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ABSTRACT

The aim of the present study was to retrospectively estimate the absorbed dose to kidneys in 17 patients
treated in clinical practice with 90Y-ibritumomab tiuxetan for non-Hodgkin’s lymphoma, using appropri-
ate dosimetric approaches available. Methods: The single-view effective point source method, including
background subtraction, is used for planar quantification of renal activity. Since the high uptake in the
liver affects the activity estimate in the right kidney, the dose to the left kidney serves as a surrogate for
the dose to both kidneys. Calculation of absorbed dose is based on the Medical Internal Radiation Dose
methodology with adjustment for patient kidney mass. Results: The median dose to kidneys, based on the
left kidney only, is 2.1 mGy/MBq (range, 0.92–4.4), whereas a value of 2.5 mGy/MBq (range, 1.5–4.7) is
obtained, considering the activity in both kidneys. Conclusions: Irrespective of the method, doses to kid-
neys obtained in the present study were about 10 times higher than the median dose of 0.22 mGy/MBq
(range, 0.00–0.95) were originally reported from the study leading to Food and Drug Administration ap-
proval. Our results are in good agreement with kidney-dose estimates recently reported from high-dose
myeloablative therapy with 90Y-ibritumomab tiuxetan.
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INTRODUCTION

90Y-ibritumomab tiuxetan, or Zevalin™, is an
agent for the radioimmunotherapy (RIT) of re-
lapsed or refractory non-Hodgkin’s lymphoma
(NHL). Radiation doses to organs from 90Y-ibri-
tumomab tiuxetan were obtained from multicen-

ter clinical trials that led to Food and Drug Ad-
ministration (FDA) approval.1 The conjugate-
view method of planar �-camera imaging was
used to calculate activity uptake in the whole
body, lungs, liver, spleen, and kidneys. Correc-
tion for attenuation was based on a whole-body
average-attenuation factor derived from the first
111In-ibritumomab tiuxetan planar imaging ac-
quired before the first urination.1 van Reenen et
al.2 demonstrated that this method was accurate
for the quantification of activity in spleen, liver,
and whole-body remainder. For an organ that is
not visible on both conjugate views, Shen et al.3

showed that quantification, using a single view,
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is preferable. For most patients injected with
111In-ibritumomab tiuxetan, the kidneys can be
visualized only on the posterior projection.
Therefore, in the present study, a single-view pa-
tient-specific method was used to estimate the ab-
sorbed dose to kidneys in patients treated with
90Y-ibritumomab tiuxetan in clinical practice.

MATERIALS AND METHODS

Study Design

This study was a retrospective dosimetry analysis
of 17 patients treated with 90Y-ibritumomab tiux-
etan in a nontrial setting at the Lausanne Univer-
sity Hospital (CHUV; Lausanne, Switzerland) be-
tween 2004 and 2007. Planar imaging with about
185 MBq of the surrogate complex, 111In-ibritu-
momab tiuxetan, was performed to confirm the
expected biodistribution before administering the
therapeutic dose. Serial images were available for
each patient at three time points: 30 minutes af-
ter administration, on days 3 or 4, and on days 6
or 7 postinjection. Anterior and posterior images
were acquired on a dual-head �-camera (Biad;
Trionix Research Laboratory, Inc., Twinsburg,
OH) in a 256 � 1024 matrix, using a medium-en-
ergy collimator and 15% energy windows cen-
tered at 171 and 245 keV.

Activity Quantification

According to the single-view effective point
source method described by the Medical Internal
Radiation Dose (MIRD) Pamphlet No. 16,4 the
activity A in the kidney may be expressed as
shown in Equation 1:

A � IROI � e�ed � (1)

where IROI is the count rate within the kidney
region of interest (ROI) on the posterior view,
�e is the effective linear attenuation coefficient
of 111In, d is the kidney depth defined as the dis-
tance from the center of the kidney to the body
surface, C is the �-camera calibration factor, and
F is the correction factor for background activ-
ity. To determine the effective linear attenuation
coefficient, a kidney phantom represented by a
200-mL vial filled with 111In solution (13 MBq)
was placed on Perspex® (Lucite International,
Southhampton, UK) blocks (density of 1.18
g/cm3) of various thicknesses simulating patient
tissue. Transmission counts for different kidney

