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Abstract
Background: The advantage of hyperfractionated accelerated radiation therapy for advanced head and neck cancer has
been reported. Furthermore, randomized trials and meta-analyses have confirmed the survival benefit of additional
chemotherapy to radiotherapy. We retrospectively analyzed the efficiency and toxicity of the Regensburg standard
therapy protocol "SCHARC" and the overall survival of our patients.
Methods: From 1997 to 2004, 64 patients suffering from advanced head and neck cancer (88 % stage IV, 12 % stage III)
were assigned to receive the SCHARC protocol. Around half of the patients were diagnosed with oro-hypopharynx
carcinoma (52 %), one third with tongue and floor of mouth tumors (29 %) and one fifth (19 %) suffered from H & N
cancer at other sites. The schedule consisted of one therapy block with 30 Gy in 20 fractions over a two week period
with concomitant chemotherapy (d 1–5: 20 mg/m2/d DDP + 750–1000 mg/m2/d 5FU (cont. infusion). This therapy block
was repeated after a fortnight break up to a cumulative dose of 60 Gy and followed by a boost up to 70 Gy (69–70.5
Gy). All patients assigned to this scheme were included in the survival evaluation.
Results: Forty patients (63 %) received both radiation and chemotherapy according to the protocol. The mean follow
up was 2.3 years (829 d) and the median follow up was 1.9 years (678 d), respectively. The analysis of survival revealed
an estimated 3 year overall survival rate of 57 %. No patient died of complications, 52 patients (80 %) had acute grade
2–3 mucositis, and 33 patients (58 %) suffered from acute grade 3 skin toxicity. Leucopenia was no major problem (mean
nadir 3.4 g/nl, no patient < 1.0 g/nl) and the mean hemoglobin value decreased from 13.2 to 10.5 g/dl. Univariate analysis
of survival showed a better outcome for patients with a hemoglobin nadir >10.5 g/dl and for patients who completed the
protocol.
Conclusion: The SCHARC protocol was effective in patients diagnosed with advanced head and neck cancer. It led to
long-term disease control and survival in about 50 % of the patients with significant but acceptable toxicity. Most patients
were not anemic at beginning of therapy. Therefore, we could assess the influence of pre-treatment hemoglobin on
survival. However, a low hemoglobin nadir was associated with poor outcome. This result suggests an influence of anemia
during therapy on prognosis.
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Background
The optimal treatment for head and neck cancer is still a
matter of dispute. In resectable tumors, complete resection followed by adjuvant radio- or radiochemotherapy
revealed excellent local control rates but survival is
impaired by second malignancies and distant metastases
[1]. However, in advanced, non resectable head and neck
cancer, local tumor control still predicts the outcome.
Therefore, many approaches have aimed at reducing the
rate of local treatment failures [2].
Rationale of the SCHARC treatment regimen
The application of hyperfractionated accelerated radiation
therapy for advanced head and neck cancer has been
shown to be of major advantage in comparison to normofractionated schedules or accelerated radiation therapy
alone [3]. In addition, randomized trials and meta-analyses have confirmed the survival benefit of additional
chemotherapy to radiotherapy. Moreover, some authors
recommend radiochemotherapy followed by surgical
resection of the reduced tumor masses [4-6].

Split course radiotherapy in standard fractionation
schemes is known to be disadvantageous for patients with
head and neck cancer. However, the detrimental effect of
a pause can be compensated by accelerated hyperfractionation [3]. Ernst-Stecken et al. recently reported encouraging results in a phase II study on hyperfractionated
accelerated split course radiochemotherapy in head and
neck cancer [7]. This study revealed a remarkable local
control rate of 78 % and an overall survival rate of 49 %
after a 3 year observation period. A comparable treatment
regimen was also established as the Regensburg standard
protocol "SCHARC" from 1997 to 2004.
Prognostic significance of hemoglobin level of cancer
patients
Recently, strong evidence has been found concerning the
role of anemia and tumor oxygenation as prognostic factors [8-12]. Some studies with hypoxic cell sensitizers or
tumor oxygenation modification protocols reported an
improved survival rate [13,14]. Anemia is the most important cause of tumor hypoxia. Therefore, it is not surprising
that anemia can influence the prognosis of cancer
patients. Anemia during therapy (hemoglobin nadir) is
worth to be considered as a prognostic factor because it
frequently is a consequence of the therapy modality (surgery, chemotherapy). Correcting anemia with transfusions and application of erythropoietin therefore seems to
be a valid approach to compensate for the negative effects
of anemia. However, in a current randomized trial correction of anemia with erythropoietin did not result in survival benefit. Hence, erythropoietin should be
administered with care and only within a study.
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We retrospectively analyzed the local efficiency and toxicity of the Regensburg standard therapy protocol
"SCHARC" and the overall survival of our patients. This
protocol was not a study protocol but a protocol for
patients not encompassed in any study whatsoever. Additionally, we investigated the role of protocol deviations
and anemia as potentially relevant factors for the overall
survival.

