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Tumour volume and radiotherapy prolongation in locally advanced head and 
neck cancer patients treated with radical IMRT

Radka Lohynskaa#, Michaela Jirkovskab#, Bela Malinovab, Alena Novakova-Jiresovaa, Zdenka Pechacovac, Zuzana Kratkad

Aims. The relationship of tumour volume, radiotherapy treatment time and other prognostic factors affecting prog-
nosis was evaluated.
Methods. 184 patients with locally advanced head and neck cancer were treated with radical intensity modulated 
radiotherapy (IMRT) and compared retrospectively. 
Results. In the multivariate analysis the overall survival was dependent on gross tumour volume (GTV), clinical stage 
(CS), radiotherapy treatment time (RTT) and p16 status. Local control was influenced by GTV, overall RTT and age. DFS 
was significantly affected by GTV, CS, RTT, p16 status and concomitant chemotherapy (CHT).
Conclusions. The tumour volume and the radiotherapy treatment time were the most significant prognostic factors 
with the best outcomes in patients with GTV ≤ 55 cc and RTT ≤ 48 days (mean LC 8.1, DFS 7.1 and OS 6.4 years) and 
worst outcomes with GTV > 55 cc and RTT >48 days (mean LC 4.4, mean DFS 3.2 and mean OS 2.6 years).
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INTRODUCTION

Radiation Therapy (RT) is one of the essential treat-
ment methods for squamous head and neck carcinomas 
(HNC). This is highly effective in these tumours and is 
indicated as a sole therapy or in combination with surgery, 
chemotherapy (CHT) and targeted therapy. Factors af-
fecting local control (LC) and overall survival (OS) are 
related to tumour characteristics (clinical stage, primary 
tumour location, tumour volume, histology type and 
grading, HPV status), patient characteristics (age, co-
morbidity, performance status and smoking and alcohol 
abuse) and to treatment factors (radiotherapy dose and 
technique, total radiotherapy duration and concurrent 
therapies). 

Tumour growth rate determines the clinical course of 
cancer and varies widely among different tumours. It is 
estimated from volume doubling time (VDT) and results 
from the balance of the actively dividing cells (the growth 
fraction in HNC is approximately 20%), cell-cycle time du-
ration and the cell loss (around 90% in HNC) (ref.1). The 
mean value for VDT for HNC is 57 days. The potential 
doubling time is defined as a VDT without any cell loss 
and for squamous cell cancers (SCC) is approximately 
4-5 days. This is the main reason why overall radiation 
treatment time (RTT) plays a key role in RT of HNC. 
The probability of local tumour control (TCP) is a func-

tion of random distribution of radiation-induced tumour 
cell kill and is strongly related to the number of clono-
genic tumour cells. The RTT and tumour volume (TV) 
contribute to the effect of treatment. RTT prolongation 
has been shown to have deleterious effects on LC and/
or OS in many studies on radical RT of SCC. Protocols 
for compensation of delay in radiotherapy regimens have 
been developed2. 

The pre-treatment volumetric analysis is the most im-
portant prognostic factor affecting negatively LC and OS 
increasing the relative risk of 6% per 10 cc difference3. 
The favourable cut-off Gross Target Volume (GTV) value 
of 40 cc was estimated in terms of LC (ref.4,5), in the older 
series the threshold was approximately 100 cc (ref.6,7). 
Patients could be divided into 3 prognostic groups based 
on GTV using two volumetric cut-off values 15 and 70 
cc (ref.8). 

The tumour oxygenation is the next well-known prog-
nostic factor in locally advanced HNC (LAHNC). The 
hypoxic TV was a strong and independent predictor of 
survival (P=0.001) more important than the total TV 
(P=0.02) (ref.9). Acute hypoxic stress causes the develop-
ment of aggressive cancer phenotype with high metastatic 
rate, resistance to therapeutic agents, and higher tumour 
recurrence rates10-14 and it is a major factor of poor out-
come10,11,14 as proved in numerous clinical trials15-17.  The 
modification of hypoxia could lead to significant improve-
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ment in HNC and uterine cervix cancer18. Smoking causes 
more severe  hypoxia19 and is associated with decreased 
OS after radical RT of HNC (ref.20).

