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Abstract
Background: Experimental and clinical evidence suggest that hypoxia in solid tumours reduces their sensitivity
to conventional treatment modalities modulating response to ionizing radiation or chemotherapeutic agents. The
aim of the present study was to show the feasibility of determining radiotherapeutically relevant hypoxia and early
tumour response by ([18F] Fluoromisonidazole (FMISO) and [18F]-2-fluoro-2'-deoxyglucose (FDG) PET.
Methods: Eight patients with non-small-cell lung cancer underwent PET scans. Tumour tissue oxygenation was
measured with FMISO PET, whereas tumour glucose metabolism was measured with FDG PET. All PET studies
were carried out with an ECAT EXACT 922/47® scanner with an axial field of view of 16.2 cm. FMISO PET
consisted of one static scan of the relevant region, performed 180 min after intravenous administration of the
tracer. The acquisition and reconstruction parameters were as follows: 30 min emission scanning and 4 min
transmission scanning with 68-Ge/68-Ga rod sources. The patients were treated with chemotherapy, consisting
of 2 cycles of gemcitabine (1200 mg/m2) and vinorelbine (30 mg/m2) followed by concurrent radio- (2.0 Gy/d; total
dose 66.0 Gy) and chemotherapy with gemcitabine (300–500 mg/m2) every two weeks. FMISO PET and FDG PET
were performed in all patients 3 days before and 14 days after finishing chemotherapy.
Results: FMISO PET allowed for the qualitative and quantitative definition of hypoxic sub-areas which may
correspond to a localization of local recurrences. In addition, changes in FMISO and FDG PET measure the early
response to therapy, and in this way, may predict freedom from disease, as well as overall survival.
Conclusion: These preliminary results warrant validation in larger trials. If confirmed, several novel treatment
strategies may be considered, including the early use of PET to evaluate the effectiveness of the selected therapy.

Page 1 of 8
(page number not for citation purposes)

BMC Cancer 2006, 6:51

http://www.biomedcentral.com/1471-2407/6/51

Table 1: Characteristics of the population

Characteristics
Age
Mean
Median
Range
Sex
Male
Female
ECOG performance scale
0
1
Clinical stage
IIIA
IIIB
IV
Histology
Adenocarzinoma
Squamous carcinoma
Adenosquamous carcinoma
Large-cell carcinoma

Years
58
56
41–76
No. of patients
5
3
4
4
1
6
1
3
4
0
1

ECOG performance Scale: 0 – normal activity; asymptomytic
1 – symptomatic; fully ambulatory

Background
At present, combined modality treatment (chemotherapy
followed by surgery or radio-/chemotherapy) for patients
with locally advanced non-small-cell lung cancer
(NSCLC) is being studied extensively. It is clear, however,
that for different reasons, a substantial number of patients
had lesser benefits from such intensive treatment. For
example, tumour anaemia and tumour hypoxia are considered as multifactorial causes of tumour treatment
resistance [4,21]. The causes of tumour hypoxia are multifactorial and include factors related to oxygen delivery,
such as anaemia, abnormal tumour vasculature and blood
flow, and the rate of oxygen consumption in tumours.
With positron emission tomography (PET), radio-labelled
hypoxia-avid compounds can be applied to evaluate the
oxygenation status in experimental or human tumours
[2]. Fluorine-18 labelled Fluoromisonidazole [1-(2-nitro1-imidazolyl)-2-hydroxy-3-fluoropropane, FMISO] is the
most widely used nitroimidazole derivative in clinical
PET, representing a non-invasive method for the quantification of the oxygenation status of subjacent tumours
from PET data [7,19].
Conventional techniques used to monitor therapeutic
effects in oncology, such as CT and MRI, are based on
morphologic changes and show limited accuracy [11,14].
Several studies have demonstrated the ability of functional imaging techniques to detect subclinical alterations
in tumour physiology and biochemistry resulting from

efficacious therapy [1,6,13,15,18,20]. These alterations
may occur long before a morphologic change in the
tumour mass is apparent. PET with the glucose analogous
fluorine-18fluorodeoxyglucose (FDG PET) allows noninvasive serial measurements of tumour glucose use. Previous studies have suggested that chemotherapy causes a
measurable decrease in tumour glucose use within 1 to3
weeks after the commencement of therapy.
This study evaluates the impact and feasibility of determining tumour hypoxia by FMISO PET, and of one factor
related to tumour metabolism, namely tumour glucose
use, through FDG PET in patients with NSCLC in relation
to response to radio-/chemotherapy.