Methods
From 1997 to 2004, 64 patients suffering from advanced
head and neck cancer (88 % stage IV, 12 % stage III) were
assigned to receive the SCHARC protocol at the Department of Radiation Oncology at the University of Regensburg. All patients had been considered as inoperable by a
board of ENT-surgeons and radiation oncologists and
were without any contraindications against the treatment
scheme. The patients had been considered as inoperable
due to tumor location, size, and extension or because of
comorbidities. The patients were on average 56 (± 8) years
old and mostly of male gender (see Table 1). Most
patients (58 %) had a history of combined alcohol and
nicotine abuse. 9 % were non smokers, 17 % had no alcohol abuse in their anamnesis and 3 % of the patients had
neither a history of alcohol nor nicotine abuse. About half
of the patients were diagnosed with oro-hypopharynx carcinoma (52 %), one third with tongue and floor of mouth
tumors (29 %) and one fifth (19 %) suffered from head
and neck cancer at other sites (Table 1).
The staging included clinical examination, CT or MRI
scan, ultrasound of the neck and upper endoscopy by the
head and neck surgeon with biopsies of the tumor
regions.
66 % of the tumors were classified as T4. 24 % and 10 %
were categorized as T3 and T2 tumors, respectively. 15 %
were staged as N3 and 65 % were classified as N2. Only 9
% and 11 % were categorized as N1 and N0 (Table 1).
According to the UICC (1992) classification 88 % of the
patients were stage IV and 12 % stage III.
Prior to start of therapy a percutaneous endoscopically
controlled gastrostomy (PEG) was given to all patients. All
patients gave informed consent to the treatment.
Radio- and Chemotherapy
The PTV (planning target volume) included the primary
tumor region and the regional lymphatic drainage of the
neck. All patients were planned with a computer aided
3D-planning system (different versions (4.0–6.1) of the
Helax TMS™). The common technique were two lateral
isocentric opposed portals for the cranial part of the PTV
combined with an anterior or two anterior/posterior
opposed portals for the caudal part of the PTV (including
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Table 1: Demographic and tumor related parameters of the 64
patients.

Patients' characteristics
Parameter

No.

%

Age (years)
Median (mean ± SD)
Range

55 (56 ± 8)
38 – 71

Gender
Male
Female

55
9

Tumor site
Oral cavity
Nasopharynx
Oro-/Hypopharynx
Larynx

19
5
34
6

30
8
53
9

T-category
T1
T2
T3
T4
Tx

0
6
16
41
1

0
9
25
64
2

N-category
N0
N1
N2
N3
Nx

7
6
35
8
8

11
9
54
13
13

Grading
G1
G2
G3
Gx

2
44
17
1

3
69
27
2

UICC-stage
III
IV

8
56

13
87

a midline absorber if reasonable). After 39 Gy the spinal
cord was shielded and the posterior neck nodes were
treated with 9–12 MeV electron beam up to 60 Gy. The
radiotherapy was given with 6 MeV photons by a Siemens
Linear Accelerator (Primus) with MLC's.
The schedule consisted of one therapy block with 30 Gy in
1.5 Gy twice a day over a two week period with concomitant chemotherapy (d 1–5: 20 mg/m2/d DDP + 750–1000
mg/m2/d 5FU (cont. infusion)). This therapy block was
repeated after a fortnight break up to a cumulative dose of
60 Gy and followed by a boost up to 70 Gy (69–70.5 Gy).

