
Abstract. Aim: To determine the maximum tolerated dose
(MTD) of a short-course accelerated radiotherapy and its
feasibility for symptomatic palliation of advanced head and
neck cancer or head and neck metastases from any primary site.
Patients and Methods: A phase I trial in four dose-escalation
steps was planned: total dose ranged between 14 and 20 Gy in
a total of four fractions administered twice a day. The dose-
limiting toxicity (DLT) was determined as grade 3 or more
toxicity occurring during treatment. The MTD obtained was
used to plan a phase II trial. Results: A total of 48 patients were
treated. In the phase I trial, the 20 Gy dose level was
determined to be the MTD. In the phase II trial, the palliative
response rate was 82.7%, with a median duration of palliation
of 3 months. Conclusion: Short-course accelerated radiotherapy
was well tolerated and effective for palliation. These findings
may help design future prospective randomized studies.

Locally advanced or metastatic head and neck (H&N) cancer
may present a challenge to the clinician. This disease has an
impact on the patient’s quality of life (QoL) because of
symptoms such as pain, dysphagia, odynophagia, otalgia,
bleeding, cough, hoarseness, and respiratory distress (1). In
patients with multiple co-morbidities precluding curative
treatment, or for those with metastatic disease, palliative
radiotherapy (RT) is an effective therapeutic option for
reducing symptoms and improving QoL (2-4).

Ideally, palliative RT should be of short duration in order
to minimize patient discomfort and treatment cost. A short RT
course could also allow for early initiation of chemotherapy
for patients with distant metastases and potentially improve
survival for those patients. In addition, improvement of
patient symptoms with a short RT course may improve
patient QoL before their admission or referral to hospice care.

Hypo-fractionation has traditionally been delivered to
shorten a treatment course. A higher dose per fraction can be
effective in achieving a rapid biological effect with tumor
shrinkage and symptom relief (4). However, there is also a
higher risk for long-term complications if the tumor is close
to a radiosensitive structure. In patients with a short life
expectancy because of widespread metastases and poor
functional status, long-term complications may not be an
issue. Another effective method to shorten treatment time is
to deliver RT twice a day. The use of twice daily fractionation
reduces the risk of late effects by reducing the fraction size
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(5). This treatment strategy is effective for palliation of
pelvic, H&N tumors, and brain metastases (2, 6-15).

However, accelerated hypo-fractionated RT is not without
risk. Severe acute toxicity has been reported and may cause
inadvertent deterioration of patient QoL. In order to
minimize the prevalence of severe side-effects during
treatment, radiation dose escalation may be required in order
to establish the dose threshold for severe toxicity.

Thus, the aim of this prospective study was to assess the
feasibility of a short course of palliative RT for patients
with H&N cancer using escalating dose increments (dose
levels) to determine the maximum tolerated dose (MTD)
for severe toxicity. Once the MTD was determined, this
dose level was used in a subsequent phase II trial to
evaluate the feasibility of accelerated hypo-fractionated RT
for palliation of H&N cancer.

Patients and Methods 
Eligibility criteria. Patients referred to the Radiotherapy Unit of the
Catholic University of Sacred Heart in Campobasso (Italy), were
required to have histologically proven locally advanced H&N
cancer or H&N metastases from any primary site. They were
excluded from curative therapy because of disease stage, poor
performance status, and presence of several comorbidities. Other
selection criteria included age >18 years, Eastern Cooperative
Oncology Group (ECOG) performance status of 3 or less, and no
prior RT to the same region. Patients who received systemic therapy
were allowed to participate in the trial provided that the last date of
chemotherapy was at least 10 days before RT. Pretreatment
evaluation included a complete clinical history, physical
examination, complete blood count and H&N computed
tomographic (CT) scan. Informations on pain and other symptoms,
performance status (ECOG) and QoL were registered at baseline
and at each follow-up visit. Pain was measured with Visual Analog
self-assessment Scale (VAS) (16). Pain intensity and use of
analgesics were also recorded according to the International Atomic
Energy Agency (IAEA) scale (Pain and Drug scores) (17). The QoL
indices were evaluated using the cancer linear analog scales
(CLAS1, CLAS2 and CLAS3) which assess well-being, fatigue and
the ability to perform daily activities, respectively. This method is
based on a linear analog scale, as reported for pain evaluation. The
reliability and validity of these QoL indices were previously
demonstrated and reported (18). 