Methods
The Medical Ethical Committees of the University of
Aachen approved the study. The study was conducted
according to the Helsinki Declaration. All patients gave
written informed consent before they were enrolled in the
study.
Patients and patient treatment
All eight patients had histologically proven and unresectable NSCLC. The detailed patient characteristics are listed
in Table 1. All patients were treated with chemotherapy
consisting of 2 cycles of gemcitabine (1200 mg/m2) and
vinorelbine (30 mg/m2) given on day 1, 8 (cycle 1A and
1B) and on day 22, 29 (cycle 2A and 2B). Gemcitabine
was administered first in a 30-min i.v. infusion, followed
by vinorelbine, which was given as a 5-min i.v. infusion.
The change in haemoglobin concentrations during chemotherapy are shown in Figure 1.

Six patients were included in a phase I study to identify
the dose-limiting toxicities (DLTs) and maximum tolerated dose (MTD) of gemcitabine when administered in a
14-day interval (three times) in combination with radiotherapy which began 14 days after the induction chemotherapy. Radiotherapy was administrated with 10- or 15MV photons. The total radiation dose to the initial volume was 50.0 Gy in 2.0 Gy fractions over 5 weeks. A boost
dose of 10 to 16 Gy to the gross tumour volume (defined
by FDG PET after induction chemotherapy) was given in
the same dose fractionation. The gemcitabine dose ranged
between 300 and 500 mg/m2 in 100 mg/m2 increments.
At the end of radio-/chemotherapy one of these patients
developed a perpetual arrhythmia caused by hyperthyroidism, followed by a histologically proven atypical
pneumonia caused by cytomegalovirus without leucopenia or neutropenia during the treatment. He died because
of cardiopulmonary insufficiency.
One patient outside the phase I study suddenly died of a
lung embolism after two cycles of chemotherapy, and one
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struction parameters were as follows: Acquisition
consisted of 30 min emission scanning and 4 min transmission scanning with 68-Ge rod sources. The emission
data were corrected for attenuation through the use of a
segmented µ-map and empirical attenuation coefficients.

18

Haemoglobin in g/dl

16

Following normalization and scatter correction, the emission scan was reconstructed with and without attenuation
correction using a weighted iterative OSEM algorithm
(ordered subsets-expectation maximization, 6 iterations,
16 substeps). In a final step, a three-dimensional isotropic
Gauss-filter was applied (FWHM 8 mm). Transversal,
coronal, and sagittal slices of 7 mm thickness were reconstructed with and without attenuation correction.

14

12

10

8
Cycle 1A

Cycle 1B

Cycle 2A

Cycle 2B

PET

Study Period

Figure 1
Development
in haemoglobin concentrations
Development in haemoglobin concentrations. Change
in haemoglobin concentrations during the course of chemotherapy. Mean difference in Hb concentration was 1.7 g/dl
(SD = 0.4 g/dl) between baseline and final laboratory testing
(paired T-test; p = 0.033)

patient was initially excluded from the phase I study
because of distant lymph node metastasis detected by
FDG PET. The latter was being treated with two cycles of
chemotherapy followed by radio-/chemotherapy, due to
left primary bronchus compression. Following chemotherapy, one patient had decreased FDG- and FMISO
uptakes in the primary tumour, whereas he had an
increased FDG- and nearly unchanged FMISO-uptake in
one large mediastinal lymph node metastasis. Here, both
tumour localisations were evaluated separately as patient
7a (lymph node metastasis) and 7b (primary) (Tables 2
and 3). All patients were followed up for at least one year.
Positron emission tomography
All PET studies were carried out with a Siemens ECAT
EXACT 922/47 scanner with an axial field of 16.2 cm of
view (Siemens CTI, Knoxville, TN). FMISO and FDG were
produced at the Research Centre Juelich (Juelich, Germany). Quality assurance was done according to the GMP
principles. FMISO PET and FDG PET were performed in
all patients within 3 days before as well as 14 days after
finishing induction chemotherapy. The relevant field of
view was defined with the help of computed tomography.
FMISO PET consisted of one static scan of the relevant
region, performed 180 min after intravenous administration of 329 ± 36 MBq FMISO. The acquisition and recon-