Assessment of Toxicity
The acute toxicity was usually classified according to the
CTC criteria [16]. Patients were seen once a week and skin
and mucosa toxicities were documented in the chart. In 5
% of patients the grade of mucosal toxicity was not documented according to CTC criteria. At least once a week
complete blood cell count and kidney associated parameters (creatinin, electrolytes) were checked. Late toxicity
was classified according to the LENT-SOMA scale [17].
Definition of protocol violation
Application of Mitomycin C (n = 4) and Carboplatin (n =
4) instead of DDP (due to limited renal function) was
considered a protocol violation. No or incomplete hyperfractionation (n = 11) due to skin toxicities or strongly
deteriorated general condition was also considered a
major protocol deviation. 4 patients discontinued the
therapy. The additional application of folic acid (n = 4)
was not considered as a protocol violation (minor deviation).
Statistics
Overall survival was defined as the time interval from the
start of radiochemotherapy to either the date of death
(event) or to the date of last contact with the patient. Freedom from local treatment failure (FLTF) was defined as
the time interval from radiochemotherapy to either the
date of recurrence (event) or to the date of last contact
with the patient or to the date of death. First follow-up
examination was done by the head and neck surgeons and
the radiation oncologists 6 weeks after ending of therapy.
The standard procedure of the first follow up examination
included CT or MRI scan, ultrasound of the neck and
upper endoscopy with biopsy of suspicious areas. The
head and neck surgeon examined the patients every three
months by means of upper endoscopy and ultrasound of
the neck. These intervals were increased to six months
after two years of follow-up. Radiotherapy follow-up was
performed twice a year in the first two years and once a
year after the second year.

Patients were grouped by pre-therapy hemoglobin value
and hemoglobin nadir to assess for the influence of
hemoglobin on the survival probability. We used the
median pre-treatment hemoglobin level of 12.5 g/dl as
the cut off value for the pre-treatment analysis and the
median of hemoglobin nadir of 10.5 g/dl as the cut off
point for the analysis during treatment. The median
hemoglobin values were used as cut off points to obtain
two approximately equal sized patient groups.
The possible influence of other factors leading to a drop in
hemoglobin values, such as weight loss or deteriorated
general condition was not analysed and can therefore not
be ruled out. Overall survival and FLTF probability were
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estimated by means of Kaplan Meier analysis using the
Cox-proportional hazards regression model. We used the
commercially available WinSTAT® for Microsoft® Excel
Version 1999.2 software for data analysis.

Outcome
The three years overall survival rate was 57 % for all
patients (intention to treat analysis, Fig. 1) and 68 % for
those patients who were treated without protocol violation (Fig. 2). The patients with protocol modifications
showed a significantly (p = 0.02) worse outcome compared to those without modifications. The three years
overall survival rate for these patients was only 39 % (Fig.
2).

Stratified by means of the pre-therapy hemoglobin value
(cut off: 12.5 g/dl (median)) we found no influence of
hemoglobin on survival probability (p = 0.97). Stratified
using the hemoglobin nadir (cut off: 10.2 g/dl (median))
we found a significant influence of hemoglobin on survival probability (3 years OSR of 70 % vs. 38 %, p < 0.01,
Fig. 3).
Locoregional recurrences occurred in 15 patients and 6
patients developed distant metastases. The estimated
probability of freedom from local treatment failure (FLTF)
and the metastases free survival rate were 60 % and 84 %
at three years, respectively.
Acute toxicity
Grade III skin toxicity with intensive erythema and confluent moist desquamation was found in 53 % of patients
and in 47 % grade II toxicity was observed (Table 2). Dur100%
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Kaplan Meier Analysis of survival probability. Comparison
between patients who completed the SCHARC-scheme (n =
40, black line) and patients with modified therapy (n = 24,
blue line). The Cox regression analysis showed a statistically
significant difference between the groups (p = 0.01).

