimetry of 90Y-Ibritumomab Tiuxetan as
Consolidation of First Remission in
Advanced-Stage Follicular Lymphoma:
Results from the International Phase 3
First-Line Indolent Trial

Angelika Bischof Delaloye1, Cristian Antonescu1, Thomas Louton2, Jens Kuhlmann3, and Anton Hagenbeek4

1Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland; 2Dr. Notghi Contract Research, Berlin, Germany;
3Bayer Schering Pharma AG, Berlin, Germany; and 4UMC Utrecht/HOVON, Utrecht, The Netherlands

The objective of this analysis was to assess the radiation expo-
sure associated with 90Y-ibritumomab tiuxetan when used as
consolidation therapy in adults with low or minimal tumor burden
after first-line therapy of advanced follicular lymphoma (FL).
Methods: The patients who were enrolled in the phase 3 first-
line indolent trial were 18 y or older, with CD201 grade 1 or 2
stage III or IV FL, and a partial response, complete response,
or unconfirmed complete response to first-line chemotherapy.
The patients were allocated randomly to receive a single infusion
of unlabeled rituximab 250 mg/m2 on day 27 and consolidation
on day 0 with a single dose of 90Y-ibritumomab tiuxetan, 14.8
MBq/kg, immediately after unlabeled rituximab, 250 mg/m2, or
no further treatment. On day 27, a subset of patients received
an injection of 185 MBq of 111In-ibritumomab tiuxetan immedi-
ately after unlabeled rituximab, 250 mg/m2, for central dosimetry
analysis. Correlations were assessed between organ radiation
absorbed dose and toxicity, body weight, body mass index,
and progression-free survival. Results: Central dosimetry evalu-
ations were available from 57 of 70 patients. Median radiation
absorbed doses were 100 cGy (range, 28–327 cGy) for the red
marrow and 72 cGy (range, 46–106 cGy) for the whole body. Ra-
diation absorbed doses did not differ significantly between pa-
tients who had a partial response or complete response to
initial therapy. Progression-free survival correlated significantly
with the whole-body (r 5 0.4401; P 5 0.0006) and bone marrow
(r 5 0.2976; P 5 0.0246) radiation dose. Body weight was signif-
icantly negatively correlated with whole-body radiation dose (r 5

20.4971; P , 0.0001). Neither the whole-body radiation dose nor
the bone marrow radiation dose correlated with hematologic tox-
icity. Conclusion: In patients with low or minimal residual tumor
burden after first-line chemotherapy of advanced FL, whole-
body and bone marrow exposure after 90Y-ibritumomab tiuxetan
consolidation showed a significant positive correlation with pro-
gression-free survival, whereas dosimetric data could not predict
hematologic toxicity.
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Follicular lymphoma (FL) is the most common form of
indolent non-Hodgkin lymphoma (NHL) in the United
States and the European Union. The disease course of
advanced-stage FL is characterized by recurrent relapses
and remissions that decrease in duration over time (1).
Although the relatively recent introduction of approaches
combining monoclonal antibody therapy and chemotherapy
has been estimated to have extended the previously reported
7- to 10-y median survival of patients with advanced FL
(2,3), the need for treatment optimization remains, because
such patients most likely will not be cured.

Because FL is radiosensitive, radioimmunotherapy is well
suited to its treatment. Recently, an expert panel of oncol-
ogists, hematologists, and nuclear medicine physicians
recommended the incorporation of radioimmunotherapy into
national lymphoma treatment algorithms across Europe (4).
Currently, the murine anti-CD20 monoclonal antibodies 90Y-
ibritumomab tiuxetan (Zevalin; Bayer Schering Pharma AG)
and 131I-tositumomab (Bexxar; GlaxoSmithKline) are regis-
tered in the United States for the treatment of relapsed or
refractory low-grade or follicular NHL (5,6). In the Euro-
pean Union, 90Y-ibritumomab tiuxetan is also indicated as
consolidation therapy after remission induction in previously
untreated patients with FL (7), whereas 131I-tositumomab is
not registered in Europe. As for chemotherapy, response
rates after radioimmunotherapy tend to be higher and
response durations tend to be longer when radioimmuno-
therapy is given during the early stage of the disease rather
than after numerous earlier treatment courses (4,8). Excellent
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results have been obtained with 131I-tositumomab given as
first-line therapy in FL (9).