F
�
C

depths were measured in normal clinical condi-
tions and then used to determine the parameter
�e.5 A standard with a known amount of 111In,
ranging between 1 and 3 MBq, was counted on
a regular basis during the study period to deter-
mine the calibration factor. Variations between
two consecutive measurements of the calibra-
tion factor ranged between �6 and �4%, ex-
cept the stepwise increase of 22%, before and
after �-camera revision, and this 22% change,
determined from the standard, was consistent
with routine quality-assurance results when us-
ing the 57Co sheet source. For activity calcula-
tion, the calibration factor determined close to
the patient examination date was used. The
background correction technique proposed by
Kojima et al.6 is particularly accurate for kid-
neys that show minimal uptake and are sur-
rounded by high background activity.7 This
method takes into account only the portion of
the background equivalent to the organ volume,
and the factor, F, in Equation 1 may be ex-
pressed as shown in Equation 2:

F � 1 � �

� �1 � e��0(d�t/2) � � (2)

where IROI is the count rate obtained from a con-
tour drawn over the kidney, which also includes
over- and underlying activity, and IBKG is the count
rate in the background region only. AROI and ABKG
are the ROI areas. The theoretic narrow-beam lin-
ear-attenuation coefficient, �0, is 0.141 cm�1 in
soft tissue (density of 1.04 g/cm3) for the 171- and
245-keV �-rays of 111In.8 The parameter, t, is the
kidney effective thickness, and T is the body thick-
ness at the kidney level. A conventional back-
ground correction would assume that the bracket
of Equation 2 would be equal to unity, resulting
in an oversubtraction of background activity.

ROIs for both kidneys were defined manually
over the posterior projection at early time points,
as shown in Figure 1. The background ROI was
drawn below the kidneys, avoiding blood vessels
as well as tumor masses, which may overlap soft-
tissue background volumes in certain NHL pa-
tients. Clearance of 90Y in kidneys was expressed
as the ratio of injected activity converted from
111In data at the different imaging time points. The
residence time was determined by fitting a mono-
exponential function to measured clearance data.

1 � e��0t
��
(1 � e��0T)

AROI�
ABKG

IBKG�
IROI
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Radiation Absorbed Dose Calculation

Following the MIRD schema, the mean absorbed
dose to kidneys, Dkidneys, per unit administered
activity, A0, is obtained, as shown in Equa-
tion 39:

� �kidneys � (3)

where �kidneys is the sum of the residence time in
the left and right kidneys, �90y the total mean en-
ergy emitted per disintegration of 90Y, that is,
1.50 � 10�13 (Gy � kg)/(Bq � s),10 and mkidneys is
the kidney’s mass. Due to the high uptake in the
liver interfering with the right kidney in almost

�90Y�
mkidneys

Dkidneys�
A0

any projection of patients injected with 111In-ib-
ritumomab tiuxetan, an accurate estimate of the
residence time in the right kidney is hardly
achievable. Since overlap of the left kidney by
the spleen is much less pronounced, an alterna-
tive consists in using the dose to the left kidney
as the surrogate for the mean dose to both kid-
neys. In this case, Equation 3 becomes that shown
in Equation 4:

� �left kidney � (4)

The kidney mass, m (volume), as well as the body
thickness, L, and the kidney depth, d, were mea-

�90Y��
mleft kidney

Dkidneys�
A0
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Figure 1. Whole-body images of patient 8
acquired 30 minutes after the injection of
111In-ibritumomab tiuxetan. Left kidney (re-
gion of interest [ROI] 1) and right kidney
(ROI 2) are visualized above background on
the posterior view only. The high uptake in
the liver interferes with accurate activity
measurement in the upper part of the right
kidney. ROIs 3 and 4 show the background
in the subrenal area.



sured on patient-specific computed tomography
(CT) data. The effective kidney thickness, t, is
evaluated as the kidney volume divided by the
kidney ROI area (AROI).11 CT measurements
could not be obtained retrospectively for 4 pa-
tients. In these cases, a formula for kidney mass,
based on the body-surface area, was applied,
whereas distances were estimated from positron
emission tomography or single-photon emission
computed tomography data.12