During fractionated radiotherapy hypoxic tumours 
become oxygenated but at the same time accelerated re-
population occurs if treatment has been prolonged1 fol-
lowed by the negative influence on tumour local control 
and overall survival. Clinical data proved that a one week 
extension of a curative RT course led to 7–10% loss in LC 
(ref.1), the delays of 3 or more days during an accelerated 
RT of laryngeal tumours (52,5 Gy in 20 fractions in 28 
days) resulted in a twice as high  local recurrence rate and 
increased mortality21. The negative impact of prolonga-
tion in normofractionated radiotherapy in early glottic 
cancer by 3 or more days worsened 3 times local control 
in high grade compared to well-differentiated tumours22. 
The longer RTT had been associated with a higher inci-
dence of distant metastases23. The role of RTT in the era 
of chemoradiotherapy (CHRT) is less clear. Prospective 
randomized trials confirm that the addition of concurrent 
CHT improved outcome of hyperfractionated definitive 
RT but do not demonstrate a benefit in the setting of ac-
celerated hypofractionated regimens24. 

Intensity modulated radiation therapy with simultane-
ous integrated boost (SIB) enables proper healthy tissue 
sparing and improved quality of life (QoL) after curative 
radiotherapy in HNC (ref.25,26).

We investigated the impact of the prognostic factors 
(TV and RTT) and the influence on LC, OS and DFS 
in patients with LAHNC treated with definitive CHRT. 

PATIENTS AND METHODS

Patients radically treated with definitive CHRT using 
the SIB-IMRT technique for LAHNC (stage III or IV) 
at the Department of Oncology in University Hospital 
Motol in Prague were analysed retrospectively. The dis-
ease staging was evaluated according to UICC TNM 
classification, 7th edition. Initial staging evaluation con-
sisted of complete medical history including smoking 
and drinking habits, physical examination and labora-
tory testing. Dental and nutritional examinations were 
performed before the RT started. The patients at nutri-
tional risk were offered feeding tube insertion with per-
cutaneous endoscopic gastrostomy (PEG). All patients 
underwent the initial staging including panendoscopy 
with biopsies, CT (Computed Tomography) and/or MRI 
(Magnetic Resonance Imaging) of head and neck region, 
chest X-ray, abdominal ultrasonography or CT scans of 
chest and abdomen. FDG-PET/CT (Positron Emission 
Tomography with the fluoro-deoxyglucose) was a part 
of the staging as of 2010. Treatment plans were created 
using a 3D treatment planning system (TPS). Image fu-
sion with diagnostic images was applied to improve target 
volume delineation. GTV encompassed primary tumour 
and involved lymph nodes (LN) based on physical exam 
and imaging studies it was manually contoured and its 
volume was measured in TPS (treatment planning sys-
tem). Clinical Target Volume (CTV) included GTV with 

5–10 mm margin covering microscopic spread and elec-
tively treated LN areas. Planning Target Volume (PTV) 
was created by adding 5 mm margin to CTV. All patients 
were treated with the SIB-IMRT technique while immo-
bilized with a thermoplastic mask in the supine position. 
Moderately accelerated fractionation was used as follows: 
primary tumour and involved LN (high risk region) re-
ceived 69.96 Gy in 33 fractions (2.12 Gy per fraction), 
areas with intermediate risk of subclinical spreading were 
treated by 61.05 Gy in 33 fractions (1.85 Gy per fraction) 
and low risk regions were treated electively to 54.12 Gy in 
33 fractions (1.64 Gy per fraction)20. Only patients who 
received the prescribed dose were included in the analysis. 
Per an internal protocol, unscheduled treatment gaps were 
compensated by two 6 hours separated fractions in one 
day whenever feasible. RTT was defined as the time from 
the first to the last fraction of the RT. 

Statistical analysis
The endpoints were LC, DFS and OS. The influence 

of tumour, patient or treatment related factors on survival 
was investigated.

LC was defined as the time from the RT start to the 
last clinical follow-up (in patients with remission) or to 
the date of local progression of the primary tumour or 
regional lymph nodes. DFS was defined as the time from 
the RT start to the last clinical follow-up, local or distant 
failure, or death. OS was defined as the time from the RT 
start to the last clinical follow-up or death from any cause. 

The data were analysed with statistical software SPSS 
version 19.0, P-values of less than 0.05 were considered 
significant. 

Univariate analyses of survival were carried out by the 
Kaplan-Meier method and the evaluation of differences 
between the groups was performed with the log-rank test. 
Univariate Cox proportional hazards regression analyses 
were performed to calculate HRs and CIs to evaluate the 
influence of patient, tumour and treatment characteristics 
on risk of mortality or recurrence. 

