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Before a new tracer can be used in clinical research, it is
customary to perform dosimetry scans in animals and humans to
assess whether the radiation exposure is acceptable. The main
parameter to assess the radiation exposure is the effective dose,
which is expressed in sieverts and defined as the tissue-weighted
sum of the equivalent doses in the different organs. According to
the U.S. Food and Drug Administration, new radiotracers require
an investigational-new-drug application. Although there are no formal
dose limitations for investigational new drugs, most institutions limit
the yearly effective dose from research scans to 50 mSv. European
countries apply a limit of 10 mSv for minor-to-intermediate risk levels,
based on the medical exposures directive (97/43/Euratom) established
by the European Commission. Sometimes, the dose to individual or-
gans is needed as well, especially for tracers administered under the
conditions specified in the Radioactive Drug Research Committee
regulations.
New PET tracers are commonly labeled with either 11C or 18F.

However, these 2 isotopes are different from a dosimetric stand-
point, because the average effective dose from 11C tracers (5.2 6
1.7 mSv/MBq; n 5 77) (Supplemental Table 1; supplemental mate-
rials are available at http://jnm.snmjournals.org) is about one fourth
the average effective dose from 18F tracers (20.5 6 7.6 mSv/MBq;
n 5 144) (Supplemental Table 2). In addition, 11C doses have a
smaller variability than 18F doses: the dose range is 3.2–14.1 mSv/
MBq for 11C (a 4-fold difference) and 3.7–50 mSv/MBq for 18F
(a ratio of 13.5).
We argue that performing 11C dosimetry scans is antithetical to

2 widely accepted principles that govern medical ethics commit-
tees, namely to reduce animal experimentation and to avoid un-
necessary radiation exposure to the general public.
Instead, 11C dosimetry scans for new tracers should be abandoned

in both animals and humans and replaced by a standard average dose
of 5 mSv/MBq. This would not compromise the safety of healthy
volunteers and patients and would not significantly reduce the accu-
racy of dose estimation because, first, dose calculations in animals,
even primates, have little predictive value for humans and, second,
the results obtained from human dosimetry, in terms of both effective
dose and organ dose, are dependent mostly on how the dose is
calculated.
As Figure 1 clearly shows, 11C dosimetry estimations are re-

markably consistent, with only 1 outlying value: the dose of 14.1

mSv/MBq for the serotonin 1A receptor tracer 11C-WAY-100635
(1), which stands at about 7 SDs from the average of the other 11C

tracers. Arguably, extreme dose values may be explained by

methodologic issues rather than by biodistribution. The dosimetry

of 11C-WAY-100635 in rats was estimated at 4.1 mSv/MBq (MRC

Cyclotron Unit of Hammersmith Hospital, unpublished data).

In addition, tracers for the same target, and labeled with the

same isotope, should not be radically different from a biologic

and biophysical point of view: the effective dose of 11C-CUMI-

101, also a tracer for serotonin 1A receptors, is only 5.3 mSv/

MBq (2). In any case, even if the dose of 14.1 mSv/MBq for
11C-WAY-100635 was correct, it would still be about 1 SD

below the average dose for 18F tracers. Notably, the 18F group

also has 1 major outlier: the dose from 18F-tetrafluoroborate

was estimated at the very high value of 50 mSv/MBq in healthy

volunteers (average between the male dose at 36 mSv/MBq and

the female dose at 64 mSv/MBq) in 1 study (3), but the estimated

value in another study was 32.6 mSv/MBq (4) despite the dose having

been calculated in thyroid cancer patients, and no significant differ-

ences between male and female doses were reported.
Even without considering extreme outliers, variations around

the mean values are largely due to how the dose is calculated. For

instance, the choice of using a dynamic bladder model and its

voiding time may significantly affect the final dose. The doses for

different voiding times are not systematically reported, but, for

example, a faster voiding schedule would reduce the effective dose

of 11C-flumazenil by 13% (5) and that of 18F-CP-18 by 61% (6).
Comparing the dose obtained by 2 different teams for the same

tracer is a useful natural experiment to evaluate the weight of dose

calculation approaches. In the literature, there are 21 tracers for

which human dosimetry has been estimated more than once by 2

different teams. In 18 of these, the effective dose was reported for

both tracers. The average relative difference among these 18

tracers was 42% (Supplemental Table 3). Only for 3 tracers did the

2 teams find a dose difference smaller than 10%.
The dose to the target organ is estimated even more variably

than the effective dose. For organs that can void their content, the

dose is largely dependent on the voiding parameters simulated in

the study. To take the tracers above described, a faster bladder

voiding reduced the dose to the bladder by 33% for 11C-flumazenil

(5) and by 74% for 18F-CP-18 (6). Similarly, the dose to the

gallbladder, the target organ for 18F-fluortriopride, was reduced

by 71% by a fatty meal (7). Among the 21 tracers with at least

2 dosimetry evaluations by different teams, for only 11 tracers did

the 2 teams identify the same target organ, with an average relative

difference in dose of 165% (and a median of 72%) (Supplemental

Table 3).
In summary, given their narrow variability around the mean

value of 5 mSv/MBq, the dosimetry estimates reported in 11C

papers could be as different as the dose found for another 11C
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tracer, had a different team performed the analysis or a different
methodology to calculate the dose been used.
Among the animals used to extrapolate the human dose, monkeys

are a better model than rodents, because they are more closely related
to humans. Monkeys, however, are not widely available, are expensive,
and require sophisticated medical monitoring.
We verified the agreement in terms of effective dose (Supple-

mental Table 4) and target organ doses (Supplemental Table 5) of
16 11C tracers and 21 18F tracers for which dosimetry from human
and nonhuman primates was available. For both groups of tracers,
monkey scans unpredictably under- or overestimated the human
effective dose, with a mean absolute percentage difference of
31%. Of these 37 tracers, the target organ was reported for both
species in 32. Of these 32 pairs of studies, in only 11 was the
target organ the same in both monkeys and humans, and the mon-
key dose poorly predicted the human dose (mean difference of 42
absolute percentage points). To highlight the impact of methodol-
ogy on the outcome of dosimetry studies, the same team (or part of
the same team) performed the calculations for both species in 9 of
the 11 tracers for which the target organ was the same, but the
same team was responsible for 13 of 21 studies for which the
target organ was different.
Finally, we wish to make clear that we advocate abandoning

dosimetry scans only for 11C ligands, not for isotopes with a
longer half-life. The dosimetry (in humans) for 18F tracers should
be maintained, because they deliver a higher dose and have a
higher variability (Fig. 1). With the aim of reducing unnecessary
exposure to the general public, we nevertheless suggest use of

either the first-in-humans protocol implemented at the National
Institutes of Health (8), which recommends dosimetry scans only
for those tracers that prove to be successful, or the approach used
at the Amsterdam University Medical Center, where only a single
low-dose (74 MBq) 18F whole-body scan is performed before
proof-of-concept studies, to rule out abnormal tracer distributions.
The dosimetry of more irradiating positron emitters, such as
89Zr—whose dose is about 2 orders of magnitude higher than that
of 11C (9,10)—should be calculated for each tracer before it can
be used.
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FIGURE 1. Scatterplots showing estimation of human effective dose

(ED) for 11C tracers (n 5 77) and for 18F tracers (n 5 144). Dose of 11C

tracers is about one fourth that of 18F tracers, and its variability lower.
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