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Hyperfractionated accelerated 
radiotherapy with concomitant 
integrated boost of 70–75 Gy 
in 5 weeks for advanced 
head and neck cancer

A phase I dose escalation study

Although radiotherapy (RT) plays an es-
sential role in the management of local-
ly advanced head and neck squamous 
cell carcinoma (HNSCC), the results re-
main poor. Better outcomes could be ex-
pected when concomitant chemotherapy 
[1] or therapy targeted against the epider-
mal growth factor receptor (EGFR) [12] 
are applied, but with higher toxicity and 
low therapeutic ratio [2, 14]. Hyperfrac-
tionated and/or accelerated schedules of-
fer better therapeutic ratios [2]; howev-
er, severe toxicity has also been recorded 
quite often in the context of these sched-
ules [3]. Some altered fractionation regi-
mens have an acceptable acute toxicity [5, 
6, 8, 10, 13], while other schedules such 
as CAIR, HARDE, or GORTEC have re-
quired modification [7, 15, 16].

Fowler found the total biologically 
equivalent dose in 2-Gy fractions (EQD2) 
to be a strong predictive factor for severe 
mucositis: if EQD2 remains <49 Gy, acute 
and consequential mucosal toxicities are 
acceptable [11]. An EQD2 >52.5 Gy indi-
cates an unacceptable risk of acute toxicity 
and consequential late damage. Between 
these two values, there is a grey zone in 
which some reasonable dose escalation 
might be feasible.

Better irradiation of the target volume 
while preserving critical surrounding 
structures can be achieved with intensity-

modulated radiotherapy (IMRT), espe-
cially when planned as an integrated boost 
[4]. Although many studies have evaluat-
ed different fractionations, the maximum 
tolerated dose remains unknown, espe-
cially when highly conformal radiation 
techniques are utilized.

Given the above facts, we developed a 
new regimen of hyperfractionated and ac-
celerated radiotherapy with concomitant 
integrated boost (HARTCIB).

Methods and materials

Between May 2008 and February 2010, 
39 patients with very advanced, bulky, 
stage IV HNSCC were included in this 
phase I dose escalation study. Inclusion 
criteria for this protocol were as follows: 
inoperable, nonmetastatic, squamous cell 
carcinoma of the oro/hypopharynx, lar-
ynx, or oral cavity; clinical stage IV; bulky 
primary tumor (minimum gross tumor 
volume 40 ml); Karnofsky performance 
status >60; signed informed consent; and 
contraindication to the concomitant ad-
ministration of platinum-based chemo-
therapy because of comorbidity and/or 
insufficient liver/kidney function.

Patients’ characteristics are summa-
rized in . Tab. 1. The median gross tu-
mor volume (GTV) was 72 ml (range 40–
240 ml), which was comprised of median 

50 ml (range 20–200 ml) for the primary 
tumor and median 10 ml (range 0–120 ml) 
for lymphadenopathy. Percutaneous en-
doscopic gastrostomy (PEG) was intro-
duced prior to RT in 23 patients (62%) 
who experienced significant swallowing 
difficulties or weight loss of ≥10%.

This study was approved by the institu-
tional review board of University Hospital 
Ostrava. Staging was performed by a mul-
tidisciplinary team based on 2002 Amer-
ican Joint Committee on Cancer’s TNM 
Classification of Malignant Tumors, ac-
cording to a standard procedure. Dental 
examination and intervention as needed, 
together with nutritional intervention af-
ter screening, were conducted before RT. 
Positron emission tomography (PET), 
bone scans, and abdominal or chest CTs 
were performed in selected cases only.

