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Abstract
Purpose: To review and summarize literature discussing the role of various altered fractionation schedules in head
and neck squamous cell carcinoma (HNSCC).
Methods and materials: Brief overview of pivotal clinical trials investigating the role of altered fractionation with
conventional fractionation radiotherapy schedules in HNSCC patients treated with curative intent radiotherapy.
Results: Overall, altered fractionation regimens have demonstrated improved outcomes in the curative treatment
of HNSCC. Upon comparing different schedules, hyper-fractionated radiotherapy has shown more favorable impact
with comparable survival advantage to that of concurrent chemo-radiotherapy. Although, the concept of
integrating concurrent chemotherapy with altered fractionation is promising to improve control, it is at the cost of
additional toxicity. Mild hypo-fractionation may be advantageous in achieving superior results in early glottic
tumors.
Conclusions: This summary is a compilation of large published clinical studies addressing biological rationale,
evidence and clinical issues of various altered fractionation schedules and may be useful to facilitate clinician in
treatment-decisions making in a clinical context.
Key words: Head and neck cancer, Radiotherapy, Altered fractionation.

Introduction
Radiation therapy (RT) plays a pivotal role in multidisciplinary treatment management of head and neck
squamous cell carcinoma (HNSCC) (1). In curative
intent radiotherapy of HNSCC, differences in clinical
outcome is accountable to treatment-related variables

including total dose, overall-treatment time (OTT) and
addition of chemotherapy besides tumor-related
prognostic factors (2,3). Conventional multifractionated RT regimens are largely the result of early
radiobiological experiments conducted in 1920-1930’s
(4,5). Although, standard conventional fractionation
(CF) of delivering five fractions (F) per week, 1.8–2.0
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Gy per fraction has been time-tested since many
decades, it is more of a convenient approach than a
scientific one.

morbidity in the late-reacting normal tissues with low
α/β ratios like spinal cord and subcutaneous tissue
because of delivery of low dose per fraction.

In light of disappointing trial results of the CF,
improved understanding of radiobiology in succeeding
decades has led many investigators to test newer
treatment strategies and changes in conventional
dose-fractionation
schedules
(6).
Various
modifications to CF, thereby modifying total dose and
OTT have been attempted.

Evidence: Initial encouraging data of HF from phase 2
study University of Florida (7), inspired the Radiation
Therapy Oncology Group (RTOG 90-03) four-arm a
large phase III clinical trial, in the United States. The
trial was designed to compare HF with two variants of
AF, showed improvement in 2-year LCR of 8.4% with
81.6 Gy (HF arm) (8). Both AF with a concomitant boost
and HF were associated with improved loco-regional
control (LRC) and disease-free survival (DFS) as
compared with CF. However, its association with
increased acute toxicity was reported with no
significant difference in the frequency of grade 3 or
worse late effects at 6-24 months after treatment
among the various groups.

The present article aims to review various altered
fractionation schedules with an emphasis on
radiobiological rationale and historical evidence,
including their contribution towards therapeutic gain,
encountered challenges in clinical implementation,
current prospective and direction for future research
and development.

Various altered fractionation schedules are reviewed
under the following headings.
I.
II.
III.
IV.

Hyper-fractionation.
Accelerated fractionation.
Acceleration and hyper-fractionation.
Accelerated
fractionation
post-operative
radiotherapy.
V. Altered fractionation radiotherapy versus
concurrent chemo-radiotherapy.
VI. Altered fractionation with concurrent cisplatin
chemotherapy.
VII. Altered fractionation with concurrent cisplatin
chemotherapy and targeted therapy.
VIII. Hypo-fractionation.
A brief overview of different types of altered
fractionation schedules is summarized in Table 1.

I.

Hyper-fractionation (HF)

Salient features in comparison to CF: Similar OTT,
higher total dose, more than 5 fractions per week and
≈1.15 Gy per fraction.
Rationale: Delivering larger number of smaller
fractions exploits the differential sensitivity of tumor
cells and normal tissues to radiation, to increase the
therapeutic gain. It is associated with reduced

Meta-Analysis of Radiotherapy in Carcinomas of Head
and neck (MARCH) collaborative group analysed 15
randomized trials conducted between 1969 and 1998
with 6515 patients comparing CF with HF or AF (9).
Overall, oropharyngeal and laryngeal were the
commonest sites included with stage III-IV disease
consisting of 74%. With a median follow-up of six years,
3.4% absolute benefit at 5-years (p=0.003) was
observed with altered fractionation RT. Further
analysis showed significantly higher benefit with HF
arm (8% at 5 years) than AF (2% and 1.7% at 5 years for
without and with total dose reduction groups (p=0.02),
respectively). Altered fractionation schedule also
showed 6.4% benefit at 5 years for LRC in comparison
to CF (p<0.0001), although the magnitude of its effect
was less marked for nodal control than local control (9,
10). Subgroup analysis exhibited a strong correlation of
decreasing effect of altered fractionation with
increasing age and with poor performance status. This
may be partially explained by poor general health,
lower compliance and tolerance and non-cancer
related deaths in older patients.
In spite of evidence revealing higher survival benefit
with HF regimen (8% and 6.5% at 5 years in MARCH
and MACH-NC meta-analysis (11,12), respectively),
there is a considerable economic and social problem
associated with it in doubling the number of
treatments and requiring patients to wait for six hours
to complete treatment on each day of course which
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lasts up to a total of seven weeks. Therefore, HF
scheduling has not been widely adopted owing to
patient inconvenience, logistics, cost and higher acute
toxicities. Nevertheless, in an attempt to improve the
treatment outcome role of HF in conjunction with
concurrent chemotherapy are being more recently
tested.