ing therapy most patients suffered from intensive mucositis. Mucositis was staged as grade II and III in 50 % and 42
% of the patients, respectively. 5 % of the patients developed a grade I mucositis. In 3 % of patients no grading of
mucositis was performed (Table 2). Acute grade II – III
dysphagia was very frequent (76 %). Mild or no dysphagia
(grade 0-I) was exceptional (8.5 %). In 8.5 % of patients
no data on the grade of dysphagia were available. 20 % of
the patients developed pathological creatinin values during therapy (CTC grade 1–2), 78 % had no pathological
creatinin values during therapy and in one patient (2 %)
creatinin data were not available. Hematological toxicity
was relatively low (Table 2). Only 1 patient had a hemoglobin level below 8 g/dl and 7 patients had leukocyte
counts of >2 – 1 × 109/l (CTC grade III) during therapy.
No grade IV toxicity was observed in any of the 64
patients. After completion of therapy all patients were
asked how they had tolerated therapy. One patient evaluated the tolerance as very good, 24 patients stated that
they tolerated the therapy well (43 %), 24 (43 %) considered tolerance as moderate and 7 (13 %) patients stated
that they tolerated therapy badly (n = 2) or very badly (n
= 5).
Late toxicity
The leading symptoms of late radiation toxicity were dryness of mouth and changes in taste. 92 % of patients
reported a moderate to complete dryness of mouth.
Slightly (grade I – II) and markedly (grade III) altered taste
was observed in 50 % and 7 % of the patients, respectively. 43 % of the patients had no change of taste. Grade
I and II hoarseness was found in 28 % and 5 % of patients,
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vival rate of 57 % compared to 53 % in the study of ErnstStecken et al. [7]. The local recurrence and metastasis free
survival rates were also similar to our study with 60 % and
84 % versus 77 % and 73 %. The skin toxicity and the
degree of mucositis were more intense than in the reference study [7]. We estimated 58 % of the patients skin
reactions and 42 % of mucositis as grade III whereas the
corresponding values of the reference study were 18 %
and 13 %, respectively [7]. This discrepancy is explained
by the tendency to overestimate the grade of side effects in
clinical routine and the more critical approach how a
patients sequelae should be scored within a study.
Another reason could be that supportive care was different
between the institutions. Interestingly, the patients estimated their therapy tolerance as good or moderate in 86
% of cases and only in 14 % as bad or very bad.

100%
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60%

40%

Hemoglobin <
10.2 g/dl, n = 28
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FigureMeier
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3
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Kaplan Meier analysis of survival probability. Comparison
between patients with hemoglobin nadir above 10.2 g/dl (n =
28, red line) and patients with a hemoglobin nadir below 10.2
g/dl (n = 28, black line). The Cox regression analysis showed
a statistically significant difference between the groups (p <
0.01).

In spite of notable toxicity we were able to reproduce the
remarkable survival data of Ernst-Stecken et al. which
were also comparable to other studies assessing curative
treatment in advanced head and neck cancer
[2,3,7,18,19].

respectively. 67 % of the patients had no problems with
speech in the course of the follow up time.

Discussion and Conclusion
The presented analysis revealed fairly good survival data
obtained from patients treated with the SCHARC scheme
and an influence of hemoglobin nadir on prognosis.
Outcome and toxicities, the Regensburg data versus a
previously published phase II study
Recently, Ernst-Stecken et al. published the results of a
phase II study encompassing patients treated from 1991
to 2002 with a comparable scheme of split course hyperfractionated radio-chemotherapy with 5-FU and DDP [7].
Because this and our study used a very similar treatment
schedule, it is important to compare the study results of

Hemoglobin nadir as a prognostic factor
Anemia is a major cause of tumor hypoxia influencing not
only radiosensitivity of tumor cells but also triggering irreversible changes in tumor biology [8,20-26]. A strong correlation of polarographically measured pO2 to uPA-levels
in tissue of head and neck cancer was described recently
[26]. The enzyme uPA is a VEGF-dependent factor
involved in the degradation of the extracellular matrix and
neovascularization. It has also been described as a predictor for metastatic spread and aggressiveness in breast cancer [26-28]. VEGF itself not only stimulates vascular
proliferation and angiogenesis it also plays a key role in
tumor invasion and metastatic tumor spread [29-31].
Dunst et al. found that hemoglobin values below 11 g/dl
are predictive for upregulation of VEGF-levels in cancer
patients as well as in patients without cancer [32]. Moreover, Becker et al. described a significant influence of severe

Table 2: Acute toxicity according common toxicity criteria (CTC) classification ((Trotti et al., 2000).