Simulation and treatment planning

GTVtumor included the primary tumor and 
involved lymph nodes identified by CT 
and physical examination or endoscopy. 
The clinical target volume of the prima-
ry tumor plus lymphadenopathy (CTVtu-

mor) was defined as a 4 mm isometric ex-
pansion of the GTVtumor. The uninvolved 
nodal areas (CTVuninvolved) included bilat-
eral nodal regions II–V (I–V in oral cavity 
tumors) in accordance with multi-institu-
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tional consensus. The CTV–PTV margins 
were 3 mm for both CTVs. In accordance 
with our institutional protocol, cone beam 
CT for image guidance was performed at 
weekly intervals (more often when set-up 
errors >3 mm were detected).

Radiobiological analyses

Hyperfractionated schedules and con-
comitant boost techniques have been 
used for many years in our department. 
The IMRT two-plan approach that was 
initially used has several disadvantag-
es. Therefore, the next step was to adopt 
the integrated boost to obtain better con-
formity of irradiation without radiobio-
logical losses. New fractionations would 
have similar efficacy and lower late toxici-
ty than standard regimes. A higher risk of 
acute toxicity was allowed in the context 
of better conformity of integrated-boost 
IMRT. Calculations based on the linear-
quadratic model [9]of standard and new 
schedules are compared in . Tab. 2. The 
following equations and parameters were 
used to calculate acute mucosal reac-
tion: α/β=10 Gy; α=0.35 Gy-1; Tk=7 days; 
Tp=2.5 days.

For tumor: α/β=10 Gy (Drepop=4 Gy/
week shorter than 7).

For late tissues: α/β=3 Gy

Dose prescription

HARTCIB applies the same plan twice 
daily with a gap of at least 6 h, totaling 10 
fractions/week (50 fractions in 5 weeks). 
The primary tumor with lymphadeno-
pathy (PTVtumor) received a total dose/
dose per fraction of 70 Gy/1.4 Gy in the 
first cohort of patients. If no dose-limit-
ing toxicity was recorded during the treat-
ment or during the 90-day follow-up pe-
riod, the dose to the PTVtumor was esca-
lated to 72.5 Gy/1.45 Gy, and then fur-
ther escalated to 75 Gy/1.5 Gy. PTVun-

involved areas were irradiated at a dose of 
55 Gy/1.1 Gy. The prescribed dose in the 
PTV has been normalized to mean dose 
(Dmean). Inverse planning (Precise PLAN® 
2.11, Elekta, Crawley, UK) for 6 MeV pho-
ton step-and-shoot IMRT allowed us to 
keep the maximum dose (Dmax) to the 
spinal cord <48 Gy in all cases. If it was 

possible to protect the parotid glands, the 
median dose was <26 Gy for at least one 
parotid. Laryngeal, oral cavitiy, and pha-
ryngeal constrictors were defined as crit-
ical structures if tumor infiltration was 
not detected. In those cases, the median 
dose was minimized to the lowest possi-
ble level without specific dose–volume pa-
rameters. Mandible, brainstem, or brachi-
al plexus were delineated as critical struc-
tures in specific anatomical situations.

Evaluation of toxicity and response

Acute toxicity was evaluated by the same 
radiation oncologist during and after RT 
once weekly until recovery, and was re-
corded according to the RTOG/EORTC 
scale. Toxicity was considered acute if 
it was detected during the RT course or 
within 90 days after completion of RT. Pa-
tients were evaluated during follow-up at 
3-month intervals by the otolaryngology 
specialist and radiation oncologist. Late 
toxicity was recorded according to the 
RTOG/EORTC scale for patients in com-
plete remission (CR).