Three venous blood samples were taken at minute 0, 5,
and 10 of the emission scans. The radioactivity concentrations were measured with a well counter and corrected for
decay. An FDG PET of the tumour region was performed
60 ± 12 min after intravenous administration of 250 ±
60MBq FDG, using a whole-body acquisition protocol
with 8 min emission scanning and 4 min transmission
scanning. The data were also corrected for attenuation and
reconstructed with the same parameters as for FMISO PET
above.
For FMISO PET, tumour-to-muscle ratios of the regional
radioactivity concentrations were calculated, using the
transverse plane with the maximum FMISO uptake and
manually drawn regions of interest of the tumour and the
ipsilateral muscles. The tumour was defined according to
the image data of FDG PET.
Mean and maximum standardized uptake values (SUV) of
the FMISO and FDG uptake of the tumour were calculated
after normalization of the radioactivity concentration to
the injected radioactivity and the body weight. Additionally, the mean SUV was corrected for partial volume
effects by applying recovery coefficients obtained from
phantom studies [25].
Tumour response was evaluated by computed tomography (CT) of the chest and FGD PET (using visual assessment of response by tumour volume), according to
standard WHO criteria [24].

Results
Before and two weeks after chemotherapy treatment,
mean and maximum standardized uptake values (SUV) of
the FMISO and FDG as well as tumour-to-muscle ratios of
FMISO were calculated for the tumour regions (Table 2).
The metabolic responses to treatment are listed in Table 3.
Using FDG PET, the metabolic responses 2 weeks after
completing induction chemotherapy (two cycles gemcit-
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Table 2: Patient data of FDG and FMISO PET (increase of FMISO uptake; increase of mean SUV of FDG uptake)

Pat.

FMISO
SUV mean before/
after Cht.

FDG

SUV max. before/after
Cht.

Tu./Musc. before/after
Cht.

SUV mean before/
after Cht.

SUV max before/after
Cht.

1
2
3
4
5
6
7a
7b
8

1.90
2.20
1.90
3.70
1.60
2.20
2.60
2.60
2.10

1.40
1.40
1.90
2.20
1.40
2.40
2.00
2.00
1.80

2.12
2.48
2.57
4.59
1.76
2.58
3.02
3.02
2.79

1.83
1.63
2.43
2.43
1.65
2.71
2.28
2.34
2.37

1.12
1.45
1.54
5.85
1.25
1.10
1.86
1.86
1.89

1.04
1.26
1.36
1.51
1.10
1.18
1.75
1.52
1.48

9.70
17.10
14.10
14.00
8.50
12.00
8.60
8.60
1.60

7.70
8.10
7.10
8.30
8.90
11.40
10.60
5.10
9.70

12.32
20.19
16.28
19.02
10.80
14.90
11.85
11.85
1.91

8.16
9.69
7.96
9.40
10.18
13.68
11.99
7.15
14.50

Mean
SD

2.31
0.20

1.83
0.12

2.77
0.27

2.19
0.13

1.99
0.49

1.36
0.08

10.47
1.50

8.54
0.63

13.23
1.80

10.30
0.86

SUV = standard uptake value; Tu./Musc. = tumour to muscle ratio; Cht. = chemotherapy

abine/vinorelbine) were as follows: All five patients with
a decreased FDG- and FMISO uptake had a partial remission (PR) after chemotherapy. One patient died after
chemotherapy, due to a lung embolism. Evaluating
tumour response 6 weeks after radio-/chemotherapy three
patients had a complete remission (CR), and one had a PR
after radio-/chemotherapy. There was a discrepancy
between FDG PET and CT response in one patient, who
had a CR in FDG PET and PR in CT after 6 weeks, but had
a CR in both methods of diagnostic examination after 18
weeks. One patient developed tumour oxygenation near
to muscle oxygenation reaching CR after radio-/chemotherapy. There was a discrepancy between the FMISO and
FDG PET in one patient with a decreased FMISO uptake.

