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Reirradiation of head and neck cancer in the era of
intensity-modulated radiotherapy: patient selection,
practical aspects, and current evidence
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Locoregional failure is the most frequent pattern of failure in locally advanced head and neck cancer patients and it leads to death
in most of the patients. Second primary tumors occurring in the other head and neck region reach up to almost 40% of long-term
survivors. Recommended and preferred retreatment option in operable patients is salvage surgical resection, reporting a 5-year
overall survival of up to 40%. However, because of tumor location, extent, and underlying comorbidities, salvage surgery is often
limited and compromised by incomplete resection. Reirradiation with or without combined chemotherapy is an appropriate option
for unresectable recurrence. Reirradiation is carefully considered with a case-by-case basis. Reirradiation protocol enrollment
is highly encouraged prior to committing patient to an aggressive therapy. Radiation doses greater than 60 Gy are usually
recommended for successful salvage. Despite recent technical improvement in intensity-modulated radiotherapy (IMRT), the use
of concurrent chemotherapy, and the emergence of molecularly targeted agents, careful patient selection remain as the most
paramount factor in reirradiation. Tumors that recur or persist despite aggressive prior chemoradiation therapy imply the presence
of chemoradio-resistant clonogens. Treatment protocols that combine novel targeted radiosensitizing agents with conformal high
precision radiation are required to overcome the resistance while minimizing toxicity. Recent large number of data showed that
IMRT may provide better locoregional control with acceptable acute or chronic morbidities. However, additional prospective studies

are required before a definitive conclusion can be drawn on safety and effectiveness of IMRT.
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Introduction

Despite intensified treatments for head and neck squamous
cell carcinoma (HNSCC), patients still have a high risk of
recurrence or second primary tumors occurring within or in
close proximity to previously irradiated volume. Long-term
follow-up data showed that locoregional recurrences can

develop in 16% to 25% of patients treated with postoperative
chemoradiation for high-risk HNSCC [1] and in 17% to
52% of patients treated with definitive chemoradiation for
unresectable HNSCC [2]. About 15% of cases will develop a
second primary cancer (2nd primary) in head and neck region
within 5 years after initial HNSCC diagnosis. The rate increases
to 40% for long-term survivors [3]. Surgery as salvage therapy
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for locoregional recurrence provides the greatest probability
of cure, with 5-year survival rate approaching 40% [4].
Unfortunately, the vast majority of locoregional recurrent
cases are unresectable. Although chemotherapy has been
the standard of care for patients who are not candidates for
surgery, response rates are limited with a median survival time
of 7.4 months [5].

Reirradiation is a potentially curative treatment option for
some patients with unresectable disease. However, increased
risk of severe or life-threatening treatment-related toxicity and
tumor radioresistance pose challenges to reirradiation. Because
locoregional progression is the most common cause of death
in patients with head and neck cancer, obtaining local control
may effect on the survival in patients with locoregionally
failed disease. In addition, local tumor progression can affect
morbidity due to disfigurement in appearance, uncontrollable
pain, cancer bleeding, infection, and impairment of speech and
swallowing, thus finally resulting in poor quality of life (QOL).

Patients with recurrent or 2nd primary HNSCC having
history of previous radiation therapy are challenging
group with heterogeneity. Published data include diverse
recurrent or 2nd primary tumor in the extent and location,
prior radiotherapy (RT) parameters, elapsed time since prior
treatment, and extent and severity of normal tissue sequelae.
Data in current literature are not available on acute and late
normal tissue recovery from prior treatment. Lack of data to
reirradiation tolerance poses significant challenges or even
fear to meet these patients in daily clinic. Recently, high
precision RT including intensity-modulated radiotherapy (IMRT)
has demonstrated the ability to reduce toxicity and improve
disease control. Novel systemic agents and radiotherapy
techniques including stereotactic ablative RT (SABR) and
proton therapy are also being actively explored. In this study,
we sought to formulate widely-applicable scheme based on
previous data of reirradiation patients with high precision
radiation therapy.

Radiobiologic Aspects of Reirradiation in
Head and Neck Cancer

1. Radiation resistance

In vitro analysis of cultured tumor cells from recurrent HNSCC
after a curative course of radiotherapy has demonstrated
the development of radioresistance [6]. Local control rate
was about 30% following reirradiation for recurrent tumors,
which was lower than the expected local control rate of 60%
for initially irradiated head and neck cancer and new primary
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cancer in previously irradiated areas. Such finding indicates
that radioresistance is acquired through high-dose radiation in
recurrent head and neck cancer [7].

Whether radioresistance acquired through previous
radiation renders subsequent treatments less effective
is an important factor when considering retreatment.
Radioresistance may partially explain the high prevalence
of local recurrences (37%-60%) after delivering tumoricidal
doses (at least 66 Gy) to re-irradiated patients. This suggests
that biologically effective and high doses are needed to control
gross disease. Recurrent tumors can also be morphologically
distinct from de novo tumors, presenting multicentric tumor
foci with more dissociated tumor cells in the vicinity [8].
Traditional fractionated radiation alone is insufficient for
recurrent tumors. Thus, revisiting the use of novel molecular
agents or alternative dose fractionation schedules such as
hypofractionation or ablative RT with reduced treatment
volumes may be warranted to improve tumor control in
addressing radiobiologic differences in recurrent HNSCC.

