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Abstract
The main clinical goal for patients with advanced or metastatic thoracic cancer is palliation of tumor-related symptoms 
and improvement of quality of life. The aim of this phase I–II trial was to define the maximum tolerated dose (MTD) of a 
short-course of palliative radiotherapy (RT) and to evaluate its efficacy in terms of palliative response. A phase I trial was 
planned with escalating dose increments. Total doses ranged from 16 to 20 Gy delivered (BID) in two consecutive days. Dose 
limiting toxicity was defined as any acute grade ≥ 3 toxicity based on the RTOG scale. MTD was used in the phase II trial 
to evaluate the efficacy of this regimen using a two stage Simon’s design. Fifty-four patients were enrolled. The upper dose 
level of 20 Gy was defined as the MTD. In patients treated with this dose, the overall palliative response rate was 96.5% (CI 
0.95: 81.3–99.9%). Complete pain relief rate was 50.0%. Median survival without symptomatic progression was 3 months. 
The tested short course accelerated regimen was well tolerated and effective in the palliative setting of metastatic or locally 
advanced chest cancer. A phase III trial is ongoing to validate this RT schedule.
Trial registration: NCT03465553.
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Abbreviations
CTV  Clinical target volume
CT  Computed tomography
DLT  Dose limiting toxicity
DVH  Dose-volume histograms
GTV  Gross tumor volume
MTD  Maximum tolerated dose
NSCLC  Non-small cell lung cancer
OaR  Organs at risk
PTV  Planning target volume
QoL  Quality of life
RT  Radiotherapy
SHARON  SHort course Accelerated RadiatiON therapy
VAS  Visual Analogue self-assessment Scale

Introduction

Lung cancer is the leading cause of cancer-related death 
globally, accounting for about 19.4% of all malignancies [1]. 
Moreover, the lung is a frequent site of hematogenous metas-
tases. Palliative chest radiotherapy (RT) plays a significant 
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role in patients with advanced or metastatic lung cancers. 
In fact, in patients not amenable to curative treatments, the 
main clinical goal is to relieve tumor-related symptoms such 
as cough, hemoptysis, chest pain, dyspnea, and mediastinal 
syndrome [2, 3]. In this setting, the optimal RT fractionation 
regimen has not yet been established [4].

In palliative RT, the use of regimens lasting a few days 
is considered very useful. The reasons for preferring short 
treatments are several: (1) the short life expectancy, (2) the 
need for systemic treatments which could be delayed or 
interrupted in case of prolonged RT, (3) the need for hos-
pitalization to undergo RT for patients with worse physical 
conditions, and therefore the usefulness of minimizing the 
duration of stay outside their home, (4) the frequent need 
for admission to Hospice which would be delayed in case of 
prolonged treatments.

Furthermore, a short palliative treatment is particularly 
useful for patients who live far from RT centers. These 
patients have to face uncomfortable daily shifts or must 
temporarily relocate to stay nearer to the RT center. These 
problems produce obvious physical, psychological, and eco-
nomic discomfort.

For these reasons, in our center we tested a regimen of 
accelerated RT (BID, in two consecutive days of treatment) 
in different settings [5–9]. All these trials are part of a pro-
ject aimed at the optimization of palliative RT (SHARON: 
SHort course Accelerated RadiatiON therapy). In the design 
of these studies, we considered that the reduction in treat-
ment duration is potentially related to a higher incidence of 
acute toxicity. Therefore, in the different clinical situations, 
the experimentation began with phase I trials aimed at maxi-
mum tolerated dose (MTD) definition [6, 7, 9]. Once MTD 
was established, phase II studies were performed to evaluate 
the symptomatic response [5, 6, 8, 9].

Therefore, the aim of this analysis is to present the results 
of the phase I and the phase II trials performed in the setting 
of advanced chest neoplasms.

Materials and methods

Eligibility

Patients with histologically proven advanced lung cancer 
(non-small cell lung cancer—NSCLC and small cell lung 
cancer) not amenable for curative treatments, or with radio-
logically proven metastases in the chest from any primary 
site were enrolled in the study. Inclusion criteria were the 
following: age ≥ 18 years, performance status ≤ 3 (ECOG 
scale), no prior RT to the same site, and exclusion from 
curative therapy due to disease stage and/or multiple comor-
bidities and/or poor performance status. Systemic therapies 
were allowed only with ≥ 10 days interval from RT.