Statistical analyses

Dose-limiting toxicity was defined as the 
need for interruption of the RT course due 
to intolerance or any grade 4 acute toxic-
ity. Other parameters, such as the inci-
dence and duration of acute toxicity, in-
cidence of late toxicity, locoregional pro-

BED = nd(1 + d/[α/β])

− loge2 (T − Tk ) /αTp

EQD2 = D
d + α/β

2 + α/β
+ Drepop

EQD2 = D
d + α/β

2 + α/β

EQD2 = BED/(1 + 2/[α/β])

Tab. 1 Main patient characteristics

    Number Percent-
age

Sex Male 35 90

Female 4 10

Age Median 61  

Range 40–84  

Sites Oro/hypo-
pharynx

13 33

Oral cavity 18 46

Larynx 8 21

AJCC 
stage

IV 39 100

T 
stage

1 0 0

2 3 8

3 6 15

4 30 77

N 
stage

0 5 13

1 4 10

2a 6 15

2b 16 41

2c 4 10

3 5 13

His-
tol-
ogy

Squamous 39 100

Tab. 2 Comparison of toxicity and efficacy of standard and experimental fractionations

Schedule 70 Gy/35 
frac-
tions/NF

CB 
72 Gy/
6 weeks

CB 
69.5 Gy/
5 weeks

HFR 
81.6 Gy/
7 weeks

CIBa 
(1.4 Gy)

CIBb 
(1.45 Gy)

CIBc 
(1.5 Gy)

Total dose 
(Gy)

70 72 69.5 81.6 70 72.5 75

Morning 
dose (Gy)

2 1.8 1.8 1.2 1.4 1.45 1.5

Afternoon 
dose (Gy)

0 1.5 1.5 1.2 1.4 1.45 1.5

Total time 
(days)

47 40 33 47 33 33 33

Fractions (n) 35 42 40 68 50 50 50

EQD2 acute 
(Gy)

42.0 47.0 49.4 48.2 49.8 52.5 55.2

EQD late (Gy) 70.0 68.0 66.2 68.5 61.6 64.5 67.5

EQD tumor 
(Gy)

70.0 74.4 76.1 76.2 74.5 77.2 79.9

CB concomitant boost, CIB concomitant integrated boost, EQD2 equivalent dose in 2-Gy fractions (10 Gy/
week, 2 Gy/day), HFR hyperfractionation, NF normofractionation.
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gression-free survival (LR-PFS), and over-
all survival (OS) were also evaluated.

Patients’ characteristics were record-
ed at the time of initiation of treatment. 
Response and acute and late toxicity were 
prospectively evaluated at the above-men-
tioned intervals. LR-PFS was calculated 
from the start of RT until the date of first 
documented disease progression. OS was 
calculated using the date of death from 
any cause.

The data cut-off was 31 August 2011. 
Data were analyzed using GraphPad 
Prism for Windows 4.0 (GraphPad Soft-
ware Inc., La Jolla, CA, USA). Cumulative 
survival and local control were calculat-
ed based on the Kaplan–Meier method; 
intergroup comparisons were performed 
using the Mann–Whitney test for two 
groups and the Kruskal–Wallis test for 
three groups of variables.

Results

Between May 2008 and February 2011, 
39 patients with stage IV bulky, nonme-
tastatic, inoperable HNSCC were treat-
ed according to the HARTCIB protocol. 
Ten patients received the total dose/dose 
per fraction (70 Gy/1.4 Gy), 13 patients 
then received 72.5 Gy/1.45 Gy, and 16 pa-
tients progressed to the highest dose lev-
el (75 Gy/1.5 Gy). Additional dose esca-
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Abstract
Background and purpose. The present 
study was performed to evaluate the feasi-
bility of a new, 5-week regimen of 70–75 Gy 
hyperfractionated accelerated radiothera-
py with concomitant integrated boost (HART-
CIB) for locally advanced, inoperable head 
and neck cancer.
Methods and materials. A total of 39 pa-
tients with very advanced, stage IV nonme-
tastatic head and neck squamous cell carci-
noma (median gross tumor volume 72 ml) 
were included in this phase I dose escalation 
study. A total of 50 fractions intensity-mod-
ulated radiotherapy (IMRT) were adminis-
tered twice daily over 5 weeks. Prescribed to-
tal dose/dose per fraction for planning target 
volume (PTVtumor) were 70 Gy in 1.4 Gy frac-