A multivariate analyses of endpoints and prognostic 
factors (with P-values < 0.25 from univariate analyses) 
were performed with the Cox proportional-hazards regres-
sion model using forward stepwise method to define the 
independent contribution of each prognostic factor. 

Chi-square test or Student t-test respectively was used 
for categorical and continuous variables to evaluate differ-
ences in risk factors between radiotherapy groups.

RESULTS

Patient characteristics
Data of 184 patients treated during the time period 

of 2008–2016 with LAHNC stage III and IV were ret-
rospectively evaluated. Their characteristics are listed in 
Table 1. The majority of patients were men (85%). The 
mean age was 60.5 years (33-83 years). Patients had newly 
diagnosed stage III (30% of patients) or IV (70% of pa-
tients) SCC of nasopharynx (6%), oropharynx (42%), 
hypopharynx (22%), larynx (18%) or oral cavity (12%). 
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Smoking history and a regular alcohol intake was reported 
by 77% and 60% of patients, retrospectively. The median 
RTT was 48 days (mean 49 days; range 45–80 days). 

The median TV was 55 cc (mean 83 cc; range 
5–568 cc).

Median TV was 47 cc in the LC group and 66 cc in the 
local relapse (LR) group (P=0.004). Median TV was 48 cc 
in the distant metastases free group and 74 cc (P=0.002) 
in the group with present distant metastases occurring in 
the follow up period. 

The mean follow up was 3.3 years (range 0.2–11.6 
years). At the time of analysis in April 2020 there were 57 
patients alive with median follow up of 6 years (0.2–11.6 
years).

Treatment outcomes
The median OS was 2.3 years, median DFS was 4.0 

years and mean LC 7.1 years (median was not reached). 
The 5-year OS was 33% and 10-years 25%, 5- and 10-

year DFS was 49% and 43% and 5- and 10-year LC was 
62% and 60% respectively.

LR occurred in 65 patients (35%) and distant metas-
tases (DM) in 43 cases (23%).  In 18 cases (10%) there 
were present both LR and DM at the same time. DM 
occurred in group with LR in 28% and slightly less in the 
group with LC in 21% (the difference was not statistically 
significant). 

In the multivariate analysis OS was significantly af-
fected by TV, CS, RTT and p16 status. LC was influenced 
by TV, RTT and age. DFS was significantly affected by 
TV, CS, RTT and p16 status and concomitant CHT (Table 
2), (Fig. 1, 2). 

The TV and RTT were the most significant prognostic 
factors in the multivariate analysis for OS, DFS and LC. 
CS and p16 status had significant influence only in OS 
and DFS. The best prognosis was obtained in patients 
with TV≤ 55 cc and RTT ≤ 48 days (mean LC 8.1, mean 
DFS 7.1 and mean OS 6.4 years). Patients with tumours 
larger than 55 cc and with prolonged RTT over 48 days 
had the worst outcome (mean LC 4.4, mean DFS 3.2 and 
mean OS 2.6 years).

Smoking and alcohol abuse was a significant prog-
nostic factor in our series in the univariate but not in the 
multivariate analyses for LC, DFS and OS. 

The age was significant prognostic factor for LC in 
the multivariate analysis; the older patients have lower 
risk of local relapse. Patients older than 60 years received 
significantly less concomitant CHT (68%) than younger 
patients (84%), P=0.017 (Pearson Chi-square test), CS IV 
and GTV differed non-significantly. In spite of these facts, 
LC was significantly improved with rising age (DFS and 
OS was not affected with age). Compared to younger pa-
tients, older patients were more often non-smokers (29% 
vs 15%), which could play the role in prognosis. Women 
were present more often in the older age group (22% vs 
9%). 

DISCUSSION

A strong inverse correlation between TV and treat-
ment success was demonstrated. Data on volumetric stag-
ing are superior to TNM and AJCC Staging in predicting 
outcome of HNC treated with curative CHRT (ref.8). 

We confirmed the prognostic importance of RTT in all 
tumours irrespective of the volume size, but the worst out-
come was found in the large volume group. We confirmed 
previously published data on the importance of the GTV 
underestimation in comparison to TNM classification.  

Range of GTVs differs widely in published data show-
ing both mean and median volume. In our series the me-
dian GTV was 55 cc (mean 83 cc), the others published 
the median total GTV was 25.8 cc29. 

