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Context: Among patients with locally advanced head and neck squamous cell cancers (LAHNSCC), the prognosis
after nonresponse or progression despite induction chemotherapy (IC) is dismal, and further treatment is often
palliative in intent. Given that nonresponse to chemotherapy could indicate subsequent radioresistance, we
intended to assess the outcomes with two different fractionation schemes.

Aims: To compare the outcomes of two fractionation schemes- ‘standard’ (consisting 3GyX5 daily fractions for
2 consecutive weeks) versus ‘hybrid’ (6GyX3 fractions on alternate days during the 15t week, followed by 2GyX5
daily fractions in the 2" week).

Settings and Design: Prospective randomized controlled two-arm unblinded trial.

Materials and Methods: Patients with locally advanced oropharyngeal, laryngeal, and hypopharyngeal cancers
treated with a minimum of two cycles of taxane, platinum, and fluorouracil-based IC were eligible if residual disease
volume amounted >30 cm?®. Kaplan-Meier survival curves were compared by the log-rank test. Response rates
were compared using the unpaired t-test. Quality of life (QOL) was measured via patient reported questionnaires.
Results: Of the initially enrolled 51 patients, 45 patients (24 from standard arm, and 21 from the hybrid arm) were
eligible for analysis. Despite being underpowered to attain statistical significance, there still seemed to be a trend
towards improvement in progression-free (Hazard ratio (HR) for progression: 0.5966; 95% CI 0.3216-1.1066) and
overall survival (HR for death: 0.6062; 95% CI1 0.2676-1.3734) with the hybrid arm when compared to the standard arm.
Benefits were also observed with regards to response rates and QOL. Rate of complications were similar in both arms.
Conclusions: In comparison to the routinely used palliative fractionation scheme of 30 Gray (Gy) in 10 fractions
(Fr), the use of hybrid fractionation which integrates hypofractionation in the 1t week, followed by conventional
fractionation in the 2" week, could possibly offer better response rates, QOL increments, and potential survival
benefits among LAHNSCC patients even after failing to respond to IC.
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over a period of 2 weeks, with 10 fractions (Fr) of 3 Gy
each; wherein the intention of using 3 Gy per fraction
instead of the conventional 2 Gy per fraction is to achieve
optimal palliation within minimal time duration. Other
common palliative schemes such as 20 Gy in 5 Fr and the
‘quad-shot’ also utilize hypofractionation mainly with the
intention to reduce treatment time.["")

However, no study has experimented upon the specific
population of LAHNSCC who have not responded to taxane
based IC. Given that ‘LAHNSCC not responding to 1C is
different from ‘chemotherapy naive LAHNSCC, it can be
said that the use of a standard palliative dose fractionation
schemes such as 30 Gy in 10 Fr may not be expected to give
optimal results. Reasons within the complex domain of tumor
biology may indicate that ‘LAHNSCC which could repair
chemotherapy induced damage can as well repair radiation
induced damage’, given that chemotherapy and radiotherapy
both target the tumor deoxyribose nucleic acid (DNA).*!

Cells with enhanced ability to repair cytotoxic damage can
be expected to behave like late responding tumors in the
radiobiological sense, that is with a lower 0./ ratio, implying a
higher ability to repair sublethal damage (SLD), and thus being
resistant to standard doses per fraction. Thus, assuming a larger
ability to damage SL.D would mean a lower /3 ratio, meaning
that the use of larger doses per fraction (hypofractionation)
can be expected to be more effective.!'*")

In our experimental arm (hybrid arm), we have incorporated
hypofractionation in the 1% week, as well as conventional
fractionation in the 2 week. This is with the assumption that
a tumor consists of cell having varying radiosensitivities."**"
The use of hypofractionation in the 1* week (with 18 Gy in
3 Fr on alternate days) can be theoretically expected to be
very effective against late responding tumor cells, the same
which did not respond to preceding IC. The subsequent
use of 10 Gy in 5 Fr on consecutive days in the 2°¢ week,
is with an intention to target any tumor cells activated
into mitosis via proliferation signals produced during the
1% week of RT. The use of standard fractionation should
suffice to tackle these cells which if actively mitotic, would
be behaving akin to early responding cells.”* The control
arm (standard arm) was so chosen since 30 Gy in 10 Fr is
the most commonly used dose fractionation scheme for
palliation in head and neck cancers.!