Another approach consists of consolidation therapy in
patients with an initial response to induction therapy. This
paradigm may be particularly applicable for radioimmuno-
therapy in patients with advanced FL, as most patients who
achieve a complete response (CR) or a partial response (PR)
to initial therapy ultimately relapse and eventually die.
Rapidly improving the quality of the initial response in
patients with advanced FL may extend the response duration
and improve survival. Retrospective analyses have indicated
that the use of 90Y-ibritumomab tiuxetan does not compro-
mise the efficacy or safety of subsequent therapy (4).

90Y-ibritumomab tiuxetan consolidation therapy was
initially investigated in phase 2 trials that have shown
promising results in terms of conversion from PR to CR and
progression-free survival (PFS) (10,11). Recently, results of
the phase 3, randomized first-line indolent trial showed that
in patients with advanced FL who achieved at least a PR to
different induction therapies, consolidation therapy with
a single dose of 90Y-ibritumomab tiuxetan significantly
prolonged PFS by 2 y, compared with no further treatment
(12). Of 101 patients who achieved a PR with induction
therapy, 78 converted to a CR after 90Y-ibritumomab
tiuxetan consolidation therapy.

Dosimetry is incorporated into the design of radioimmu-
notherapy regimens to determine radiation exposure to
various organs and to confirm tumor targeting. During the
early development of 90Y-ibritumomab tiuxetan, dosimetry
analyses in numerous clinical trials of adult patients with
relapsed or refractory NHL showed that radiation absorbed
dose estimates to bone marrow and other organs were
within safety limits and did not correlate with toxicity (13–
15). Therefore, dosimetry is not required with 90Y-ibritu-
momab tiuxetan when used in patients with relapsed or
refractory NHL; instead, the activity to be administered is
determined by patient weight and baseline platelet count
(7). In contrast, radioiodine-labeled antibody conjugates
tend to present with less predictable biokinetics. Conse-
quently, dosimetry is mandatory before radioimmunother-
apy with 131I-tositumomab to determine the appropriate
activity to deliver a whole-body dose of 75 cGy (16).

When radioimmunotherapy is used for new applications,
it is important to determine radiation absorbed dose esti-
mates and their correlation with toxicity (17). The objec-
tives of the current analysis were to assess the radiation
exposure associated with 90Y-ibritumomab tiuxetan when
given as consolidation therapy to adult patients with
advanced FL who had achieved PR or CR after induction
chemotherapy and to compare radiation dose with response,
hematologic toxicity, and outcome.

MATERIALS AND METHODS

Patient Population
Patient eligibility criteria have been summarized in detail

previously (12). Briefly, eligible patients were at least 18 y of

age; had CD201 grade 1 or 2 stage III or IV FL; and had achieved
a PR, CR, or unconfirmed CR after first-line chemotherapy by
International Workshop Criteria (18). A World Health Organiza-
tion performance status of 0–2, normal peripheral blood cell
counts, and less than 25% bone marrow involvement with
lymphoma were also required. All patients provided informed
consent before any study procedures were initiated.

Study Design
The first-line indolent trial was a phase 3 randomized in-

ternational trial performed at 77 study centers in 12 European
countries and Canada. A detailed description of the first-line
indolent trial study design has been published (12). Briefly,
patients were assigned randomly 1:1 to receive a single infusion
of unlabeled rituximab, 250 mg/m2, on day 27 and consolidation
therapy on day 0 with a single therapeutic dose of 90Y-ibritumo-
mab tiuxetan, 14.8 MBq/kg (maximum activity, 1,184 MBq in
patients weighing at least 80 kg), immediately after unlabeled
rituximab, 250 mg/m2, or no further treatment (control). The study
protocol was approved by the institutional review board at each
site, and the study was registered at ClinicalTrials.gov under
NCT00185393.