2. Normal tissue tolerance to reirradiation

Given inadequate survival of patients with recurrent HNSCC,
there is lack of data to see as much as possible late normal
tissue complications after 2nd course of radiation. Currently
not enough data are available for normal tissue radiation
tolerance especially for partial volume irradiation. Carotid
rupture is an uncommon but usually fatal complication. It
may occur in approximately 3% of patients within several
months to one year after receiving reirradiation [9]. Spinal
cord myelopathy is particularly fearful for radiation oncologist
in the clinics as the spinal cord have already been irradiated
to above the tolerance dose. However, animal experiments
in rhesus monkeys have indicated considerable repair of the
spinal cord from initial radiation (repair rate of approximately
76%, 85%, and 101% after 1, 2, and 3 years of initial radiation,
respectively) [10]. A recent summary of current literature on
this issue has shown an enough evidence that partial repair of
subclinical damage in the spinal cord induced by conventional
fractionated RT is certain at about 6 months following RT. Such
repair rate is increased over till the next 2 or 3 years [11]. For
partial cord dose using SABR, a maximum cord dose of 13 Gy
with 1 fraction or 20 Gy in 3 fractions seems to be at a risk of
myelopathy of less than 1%. Full-dose reirradiation in children
with recurrent intracranial ependymoma revealed substantial
recovery of spinal cord and brainstem. In summary, current
evidence demonstrated that the risk of spinal cord myelopathy
is unusual when the elapsed time between radiation is at
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least 6 months and if cumulative biologically effective dose
administered to the spinal cord is remained low 135.5 Gy2 [12].
The reported risk of myelopathy is less than 19%.

Retreatment Strategy for Recurrent or
2nd Primary HNSCC

1. Adjuvant radiation therapy following salvage surgical
resection

Locoregional recurrence or 2nd primary HNSCC are mostly
heavily treated with surgical resection and RT with or
without chemotherapy or both. Salvage surgery has been
identified the most effective curative treatment. It is the
best choice of treatment for resectable recurrence and with
good performance status. According to a meta-analysis of
32 studies, the 5-year survival rate reached up to 39% after
salvage surgery [13]. Reasonably, best chance for cure has
been observed in early-stage diseases. Bulky disease with stage
T3-T4 recurrence should be considered differently because
it is not adequate candidates for salvage surgery [14]. The
success of salvage surgery also relates with the location of
recurrent tumors. It has a better outcome for recurrent cancer
in the larynx and neck node compared with poor sites like as
oropharynx and the oral cavity. Although salvage resection is
done in selected patients, probability of second recurrence is
still high (50%-65%).

In 2008, the GORTEC phase Ill, multicenter, randomized
trial [15] compared adjuvant concurrent chemoradiation
therapy (CCRT) to just observation after RO or R1 surgical
resection in previously irradiated recurrent HNSCC. Patients
were randomized to observation group versus CCRT using
hyperfractionation schedule. Twenty-six percent and 29%
of patients had adverse pathologic feature of extracapsular
extension (ECE) and positive margins. Adjuvant CCRT improved
both locoregional control (LRC, p < 0.0001) and disease-
free survival (DFS, p = 0.01), but not overall survival (0S, p =
0.50). Two-year OS reached 45% in the CCRT group. Acute
toxicity increased in 28% of patients in the CCRT group. Three
treatment related deaths were observed during CCRT. At 1 and
2 years, grade 3-4 toxicity were 26% and 399%, respectively, in
the CCRT group compared to 9% and 10%, respectively, in the
observation group (p = 0.06). Treatment mortality was higher (5
vs. 0). There were several smaller prospective or retrospective
series results. The following conclusions are drawn from
these studies [16]. First, only patients with high-risk adverse
pathologic features should be considered for postoperative
adjuvant reirradiation (positive surgical margins and ECE).
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Second, grade 3-4 high chronic toxicities may develop in more
than 1/3 of patients. Third, reirradiation related death was
observed up to 8% of patients. Fourth, even with high rate of
morbidities, half of patients can survive longer than 2 years.
Fifth, adjuvant reirradiation with or without chemotherapy can
improve LRC and DFS compared with salvage surgical resection
alone, however, it has no prolongation of OS.

It is currently uncertain whether the addition of concurrent
chemotherapy to reirradiation can improve treatment
outcome. Reirradiation morbidity after salvage resection
should be investigated. Reconstruction with vascularized tissue
flap can reduce small vascular damage and overlying skin
against chronic morbidity. A retrospective study of 12 patients
who had introduced microvascular free flap reconstruction
for recurrent or 2nd primary HNSCC in previously radiated
patients has showed that free flaps reconstruction can make
possible successful resection, which may also reduce the
incidence of severe late radiation complications such as skin
sloughing, soft tissue fistula, and great vessel rupture and also
reduced the risk of treatment-related death [17].

2. Reirradiation for unresectable disease

Nonsurgical salvage therapies are usually applicable to
patients with a bulky disease and to those who are unsuitable
for curative resection. Two randomized trials (GORTEC 98-
03, RTOG 04-21) [18] have compared chemotherapy alone
and chemo-irradiation. They were early closed because of
poor enrollment. In unresectable recurrent HNSCC, treatment
decisions based on results from systematic reviews and expert
panel recommendation have shown that RT with or without
chemotherapy can improve QOL and chance of long-term
control compared to best supportive care.