Patients evaluation

Clinical history, physical examination, complete blood test, 
chest computed tomography (CT) scan, data about symp-
toms, performance status, and quality of life (QoL) were 
recorded at baseline and at each follow-up visit. A Visual 
Analogue self-assessment Scale (VAS) was used to score 
pain [10]. Pain intensity and the use of analgesics were also 
scored according to the International Atomic Energy Agency 
scale (pain and drug scores) [11]. QoL was evaluated with 
the CLAS visual analogue scales [12].

Study design

Phase I trial

A dose-escalation study was performed to establish the 
MTD. Once reached, the MTD was subsequently used in 
the phase II trial to evaluate the symptomatic response. The 
MTD was defined as the dose level below the highest deliv-
ered dose associated with dose limiting toxicity (DLT) in 
at least one-third of patients. A DLT was considered as any 
grade ≥ 3 acute toxicity based on the RTOG scale [13]. A 
minimum of six patients, observed almost 3 months after 
RT to allow a complete evaluation of acute toxicity, were 
enrolled at each dose level. If DLT was observed in < 2/6 
patients at a given dose level (provided that at least 3 months 
of follow-up had passed since the sixth patient enrolled at 
the last dose level completed the RT), the trial proceeded to 
the next dose level. If DLT occurred in 2/6 patients at a given 
dose level, treatment of six additional patients was required 
at the same dose level. If DLT occurred in > 2/6 patients, 
dose escalation was stopped and the dose level below that 
was considered as the recommended phase II dose. If DLT 
occurred in ≥ 4 patients of an 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 < 4 patients of an expanded 12-patient 
cohort the trial proceeded to the next level.

Phase II trial

Data on treatment efficacy were analyzed in phase II of the 
trial with the sample size calculated based on the Optimal 
Simon’s two-stage design [14]. This statistic design verified 
the null hypothesis that the symptomatic response rate would 
improve from 10.0 to 30.0% without and with RT, respec-
tively, with an α and β error of 0.05 and 0.2, respectively. 
Based on this design, the enrolment of ten patients was 
planned in the first stage of the trial. In case of ≤ 1 sympto-
matic response recorded in the first ten patients, the closure 
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of the study was planned, and the treatment evaluated in the 
trial would have been considered ineffective. In case of at 
least two symptomatic responses were recorded in the first 
10 patients, the continuation of the study was planned with 
the inclusion of an additional 19 patients. In this second 
scenario the treatment would have been considered ineffec-
tive in case of ≤ 5/29 symptomatic responses. Based on this 
study design, in the case of a true response probability of 
10%, the expected sample size and the probability of early 
termination of the trial were 15.0 and 0.74, respectively.

End‑points

The primary end-point was to establish the MTD in the 
phase I trial, while in the phase II trial the primary end-point 
was the symptomatic response. Secondary end-points were 
the evaluation of treatment impact on QoL and duration of 
symptomatic relief.

Planning

All patients underwent a pre-treatment CT-scan simulation 
and treatment in supine position with their arms over the 
head. Planning CT slices for each patient were obtained at 
5-mm intervals. The gross tumor volume (GTV) was defined 
as the primary tumor or as the metastatic site visible on the 
CT scans. The clinical target volume (CTV) was defined 
as the GTV with an expansion of 1 cm in all directions. 
The planning target volume (PTV) included the CTV plus 
1-cm expansion in radial direction and 1.5 cm in cranial-
caudal direction. The following organs at risk (OaRs) were 
also delineated: spinal cord, heart, and oesophagus. RT was 
planned and delivered with three-dimensional conformal 
technique. Dose prescription and specification were done 
according to the ICRU Report 62 [15]. The dose distribution 
was analyzed with the dose-volume histograms (DVH) to 
ensure maximum target coverage and optimal OaRs sparing.

Treatment

RT was delivered using an Elekta Precise Linac (Elekta, 
Crawley, UK) equipped with standard multi leaf collimators 
(MLC). Three total dose levels were planned in the phase 
I trial: 16 Gy, 18 Gy, and 20 Gy in 4 Gy, 4.5 Gy, and 5 Gy 
per fraction (BID for two consecutive days), respectively. 
According to the linear-quadratic model and using an α/β 
ratio = 3 for late toxicity, the equivalent dose in 2 Gy frac-
tions corresponded to 24.1 Gy, 27.8 Gy, and 32.0 Gy, respec-
tively [16]. The two daily fractions were separated by an 8 h 
interval to allow normal tissue repair. Treatment planning 
was verified through a quality assurance procedure based 
on several independent checks and before each fraction a 

set-up verification was performed using an electronic portal 
imaging device as previously described [17, 18].