However, there was an increase in the mean SUV and a
decreased maximum SUV in FDG PET. This patient had a
local PR after induction chemotherapy and after radio-/
chemotherapy, but developed histologically proven kidney metastasis, as well as an early local tumour progression. One patient showed a decrease in FMISO uptake,
but a high increase in the FDG uptake. This patient
reached a stable disease (SD) after chemotherapy and a
local PR, but in the same way, disseminated lung metastases and a solitary cerebral metastasis after radio-/chemotherapy (Table 3).
The patient (patient7a/b) who had different changes in
FDG and FMISO uptakes in the primary tumour and in

Table 3: Differences in FDG and FMISO PET data before and after chemotherapy (increase in FMISO uptake; increase in mean SUV of
FDG uptake); * kidney metastasis as well as an early local tumour progression; †local PR but disseminated lung metastases.

Pat.

FMISO

FDG
Local Tumour Response

SUV mean postprae Cht.

Tu./Musc. postprae Cht.

SUV mean postprae Cht.

SUV max. postprae Cht.

post Cht.

post RT/Cht.

1
2
3
4
5
6
7a
7b
8

-0.50
-0.80
0.00
-1.50
-0.20
+0.20
-0.60
-0.60
-0.30

-0.08
-0.19
-0.14
-4.34
-0.15
+0.18
-0.11
-0.34
-0.41

-2.00
-9.00
-7.00
-5.70
+0.40
-0.60
+2.00
-3.50
+8.10

-4,16
-10.50
-8.32
-9.62
-0.62
-1.22
+0.14
-4.70
+12.59

PR
PR
PR
PR
PR
SD
SD
PR
SD

CR

Mean
SD

-0.48
0.17

-0.62
0.47

-1.92
1.73

-2.93
2.34

CR
PR
PR*
SD
SD
PR
PR†

SUV = standard uptake value; Tu./Musc. = tumour to muscle ratio; Cht. = chemotherapy
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FDG PET
before Cht.

FDG PET
after Cht.
PR

primary tumour
at the right hilus

R

FMISO PET
after Cht.

R

R

FDG PET
before Cht.

FDG PET
after Cht.
SD

lymph node
metastasis in the
ant. mediastinum

R

FMISO PET
after Cht.

R

tumour
hypoxia

R

Figure with
Patient
2 differences in FMISO uptake
Patient with differences in FMISO uptake. Patient with different FMISO uptake in the primary tumour at the right hilus
(coronar slices of the posterior mediastinum, anterior view of thorax) and in one large lymph node metastasis in the right
mediastinum (coronar slices of the anterior mediastinum, anterior view of thorax) after chemotherapy: discrepant tumour
response according to tumour oxygenation. Cht. = chemotherapy, SD = stable disease, PR = partial remission, R = right side
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one large mediastinal lymph node metastasis after chemotherapy also showed a discrepant tumour response.
Whereas there was a histologically proven CR (by bronchoscopy) of the primary tumour (decrease of FMISO and
FDG uptake), there was no change in the extension of
lymph node metastasis, where we found an increase of
FDG values and only a small reduction in the FMISO
tumour to muscle ratio with central accumulation of
FMISO (Figure 2).
One patient with initial high FMISO uptake and decreased
FMISO and FDG uptakes after chemotherapy showed a
focal enhancement of FMISO at the chest wall, representing the localisation of early local recurrence.
There was no association between tumour hypoxia
detected by FMISO PET and tumour glucose use measured
by FDG PET.

