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Abstract
Purpose In order to improve the treatment of squamous
cell carcinoma of the head and neck, precise informa-
tion on the treated tumour’s biology is required and the
prognostic importance of different biological parameters
needs to be determined. The aim of our study was to
determine the predictive value of pretreatment PET/CT
imaging using [18F]FDG, a new hypoxia tracer [18F]EF5
and the perfusion tracer [15O]H2O in patients with squa-
mous cell cancer of the head and neck treated with
radiochemotherapy.
Methods The study group comprised 22 patients with
confirmed squamous cell carcinoma of the head and
neck who underwent a PET/CT scan using the above
tracers before any treatment. Patients were later treated
with a combination of radiochemotherapy and surgery.
Parametric blood flow was calculated from dynamic
[15O]H2O PET images using a one-tissue compartment
model. [18F]FDG images were analysed by calculating
standardized uptake values (SUV) and metabolically

active tumour volumes (MATV). [18F]EF5 images were
analysed by calculating tumour-to-muscle uptake ratios
(T/M ratio). A T/M ratio of 1.5 was considered a
significant threshold and used to determine tumour hyp-
oxic subvolumes (HS) and hypoxic fraction area. The
findings were finally correlated with the pretreatment
clinical findings (overall stage and TNM stage) as well
as the outcome following radiochemotherapy in terms of
local control and overall patient survival.
Results Tumour stage and T-classification did not show
any significant differences in comparison to the patients’
metabolic and functional characteristics measured on PET.
Using the Cox proportional hazards model, a shorter
overall survival was associated with MATV (p=0.008,
HR=1.108), maximum [18F]EF5 T/M ratio (p=0.0145,
HR=4.084) and tumour HS (p=0.0047, HR=1.112).
None of the PET parameters showed a significant effect
on patient survival in the log-rank test, although [18F]EF5
maximum T/M ratio was the closest (p=0.109). By con-
trast, tumour blood flow was not correlated with any of
the clinical endpoints. There were no statistically signifi-
cant correlations among [18F]FDG SUVmax, [18F]EF5
T/M ratio and blood flow.
Conclusion Our study in a limited number of patients con-
firmed the importance of MATV in the prognosis of locally
advanced squamous cell carcinoma of the head and neck. It
is of interest that high uptake of the hypoxia tracer [18F]EF5
showed a stronger correlation with a poor clinical outcome
than [18F]FDG uptake. This confirms the importance of
hypoxia in treatment outcome and suggests that [18F]EF5
may act as a surrogate marker of radioresistance.
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Introduction

According to the European Cancer Observatory [1], 139.500
new cases of head-and-neck squamous cell cancer (HNSCC)
were registered Europe-wide (EU 27) in 2012. Despite ad-
vances in therapy, 63.500 patients died of the disease in the
same year. In the USA an estimated 55.070 new cases will be
registered in 2014 while 12,000 patients will die due of the
disease [2].

The treatment of head and neck cancer has advanced
significantly in recent years with the introduction of new
imaging techniques and particularly with the introduction of
intensity-modulated radiation therapy. These new techniques
have the potential to increase the precision of delivery of
(higher) radiation doses to the areas of interest (also within
the tumour) resulting in better treatment success and fewer
side effects. Because PET with CT can depict tissue function
as opposed to anatomy, this imaging modality is rapidly
becoming central in therapy planning in malignant neoplasms
despite the fact that more validation is needed in this field [3].
In recent years several negative physiological prognostic fac-
tors have been identified that influence the outcome of treat-
ment, with low blood flow and hypoxia [4] being among the
most important. A high glucose metabolic rate (visualized as
high [18F]FDG uptake on PET) has been added to this list.
This finding, however, is controversial and has been
contradicted by the results of some studies [5].

However, as stressed byAng in his recent editorial [6], recent
findings indicate that the importance of hypoxia in head and
neck cancer might have been overestimated and that therefore
selection of patients who are most likely to benefit from the new
drugs targeting hypoxia is critical. This might not be true only
for hypoxia, but also for many other negative prognostic factors,
such as human papillomavirus and in particular HPV-16 which
is receiving greater attention as studies are repeatedly identify-
ing it as an important independent prognostic factor in the
treatment of head and neck cancer [7].