II.

Accelerated fractionation (AF)

Salient features of Pure AF in comparison to CF: Similar
total dose, reduction of OTT by 1–2 weeks, more than
5 fractions per week and ≈1.8-2.0 Gy per fraction.
Rationale: Pure AF: Reduction of OTT without
contemporary changes in the fraction size or total dose
decreases the regeneration of tumor cell during
treatment and thus, increases the probability of tumor
control for a given total dose.
During the initial course of RT, the tumor overtly
shrinks and regresses; the remaining resistant
surviving clonogenic tumor cells divide during the later
stage of the RT course which is referred as accelerated
repopulation. This is a key factor determining the local
control rate (LCR), particularly in HNSCC. It has been
demonstrated that with CF, a break of about one week
is associated with 10-12% absolute decrease in local
control. Hence, a break of even a single day is
associated with 1.4% (Range 0.4%-2.5%) reduction in
LCR rate, regardless of the fractionation schedule and
primary tumor site (13).
Modifications of AF
Hence, in order to accelerate the radiation, various
modifications by delivering the more fractions per
week like continuous delivery of treatment during
weekends, i.e., seven fractions per week, delivering six
fractions per week, where sixth fraction is delivered on
the sixth day of week or as the second fraction after 6
hour interval on last treatment of week (Friday's) or
first day of treatment (Monday's) or on any of weekday
treatment (Monday to Friday) and delivery of
concomitant boost in last two weeks of treatment.
Table 2 shows different altered fractionation, RT alone
trials in head & neck cancers (8, 14-17).

Type A: Accelerated fractionation in combination with

Review

hyper-fractionation (AHF)
Salient features in comparison to CF: Reduced total
dose, reduction of OTT by 3-4 weeks, more than 10
fractions per week and <1.8 Gy per fraction.
Evidence: In 1990's, UK conducted a unique 3:2
randomization study called continuous hyperfractionated accelerated radiotherapy (CHART)
regimen (14) consisted low dose per fractionation to a
total dose of 50 to 54 Gy in 36 F over 12 consecutive
days, with 3 F delivered daily with an inter-fraction
interval of 6 hours. The results showed similar local
control owing to short OTT, brisk acute reactions but
peaked after completion of treatment and did not
translate into consequential late sequelae because of
low total dose (50-54 Gy), but fewer late effects than
conventional regimens except several myelopathies
were recorded, the probable cause being short interfraction interval of 6 hours is not sufficient for
complete recovery of sublethal damage. It was
advantageous in particular subgroups of patients in
younger patients (p=0.041) and advanced laryngeal
tumors (p=0.002) with high compliance. Its long-term
follow-up results, updated in 2008 revealed a low level
of moderate to severe long-term morbidity together
with a good and maintained level of LRC indicating its
therapeutic benefit (18).

Type B: Accelerated fractionation with split-course
(AFX- SC)
Salient features in comparison to CF: Similar total dose,
reduced OTT by 2 weeks, more than 5 fractions per
week and <1.8 Gy per fraction.
Evidence: EORTC 22851 Protocol by Horiot et al
conducted phase III randomized controlled trial
comparing AF with 2 weeks OTT reduction versus CF
(19). The first sequence of accelerated regimen
consisted of 28.8 Gy in 18 F over 7 days following the
second course started on day 21 using the same
fractionation schedule. They delivered 43.2 Gy in 27 F
over 11 days to a cumulative dose of 72 Gy in 45 F and
4.5 to 5 weeks for the two treatment courses. At 5
years, 13% LRC absolute gain (from 46% in CF arm to
59% in AF arm; 95% CI 3-23% gain), representing a 24%
reduction of local failure rate. However, this regime
failed for clinical use as the study arm suffered from
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greater normal tissue toxicity than CF arm. The
increased toxicity could be a result of many factors,
including insufficient time for late responding normal
tissue to repair between fractions and hence resulting
in increased late effects as well consequential late
effects due to a high degree of early toxicity. The gap
in treatment negotiated the benefit of the accelerated
treatment.
The split-course AF is radio-biologically inferior as
tumor repopulation occurs in the interval between
treatment courses. For each day added to OTT, an
additional dose is needed to be administered to
account for tumor repopulation. In rapidly
repopulating tumors like head and neck cancers, this
may be up to 0.6 Gy/day. Hence, although split course
treatments are well tolerated, it has a significantly
poorer outcome in terms of cure. It is no more
practiced in head and neck cancers except in some
palliative settings.