Dosimetry
The first 14 patients in the study underwent mandatory

dosimetry as part of an interim safety evaluation, per the study
protocol. After it was established that all 14 patients had exposure
within safe limits (300 cGy for the red marrow and 2,000 cGy for
normal organs), further dosimetry analyses were left to the
discretion of the investigators or local needs. For patients who
underwent dosimetry, the following treatment schedule was used:
on day 27, immediately after receiving the infusion of unlabeled
rituximab, 250 mg/m2, patients received an injection of 185 MBq
of 111In-ibritumomab tiuxetan. Central dosimetry, based on locally
measured blood samples and g-scans, was performed by a single
experienced nuclear medicine physician. Although local dosime-
try was also performed, the results of the current analysis are
based only on central dosimetry data, as the variation in in-
vestigator methods of drawing regions of interest was likely to
confound an analysis of local dosimetry data.

At least 3 simultaneous anterior and posterior whole-body
scans were performed with a g-camera at the time points of 15–45
min; 3–6 h; and 1, 3–4, and 6 d after infusion. Blood samples were
drawn at corresponding intervals. Radiation absorbed doses were
calculated using the region-of-interest technique, the decay
constant for 90Y, and the projected activity (14.8 MBq/kg or
a maximum activity of 1,184 MBq in patients whose weight
exceeded 80 kg) with the MIRDOSE 3 software program. Defined
regions of interest included the kidney, liver, lung, spleen, and
whole body. Observed residence times of 111In-ibritumomab
tiuxetan in these regions of interest, obtained from conjugate
anterior and posterior scans (geometric mean), were used in the
calculations. Values for organ mass were based on those of the
International Commission on Radiological Protection reference
male and female. Whole-blood aliquots were counted, normalized,
and corrected for decay using the decay constant of 90Y. Bone
marrow dose was derived from whole-blood activity decay,
corrected for hematocrit and International Commission on Radio-
logical Protection reference male or female bone marrow mass.
Hematocrit was considered constant during the measurement
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period. No correction for the contribution of extramedullary
activity to the bone marrow dose was performed.

Response
PFS was determined from the date of randomization to the date

of relapse, disease progression, or death (12). Tumor response was
assessed by an independent central review board and was based on
International Workshop Criteria (18).

Toxicity
Adverse events were recorded throughout the study and graded

according to National Cancer Institute Common Toxicity Criteria,
version 2 (19). For this particular analysis, only hematologic
toxicity was considered.

Statistical Analyses
Descriptive statistics were calculated for estimated radiation

absorbed doses. Pearson correlation coefficients were calculated
to assess relationships between organ radiation absorbed dose and
body weight, body mass index, and PFS. For further analysis, the
population was divided into whole-body radiation dose quartiles
as follows: quartile 1, 0.55 mGy/MBq , whole-body radiation
dose # 0.62 mGy/MBq; quartile 2, 0.62 mGy/MBq , whole-body
radiation dose # 0.73 mGy/MBq; quartile 3, 0.73 mGy/MBq ,

whole-body radiation dose # 0.83 mGy/MBq; and quartile 4, 0.83
mGy/MBq , whole-body radiation dose # 1.12 mGy/MBq.

RESULTS

Patients

Of the 208 patients assigned to receive consolidation
therapy with 90Y-ibritumomab tiuxetan, 70 patients re-
ceived 111In-ibritumomab tiuxetan on day 27. Central
dosimetry evaluations were available for 57 patients (Table
1). Whole-body g-camera scans of a patient at 4 time points
after injection of 111In-ibritumomab tiuxetan are shown in
Figure 1.

Exposure

Median radiation absorbed dose estimates are presented
in Tables 2 and 3. The median radiation absorbed dose was
100 cGy (range, 28–327 cGy) for the red marrow and 72
cGy (range, 46–106 cGy) for the whole body. Bone marrow
and whole-body radiation doses did not differ between
patients who had a PR to initial therapy and those who had
a CR to initial therapy (Fig. 2). None of the patients
experienced higher than grade 3 anemia. Grades 3 and 4
neutropenia were observed in 44% and 26%, respectively,
and grades 3 and 4 thrombopenia in 53% and 2%, re-
spectively, as is in line with previously published results
(12). Radiation exposure was within the protocol-defined
upper limit to normal organs (2,000 cGy) in all patients and
within the protocol-defined upper limit to red marrow (300
cGy) in all but 1 patient, who was treated without
complications.