Intensity grade

0–1

2

3

4

no grade

Mucositis

3 (5 %)

32 (50 %)

26 (41 %)

0 (0 %)

3 (5 %)

Skin (including erythema and epitheliolysis)

0 (0 %)

30 (47 %)

34 (53 %)

0 (0 %)

0 (0 %)

Anemia (nadir)

34 (53 %)

22 (34 %)

1 (2 %)

0 (0 %)

7 (11 %)

Leucopenia

32 (50 %)

16 (25 %)

7 (11 %)

0 (0 %)

9 (14 %)

Acute toxicity (CTC)

both investigations. We achieved a three year overall sur-

anemia (below 11 g/dl) on tumor oxygenation [8].
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However, we found no prognostic significance of pretreatment hemoglobin values (p = 0.97). This finding
contrasts the results of other authors and our previously
published data [12]. The lack of prognostic significance of
pre-treatment hemoglobin concentration might partly be
explained by the fact that only 5 % of our patients had initial hemoglobin values below 11 g/dl which is considered
to be the threshold for severe anemia in head and neck
cancer. In our previous study in 1998, the percentage of
patients with hemoglobin values below 11 g/dl was
higher [12] (approx. 11 %, unpublished data). However,
the hemoglobin concentration fell below the threshold of
11 g/dl [8] during therapy and reached a median value of
10.2 g/dl (nadir). Patients developing hemoglobin values
below 10.2 g/dl in the course of therapy progressed significantly worse than those with higher hemoglobin concentrations (p = 0.01). This finding indicates that severe
anemia during oncologic therapy influences the survival
rate of head and neck cancer patients. The biological consequences of anemia therefore depend more on the
hemoglobin level than on the time of measurement.
Moreover, a correction of low hemoglobin levels could
not revert the biological changes induced by anemia. This
might be one reason why transfusions and erythropoietin
applications were less effective as expected [15]. Therefore, severe anemia should be avoided during the complete course of therapy.
Implications of Split course Schemes
Overall treatment time is known to be a predictor of outcome in head and neck cancer [15]. Therefore, it is
strongly recommended to avoid intermissions during
radio- or radiochemotherapy. Split course radiotherapy in
standard fractionation schemes is known to be detrimental for head and neck cancer patients. However, the disadvantage of a pause can be compensated by accelerated
hyperfractionation [3]. In this case, overall treatment time
is not prolonged compared to normofractionated schedules. In a recent study, patients representing a selected
group with unfavorable risk factors such as bad general
condition, concurrent diseases or advanced tumors were
treated with a 2 × 2.1 Gy split course schedule and Carboplatin [33]. Despite high daily doses this treatment
scheme was considered feasible and the unfavorable survival rates were accounted for negative selection [33]. In a
further meta-analysis by Budach et al. no advantage but
also no disadvantage was found for hypo-fractionated
split course schemes in comparison to normofractionated
treatment schemes with the same dose as long as the total
treatment time was identical [3].

