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In radiotherapy of head and neck cancer (HNC) and non-small
cell lung cancer (NSCLC), hypoxia is known to be an important
prognostic factor for long-term survival and local tumor control.
The PET tracer 18F-fluoromisonidazole (FMISO) allows noninva-
sive assessment of tumor hypoxia. This study analyzed whether
FMISO PET could predict tumor recurrence after radiotherapy.
Methods: Forty patients with advanced HNC (n � 26) or NSCLC
(n � 14) were studied before curative radiotherapy. Dynamic
(0–15 min) and static PET scans were acquired up to 4 h after
injection of 400 MBq of FMISO. Standardized uptake values
(SUVs) and ratios to reference tissues (mediastinum or muscle)
were calculated. In addition, time–activity curves up to 14 min
after injection were classified visually. PET data were correlated
with clinical follow-up data (presence or absence of local recur-
rence within 1 y), which were available for 21 patients. Results:
For HNC, patients with local recurrence could be separated
from disease-free patients by SUV 4 h after injection (all recur-
rences had an SUV � 2). For NSCLC, no such correlation was
observed. The tumor-to-muscle ratios (T/Mu) and tumor-to-
mediastinum ratios (T/Me) at 4 h after injection correlated with
the risk of relapse in both tumor entities: All patients with a T/Me
greater than 2.0 (NSCLC, n � 5) or with a T/Mu greater than 1.6
(HNC, n � 5) presented with tumor recurrence, whereas only 3
of the remaining 11 patients experienced recurrence (27%).
Qualitative analysis of time–activity curves for 37 patients re-
vealed 3 curve types (rapid washout, n � 9; intermediate [de-
layed washout], n � 12; and accumulation, n � 16). Eighteen
patients categorized by curve type could be followed up: In 5 of
6 patients with an accumulation curve, disease recurred locally
within 1 y, compared with 5 of 8 patients with a delayed-
washout curve and 0 of 4 with a rapid-washout curve. Conclu-
sion: Our results indicate that outcome after radiotherapy can
be predicted on the basis of kinetic behavior of FMISO in tumor
tissue. An accumulation-type curve, high SUV, and high T/Mu
and T/Me at 4 h after injection are highly suggestive of an

incomplete response to treatment and might be used to select
patients for intensified therapy protocols.
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Tumor hypoxia is considered to be an independent pre-
dictor of poor prognosis in several types of cancer (1,2). In
vitro and in vivo studies have shown that tumor hypoxia is
associated with an increased likelihood of local recurrence
and distant metastasis, as well as resistance to radiation
therapy and various types of chemotherapy (3). That is the
reason for a variety of efforts to develop methods for
measuring oxygen levels in tumor tissue (4–6). At present,
the only method for direct determination of oxygen tension
in human tumors is a commercially available oxygen elec-
trode, commonly referred to as Eppendorf electrode. Re-
sults obtained with this electrode correlated well with clin-
ical outcome in several trials (1,2). Therefore, this technique
is a gold standard for any technique assessing oxygen con-
centration directly in vivo.

However, the oxygen electrode method exhibits quite a
few problems. First, it is technically demanding, requires
considerable operator skill, and thus is prone to sampling
errors. Second, it is useful only for studying accessible (i.e.,
superficial) tumors. Therefore, and because of its invasive
character, the oxygen electrode has not become a general
clinical tool for measuring tumor hypoxia. The most prom-
ising approach to visualizing hypoxia appears to be imaging
by PET, provided a tracer that is a true hypoxia marker is
applied. Ken Krohn and his group in Seattle were the first to
successfully demonstrate the potential of PET using flu-
oromisonidazole (FMISO) as the tracer (7–11). Moreover,
the value of PET and FMISO was illustrated by further
clinical studies (12–14). The tracer most extensively studied
both in humans and in animals is 18F-FMISO (15–18). Other
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tracers such as 18F-FAZA and 60Cu-ATSM are also under
evaluation (19–24).