The aim of our current study was therefore to determine the
prognostic significance for local recurrence and overall sur-
vival of pretreatment [18F]EF5 PET (a new hypoxia tracer),
[15O]H2O PET (for blood flow) and [18F]FDG PET imaging
in patients with head and neck cancer. The study was designed
as a follow-up to our previous study in which we evaluated the
feasibility of PETwith [18F]EF5 for imaging hypoxia in head
and neck cancer [8].

Materials and methods

Patient population

The study was performed after obtaining approval from the
Ethics Board of Turku University Hospital and in accordance

with the principles of the Declaration of Helsinki. Informed
consent was obtained from each patient. The study partici-
pants comprised 22 patients (17 men and 5 women) with
newly diagnosed HNSCC referred to Turku University
Central Hospital for radiochemotherapy (RCT) between
December 2005 and January 2007. Their average age was
56±12 years (23 – 78 years) and their average body mass was
71±21 kg (50 – 130 kg). The most relevant patient informa-
tion is presented in Table 1.

Synthesis of [18F]EF5, [15O]H2O and [18F]FDG

The synthesis of all the PET tracers are described in detail in
previous papers by our groups [8, 9].

PET/CT device

All data were acquired on a Discovery STE PET/CT scanner
(GE Medical Systems, Milwaukee, WI) which combines a
helical 64 slice scanner and a bismuth germanate oxide (BGO)
block PET tomograph, the latter consisting of 13,440 BGO
crystals arranged in 24 rings yielding 47 transverse slices
spaced axially at 3.27 mm. The PET imaging field of view
is 70 cm in diameter and 15.7 cm in axial length. Attenuation
correction was performed using a low-dose ultrafast CT pro-
tocol (80 mAs, 140 kV). The performance of the scanners is
discussed in more detail by Teras et al. [10].

Data acquisition protocol

Imaging of tumour blood flow with [15O]H2O was followed
by PET/CT imaging with [18F]EF5. On a separate day,
[18F]FDG PET/CT was performed. Both studies were per-
formed in random order within an average of 7 days (range
1 – 15 days). The imaging protocols were identical to those
presented in our previous paper [8]. After the CT acquisition
[15O]H2O (1,184±112MBq) was injected and dynamic emis-
sion images immediately acquired over 6 min. Arterial blood
was withdrawn using a pump (Alitea, Stockholm, Sweden) at
a speed of 6 ml/min to obtain the input function. Blood
radioactivity was measured using an online detector (GE
Medical Systems, Uppsala, Sweden). After completion of
the [15O]H2O blood flow study, patients were removed from
the scanner and a slow (approximately 15 s) intravenous bolus
of [18F]EF5 (277±70 MBq) was administered. Images (two
frames of 300 s each) were acquired at 3 h (171±1 min) after
tracer injection.

The FDG study was performed according to the routine
oncological FDG protocol used for radiotherapy (RT) plan-
ning in our centre. The average injected FDG dose was 346±
49 MBq (200 – 389 MBq) and the image was acquired
approximately 1 h (58±8 min) after tracer injection.
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Image analysis

All images were analysed using noncommercial image anal-
ysis software VINCI (Max Planck Institute for Neurological
Research, Cologne, Germany; http://www.nf.mpg.de/vinci3/).

Calculation of metabolically active tumour volume, hypoxic
subvolume and hypoxic fraction area

FDG images

Metabolically active tumour volume (MATV) was determined
using 50 % of the maximum standardized uptake value
(SUVmax) as the threshold. Due to very low measured FDG
SUVmax (3.71 and 2.97) and the resulting large MATV, the
50 % threshold was substituted by SUV 2.5 as the cut-off
value in two patients (patients 12 and 14 in Table 2).