The Radiation Therapy Oncology Group (RTOG) has
successfully performed two multi-institutional prospective
phase Il trials. In RTOG 9610 trial [19], 86 patients were
recruited and radiotherapy was delivered with 1.5 Gy/fraction
twice per day, concurrently with hydroxyurea/5-fluorouracil
(5FU) separated by 1 week of rest for 4 cycles. The late grade
3/4 toxicities were observed in 19.4% of patients. The OS
was 15.200 at 2 years. There were 6 (7.6%) treatment-related
deaths. The following RTOG 9911 study [20] was conducted
from 2000 to 2003. It enrolled 105 patients who were treated
with the identical radiation scheme (IMRT was included) but
with a different concurrent chemotherapy agents (cisplatin/
paclitaxel). The incidence of grade 3/4 late toxicities was high
reported up to 33.8%. Eight patients (8%) of treatment-related
deaths occurred. At 2 years, PFS and OS were 15.8% and
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25.9%, respectively. These were relatively superior treatment
outcomes (2-year 0S 25.9% in RTOG 9911 vs. 15.2% in RTOG
9610; p = 0.0444) compared to the other two RTOG trials.
Table 1 summarized studies on reirradiation with or without
chemotherapy in recurrent, unresectable HNSCC. Results
from those studies represented that 1/4 to 1/3 of patients
were locoregionally controlled with 2-year OS rates of 10%-
309%, although long-term survivors after reirradiation were
uncommon. Severe toxicities above grade 3/4 could happen in
up to 40% of re-irradiated patients. Almost 10% of patients
might suffer from treatment-related death [16]. Apparently,
the outcomes of studies showed considerable difference that
primarily depends upon included patients and the intensity of
reirradiation. Until recently, there are no randomized studies
on defining optimal reirradiation treatment schemes. As shown
in Table 1, previous studies had wide differences in patient and
tumor characteristics, and treatment-related factors so those
studies make it impossible to draw any clinically meaningful
conclusions. Therefore, it leaves a lot of questions concerning
the most effective reirradiation regimen (split-course vs.
continuous-course; once daily vs. hyperfractionation). The
therapeutic effect and toxicities of concurrent chemotherapy
should be defined.

3. Palliative chemotherapy alone

Chemotherapy as a single therapeutic modality only plays as a
palliative role. Patients with palliative chemotherapy alone only
have a median survival of 7.4 months. A phase IIl EXTREME
trial [5] has demonstrated 3 months survival benefit from
7.4 months to 10.1 months (hazard ratio [HR], 0.80; p = 0.04)
by addition of cetuximab to conventional chemotherapeutic
agent (platinum + 5FU) in recurrent and unresectable HNSCC.
However, result of early randomized trials including recurrent/
metastatic HNSCC patients have shown disappointing 5-year
survival rate of 3.6% following platinum-based combination
chemotherapy [21].

Radiation Therapy Technique

Preferred reirradiation technique is delivering radiation
using brachytherapy, SABR, or external beam radiotherapy
(3-dimensional conformal therapy [3D-CRT], IMRT or proton
beam therapy) combined with or without systemic agents
(chemotherapeutic or immunologic agents) in presence or
absence of preceding debulking surgery.

IMRT with modern image guidance has been commonly
attempted in practice. Because of its potential benefit
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in reduced toxicity and treatment efficacy compared to
conventional radiation therapy, many recently published
studies on reirradiation have made the use of IMRT or SABR.
Those studies are summarized in Tables 2 and 3. As shown
in Table 2 or 3, the numbers of patients are small in each
study and also wide heterogeneity has been observed in RT
parameter and presence or absence in salvage surgery and
systemic therapy. No definitive survival advantage has been
observed with IMRT or SBRT compared with conventional
radiation therapy till now. However, improvement in local
control and advantage of acute/late toxicities are apparent,
although it is considered that irradiated volume tends to be
smaller when IMRT or SABR are utilized. Certainly, no firm
conclusions can be drawn as to toxicity or treatment-related
mortality. This might be due to a lack of adequate data in
older series. Lee et al. [22] reported retrospective data of 105
patients who were treated with curative intent reirradiation
using either conventional RT technique (31 patients) or IMRT
(74 patients). IMRT technique has achieved significantly better
locoregional relapse free survival over conventional techniques
at 2 years (52% vs. 20%; p < 0.001). Furthermore, IMRT
technique is identified as an independent prognostic factor in
multivariate analysis (HR, 0.37). Another study has reported
chemoradiation results for recurrent HNSCC [23]. Late G3-4
adverse reactions developed in 7% of patients treated with
IMRT compared to 16% in conventional RT without treatment
related mortality [23].

SABR is a highly conformal and precisely-targeted radiation
delivery technique that can focus high dose of radiation
to a very small volume area in 1 to 5 fractions. Although
there are only limited data with SABR, it may have curative
potential particularly for limited small lesions. SBRT also has
practical advantages for patients in poor general condition
because it does not have hematologic or systemic toxicities.
An early retrospective study of SABR for primary, recurrent,
or metastatic HNSCC has gained 1-year tumor control rate of
60% with a median survival of 7 months [24].