Previous results for FMISO suggest that it is feasible for
imaging hypoxia and shows the regional distribution of
tumor hypoxia, usually expressed as fractional hypoxic vol-
ume. This information may become more relevant when
intensity-modulated radiation therapy (25) is applied (26).
Thus, integration of hypoxia data obtained by FMISO PET
into the radiation-planning process appears desirable. How-
ever, the prognostic value of FMISO has not been validated
in clinical studies. Therefore, the aim of our study was to
analyze uptake of FMISO in 2 tumor entities that are usually
treated by radiation—advanced-stage non-small cell lung
cancer (NSCLC) and head and neck cancer (HNC)—and to
compare uptake with clinical outcome after treatment.

MATERIALS AND METHODS

Patients
From November 2001 to March 2004, we prospectively studied

40 patients (34 male and 6 female; mean age, 60.1 y; median,
60.7 y) with NSCLC (n � 14) or HNC (n � 26) before radiother-
apy. The study protocol was approved by the ethical committee of
the University of Tuebingen. All patients gave written informed
consent before entering the study. Patients were excluded if they
had a second malignancy or distant metastases, previous radiother-
apy, severe complications, or severe concomitant diseases (diabe-
tes, liver failure, or renal failure).

FMISO PET Scanning and Image Reconstruction
PET investigations were performed with a whole-body PET

scanner (Advance; General Electric Medical Systems). We admin-
istered 350–450 MBq of 18F-FMISO intravenously with an auto-
mated bolus injection technique (12 s). In all but 3 patients,
dynamic scans were obtained for 14 min (12 frames of 10 s, 8
frames of 15 s, and 10 frames of 1 min). Two and 4 h after
injection, static emission scans were obtained. PET scans were
processed using iterative reconstruction and measured attenuation
correction. Whenever logistically possible, we performed addi-
tional fusion imaging with a dual-head coincidence �-camera
equipped with an integrated x-ray tube and dedicated fusion soft-
ware (Millennium VG; General Electric Medical Systems) 3 h
after injection of FMISO.

Other Imaging Procedures
All patients underwent CT as part of the pretreatment diagnostic

work-up and for radiotherapy planning.
18F-FDG PET was performed on 32 of the 40 patients (13/21

patients with proven outcome). It was not performed on the first 8
patients because it was not part of the original study protocol, but
preliminary analysis of the first patients showed that despite image
fusion, the tumor delineation was not accurate in all cases because
of the limited quality of low-dose CT.

Region-of-Interest (ROI) Analysis and Quantification
Definition of ROI. Tumor ROIs were drawn manually on late

images within the slice with the highest tumor uptake, applying a
50% isocontour technique (50% between maximum and back-
ground). When the tumor could not be delineated because of low
FMISO uptake, ROIs were drawn using fused low-dose CT or
18F-FDG images.

Reference Tissues. In HNC, the neck muscle was chosen for
reference, and in NSCLC, a tumor-free area in the mediastinum
was chosen. Other regions (vertebrae, cerebellum, lung, left ven-
tricle, myocardium) were also assessed exploratively but not used
as reference tissue because of much higher interindividual vari-
ability. The ROI size was 5 � 3.5 mm (oval) in the neck muscle;
for mediastinum, we drew circular ROIs with a diameter of 5 mm.

Quantification. FMISO uptake 2 and 4 h after injection was
quantified by calculation of standardized uptake values (SUV � 1
g/mL � measured radioactivity � body weight/injected radioac-
tivity) and tumor–to–reference tissue ratios (T/Rs). In the follow-
ing, T/Mu denotes the tumor-to-muscle ratio (HNC) and T/Me
denotes the tumor-to-mediastinum ratio (NSCLC).

Additionally, early FMISO uptake was assessed by SUV 0–2
min after injection and 5–14 min after injection. In the following,
SUV at 1–2 min is also referred to as perfusion index, and SUV at
5–14 min, as nonspecific distribution volume.