[18F]EF5 images

[18F]EF5 tumour-to-muscle uptake ratios (T/M ratios) were
determined by dividing all the voxel values by the average
muscle value obtained from a region of interest covering the
dorsal neck muscle area contralateral to the tumour in three

consecutive planes. The [18F]EF5-avid volume was deter-
mined using a T/M ratio threshold of 1.5. The total volume
of voxels above this threshold and inside the MATV were
considered as the hypoxic subvolume (HS). The ratio between
HS and MATV represents hypoxic fraction area (HFA).

Calculation of blood flow and analysis of blood flow images

Blood flow images were calculated using a one-tissue com-
partment model, which was linearized [11]. Lawson-Hanson
nonnegative least squares [12] are used to solve general linear
least squares functions. The measured arterial input function
for the model was corrected for the measured external disper-
sion in the tubing by deconvolution with an exponential
function. The delay was corrected by fitting the input curve
to the measured tissue curve [13, 14]. After calculation of the
parametric blood flow image the maximum blood flow value
inside the tumour was obtained using the CTand FDG images
for spatial orientation.

Radiochemotherapy and surgery

External beam RT to the tumour and regional lymph
nodes was performed using a linear accelerator. Six

Table 1 Patient information and tumour characteristics

Patient no. Gender Age (years) Weight (kg) BMI (kg/m2) Tumour location TNM stage Overall stage Grade

1 M 45 65 21.2 Oropharynx 4/1/0 IVa II

2 M 58 72 24.3 Oropharynx 2/1/0 III II

3 F 58 50 21.6 Oropharynx 1/2b/0 IVa II

4 M 62 67 22.4 Larynx 2/2b/0 IVa II

5 F 39 68 21.5 Larynx 4/2c/0 IVa III

6 M 43 100 27.7 Oral cavity 4/0/0 IVa I

7 M 68 70 26 Supraglottis 2/1/0 III II

8 F 46 59 22.5 Nasopharynx 1/2/0 III III

9 M 53 76 24.8 Larynx 3/2b/0 IVa II

10 M 23 129 39.8 Oral cavity 3/2b/0 IVa I

11 M 70 92 27.8 Floor of mouth and oral cavity 1/0/0 I II

12 M 57 77 25.7 Oropharynx 1/2b/0 IVa III

13 M 65 98 29.6 Nasopharynx 2a/1/0 IIb III

14 M 68 64 22.7 Oropharynx 1/2b/0 IVa III

15 F 78 52 22.2 Maxilla 4/1/0 IVa II

16 M 57 99 27.7 Base of tongue and oropharynx 3/2b/0 IVa III

17 M 61 130 40.1 Oropharynx 2/2/0 IVa III

18 M 51 65 19 Floor of mouth and oral cavity 2/1/0 III II

19 F 61 80 29.4 Lower gingiva and oral cavity 3/2b/0 IVa II

20 M 54 70 23.4 Hypopharynx 4a/1/0 IVa III

21 M 60 80 25 Tongue and oral cavity 2/0/0 II II

22 M 53 91 32.2 Tonsil and oropharynx 3/2c/0 IVa II
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patients underwent definitive RT to a median dose of
64.6±6.4 Gy in 29.5±3.9 fractions, and 16 patients
underwent preoperative RT to a median dose of 63.8±
3.3 Gy in 29.2±3.2 fractions. One patient (patient 20)
refused to undergo surgery and received only
(definitive) RT to a total dose of 69.3 Gy. All but one
patient (patient 21) received concomitant chemotherapy
with cisplatin. Of these 21 patients, 20 received a dose
of 40 mg per m2 of body surface (BS) per week of RT
to a cumulative dose of 387.4±91.9 mg or 199.7±
45 mg/m2 of BS. One patient (patient 16) received
100 mg per m2 of BS per 3 weeks twice.

Study end-points

Overall survival and local control were used as the end-
points. Local control was defined as sterilization of
primary tumour and/or metastases by RCT. Local re-
lapse was determined by subsequent CT imaging.
Overall survival was calculated for the period between
the first scan and the conclusion of the follow-up period

on 30 June 2010. The median follow-up time was 41±
15 months.

In our centre the therapy of head-and-neck cancer
consists of either definitive RCT or surgery alone or
alternatively a combination of preoperative RCT and
surgery. The decision is made by a specialist team
consisting of an ORL surgeon, an RT specialist and an
oncologist.