Follow‑up

Follow-up assessment included an update on the patients’ 
anamnesis, physical examination, and full blood panel at 2 
weeks and then every 2 months after RT. Data about RT-
induced toxicities, symptomatic response, performance 
status, and QoL were recorded and scored. RTOG and 
EORTC–RTOG scales were used to evaluate acute and late 
toxicities, respectively [16]. A VAS score of 0 was consid-
ered as complete pain resolution while a reduction of pain 
severity or drug score were considered as partial response. 
In addition, the reduction of other symptoms and/or of the 
related medications was considered as partial response, 
while the disappearance of the symptom and the interrup-
tion of the related medications was considered as a complete 
response.

Statistical analysis

The IBM SPSS Statistic version 20 software package was 
used for statistical analysis. Categorical variables were 
evaluated using absolute and relative frequencies while 
continuous variables were reported as median and range. 
Symptomatic response was calculated from the date of RT 
completion until the date of symptoms recurrence or pro-
gression using the Kaplan–Meier method [19].

Ethical issues

All patients signed an informed written consent before enrol-
ment in the trial. The study was approved by the institutional 
review board and was performed according to the Interna-
tional Conference on Harmonization—Good Clinical Prac-
tice (ICH-GCP). The trial was registered in an international 
public registry (ClinicalTrials.gov: NCT03465553).

Results

Patient characteristics

A total of 54 patients were enrolled in this trial (phase I: 25 
patients; phase II: 29 patients). Figures 1 and 2 illustrate 
the Consolidated Standards of Reporting Trials diagrams 
of phase I and phase II trials, respectively. Patients charac-
teristics are shown in Table 1. 34 (63.0%) and 20 (37.0%) 
patients had locally advanced lung cancer and metastases 
in the lungs, respectively. The overall primary sites were: 
lung (63.0%), uterus (9.3%), colon (7.4%), rectum (5.5%), 
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breast (5.5%), esophagus (1.9%), thyroid (1.9%), larynx 
(1.9%), skin (1.9%), and unknown primary (1.9%). His-
topathology of the primary tumors is detailed in Table 2. 
The index symptoms (i.e., the symptom considered the 
main indication for palliative RT) were dyspnea (40.7%), 
chest pain (33.3%), hemoptysis (7.4%), mediastinal syn-
drome (5.6%), dysphagia (11.1%), and cough (1.9%).

Phase I: definition of the MTD

At each dose level were enrolled at least six patients with 
3 months of follow-up after RT to completely assess acute 
toxicity. Table 3 shows the acute toxicities recorded at 
each dose level. One patient with severe dyspnea and poor 
general clinical conditions experienced acute grade 5 lung 
toxicity at 1st dose level (16 Gy) and died 3 weeks after 

Fig. 1  Consolidated Standards 
of Reporting Trials diagram of 
the phase I trial

Refused to participate (n = 2) 

Phase I 
Patients evaluated 

(n = 31) 

Did not meet the inclusion criteria (n = 4): 
due to ECOG score: 4 (n = 3), 

due to previous thoracic radiotherapy (n = 1) 

Eligible  
(n = 27) 

Enrolled and analysed 
(n = 25) 

Fig. 2  Consolidated Standards 
of Reporting Trials diagram of 
the phase II trial

Refused to participate (n = 1) 

Phase II 
Patients evaluated 

(n = 31) 

Did not meet the inclusion criteria (n = 1): 
due to ECOG score: 4 (n = 1) 

Eligible  
(n = 30) 

Enrolled and analysed 
(n = 29) 
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RT. Given the severity of this event, it was decided to 
double the cohort at the first dose level up to a total of 
12 patients although the study design required an expan-
sion of the cohorts only in the case of 2/6 DLT. No other 
patient showed DLT (grade ≥ 3 acute toxicity) and the 
20 Gy dose level was established as the MTD. Treatment 
was also well tolerated by 17 patients (68.0%) undergoing 
systemic therapies.

Phase II: symptomatic response

Based on the Simon design, ten patients were initially 
enrolled and treated with a total RT dose of 20  Gy. A 
symptomatic partial response was recorded in nine patients 
(90.0%) and no symptomatic change in one patient (10.0%).