Time–Activity Curves 0–14 min After Injection. Time–activity
curves were visually classified according to shape as rapid washout
type (type 1), intermediate type (type 2), or accumulation type
(type 3). Typical examples are shown in Figure 1.

Radiochemistry
18F-FMISO was synthesized as described previously (27).

Briefly, in an automated synthesizer (TRACERlab FXF-N; General
Electric Medical Systems), 5 mg of the precursor 1-(2�-nitro-1�-
imidazolyl)-2-O-tetrahydropyranyl-3-O-toluenesulfonylpro-
panediol (NITTP; ABX) in 1 mL of dimethylsulfoxide were re-
acted with a mixture of azeotropically dried 18F-fluoride, 15 mg of
Kryptofix 2.2.2. (Merck), and 3.5 mg of K2CO3 at 100°C for 10
min. After hydrolysis with 1 mL of 1N HCl (100°C, 5 min), 0.5
mL of 30% sodium acetate was added for neutralization. The
product was purified with HPLC chromatography (LUNA C8;
Phenomenex), using 3:97 ethanol:H2O, a 5 mL/min flow rate,
220-nm UV detection, and NaI(Tl). The product was obtained in
radiochemical yields of 60% � 14%. After irradiations of 35 �A
for 15 min, 9.2 � 1.3 GBq (n � 30) of 18F-FMISO were isolated.

Analysis of Outcome
For 21 patients, sufficient data about the clinical outcome of

radiotherapy were available. They were categorized as responders
or nonresponders. Responders (n � 8) had complete remission or
near-total remission of the tumor, with steady state (as confirmed

FIGURE 1. FMISO time–activity curves: typical examples of
types 1 (rapid washout), 2 (intermediate), and 3 (accumulation).
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by repeated CT) for at least 1 y after treatment. The longest
observed interval was 28 mo. Nonresponders (n � 13) had pro-
gressive disease, or only partial remission after completion of
radiotherapy, or local recurrence within a follow-up period of 1 y.
For statistical reasons, we did not separate patients with progres-
sive disease from those with local recurrence.

Statistical Analysis
We tested the hypothesis that SUV at 4 h predicts the response

to radiotherapy. Analysis of the other parameters focused on the
following questions: Do T/Rs provide information additional to
that provided by SUV? Do time–activity curves provide relevant
prognostic information? For how long do we have to study FMISO
distribution to obtain optimal results?

To confirm that FMISO uptake has prognostic value (SUV,
T/R), we tested the significance of group differences (responders
vs. nonresponders) using the Student t test with unequal variances
and selected optimal cutoff values for separating responders from
nonresponders.

RESULTS

FMISO uptake varied widely between individuals and
differed considerably between different parts of tumors.
Figure 2 shows the FMISO distribution, compared with the
18F-FDG distribution, 4 h after injection in a patient with
HNC: Although 1 lymph node metastasis showed focally
enhanced FMISO uptake, the primary tumor and the other
lymph node metastasis did not. In general, FMISO uptake
did not correlate with 18F-FDG uptake (R2 � 0.015), as
agrees with the different uptake mechanisms of the 2 trac-
ers. Figure 3 shows a typical large tumor with high FMISO
uptake and heterogeneous distribution. The highest FMISO
uptake was found in the rim of an extensive necrosis (as
assessed by 18F-FDG PET). In this area, analysis of time–
activity curves revealed steady accumulation throughout the
first 2 h up to an SUV of 3.05. In the middle of the necrosis,
FMISO accumulated steadily too, although on a much lower

level (up to an SUV of 1.5 at 4 h). In contrast, rapid FMISO
washout was observed in tumor areas neighboring large
vessels.