RESULTS

The effective linear attenuation coefficient ob-
tained from an exponential regression fitting of
ROI counts versus kidney depth was 0.139 cm�1

(Fig. 2). Correcting for the difference between
soft-tissue (1.04 g/cm3) and Perspex (1.18 g/cm3)
densities, a �e-value of 0.123 cm�1 was used for
attenuation correction in Equation 1. Patient kid-
ney masses and depths determined from CT are
given in Table 1. Median values were similar for
both the left and right kidneys, but substantial
variation in masses were observed across pa-
tients. Absorbed doses to kidneys per unit of ad-
ministered activity are reported in Table 2 along
with residence times for the left and right kid-
neys. The median dose derived from both kid-

neys (i.e., 2.5 mGy/MBq) is larger by 20% than
the median dose, based on the left kidney only
(i.e., 2.1 mGy/MBq), suggesting that counts in
the liver affect the activity estimate in the right
kidney. In particular, for patient 17, the dose de-
rived from both kidneys is twice the left kidney
dose due to the atypically high liver-to-kidney
uptake ratio of 13, compared to the median ratio
of 6.1 for all patients.

DISCUSSION

The median dose to kidneys of 2.1 mGy/MBq
(range, 0.92–4.4) found in this study is about 10
times higher than the value of 0.22 mGy/MBq
(range, 0.00–0.95) obtained from clinical trials,
based on 172 patients.1 It is unexpected that the
lowest dose of all organs reported by Wiseman
et al.1 corresponds to kidneys. Indeed, the dose
to kidneys can be mainly attributed to activity in
the blood and urine and, therefore, should be
larger than the dose to less perfused organs. Con-
versely, the present results are in good agreement
with the median dose of 1.7 mGy/MBq (range,
0.6–3.8) reported recently by Cremonesi et al.,13

based on 22 patients enrolled in a trial with high-
dose 90Y-ibritumomab tiuxetan. In a similar study
of 16 patients undergoing myeloablative ap-
proach as well, Chiesa et al.11 obtained a median
dose of 4.9 mGy/MBq (range, 2.8–10.5). Despite
their limited number of patients, those two stud-
ies11,13 and the present work strongly suggest that
the median dose to kidneys reported from the
clinical trials1 may have been underestimated.
The explanations of the discrepancies remain un-
clear. However, it is likely that those recent stud-
ies and our work used relatively accurate image-
quantification methods, including background
and attenuation corrections. Moreover, unlike the
original study,1 the doses to the kidneys were cal-
culated based on the individual patient kidney
mass. As shown in Table 1, kidney masses vary
considerably among patients, from �58% to
�52% around the median value, and thus
strongly affect dose estimates, according to Equa-
tions 3 and 4. Finally, in the present study, the
left kidney dose is used as a surrogate for the to-
tal kidney dose, therefore avoiding challenging
corrections in the right-kidney region for back-
ground and counts attributed to the overlying
liver.

As long as high-dose myeloablative regimens
are not considered, administered activities are un-
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Figure 2. Posterior view counts versus depth of the kidney
phantom simulated by a 200-mL 111In vial placed on Perspex®

(Lucite International, Southhampton, UK) blocks. Depth is de-
fined as the radius of the vial added to variable block thickness.
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Table 1. Patient Weight, Kidney Mass, and Depth Measured on Computed Tomography (CT)

Kidney mass (g) Kidney depth (cm)

Patient no. Weight (kg) Left Right Left Right

1a 83 212 212 9.0 10.0
2 83 103 304 8.1 8.2
3 74 240 216 7.8 7.5
4 82 308 217 6.5 7.4
5 75 240 213 7.1 7.0
6 61 160 149 6.9 7.3
7 74 184 216 7.9 7.0
8 80 275 265 7.3 7.7
9 75 240 270 6.6 6.3
10a 58 171 171 7.8 6.9
11 55 198 192 5.5 5.9
12a 63 187 187 6.6 6.4
13 94 257 240 8.5 8.2
14a 76 202 202 6.5 6.5
15 66 127 155 9.9 10.0
16 86 235 88 6.8 5.6
17 87 192 205 6.3 6.7
Median 75 202 212 7.1 7.0

aCT measurements were not available for those patients.