In a phase | dose-escalation trial of SABR in reirradiation of
HNSCC, total 44 Gy in 5 fractions was delivered without dose-
limiting acute toxicity [25]. In regarding to adequate radiation
dose using SABR, 35-44 Gy in 5 fractions is associated with
improved local control compared to those receiving less
than 35 Gy without an increase in acute or late toxicity [26].
In contrast, another study has reported high rate of late
complication after reirradiation with SABR (median, 30 Gy
in 5 fractions) showing carotid blowout rate of 17% [27].
A retrospective matched cohort study compared SABR (40
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Acute G3 26 (31%)
Late G3 11 (14%)
Acute G3 (32%)

Late 6

2-yr 0S (35%)/2-yr

69 Gy

2009 84 Rec/2nd 0P (19)

Duprez et al. [36]

LCR (482%)
RR (76%)/2-yr 0S

CTX (17) (cisplatin etc.)

CTX

[61 Gy/49.5M]

Rec

(Belgium)

Biagioli

60 Gy/30 fx, each other

2007 41

(48.7%)
RR (50%)/2-yr 0S

week

[60 Gy/25M] Cisplatin or carboplatin
IMRT (74), non-IMRT (31) 59.4 Gy
71% CTX

105 Rec

(Miami)

Lee et al. [22]

Acute G3-4 (23%)

2007

Late G3-4 (15%: severe 11%)

(37%)/2-yr LRC (42%)

LRC (67%), 2-yr 0S

(62 Gy/38M]

2010 35 Rec

(MSK)

Sher

Late G3-4 (46%), Lethal (11%)

67.56 Gy (1.8-2.0 Gy

Cisplatin or cetuximab

CTX

(49%)
2-yr 0S (49%)

daily)
68 Gy (2.0 Gy daily)

[30M]

2012 38 Rec

(Dana-Farber)

Kharofa et al. [23]

Late G3-4 (16%), IMRT (7%),

Lethal (0%)

IMRT, intensity-modulation radiation therapy; RT, radiation therapy; Rec, recurrence; M, months; CTX, chemotherapy; 0S, overall survival; LRC, locoregional control; HfxRT, hyperfrac-

Carboplatin + paclitaxel
tionated radiation therapy; bid, twice a day; G, grade; MDAC, MD Anderson Cancer Center; MSK, Memorial Sloan-Kettering Cancer Center.

[28M]

(Wisconsin)
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Gy/5 fractions) with or without cetuximab has shown that
the additional cetuximab to SABR can increased local control
(49.2% vs. 33.6% at 2 years) and also 0S (53.3% vs. 21.1% at
2 years) in comparison to SABR alone [28] without difference
of late grade 3/4 toxicities in patients who received concurrent
cetuximab.

Proton therapy, a new novel radiation modality with a
delicate range of beam but no exit dose, has also been reported
in superiority as reirradiation tool such as in nasopharyngeal
cancer [29]. In considering significant toxicities to normal
tissues with reirradiation, highly precision radiation modalities
should be chosen to reduce the volume of reirradiation as
small as possible.

Latest Clinical Data from Reirradiation
using IMRT

Recent review on 15 years (1999-2014) of large sized data
from MD Anderson Cancer Center using IMRT has clarified the
predictors of outcomes and toxicity in re-irradiated patients
with HNSCC [30]. Total 206 patients including 173 with HNSCC
histology were retreated with curative aim. One hundred four
patients (50%) underwent salvage surgery while 102 patients
treated with non-surgical treatment. With a median 24.7
months of follow-up after reirradiation, clinical outcomes
were worse for HNSCC patients in 5-year LRC, PFS, and OS
rates (53%, 22%, and 32%, respectively), than for non-HNSCC
patients (74%, 59%, and 79%, respectively) [30]. Favorable
prognostic factors in multivariate analysis after salvage
surgery were neck retreatment and lack of ECE. For non-surgical
treatment, better outcomes were noted in nasopharynx subsite
and complete responder to induction chemotherapy. However,
grade 3 toxicities occurred in 32% of patients at 2 years, 48%
at 5 years, and dysphagia or odynophagia were observed most
frequently [30]. Most important factors associated with grade
3 toxicity was reirradiation volume >50 cm® and whether or
not concurrent chemotherapy was used. Interestingly, there
was no grade 3[4 late toxicity in patients whose reirradiation
volume was less than 25 cm® [30]. Recent update on
reirradiation results with IMRT with or without salvage surgery
acquired promising local control in half of the patients, and
also increased long-term survival in selected patients. However,
treatment-related toxicity was still high up to 30%-50%.
Therefore, highly conformal and precise radiation delivery to
very limited volume is essential to avoid critical late toxicities.

https://doi.org/10.3857/r0}.2017.00122
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Optimal Radiation Volume in Reirradiation
of Head and Neck Cancer

The main challenges in reirradiation of patients are
determining the extent of target volume and whether or not
to irradiate the uninvolved elective nodal area. At this point,
several findings from previous studies should be considered.
First, differences in the pattern of metastases (the incidence
and geographic distribution of metastases), in other words,
unexpected lymph drainage pattern has also been found in
patients with previously treated neck [31] with surgery or
radiation. Second, high rates of local failures and systemic
metastases, both of them are observed after retreatment.
This can markedly reduce the potential therapeutic benefit
anticipated from elective nodal irradiation. Furthermore high
rate of grade 3/4 toxicities were noted after large volume
of reirradiation, so the optimal reirradiation volume is not
definitely settled now. Two RTOG phase Il studies [19,20] on
reirradiation with concurrent chemotherapy have set clinical
target volume (CTV) with 2 cm margin surrounding the
recurrent gross tumor volume. With an effort to reduce severe
toxicity caused by reirradiation, many studies have targeted
diseases with restricted volume and avoided elective nodal
reirradiation. With PET-CT based treatment planning, marginal
local failure can be effectively decreased and 0.5-cm margin
around recurrent gross disease is taken popularly [16]. Surgical
series and recent IMRT series have found that those who
develop a second failure after retreatment experience local
recurrence in still high dose volume area (40%) and distant
metastasis (22%) [30]. Other patterns of failure analysis also
suggest that limited reirradiation volumes without elective
reirradiation of nodal areas are sufficient [32].