Discussion
A recent meta-analysis of 83 randomized clinical trials
demonstrated a significant overall improvement in local
control and survival with hypoxia modification [17].
Experimental and clinical evidence suggests that tumour
hypoxia itself represents a prognostic factor which influences tumour growth, increasing malignant progression
due to gene amplification and enhancing metastatic
potential. In addition, the hypoxic fraction in solid
tumours also reduces their sensitivity to conventional
treatment modalities, thereby modulating the response to
ionizing radiation and many chemotherapeutic agents [810,22,23], representing the most important treatment
modalities in therapy of NSCLC.
It is recognized that nitroimidazoles bind selectively to
hypoxic cells [16], leading to an intracellular accumulation of nitroimidazole. The FMISO uptake represents a
global value for macroscopic tumour parts. As a non-invasive measure, this method is highly feasible for evaluating
the state of oxygenation in subjacent tumours. In a prospective study we were able to validate FMISO PET for
determination of radiotherapeutically relevant hypoxia by
gold standard for measuring tissue oxygenation in human
tumors, the computerized polarographic needle electrode
system in patients with metastatic neck lymph node from
a primary squamous carcinoma of the head and neck.
High correlation was found between tumour-to-muscle
ratio of FMISO and parameters of hypoxic fraction ≤ 2.5
mmHg and ≤ 5.0 mmHg [7]. Using dynamic and static
FMISO PET scans, Eschmann et al could show that high
ratios to reference tissues (mediastinum and muscle) correlated with the risk of relapse in NSCLC [5].
Our study was conducted in order to evaluate the feasibility of FMISO PET for the depiction of tumour oxygenation

http://www.biomedcentral.com/1471-2407/6/51

in NSCLC. Furthermore, we wanted to examine whether
there is a reoxygenation after two-cycle chemotherapy,
and whether there is an association between tumour
metabolism or tumour hypoxia and tumour response or
tumour recurrence. After chemotherapy, we were able to
show a decrease in the FMISO uptake, reflecting reoxygenation in most patients, which resulted in a good tumour
response. On the other hand, an increased (patient 6) or
a nearly unchanged, high tumour to muscle ratio (patient
7a) corresponded to worse local tumour outcomes. But
no association between initial high FMISO uptake and
treatment outcome or tumour response could be detected.
Although there was a significant decrease in Hb concentrations due to chemotherapy (paired T-test; p = 0.033)
influencing tumour oxygenation, we did not find a direct
association between the reduction of the Hb concentration and FMISO or FDG uptake. Even the patient with an
increased FMISO uptake showed stable Hb concentrations with an Hb of 13.4 g/dl at the time of second PET
examinations (data not shown). Another patient showed
a focal enhancement of FMISO at the chest wall after
chemotherapy, representing the localisation of early local
recurrence.
Mac Manus et al. prospectively studied the capacity of
FDG PET and computed tomography (CT) to determine
the response soon after radio- or radio-/chemotherapy in
patients with NSCLC. Both CT and PET responses were
individually significantly associated with survival duration; but in the multifactor analysis, this included the
known prognostic factors of CT response, performance
status, weight loss, and stage; only the PET response was
significantly associated with the duration of survival (p <
0.0001) [12].
In another study, FDG PET imaging before and after
induction therapy was prospectively evaluated in patients
with oesophageal cancer to determine whether changes in
PET images could measure the response to therapy. A
comparison of the percentage decrease in SUV with the
percentage of treatment effects through pathological
examinations of oesophagectomy specimens indicated a
correlation between large decreases in SUV and pathologic measurements of treatment effect [3].
In our study, all five patients with a clear decrease in the
FDG uptake had a PR after chemotherapy; two had a PR
and even three a CR after radio-chemotherapy. On the
other hand, patients with nearly unchanged or increased
FDG values showed worse tumour control or disease-free
survival; therefore, changes in tumour metabolism
detected by FDG PET may predict the tumour response
and outcome in NSCLC.

Page 6 of 8
(page number not for citation purposes)

BMC Cancer 2006, 6:51

http://www.biomedcentral.com/1471-2407/6/51

Conclusion
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early response to therapy, and in this way, may predict
freedom from disease and overall survival. In addition a
qualitative and quantitative definition of hypoxic subareas is possible on the basis of FMISO PET, and that these
sub-areas may correspond to the localization of local
recurrences, making the definition of a biological target
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PET scans for NSCLC are limited. In addition, the problem of image-fusion and the low spatial resolution restrict
the use for target definition. Our feasibility study included
only 8 patients. Therefore, these preliminary results warrant validation in larger trials.

1.

Competing interests

2.
3.

4.

5.