Statistical analysis

To test the distribution of the data, the Shapiro-Wilk test
was used. Due to the nonnormal distribution of the data,
Spearman’s correlation coefficients were calculated to
determine the correlations among the uptake of FDG
and EF5 and blood flow. The differences between the
groups were evaluated using the nonparametric
Wilcoxon test. For survival analysis the log-rank test
and the Cox proportional hazards model were used. P
values of less than 0.05 were considered statistically sig-
nificant. SAS version 9.2 software was used to perform
the statistical tests (SAS Institute Inc., Cary, NC).

Table 2 PET imaging results

Patient no. [18F]FDG [18F]EF5 Blood flow

Injected dose
(MBq)

SUVmax Volume
(cm3)

Injected dose
(MBq)

Maximum
T/M ratio

Volume
(cm3)

HFA
(%)

Injected dose
(MBq)

Maximum
(mL/min/dL)

1 368 10.00 12.32 319 1.81 2.15 17.45 1,290 124.71

2 389 6.25 4.50 348 1.73 1.27 28.22 1,339 160.93

3 257 8.15 7.24 322 1.43 0.00 0.00 1,176 86.78

4 369 16.42 4.69 200 1.56 0.10 2.13 1,218 95.95

5 359 20.29 20.83 363 1.60 1.07 5.14 1,205 171.10

6 375 8.96 0.98 364 1.49 0.00 0.00 1,001 48.11

7 376 32.66 7.04 326 1.59 0.39 5.54 1,176 63.38

8 363 12.29 10.56 363 1.84 1.66 15.72 1,069 69.34

9 375 13.69 13.40 244 3.74 21.52 100.00 1,320 31.89

10 377 16.30 16.14 250 2.06 10.56 65.43 1,061 97.60

11 355 7.38 1.07 181 1.46 0.00 0.00 1,328 44.06

12 350 3.71 3.91 189 1.95 3.52 90.03 1,405 52.48

13 372 12.71 2.05 196 2.10 0.78 38.05 1,358 79.14

14 358 2.97 1.17 216 – 0.00 0.00 1,065 37.90

15 375 15.32 44.99 250 2.47 28.85 64.13 1,051 72.72

16 200 26.00 22.42 297 2.50 22.39 99.87 1,150 158.86

17 372 10.91 3.03 247 1.89 0.98 32.34 1,129 89.55

18 361 12.69 1.17 212 – 0.00 0.00 1,168 100.67

19 290 12.34 5.18 175 1.67 0.10 1.93 1,160 186.20

20 369 7.17 12.71 377 1.95 0.71 5.59 1,170 105.25

21 254 11.18 3.91 297 1.98 0.59 15.09 1,071 207.15

22 366 8.97 4.21 366 1.46 0.00 0.00 1,157 171.68
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Results

Pretreatment disease and tumour-specific findings

TNM stage, overall stage and grade in each patient are shown
in Table 1.

PET findings

The study protocol was tolerated well by the patients and none
of the studies was interrupted due to patient discomfort or
complications. In two patients the arterial activity curve was
not obtained, in one due to problems with the activity meter
and the other due to blood pump malfunction. In these two
patients the curve was calculated using a new method intro-
duced in our previous paper [15]. Detailed results of the PET
image analysis are presented in Table 2.

The average MATV (derived by applying a threshold
of 50 % SUVmax) was 9.26 ± 10.17 cm3 (range
45 – 1.1 cm3) and the average maximum FDG SUV was
12.56±6.92 (range 2.97 – 26.0). The maximum EF5
uptake value was only obtained in the patients with at
least one voxel value above T/M ratio 1.5. In 6 of the 22
patients no voxels with values above this threshold were
observed. The average maximum T/M ratio in the remain-
ing 16 patients was 2.03±0.53 and the average tumour
volume above this threshold (or HS) was 6.04±9.49 cm3

(range 0.10 – 28.85 cm3). This translates into an average
HFA of 36.7±35.7 % when taking only the EF5-positive
tumours into account or 26.67±34.50 % when taking all
tumours into account. The average maximum blood flow
in tumours was 102.52 ± 52.2 mL/min/dL (range
31.9 – 207.15 mL/min/dL).