In the 2nd stage, 19 patients were enrolled to achieve a 
total number of 29 patients treated at 20 Gy dose level. Over-
all symptomatic response rate in the two stages was 96.5% 
(CI 0.95: 81.3–99.9%) with a median duration of 3 months 
(range 1–10 months) (Table 4). 12 out of 29 patients (41.4%) 
presented chest pain before RT. The overall pain response 
rate (complete plus partial) was 100% (CI 0.95: 78.4–100%). 
These patients showed a mean VAS value before and after 
RT of 5.9 and 2.0 (p < 0.001), respectively. More specifi-
cally, six patients (50.0%) had complete pain resolution 
(VAS = 0), and 6 (50.0%) a partial pain relief with a median 
Δ VAS of 3.7 (range 2.5–6.0). Moreover, 20% of patients 
with dyspnea reported complete symptom resolution, 70.0% 
partial response, and 10.0% experienced no change. All 
patients with dysphagia and hemoptysis showed partial and 
complete symptomatic resolution, respectively. One patient 
with cough experienced symptom reduction.

Phase II: performance status and QoL assessment

At the first follow-up visit, 48.3%, 41.4%, and 10.3% of 
patients showed improved, stable, or worse ECOG perfor-
mance status, respectively. Considering the QoL evaluation, 
improvement in overall wellbeing, fatigue, and ability to per-
form daily activities were reported by 62.0%, 48.3%, and 
55.2% of patients, respectively.

Follow‑up

Considering all the 54 patients (phase I–II), with a median 
follow-up of 5 months (range 1–36 months), 35 patients 
(64.8%) died due to disease progression. No case of late 
toxicity was observed due to short follow-up and poor life 
expectancy. Moreover, 12 patients out of 54 (22.2%) who 
experienced persistent or recurrent symptoms (pain in 58.3% 
of cases) underwent a second RT cycle with the same regi-
men (16–20 Gy, BID, in two consecutive days). Median 
retreatment interval was 4 months (range 1–4 months) from 
the end of the 1st cycle. Symptomatic response rate was 
83.3% without patients experiencing grade ≥ 3 acute toxicity.

Discussion

To the best of our knowledge, this is the only trial prospec-
tively evaluating MTD and symptomatic response in the 
palliative RT of advanced or metastatic cancer to the chest. 

Table 1  Phase I–II study: 
patients characteristics

Number of 
patients

%

Patients 54 100
Age (years)
 Median 69.5
 Range 44–93

Gender
 Male 41 75.9
 Female 13 24.1

ECOG
 0 2 3.7
 1 17 31.5
 2 30 55.5
 3 5 9.3

Table 2  Phase I–II study: site of primary tumor and histopathology

Number of 
patients

%

Patients 54 100
 Lung 34 63.0
  Squamous cell carcinoma 23 42.6
  Adenocarcinoma 11 20.4

 Uterus 5 9.3
  Adenocarcinoma 4 7.4
  Squamous cell carcinoma 1 1.9

 Colon 4 7.4
  Adenocarcinoma 4 7.4

 Rectum 3 5.5
  Adenocarcinoma 3 5.5

 Breast 3 5.5
  Invasive ductal carcinoma 3 5.5

 Esophagus 1 1.9
  Squamous cell carcinoma 1 1.9

 Larynx 1 1.9
  Squamous cell carcinoma 1 1.9

 Skin 1 1.9
  Squamous cell carcinoma 1 1.9

 Thyroid 1 1.9
  Papillary carcinoma 1 1.9

 Adenocarcinoma of unknown primary 1 1.9
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In this phase I–II study, an accelerated hypo-fractionated 
regimen of 20 Gy in four fractions in two consecutive days, 
twice a day, was tested. The MTD was defined as 20 Gy and 
the overall symptomatic response rate was 96.5% hence sup-
porting the use of short RT courses in this setting.

Only one case of severe toxicity was recorded. The 
patient was treated at the 1st dose-level (16 Gy), experi-
enced acute grade 5 lung toxicity and died 3 weeks after RT. 
This patient had poor performance status (ECOG: 3) and 
worsening dyspnea before RT. He was treated on a periph-
eral and small lung lesion due to severe pain produced by 
ribs involvement. The irradiated lung volume was minimal 
based on DVH  (V20Gy: 6%,  V5Gy: 17%). Based on the short 
interval from RT to death, we prudentially considered it as 
an adverse event and consequently we enrolled six extra 
patients in the 1st patients’ cohort. However, considering 
the small lung volume that was irradiated and the excellent 
tolerance recorded with higher doses (18 and 20 Gy), we can 
reasonably hypothesize that this event was not correlated 
with the RT schedule.

We initially highlighted some advantages of this regimen 
for the patients and particularly less discomfort due to the 
short treatment duration. Among the other advantages of 
this treatment, we can underline the lower costs due to lower 
number of delivered RT fractions and the positive impact on 
RT waiting lists. These issues could be particularly useful in 
low resourced settings.