Optimal Dose Fractionation Scheme
according to RT Technique

Until now, objective comparison studies of various
reirradiation schemes have not been performed. Data collected
from non-recurrent HNSCC patients have suggested that
hyperfractionated regimens would be the most effective
scheme in sparing late-responding normal tissues. Generally,
previous fractionation studies have used hyperfractionation
schedule based on the assumption that small fractionation size
might decrease late reaction. Moreover, treatment strategies
to overcome the reduction of radiation doses, concurrent
chemotherapy are preferred.

RTOG [19,20] phase Il trials and another study [33] adopted
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relatively high fractional dose of 1.5 Gy with bid schedule in 1
week-on and 1 week-off alternative fashion. These prolonged
hyperfractionation regimens did not demonstrate advantages
in treatment efficacy or toxicity compared to continuous
course hyperfractionation of 1.2 Gy or conventional
fractionation of 1.8-2 Gy/day. Contrarily, these prolonged
regimens employed several planned treatment interruption.
They are necessary to reduce acute toxicities, but they could
be radiobiologically detrimental to local tumor control.
Another single institution reports of reirradiation have usually
used continuous conventional fractionation with only acute
treatment-related deaths of 0%-1% [22,33] compared to 5%-
10% in studies using prolonged accelerated hyperfractionated
weekly cycle regimen used in RTOG [19,20,33].

With rapidly applying precision RT technique from 3D-CRT
to IMRT, SABR and proton, the effect of fraction size on
reirradiation HNSCC is difficult to estimate. Studies using IMRT
usually used standard fractionation without definite increase
in late toxicity (Table 2). Several studies of SABR conducting
hypofractionated treatment schedules are summarized in Table
3. It remains unclear if delicate focusing to target can reduce
potential late normal tissue complications or hypofractionated
RT can compensate for less sublethal and potentially
lethal damage repair for treatment efficacy. However,
hyperfractionated RT will be continuously considered and play
a potential role in reirradiation, particularly in patients with
recurrent tumor in close proximity to critical organ or those
with significant chronic sequel from prior irradiation.

Site Specific Consideration in Reirradiation
for Nasopharyngeal Cancer

An ample of data on reirradiation has been built up for
nasopharyngeal carcinoma. Hong Kong Nasopharyngeal Study
Group database has evaluated patients of 1st isolated local
recurrence and received salvage treatment, including external
radiotherapy, brachytherapy, and/or surgery [34].

The 3-year actuarial OS rate for patients with isolated
local failure was 749%. As surgery can only be adopted in
limited small volume tumors, reirradiation was most often
chosen as a treatment. Whatever radiotherapeutic modality
was used (intracavitary brachytherapy, IMRT or SABR/SRS),
the 3-year local control rate was 75%-85% [34]. Therefore,
treatment modality should be selected based on each patient's
characteristics and tumor factors such as age, performance
status, tumor location, size, histology, past treatment, and
the willing of the patient. Major complications included
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nasopharyngeal necrosis with headache, necrosis of cervical
vertebrae with atlanto-axial instability, temporal lobe necrosis,
and cranial nerve palsy [34]. The most morbid complication
was temporal lobe necrosis occurring in about 12% of
retreatment patients, with a mortality rate of 65% [34].

Treatment-Related Toxicity Associated with
Previous Irradiation

Reirradiation alone or CCRT with or without salvage surgery
offers a small but actual chance of long-term survival, which
has to pay a price of substantial treatment-related morbidity
and mortality. However, many radiation oncologists perform
high-risk, high-reward therapy if the patients have been left
untreated that may lead to grave prognosis. The exact toxicity
induced by reirradiation is very difficult to approximate
as toxicity might be rooted from one or more of several
prior therapies (RT, chemotherapy, surgery, and CCRT). The
reported rates of adverse effects in the literatures tend to be
underestimated.

1. Acute toxicities

Primary CCRT is associated with as much as 719%-77% of
grade 3-4 mucositis when compared to reirradiation group
(149%-26%) [35]. Unexpected low rate of mucositis in
reirradiation series is probably due to the smaller irradiation
volumes are commonly used. Unfortunately, the rates of
treatment-related death in reirradiation patients (5%-19.9%)
are higher. This may be related to the fact that functional
reserve is compromised in heavily pretreated patients rather
than direct cause of toxicity. In addition, high radiation doses
might have cumulative impact on normal tissues. Most
commonly observed causes of death in reirradiation patients
are pneumonia due to leucopenia or aspiration and fatal
hemorrhage from carotid blowout syndrome.

2. Late toxicities

Current data for assumption of risks or dose constraints of soft
tissues, bone, and neurovascular structures after reirradiation
are insufficient, especially when hypofractionation or SABR
is given to patients. Because of poor survival rate and grave
prognosis with recurrent HNSCC, many patients may not
survive long enough to see potential late normal tissue
complications. Swallowing difficulty seems to be the most
frequently observed toxicity reported up to 50% or more
in treated patients [30]. The most critical consequences
of reirradiation are late neurologic toxicity such as spinal
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cord myelopathy, carotid artery rupture (CAR), and
osteoradionecrosis (ORN) in the irradiated bone.