Study design. Phase I: A dose-escalation study was designed to
define the recommended phase II dose, also referred to as the
MTD of an accelerated hypo-fractionated course of RT for H&N
cancer palliation. The recommended phase II dose was defined as
the dose level below the highest delivered dose associated with
dose-limiting toxicity (DLT) in at least one-third of patients (19).
DLT was defined as any acute toxicity of grade 3 or more,
according to the Radiation Therapy Oncology Group (RTOG)
scale (20). A minimum of six patients were treated at each dose
level. If DLT was observed in fewer than two out of six patients
at a given dose level (providing that at least 3 months of follow-
up had passed since the sixth patient enrolled at the last dose level
completed RT), the trial proceeded to the next dose level. If DLT

occurred in two out of six patients at a given dose level, treatment
in up to six additional patients was required at this dose level. If
DLT occurred in more than two patients of the six-patient cohort,
dose escalation was stopped, and the dose level below that was
considered the recommended phase II dose. If DLT occurred in
four or more patients of the expanded 12-patient cohort, dose
escalation was stopped, and the next lower dose level below that
was considered the recommended phase II dose. If DLT occurred
in fewer than four patients of the expanded 12-patient cohort, the
trial proceeded to the next level. As an added precaution for
patient safety, we only planned for four dose levels as we were not
certain about the long-term effect of RT dose escalation on normal
tissue tolerance when the patient might also receive chemotherapy
for distant metastases. Among patients who did receive systemic
therapy, those who experienced a good response to the combined
treatment might have a longer life expectancy and might
experience unexpected complications.

Phase II: The sample size was calculated based on the two-stage
optimal design by Simon et al. (21). The design tested the null
hypothesis that the symptomatic response rate for this population
would improve from 10.0% without RT to 30.0% with RT, using
an α error of 0.05 and a β error of 0.2. Thus, the first step planned
to include 10 patients. Enrolment was to be stopped followed by
study closure if there was no response. However, in the case of
detection of at least one symptomatic response, the study would
enrol another 19 patients up to a total number of 29 patients. The
regimen would be considered inactive if five or fewer responses
out of 29 were recorded.

Treatment. All patients underwent CT scan simulation. Images
were taken in 5-mm increments over the region of interest. The
gross tumor volume (GTV) was defined as the primary tumor or
its metastatic site. The clinical target volume (CTV) was defined
as the GTV plus 1 cm margin. The planning target volume (PTV)
was the CTV with a margin of 1 cm in all directions. Three-
dimensional conformal RT (3D-CRT) was planned. There were
four dose levels of 14 Gy in 3.5 Gy fractions twice a day, 16 Gy
in 4 Gy twice a day, 18 Gy in 4.5 Gy twice a day, and 20 Gy in 5
Gy twice a day. Based on a α/β ratio of 3, the equivalent dose in
2 Gy fractions (EQD2) corresponding to these four dose levels
was 20.6, 24.1, 27.8 and 32.0 Gy, respectively (22). The dose was
specified according to the International Commission on Radiation
Units and Measurements Report 62 (23). Patients were treated on
two consecutive days with twice daily fractionation and an interval
of at least 8 hours between fractions to allow normal tissue repair.
During treatment planning and delivery, the medical and physics
staff performed two independent checks for quality assurance, as
previously reported (24). Setup reproducibility was checked before
any fraction using electronic portal imaging, as previously
described (25).