However, even though some aspects of intermissions are
negative others might be positive. One the one side, we
fear proliferation or repopulation of tumor cells during a
split. It is estimated that this effect reduces the isoeffective
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dose up to 0.6 Gy per day [3,34,35]. On the other hand we
hope for reoxygenation of the tumor to enhance radiosensibility. Some authors measured an increased pO2 level
after a fortnight break but this is not a proof of reoxygenation [36-39].
The addition of chemotherapy can also help to compensate possible negative effects of split course regimens.
Moreover, it is hardly feasible to apply such aggressive
combination of radio- and chemotherapy without a
planned or unplanned pause. This pause enables normal
tissue to recouperate and furthermore reduces the acute
non hematologic toxicity. Therefore, when combining
accelerated hyperfractionation with "poly-chemotherapy"
a defined pause at a defined dose can be justified. This is
confirmed by the results of our and the study of ErnstStecken et al. [7]. The three years overall survival rates of
both studies were above 50 % in spite of nearly 90 % of
UICC stage IV patients.
Due to various reasons, 38 % of the patients planned for
treatment according to the SCHARC protocol received a
somewhat differing treatment. In contrast to prospective
studies with clearly defined inclusion and exclusion or
break off criteria, an increased willingness to modify our
clinic specific treatment scheme to reduce therapy-associated morbidity existed. However, it is unclear if the
observed worse prognosis in the modified treatment
scheme was due to the change of therapy or an epiphenomenon caused by negative selection.
We therefore conclude that the SCHARC regimen seems
highly effective in spite of a high rate of T4 (64 %) and
stage IV patients. Despite promising data the significance
of split course RCT in SCCHN is unclear. It therefore
seems justifiable to analyse the benefit of this scheme in a
randomised, prospective study. Moreover, we found an
influence of hemoglobin nadir on the prognosis.

Competing interests
The author(s) declare that they have no competing interests.

Authors' contributions
PS initiated the analysis of the data, supervised data collection and statistic and drafted the manuscript. KP and
TK collected the data and performed the statistical analysis. CS participated in the study design and contributed in
interpretation of data. OK and LS helped to draft the manuscript and contributed substantially to the final version
of the paper. All authors read and approved the final manuscript.

References
1.

Seiwert TY, Cohen EE: State-of-the-art management of locally
advanced head and neck cancer. Br J Cancer 2005, 92:1341-8.

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

BMC Cancer 2006, 6:279

2.

3.

4.

5.

6.
7.

8.

9.

10.

11.

12.

13.
14.

15.

16.

17.
18.

19.

20.