Response

Before radioimmunotherapy, 35 patients were in CR and
22 were in PR; 15 of these 22 patients (68%) converted to
CR after radioimmunotherapy, and 7 remained in PR. The
median exposures of whole body and bone marrow in these

3 groups of patients are shown in Table 4. The dose to both
bone marrow and whole body was slightly lower in patients
who remained in PR, but this difference was not statisti-
cally significant.

Correlation Analyses

Patient body weight showed a significant negative
correlation with whole-body radiation dose (r 5

20.4971; P , 0.0001). Body mass index did not correlate
significantly with organ or whole-body radiation doses. In
addition, no significant correlation between body mass
index and organ or whole-body radiation doses was
obtained when the data were analyzed on the basis of
response to initial therapy (CR or PR).

PFS correlated significantly with radiation dose to the
whole body (r 5 0.4401; P 5 0.0006) (Fig. 3) and bone
marrow (r 5 0.2976; P 5 0.0246). For the subset of

TABLE 1. Disposition and Demographics of Patients
Who Received 111In-Ibritumomab Tiuxetan and
Underwent Central Dosimetry Analysis

Characteristic Value

Underwent central dosimetry (n) 57

Male (n) 26 (45.6%)

Median age (y) 56
Age range (y) 30–78

Median body weight (kg) 71

Body weight range (kg) 46–107

Ann Arbor classification (n)
Stage I* 1 (1.8%)

Stage III 21 (36.8%)

Stage IV 35 (61.4%)
B symptoms (n)

No 33 (57.9%)

Yes 23 (40.3%)

Response after first-line therapy (n)
CR/unconfirmed CR 35 (61.4%)

PR 22 (38.6%)

First-line induction regimen (n)

CHOP 10 (17.5%)
CVP/COP 10 (17.5%)

CHOP-like 6 (10.5%)

Fludarabine 1 (1.8%)

Chlorambucil 7 (12.3%)
Rituximab combination 23 (40.4%)

Bcl-2 RQ-PCR positive at time of

randomization (n)y
12 (21.8%)

FLIPI score (n)z

High 1 (2.2%)

Intermediate 12 (26.7%)

Low 32 (71.1%)

*Protocol deviation.
yBased on 55 patients; data not available for 2 patients.
zBased on 45 patients; data not available for 12 patients.

CHOP 5 cyclophosphamide, doxorubicin, vincristine, and

prednisone; CVP/COP 5 cyclophosphamide, vincristine, and
prednisone; RQ-PCR 5 real-time quantitative polymerase chain

reaction; FLIPI 5 Follicular Lymphoma International Prognostic

Index.
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patients (n 5 35) who had a CR to initial therapy, PFS
correlated significantly with the whole-body radiation dose
but not with the bone marrow radiation dose. For the subset
of patients who had a PR (n 5 22) to initial therapy, PFS
correlated significantly with the bone marrow radiation
dose but not with the whole-body radiation dose. PFS
negatively correlated with body weight (r 5 20.3157; P 5

0.0168). Neither the whole-body radiation dose nor the
bone marrow radiation dose correlated with hematologic
toxicity (Table 5). Additionally, we could not show any
relationship between bone marrow toxicity and the pres-
ence of residual (,25%) bone marrow infiltration or type
of induction chemotherapy.

DISCUSSION

This dosimetric analysis showed that for patients who
received a single dose of 90Y-ibritumomab tiuxetan as
consolidation therapy after first remission, median organ
radiation absorbed doses were within safe limits. This
finding was important to establish, because although dosim-
etry is not required with 90Y-ibritumomab tiuxetan when
used in patients with relapsed or refractory NHL, the
population of patients eligible for consolidation therapy
has a tumor burden much lower than that of patients with
relapsed or refractory disease. It is interesting to note that
even in patients with CR according to International Work-

shop Criteria, radioimmunotherapy with the high-energy
electron emitter 90Y was efficient in prolonging PFS for
about 2 y compared with controls, whereas mathematic
models tend to predict diminished efficacy of long-range
b-emitters in small tumors because of inefficient absorption
of radiation energy (20).

