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SUMMARY
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INTRODUCTION: Radiotherapy (RT) plays an important role in the treatment of patients with head and neck neoplasia, and is frequently
used as postoperative adjuvant therapy. This study aimed to review the literature about timing factors that may influence the clinical
outcomes of patients with advanced head and neck neoplasia treated with adjuvant RT.

RESULTS: Timing factors such as total treatment time, length of adjuvant RT, and the absence of interruptions during RT may influence
the clinical outcome of these patients.

CONCLUSIONS: In the same way that certain tumor factors can affect the prognosis of patients with squamous cell carcinoma of the
head and neck, some therapeutic timing factors are also prognostic factors and therefore, must be carefully orchestrated in order to

avoid loss at therapeutic outcomes for these patients.
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INTRODUCTION

Tumors originated in the head and neck region rep-
resent 4% of all neoplasias worldwide, with 380,000
deaths and 560,000 new cases estimated yearly® . In
about two-thirds of the cases, the diagnosis of these
tumors is performed in advanced clinical stages,
which usually determines a higher number of cases
with guarded prognosis, in addition to the need of
multidisciplinary treatment including surgeons, clin-
ical oncologists, and radiation oncologists, as well as

nurses, dentists, nutritionists, psychologists, speech
therapists, and physical therapists?.

Radiotherapy (RT) is often used in the treatment
of patients with advanced the head and neck cancer
as a postoperative adjuvant therapy with the objective
of reducing the likelihood of local recurrence due to
its ability to eradicate the remaining neoplastic cells
that could evolve to a locoregional recurrence. Gil-
bert Fletcher introduced, in the 1950s, the concept of
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postoperative RT in squamous cell carcinoma of the
head and neck after observing high rates of recurrence
with surgical treatment alone?. Since then, the risk
reduction of locoregional failure with the use of adju-
vant RT has been repeatedly documented, confirming
its ability to improve the rates of local control, progres-
sion-free survival, and overall survival® .

In 2004, two independent randomized clinical
studies, one conducted by the European Organization
for Research and Treatment of Cancer (EORTC 22931)°
and another led by the Radiation Therapy Oncology
Group (RTOG 9501), published data with a high level
of evidence justifying the use of concomitant adjuvant
radio-chemotherapy due to the benefit of local control
and progression-free survival in patients with a high
risk of recurrence.

Although surgical resection followed by adjuvant
RT, with or without chemotherapy, is the standard
treatment for a good number of locally advanced
tumors, it still presents unsatisfactory results, with
rates of 30% of locoregional failure, 25% of distant
metastases, and survival in five years around 40%-
50%’. In addition to the clinical factors related to the
tumor, some aspects related to the treatment, such
as the total treatment time (TTT), the duration of RT,
and the interval between surgery and the beginning
of RT, also seem to have a prognostic impact on the
clinical outcome of these patients since a delay to
start the treatment seems to affect mainly patients
with tumors of accelerated cell multiplication, such
as squamous cell carcinoma of the head and neck. A
delay to start the treatment seems to affect mainly
patients with tumors of accelerated cell multiplica-
tion, such as squamous cell carcinoma of the head
and neck, because their doubling time and speed of
growth are directly related to the local control of the
tumor®. In order to describe temporal factors that may
impact the clinical outcomes of patients with advanced
neoplasia of the head and neck treated with adjuvant
RT, we propose this integrative literature review.

RADIOBIOLOGY AND TUMOR BIOLOGY OF
HEAD AND NECK NEOPLASIAS

Adjuvant RT for the treatment of patients with head
and neck cancer is usually administered daily, five
times per week, for an average of five to seven weeks.

Cell death as a result of RT occurs by mecha-
nisms at molecular levels and may happen through
apoptosis or post-mitotic cell death (the predominant

mechanism of radio-induced cell death). While apop-
tosis manifests rapidly after cell aggression, cell death
after mitosis depends on the tumor tissue turnover
time. In it, the chromosome damage caused by radia-
tion only manifests when the cell tries, without suc-
cess, to reproduce itself. Thus, there is a latent lag
phase from the radio-induced chromosome damage to
the manifestation of post-mitosis death. Furthermore,
the depletion of tumor cells as a result of RT is a stim-
ulus for accelerated clonogenic multiplication of the

remaining tumor cells, with increased number of
cells to be eradicated, defining a phenomenon called
accelerated repopulation, as illustrated in Figure 1.
Thus, tumor cell repopulation increases with the
duration of the radiotherapy treatment, with a higher
rate after the first two weeks of treatment; being crit-
ical a therapeutic course interruption, especially at
this stage. In this regard, Malaise and Tubiana® have
demonstrated that the repopulation of fibrosarcoma
transplanted into mice increased with the duration of
treatment and was faster after a single fraction of RT
than in non-irradiated tumors.