Type C: Accelerated fractionation using concomitant
boost (AFX-CB)
Salient features in comparison to CF: Similar total dose,
reduced OTT by 2 weeks, 5 fractions per week,
followed by 10 fractions per week in the last 2 weeks
of treatment and <1.8 Gy per fraction.
Evidence: RTOG 90-03 (8) used this type of accelerated
treatment where boost fraction was delivered in the
last 2 weeks of conventional treatment as a late,
accelerating component given as a second fraction
with 6-8 hours from the main treatment to allow some
repair to occur. This approach has shown an improved
overall survival and increased rate of local control
along with increased acute toxicities. However,
evidence suggests that late side effects appear to
occur with similar frequency to CF.

Type D: Accelerated fractionation with dose escalation
Salient features in comparison to CF: Similar total dose,
reduced OTT by 2 weeks, more than 5 fractions per
week and <1.8 Gy per fraction.
Rationale: Treatment intensification by dose
escalation is based on a hypothesis that less intensive
therapy to start with which will stimulate a

Review

regenerative response in the normal mucosa such that
it can better tolerate more intensive treatment as the
course progresses. This allows to increase the tumor
control without increasing the risk of late
complications. On the other hand, availability of
modern
conformal
techniques
like intensity
modulated radiotherapy (IMRT) and its ability to
deliver simultaneous integrated boost (SIB) from dayone, allows dose escalation without compromising
safety and treatment compliance and is being
evaluated in many studies.

Review on randomized trials for AF with different
fractions per week:
i.

10 fractions per week

The Vancouver group (20) investigated 82 patients
with stage III-IV oral cavity, oropharynx, hypopharynx
or laryngeal tumors receiving 66 Gy in 33 F either as 2
Gy daily fractions (OD) or 2 Gy twice daily fractions (BID)
in which OTT was shortened from conventional 45-48
days to 22-25 days. An initial improvement of clinical
response in tumor control in the BID arm was not
sustained and the 3-year outcome showed no survival
or disease/recurrence-free benefit. As expected the
acute effects were much greater in the BID arm. The
combined grade 3 and 4 late effects were similar but a
significantly greater proportion of grade 4 late
reactions occurred in the AF than CF group leading to
the premature termination of the study.

ii.

7 fractions per week

A randomized trial by Maciejewski et al (21) evaluated
44 patients with stage T2-4N0-1M0 HNSCC by means of 2
weeks OTT acceleration. They delivered a total dose of
70 Gy in 35 F at an interval of 24 hours (2 Gy per
fraction) on all weekdays (14 Gy per week) over 5
weeks. Conventional arm received the same total dose
in same fractionation, but over 7 weeks. Analysis
showed an early tumor regression in 83% of the study
group vs. 62% in the control group. Complete nodal
regression in 100% in study arm vs. 73% control arm.
Mucosal toxicities showed significant difference both
in regard to the duration and severity of mucositis. It
was observed one week after starting the treatment,
its severity increased between days 14-21 to reach
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confluent mucositis covering the entire field in 48% of
patients in the accelerated arm as compared to the 5%
in the conventional arm, and lasted for more than 3
weeks of duration. They concluded that although an
improvement in the early tumor response obtained
with 7-day regime, the high incidence of severe acute
reactions and consequential late effects (30%) were
unacceptable.
The overhead trial was continued by Skladowski et al
(15) with a modification of 7-day continuous AF
employing boost field delivery on Saturdays and
Sundays. They carried out a randomized control trial
on 100 patients treated between 1993 and 1996 of
stage T2-4N0-1M0. Seven-day-continuous accelerated
irradiation (CAIR) (n=51) was compared to CF (5 days
per week) (n=49). Both arms were constituting
majority of laryngeal cases (39% and 44%,
respectively). All patients received 2 Gy or 1.8 Gy/day
at regular 24-hour intervals to total dose in the range
of 66±72 Gy (depending on tumor stage) in both the
arm on Co60 beams using two parallel-opposed fields.
In CAIR arm, a small field limited to the primary tumor
and involved node only were irradiated on Saturdays
and Sundays. The only difference was OTT is 5 weeks
in the CAIR and 7 weeks in the control arm. It
demonstrated a 3 year LRC of 82% in CAIR versus 37%
in the control arm and higher acute toxicities requiring
supportive care in 92% (n=45) of patients versus 48%
(n=24) in the control arm and also concluded that
therapeutic gain of 45% in 3-year tumor control in
favor of CAIR is likely the effect of shortening of OTT by
14 days. However, there was no significant difference
in late normal tissue reaction which was 8% versus 4%.
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with glottic tumors. OTT was kept as planned with a
median of 39 days and 46 days in 6 F and 5 F groups,
respectively. Results revealed 5 year LRC rates of 70%
and 60% for 6 F and 5 F per week groups, respectively
(p=0.0005). The benefit in tumor-control resulted in a
significantly better disease-specific survival in six
fraction group (73% vs. 63%, p=0.01), but not overall
survival. Although, confluent acute mucositis was
observed more frequently in altered fraction group (53%
vs. 33%, p<0.000), but it was transient.
Another randomized, multicentric study International
Atomic Energy Agency-coordinated trial (IAEA-ACC
Study) (17) carried out by Overgaard et al has
compared five versus six fractions per week. The
reduction in OTT by one week from 47 to 40 days has
shown a significant improvement in 5 years LRC from
30% to 42% in AF arm and also increase in acute
mucositis of 5.3% versus 10.8% in accelerated arm.
Subgroup analysis showed the greatest benefit in
patients with tumors of the larynx and less benefit in
more advanced tumors (all sites) with a large nodal
disease. A recent MARCH review has shown absolute
benefit of 2% with accelerated fractionation without
total dose reduction and 1.7% with total dose
reduction at 5 years (p =0.02) (10).
Among the accelerated fractionation schedules,
acceleration of radiation by one week without dose
reduction by delivering six-fractions per week instead
of five-fractions is found to have a beneficial impact on
LRC along with a modest reduction of OTT without an
increase in late toxic effects. However, it is shown to
have variable results.