Table 2. Administered Activity of 90Y-Iritumomab Tiuxetan, Residence Time in Kidneys and Absorbed Dose to Kidneys
Per Unit Administered Activity: Comparison of Absorbed Doses Derived from Both Kidneys with Absorbed Doses Derived
from the Left Kidney Only

Administered
Residence time in kidneys Absorbed dose to kidneys

activity of 90Y
(h) (mGy/MBq)

Patient no. (MBq) Left Right Left and right Left only

1a 1250 0.83 1.08 2.4 2.10
2 1230 0.76 1.15 2.5 4.00
3 1100 1.09 1.61 3.2 2.40
4 1170 0.91 0.65 1.6 1.60
5 1100 1.03 1.15 2.6 2.30
6 950 0.59 0.79 2.4 2.00
7 730 0.68 0.72 1.9 2.00
8 890 1.07 1.16 2.2 2.10
9 1110 0.67 0.92 1.7 1.50
10a 720 1.10 1.62 4.3 3.50
11 770 0.86 1.05 2.6 2.30
12a 700 0.87 1.06 2.8 2.50
13 1080 2.10 1.74 4.2 4.40
14a 840 0.80 1.20 2.7 2.10
15 910 0.84 1.63 4.7 3.60
16 1120 0.62 0.29 1.5 1.40
17 560 0.33 1.01 1.8 0.92
Median 950 0.84 1.08 2.5 2.10

aComputed tomography measurements were not available for those patients. 



likely to cause renal toxicity. In the present study,
dose to kidneys calculated from administered ac-
tivity (MBq) and left kidney dose per unit activ-
ity (mGy/MBq) ranged between 0.5 and 4.9 Gy.
No renal dysfunction was observed in any of the
patients. In spite of this, a reliable estimate of the
absorbed dose to the kidneys could be necessary
for assessing radiologic risk and for the planning
of subsequent treatments involving radiation
therapy (or other nephrotoxic therapies). Finally,
an accurate dose estimate per unit administered
activity to nontarget organs is key for myeloab-
lative RIT approaches.13

A limitation of the present study was its retro-
spective nature. Renal-clearance kinetics were
determined by using only three sampling points
fitted to a monoexponential curve, thus making
the reasonable assumption that maximum kidney
uptake occurred at an early time postadministra-
tion. Since no scatter windows were set during
acquisition, a measured effective linear-attenua-
tion coefficient was used for scatter compensa-
tion. Moreover, the calibration standard was not
measured at each time point to ensure the short-
term stability of the �-camera. In spite of this,
this study provides acceptable dose estimates to
kidneys based on validated approaches for activ-
ity quantification and dose calculation. It should
be noted that the dose calculation assumes im-
plicitly that all electrons are deposited locally
within the kidneys, and that dose contributions
from the liver and the spleen are negligible. How-
ever, high-energy electrons of 90Y may escape
the source organs and deposit energy in adjacent
organs. Further investigations may be necessary
to examine dose distribution near the interfaces
between kidney cortex and the liver or spleen, es-
pecially for patients treated with high-dose 90Y-
ibritumomab tiuxetan. Such studies would re-
quire the use of three-dimensional imaging-based
dosimetry.

CONCLUSIONS

Absorbed doses to kidneys were retrospectively
estimated for 17 patients treated with 90Y-ibritu-
momab tiuxetan, selecting appropriate methods
previously discussed in the literature. Results
suggest that counts in the liver affect activity es-
timate in the right kidney. To circumvent the
overestimation of renal activity, the left kidney
dose could be used as a surrogate for the dose to

both kidneys. Another common practice would
be to draw an aliquot right-kidney ROI. The re-
sulting median dose to kidneys was about 10
times higher than the median value reported from
original clinical trials but was in good agreement
with recently published dose values. The reason
for these discrepancies is still unclear. In any
case, the absorbed dose to kidneys remains far
below dose levels that may cause renal toxicity,
unless myeloablative regimens of 90Y-ibritu-
momab tiuxetan are concerned.
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