The radiobiological concepts that describe the
rapid tumor repopulation after the start of RT give
reason to expect the same with residual cells after
surgical intervention. The surgical site is a favorable
environment for cell proliferation since it is rich in
growth factors that promote tumor cells, angiogenesis,
and micrometastases, and the postoperative recovery
period could be an opportunity for the tumor cells to
become radio-resistant since its resistance increases
with the number of cell multiplications™. What hap-
pens, however, is that different treatment techniques
(radiotherapy or surgery) present different intervals
for the onset of accelerated cell repopulation. Accord-
ing to the Gompertz model of volume-dependent

FIGURE 1. INITIAL LATENT STAGE AFTER RADIO-
INDUCED CELL DAMAGE FOLLOWED BY AN
ACCELERATED REPOPULATION PEAK FROM THE
MANIFESTATION OF CELL DEATH AND DEPLETION
CAUSED BY RT
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tumor growth and cell repopulation, regeneration
by means of effective growth of neoplastic cells after
a surgical treatment is substantially lower (10° - 10°
residual cells in the surgical site) than the growth
tumor cells during RT (1 to 10° cells)™. Extended RT
time may have an impact on the likelihood of tumor
control, with a possible decrease of 1% to 2% for each
additional day of treatment, while a extended inter-
val between surgery and the beginning of RT has
an impact of approximately 0.17%/day"™. Thus, an
extended interval between the surgical resection and
the beginning of RT seems to be not as deleterious as
extended radiotherapy treatment.

TREATMENT DURATION

Evidences indicates that the duration of post-
operative RT, the absence of interruptions during
radiotherapy, and the total treatment time (TTT) are
determining factors for the final therapeutic results®™.
Withers et al." have analyzed clinical information
grouped from different institutions in order to iden-
tify the total RT dose needed to control 50% of the
tumor cells in squamous cell carcinoma of the head
and neck. This concept, known as Tumor Control Dose
(TCD50) showed a marked increase in treatments that
lasted more than four weeks, with need to increase
the RT dose for each additional day of treatment, and
the concept of accelerated repopulation justifing such
a finding. By the same reasoning, when there are long
intervals between fractions and a given dose is deliv-
ered in a longer period of time, the effectiveness of RT
can be limited or compromised, with lower rates of
tumor control and an increased likelihood of acceler-
ated tumor growth of approximately 1.0%-1.5%

Suwinski et al.” found a decrease of 10%-30% of

the locoregional control rate in five years when the
treatment lasted for more than 10 days beyond the ini-
tially planned. It is estimated that the dose required to
override accelerated tumor repopulation per additional
day of treatment time is around 0.5 Gy/day-1.0 Gy/day,
which may be administered as a second daily fraction,
respecting the minimum interval of six hours between
the fractions, without the extra dose generating even
more additional days of treatment™.

Thus, the treatment duration can be used as a the
quality of care criteria. The recommendation, accord-
ing to the treatment protocol used worldwide, the
National Comprehensive Cancer Network (NCCN),
regarding the time of treatment for patients with
head and neck tumors, is that the interval between
the surgical resection and the beginning of adjuvant
RT should be preferably less than six weeks'. How-
ever, despite the NCCN recommendation, among the
variables that compose the timeline of the adjuvant
treatment (duration of RT, the interval between the
surgery and the beginning of RT, or total time of treat-
ment from the surgery to the conclusion of RT), one
whose oncologic results are still unclear, with a lack
of consensus in published studies, is the variation of
time between the surgery and the beginning of adju-
vant RT".

After analyzing the studies related to the subject
published in the literature up to now, we found great
heterogeneity of results, starting with the threshold of
time established as safe between the surgery and the
beginning of RT. The RTOG 95016 study established
in its protocol that adjuvant RT should be initiated
within eight weeks of the surgery, but other studies

for each additional day of radiotherapy treatment™.  suggest intervals of six weeks at most, while others
Author Year Design Cut-of N oS LRC
Schiff et al.® 1990 Retrospective 0-6 weeks. vs. m NM 5 years
>6 weeks. 88% vs. 73%
(p=0M)
Angetal.® 2001 Analysis 0-31days vs. 151 5 years 5 years
Retrospective >31days 47% vs. 20% 72% vs. 48%
(p=0.07) (p=0.05)
Langendijk et 2003 Retrospective 0-6 weeks. vs. 217 3years 3years
al2e 6-8 weeks. vs. 79% vs. 713% vs. 73% 57% vs. 57% vs. 60%
>8 weeks. p NS p NS
Huang et ale 2003 Systematic 0-6 weeks. vs. 851 5years OR 2.89
review >6 weeks. 61% vs. 39% (95% 1C 1.60-5.21)
(p=0.046) for an interval of >6.
Graboyes et al. | 2017 Retrospective 0-6 weeks. 41,291 5 years NM
VS. 69.4% vs. 64.3%
>6 weeks. (p<0.001)

LRC = locoregional control; N = number of patients analyzed; NM = not mentioned; OS = overall survival; NS= not significative; OR= odds ratio
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suggest seven weeks'™. Regarding the oncological
outcomes of locoregional control or survival, previ-
ous studies have also shown heterogeneous results,
with some reporting influence in local control and
survival®" and others without the same finding™?°.
This diversity demonstrates clearly that there is no
consensus in determining the appropriate threshold
of time until the beginning of postoperative RT, as seen
in the table 1.