tions, 72.5 Gy in 1.45 Gy fractions, and 75 Gy 
in 1.5 Gy fractions for 10, 13, and 16 patients, 
respectively. Uninvolved lymphatic nodes 
(PTVuninvolved) were irradiated with 55 Gy in 
1.1 Gy fractions using the concomitant inte-
grated boost.
Results. Acute toxicity was evaluated ac-
cording to the RTOG/EORTC scale; the inci-
dence of grade 3 mucositis was 51% in the 
oral cavity/pharynx and 0% in skin and the 
recovery time was ≤9 weeks for all patients. 
Late toxicity was evaluated in patients in 
complete remission according to the RTOG/
EORTC scale. No grade 3/4 late toxicity was 
observed. The 1-year locoregional progres-
sion-free survival was 50% and overall surviv-
al was 55%.

Conclusion. HARTCIB (75 Gy in 5 weeks) is 
feasible for patients deemed unsuitable for 
chemoradiation. Acute toxicity was lower 
than predicted from radiobiological models; 
duration of dysphagia and confluent muco-
sitis were particularly short. Better conformi-
ty of radiotherapy allows the use of more in-
tensive altered fractionation schedules com-
pared with older studies. These results sug-
gest that further dose escalation might be 
possible when highly conformal techniques 
(e.g., stereotactic radiotherapy) are used.

Keywords
Altered fractionation · Intensity-modulated 
radiotherapy · Head and neck neoplasms · 
Dose fractionation · Survival

Hyperfraktionierte akzelerierte 5-wöchige Strahlentherapie mit simultan integriertem Boost 
von 70–75 Gy für fortgeschrittene Kopf-Hals-Tumoren. Eine Phase-I-Studie zur Dosiseskalation

Zusammenfassung
Hintergrund. Die Studie untersucht die 
Machbarkeit eines 5-Wochen-Fraktionier-
ungsschemas der hyperfraktionierten akze-
lerierten Strahlentherapie mit einem simul-
tan integrierten Boost von 70–75 Gy (HART-
CIB) für Patienten mit lokal fortgeschrittenen 
Kopf-Hals-Tumoren.
Patienten und Methoden. Insgesamt 33 Pa-
tienten mit lokal sehr fortgeschrittenen Kopf-
Hals-Tumoren im klinischen Stadium vier 
(mittleres Tumorvolumen von 72 ml) wur-
den in die Phase-I-Studie aufgenommen. 
Die Patienten wurden mit 50 IMRT-Frak-
tionen über 5 Wochen 2-mal tägl. bestrahlt. 
Die Gesamtdosis/Einzeldosis für PTVtumor 
betrug 70 Gy/1,4 Gy, 72,5 Gy/1,45 Gy und 
75 Gy/1,5 Gy für 10, 13 bzw. 16 Patienten. Un-

betroffene Halsregionen (PTVuninvolved) beka-
men 55 Gy (Einzeldosis 1,1 Gy).
Ergebnisse. Die akute Toxizität wurde an-
hand der RTOG-Skala beurteilt. Eine Muko-
sitis vom Grad 3 in der Mundhöhle oder im 
Pharynx trat bei 51% der Patienten auf, eine 
Grad-3-Hauttoxizität kam nicht vor. Bei al-
len Patienten war die Heilungszeit kürzer als 
9 Wochen. Bei Patienten in kompletter Re-
mission kam es zu keiner gemäß RTOG klas-
sifizierten Spättoxizität vom Grad 3 oder 4. 
Die progressfreie Überlebensrate nach einem 
Jahr betrug 50%, die 1-Jahres-Gesamtüber-
lebensrate 55%.
Schlussfolgerung. Ein sehr akzelerier-
tes Fraktionierungsschema von 75 Gy in 
5 Wochen mit dem simultanen integrierten 

Boost ist tolerabel und kann bei Patienten 
verwendet werden, die mit der Radiochemo-
therapie nicht behandelt werden können. Die 
akute Toxizität, vorzugsweise Mukositis und 
Dysphagie, war niedriger als mit dem aktuel-
len radiobiologischen Modell kalkuliert. Die 
hohe Konformität der Bestrahlung macht die 
Benutzung solcher akzelerierten Schemen 
möglich. Die Resultate unserer Studie zeigen, 
dass sogar noch mehr intensive Fraktionier-
ungsschemen ausführbar sein könnten.