Table 1. Patients, tumour and treatment characteristics. 
Median (range) is reported for continuous and counts  

(percentage) for categorical variables. 

Characteristics Median (range)

Age (years) 60.5 (33–83)
GTV volume (cc) 55 (5–568)
Radiotherapy treatment time  
(median, days)

48 (45–80)

Characteristics Number of patients 
(%)

Clinical stage	 III
                    	 IV

56 (30)
128 (70)

T1/2 
T3/4 

51 (28)
133 (72)

N0 
N1/N2/N3 

31 (17)
153 (83)

Histology grading	 G1/G2 
	 G3

107 (70)
46 (30)

p16	 unknown 
	 negative
	 positive 

165 (90)
7 (4)
12 (6)

Primary tumour site: 
Nasopharynx 
Oropharynx 
Larynx 
Hypopharynx
Oral cavity 

11 (6)
22 (12)
34 (18)
40 (22)
77 (42) 

Gender – F
	 – M

28 (15)
156 (85)

Neoadjuvant chemotherapy – no
	 – yes

160 (87)
24 (13)

Concurrent chemo/bio/radiotherapy
	 RT alone
	 RT + cisplatin
	 RT + cetuximab

44 (24)
126 (68)

14 (8)
Smokers 
Non-smokers
Unknown status

141 (77)
41 (22)
2 (1)

Alcohol abuse	– present
	 – absent
	 – unknown

111 (60)
71 (39)
2 (1)
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The outcome threshold of the mean GTV predicting 
local and distant control varies in the published data: 30.5 
cc (ref.28), 56.1 cc (ref.29), 58 cc (ref.8) and 78 cc (median 
70 cc) (ref.30).

Time factor in RT was considered having a weaker 
prognostic influence in comparison to other well proved 
factors (e.g. CS, TV, p16 status or drinking and smoking 
habits). On contrary in our series we found RTT to be the 
second most important predictor of LC, DFS and OS. 
Our group of patients was treated with the exact same 
RT protocol and with a long follow-up period of surviv-
ing patients. We conclude that in LAHNC, a length of 
RTT with association to TV was important statistically 
significant factor. 

The significant factors affecting prognosis in our 
analysis (CS, TV, p16 status and RTT) confirmed the 
literature data as expected31,32.

Smoking and alcohol abuse was significant in our se-
ries for LC, DFS and OS. TV and RTT was not statistical-
ly different between the groups with or without alcohol or 
smoking abuse and the difference in multivariate analysis 
is probably associated with much stronger factors affect-
ing prognosis like HPV aetiology33. The size of TV was 
not statistically different in p16 positive or negative group, 
but prognosis was better in the p16 positive tumours in 
the multivariate analysis.

Favourable LC rates were obtained after definitive 
RT in patients older than 60 years but chronological age 
alone is not a reliable indicator of biological condition 
and should not be an exclusion criterion for curative RT 
(ref.34).

Improvement of RT results in patients with large tu-
mours is achievable with adopting more strict protocols to 
maintain RTT including weekend compensations or fast-
track programmes35 or with the treatment intensification. 
Hypoxic regions could be visualised either by MRI (ref.36) 
or more precisely with PET (ref.37) and the individualized 
dose escalation confined to the hypoxic TV with the SIB 
technique may be of potential benefit38.

Another issue to consider is hyperfractionation or 

moderate acceleration in this patient selection8 or the 
use of new regimens with concomitant drugs like hypoxia 
modifiers18. On the other hand small TV may have an 
impact on selecting patients for de-escalation protocols 
in the future39.

CONCLUSION

The TV and RTT were the strongest independent 
outcome predictors after curative RT in LAHNC in the 
multivariate analysis for LC, DFS and OS. Compliance 
with prescribed fractionation RT regimen and avoiding 
or minimizing RT prolongation remains one of the most 
important prerequisites of successful curative treatment 
of HNC.  The best prognosis was defined for patients with 
TV ≤ 55 cc and RTT ≤ 48 days (mean LC 8.1 years, mean 
DFS 7.1 years and mean OS 6.4 years). Patients with tu-
mours larger than 55 cc and with prolonged radiotherapy 
treatment time over 48 days had the worst outcome (mean 
LC 4.4, mean DFS 3.2, mean OS 2.6 years). Radiotherapy 
treatment time plays important role irrespective to tumour 
volume and patients with tumours larger than 55 cc are 
the probable candidates for radiotherapy intensification 
protocols (dose escalation, radiotherapy acceleration, 
hypoxia sensitizer or new concomitant chemotherapy 
regimen application). Small volume tumours could ben-
efit from treatment de-escalation. Clinical trials with in-
dividualized therapy (treatment intensification or dose 
de-escalation) according to prognostic factors including 
TV are awaited.
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Fig. 1. Univariate Kaplan-Meier Analysis proved significantly 
better local control with gross tumour volume ≤ 55 cc and ra-
diotherapy treatment time ≤ 48 days.