FMISO Time–Activity Curves. In more than 50% of all
patients, 2 typical shapes were revealed for FMISO time–
activity curves: the rapid washout type and the accumula-
tion type. In the remaining patients, a variety of intermedi-
ate variants were seen. We visually classified the individual
time–activity curves accordingly, applying the following
criteria (Fig. 3). The rapid washout type (type 1) was a
curve with a high perfusion peak followed by rapid washout
(n � 8). The intermediate type (type 2) was a curve not
meeting the criteria of types 1 or 3. Most exhibited a
perfusion peak lower than in type 1, followed by an approx-
imately horizontal or slightly decreasing course (n � 12).
The accumulation type (type 3) was a curve with a missing
or delayed lower perfusion peak, followed by a horizontal or
ascending course (n � 17). For 3 patients, curve classifica-
tion was not possible because of incorrect data acquisition.

FMISO SUV and T/R. The SUVs 2 and 4 h after injection
(Table 1) in the tumor ranged from 1.1 to 4.3 (maximum in
ROI) in HNC. In NSCLC, the SUVs were slightly lower,
ranging from 1.2 to 2.7 (SUV at 2 h) and from 1.0 to 3.7
(SUV at 4 h). In HNC, the SUV at 4 h closely correlated
with the SUV at 2 h (R2 � 0.93), whereas in NSCLC the
correlation was weaker (R2 � 0.63). T/Me (NSCLC) was
significantly higher than T/Mu (HNC) (P � 0.002 in T/R at
4 h) (Table 1), as can be attributed to significantly lower
SUV in mediastinum (P � 0.001) (SUV at 2 h � 0.85 �
0.25; SUV at 4 h � 0.77 � 0.26) than in muscle (SUV at
2 h � 1.19 � 0.15; SUV at 4 h � 1.07 � 0.17).

Prognostic Value of FMISO and 18F-FDG
Outcome data were available for 21 patients. Eight were

responders, 13 nonresponders (Table 2).

FIGURE 2. Findings of 18F-FDG (top 2
rows) and FMISO PET (bottom 2 rows) for
patient 24. 18F-FDG data are used to dem-
onstrate viable tumor tissue. Lymph node
metastasis shows high FMISO uptake,
whereas large primary tumor and other
lymph node metastasis reveal only moder-
ate uptake. External marker is behind left
ear.
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FMISO Time–Activity Curves. The curve type clearly
correlated with outcome: None of 4 patients with a type 1
curve had tumor recurrence (Fig. 4A), but 5 of 8 patients
with type 2 and 5 of 6 patients with type 3 (Fig. 4B) had
tumor recurrence. In an exploratory analysis, we found that
tumor recurrence in patients with curves of type 2 or 3
correlated strongly with SUV at 0–2 h (Fig. 5A) and at 5–14
min (Fig. 5B). If we had applied a cutoff of �1.0 for SUV
at 5–14 min, 9 of 10 patients with tumor recurrence and type
2 or 3 curves would have been identified correctly.

SUV and T/R. In HNC, the SUV at 4 h after injection
correlated significantly with tumor recurrence (Student t
test: responder vs. nonresponder, P at 4 h � 0.04 vs. P at
2 h � 0.16), whereas no such correlation was observed for
NSCLC (Fig. 6A). In HNC, all patients with an SUV of �2
at 4 h had tumor recurrence. The T/R at 4 h correlated with
the outcome for both tumor entities (Fig. 6B). Application
of a cutoff T/Me of �2 at 4 h (NSCLC) or a cutoff T/Mu of
�1.6 at 4 h (HNC) allowed prediction of 10 of 13 tumor
recurrences and all responders. The T/R at 2 h was less
useful than the T/R at 4 h. Although the mean T/R at 2 h in
nonresponders was higher than in responders, a clear cutoff
could not be defined. For each tumor entity, the T/R at 4 h
had a higher predictive value than did SUV. When the
selected cutoff values for SUV and T/R were combined, 11
of 13 patients with and 8 of 8 patients without recurrence
could correctly be classified.