III. Acceleration and hyper-fractionation (AHF)

iii. 6 fractions per week
A randomized controlled comparison studies,
DAHANCA 6 & 7 (16) conducted by Overgaard et al
evaluated five versus six fractions per week in 1476
HNSCC patients treated between 1992-1999.
DAHANCA 6 included T2-4 glottic tumors and
DAHANCA 7 included supraglottic larynx, pharynx
(including nasopharynx) and oral cavity tumors. All
were randomly assigned to receive five (n=726) or six
(n=750) fractions per week to the same total dose (66–
68 Gy in 33–34 F). All patients also received the
Nimorazole (hypoxic radio-sensitizer), except those

Salient features in comparison to CF: Reduction of OTT
from more than 2 weeks, reduced total dose, and more
than 5 fractions per week.
Rationale: Combined approach of both acceleration
and hyper-fractionation has been tried to modify both
total dose delivered and OTT. HF with low dose per
fraction helps to minimize late effects and by
accelerating OTT, helps to minimize tumor
proliferation.
The EORTC 22791 protocol (22) for oropharyngeal
cases compared HF (1.15 Gy twice daily or 80.5 Gy over
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7 weeks) with CF (2 Gy once daily or 70 Gy over 7
weeks). It showed an absolute improvement in 5-year
LCR of 19% with 80.5 Gy (40% versus 59%; p=0.02) and
no increase in late complications. A recent long-term
follow up analysis has demonstrated a small survival
advantage for HF. Similarly, a GORTEC study (23) which
delivered 63 Gy in just over 3 weeks (22 days) also
showed improved LCR of 24% at 6 years but at the
expense of severe acute mucositis (p=0.001).
This combined approach is still not a standard of care
due to its association with higher acute normal tissue
toxicities and the existence of a real benefit has been
challenged.

IV. Accelerated
radiotherapy

fractionation

postoperative

The use of altered fractionation in the context of
adjuvant post-op radiation in head and neck dates back
to the 1990's, but tested only in fewer studies with less
favorable results.
In early 1990's, investigator from Egypt (24) reported
no added benefits with post-operative AHF (42 Gy in
30 F over 11 days; 3 F per day) as compared to CF.
However, AHF was found to be associated with
improved disease control in the fast growing tumors.
Subsequently a decade later, Italian multi-centric
prospective trial (25) compared AF adjuvant radiation
(64 Gy over 5 weeks with biphasic concomitant boost)
with CF (60 Gy over 6 weeks) in 226 post-operative
cases of locally advanced oral cavity, oropharynx,
larynx, or hypopharynx tumors with one or more highrisk features. Half of patients treated with AF
developed confluent mucositis, compared with only 27%
of those treated with CF (p=0.006) but similar late
toxicity 18% versus 27% (p=0.10). Although, no
difference in outcome was seen, AF showed
improved LRC for patients who had a delay in adjuvant
RT.
Lately published evidence from Poland group (26) had
allocated 279 patients of high-risk larynx (57%) and
oral cavity/oropharynx (43%) to receive either CF (63
Gy in 35 F over 7 weeks) or AF (63 Gy in 35 F over 5
weeks; 7 F per week). Results revealed similar LRC at
3-years between two arms (64% Vs. 70%) but subset
analysis a showed significant advantage for oral cavity
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and oropharyngeal tumors.

V.