Fig. 2. Univariate Kaplan-Meier Analysis proved significantly 
increased overall survival according to gross tumour volume ≤ 
55 cc and/or radiotherapy treatment time ≤ 48 days.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Dec; 166(4):405-411.

410

REFERENCES

	 1.	 Joiner MC, van der Kogel A: Basic Clinical Radiobiology, 5th Edition, 
2019, CRC Press/Taylor&Francis Group, ISBN 9780429490606.

	 2.	 Hendry JH, Bentzen SM, Dale RG, Fowler JF, Wheldon TE, Jones B, 
Munro AJ, Slevin NJ, Robertson AG: A modelled comparison of the 
effects of using different ways to compensate for missed treatment 
days in radiotherapy. Clin Oncol 1996,8(5):297-307. 

	 3.	 Kurek R, Kalogera-Fountzila A, Muskalla K, Dafni U, Schnabel T, Kober 
B, Röddiger S, Martin T, Fountzilas G, Zamboglou N. Usefulness of 
tumor volumetry as a prognostic factor of survival in head and neck 
cancer. Strahlenther Oncol 2003;179:292-97. 

	 4.	 Johnson CR, Khandelwal SR, Schmidt-Ullrich RK, Ravalese J 3rd, 
Wazer DE. The influence of quantitative tumor volume measure-
ments on local control in advanced head and neck cancer using 
concomitant boost accelerated superfractionated irradiation. Int J 
Radiat Oncol Biol Phys 1995;32:635-41.

	 5.	 Cvek J, Knybel L, Stránský J, Matoušek P, Res O, Zeleník K, Otáhal 
B, Molenda L, Skácelíková E, Stieberová N, Čermáková Z, Feltl D. 
Intensity Modulated Hyperfractionated Accelerated Radiotherapy 
to Treat Advanced Head and Neck Cancer - Predictive Factors of 
Overall Survival. Klin Onkol 2017;30(4):282-88.

	 6.	 Rudat V, Dietz A, Schramm O, Conradt C, Maier H, Flentje M, 
Wannenmacher M. Prognostic impact of total tumor volume and 
haemoglobin concentration on the outcome of patients with ad-
vanced head and neck cancer after concomitant boost radiochemo-
therapy. Radiother Oncol 1999;53:119-25.

	 7.	 Grabenbauer GG, Steininger H, Meyer M, Fietkau R, Brunner T, 
Heinkelmann P, Hornung J, Iro H, Spitzer W, Kirchner T, Sauer R, Distel 
L. Nodal CT density and tumor volume as prognostic factors after 
radiation therapy of stage III/IV head and neck cancer. Radiother 
Oncol 1998;47:175-83.

	 8.	 Studer G, Lütolf UM, El-Bassiouni M, Rousson V, Glanzmann C. 
Volumetric staging (VS) is superior to TNM and AJCC staging in pre-
dicting outcome of head and neck cancer treated with IMRT. Acta 
Oncol 2007;46(3):386-94. 

	 9.	 Dunst J, Stadler P, Becker A, Lautenschläger C, Pelz T, Hänsgen 
G, Molls M, Kuhnt T. Tumor volume and tumor hypoxia in head 
and neck cancers. The amount of the hypoxic volume is impor-
tant. Strahlenther Onkol 2003;179(8):521-26. 

10.	 Nordsmark M, Overgaard M, Overgaard J. Pretreatment oxygenation 
predicts radiation response in advanced squamous cell carcinoma 
of the head and neck. Radiother Oncol 1996;41(1):31-39. 

11.	 Brizel DM, Sibley GS, Prosnitz LR, Scher RL, Dewhirst MW. Tumor 
hypoxia adversely affects the prognosis of carcinoma of the head 
and neck. Int J Radiat Oncol Biol Phys 1997;38(2):285-89. 

