Letter to the Editor

Nuclear Medicine decision makers in need of help: The

remote places' cyclotron installation example

Although Nuclear Medicine (NM) has a history of three quar-
ters of a century [1,2] and NM theragnostics are used by mo-
re than 1% of the European population per year [3, 4], NM is
still of rather underestimated importance to the Health Ca-
re Decision Makers (HCDM). This is due to many factors, so-
me of them being that:

» Although the average social status of doctors is very
high [5], NM ones usually serve backdoors and are,
thus, invisible to the public, while their average in-hos-
pital numbers, compared to other specializations, is ra-
ther low for their voice to be heard,

« Radiation has not cessed to cause fear [6], something
not helpful when approachingHCDM (7) and

» Simple, straight-forward, yet complete cost-effective-
nessanalyses arerare, to say the best, for NM.

The last issue is largely aggravated when positron emis-
sion tomography (PET) is involved, not only due to its high
initial acquisition and building costs, estimated at around
2.500.000€, but also due to problems created by its fluorine-
18-fluorodeoxyglucose (“F-FDG) production, since cyclo-
trons needto be close to PET devices [8]. Even worse, Europe
has many remote locations, at least concerning the ease of
access from radiopharmaceutical production sites, yet with
population vastly justifying the existence of NM services,
such as the big Mediterranean islands. Such remote places
either have one cyclotron serving PET on the coastline, as is
the case of Sardinia, orimport all their needed radiopharma-
ceuticals, as is the case of Corsica, Crete, Cyprus, etc. This cre-
ates problems concerning dependency from the mainland,
especially when the weather is bad, there is a strike or global
pandemics break out, resulting in less or no flights at all. Of
note that among these 4 islands PET only exist in Sardinia
and Cyprus, while Crete will have its first in the next few
months. The above simply mean that European islanders
will surely face cancellations of their NM examination on
few days per year, while others will have to travel to the
mainland for their PET, resulting in extra social security
costs, either immediate or in the long term via medical loss
of chance and distress of patients. Yet another problem that
importation of radiopharmaceuticals for even the simplest
NM acts creates is that their final cost is bigger than the one
close to their site of production, thus repelling public inves-
tmentsand privateinitiatives.

At the beginning of the last decade Schaffer et al. (2015)
successfully tested if cyclotrons, used until then only for the
production of PET radiopharmaceuticals, could be retrofit-
ted and made suitable for the production of gamma-camera
radiopharmaceuticals as well, via the use of different tar-
gets, at an affordable extra cost [9,10]. In this way the pro-
duction of (almost) all radiopharmaceuticals for each diag-
nostic examination of NM could be achieved via a single
machine, a Hybrid Cyclotron (HC), a method already des-

cribed as feasible in 1971 [11] and making part of the Inter-
national Atomic Energy Agency (IAEA) publications in 2017
[12].

Although in theory remote places would greatly benefit
from such an installation, one need to also take into consi-
deration the NM utilization rates (NMUR).These vary greatly
among European countries and, as an example, in France
there were 2 SPECT and 0,9 PET examinations per 100 pe-
ople in 2018, while in Greece the respective numbers fell to
0,6 and 0,2 [3], thus a NMUR that seems to be independent
from the number of gamma cameras and PET per popu-
lation unitin these countries [4,13]. This means that for small
NMUR a baby cyclotron, costing roughly one-third the price
ofaHC(2,5M€versus 7,5M€ respectively), might prove more
cost effective, at least in the short term, for *F-FDG pro-
duction, while all other radiopharmaceuticals would be im-
ported . However, not only cancer incidence in Europe is ex-
pected to be on therise by about 1% per year [14], probably
augmenting respectively NMUR as well, but baby cyclo-
trons produce only a handful of F-FDG doses per produc-
tion cycle. Thus, the more the demand is on the rise, the
more production cycles will be needed and, thus, more
highly skilled and well-paid personnel need to be emplo-
yed, possibly exploding the initially low investment price.

On the other hand, HC production is also limited, yet
much more important than the baby cyclotron one,and HC
systems require more space and construction costs, besides
their initially high price. Their advantage of offering local
radiopharmaceutical production can be easily hindered by
the potentially large time of travel within the remote place.
HC work smoothly and effectively when they are within 2
hours from sites, more than 4 hours distance starts beco-
ming very tricky and there is no reason of existence when
distances exceed 6 hours. This means that a small cyclotron,
either normal or hybrid, situated in the middle of a big Medi-
terranean island, might prove too far away from the seaside
NM departments that it means to serve. Especially for limi-
ted NMUR, one baby cyclotron per site might prove more
cost effective.

Since *"Tc is also produced, HC need to have a nominal
energy of at least 12MeV, while cyclotrons of 20MeV and
more are out of the scope of testing their cost-effectiveness
in remote places. This still leaves a choice of at least 8 diffe-
rent companies that offer HC (we are aware of GE, Siemens,
IBA, Positron, ACSI, Sumitomo Heavy Industries, BCSI and
PMB Alcen, but there could be more) within this energy win-
dow with different acquisition prices, nominal energies, ac-
tivities and production capabilities per cycle. As if this was
not already complicated enough, Cyclomed99 team com-
pared 30 cyclotrons used for medical purposes, with some
of them being in the range of 12MeV-20MeV, thus being
potentially capable to serve as HC efficiently [15].
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In conclusion, there are still many places in Europe lacking
local F-FDG and/or ®"Tc production, even if their popula-
tion sizes could justify it, at least in theory, and HC, produ-
cing both, could be a suitable candidate for cost-effective-
nessanalyses. Fullimport versus normal cyclotron versus HC
is not an easy decision for HCDM to make, since many diffe-
rent cyclotrons can be converted into hybrids and the ex-
pected growth in both NMUR and consequent raises in cyc-
lotron employee costs cannot be neglected. It is thus of pa-
ramount importance that suitable economic models are in-
vented forisolated places where the numbers of inhabitants
justify the existence of NM services. With freedom come
choices and this opens a new research path combining he-
alth economicsand NM geodistribution.
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