Schlüsselwörter
Alternative Fraktionierung · 
IMRT · Kopf-Hals-Tumoren · 
Dosisfraktionierung · Überleben
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lation was not performed because of ex-
cessive risk of severe acute toxicity based 
on radiobiological modeling. All patients 
were monitored for at least 6 months af-
ter therapy or until death. Median follow-
up was 10 months (range 6–39 months) 
for survivors.

Toxicity

All patients completed the treatment 
course as planned; no excessive toxici-
ty requiring a treatment break was not-
ed. The median doses were 70 Gy (n=10), 
72.5 Gy (n=13), and 75 Gy (n=16) for the 
three dosage groups (. Tab. 3). The me-
dian duration of the RT series was 37 days 
(range 33–48 days) because of planned 
and unplanned device shutdowns and/or 
public holidays. The incidence of grade 3 
acute toxicity was 51% for mucosa (oral 
cavity and/or pharynx) and 0% for skin. 
No grade 4 or 5 toxicities were recorded. 
Patients whose treatment time was be-
low median (n=20) had average recov-
ery from grade 3 mucositis of 5.1 weeks, 
while in those with longer total treatment 
time (n=19) the average recovery was 
4.4 weeks. This result was not statistically 
significant (Mann–Whitney test, p=0.43).

Parenteral support for severe muco-
sitis was the reason for hospitalization 
in six cases (15%). As mentioned above, 
PEG was introduced before treatment in 
23 patients (58%); however, 13 patients 
completed RT with oral nutritional sup-
port only, without the use of PEG. Late 
toxicity was evaluated in patients in CR 
with a minimum follow-up of 6 months. 
Grade 1 subcutaneous fibrosis was detect-
ed in 64% of patients, and grade 1 xero-
stomia was detected in 82%. Grade 2 xe-
rostomia was recorded in 18% of patients. 
Higher degrees of late toxicity were not re-
ported; however, follow-up was short.

Response

Seventeen progressions were recorded 
during the follow-up, of which one was 
a case of distant metastasis. The remain-
ing 16 progressions were in areas that had 
received a high dose of radiation (GTV-
tumor). Local, regional, and combined lo-
coregional progression were observed 
in 5, 4, and 7 patients, respectively. The 
 1-year LR-PFS at 12 months was 50%. The 
expected OS at 12 months was 55%.

Discussion

Although standard treatment of nonme-
tastatic, locoregional, advanced, head and 
neck cancers is concomitant radiochemo-
therapy [17], many patients are ineligi-
ble for this treatment because of comor-
bidities and/or global performance sta-
tus. While concomitant anti-EGFR ther-
apy may be an alternative [12], it has al-
so been associated with excessive toxici-
ty [14]. Although better outcomes may be 
expected when hyperfractionated acceler-
ated RT is used [3], severe acute toxicity 
has been reported as the limiting factor in 
several studies in which the fractionations 
required modification [7, 15, 16]. Highly 
conformal techniques, such as IMRT, have 
the potential to reduce toxicity, as report-
ed in RTOG 00–22 [18]. Some available ra-
diobiological predictions based on the lin-
ear-quadratic model define the risk of ex-
cessive acute toxicity [11]; however, there 
is a grey zone that remains to be clarified. 
To the best our knowledge, only one study 
has evaluated the feasibility of hyperfrac-
tionated accelerated RT with integrated-
boost IMRT [19]. The present dose-esca-
lation study contributes to the search for 
the maximum tolerated dose when single 
modality RT is used in the era of highly 
conformal techniques.