6.

Financial competing interests
The pharmaceutical company Hoffmann- La Roche partially financed the costs for FMISO, a substance used to
carry out PET scans.

7.

The authors declare that there are no other competing
interests.
8.

Authors' contributions
BG has made substantial contributions to conception and
design, acquisition of data, analysis and interpretation of
data; PR has made substantial contributions to conception and design, acquisition of data, analysis and interpretation of data; CD has made substantial contributions to
conception and design; HJK has been involved in acquisition of data, analysis and interpretation of data; MZ has
made substantial contributions to conception and design,
acquisition of data; MP has been involved in acquisition
of data; MP has been involved in acquisition of data; SS
has been involved in analysis and interpretation of data;
BA has been involved in acquisition of data; KH has been
involved in analysis and interpretation of data and has
made contributions to conception and design; HHC has
been involved in analysis and interpretation of data and
has made contributions to conception and design; UB has
been involved in analysis and interpretation of data and
has made contributions to conception and design; MJE
has been involved in analysis and interpretation of data
and has made contributions to conception and design.
All authors read and approved the final manuscript.

Acknowledgements
This study was supported financially, in management, and scientifically by
F.Hoffmann-La Roche. We would like to thank the staff who took care of
our patients' needs, and who were involved in gathering, documenting, verifying, forwarding, and processing the clinical data.

9.

10.
11.

12.

13.

14.

15.

16.
17.
18.

Chaiken L, Rege S, Hoh C, Choi Y, Jabour B, Juillard G, Hawkins R,
Parker R: Positron emission tomography with fluorodeoxyglucose to evaluate tumour response and control after radiation therapy. Int J Radiat Oncol Biol Phys 1993, 27:455-464.
Chapman JD, Schneider RF, Urbain JL, Hanks GE: Single-photon
emission computed tomography assays for tissue oxygenation. Semin Radiat Oncol 2001, 11:47-57.
Downey RJ, Akhurst T, Ilson D, Ginsberg R, Bains MS, Gonen M,
Koong H, Gollub M, Minsky BD, Zakowski M, Turnbull A, Larson SM,
Rusch V: Whole Body 18FDG-PET and the Response of
Esophageal Cancer to Induction Therapy: Results of a Prospective Trial. J Clin Oncol 2003, 21:428-432.
Dunst J, Stadler P, Becker A, Lautenschlager C, Pelz T, Hansgen G,
Molls M, Kuhnt T: Tumour volume and tumour hypoxia in
head and neck cancers. The amount of the hypoxic volume
is important. Strahlenther Onkol 2003, 179:521-526.
Eschmann SM, Friedel G, Paulsen F, Reimold M, Hehr T, Budach W,
Scheiderbauer J, Machulla HJ, Dittmann H, Vonthein R, Bares R:
Prognostic of hypoxia imaging with 18F-Misonidazole PET in
non-small cell lung cancer and head and neck cancer before
radiotherapy. J Nucl Med 2005, 46:253-260.
Findlay M, Young H, Cunningham D, Iveson A, Cronin B, Hickish T,
Pratt B, Husband J, Flower M, Ott R: Noninvasive monitoring of
tumour metabolism using fluorodeoxyglucose and positron
emission tomography in colorectal cancer liver metastases:
Correlation with tumour response to fluorouracil. J Clin Oncol
1996, 14:700-708.
Gagel B, Reinartz P, DiMartino E, Zimny M, Pinkawa M, Maneschi P,
Stanzel S, Hamacher K, Coenen HH, Westhofen M, Bull U, Eble MJ:
PO2 Polarography versus positron emission tomography
([18F] Fluoromisonidazole, [18F]-2-fluoro-2'-deoxyglucose):
an appraisal of radiotherapeutic relevant hypoxia. Strahlenther
Onkol 2004, 180:616-622.
Gray LH, Conger AD, Ebert M: The concentration of oxygen dissolved in tissue at the time of irradiation as a factor in radiotherapy. Br J Radiol 1953, 26:638-642.
Höckel M, Schleger K, Aral B, Mitze M, Schaffer U, Vaupel P: Association between tumour hypoxia and malignant progression in
advanced cancer of the uterine cervix. Cancer Res 1996,
56:4509-4515.
Kirkpatrick JP, Cardenas-Navia LI, Dewhirst MW: Predicting the
effect of temporal variations in PO2 on tumor radiosensitivity. Int J Radiat Oncol Biol Phys 2004, 59:822-833.
Ling CC, Yorke E, Amols H, Mechalakos J, Erdi Y, Leibel S, Rosenzweig K, Jackson A: High-tech will improve radiotherapy of
NSCLC: A hypothesis waiting to be validated. Int J Radiat Oncol
Biol Phys 2004, 60:3-7.
Mac Manus MP, Hicks RJ, Matthews JP, McKenzie A, Rischin D,
Salminen EK, Ball DL: Positron emission tomography is superior to computed tomography scanning for response-assessment after radical radiotherapy or chemoradiotherapy in
patients with non-small-cell lung cancer. JClin Oncol 2003,
21:1285-1292.
Minn H, Kangas L, Knuutila V, Paul R, Sipila H: Determination of 2fluoro-2-deoxy-D-glucose uptake and ATP level for evaluating drug effects in neoplastic cells. Res Exp Med 1991,
191:27-35.
Misquitta A, Herman S, Winton T: Accuracy of CT in predicting
prognosis in patients with non-small cell lung carcinoma
after induction chemotherapy [abstract]. Radiology 1994,
193:257.
Nagata Y, Yamamoto K, Hiraoka M, Abe M, Takahashi M, Akuta K,
Nishimura Y, Jo S, Masunaga S, Kubo S: Monitoring liver tumour
therapy with 18[F]FDG positron emission tomography. J
Comput Assist Tomogr 1990, 14:370-374.
Nunn A, Linder K, Strauss HW: Nitroimidazoles and imaging
hypoxia. Eur J Nucl Med 1995, 22:265-280.
Overgaard J, Horsman M: Modification of hypoxia-induced radio
resistance in tumours by the use of oxygen and sensitizers.
Semin Radiat Oncol 1996, 6:10-21.
Price P, Jones T: Can positron emission tomography (PET) be
used to detect subclinical response to cancer therapy? The
EC PET Oncology Concerted Action and the EORTC PET
Study Group. Eur J Cancer 1995, 31A:1924-1927.