Accelerated radiotherapy versus concurrent
chemo-radiotherapy

Rationale: The addition of chemotherapy to radiation
helps to sensitize tumors by inhibiting the repair of
sublethal radiation damage and preferentially killing
hypoxic cells. Concurrent chemoradiotherapy (CTRT)
has shown to improve loco-regional control and has
become the standard of care for locally advanced
HNSCC. The benefit in altered fractionation led to
many investigators to evaluate concurrent CTRT versus
altered fractionation.
Chitapanarux et al. (27) conducted a prospective
randomized clinical trial to compare CTRT and AHF in
85 patients. The results showed the 5-year LRC of 69.6%
in the CTRT arm and 55.0% in the AHF arm (p=0.184).
Similarly, 5-year overall survival rate was 76.1% and
63.5% for CTRT and AHF arm (p=0.05), respectively.
Also, a recent meta-analysis by Gupta et al. (28) has
concluded HF schedule alone was comparable to CTRT
in terms of the hazard ratio (HR=1.13) for death. But
AF with or without dose reduction was found to be
inferior to CTRT.
In the MARCH meta-analysis (9), it was observed that
altered fractionation had a more pronounced
advantage in improving local control rates as
compared to nodal control. Thus, though logistically
challenging HF may give similar results to that of
concurrent CTRT and may be tried in locally advanced
diseases if feasible. It may be also more useful in
patients with limited nodal burden. AF may provide
better overall survival and local control than CF, but the
results are inferior to CTRT. Also AF schedules are
easier to implement than HF regimen and thus may be
tried on who may not be suitable for chemotherapy
and in centers where implementing HF is difficult (10).

VI. Accelerated radiotherapy
cisplatin chemotherapy

with

concurrent

Rationale: The combined usage of accelerated
fractionation radiation with concurrent cisplatin
chemotherapy has shown improvement in locoregional disease control and consistent gain in survival.
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However, these benefits are at the expense of slightly
higher muco-cutaneous toxicities.
Evidence: Results of two prime meta-analyses, MARCH
(9) revealing 8% absolute overall survival benefit with
the HF schedule while MACH-NC (12,29) with addition
of concurrent chemotherapy adding 6.5% absolute
overall survival has led various investigators to
combine these two regimens to achieve a better tumor
control.
A phase II study RTOG-9914 (30) treated oral cavity,
oropharynx, hypopharynx and laryngeal tumors (n=84)
with concomitant boost radiation (72 Gy in 6 weeks)
and concurrent cisplatin. The authors reported 2- and
4-year loco regional failure of 33% and 36%. 2- and 4year overall survival 70% and 54% respectively, with 42%
grade 3–4 late toxicity showing the feasibility of
combining accelerated fractionation radiation and
chemotherapy. Consequently, a large phase III
randomized study, RTOG-0129 (31), randomly
allocated 723 patients of stage III-IV (T2N2-3M0, T34AnyNM0) oral cavity, oropharynx, hypopharynx, or
larynx to either conventional CTRT of 70 Gy in 35 F over
7 weeks or concomitant boost chemo-radiation of 72
Gy in 42 F over 6 weeks. In an updated analysis with a
median follow up of 7.9 years the trial reported no
differences in overall survival, progression free survival,
loco regional failure and distant metastasis rate as well
no significant differences in the grade 3-5 acute or late
toxicities between the groups.
Usage of combination of altered fractionation with
chemotherapy without expense of normal tissue
toxicities is a challenge of today. Table 3 shows
randomized trials of AF with concurrent cisplatin
chemotherapy (30-32). Though these have failed to
demonstrate any survival advantage, it’s a promising
approach to improve the LRC. Similar results were also
witnessed in the recently published study from our
institution (33); a further investigation with newer
strategies is needed to evaluate the effectiveness in
detail.

VII.

Review

and its associated poor prognosis has led the search
efforts attempted to exploit biologic differences exist
between normal and malignant cells, to develop
tumor-specific therapies. Usage of anti-EGFR
antibodies/small-molecule inhibitors of EGFR along
with CTRT may act synergistically by inhibiting cellular
proliferation, differentiation and tumor angiogenesis.
Evidence: In early 2000, Dobrowsky et al (34) has
compared continuous hyperfractionated accelerated
radiotherapy (55.3 Gy in 17 days) with/without
mitomycin C with standard fractionation alone. With
median follow-up of 48 months, local control and
actuarial survival were significantly higher in altered
fractionation arm with chemotherapy arm. Nearly all
patients in AF arm developed grade-III mucositis.
Subsequently, multicentric randomized German trial
(35) has compared a concomitant boost radiation
regimen alone with the same regimen plus carboplatin
and fluorouracil. Resulted better loco-regional control
rates and survival with the combined treatment, but
had significantly higher frequency of chronic dysphagia
resulting in feeding-tube dependency. They concluded
that intensified hyperfractionated accelerated
radiotherapy limits the additional benefit of
simultaneous chemotherapy.
A large RTOG-0522 trial (32) evaluated 895 patients of
the locally advanced larynx, oropharynx and
hypopharynx were randomly allocated to receive
radiation and cisplatin without (arm A) or with (arm B)
cetuximab. The radiation schedule included 72 Gy in
42 F over 6 weeks, employing concomitant boost or 70
Gy in 35 F over 6 weeks. This trial failed to demonstrate
the advantages of adding cetuximab to the cisplatin
based CTRT schedule.
And so, addition of targeted therapy along with
chemotherapy though feasible, but remained
unsuccessful to improve outcome. This could be
explained by the increased toxicity leading to poor
compliance or breaks in treatment. The integration
with newer conformal radiation techniques like IMRT
might help to reduce RT induced toxicity and to
intensify treatment.