One can discuss the adequacy of the dosimetry protocol
used, based on International Commission on Radiological
Protection reference male and female organ and bone
marrow mass estimates, which did not correct for attenu-
ation or scatter and estimated bone marrow dose from
blood activity decay. Because this was a multicenter study,
a robust protocol that could easily be performed in all
participating centers was needed. Furthermore, it was
important to be able to compare the results of this pro-
spective study of patients with minimal residual disease
with previously obtained data with the same compound
using the same method to estimate the radiation exposure of
the whole body, parenchymal organs, and bone marrow in
patients with relapsed or refractory disease after previous
chemotherapy. Median radiation absorbed dose to the bone
marrow of the 10 patients with less than 25% bone marrow

TABLE 2. Organ Radiation Absorbed Dose from 90Y,
Based on Radiation Exposure by Organ

Organ

Median radiation

absorbed dose (cGy)

Radiation absorbed

dose range (cGy)

Lungs 113 57–268

Liver 352 108–860

Spleen 748 288–1,702
Kidneys 322 155–858

Red marrow 100 28–327

Whole body 72 46–106

FIGURE 1. Sequential anterior whole-body g-camera
scans after injection of 111In-ibritumomab tiuxetan. Distribu-
tion is normal, and no evidence of residual tumor is seen.

FIGURE 2. Bone marrow and whole-body radiation doses
in patients with PR or CR to initial therapy.

TABLE 3. Organ Radiation Absorbed Dose Factor
from 90Y

Organ

Median radiation
absorbed dose

(mGy/MBq)

Radiation absorbed
dose range

(mGy/MBq)

Bone marrow 0.976 0.312–3.453

Kidneys 3.078 1.368–9.753

Liver 3.580 0.915–7.264

Lungs 1.220 0.566–2.318
Spleen 6.834 3.157–16.670

Whole body 0.734 0.549–1.119
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involvement was 92.5 cGy (range, 56–139 cGy), which is
comparable to the whole cohort.

The radiation absorbed doses in the current trial were
similar to those reported in relapsed or refractory patients
treated with 90Y-ibritumomab tiuxetan (13,14). One notable
exception was the kidney dose, which was nearly 15-fold
higher in the current study than in a combined analysis of
179 patients from 4 previous studies of 90Y-ibritumomab
tiuxetan in relapsed or refractory patients (13). In the
present study, the median kidney dose was 3.078 mGy/
MBq (range, 1.37–9.75 mGy/MBq), whereas it was 0.22
mGy/MBq (range, 0.00–0.95 mGy/MBq) in the analysis of
4 trials (13). However, the radiation absorbed dose to the
kidney in the current trial was consistent with results
obtained by Cremonesi et al., who compared 3 different
methods of estimating organ dose in patients with relapsed
or refractory NHL scheduled for high-dose 90Y-ibritumo-
mab tiuxetan conditioning before autologous stem cell
transplantation (21). With use of standard organ mass and
images not corrected for background, scatter, or attenua-
tion, the median kidney dose was 4.0 mGy/MBq (range,
2.3–8.1 mGy/MBq). These authors obtained somewhat
lower kidney doses after background, scatter, and attenua-
tion correction, as well as after adjusting the dose for

measured individual organ mass (1.7 mGy/MBq [range,
0.6–3.8 mGy/MBq]), which were still far above those
previously reported.

Another study reported a kidney dose of 2.5 mGy/MBq
(range, 1.5–4.7 mGy/MBq). These authors calculated the
kidney dose from the posterior view only using an effective
linear attenuation coefficient determined from phantom
studies to correct for kidney depth. They also used
background subtraction and individual patient data for
kidney mass but no scatter correction. As well, they
calculated the left kidney dose, for which the influence of
spillover is less important than on the right side, where the
liver is overlying part of the kidney. The left kidney dose
was 2.1 mGy/MBq (range, 0.92–4.4 mGy/MBq) (22).