12.	 Vaupel P. Blood flow and oxygenation status of head and neck car-
cinomas. Adv Exp Med Biol 1997;428:89-95. 

13.	 Toustrup K, Sørensen BS, Alsner J, Overgaard J. Hypoxia gene expres-
sion signatures as prognostic and predictive markers in head and 
neck radiotherapy. Semin Radiat Oncol 2012;22(2):119-27. 

14.	 Rofstad EK. Microenvironment-induced cancer metastasis.  Int J 
Radiat Biol 2000;76(5):589-605. 

15.	 Evans SM, Koch CJ. Prognostic significance of tumor oxygenation in 
humans. Cancer Lett 2003;195(1):1-16.

16.	 Höckel M, Vaupel P. Tumor hypoxia: definitions and current clinical, 
biologic, and molecular aspects. J Natl Cancer Inst 2001;93(4):266-
76. 

17.	 Vaupel P, Mayer A. Hypoxia in cancer: significance and impact on 
clinical outcome. Cancer Metastasis Rev 2007;26:225-39. 

18.	 Overgaard J. Hypoxic radiosensitization: adored and ignored. J Clin 
Oncol 2007;25(26):4066-74. 

19.	 Hoff CM, Grau C, Overgaard J. Effect of smoking on oxygen delivery 
and outcome in patients treated with radiotherapy for head and 
neck squamous cell carcinoma-a prospective study. Radiother Oncol 
2012;103(1):38-44. 

20.	 Jirkovska M, Novak T, Malinova B, Lohynska R. Three-dimensional 
conformal radiotherapy versus intensity modulated radiotherapy 
with simultaneous integrated boost in the treatment of locally ad-
vanced head and neck carcinoma. Neoplasma 2019;66(5):830-38.

21.	 Duncan W, MacDougall RH, Kerr GR, Downing D. Adverse effect of 
treatment gaps in the outcome of radiotherapy for laryngeal cancer. 
Radiother Oncol 1996;41(3):203-7.

22.	 Lohynska R, Slavicek A, Bahanan A, Novakova P. Predictors of local 
failure in early laryngeal cancer. Neoplasma 2005;52(6):483-88.

23.	 Dahlke S, Steinmann D, Christiansen H, Durisin M, Eckardt A, 
Wegener G, Bremer M, Meyer A. Impact of Time Factors on Outcome 
in Patients with Head and Neck Cancer Treated with Definitive 
Radio(Chemo)Therapy. In Vivo 2017;31(5):949-55.

24.	 Nguyen-Tan PF, Zhang Q, Ang KK, Weber RS, Rosenthal DI, Soulieres 
D, Kim H, Silverman C, Raben A, Galloway TJ, Fortin A, Gore E, Westra 
WH, Chung CH, Jordan RC, Gillison ML, List M, Le QT. Randomized 
phase III trial to test accelerated versus standard fractionation in 
combination with concurrent cisplatin for head and neck carcino-
mas in the Radiation Therapy Oncology Group 0129 trial: long-term 
report of efficacy and toxicity. J Clin Oncol 2014;32(34):3858-66. 

25.	 Gupta T, Agarwal J, Jain S, Phurailatpam R, Kannan S, Ghosh-Laskar S, 
Murthy V, Budrukkar A, Dinshaw K, Prabhash K, Chaturvedi P, D'Cruz 
A. Three-dimensional conformal radiotherapy (3D-CRT) versus inten-
sity modulated radiation therapy (IMRT) in squamous cell carcinoma 
of the head and neck: a randomized controlled trial. Radiother Oncol 
2012;104(3):343-48. 

26.	 Ghosh-Laskar S, Yathiraj PH, Dutta D, Rangarajan V, Purandare N, 
Gupta T, Budrukkar A, Murthy V, Kannan S, Agarwal JP. Prospective 
randomized controlled trial to compare 3-dimensional conformal 
radiotherapy to intensity-modulated radiotherapy in head and neck 
squamous cell carcinoma: Long-term results. Head Neck 2016;38 
Suppl 1:E1481-E1487. 

