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Dear Sir,
The paper “Repeatability of Tumor Hypoxia Imaging using

[18F]EF5 PET/CT in Head and Neck Cancer” by Silvoniemi
et al. and reported in this month’s issue of EJNMMI [1],
makes a great leap forward in the subject area of PET-based
hypoxia imaging. Compared with earlier reports, the results
demonstrate enhanced signal and repeatability, furthermore
using the smallest voxel size yet reported. One would never
expect improvements in all three critical imaging parameters,
since typically any improvement in one would be expected to
negatively impact the others. The repeatability of the images,
with detailed summaries in the tables and figures, indicates
that prior suggestions of cycling hypoxia (see below) are not
supportable at the resolution of voxels of size about
(3.5 mm)3. Interestingly, an area of (3 mm)2 is about the min-
imum possible size for modulation of radiation therapy, so this
work sets the stage for realistic dose modulation (image-guid-
ed radiation therapy - IGRT, or dose painting) in tumors. Of
critical importance, even tumors with very low numbers of
hypoxic voxels had reproducible locations of these voxels.
Thus, it may be relatively easy to make image-guided boosts
to such voxels in tumors that are mostly aerobic. Former stud-
ies, using EF5 at higher concentrations for immunohistochem-
ical estimates of tumor pO2 levels, found many examples of
essentially non-hypoxic human tumors [2, 3], in agreement
with the current data. But for situations involving sparse oc-
currence of hypoxia, the IHC method did not have the key
advantage of non-invasive imaging, namely access to the en-
tire volume of tumor tissue.

The authors defined a hypoxic voxel using a threshold
tumor:muscle ratio (TMR) for EF5 uptake of 1.5, based on
therapeutic outcome in a former study [4]. This represents a
more than 2-fold enhancement in signal compared with stud-
ies using other compounds [5–7], facilitating ease of regional-
target identification. The lack of the need to monitor the blood
concentration of EF5 also represents a much easier study for
the patient. Prior studies have used hypoxic-threshold criteria
as low as tumor:blood ratios (TBR) of 1.2. The known rapid
equilibration of EF5 between blood and normal tissues such as
muscle involves EF5’s lipophilicity, which is more than ten
times higher than the least hydrophilic alternative (FMISO) [8,
9]. EF5’s high lipophilicity may also be responsible for the
enhanced signal seen for this compound [10].

A remarkable finding in the Silvoniemi study is the simi-
larity in size, location, and indeed absolute value of signal
intensities between the 1st and 2nd images. This has never
been previously observed, with former results using low
TBRs allowing many regions of normal tissue to satisfy the
criterion of ‘hypoxia’. Yet another novel aspect of the present
work is the 7-day interval between images (up to sevenfold
longer than prior comparisons) - this suggests long-term sta-
bility of hypoxic regions in tumors.

Dependable and reproducible measurements of the location
and degree of hypoxia are critical for the diagnosis and plan-
ning of therapy. An early study suggested large-scale varia-
tions in these parameters [5] and this in turn supported the
popular concept of cycling hypoxia [11–14]. If true, such var-
iations would completely invalidate the principle of dose
painting based on hypoxia, and indeed the inherent value of
hypoxia measurements. Since the initial imaging study that
supported such problems [5], two additional ones have lent
more credence to the relative stability of PET-based hypoxia
measurements, one using FMISO and the second using HX4
[6, 7]; nevertheless, the relatively short time between
test/retest remained worrisome. The present study
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dramatically tips the balance towards hypoxic regional stabil-
ity, albeit for a relatively small number of H&N cancer pa-
tients. Hopefully, this will provide the impetus for more com-
prehensive studies in this and other cancers.

The Turku group has previously demonstrated yet another
important capability of PET-EF5, namely its ability to accu-
rately quantify blood flow, compared with the ‘gold-standard’
of labeled water [15]. In fact, their images demonstrated
higher contrast using dynamic scans of PET-EF5, likely due
to its relatively long half-life compared with O-15. We believe
that monitoring blood-flow deficiencies in tumors is very im-
portant due to a ‘new type’ of hypoxia described as arising
from extended longitudinal blood-flow gradients and produc-
ing macroscopic regions of hypoxia [16, 17]. Interestingly,
this capability marries the popular view in the MRI field that
tumor hypoxia arises from perfusional limitations, rather than
the more classical radiobiological view of hypoxia arising
from diffusional limitations.

EF5 was originally designed to be an extremely sta-
ble chemical (it survives boiling TFA in the synthesis of
the F-18-labeled compound), to have reliable oxygen-
dependent reduction characteristics (only metabolized
by one-electron reductases) and most importantly, its
high lipophilicity was built in to provide very rapid
tissue distribution. Rapid biodistribution of lipophilic
compounds is well known in the pharmacology litera-
ture and detailed biodistribution studies showed that the
tissue biodistribution of EF5 was indeed about tenfold
faster than that of FMISO [9, 18]. Unfortunately, the
current emphasis on hydrophilic compounds (much
slower and incomplete biodistribution) that have easier
synthetic routes may be defeating the most essential
properties of hypoxia-marking drugs. That is why de-
tailed studies such as are presented in the Silvoniemi
paper are so essential to the use of hypoxia as a diag-
nostic and prognostic indicator.
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