Although the dose to the kidneys in the studies described
above and in the current study was within safe limits and no
renal toxicity was observed in our patients, the findings
indicate that one must consider higher kidney exposure
when designing high-dose or repeated-dose regimens. The
differences in the radiation absorbed dose to the kidneys
between the present study and earlier data might reflect
differences in tumor burden between the 2 types of patient
populations (i.e., patients receiving consolidation therapy
after initially having at least a PR versus patients receiving
therapy for relapsed or refractory disease). This hypothesis
may be supported by a recent dosimetry study of patients
with high-risk NHL but low tumor burden after 5 chemo-
therapy courses, who were scheduled for myeloablative
radioimmunotherapy and tandem autologous stem cell
support (23). These authors found a median kidney dose
of 5.1 mGy/MBq (range, 2.8–10.5 mGy/MBq) based on
attenuation and scatter-corrected data, with partial back-
ground subtraction and CT–based organ volume measure-
ments. In addition to differences in tumor burden,
methodologic and technical factors could contribute to
the reported differences. Drawing of the kidney and
background regions of interest might be part of the
explanation. The relatively low kidney activity might be
overestimated by spillover from liver and spleen activity.
However, high-energy electrons emitted by 90Y within

TABLE 4. Bone Marrow and Whole-Body Doses
According to Response to Radioimmunotherapy

Median dose (mGy/MBq)

Response*

CR/CR

(n 5 35)

PR/CR

(n 5 15)

PR/PR

(n 5 7)

Bone marrow 1.07 1.00 0.71

Whole body 0.76 0.64 0.64

*After initial therapy/after radioimmunotherapy.

FIGURE 3. Correlation of PFS with whole-body (WB)
radiation dose. Quartile 1 (Q1) 5 0.55 mGy/MBq , WB
radiation dose # 0.62 mGy/MBq; quartile 2 (Q2) 5 0.62
mGy/MBq , WB radiation dose # 0.73 mGy/MBq; quartile 3
(Q3) 5 0.73 mGy/MBq , WB radiation dose # 0.83 mGy/
MBq; quartile 4 (Q4) 5 0.83 mGy/MBq , WB radiation dose #

1.12 mGy/MBq.

TABLE 5. No Correlation Between Whole-Body or Bone
Marrow Mean Radiation Absorbed Dose and
Hematologic Toxicity

Mean radiation absorbed dose (cGy)

Red marrow Whole bodyPatient subgroups

by toxicity grading Mean SD Mean SD

Thrombocytopenia

Grade 3 or 4 178 129 84 20

Grade 0–2 100 38 73 12
Neutropenia

Grade 3 or 4 97 47 80 16

Grade 0–2 103 37 73 11
Anemia

Grade 0–2 104 48 74 12
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neighboring organs overlapping the kidneys are likely to
contribute to the kidney dose. This phenomenon demands
further analysis using more sophisticated dosimetry ap-
proaches, including 3-dimensional organ activity measure-
ment (22,24–26).

The median bone marrow dose estimate (0.976 mGy/
MBq) in this population was comparable with published
results in patients with low or minimal residual tumors (1.0
mGy/MBq) (23), whereas it tended to slightly exceed those
obtained in patients with a higher tumor burden (0.62 (13)
and 0.8 (21) mGy/MBq). These data were extrapolated
from the blood curve, rescaling or not for patients’ sex,
weight, and height; whereas by measuring antibody uptake
by imaging the lumbar spine (L2–L4), Fisher et al. found
a substantially higher median red marrow dose of 2.4 mGy/
MBq (range, 1.7–4.5 mGy/MBq) in patients with relapsed
or refractory NHL and less than 25% bone marrow in-
volvement (27). Interestingly, Cremonesi et al. obtained
a median absorbed dose to the bone marrow of 0.8 mGy/
MBq using either a fixed ratio (adapted for males and
females) of red marrow to measured blood mass or a model
using the reference man and woman red marrow volumes,
whereas doses to parenchymal organs were lower in a model
using various correction parameters and organ mass as-
sessment by CT (21). These results underline the uncer-
tainties in estimating individual red marrow mass in
patients after chemotherapy and consequently in calculat-
ing marrow exposure. The difficulties increase if the bone
marrow contains cells, normal or abnormal, that are
targeted by the radiopharmaceutical used for therapy (28).