18F-FDG. In those patients with a proven outcome, 18F-
FDG SUV ranged from 3.4 to 24.8 (n � 13). No correlation
between 18F-FDG uptake and tumor recurrence was ob-
served, as illustrated in Figure 7.

DISCUSSION

For more than a decade, FMISO has been known as a
PET tracer for hypoxia (7), yet few clinical studies have
been published. Results from FMISO PET for NSCLC,
HNC, and soft-tissue sarcomas before and during ongoing
radiotherapy have been reported (7–15,23). To our knowl-
edge, an analysis of response to radiotherapy has not been
reported. Although pharmacokinetic models have also been
developed (28), most of the clinical studies have relied on
more simplified quantification procedures such as the cal-
culation of tumor-to-blood or tumor-to-muscle ratios (29).
Instead of ratios for tumor to blood or tumor to muscle, a
fractional hypoxic volume was calculated by applying a
fixed cutoff value. Following the rationale that more than
99% of normal tissue is below this threshold (10), the
hypoxic fraction gives the percentage of the whole tumor
volume above this threshold.

In this study, we chose a different approach and assessed
various quantitative parameters postulating that both the
presence and the magnitude of specific FMISO uptake are
of prognostic value. We also visually assessed time–activity

FIGURE 3. FMISO curves of different ar-
eas of large HNC tumor (fused image is at
right). Necrosis (Œ) shows poor perfusion
(missing peak) and increasing FMISO ac-
cumulation, presumably reflecting hypoxia.
Viable tumor (�) shows high perfusion and
subsequent rapid washout, reflecting good
oxygenation. Tumor tissue surrounding ne-
crosis (f) shows impaired perfusion (low
peak) followed by accumulation, reflecting
hypoxia.

TABLE 1
SUV and T/R for HNC and NSCLC

Type of cancer

SUV at 0–14 min SUV at 2 h SUV at 4 h T/R at 2 h T/R at 4 h

Max Avg Max Avg Max Avg Max Avg Max Avg

HNC (n � 26)
Mean 2.69 2.36 2.30 1.85 2.39 1.86 1.66 1.54 1.87 1.72
SD 0.78 0.54 0.68 0.49 0.85 0.56 0.46 0.41 0.61 0.52
Range 1.5–4.6 1.3–3.7 1.3–4.2 1.1–3.2 1.1–4.3 1.0–3.1

NSCLC (n � 14)
Mean 2.64 2.32 2.09 1.62 2.40 1.80 1.99 2.03 2.74 2.59
SD 0.60 0.55 0.42 0.37 0.65 0.44 0.60 0.63 1.26 1.06
Range 1.4–3.4 1.2–3.2 1.2–2.7 1.0–2.1 1.0–3.7 0.8–2.6

P NS NS NS NS NS NS 0.06 0.005 0.008 0.002
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curves of the first 14 min after injection of FMISO. This
approach has not been reported for FMISO in the literature
because the effects of tissue hypoxia are generally assumed
to be more pronounced at later times. Being aware that these
curves are hard to interpret because of the many unknown
kinetic properties of the tumor (e.g., fractional vascular
volume, perfusion, extraction, microvessel density (30), and
hypoxia-related and hypoxia-independent metabolism of
FMISO), we hypothesized that a fast washout is predictive

of absence of relevant tumor hypoxia and thus of good
radiosensitivity of the tumor.