Page 7 of 8
(page number not for citation purposes)

BMC Cancer 2006, 6:51

19.
20.

21.
22.

23.
24.
25.

http://www.biomedcentral.com/1471-2407/6/51

Rasey JS, Koh WJ, Grierson JR, Grunbaum Z, Krohn KA: Radiolabelled fluoromisonidazole as an imaging agent for tumour
hypoxia. Int J Radiat Oncol Biol Phys 1989, 17:985-991.
Reisser C, Haberkorn U, Dimitrakopoulou-Strauss A, Seifert E,
Strauss LG: Chemotherapeutic management of head and
neck malignancies with positron emission tomography. Arch
Otolaryngol 1995, 121:272-276.
Schäfer U, Micke O, Müller SB, Schuller P, Willich N: Hemoglobin
as an independent prognostic factor in the radiotherapy of
head and neck tumors. Strahlenther Onkol 2003, 179:527-534.
Stuben G, Pottgen C, Knuhmann K, Schmidt K, Stuschke M, Thews O,
Vaupel P: Erythropoietin restores the anemia-induced reduction in radiosensitivity of experimental human tumors in
nude mice. Int J Radiat Oncol Biol Phys 2003, 55:1358-1362.
Vaupel P, Thews O, Mayer A, Hockel S, Hockel M: Oxygenation
Status of Gynecological Tumours: What is the Optimal Haemoglobin Level? Strahlenther Onkol 2002, 178:727-731.
World Health Organisation: WHO handbook for reporting results of cancer treatment WHO Geneva, Switzerland; 1979.
Zimny M, Schröder W, Wolters S, Cremerius U, Rath W, Buell U: 18F Fluordeoxyglukose PET beim Ovarialkarzinom: Methodik
und erste Ergebnisse. Nuklearmedizin 1997, 36:228-233.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2407/6/51/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 8 of 8
(page number not for citation purposes)