1) Spinal cord myelopathy

Spinal cord myelopathy is a particularly feared late
complication to a radiation oncologist as partial volume of
the spinal cord have already irradiated 45-50 Gy from the
previous radiation treatment. However, animal experiments [10]
and sufficient human data have suggested that spinal cord
undergo substantial recovery from the initial radiation dose
after at least 6-month interval with a low risk of myelopathy
despite accumulation doses of more than BED 100 Gy3 [36].
RTOG phase Il studies of reirradiation [19,20] and several
institutional experiences have restricted the cumulative spinal
cord dose to 50 or 60 Gy [37]. On the other hand, others have
delivered somewhat higher cumulative spinal cord doses
on the assumption that spinal cord tissue recovery would
happen up to 50% of prior dose following 1 year [33]. All
demonstrated a less than 1% risk of spinal cord myelopathy.

2) Carotid artery rupture

Carotid artery rupture is an uncommon but usually a fatal
complication of reirradiation according to published literature
[9]. It may arise in about 3% of patients at a median of 7.7
months with 76% of events being fatal [9]. Risk factors for
carotid artery rupture include tumor recurrence accompanying
chronic infection, surgery (pharyngocutaneous fistula and
neck dissection), poor nutrition, and chronic inflammation
(long-term tracheostomy and nasogastric tubes). Radiation
therapy scheme may impact on risk of carotid blowout. Carotid
blowout has been found in low probability when treated with
a continuous conventional fractionation or hyperfractionation
in comparison with accelerated fractionation regimens (1.3%
vs. 4.500; p = 0.002) [16], although definitive conclusion could
not be drawn about the impact of fractionation because of a
heterogeneous patient population and treatment parameters.

3) Osteoradionecrosis of bone and mandible

Mandibular ORN reported predominantly in old data using
conventional opposed two bilateral ports up to 10%-15% [38].
Not surprisingly, risk of ORN was correlated with dose and
volume of irradiated mandible [38]. Because of recent advances
in delicate planning and targeting of modern RT techniques
(IMRT, SABR), occurrence of ORN reduced significantly,
ranging from 0%-7% (median, 0%) [38]. Obviously, options
such as reconstructive surgery to remove necrotic tissue and
preventive swallowing exercise programs are also important
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as much as precise RT planning and dose delivery for reducing
the risk of ORN. Besides the mandibular bone, other tissues
such as the laryngeal cartilages and brain are also sensitive to
radiation. Consequently, the normal tissue in close proximity
to the tumor can influence on the type of radiation-induced
toxicity.

Prognostic Factors Associated Reirradiation
Outcomes

According to present literature evidence [39], several
prognostic factors associated with reirradiation outcomes are
summarized in Table 4.

1. Debulking surgery

Surgery has provided additional benefit of removing
radioresistant disease that make a great chance of cure.
GORTEC multicenter groups have randomized 130 patients to
surgery with or without adjuvant radiation with concurrent
5FU[hydroxyurea [16]. Although, no overall survival advantage
has been addressed so far for patients with adjuvant radiation,
PFS was significantly improved in the adjuvant therapy group
[16]. However, acute and late complications were increased in
that group.

Table 4. Reported prognostic factors for survival and risk factors
for adverse reactions

Prognostic factor for overall survival
Debulking surgery prior to reirradiation
Anatomic site
Histology
Time interval since prior treatment
Second primary versus recurrent tumor
Dose-response relationship
Tumor size (T category)/volume of reirradiation
Treatment modality
Gender
Salvage treatment
Age

Risk factor for adverse reactions
Accumulated irradiated dose
Concurrent use of chemotherapy
Age
Mucosal involvement/ulceration
Treatment volume
Reirradiation schedule
Treatment modalities
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2. Tumor size (rT1-3 vs. T4) or irradiation volume
Patients with a non-bulky, small volume of disease prior
to reirradiation are most likely to benefit from aggressive
locoregional treatment [38], absolutely a higher dosage of RT
could be administered to the smaller target than that for a
larger tumor [40].

3. Anatomical site

Among head and neck sites, good locoregional control have
been observed in patients with nasopharyngeal, laryngeal
cancer, or lateral neck recurrence [30], whereas oral cavity and
hypopharyngeal cancers have relatively poor prognosis [40]
after retreatment.

4. Time interval since prior irradiation

Many studies have demonstrated that time interval since prior
irradiation is an important prognostic factor of reirradiation
failure.

In RTOG 9610, the 1-year survival rate for patients re-
irradiated within 3 years of prior radiotherapy was only
35%. However, it was 48% for patients re-irradiated more
than 3 years later from prior RT [19]. Other study reported
reirradiation delivered with 24 months or more interval had a
longer median survival time than for patients within 1 year of
their initial therapy (15 months vs. 6.5 months) [19].

5. Second primary versus recurrent tumor

As time to recurrence extended from 1st diagnosis, it is difficult
to differentiate between delayed recurrence and second primary
cancer. Second primary cancers might relatively respond well
to 2nd course of treatment than pure recurrent tumors in
a previously irradiation bed due to inherent radioresistance
of recurrent tumor and offensive nature of recurrent tumor
cells. Several studies have reported data supporting this
postulation [41]. RTOG 9610 study, have reported that the
treatment outcome of each category of patients: 1-year 0S
rate and median survival for 2nd primary cancer were 54%
and 19.8 months, respectively, compared to 38% and 7.7
months, respectively, for recurrent cancers [19]. Stevens et al.
[7] have reported on the outcomes of 100 patients treated with
reirradiation alone. Their result showed that the 5-year OS and
LRC are better for 2nd primary cancers compared to recurrent
tumors (37% and 60%, for 2nd primary vs. 17% and 27%, for
recurrence in a previously irradiated field).