Predictive Value of SUV and T/R
In accordance with previous studies, we found a cor-

relation between late uptake parameters of FMISO (SUV
and T/R) and tumor recurrence, as both are linked to the
presence of hypoxia. However, an important finding was
that T/R was more predictive than SUV. This finding

TABLE 2
Outcome Data

Patient
no. Histology CT stage

Age
(y) Sex

Diameter
on CT
(cm)

Curve
type

SUV T/R

Outcome0–14 min 2 h 4 h 2 h 4 h

1 NSCLC,
SCC, G2

cT3–4
N2 M0

56 M 2.2 1.8 1.9 1.55 1.88 Progression, exitus
after 0.5 mo

2 HNC, SCC,
G2–3

cT4 N2c
M0

58 M 2.5 2.3 2.5 2.80 2.03 Progression, exitus
after 7.5 mo

3 HNC, SCC,
G2

cT3 N2b
M0

46 M 3.0 2.6 2.2 2.2 1.38 1.50 Local recurrence
after 9 mo

4 HNC, SCC,
G2

cT4 N2b
M0

52 M 11.5 3 3.7 3.2 3.1 2.97 3.44 Local recurrence
after 6 mo

5 NSCLC,
SCC, G1

cT3 N2
M1?

71 M 13.2 3 3.0 1.8 1.7 2.60 2.53 Local recurrence
after 6 mo

6 NSCLC,
ADC, G3

cT3 N2
M1?

50 F 7.0 2 3.0 1.1 1.7 1.56 1.80 Progression after
3 mo

7 HNC, SCC,
G2

cT4 N2
M0

45 M 3.9 3 3.8 1.8 1.5 1.29 1.36 Local recurrence
after 8 mo

8 NSCLC,
ADC, Gx

cT2 N0
M0

70 M 2.8 2 2.3 1.2 1.4 1.10 1.29 Progression after
4 mo

9 NSCLC,
BAL, Gx

cT4 N2
M0

58 M 5.0 1 3.2 1.5 1.5 1.06 1.24 Response

10 HNC, SCC,
G2–3

cT4 N2b
M0

61 F 4.0 1 3.4 2.0 1.9 1.49 1.37 Response

11 NSCLC,
ADC, G3

cT4 N2
M0

70 F 4.0 2 2.0 2.1 1.9 1.95 1.97 Response

13 HNC, SCC,
G2–3

cT4 N0
M0

66 M 4.6 3 2.5 1.9 2.1 1.45 2.80 Residual tumor,
metastases after
4 mo

14 HNC, SCC,
Gx

cT4 N2
M0

60 M 4.2 2 2.2 1.6 1.5 1.43 1.68 Progression after
8 mo

16 HNC, SCC,
Gx

cT2 N2
M0

50 F 2.9 1 2.43 1.14 0.99 1.20 1.19 Response

17 HNC, SCC,
G3

cT2 N2
M0

66 M 3.0 3 2.5 1.7 1.8 1.44 1.75 Residual tumor,
metastases,
exitus after
7.5 mo

19 NSCLC,
SCC, Gx

cT4 N3
M1?

60 M 3.0 2 2.6 1.3 1.4 2.12 3.29 Local recurrence
and metastases
after 8 mo

20 NSCLC,
ADC, G3

cT3 N3
M0

58 F 4.0 2 2.8 2.1 2.0 2.3 3.76 Residual tumor,
metastases

21 HNC, SCC,
G2–3

cT3 N2
M0

63 M 2.3 2 1.8 1.5 1.4 1.30 1.17 Response

23 HNC, SCC,
G2

cT2 N2c
M0

49 M 4.0 3 1.3 1.3 1.4 1.38 1.53 Response

24 HNC, SCC,
G2

cT3 N2c
M0

52 M 5.7 2 1.9 1.3 1.4 1.06 1.24 Response

25 HNC, SCC,
G1

cT3 N2b
M0

65 M 4.2 1 2.1 1.7 1.7 1.47 1.53 Response
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might be explained by interindividual variances in
plasma clearance of FMISO that affect the SUV in tumor
and in reference tissues. In our patients, a T/Me greater
than 2.0 or a T/Mu greater than 1.6 was highly predictive
of later tumor recurrences. The observed different cutoffs
roughly correspond to differences in SUV of the refer-
ence tissues.