This prospective randomized controlled, un-blinded trial
is unique in that this is the first ever study assessing the
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outcomes with two radiation therapy (RT) fractionation
schemes among a specific patient population of LAHNSCC
who had a residual gross disease volume of at least 30 cm?
measured on contrast-enhanced computed tomography
(CECT) atleast after 4 weeks of completion of a minimum
of two cycles of IC containing all three of docetaxel,
5-fluorouracil, and cisplatin (TPF). In retrospect, the pre-1C
stages of all patients were stage IVA/IVB, with all patients
having N2b/N3 pretreatment nodal status.

Subject to fulfilment of the eligibility criteria [Table 1], the
patients were randomized on a 1:1 basis into the two arms:
The ‘hybrid arm’ and the ‘standard arm’.

Patients in the ‘standard arm’ were treated to a dose of
30 Gy delivered over 2-weeks, with 10 Fr of 3 Gy each.
Patients in the hybrid arm were treated with 3 Fr of
6 Gy each during the 1* week, followed by 5 Fr of 2 Gy
each during the 2° week. Radiotherapy was delivered by
conventional radiotherapy with multileaf collimator based
field shaping as determined by virtual simulation.

CT was obtained for each patient in either arm, prior to
the initiation of radiotherapy as well as on the completion
of 4-weeks after radiotherapy. The CT images were
used to calculate disease volume, which was obtained
by the sum the contoured gross primary and nodal
disease volumes. The pretreatment and posttreatment
disease volumes of each patient were compared to
assess percentage change in the disease volume after
radiotherapy.

Quality of life (QOL) questionnaire was specifically devised
for the purpose of this study [Table 2] and scores were
obtained at 4-weeks post radiotherapy. The questionnaire
contains five simple questions, each with three discrete

Table 1: Eligibility criteria

Inclusion criteria

Inoperable locally advanced
laryngeal, hypopharyngeal, and
oropharyngeal squamous cell
carcinoma. Nonresectablity was
declared in case of fixed nodal
disease, N3 nodal status, or declared
as unresectable by a surgeon

No distant metastases

Performance status 260 as per the
Karnofsky Performance Status scale

Residual disease volume of

>30 cm? measured at 4 weeks after
completion of at least two cycles
of standard dose TPF induction
chemotherapy

Age >18 and <70 years
Hemoglobin at least 10 g%

Exclusion criteria

Prior history of radiotherapy

Prior history of surgery for the said
diagnosis

Severe stridor at presentation

Patients with tracheostoma

Continued smoking during radiotherapy
Neutropenia

Prolongation of radiation therapy
duration beyond 2 weeks from time
of initiation for any reasons including
technical, logistical, or compliance

Ulcerated or fungated node noticed
before initiation of RT

Uncontrolled diabetes, hypertension,
and other potential life limiting
conditions
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Table 2: The quality of life questionnaire used in
the study. Note the simplistic design, intended
to minimize ambiguity and allow the patient to
complete it with minimal time and effort

Please select only one answer for each question. Four weeks have passed
since completion of radiotherapy. At present, your
Ability to engage in routine activities has Improved
Unchanged
Worsened
Ability to have food has Improved
Unchanged
Worsened
Ability to breathe without difficulty has Improved
Unchanged
Worsened
Status of pain has Improved
Unchanged
Worsened
Overall condition has Improved
Unchanged
Worsened
Scoring legend: For answers marked ‘improved’, ‘unchanged’, and ‘worsened’

assign scores of+1, 0, and-1, respectively. Calculate final score by adding the five
individual scores

options: ‘Improved’, ‘unchanged’, and ‘worsened’; which
would be assigned scotes of “+1°,0’, and ‘—1’, respectively.
The sum of scores from the five questions was recorded
as the final QOL score of the individual patient. Thus,
the maximum and minimum possible QOL scores would
be +5 and —5, respectively. The difference in results of the
two arms was tested for significance by the independent
samples ~test.

The 1% day of radiotherapy was selected as the starting
point for all time-based measures in the study. Patients were
followed-up for 2-weekly intervals for the first 3 months,
followed by 4-weekly intervals beyond 3 months.

Differences in the two arms of response in the form
of measured tumor volume changes were compared
using the independent samples #test. Additionally,
responses were classified into discrete categories
also-; as ‘complete’ (100% regression), ‘near-complete’
(75-99% regression), ‘partial’ (31-74% regression),
‘minor’ (1-30% regression), and ‘nonresponse’
(for zero-response and progressive). Differences in the
distribution in between the two arms were tested for
significance by using the Fisher’s exact test.