Altered fractionation radiotherapy with
concurrent chemotherapy and targeted therapy

Rationale: Over expression of epithelial growth factor
receptor (EGFR) in 80-90% of head and neck cancers

VIII. Hypo fractionation
Hypo-fractionation regimen in head and neck cancer
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has well-recognized clinical and radiobiological
shortcomings, principally related to increased risk of
late complications due to large doses per fraction.
Among various trials that have evaluated the role of
hypo-fractionated regime some have found a good
response rate and good symptom relief in palliative
settings. These deliberate that it is suited for
developing countries with less resources and high
burden of patients. Also, the long term toxicity may not
be a major concern for palliative patients as these may
not survive that long for late toxicity to appear.
Mild hypo-fractionation schedule appears promising in
early laryngeal tumors. Karasawa et al. (36) also
evaluated the role of hypo-fractionation T1 and T2
laryngeal or hypo-pharyngeal cancers (n=80) treated
with definitive RT with a fraction size of 2.25 Gy. The
treatment was safe and well-tolerated. None had
grade II late toxicity. With a median follow-up of 47
months, 5-year LCR’s for the entire group, larynx T1,
larynx T2 and hypopharynx T1 were 85.8%, 97.6%, 70.1%
and 85.7%, respectively. Improved local control was
seen in T1 cases compared to their historical results.
Recently, Korean group’s phase III study (37)
randomized T1–2 glottic tumors into the CF arm, 82
patients (66 Gy in 33 F for T1 and 70 Gy in 35 F for T2)
and hypo-fractionation arm, 74 patients (63 Gy in 28 F
for T1 and 67.5 Gy in 30 F for T2). With a median
follow-up of 67 months, 5-year local progression-free
survival was 77.8% and 88.5% (p=0.213) for CF arm and
hypo-fractionation arm, respectively. No increased
toxicity was observed in hypo-fractionation arm, but
study was closed prematurely due to poor accrual.
Thus mild hypo-fractionation was found to be noninferior to CF with a similar toxicity profile and
potential advantages in terms of local control and a
shortened OTT.
Nevertheless, recent technological advances in the
planning and delivery of radiation, enhanced
supportive care and effective chemo-radiosensitization
have
improved
treatment
implementation. Whether the benefits of different
altered fractionation persist in the context of high end
technology, concurrent chemotherapy and molecular
targeted therapies (38,39) remains unclear. Also, it is
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difficult to compare the results, as the different clinical
trials assess tumors in different primary locations with
different TNM stages and heterogeneity of patient
populations included. Moreover, there is scarcely any
altered fractionation trial pondering the issues
associated with recent strong and independent
prognostic factors such as Human papillomavirus
related tumors (40), presence of peri-neural invasion
and immune-score/immune infiltrate findings in the
biopsy. However, despite the above limitations of
available data, altered fractionation in head and neck
tumors is proven to be radio-biologically reasonable
strategy as compared to other sites. This necessitates
the further reinforcement of evidence with a well
conducted multi-centric randomized controlled trials
to acquire a useful information.

Conclusion
Chief objectives of altered fractionation schedules are
to increase local-regional control and/or reduce the
risk of late toxicity. This comprehensive review of
literature reveals, altered fractionation schedules offer
improved results compared to CF radiation therapy
with no significant increased risk of late complications.
Reducing acute skin/mucosal toxicities and workload
associated logistic problems are the challenges
commonly encountered with altered fractionation.
Hyper-fractionated radiotherapy does provide
comparable results to that of standard concurrent
CTRT whereas any form of accelerated fractionation
alone (with or without total dose reduction) might
result in substandard outcomes. However, it can be
safely combined with chemotherapy with conformal
radiation procedures to improve outcome. By
understanding the radiobiological basis for altered
fractionation, these schedules can be applied to
diverse clinical situations of HNSCC and achieve better
results than CF. Finally, considering the described
altered-fractionation schedules in combination with
chemotherapy,
targeted
therapy
and/or
immunotherapeutic agents, can further refine the
personalized therapeutic options for the management
of patients with head and neck cancer.
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Table 1. Summary of the different altered fractionation schedules.