Because severe acute toxicity was 
not recorded at dose levels of 70 Gy or 
72.5 Gy, it was reasonable to proceed to 
the next level despite the high radiobio-
logical probability of unacceptable acute 
toxicity. At the 75-Gy dose, the incidence 
of grade 3 acute mucositis was 50%, me-
dian duration of toxicity was 5.3 weeks, 
and maximum duration of toxicity was 
9 weeks. No toxicity-related treatment 
break was recorded, and there were no 
grade 3 skin toxicities. Tolerance was 
considered acceptable given the large vol-
ume of PTV, and according to our defi-
nition the maximum tolerated dose was 
not reached. However, additional dose es-
calation was not performed because there 
were cases of longer recovery from conflu-
ent mucositis. The real acute toxicity was 
much lower than expected from radiobi-
ological calculations.

The linear-quadratic model predicts 
that using a smaller dose per fraction 
will have a positive effect on late toxici-
ty, which corresponds with our results. 
Dependence on PEG 3 months after RT 
was recorded in patients with persistent 
or progressive tumor only; no PEG-de-
pendence was observed in patients with 
CR. There was no osteonecrosis, which 
may be the result of very good interdis-
ciplinary cooperation with the dental sur-
geon; however, longer follow-up is need-
ed to determine the real incidence of this 
rather rare toxicity. Subcutaneous fibrosis 
was mild in all cases and xerostomia var-
ied between grades 1 and 2. Given that no 
other late toxicities were observed, there 
is no evidence that this regimen has sig-
nificant sequelae; however, this informa-
tion must be confirmed in a longer follow-
up period.

The 1-year LR-PFS and OS were 50% 
and 55%, respectively (. Fig. 1). Al-
though these results appear disappoint-
ing, they were predictable in bulky tu-
mors with a median tumor volume of 
72 ml. Moreover, most tumors were locat-
ed in the oral cavity, and therefore carry 
worse prognosis [20, 21], and patients had 
contraindications to concomitant chemo-
therapy because of comorbidities. The 
very low incidence of distant relapse was 
an interesting finding, and underscores 
the importance of local control for OS in 
HNSCC. Because all locoregional relaps-

Tab. 3 Incidence and duration of confluent mucositis for each dose level (Kruskal–Wallis 
test)

Dose 
level

Patients
(n)

Incidence
(n, %)

Average duration
(weeks)

Maximum duration
(weeks)

p value

70 Gy 10 5 (50%) 5.3 7  

72.5 Gy 13 7 (54%) 5.2 7 0.98 (NS)

75 Gy 16 8 (50%) 5.3 9  
NS not significant.
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es were detected within the GTVtumor, fur-
ther treatment intensification is needed. 
We recently started to add a stereotactic 
boost of 5 Gy with a CyberKnife (Cyber-
boost) for GTV at the end of fractionated 
irradiation, analogous to the intraluminal 
brachytherapy boost that is used for naso-
pharyngeal carcinomas. Finally, given the 
absence of progression outside the GTV, 
we hypothesize that the elective dose may 
be decreased or elective irradiation might 
even be omitted in some very advanced 
cases.

Conclusion

In patients with advanced, bulky HNSCC 
deemed unsuitable for chemoradiation, 
75 Gy HARTCIB administered in 5 weeks 
is feasible with acceptable acute toxicity, 
especially because it is associated with 
short duration of dysphagia and conflu-
ent mucositis. Better conformity of RT al-
lows the use of more intensive altered 
schedules than indicated by radiobiolog-
ical considerations and older clinical da-
ta. The prognosis of patients with very 
advanced disease remains poor, elective 
irradiation of uninvolved lymph nodes is 
questionable, and additional dose inten-
sification for the GTV (e.g., with the ste-
reotactic boost) is necessary.
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Fig. 1 8 Kaplan–Meier curves for overall survival (OS) and locoregional progression-free survival (LR-
PFS)
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