Kaplan-Meier survival curves (for progression free and
overall survival) of the two arms were compared using the
log-rank test. Additionally, number of patients surviving
beyond 3 and 6 months in each of the arms were compared
using the Fisher’s exact test.
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Of the enrolled 51 patients, 45 were eligible for final
analysis. Two patients from the standard arm and four
patients from the hybrid arm were excluded from final
analysis. The necessity for exclusion arose from an inability
to complete planned course of radiotherapy within the
strict schedule of 2 weeks. Of the six patients excluded,
four patients could not complete treatment in planned
time schedule due to an unexpected treatment machine
downtime. Two patients cited logistical reasons for not
being able to comply with the schedule.

The pre-RT characteristics of patients were similar between
the two arms. The distributions with regards to post
chemotherapy residual disease volume were similar in both
arms (initial mean volumes of 44 vs 46.9 cm’ and ranges of
31-70 vs 31-69 cm’ for the hybrid arm and standard arm,
respectively). The distributions with regards to age were
also comparable (mean age 54.3 vs 53.3 years and ranges
of 39-65 vs 30-64 years for the hybrid arm and standard
arm, respectively). The 95% confidence interval (CI)
for the median with regards to Karnofsky Performance
Status (KPS) of patients in both arms was similar, lying
in the 80-90 value. Majority of patients in the study had
been referred to us after having received three cycles of
induction docetaxel, 5-fluorouracil, and cisplatin (TPF),
while only three patients in either arm had received two
cycles of TPE The initiation of RT in all patients was
strictly ensured at the 5" week after completion of IC.

The tolerances to both arms were equally good. This
could possibly be due to the very strict selection criteria.
There were no radiotherapy related deaths in the study.
There were no incidences of acute toxicities of grade-3
or higher (toxicity as measured by the National Cancer
Institute-Common Terminology Criteria for Adverse
Events NCI-CTCAE) version 3).!

The mean disease volumes at presentation were 44 cm’
(range: 31-70 cm?; standard deviation (SD): 11.9) and
46.9 cm’ (range: 31-69 cm’; SD: 12.8) in the hybrid
arm and the standard arm, respectively. Measured
at 4" posttreatment week, the disease volumes were
29.7 cm’ (range: 0-66.6 cm’; standard deviation: 17.4)
and 39.8 cm’® (range: 12.2-61.7 cm’; standard deviation:
14.1) in the hybrid arm and the standard arm, respectively.
The amount of volumetric regression was seen to be
greater in the hybrid arm in comparison to the standard
arm, with the mean pre-minus-post value being 14.3 cm?
(P =0.0035; 95% CI: 5.003-23.597) vs 7.1 cm’ (P = 0.0749;
95% CI: —0.743-14.943), respectively [Table 3].
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There was only one case of complete response
(100% volumetric regression) in the entire study
population, and the patient belonged to the hybrid arm.
If >30% volume regression was considered as ‘response’,
the rates of response were 47.6 vs 25% (P = 0.13) in the
hybrid and the standard arms, respectively. Further, 14.3 vs
0% (P = 0.09) of patients in the hybrid and the standard
arms achieved >70% regression.

On comparison of the survival curves of the hybrid arm
and the standard arm, the hazard ratio for progression
was 0.5966 (95% CI: 0.3216-1.1066). The progression free
survival (PI'S) comparisons [Figure 1] between the hybrid
and the standard arms were 47.6 vs. 25% and 19 vs 0%
at 3 and 6 months follow-up, respectively (P = 0.0613).
Comparisons with regards to overall survival (OS) [Figure 2]
between the hybrid and the standard arm revealed the
hazard ratio for death as 0.6062 (95% CI: 0.2676-1.3734).
The OS comparisons were 85.7 vs 79.2% and 61.9% vs
42.1% at 3 and 6 months, respectively (P = 0.2019).

QOL was measured by a simple questionnaire designed

to be easy and unambiguous [Table 2]. The QOL
questionnaire contained five questions with three discrete

Table 3: Response to treatment in the two arms

answers. Fach answer would be scored + 1, 0, or —1 as
per whether the patient perceives ‘improved’, ‘unchanged’,
or ‘worsened’ condition at 4-weeks after completion of
radiotherapy. The sum of the five answers would lead to
the final score, which could range from a maximum of +5
to a minimum of —5. The range of scores obtained were
0-4 in both arms of the study. The range of QOL scores
in both the arms was from 0 to 4. No patient from either
arm experienced a QOL worsening. The mean QOL
scores were 2.67 vs 1.96 (P = 0.0396) for the hybrid and
the standard arms, respectively.