Correlations between PET parameters

The only statistically significant correlations were between
MATV and FDG SUVmax (R=0.524, p=0.0117) and be-
tween MATV and HFA (R=0.527, p=0.0123) . MATV was
also correlated with EF5 T/M ratio with borderline signifi-
cance (R=0.417, p=0.068). Other correlations were not sta-
tistically significant.

Influence of pretreatment tumour characteristics on PET
values

None of the PET parameters differed significantly between
patients divided according to disease stage (I+II vs. III+IV.
Only MATV was significantly different between patients di-
vided according to T stage (T1+T2 vs.T3+T4, p=0.009).

Relationships between pretreatment parameters and clinical
end-points

The clinical end-point results are shown in Table 3.

Local control

Pretreatment PET values did not differ significantly between
patients divided according to local control (with vs. without
local control) at follow-up. Differences in FDG SUVmax,
EF5 T/M ratio and blood flow between the groups are shown
in Fig. 1.

Overall survival

Overall survival did not differ significantly between patients
divided according to the median value of each PET parameter.
The difference was closest to significance between patients
divided according to the median EF5 T/M ratio (log-rank test,
p=0.109; Fig. 2).

Analysed using the Cox proportional hazards model, only
MATV (p=0.008; HR=1.11), EF5 T/M ratio (p=0.015; HR=
4.08) and HS (p=0.005; HR=1.12) were significantly corre-
lated with overall survival. None of the other PET values
showed statistical significance.

Discussion

We present here the results of a study of the prognostic value
of pretreatment PET imaging of hypoxia ([18F]EF5), metabol-
ic activity ([18F]FDG) and blood flow ([15O]H2O) in HNSCC.
The results obtained in 22 patients indicate that MATV is an
important prognostic factor. This value is similar to the ana-
tomic tumour size, which was also confirmed in our study by
the significant influence of T classification on MATV. This is
in line with previous findings [16]. We also explored the
correlations between individual PET parameters as well as
pretreatment tumour characteristics and PET parameters.
The most relevant results, however, were obtained in the
analysis of correlation between PET parameters and clinical
end-points, in our case overall survival. The log-rank test
showed only a borderline significant effect of pretreatment
[18F]EF5 uptake on overall survival. However, the Cox pro-
portional hazards model showed a significant correlation be-
tween [18F]EF5 maximum pretreatment uptake and overall
survival of patients.

The Kaplan-Meier analysis (among others) showed no
significant difference between patients with EF5 T/M ratio
<1.5 and patients with EF5 T/M ratio >1.5. On the one hand
this can be explained by the image-derived cut-off values that
are always to some extent arbitrary in nature, and which rarely
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translate into clinically significant differences; this also tends
to be true for FDG cut-off values. On the other hand this might
be explained by the relatively small number of patients. In
choosing an image-based threshold for significant hypoxia,
we were aware of the highly arbitrary nature of the suggested
EF5 T/M ratio threshold of 1.5 for relevant hypoxia. This and
the reasons for choosing this value have been discussed in
greater detail in our previous paper [8]. Regardless of these
shortcomings, we believe that some value is needed to obtain
comparable results and future (hopefully larger) trials will
show whether this value is indeed justified or not.

While the importance of hypoxia in the progression and
treatment outcome of head and neck cancer has been well
established in large studies [4], the noninvasive PET imaging
of tumour hypoxia is not yet routinely used clinically. Only
recently have positive correlations between the uptake of
hypoxia tracers other than [18F]FMISO and survival of pa-
tients been reported [17]. This is no doubt because the rela-
tively new field of PET hypoxia research has produced a
number of viable alternatives to [18F]FMISO only in recent
years. The development of reliable hypoxia probes has
proven to be more demanding than initially estimated
and in particular the development of hypoxia PET tracers
is a very long and costly process that has only recently
entered the clinical stage [18].