Bourhis J, Calais G, Lapeyre M, Tortochaux J, Alfonsi M, Sire C, et al.:
Concomitant radiochemotherapy or accelerated radiotherapy: analysis of two randomized trials of the French Head
and Neck Cancer Group (GORTEC). Semin Oncol 2004,
31:822-6.
Budach W, Hehr T, Budach V, Belka C, Dietz K: A meta-analysis of
hyperfractionated and accelerated radiotherapy and combined chemotherapy and radiotherapy regimens in unresected locally advanced squamous cell carcinoma of the
head and neck. BMC Cancer 2006, 6:28.
Brizel DM, Prosnitz RG, Hunter S, Fisher SR, Clough RL, Downey MA,
et al.: Necessity for adjuvant neck dissection in setting of concurrent chemoradiation for advanced head-and-neck cancer.
Int J Radiat Oncol Biol Phys 2004, 58:1418-23.
Frank DK, Hu KS, Culliney BE, Persky MS, Nussbaum M, Schantz SP,
et al.: Planned neck dissection after concomitant radiochemotherapy for advanced head and neck cancer. Laryngoscope
2005, 115:1015-20.
Corsten M, Hong P: Number to treat analysis for planned neck
dissection after organ preservation therapy with advanced
neck disease. J Otolaryngol 2004, 33:295-8.
Ernst-Stecken A, Grabenbauer G, Iro H, Plasswilm L, Sauer R: Phase
II Trial of Hyperfractionated Accelerated Split-Course Radiochemotherapy with 5-FU and Cis-DDP in Advanced Head
and Neck CancerResults and Toxicity. Strahlenther Onkol 2004,
180:805-10.
Becker A, Stadler P, Lavey RS, Hansgen G, Kuhnt T, Lautenschlager
C, et al.: Severe anemia is associated with poor tumor oxygenation in head and neck squamous cell carcinomas. Int J
Radiat Oncol Biol Phys 2000, 46:459-66.
Dunst J, Stadler P, Becker A, Lautenschlager C, Pelz T, Hansgen G, et
al.: Tumor volume and tumor hypoxia in head and neck cancers. The amount of the hypoxic volume is important. Strahlenther Onkol 2003, 179:521-6.
Nordsmark M, Bentzen SM, Rudat V, Brizel D, Lartigau E, Stadler P,
et al.: Prognostic value of tumor oxygenation in 397 head and
neck tumors after primary radiation therapy. An international multi-center study. Radiother Oncol 2005.
Prosnitz RG, Yao B, Farrell CL, Clough R, Brizel DM: Pretreatment
anemia is correlated with the reduced effectiveness of radiation and concurrent chemotherapy in advanced head and
neck cancer. Int J Radiat Oncol Biol Phys 2005, 61:1087-95.
Stadler P, Becker A, Feldmann HJ, Hansgen G, Dunst J, Wurschmidt
F, et al.: Influence of the hypoxic subvolume on the survival of
patients with head and neck cancer. Int J Radiat Oncol Biol Phys
1999, 44:749-54.
Mayer R, Hamilton-Farrell MR, van der Kleij AJ, Schmutz J, Granstrom
G, Sicko Z, et al.: Hyperbaric oxygen and radiotherapy. Strahlenther Onkol 2005, 181:113-23.
Overgaard J, Eriksen JG, Nordsmark M, Alsner J, Horsman MR:
Plasma osteopontin, hypoxia, and response to the hypoxia
sensitiser nimorazole in radiotherapy of head and neck cancer: results from the DAHANCA 5 randomised double-blind
placebo-controlled trial. Lancet Oncol 2005, 6:757-64.
Henke M, Laszig R, Rube C, Schafer U, Haase KD, Schilcher B, et al.:
Erythropoietin to treat head and neck cancer patients with
anaemia undergoing radiotherapy: randomised, doubleblind, placebo-controlled trial. Lancet 2003, 362:1255-60.
Trotti A, Byhardt R, Stetz J, Gwede C, Corn B, Fu K, et al.: Common
toxicity criteria: version 2.0. an improved reference for grading the acute effects of cancer treatment: impact on radiotherapy. Int J Radiat Oncol Biol Phys 2000, 47:13-47.
LENT SOMA scales for all anatomic sites. Int J Radiat Oncol Biol
Phys 1995, 31:1049-91.
Ang KK, Harris J, Garden AS, Trotti A, Jones CU, Carrascosa L, et al.:
Concomitant boost radiation plus concurrent cisplatin for
advanced head and neck carcinomas: radiation therapy
oncology group phase II trial 99-14. J Clin Oncol 2005,
23:3008-15.
Beckmann GK, Hoppe F, Pfreundner L, Flentje MP: Hyperfractionated accelerated radiotherapy in combination with weekly
cisplatin for locally advanced head and neck cancer. Head
Neck 2005, 27:36-43.
Becker A, Stadler P, Krause U, Kuhnt T, Hansgen G, Dettmar P, et al.:
[No association between p53 overexpression and polaro-

http://www.biomedcentral.com/1471-2407/6/279

21.

22.