IC is utilized often with the goal of reduction of tumor
volume prior to definitive treatments. Other biological
advantages include a potential efficacy against systemic
micrometastases. However, prolongation of the overall
treatment time has been a point against the widespread
acceptance of IC as a routine standard of care. Even
though survival benefit has not been noted, several
studies have demonstrated a benefit in terms of tumor
volume reduction and as well as in the reduction of
distant metastases.””* While initial studies were mostly
with the use of doublet-IC, recent studies have shown
more favorable outcomes with the use of triplet regimens,

Hybrid arm Standard arm
(s2) (n=24) by the addition of taxanes to the usual cisplatin and
Disease volume at enrolment 5-fluorouracil.”*l Response rates with IC are reportedly as
M : 6.9 cm? . . . .
ean faem 9 high as >80%, with about half of the responding patients
Range 1-70 cm3 1-69 cm?3 .
’ . ’ 9 demonstrating complete responses.*"*!
Standard deviation 11.9 12.8
Disease volume at 4™ posttreatment week ) . .
Despite the good response rates with 1C, the prognosis of
Mean 29.7cm? 39.8cm3 . .
Range 0-66.5 e - t[he nonresponch.ng population can be regarded as poor. It
Sl e 7.4 141 is due to the rationale that nonreponse to IC often is an
Pre-minus-post value indicator of subsequent radioresistance. Reasons include
Mean 143 71 potentially enhanced repair mechanisms against cytotoxic
95% confidence interval 5.00323.507  -0.743-14.943 insults such as radiation and chemotherapy. Another reason
gralle BEo87 g2 could be possibly because of a high proportion of dormant
P value (two-tailed) 0.0035 0-0749 cells in the tumor, which could compromise radiosensitivity
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Figure 1: Kaplan-Meier curves for progression free survival
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Figure 2: Kaplan-Meier curves for overall survival
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and chemosensitivity, since cytotoxicity is maximum upon
actively dividing cells.[*>#7%

No trial has specifically studied the radioresponsiveness to
palliative RT among LAHNSCC patients not responding
to IC with TPE Given that nonresponding tumors are in
general considered to have low 0./ ratios, it is possible
that these tumors could respond better to larger doses
per fraction (hypofractionation) than with standard
fractionation.['*1571-%2

Since the ability to repair SLD could be the reason for
nonresponsiveness, the tumors are more likely to respond
with large fraction sizes, at least theoretically. This
hypothesis was to be tested in this trial.

In general, palliative RT is hypofractionated, but with the
main intention of reducing overall treatment time. Further,
many altered fractionation schemes utilize larger doses per
fraction since late toxicities are often not anticipated given
that patients receiving palliative RT are expected to have
survival periods short enough to not allow manifestation
of late toxicities. Most commonly used regimens include
30 Gy in 10 Fr, 35 Gy in 15 Fr, and 20 Gy in 5 Fr. A few
altered fractionation schemes too exist, such as the
‘hypo-tail’, which utilizes hypofractionation during the final
fractions of treatment; and the ‘quad-shot’, which delivers
a large dose in a short petiod of time.l*!"%!

We however attempted to devise a palliative RT scheme
which would be effective, while at the same time not
depositing excessive doses upon the critical organs, so as to
prevent late toxicities in the (occasional) long-term survivor.
Further, we intended to utilize different dose-fractions
during the 1* and 2™ week of treatment given that tumors
are presumed to contain different populations of cell
which vary in their radioresponsiveness. Thus, in the
experimental arm (hybrid arm), we utilized 3 Fr of 6 Gy
cach delivered on Mondays, Wednesdays, and Thursdays
during the 1* week; while we utilized 5 Fr of 2 Gy each
from Monday to Friday during the 2" week. The rationale
for utilizing hypofractionation during the 1% week is to elicit
maximum response from slow responding and dormant
tumor cells (these cells hold a higher ability to repair SLD,
and hence are better tackled by hypofractionation). The
rationale of utilizing standard fractionation during the
2" week was to be able to deliver 5 Fr of 2 Gy each, which
would be able to target any remaining tumor cells which
could be induced into proliferation during the initial week
of radiotherapy. Since proliferating cells can be expected to
have larger 0t/ ratios, the use of smaller fractions provides
optimal therapeutic ratio.”>*"
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In the control arm (standard arm), we utilized the scheme
of 30 Gy in 10 Fr, which happens to be the most commonly
utilized scheme for head and neck palliative RT.