6. Dose-response
Several reports have reported that total administered radiation
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dose is a main predictive factor for outcome in re-irradiated
tumors [22]. Theoretically, high dose radiation is needed
because acquired radio-resistant cell population could be the
source of recurrence. In general, lower radiation doses than
that of original radiation treatment cannot be curative. Even
though aggressive therapy with high-dose radiation and
chemotherapy, locoregional sites are the major treatment
of failure, indicating that main source of failure would be
the remaining proportion of radioresistant cells in recurrent
tumors [42]. One study has demonstrated the dose-response
relationship that the median survival of 11.3 months and
2-year OS of 35% for patients administered >58 Gy, compared
to 6.5 months and 8%, for patients received lesser dose [43].

Prognostic Factors Associated with Severe
Grade 3 Toxicities

Tumor recurrence is deemed to be the consequence of
regrowth of radioresistant clonogens that survived through
the initial treatment of RT. It is hard to control radioresistant
population with repeated RT in same scheme. From this
reason, larger, intensive dose of RT are fundamentally required.
However, in a reirradiation scenario, radiation oncologists have
to make a judgment between the efficacy and morbidity caused
by aggressive reirradiation. Optimal cutoff doses have been
established based on the several dose-response relationship
studies [22,42,43]. The cutting point dose expecting local
control would be usually set at around 60 Gy. Extreme caution
is necessary if higher dose above 60 Gy is used. Salvage
reirradiation with high curable dose have not been rationalized
in price of excessive morbidity and deterioration of patient's
QOL. Thus, before determining the reirradiation dose, radiation
oncologist must cautiously consider on a lot of points such
as target volume of reirradiation, proximity of critical dose
limiting normal organs, the accuracy of high precision
radiation delivery technique, and time interval from the first
RT course. Risk factors associated with severe grade 3 toxicities
are summarized in Table 4.

Among these factors, one must give a special attention to
reirradiation volume and whether to administer concurrent
chemotherapy.

Despite the increased use of high precision IMRT, toxicity
results at the MD Anderson Cancer Center showed that the
actuarial rate of any grade 3 toxicity approached 32% at 2
years and 48% at 5 years. Predictors of grade 3 toxicity on
multivariate analysis, patients with CTV larger than 50 cm’
were more likely to experience grade 3 toxicity (HR, 3.11; p =
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0.003). Those who received concurrent chemotherapy were
also more likely to experience grade 4 toxicity (HR, 1.78; p =
0.035) [30]. Patients retreatment CTV of 25 cm® (n = 24) did
not experience any grade 3 toxicity. They concluded that CCRT,
reirradiation dose, and large radiation volume are predicting
factors associated with high grade toxicities [30].

Especially, the mortality rate of CCRT can be substantially
high up to 20% [44]. The main causes of death in patients who
have received prior chemotherapy are at increased risk of fatal
toxicity such as neutropenic sepsis.

Reirradiation in Combination with Novel
Systemic Agent

Whether the combination of systemic therapy to RT can
increase the efficacy of reirradiation is currently unclear. No
direct comparison studies of reirradiation alone vs. combined
modality therapy have been undertaken. Large randomized
studies comparing definite RT alone vs. chemotherapy-RT
or meta-analysis in HNSCC have reported a survival benefit
of about 6% in the cisplatin containing chemotherapy-
RT and concurrent cetuximab with definitive RT. In case of
reirradiation setting, benefits of combined chemo-RT are likely
to be similar to upfront therapy as in large randomized studies.

Choe et al. [44] reported an interesting result of 166
previously irradiated patients with non-metastatic HNSCC
treated with CCRT. Their results were divided according to
whether to administer chemotherapy before reirradiation. In
a study by Choe et al. [44] an intriguing finding was reported;
superior 2-year 0S (28.4% vs. 10.8%; p = 0.0043) and DFS (p =
0.008) rates in chemotherapy naive patients.

A comparable result has been demonstrated by Nagar et al.
[45] that patients initially treated with RT alone gained higher
DFS and 0S (p = 0.01 for OS, p = 0.008 for DFS) than those
patients initially treated with CCRT [45]. One can hypothesize
that previous full dose of CCRT are more likely to induce
a more extensive fibrosis in the prior irradiated tissue and
such a defective vascularity and fibrosis might compromise
drug delivery. Also, RT-resistant hypoxic areas are certainly
increased. Consequently, CCRT as a retreatment may not be as
effective as upfront CCRT.

Several kinds of chemotherapeutic agents have been
testified as concurrent regimen with reirradiation. Since the
studies were small sized, performed in retrospective nature and
the study design was heterogeneous, definitive assessment for
efficacy and safety of tested regimens are unreliable.