Follow-up evaluation. Fifteen days after RT, patients underwent the
first assessment. Thereafter, patients were followed-up every 2
months with blood count and physical examination. Acute and late
toxicities were evaluated with RTOG and the European Organisation
for Research and Treatment of Cancer (EORTC)-RTOG toxicity
scales, respectively (20). Data concerning symptom relief, pain,
drug score and QoL were annotated. Bleeding was considered to be
completely palliated if the patient required no further medication to
control the symptom. Complete pain relief was defined as a VAS
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score of 0. A reduction, but no complete resolution of symptom
severity, or a decrease in pain and drug score were considered to be
a partial response. In addition, information about QoL and
performance status was compared to those at baseline and graded
as improved, stable, or worse.

Results
Patients’ characteristics. This trial was registered as
NCT03196700 and all procedures were approved by the
local Ethics Committee and were in accordance with the
Helsinki Declaration (n. UCSC-CB-2009/31). All patients
provided written informed consent before study entry. A
total of 48 patients were enrolled in this trial. Patients
presented disease stage III-IV not amenable to curative
therapies due to poor performance status and multiple co-
morbidities. Twenty-five patients were enrolled in the phase
I study. The six patients enrolled at the fourth dose level
were also counted as patients enrolled in the phase II study.
Patient characteristics are summarized in Table I. Fifteen
and 33 patients had locally advanced and metastatic H&N
cancer, respectively. Primary sites and histopathology are
detailed in Table II, and the most frequent baseline
symptoms in Table III.

Phase I study. In order to assess acute toxicity properly,
patient accrual at every level continued until the sixth
enrolled patient had a minimum follow-up of 3 months after
RT. Acute toxicities for every cohort of the phase I study are
detailed in Table IV. Only 1 patient presented grade 3
mucosal toxicity (severe mucositis) at the fourth dose level.
Consequently, the dose level of 20 Gy was determined to be
the MTD. No other patients experienced greater than grade
2 acute toxicity. The treatment was also well tolerated when
administered between systemic therapy courses (14 patients,
56.0%). No patient died within 30 days of RT completion. 

Phase II study. In the first stage of the trial’s design, 10
patients were enrolled and treated with 20 Gy. Four patients
(40.0%) experienced complete symptom remission, five
patients (50.0%) had partial symptom remission, and there
was no change in one patient (10.0%). Thus, the palliative
response rate (complete plus partial symptom remission) in
the first stage was 90.0%. In the second stage, another 19
patients were enrolled to reach the total required number of
29. The overall palliative response rate (complete plus
partial symptom remission) for the whole group was 82.7%
(95% CI=65.0%-92.9%). Median duration of palliation was
3 months. Data regarding symptomatic response are
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Table I. Phase I-II study: patient characteristics (48 patients).

Characteristic                                                      Value

Age (years)                                                              
  Median                                                               79.5
  Range                                                                40-98
Gender, n (%)                                                          
  Male                                                               20 (41.7)
  Female                                                           28 (58.3)
ECOG PS, n (%)                                                     
  0                                                                     10 (20.8)
  1                                                                     13 (27.1)
  2                                                                     15 (31.3)
  3                                                                     10 (20.8)

ECOG PS: Eastern Cooperative Oncology Group performance status.

Table II. Phase I-II study: site of primary tumor and histopathology (48
patients).

Site                                               Histopathology                       n        %

Head and neck                    Squamous cell carcinoma             15     31.2
Skin                                                                                            13     27.1
                                             Spinocellular carcinoma                8     16.7
                                                        Melanoma                           4       8.3
                                              Basocellular carcinoma                 1       2.1
Ovary                                                                                           4       8.3
                                            Squamous cell carcinoma               2       4.1
                                           Transitional cell carcinoma             2       4.1
Breast                                                                                           3       6.2
                                                   Ductal carcinoma                     1       2.1
                                             Carcinoma (not defined)                2       4.1
Lung                                                                                             3       6.2
                                                   Adenocarcinoma                      1       2.1
                                           Squamocellular carcinoma              2       4.1
Thyroid                                    Papillary carcinoma                   1       2.1
Prostate                                       Adenocarcinoma                      1       2.1
Uterus                             Poorly differentiated carcinoma          1       2.1
Bladder                                Urothelial cell carcinoma               1       2.1
Kidney                                     Clear cell carcinoma                   1       2.1
Bowel                                         Adenocarcinoma                      1       2.1
Rectum                                       Adenocarcinoma                      1       2.1
Pancreas                                     Adenocarcinoma                      1       2.1
Soft tissue                                     Angiosarcoma                        1       2.1
Squamous cell 
of unknown primary                                                                  1       2.1