With the hybrid arm, assuming the spinal cord a./f ratio
to be 1.5 Gy, using the Wither’s linear-quadratic (LQ)
isoeffect equation® (based on the LQ model), a total
dose of 48 Gy EqD, (equivalent dose if delivered in 2 Gy
per fraction) would be delivered to the spinal cord, which
happens to be an organs at risk (OAR) with the lowest
threshold for late toxicity in the head and neck region. This
is in comparison to 38 Gy EqD, that would be delivered
in the ‘standard arm’. The EqD, for a population of early
responding cells (assuming o./f} ratio of 10 Gy for eatly
responding cells) would be 34 and 32 Gy for the hybrid
and the standard arms, respectively. Thus, no differences
in eatly toxicity could be expected.

Since we had not expected a large number of good
responses, especially among a population of patients who
were nonresponsive to 1C, we had not generated a flowchart
outlining the further management of patients with good
responses. Thus, further management was continued as
per the individual patient assessment, preferences, and
prevailing circumstances. Further radiotherapy, when
required was continued with three-dimensional conformal
radiation therapy (3DCRT) or intensity-modulated
radiation therapy (IMRT) so as to spare OARs prone for
late toxicity.

We have decided to terminate the study before the initially
planned accrual of atleast 150 patients. The actual accrual
of only 52 patients (of which only 45 were eligible for
analysis) has been much lesser than the initially expected
accrual of >150 due to the unexpected rarity of patients
fulfilling the eligibility criteria. Given that majority of
LAHNSCC patients treated with IC with TPF respond
very well, the absolute number of patients with a residual
disease volume of more than 30 cm? turned out to be very
low. The cut-off value of 30 cm® was selected arbitrarily,
with the intention of reducing selection ambiguities and
to induce a semblance of uniformity.

The flowchart for further treatment of patients with good
responses to palliative radiotherapy post failure of 1C
was not devised by us before the initiation of trial. Given
that poor outcomes are generally expected with palliative
radiotherapy after failure of IC (since chemoresistance
is often postulated to imply intrinsic radioresistance), we
had not expected the possibility of significant number
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of patients enjoying responses well enough for them
to be eligible for further treatment with radiotherapy.
Thus, patients with good performance status and good
response to radiotherapy were offered further treatment
with continuation of radiotherapy on an individual patient
basis (continuation RT was strictly given with intensity
modulated radiotherapy only).

The questionnaire utilized in this study for QOL was
devised by us to be simple and to be answerable with
minimum time and effort for the patient. Though endowed
with simplicity and ease of use, the said questionnaire
lacks the detailed structure as would more standardized
questionnaires, such as the EORTC-H and N35 and
FACT-G, for examples.?>

Failures in this study were noted upon clinical or
radiological detection of local progression, or the
detection of distant metastases. Since the use of
"F-fluorodeoxyglucose-positron emission tomography
would offer higher sensitivity for detection of relapse,
we regard the non-use of fluorodeoxyglucose-positron
emission tomography (FDG-PET) during follow-up to
have potentially caused a possible underestimation of
disease progression.

With the recent understandings of the importance of
p16/HPV status upon the radiosensitivity of HNSCC,
future study designs will also have to accommodate it as a

factor for stratification.’?®%

LAHNSCC failing to respond to IC can be expected to
have intrinsic resistance towards subsequent radiotherapy,
which according to radiobiological rationale could be
due to a more robust ability to repair radiation induced
sublethal damage upon the tumor cell DNA. Given that
higher doses per fraction are more effective than lower
doses per fraction, the use of three 6 Gy fractions in the
1% week could hold good efficacy against late responding
tumor cells, whereas the use of five 2 Gy fractions in the
2" week would be effective against any remaining tumor
cells which could be initiated into proliferation during the
prior week of radiotherapy.

Thus this study possibly validates that tumors could contain
a dynamic mixture of dormant and progressive cells, thus
utilizing a single fraction size for the entire treatment course
could be ineffective against tumor cells of certain different
radiosensitivities.
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Despite being underpowered to detect any statistically
significant benefit in response rates and survival, we have
observed a strong trend towards enhanced outcomes with
the use of the hybrid-fractionation approach. We are now in
the planning stages of initiating a bigger multi-institutional
trial, involving similar patient population as with this study,
while also refining out the above mentioned deficiencies
of this particular study.
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