However, the TTT, defined as the period starting
from the date of the surgery to the last day of RT,
appears in published studies as a prognostic factor, with
the more negative effects on the therapeutic outcome,
the more extensive its duration. Parsons et al.! have
evaluated the influence of intervals that make up the
treatment of patients with tumors of the oral cavity
who underwent surgical resection followed by adjuvant
RT, detecting better rates of locoregional control when
the total treatment did not exceed 100 days (14% ver-
sus 60%, p=0.04). Similarly, Rosenthal et al.?? assessed
the importance of the time variables that comprise the
total treatment duration of patients with head and neck
cancer submitted to surgery followed by adjuvant RT,
detecting better rates of locoregional control and overall
survival in patients who completed the TTT in 100 days.

For this reason, accelerated fractionation, reduc-
ing the TTT and decreasing the chance of tumor cell
repopulation, is capable of producing better oncologic
results when compared to usual radiotherapy frac-
tionation, as documented by several authors?*24. A
collaborative

Study between the UTMDACC, H Lee Moffitt Can-
cer Center, and Mayo Clinic randomized patients to
receive 63 Gy in 35 fractions of 1.8 Gy administered for
seven versus five weeks (five weekly fractions for three
weeks and then two fractions daily for two weeks)
with better rates of locoregional control and survival in
the group of accelerated fractionation®™. The study also
showed that the prolonged interval between surgery
and RT had a significant impact on the rates of locore-
gional control and survival of patients who received
RT with conventional fractionation, but did not affect
the patients who received RT with accelerated frac-
tionation, demonstrating that the total duration of the
combined treatment can significantly affect the rates
of local control and survival. Thus, the authors recom-
mendation was to aime the TTT as short as possible.
Awwad et al.*® randomized patients to receive 60 Gy in
30 fractions over 20 days versus 46.2 Gy in 33 fractions
over 12 days in a postoperative scenario and noticed

that the accelerated regime had higher rates of locore-
gional control; with the total treatment duration being
the impacting factor for that outcome. They found no
influence of the time between surgery and RT on the
locoregional recurrence rates for both groups, and the
best results were obtained when the total treatment
time was less than or equal to 10 weeks (p=0.005).
A prolonged TTT can even override a possible
benefit from the escalation of treatment dose, as
demonstrated by a study conducted atUniversity of
Texas, MD Anderson Cancer Center?®. They presented
the results of 20 years of follow-up of a prospective
randomized study after randomizing 246 patients to
receive a dose of 57.6 Gy/32 fractions versus 63 Gy/35
fractions for volumes considered as intermediate risk,
and 63 Gy/35 fractions versus 68.4 Gy/38 fractions
for high-risk volumes. The authors found no signifi-
cant difference in the rates of locoregional control and
overall survival between the different levels of dose,
both intermediate and high-risk groups. However, they
noted influence of the total duration of the treatment
on the results, with prolonged treatment responsi-
ble for lower rates of tumor control, cancer specific
survival, and overall survival. The authors speculated
that the dose escalation was not successful due to cell
regeneration during the extended time for greater
delivery of the dose, with tumor repopulation nulli-
fying any advantage gained by the increase of dose.

CONCLUSION

In the same way that certain tumor factors may
affect the prognosis of patients with squamous cell
carcinoma of the head and neck, some therapeutic
factors, such as the total time of treatment, the dura-
tion of RT, and possible interruption of radiotherapy
are also capable of impacting therapeutic results and,
therefore, must be rigorously orchestrated in order to
avoid overlapping losses for these patients.

The results found in this review can assist in the
organization and dynamics of treatment centers, aiming
to improve medical assistance to patients with head and
neck cancer submitted to surgery and adjuvant RT in
order to ensure that some treatment factors do not neg-
atively influence the oncological outcomes of patients.
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RESUMO

INTRODUGAO: A radioterapia (RT) tem importante papel no tratamento dos pacientes com neoplasia de cabega e pescogo, sendo fre-
quentemente utilizada como terapia adjuvante a fim de diminuir a probabilidade de recorréncia local. O presente estudo tem o objetivo
de realizar uma revisdo da literatura para avaliar os fatores terapéuticos temporais que possam ter influéncia sobre os desfechos clinicos
dos pacientes com neoplasia avangada de cabega e pescogo tratados com RT adjuvante.

RESULTADOS: As varidveis terapéuticas, como o tempo total do tratamento, a duragdo da RT e a auséncia de interrupg¢des durante o
tratamento radioterdpico sdo capazes de impactar o resultado clinico dos pacientes.

CONCLUSOES: Da mesma forma que determinados fatores tumorais podem afetar o prognéstico de pacientes com carcinoma de células
escamosas de cabega e pescoco, alguns fatores terapéuticos temporais também constituem fatores progndsticos e, portanto, devem
ser rigorosamente orquestrados a fim de se evitarem prejuizos sobrepostos para esses pacientes.

PALAVRAS-CHAVE: Neoplasias de cabega e pescoco. Radioterapia. Carcinoma de células escamosas. Prognéstico. Literatura de revisdo
como assunto.
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