Table III. Phase I-II study: main baseline symptoms (48 patients).

Symptom                                             n                              %

Pain                                                     32                           66.6
Odynophagia                                        8                           16.7
Bleeding-pain                                       4                              8.3
Bleeding alone                                     2                              4.2
Dysphagia                                             2                              4.2



reported in Table V. The response rate for pain was 81.5%
(95% CI=62.8%-92.3%). The mean pre- and post-treatment
VAS was 4.7 and 2.2, respectively (p<0.001). For pain relief
alone or associated with other symptoms, nine out of 27
patients (33.3%) had complete symptom resolution
(VAS=0), 13 out of 27 (48.1%) had partial symptom
resolution (ΔVAS: median=50.0%, range=16.7%-66.0%),
four out of 27 (14.8%) had no change, and one out of 27
(3.7%) experienced increased pain (ΔVAS=33.3%). Fifty
percent of patients with dysphagia (alone or associated with
pain) reported complete symptom resolution, 25.0% had a
partial resolution, and 25.0% experienced no change.
Complete and partial bleeding resolution was observed in
16.7% and 83.3% of the patients respectively. At the first
follow-up, 44.8% of patients presented an improved ECOG
performance status, 41.4% were stable, and 13.8%
experienced deterioration. Overall, most patients (93.1%)
were able to classify the different aspects of QoL. An
improvement of CLAS1, CLAS2 and CLAS3 indices was
noted in 22.2%, 18.5%, and 22.2% of patients, while a
stability of their values was recorded in 40.7%, 33.3%, and
29.6%, respectively.

Late toxicity. At a median follow-up time of 4 months
(range=1-16 months), only one patient (2.1%) experienced
grade 3 late skin toxicity (marked atrophy and telangiectasia)
at 20 Gy. Another patient (2.1%) developed late grade 2 skin
toxicity (patch atrophy and moderate telangiectasia) at 20
Gy. Only five patients (10.4%) had grade 1 late skin toxicity
(slight atrophy and pigmentation change) at 18 Gy (n=1),
and 20 Gy (n=4) respectively.

Discussion

To our knowledge, this is the first radiation dose-escalation
study to determine the MTD for effective palliation of H&N
cancer. The results of our study have significant implications
as this approach may also reduce treatment cost, which is
also a limiting factor in developed countries (26, 27). 

We demonstrated that an accelerated hypo-fractionated RT
of 20 Gy effectively reduced pain, bleeding and dysphagia,
and improved QoL in patients with H&N cancer with a short
life expectancy because of metastatic disease or poor
performance status. Our response rate of 82.7% was among
the best in the literature. Our regimen was also very well
tolerated, with minimum grade 3 toxicity. We did not
increase the dose beyond 20 Gy because of the concern
regarding long-term toxicity as a significant percentage of
the patients also received chemotherapy. Those who
responded to chemotherapy may be long-term survivors and
develop long-term complications.
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Table IV. Phase I study: acute toxicity.