More data is already available for cetuximab as effective
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regimen in reirradiation setting, when it is used in combination
with RT in cetuximab-naive patients. Furthermore, its toxicity
profile is significantly lower and acceptable compared
to platinum-based or other chemotherapeutic regimens
commonly utilized in patients of HNSCC. Cetuximab and
reirradiation were used in two large studies. Heron et al. [28]
have treated 35 matched patients with concurrent cetuximab
and SABR (5 x 8 Gy delivered every other day) vs. SABR alone
in recurrent HNSCC. Cetuximab + SABR group showed higher
local control rate than for the SABR alone group (49.2% and
33.6%; HR for local progression, 0.37; p = 0.009). Cetuximab
+ SABR group showed a clear difference in 2-year OS rates
(53.3% and 21.1%, respectively; HR for death, 0.59; p =
0.031). This better survival of cetuximab-SABR group was
observed in both patients group who received cetuximab
during the upfront and re-treatment courses. There was no
grade 4 acute toxicity. The incidence of late grade 3 toxicities
in the cetuximab + SABR group and SABR-alone group were
sufficiently low as 6% and 3% respectively. In another report,
Vargo et al. [46] have compared QOL of patients who were
treated with concurrent cetuximab-SABR with SABR alone
(40-50 Gy in 5 fractions). Concurrent administration of

Radiation Oncology Journal ROJ

cetuximab to SABR had shown no additional influence on QOL.
In summary, these two studies, defined that cetuximab
is a promising systemic agent while maintaining QOL with
acceptable toxicities. Therefore, in routine clinical practice,
cetuximab should be regarded as radiosensitizing concurrent
regimen during reirradiation with tolerable toxicities profile.

Summary and Patient Selection Algorithm
for Reirradiation

Most important step in patients with recurrent or 2nd
primary tumors is a thorough restaging evaluation prior to
committing the patient to aggressive therapy with curative
intent, regardless of surgery or reirradiation. Imaging studies
to evaluate the extent of the disease include computed
tomography and magnetic resonance, with further studies
such as PET-CT, chest CT, or abdomen-pelvis CT performed to
rule out metastatic diseases.

In addition to defining the extent of disease, essential
step to planning the optimal treatment strategy should be
assessment of the current patient's status including age,
performance status, accompanying comorbidities and life

Assessment : stage, site, extent

Performance & functional status

Selection of patients for retreatment

diagnostic evaluation (CT, MRI, PET, chest CT)
Age & comorbidity (Charson's index, ACE-27)

Toxicity & organ dysfunction by previous treatment
Time interval from previous treatment

:IMRT, SBRT, IGRT, proton

-Radio-immunotherapy

Best
supportive
care . Yes
Swtablg for Operable, Salvage
curative resectabel, surgery
/ \ retreatment good health status
Palliative
chemoTx
@@ \
Yes R?sk a‘ssessment
High risk
Inperable,
- ECE (+)
Not-resectable, o Marain (+
Good health status s -Margin (+)
oLl - Bone invastion
.\)\]a
[Xe))
As less as volume Reirradiation Base on
GTV +0.5cm > 60 Gy -Re-RT alone -GTV volume
High precision technology -Chemo-RT -Interval previous RT

-Revious chemotx

Fig. 1. Schematic presentation of patient selection and management guideline for reirradiation of recurrent or 2nd primary head and

neck cancer.
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expectancy, impairment of speech and swallowing function
following prior therapy, nutritional status, severity of
current symptoms, patient's willing to do retreatment and
most importantly, the squeal of prior treatment such as
fibrosis, carotid stenosis, dysphagia, xerostomia, and ORN.
Patients with metastatic diseases and who are unsuitable for
curative treatment with poor performance status, or who
experienced severe toxicity from prior radiation should not be
recommended for reirradiation.

Besides careful patient selection, all evaluation and
treatment should be carried out at tertiary care centers with a
multidisciplinary head and neck oncology team equipped with
plenty of resources and experience to manage the complexities
and toxicities of retreatment. A patient selection algorithm for
reirradiation is presented in Fig. 1.

1. Resectable recurrent diseases

For operable and respectable recurrent disease, surgical
resection is thought to be the standard of care. It may provide
relatively long-term disease control. Unfortunately, although
with complete surgical resection of recurrent disease, local
failure rate reached up to 59% [14]. Randomized data support
the role of postoperative adjuvant reirradiation with or
without chemotherapy to increase locoregional control and
DFS for high-risk patients (gross residual disease, involved
margins, or ECE) [15].

2. Unresectable recurrent diseases
A majority of patients with recurrent HNSCC are not
committed to surgical resection because the disease is
unsuitable for resection and patients are medically unfit
for surgery. In these patients, palliative chemotherapy is
considered as first available treatment. Although systemic
chemotherapy might show a response rate about 35%,
response durations are relatively short and expectation of
long-term survival is extremely scarce. Recent data of new
biological agents may improve their outcomes in the future.
For some patients with unresectable disease but in
good medical health status, reirradiation with or without
chemotherapy (including biologic agents) is potentially a
curative option. Patient selection for reirradiation is critical. For
patients who are selected for curative intent reirradiation, high
radiation dose =60 Gy is recommended. Smaller reirradiation
volume without elective nodal area appeared to be reasonable.
Conventional fractionation or hyperfractionation without
acceleration with a minimum 6-hour interval is favored. High
precision IMRT technique must be applied with high priority to
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the limited target volume to reduce acute and late morbidities
and to improve local control.

New conformal radiation therapy including SABR,
hypofractionated stereotactic radiotherapy, and proton therapy
may be particularly selected in some cases. Additional data are
required to define which patient subgroups are most likely to
benefit from these new modalities [47].
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