Early Time–Activity Curves
In our study, we classified time–activity curves according

to 3 types that were derived after analyzing the scans of the
first 10 patients. Correlation with clinical outcome was
performed prospectively. Therefore, we are confident that
the observed differences (type 1: recurrence in 0/4 patients;
type 3: recurrence in 5/6 patients) reflect the prognostic
relevance of these curve types. Additional kinetic parame-
ters separating responders from nonresponders in patients
with curves of type 2 or 3 were found exploratively (SUV at
0–2 h and at 5–15 h). Because of the small number of
patients (4/14 with type 2 or 3) without recurrence, those

findings are preliminary and have to be substantiated by a
study with a large number of patients.

Suggested Acquisition Protocol
Early animal studies of Rasey et al. (spontaneous osteo-

sarcoma in dogs) indicated that the most useful PET infor-
mation is obtained during the first 3 h after drug injection.
Further extension of imaging did not yield additional infor-
mation (10). However, no systematic clinical data have been
published on acquisition protocols optimal for predicting
the outcome of later radiotherapy. In our study group, the
T/R at 4 h allowed better outcome prediction than did the
T/R at 2 h. Whether this difference reflects actual superior-
ity of imaging has to be confirmed with larger patient
cohorts. Because static images 4 h after injection are feasi-
ble using an 18F-labeled compound, we suggest extending
current protocols. Because our data indicate a relevant cor-
relation between the type of early FMISO time–activity
curve and clinical outcome, we suggest obtaining dynamic
data for at least 14 min after injection whenever possible.

FIGURE 4. Outcome for patients with characteristic curve types: patients with type 1 (washout type; no disease recurrence) (A)
and patients with type 3 (accumulation type; recurrence in 5 of 6 patients) (B).

FIGURE 5. Outcome vs. curve type and early FMISO uptake: All patients with type 1 were responders. Patients with type 2 or
3 could further be discriminated by analyzing SUV 0–2 min after injection (A) and 5–14 min after injection (B). Area enclosed by
rectangle represents area of high risk: All patients with data within this range experienced relapse.
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We used the FMISO distribution in late images to define
representative tumor ROIs. Thus, we do not suggest reduc-
ing FMISO imaging to dynamic scans of 0–15 min instead
of sequential scanning for 2–4 h.

Clinical Consequences
Assuming that FMISO PET has prognostic potential with

regard to subsequent radiotherapy, we end up with the

questions of how the results of FMISO PET can be used for
treatment planning and how FMISO data are to be inte-
grated into radiotherapy-planning systems. On the basis of
the findings of this pilot study, FMISO PET might be used
to identify patients who need intensified treatment. In our
study group, tumor recurred in all patients with an SUV
greater than 2.0 and in all patients with a tumor-to-tissue
ratio above the threshold of 2.0 (NSCLC) or 1.6 (HNC).
Combining these 2 simple criteria would lead to correct
prediction of tumor recurrence in 11 of 13 patients. Results
become even better if curve-type analysis is considered.
Using type 1 as an indicator of good treatment response, and
type 3 combined with SUV and T/R above the cutoff as an
indicator of poor response, would lead to appropriate clas-
sification of 19 of 21 patients with proven clinical outcome
(�90%). Assessment of early FMISO uptake (0–14 min
after injection) combined with curve-type analysis was most
accurate for discriminating patients with a favorable re-
sponse from those with a poor response: Nearly all patients
(5/6) with type 3 curves and most patients (5/8) with type 2
curves were not treated successfully. Additional analysis of
early uptake (0–14 min after injection) allowed the individ-
ual risk of recurrence to be defined in more than 90% of all
patients (17/18).

FIGURE 6. Correlation of FMISO uptake and clinical outcome. (A and B) SUV 2 and 4 h after injection vs. outcome for NSCLC
(A) and HNC (B). In HNC, high correlation between 2-h and 4-h SUV is observed. In both tumors, a cutoff SUV of �2.0 separates
only patients with tumor recurrence; in HNC, a cutoff of �1.4 separates disease-free patients. (C and D) T/Rs at 2 and 4 h after
injection vs. outcome for NSCLC (C) and HNC (D). Using appropriate cut-offs (a T/Me of �2.0 at 4 h [NSCLC]; a T/Mu of �1.6 at
4 h [HNC]), 10 of 13 patients with tumor recurrence can be identified.

