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Model-Based Versus Patient-Specific Dosimetry:
Blurring the Lines

Internal radionuclide radiation do-
simetry continues to evolve, in some
respects, along 2 seemingly separate
paths: model-based and patient-spe-
cific dosimetry. However, as models
become increasingly anthropomorphic
and the associated formulae become
more flexible, the distinction between
model-based and patient-specific do-
simetry is being blurred. The elegant
article by Jönsson et al. (1) in this issue
of The Journal of Nuclear Medicine
serves to further blur this distinction.

The archetype of the model-based
approach is the “MIRD schema” (2–5).
Developed by the MIRD Committee of
the Society of Nuclear Medicine, the
MIRD schema is perhaps the most
widely used methodology for internal
dose calculations in medicine. (The In-
ternational Commission on Radiologi-
cal Protection has developed a similar
methodology (6).) As applied to risk
assessment for diagnostic radiophar-
maceuticals, its traditional application,
the MIRD schema implicitly assumes
that activity and cumulated activity are
uniformly distributed within source re-
gions and that radiation energy is uni-
formly deposited within target regions.
Moreover, dosimetry for diagnostic ra-
diopharmaceuticals is generally based
on average time–activity data in ani-
mal models or small cohorts of human
subjects and average human anatomy.

The analysis by Jönsson et al. (1)
includes several notable refinements,
specifically for the gastrointestinal
tract, of the MIRD schema. First, the
small intestine is modeled as a hexag-

onal tube system and the previously
ignored cross-dose contribution from
nearby loops of intestine is thereby
included. Second, Jönsson et al. use a
detailed model of the pertinent small-
scale anatomy, with villi of height 500
�m, crypt cells (identified as the radio-
sensitive target cells) of height 150
�m, and an overlying mucus layer of
thicknesses 5–200 �m. Several recent
dosimetric analyses have likewise used
models of the gastrointestinal tract’s
small-scale anatomy (7,8), but the cur-
rent model appears to be the most de-
tailed and realistic. Third, as in several
other recent analyses of walled-organs
radionuclide dosimetry, the separate
dose contributions from activity in the
intestinal wall as well as the luminal
contents are considered. In earlier
walled-organ dosimetry models, activ-
ity was either assumed to be only in the
luminal contents or uniformly distrib-
uted in a combined “contents-wall” re-
gion (7,8). However, even with today’s
high-resolution modalities, discrimina-
tion of, for example, luminal and wall
activities is beyond the capability of
nuclear medicine imaging. Jönsson et
al. thus suggest that autoradiograms of
tissue specimens from experimental
animals, or perhaps of surgical speci-
mens from patients, might well com-
plement imaging-based time–activity
studies (9). Measured activities could
then be realistically partitioned among
small-scale source regions.

The MIRD schema and other model-
based approaches to internal dosimetry
have proven invaluable for dosimetric
risk assessment in diagnostic nuclear
medicine. However, to the extent that
specific patients deviate kinetically and
anatomically from the respective ki-
netic and anatomic models, tissue dose
estimates may be inaccurate. Loev-
inger (3) has stated that “. . . there is in

principle no way of attaching a numer-
ical uncertainty to the profound mis-
match between the patient and the
model (the totality of all assumptions
that enter into the dose calculation).
The extent to which the model repre-
sents in some meaningful way a pa-
tient, or a class of patients, is always
open to question. . . .” Although any
such inaccuracies are probably unim-
portant for diagnostic radiopharmaceu-
ticals, the risk–benefit ratios are dra-
matically smaller and therefore the
tolerances for inaccuracies in dose es-
timation are greatly reduced in radio-
nuclide therapy. With the growth of
radionuclide therapy, various tech-
niques beyond the traditional MIRD
schema—techniques for patient-spe-
cific radiation dosimetry—are being
developed to improve the accuracy of
dose estimates (10,11).

A general patient-specific treatment-
planning paradigm is as follows (11–
16). A tracer (diagnostic) activity of
the therapeutic radiopharmaceutical is
administered to the patient. Serial
time–activity measurements are per-
formed for the critical normal organs
or the total body and, in some in-
stances, tumor or other target tissue.
These kinetic data are integrated to
determine the corresponding cumu-
lated activities (or residence times),
and the absorbed doses per unit admin-
istered activity are calculated. The ac-
tual therapeutic administered activity
is then either the maximum tolerated
activity—that is, the activity projected
to deliver maximum tolerated doses to
one or more critical normal tissues—
or, less commonly, a minimum effec-
tive dose to tumor or other target tis-
sue.

Most commonly, myelosuppression
has proven to be the therapy-limiting
toxicity in radionuclide therapy. For
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131I-iodide treatment of metastatic thy-
roid cancer, for example, the therapeu-
tic administered activity is that calcu-
lated to deliver no more than 2 Gy (200
rad) to blood (as a surrogate for bone
marrow) (11,15,17–20). In radioimmu-
notherapy of non-Hodgkin’s B-cell
lymphoma with 131I-labeled anti-B1
(anti-CD20) monoclonal antibody, on
the other hand, the therapeutic ad-
ministered activity is that delivering a
dose of 0.75 Gy (75 rad) to the total
body (again as a surrogate for bone
marrow) (21–24). However, therapy-
limiting “second-organ” toxicities
(i.e., toxicity among organs other
than the bone marrow) may occur
and are, in fact, beginning to be ob-
served for certain radionuclide thera-
pies. For example, in radiopeptide
therapy with �-ray–emitting radiom-
etals such as 90Y and 177Lu, renal
thrombotic microangiopathy and re-
sulting kidney failure have been ob-
served (25–27). As described by
Boerman et al. (25), for example,
low-molecular-weight peptides such
as DOTA-D-Phe1-Tyr3-octreotide are
filtered by the glomeruli and subse-
quently reabsorbed in the proximal re-
nal tubule. Once internalized, the radio-
peptides are metabolically degraded,
with the radiometal–chelate–amino
acid complex trapped in the proximal
tubule cells, rather than transferred
back to the blood. The high uptake
and long retention of the radiometal
in the proximal tubules and the short
range of the emitted �-rays then re-
sult in a highly localized absorbed
dose to the proximal tubule cells.
Once maximum tolerated renal doses
are established, an anatomically real-
istic, small-scale dosimetric model of
the kidney (i.e., including the proxi-
mal renal tubule cells), combined
with measured patient-specific kinet-
ics, should yield reliable estimates of
maximum tolerated activities for

planning radiopeptide therapy in indi-
vidual patients.

The work of Jönsson et al. (1) is an
elegant example of the type of anatom-
ically detailed dosimetric model that
may be used with patient-specific time–
activity data to estimate the dose to a
critical (i.e., therapy-limiting) small-
scale target region and to thereby more
reliably implement a maximum-tolerated-
activity treatment-planning algorithm.

Pat B. Zanzonico, PhD
Memorial Sloan-Kettering

Cancer Center
New York, New York
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