The induction of anaerobic glycolysis and therefore the
increases in [18F]FDG uptake under hypoxic conditions have
been demonstrated previously [19, 20], although contradicto-
ry results have also been reported, most recently by Busk et al.
[21]. We tried to explore this in this study by investigating the
correlations between the three parameters [18F]FDG SUV,
hypoxia and blood flow. As observed in previous studies by
our and other groups, the correlations between blood flow of
tumours and outcome and between blood flow and parameters
such as [18F]FDG SUV and hypoxia are far from simple.
While it is true that tumours with low blood flow cannot grow
as successfully as those with an ample supply of oxygen and
nutrients, it is also true that hypoxic tumours (which tend to
have a lower blood flow) have been proven to develop suc-
cessful strategies for surviving in this hostile environment
finally resulting in more aggressive phenotypes. In addition
the relationship between blood flow and hypoxia seems to be
very complex. While it is true that well-perfused tumours tend
not to be hypoxic, it is the dynamic nature of hypoxia that
poses challenges to measuring and understanding this rela-
tionship.Whereas chronic hypoxia is by definition quite stable
over shorter periods of time, the distribution and the amount of
acute hypoxia, on the other hand, does change with time. This
poses a challenge to interpreting the results obtained at differ-
ent time points. We tried to avoid this by obtaining [15O]H2O

Table 3 Clinical end-point
results

DWID dead with disease, DWOD
dead without disease, AWID alive
with disease, AWOD alive with-
out disease

Patient
no.

Status Local
control

Curative
CRT

Metastasis-
free

2. Primary-
free

Time to death
(months)

Time to relapse
(months)

1 DWID Yes No No Yes 43 41

2 AWOD Yes Yes Yes Yes 53 –

3 AWOD Yes Yes Yes Yes 52 –

4 AWOD Yes Yes Yes Yes 51 –

5 DWOD Yes Yes Yes No 42 37

6 AWOD Yes Yes Yes Yes 48 –

7 AWOD Yes Yes Yes Yes 48 –

8 DWID Yes Yes No Yes 39 30

9 DWID Yes No No Yes 15 12

10 AWOD Yes No Yes Yes 44 –

11 DWOD Yes Yes Yes No 17 14

12 AWOD Yes Yes Yes Yes 42 –

13 AWOD Yes Yes Yes Yes 42 –

14 AWOD Yes Yes Yes Yes 41 –

15 DWID No No No Yes 3 3

16 DWID No No No Yes 17 16

17 AWOD Yes Yes Yes Yes 32 –

18 DWOD Yes No Yes No 28 27

19 AWID No No Yes Yes 30 15

20 Died, cause unknown

21 DWID No No No Yes 7 6

22 AWOD Yes Yes Yes Yes 18 –
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and [18F]EF5 images on the same day. Although the time
difference was only around 4 hours, the question remains as

to whether the mismatch between the two parameters was due
to this phenomena or some other biological mechanism. In

Fig. 1 Differences in FDG SUVmax, EF5 T/M ratio and blood flow
between patients with stages I – III and stage IV, between patients with
and without local control at follow-up, and between patients with T stage

1 or 2 and T stage 3 or 4. Despite visible trends, none of the pretreatment
or posttreatment clinical findings had any significant effect on the most
relevant PET values

Fig. 2 Log-rank graphs for the three tracers/parameters. Patients were divided into two groups based on the median values. The red line represents the
patients with values above the median and the blue line the patients with values below the median

Eur J Nucl Med Mol Imaging (2014) 41:2042–20502048



addition the use of [15O]H2O for imaging blood flow in
malignant tumours poses additional questions. The overpro-
duction of vascular growth factors in malignant tumours re-
sults in chaotic and dysfunctional vascular structures. These
vessels have among other characteristics a variable lumen
diameter. This means that there might be a mismatch between
the areas, of the tumour reached by the very small [15O]H2O
molecule that cannot be reached by red blood cells that deliver
oxygen to the user cells. This method would therefore over-
estimate the blood flow of poorly perfused areas.
Conversely, the similarly small molecule [18F]EF5 could
reach those areas unreachable by red blood cells and there-
fore correctly image hypoxic areas. This would introduce
another potential bias in the interpretation and correlation of
perfusion and hypoxic images.