FIGURE 7. Comparison of 18F-FDG uptake and clinical out-
come (available for 5 patients with NSCLC and 8 with HNC).
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For radiotherapy planning, valid information about the
precise location of hypoxic areas is mandatory. Using ROI
data as described in this paper may lead to problems be-
cause of heterogeneous regional tissue properties. Compar-
ing FMISO distribution 2 and 4 h after injection, we found
that the areas of highest FMISO uptake were not constant
over time. As a consequence, tumor regions defined as
hypoxic on the basis of cutoff values (SUV or T/R) shifted.
Regional curve analysis revealed that different curve types
often were present in the same tumor. Thus, a regional
(voxel-by-voxel) kinetic analysis that takes into account
early as well as late FMISO data and that can easily be
integrated into radiation-planning systems is needed.

CONCLUSION

Our data indicate that FMISO PET has the potential to
predict response to subsequent radiotherapy. This finding
corroborates the results of previous studies showing that
hypoxia imaging with FMISO is feasible and that enhanced
FMISO uptake indicates tissue hypoxia. In our study, an
SUV T/Me greater than 2.0 (NSCLC) or an SUV T/Mu
greater than 1.6 (HNC) proved to be a suitable parameter for
predicting tumor recurrence or progression. Curve type and
early FMISO uptake allow discrimination between respond-
ers and nonresponders. These observations may form the
basis for future prospective studies combining FMISO PET
and intensified radiotherapy, in particular intensity-modu-
lated radiation therapy.
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22. Lehtiö K, Oikonen V, Grönroos T, et al. Imaging of blood flow and hypoxia in
head and neck cancer: initial evaluation with [15O]H2O and [18F]fluoroerythro-
nitroimidazole PET. J Nucl Med. 2001;42:1643–1652.

23. Yang DJ, Wallace S, Cherif A, et al. Development of F-18-labeled fluoroeryth-
ronitroimidazole as a PET agent for imaging tumor hypoxia. Radiology. 1995;
194:795–800.

24. Imahashi K, Morishita K, Kusuoka H, et al. Kinetics of a putative hypoxic tracer,
99mTc-HL91, in normoxic, hypoxic, ischemic and stunned myocardium. J Nucl
Med. 2000;41:1102–1107.

25. Ling CC, Humm J, Larson H, et al. Towards multidimensional radiotherapy
(MD-CRT): biological imaging and biological conformality. Int J Radiat Oncol
Biol Phys. 2000;47:551–560.

26. Alber M, Paulsen F, Eschmann SM, Machulla HJ. Biologically conformal boost
dose optimisation. Phys Med Biol. 2003;48:N31–N35.

27. Patt M, Kuntzsch M, Machulla H-J. Preparation of [18F]fluoromisonidazole by
nucleophilic substitution on THP-protected precursor: yield dependence on re-
action parameters. J Radioanal Nucl Chem. 1999;240:925–927.

28. Casciari JJ, Graham MM, Rasey JS. A modeling approach for quantifying tumor
hypoxia with [F-18]fluoromisonidazole PET time-activity data. Med Phys. 1995;
22:1127–1139.

29. Reinartz P, Gagel B, Zimny M, et al. Tumor hypoxia as prognostic factor:
evaluation by [F-18]fluoromisonidazole PET, polarography and FDG-PET. Nucl
Med. 2004;43:A28–A29.

30. Meert AP, Maesmans M, Martin B, et al. The role of microvessel density on the
survival of patients with lung cancer: a systematic review of the literature with
meta-analysis. Br J Cancer. 2002;87:694–701.

260 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 46 • No. 2 • February 2005