Type of fractionation

Fraction Size

Daily
Fractions

Weekly
Fractions

Total Dose

OTT

Tumour
Control

Acute
toxicity

Late toxicity

Prototype

Conventional fractionation

1.8 - 2 Gy

1

5

Standard

7 weeks

Standard

Standard

Standard

70 Gy/35F

Hyper-fractionation

1.15 - 1.5 Gy

2

10

Increased by
≈15%

7 weeks

Increased

Same

Increased

EORTC 22791
(80.5 Gy/70F)

Pure acceleration

1.8 - 2 Gy

1

>5

Standard

4 - 6 weeks

Increased

Reduced

Same

DAHANCA 6/7
(68 Gy/34F)

< 1.8 Gy

2+

10+

Reduced

< 5 weeks

Increased

Reduced

Same
or Reduced

CHART
(54 Gy/36F)

< 1.8 Gy

2+

>5

Standard

2.5 weeks + Gap
of 2 weeks

Reduced

Increased

Same

Split Course
(67.2 Gy/42F)

1.8 - 2 Gy

1 (initial),
2 (last 2
week)

5 (initial),
10 (last 2
week)

Standard

< 5 weeks
(12 D)

Increased

Reduced

Same
or Reduced

Concomitant
Boost
(72 Gy/42F)

1.6 – 2.2 Gy

1

5

Increased

5 weeks

Increased

Same

Same

Dose escalation
(76 Gy/54F)

> 2.2 Gy

1

5 (or less)

Reduced

3 - 5 weeks

Reduced

Increased

Reduced

Accelerated Fractionation

Type A acceleration

Type B acceleration

Type C acceleration

Type D acceleration

Hypo-fractionation
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Table 2: Altered Fractionation Trials in Head & Neck Cancers - RT Alone
Trials
MRC CHART
(14)

RTOG 9003
(8)

CAIR Trial
(15)

DAHANCA 6
and 7 (16)

IAEA-ACC
Study (17)

Study
period
19901995

19911997

19931996

Sample/Arm

Inclusion cases

CHART (n=552)
Vs.
CF (n=366)

HNSCC

CF (n=268)
Vs.
HF (n=263)
Vs.
AFX- SC (n=274)
Vs.
AFX-CB (n=268)

Stage III-IV (oral
cavity or
supraglottic larynx)
or Stage II-IV
(Oropharynx,
hypopharynx).

7-day-CAIR
(n=51)
Vs.
CF (n=49)

HNSCC

19921999

6F/wk (n=750)
Vs.
CF (n=726)

19992004

6F/wk (n=458)
Vs.
CF (n=450)

(excluding T1N0).

(excluding
T1,N2,N3 and
nasopharynx).
DAHANCA 6: T2-T4
glottic tumors
DAHANCA 7: Oral
cavity, pharynx and
larynx.
Stage I-IV Oral
cavity, pharynx and
larynx.

RT dose & OTT

Results

Dose:
- CHART: 54/36 at 1.5 Gy/F TID
- CF: 66/33 at 2 Gy/F
OTT: 12 D (CHART) and 46 D (5F/wk)
Dose:
- CF: 70/35 at 2 Gy/F
- HF: 81.6/68 at 1.2 Gy BID
- AFX-SC: 67.2/42 at 1.6 Gy BID with
2 week break after 38.4 Gy
- AFX-CB: 72 Gy given 54/30 at
1.8Gy and 18/12 at 1.5 Gy
concurrent BID boost.
OTT: 49 D (CF), 49 D (HF), 56 D (AFXSC) and 42 D (AFX-CB)
Dose:
- 7-day CAIR: 66±72 Gy at 2.0
Gy/1.8 Gy/F
- CF: 66-72/33-40 at 1.8-2 Gy/F
OTT: 35 D (7F/wk) and 49 D (5F/wk)
Dose:
- CF and 6F/wk: 66-68 Gy /33-34 F
OTT: 39 D (6F/wk) and 46 D (5F/wk)
Nimorazole was given in DAHANCA 7

10-year:
LRC, CHART 43% Vs. CF 50%
(NS)

Dose:
-

5-year:
LRC, 6F 42% Vs. 5F 30% (SS)
DSS, 6F 50% Vs. 5F 40% (SS)
OS, 6F 35% Vs. 5F 28% (NS)

CF and 6F/wk: 66-70Gy /3335 F
OTT: 40 D (6F/wk) and 47 D (5F/wk)

2-year:
LRC, CF 46% Vs. HF 54% (SS)
Vs. AFX-SC 47% (NS) Vs. AFXCB 54% (SS)

Toxicity
Lower skin toxicity,
severe xerostomia,
laryngeal edema &
mucosal necrosis (SS)
Increased acute
effects but no
increase in late
effects.

5-year:
LRC, CF 40.9% Vs. HF 48.8%
(SS) Vs. AFX-SC 42.2% (NS) Vs.
AFX-CB 48.3% (SS)
3-year (Actuarial):
LRC, CAIR 82% Vs. CF 37% (SS)
OS, CAIR 78% Vs. CF 32% (SS)

5-year:
LRC, 6F 70% Vs. 5F 60% (SS)
DSS, 6F 73% Vs. 5F 66% (SS)
OS, 6F 52% Vs. 5F 50% (NS)

Confluent mucositis significantly more
severe & lasted longer
in the CAIR than in
control arm.
Acute confluent
mucositis 53% Vs.
33% (SS)

No significant
differences in late
radiation side-effects.