23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

graphically measured tumor oxygenation in patients with
head and neck carcinomas]. Strahlenther Onkol 2000, 176:475-80.
Becker A, Stadler P, Krause U, Utzig D, Hansgen G, Lautenschlager
C, et al.: [Association between elevated serum VEGF and
polarographically measured tumor hypoxia in head and neck
carcinomas]. Strahlenther Onkol 2001, 177:182-8.
Dunst J, Stadler P, Becker A, Kuhnt T, Lautenschlager C, Molls M, et
al.: Tumor hypoxia and systemic levels of vascular endothelial growth factor (VEGF) in head and neck cancers. Strahlenther Onkol 2001, 177:469-73.
Haensgen G, Krause U, Becker A, Stadler P, Lautenschlaeger C,
Wohlrab W, et al.: Tumor hypoxia, p53, and prognosis in cervical cancers. Int J Radiat Oncol Biol Phys 2001, 50:865-72.
Molls M, Stadler P, Becker A, Feldmann HJ, Dunst J: Relevance of
oxygen in radiation oncology. Mechanisms of action, correlation to low hemoglobin levels. Strahlenther Onkol 1998,
174(Suppl 4):13-6.
Said HM, Katzer A, Flentje M, Vordermark D: Response of the
plasma hypoxia marker osteopontin to in vitro hypoxia in
human tumor cells. Radiother Oncol 2005, 76:200-5.
Stadler P, Feldmann HJ, Creighton C, Zeilhoffer HF, Zimmermann V,
Schmitt M, et al.: Clinical evidence for correlation of insufficient
tissue oxygen supply (hypoxia) and tumor-associated proteolysis in squamous cell carcinoma of the head and neck. Int J
Biol Markers 2000, 15:235-6.
Harbeck N, Kates RE, Look MP, Meijer-van Gelder ME, Klijn JG,
Kruger A, et al.: Enhanced benefit from adjuvant chemotherapy in breast cancer patients classified high-risk according to
urokinase-type plasminogen activator (uPA) and plasminogen activator inhibitor type 1 (n = 3424). Cancer Res 2002,
62:4617-22.
Harbeck N, Kates RE, Schmitt M: Clinical relevance of invasion
factors urokinase-type plasminogen activator and plasminogen activator inhibitor type 1 for individualized therapy decisions in primary breast cancer is greatest when used in
combination. J Clin Oncol 2002, 20:1000-7.
Homer JJ, Prentice MG, Cawkwell L, Birchall M, Greenman J, Stafford
ND: Angiogenesis and the expression of vascular endothelial
growth factors A and C in squamous cell carcinoma of the
piriform fossa. Arch Otolaryngol Head Neck Surg 2003, 129:1110-4.
Varney ML, Johansson SL, Singh RK: Tumour-associated macrophage infiltration, neovascularization and aggressiveness in
malignant melanoma: role of monocyte chemotactic protein-1 and vascular endothelial growth factor-A. Melanoma
Res 2005, 15:417-25.
Von Marschall Z, Scholz A, Stacker SA, Achen MG, Jackson DG, Alves
F, et al.: Vascular endothelial growth factor-D induces lymphangiogenesis and lymphatic metastasis in models of ductal
pancreatic cancer. Int J Oncol 2005, 27:669-79.
Dunst J, Becker A, Lautenschlager C, Markau S, Becker H, Fischer K,
et al.: Anemia and elevated systemic levels of vascular
endothelial growth factor (VEGF). Strahlenther Onkol 2002,
178:436-41.
Pradier O, Christiansen H, Ambrosch P, Kron M, Schmidberger H,
Hess CF: A long-term follow-up study after split-course irradiation with concurrent chemotherapy (carboplatin) for
locally advanced head and neck cancer and a review of the
literature. ORL J Otorhinolaryngol Relat Spec 2004, 66:325-31.
Hansen O, Overgaard J, Hansen HS, Overgaard M, Hoyer M, Jorgensen KE, et al.: Importance of overall treatment time for the
outcome of radiotherapy of advanced head and neck carcinoma: dependency on tumor differentiation. Radiother Oncol
1997, 43:47-51.
Overgaard J, Hjelm-Hansen M, Johansen LV, Andersen AP: Comparison of conventional and split-course radiotherapy as primary treatment in carcinoma of the larynx. Acta Oncol 1988,
27:147-52.
Stadler P, Feldmann HJ, Creighton C, Kau R, Molls M: Changes in
tumor oxygenation during combined treatment with splitcourse radiotherapy and chemotherapy in patients with
head and neck cancer. Radiother Oncol 1998, 48:157-64.
Stadler P: Comments on Variations in tumour oxygen tension
(pO2) during accelerated radiotherapy of head and neck carcinoma. Eur J Cancer 1998, 34:856-861. Eur J Cancer 1999; 35: 161-2
Lartigau E, Lusinchi A, Weeger P, Wibault P, Luboinski B, Eschwege
F, et al.: Variations in tumour oxygen tension (pO2) during

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

BMC Cancer 2006, 6:279

39.

http://www.biomedcentral.com/1471-2407/6/279

accelerated radiotherapy of head and neck carcinoma. Eur J
Cancer 1998, 34:856-61.
Jund R, Feldmann HJ, Wollenberg B, Stadler P, Molls M: Changes in
head and neck tumor hypoxic fraction during split-course
radiochemotherapy. Ann Otol Rhinol Laryngol 1999, 108:73-8.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2407/6/279/pre
pub

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)

