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Repair, accelerated repopulation, reoxygenation, and reas-
sortment (cell cycle) are the 4 tenets of classical radiation
biology. They form the cornerstones for designing and
optimizing radiation fractionation schemas in head and
neck squamous cell carcinoma, particularly locally
advanced head and neck cancer (LAHNC), in the past
century. Accelerated fractionation targets tumor repopula-
tion, whereas classical hyperfractionation aims to increase
the total dose while taking advantage of normal tissue
repair. Because of the scientific rationale and positive re-
sults reported in the literature (1), the Radiation Therapy
Oncology Group (RTOG) launched RTOG 9003, one of the
largest randomized trials in LAHNC ever performed. This
study tested 3 altered fractionation regimens against stan-
dard fractionation RT alone (SFX) (1).

Early results of the trial showed that both hyper-
fractionation (HFX) and accelerated fractionation with
concomitant boost (AFX-C) yielded significantly better
locoregional control (LRC) and a trend for improved disease-
free survival compared with SFX (1). Both were associated
with more acute toxicity but without a significant increase of
physician-assessed late effects. In this latest update of RTOG
9003 (Beitler et al, this issue [2]), only HFX remained
significantly associated with improved LRC, although a
trend for higher LRC was still noted for AFX-C. Composite
severe grade 3 to 5 late toxicity appeared to trend higher for 6
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versus 7 weeks of treatment, although the difference was not
statistically significant. Patient-reported outcomes were not
included in RTOG 9003.

What have we learned from the long-term update of
RTOG 9003? First, the study confirms that late failures are
uncommon in this population. Only 31 additional LRFs were
recorded between the last report (data cut-point August 1999)
and the current report (October 2012), justifying the practice
of censoring the locoregional failure endpoint at 5 years.
Beyond 5 years, a large number of deaths occurred from
causes other than the original cancer; therefore, overall sur-
vival curves showed no significant benefit to altered frac-
tionation over standard fractionation. This confirms data
from meta-analyses showing that the benefit from altered
fractionation over SFX is modest, smaller than the benefit
from concurrent chemoradiation therapy (CCRT), with the
exception of pure HFX (3). In an unselected population of
LAHNC, accelerated fractionation alone, even with dose
escalation, is probably inferior to CCRT; randomized trials
from Groupe Oncologie Radiotherapie Tete Et Cou (GOR-
TEC) and the German Cancer Society would appear to
confirm that (4, 5). Finally, late toxicity continues to plague
our patients. Approximately 8% (13 of 166) of 5-year sur-
vivors without disease are dependent on feeding tube use. An
exploratory analysis suggested that 6-week (accelerated)
treatment courses had greater late toxicity than 7-week
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treatment courses. Although late toxicity in RTOG 9003
appears to be somewhat lower than after CCRT, the rates are
still considerable.

Given the LRC benefit of CCRT and altered fractionation
and the survival benefit of CCRT, the next question is
whether further gains can be achieved by combining both
strategies. This was addressed in GORTEC 9902, where
accelerated radiation therapy (70 Gy in 6 weeks) plus 2
cycles of concurrent carboplatin-fluorouracil was compared
with SFX (70 Gy in 7 weeks) plus 3 cycles of concurrent
carboplatin-fluorouracil. AFX plus concurrent chemo-
therapy was not better; in fact, the highest survival rate was
noted for the SFX plus chemotherapy arm (4). Similarly,
RTOG 0129 compared SFX plus 3 cycles of high-dose
cisplatin to an experimental arm of AFX-C plus 2 cycles of
cisplatin (6). At a mean follow-up of 7.9 years, there was no
demonstration of improved outcome for any endpoint (7).
Although AFX-C for 1 week may have compensated for the
lower total cisplatin dose, accelerated RT plus concurrent
chemotherapy was not shown to be superior to SFX plus
concurrent RT. On the basis of these data, it is unlikely that
future trials will compare various radiation fractionation
schedules during CCRT in unselected groups of patients.
Individual clinicians may opt to use AFX-C with slightly less
chemotherapy than SFX plus a full-course chemotherapy,
but they should recognize that this is primarily for logistical
reasons rather than improved outcomes.

Where are we going from here with regard to LAHNC?
Recent advances in molecular biology and next-generation
sequencing have taught us much about these tumors. We
know now that there is a growing entity of human papil-
loma virus (HPV)-related oropharyngeal carcinomas (OPC)
and that these have a better prognosis than other LAHNC
(6). Many HPV-positive OPCs respond well to standard
chemoradiation therapy and may warrant treatment dees-
calation (in the setting of clinical trials). This may include
altered fractionation RT alone, or with less intense con-
current systemic therapy.

In addition, analogous to breast cancer, head and neck
squamous cell carcinoma (HNSCC) might soon be classi-
fiable into different subtypes (classical, mesenchymal,
basal, and atypical) with different behaviors based on their
gene expression profiles (8). We are also learning that
tumor behavior is often influenced by the tumor microen-
vironment and the immune function within the tumor and
the host (9). Moreover, certain tumors have mutations (such
as FGFR2-3 and PIK3K mutations) and aberrant pathway
function (such as the PIK3K pathway) that may in the
future be successfully targeted pharmacologically (10-12).

On the basis of this newfound knowledge, risk stratifi-
cation using a combination of clinical and biological fea-
tures now forms the corner stones of RTOG clinical trials
for HNSCC. As previously mentioned, for certain good risk
HPV-positive OPCs (small-size T1-T3 tumors with limited
nodal involvement in patients with no or minimal smoking
history), the goal is for treatment de-intensification to

minimize late toxicity while maintaining an outstanding
cure rate. Clinical trials are being designed to address this
intent. For the intermediate-risk HPV-positive tumors (large
T3-T4 tumors or with extensive nodal involvement or in
patients with >10 pack-years of cigarette use), the disease
progression rate is still high (32% at 5 years for RTOG
0129 and 0522) (6, 13). In these patients, the addition of an
immune check point inhibitor (eg, against CTLA4 or PD1)
to CCRT has the theoretical benefit of overcoming the
immune exhaustion that is often seen in these patients (14)
while eliciting antitumor immune response to antigens that
are unmasked by RT (15).

Immune checkpoint targeting may likewise benefit pa-
tients with HPV-negative LAHNC because immune
dysfunction is common in these patients (16). In addition,
targeting a specific active pathway or mutation in combi-
nation with CCRT may benefit the subsets of patients
harboring such defects. Novel approaches at DNA damage,
such as poly(ADP-ribose) polymerase inhibition, may be an
option for patients who do not have an obviously “action-
able” molecular target. However, it must be kept in mind that
many HPV-negative HNSCC patients are frail, and any
treatment intensification needs to take into account the po-
tential for severe acute and late treatment-related toxicity.

In summary, we are approaching a new paradigm in the
management of SCCHN. Altered fractionation alone may
continue to play a role in small groups of patients such as
those who cannot tolerate concomitant chemotherapy or
those with good risk HPV-positive tumor enrolled on clin-
ical trials. The remaining patients will be partitioned into
different risk groups on the basis of clinical and biological
features and will be treated with different strategies. New
treatment paradigms need to take into consideration the late
toxicity profile that may be experienced by our patients and
new research to mitigate such late toxicity is needed to
improve the quality of life in long-term survivors.
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