Dose level                                                                           1                                         2                                              3                                          4
                                                                                      (14 Gy)                              (16 Gy)                                   (18 Gy)                               (20 Gy)

                                                                               No.                  %                 No.                 %                   No.                   %                  No.               %

Enrolled patients                                                     7                100                   6                100                      6                 100                     6             100

Acute toxicity                                Grade                                                                                                                                                                           
Skin                                                    1                   1                  14.3                2                  33.3                   1                   16.7                  2               33.3
                                                           2                   2                  28.6                1                  16.7                   0                     0.0                  0                 0.0
Mucosae                                             1                   2                  28.6                1                  16.7                   0                     0.0                  1               16.7
                                                           2                   0                    0.0                1                  16.7                   1                   16.7                  1               16.7
                                                           3                   0                    0.0                0                    0.0                   0                     0.0                  1               16.7
Pharynx                                              1                   2                  28.6                0                    0.0                   0                     0.0                  1               16.7
                                                           2                   0                    0.0                0                    0.0                   3                   50.0                  2               33.3
Eye                                                     2                   1                  14.3                0                    0.0                   0                     0.0                  0                 0.0

Patients experiencing DLT                                     0                    0.0                0                    0.0                   0                     0.0                  1               16.7

DLT: Dose-limiting toxicity.

Table V. Phase II study: symptomatic response. 

Response                                           No.                            %

Partial symptom remission               16                           55.2
Complete symptom remission             8                           27.6
No change                                            4                           13.8
Progression of symptoms                    1                              3.4



The data in our study compared favorably with other RT
regimens frequently used for palliation of H&N cancer.
Mohanti et al. reported up to 59.0% palliation of symptoms
in 505 patients with stage IV H&N cancer treated with a
hypo-fractionated course of 20 Gy in five fractions over 1
week (28). A similar regimen to a higher dose (median 30
Gy) provided up to 79.0% response rate in patients with
H&N cancer undergoing palliative RT (29). However,
despite effective palliation, such a prolonged treatment
course is time consuming and inconvenient for the patients
if they were to receive hospice care. Thus, a shorter course
of RT may be more cost effective and may reduce patient
need for transportation if it provides equal palliation.

An accelerated course of twice a day over two consecutive
days (‘2×2’, also known as Quad Shot) has been reported to
achieve a good response in patients with H&N cancer
undergoing RT for symptom palliation. The Quad Shot
technique was proposed initially by the MD Anderson
Cancer Center and was adopted later by the RTOG for
palliation of gynecological malignancies. The protocol was
then applied for palliation of H&N cancer (2, 8-14). In those
studies, the doses per cycle ranged from 14 to 14.8 Gy,
delivered in four fractions (twice a day for 2 consecutive
days). Several techniques of RT ranging from intensity-
modulated radiation therapy (IMRT), 3D-CRT, and 60Co
teletherapy were employed for palliation (2, 8-14). The Quad
Shot regimen achieved a good response and adequate
survival rates with acceptable acute toxicity. However,
although those studies tested the 2×2 regimen in this setting,
our study was the first to systematically assess the MTD. 

Lok et al. reported a 65.0% response rate in patients with
75 H&N cancer treated by IMRT with the Quad Shot regimen
to a total dose of 44.4 Gy in three cycles of 3.7 Gy twice a
day on two consecutive days. Only 37.0% of the patients
completed three cycles. The treatment was well tolerated with
5.0% grade 3 toxicity (13). Given the fact that IMRT may not
be available in emerging countries, our treatment protocol
represents a safe and effective method of palliation for
patients with H&N cancer. Moreover, our fractionation also
allows the early initiation of systemic therapy, which remains
the main treatment for patients with distant metastases. For
example, 56.0% of the patients in our study received systemic
therapy with no major advents related to therapies. In patients
who required chemotherapy as part of their treatment
protocol, early initiation of chemotherapy is associated with
better survival compared to delayed chemotherapy (30). Thus,
our treatment protocol may serve as a template for future
prospective studies combining chemotherapy and RT for
patients with metastatic H&N cancer.

In conclusion, the results of this trial demonstrated that
our protocol is safe, effective in terms of response, and may
possibly improve survival due to allowing early initiation of
chemotherapy in patients with distant metastases of H&N

cancer. Based on the results of this study, a multicenter phase
III trial has been planned to compare this scheme with a
traditional palliative regimen of 30 Gy in 10 fractions.
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