27.	 Plataniotis GA, Theofanopoulou ME, Kalogera-Fountzila A, Haritanti 
A, Ciuleanou E, Ghilezan N, Zamboglou N, Dimitriadis A, Sofroniadis I, 
Fountzilas G. Prognostic impact of tumor volumetry in patients with 
locally advanced head-and-neck carcinoma (non-nasopharyngeal) 
treated by radiotherapy alone or combined radiochemotherapy in 
a randomized trial. Int J Radiat Oncol Biol Phys 2004;59(4):1018-26.

28.	 Chao KS, Ozyigit G, Blanco AI, Thorstad WL, Deasy JO. Intensity-
modulated radiation therapy for oropharyngeal carcinoma: Impact 
of tumor volume. Int J Radiat Oncol Biol Phys 2004;59:43-50.

29.	 Romesser PB, Qureshi MM, Subramaniam RM, Sakai O, Jalisi S, Truong 
MT. A prognostic volumetric threshold of gross tumor volume in 
head and neck cancer patients treated with radiotherapy. Am J Clin 
Oncol 2014;37(2):154-61. 

30.	 Slavik M, Kazda T, Selingerová I, Šána J, Ahmad P, Gurín D, Hermanová 
M, Novotný T, Červená R, Dymáčková R, Burkoň P, Slabý O, Šlampa 
P. Effect of Tumor Size and p16 Status on Treatment Outcomes - 
Achievement of Complete Remission in Prospectively Followed 
Patients with Oropharyngeal Tumors. Klin Onkol 2019;32(1):58-65.

31.	 Pytynia KB, Dahlstrom KR, Sturgis EM. Epidemiology of HPV-
associated oropharyngeal cancer. Oral Oncol 2014;50(5):380-86. 

32.	 Lassen P, Lacas B, Pignon JP, Trotti A, Zackrisson B, Zhang Q, 
Overgaard J, Blanchard P; MARCH Collaborative Group. Prognostic 
impact of HPV-associated p16-expression and smoking status on 
outcomes following radiotherapy for oropharyngeal cancer: The 
MARCH-HPV project. Radiother Oncol 2018;126(1):107-15. 

33.	 You EL, Henry M, Zeitouni AG: Human papillomavirus–associated 
oropharyngeal cancer: review of current evidence and manage-
ment. Curr Oncol 2019;26(2):119-23.

34.	 Schofield CP, Sykes AJ, Slevin NJ, Rashid NZ. Radiotherapy for head 
and neck cancer in elderly patients. Radiother Oncol 2003;69(1):37-
42. 

35.	 Roennegaard AB, Rosenberg T, Bjørndal K, Sørensen JA, Johansen J, 
Godballe C. The Danish Head and Neck Cancer fast-track program: 
a tertiary cancer centre experience. Eur J Cancer 2018;90:133-39. 

36.	 Panek R, Welsh L, Baker LCJ, Schmidt MA, Wong KH, Riddell AM, 
Koh DM, Dunlop A, Mcquaid D, d'Arcy JA, Bhide SA, Harrington KJ, 
Nutting CM, Hopkinson G, Richardson C, Box C, Eccles SA, Leach MO, 
Robinson SP, Newbold KL. Noninvasive Imaging of Cycling Hypoxia 
in Head and Neck Cancer Using Intrinsic Susceptibility MRI. Clin 
Cancer Res 2017;23(15):4233-41. 

37.	 Stieb S, Eleftheriou A, Warnock G, Guckenberger M, Riesterer O. 
Longitudinal PET imaging of tumor hypoxia during the course of 
radiotherapy. Eur J Nucl Med Mol Imaging 2018;45(12):2201-17. 

38.	 Halmos GB, Bruine de Bruin L, Langendijk JA, van der Laan BF, 
Pruim J, Steenbakkers RJ. Head and neck tumor hypoxia imaging 
by 18F-fluoroazomycin-arabinoside (18F-FAZA)-PET: a review. Clin 
Nucl Med 2014;39(1):44-8. 

39.	 Carpén T, Saarilahti K, Haglund C, Markkola A, Tarkkanen J, Hagström 
J, Mattila P, Mäkitie A. Tumor volume as a prognostic marker in p16-



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Dec; 166(4):405-411.

411

positive and p16-negative oropharyngeal cancer patients treated 
with definitive intensity-modulated radiotherapy. Tumorvolumen 
als prognostischer Marker bei p16-positiven und p16-negativen 
Patienten mit Oropharyngealkarzinom unter Therapie mit defini-
tiver intensitätsmodulierter Strahlentherapie. Strahlenther Onkol 
2018;194(8):759-70. 