Abbreviations: AF: Accelerated fractionation., AFX-CB: Accelerated fractionation using concomitant boost, AFX- SC: Accelerated fractionation with split-course, CAIR:
Continuous Accelerated Ir-Radiation, CF: Conventional fractionation, D: days, F: Fractions, HF: Hyper-fractionation, HNSCC: Head and neck squamous cell carcinoma, LRC:
Loco-regional control, NS: Not significant, SS: Statistically Significant, OS: Overall survival, OTT: Overall treatment time. BID: two times a day, TID: three times a day.
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Table 3: Altered Fractionation Trials in Head & Neck Cancers - Accelerated RT along with concurrent cisplatin chemotherapy.
Trials

RTOG
9914
(30)

Study period
& Sample
size (n)
2000

Sample/Arm/Study
period

2002-2005

2005-2009

n=895

Chemotherapy

Results

Toxicity

Stage III-IV
(Oral cavity,
Oropharynx,
Hypopharynx
and Larynx)

72 Gy /42 F in 6 weeks,
using concomitant boost
(54 Gy/1.8 F, 2nd F of 1.5 Gy
for last 12 F).

Cisplatin 100
mg/m2 on D1
and 22.

2-year: LRF: 33% &
OS 70%
4-year: LRF: 36% &
OS 54%

Grade 3-4 late
toxicity: 42%.

CF+ concurrent
cisplatin
Vs. AF + concurrent
cisplatin

Stage III-IV
(T2N2-3M0, T3-4
Any N M0)
(Oral cavity,
Oropharynx,
Hypopharynx, or
Larynx)

Arm 1) Conventional
chemo-RT 70/35 in 7 weeks
Arm 2) Concomitant boost
chemo-RT 72/42 in 6
weeks.

Cisplatin 100
mg/m2 3
weekly.

2-year: AF Vs CF
OS: 59% Vs. 56%
(NS),
LRF: 31% Vs. 28%
(NS)

Grade 3-4 Mucosal
toxicity, 21% Vs. 26%.

AF + concurrent
cisplatin Vs.
AF + concurrent
cisplatin +
cetuximab

Stage III-IV
(Oropharynx,
Hypopharynx,
Larynx)

Arm 1) 72 Gy /42 F over 6
weeks, using concomitant
boost (54 Gy/1.8 F, 2nd F of
1.5 Gy for last 12 F)
Vs.
Arm 2) 70 Gy /35 F (IMRT)
over 6 weeks, 6 F /week

Cisplatin 100
mg/m2 on D1
and 22 and
weekly
cetuximab.

2-year: CTRT Vs
CRT+ Cetuximab
PFS: 63% Vs. 64%
(NS)
OS: 83% Vs. 80%
(SS)

Grade 3-5 adverse
events 92% Vs. 90%,
(NS)
Higher grade 3-4
mucositis (45% Vs.
35%) & skin reactions
(40% Vs. 17%).

n=723

RTOG
0522
(32)

RT

Concomitant boost
radiation +
concurrent cisplatin

n=84

RTOG
0129
(31)

Inclusion cases

Abbreviations: RTOG: Radiation Therapy Oncology Group, RT: Radiotherapy, Gy: Gray, F: Fraction, CF: Conventional fractionation, AF: Accelerated
fractionation, NS: Not significant, SS: Statistically Significant, OS: Overall Survival, LRF: Loco-regional failure, PFS: Progression free survival.
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Abbreviations
AF
AFX-CB
AFX-SC
AHF
BID
CAIR
CF
CHART
CTRT
D
DAHANCA
EGFR
EORTC
F
GORTEC
Gy
HF
HNSCC
HR
IAEA-ACC
IMRT
LCR
LRC
LRF
MACH-NC
MARCH
OD
OS
OTT
PFS
RT
RTOG
SIB
TID

Accelerated fractionation
Accelerated fractionation using concomitant boost
Accelerated fractionation with split-course
Accelerated fractionation in combination with hyper-fractionation
Twice Daily Fractions
Continuous Accelerated Irradiation
Conventional Fractionation
Continuous Hyper-Fractionated Accelerated Radiotherapy
Chemo-radiotherapy
Days
Danish Head and Neck Cancer Group
Epithelial Growth Factor Receptor
European Organization for the Research and Treatment of Cancer
Fractions
Groupe d’Oncologie Radiothérapie Tête Et Cou
Gray
Hyper-fractionation
Head and Neck Squamous Cell Carcinoma
Hazard Ratio
International Atomic Energy Agency-coordinated study
Intensity Modulated Radiotherapy
Local Control Rate
Loco-Regional Control
Loco-regional failure
Meta-analysis of chemotherapy in head and neck cancer
Meta-Analysis of Radiotherapy in Carcinomas of Head and neck cancer
Once Daily Fractions
Overall Survival
Overall-Treatment Time
Progression free survival
Radiation therapy
Radiation Therapy Oncology Group
Simultaneous Integrated Boost
Three times a day
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