The most striking result of this study is the correlation
between whole-body and bone marrow dose and outcome
expressed as PFS after a particularly long observation period
(median, 3.5 y), suggesting that PFS with 90Y-ibritumomab
tiuxetan may be influenced positively by higher whole-body
and bone marrow radiation doses, at least in patients
with small or minimal residual tumor burden. In contrast,
a 90Y-DOTA humanized anti-CD22 IgG antibody (90Y-
epratuzumab) studied in a very heterogeneous patient pop-
ulation showed no correlation of tumor radiation dose with
tumor response, as measured by tumor size (29); however,
a recent presentation showed that the response rate after
fractionated radioimmunotherapy with 90Y-epratuzumab in-
creased with injected activity, suggesting a dose–response
relationship (30). A study that used patient-specific SPECT-
based 3-dimensional dosimetry of 131I-anti-B1 found no
correlation of dose with tumor response (24). In the present
study, most residual tumors were too small or not even
detectable on 111In-ibritumomab scans or CT images to allow
specific tumor dosimetry and, consequently, evaluation of
tumor response based on volume measurements. Prolonga-
tion of PFS with higher whole-body and bone marrow dose,
however, is an even stronger indication in favor of a dose–
response relationship expressed by PFS.

In contrast to previously published results that did not
find a difference in response rate, time to progression, or

toxicity after therapy between patients with relapsed NHL
who weighed more than or less than 80 kg, in the present
study, whole-body or bone marrow dose and PFS correlated
negatively with body weight, suggesting that patients in PR
or CR with weight exceeding 80 kg might not receive an
adequate radiation dose by the arbitrarily determined
maximal activity of 1,184 MBq. In fact, no negative
correlation between body weight and outcome was ob-
served in the control group.

However, similar to previous findings with 90Y-ibritumomab
tiuxetan (13,14,31) and 90Y-epratuzumab (29), bone marrow
radiation doses did not correlate with hematologic toxicity. In
contrast, in dosimetry analyses with 131I-labeled antibody
therapy, a dose–response relationship between bone marrow
absorbed radiation dose and hematologic toxicity was found
(32).

CONCLUSION

The efficacy results for the first-line indolent trial
demonstrated that consolidation therapy with 90Y-ibritumo-
mab tiuxetan is beneficial in patients with advanced-stage
FL. A single therapeutic administration of 90Y-ibritumomab
tiuxetan as consolidation after an initial response to in-
duction therapy improved PFS significantly, compared with
no further treatment, in a first-line indolent trial (12).

Dosimetry results in patients who received 90Y-ibritumo-
mab tiuxetan as consolidation were consistent with pre-
viously published results (13,14), except in the kidneys,
where much higher doses were found in the present study.
Radiation exposure with 90Y-ibritumomab tiuxetan in pa-
tients who have a PR or CR after first-line therapy was within
the limits of safety of normal organs and bone marrow.

The unique findings of this study showed that whole-
body and bone marrow doses positively correlated with
PFS and that patients with excess weight might be in-
sufficiently treated by the predetermined maximum activity
of 1,184 MBq of 90Y. There was a negative correlation
between body weight and whole-body or bone marrow
dose, as well as with PFS. Nevertheless, it is likely not
possible to simply translate the results obtained in this
population with low tumor burden to patients with recurrent
or refractory FL or other types of NHL. However, the
finding of a positive correlation between absorbed whole-
body or bone marrow dose and PFS in this particular
patient population encourages the development of more
sophisticated dosimetric approaches and further studies that
aim toward outcome rather than solely toward tumor
response in larger patient populations with low and mini-
mal tumor burden.
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