As demonstrated in our previous work with [18F]EF5 [8],
there is an obvious similarity between early [18F]EF5 images
and perfusion images that could potentially be used in future
to obtain a semiquantitative or qualitative images of blood
flow using only a single tracer. This, however, does require
additional work which was beyond the scope of this study.
These are complex problems that need to receive more atten-
tion in the future if we wish to obtain more knowledge on the
roles of hypoxia and blood flow and their involvement in
disease progression.

We believe that the results of the current study are interest-
ing and important, particularly since neither of the other two
PET parameters (FDG SUV and blood flow) showed similar
correlations with survival. This, however, is in line with the
lack of correlations among the PET parameters in our study,
and once again emphasizes the need for multitracer imaging in
pretreatment tumour evaluation and treatment planning. We
are also aware that the number of patients investigated in this
study was very low, and this might have affected the results. In
particular, FDG SUVs have been shown to be positively
correlated with treatment outcome in a study with a larger
number of patients [22]. On the other hand, we did observe a
significant correlation between MATV and survival, which is
in line with the results of studies showing that MATV is a
stronger predictor of poor survival than SUV [23, 24]. Due to
high costs and complex imaging protocols, this is common to
many PET studies, which, nevertheless, does not decrease the
importance of the problem.

In two patients an alternative method for determining
MATV was used, as explained in the Methods section. We
are aware of the problems related to the use of a relative
SUVmax threshold (50 %) and fixed SUV thresholds
(2.5) for determining the MATV. While it would no doubt
have been preferable to use one single method for deter-
mining MATV in all patients, it is clear that by doing so
we would have introduced an unacceptable degree of error
in some patients in whom this generally reliable method
would have failed. We therefore believe that using a

different method in some patients actually reduced the
bias that would have been introduced by using a single
method when this method would clearly have failed.
While Hatt et al. found large differences in MATV de-
pending on the method used, they found that the choice of
method did not have any significant impact on the pre-
dictive value of MATV [25]. We are aware that is a
subject of intense research and discussion and in our
opinion is beyond the scope of this paper.

Regarding the methodology of the study, we have to
note that even though we are aware that MRI and FDG
PET/CT have been proven to be more sensitive for mon-
itoring local control in patients with head and neck can-
cer, these modalities were not routinely used in our study
in the follow-up of all patients. Particularly since some of
the patients were followed in regional hospital after treat-
ment in the Turku University Hospital. For this reason
and because we wanted to avoid any potential bias intro-
duced by using a more sensitive method in some patients
we decided to use contrast-enhanced CT as the sole meth-
od for determining local control of the disease. The treat-
ment that the patients received was the standard treatment
in our centre at the time of study. While it is true that
there were some differences between treatment protocols
that individual patients received, these were considered
standard and optimal treatments for each individual pa-
tient’s stage. Therefore, while did not take these differ-
ences into consideration when analysing the results, we
do not believe that these differences had any significant
influence on the results obtained. This, of course, is sub-
ject to speculation. Finally, the results obtained with
[18F]EF5 in this study seem to be in line with recently
published results obtained with [18F]FAZA [16]. This is
true for the uptake values as well as correlations with
survival, and for this reason the question as to the most
suitable PET hypoxia tracer remains unresolved until a
direct head-to-head comparison is performed.

Conclusion

Despite the small number of patients who participated in our
study, hypoxia as represented by [18F]EF5 uptake clearly
show had the highest level of correlation with overall survival,
and seems to be predictive of radioresistance. As such
[18F]EF5 remains a strong potential candidate for pretreatment
patient stratification and treatment planning. However, the
definite clarification of this question would require a larger,
and possibly multicentre study. Also [18F]FDG SUV showed
a trend that might have been significant had the number of
patients been higher. On the other hand, the lack of correlation
between the uptakes of the three evaluated tracers confirms the
need for multitracer imaging to obtain all the significant
information on tumour biology.
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