Nowadays, in the palliation of chest cancer and particu-
larly of advanced lung tumor, there is no clear consensus 
about standard RT dose and fractionation. In fact, several 
fractionation schedules have been investigated and compared 
but without a clear advantage of a specific treatment proto-
col. In the ASTRO guidelines published in 2011, after an 
extensive literature review, the authors stated that higher 
dose/fractionation schedules (e.g. 30 Gy in ten fractions) 
are associated with a modest (5%) improvement of 1-year 
survival but also with higher rates of toxicity [20]. They 
concluded that the ideal fractionation schedule to optimize 
the therapeutic ratio is still unclear.

In this scenario, our regimen may represent a compromise 
among standard or high dose schemes (30 Gy in 10 frac-
tions, 39–45 Gy in 12–15 fractions) and shorter schemes 
(10 Gy in 1 fraction, 16–17 Gy in 2 weekly fractions, 20 Gy 
in 5 fraction). The use of a very accelerated treatment is 
theoretically associated with an improved RT efficacy due 
to the inverse correlation between treatment time and tumor 
control probability.

This hypothesis seems to be confirmed while comparing 
our results with the ones of the randomized study published 
by Senkus-Konefka et al. [21]. The authors compared two 
treatment arms, in one of which the same total dose of our 
study was prescribed (20 Gy) but in five daily fractions. 
They reported the response rates for dyspnea (54%), dys-
phagia (67%), hemoptysis (80%), and chest pain (83%). Our 

Table 3  Phase I study, acute 
toxicity

DLT dose limiting toxicity

Dose level Grade 1st (16 Gy) 2nd (18 Gy) 3rd (20 Gy)

No. % No. % No. %

Enrolled patients 12 100 7 100 6 100
Acute toxicity
 Lung 1 1 8.3 0 0.0 0 0.0

2 1 8.3 0 0.0 0 0.0
3 0 0.0 0 0.0 0 0.0
4 0 0.0 0 0.0 0 0.0
5 1 8.3 0 0.0 0 0.0

 Upper gastrointestinal 1 1 8.3 0 0.0 0 0.0
 Esophagus 1 0 0.0 0 0.0 3 50.0
 Skin 1 2 16.6 0 0.0 0 0.0

Patients experiencing DLT 1 8.3 0 0.0 0 0.0

Table 4  Phase II study: 
symptomatic response

Response Dyspnea
No. (%)

Chest pain
No. (%)

Dysphagia
No. (%)

Haemoptysis
No. (%)

Cough
No. (%)

Complete symptoms remission 2 (20.0) 6 (50.0) 0 (0.0) 2 (100.0) 0 (0.0)
Partial symptoms remission 7 (70.0) 6 (50.0) 4 (100.0) 0 (0.0) 1 (100.0)
No changes 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Progression of symptoms 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
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rates were constantly higher being 90% for dyspnea, and 
100% for dysphagia, hemoptysis, and chest pain. However, 
it should be noted that all patients enrolled in that study 
had NSCLC while in our trial also other primary neoplasms 
were included.

Main limitations of our study are lack of QoL evalua-
tion with specific scales for chest/lung tumors, and lack of 
Patients Reported Outcome measures reporting. We also 
need to admit that this type of treatment may not be suit-
able for all settings and in all departments. For example, for 
a frail patient, waiting for 8 h in the RT center can be tir-
ing unless the treatment is carried out on an inpatient basis. 
Moreover, for centers where the activity takes place in a 
single shift of 6–8 h, this type of therapy is obviously not 
feasible.

The results of this phase I–II trial show that the SHA-
RON regimen is effective in achieving high symptomatic 
control rates with acceptable incidence of toxicity in patients 
with locally advanced primary neoplasm or metastases in 
the chest. In our opinion, it can be used in daily clinical 
practice especially in patients for whom a more prolonged 
treatment is problematic. From the scientific point of view, 
the results of this trial justify a direct comparison of our 
regimen with a “traditional” palliative treatment. Therefore, 
a multicenter randomized trial is ongoing to compare the 
SHARON schedule with the traditional 30 Gy delivered in 
ten fractions (NCT03465553).

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interests.

Ethical approval The study was approved by our institutional Ethics 
Committee in accordance with the Helsinki Declaration. All patients 
provided written informed consent before study entry.

References

 1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers 
C et al (2013) GLOBOCAN 2012 v1.0, Cancer incidence and 
mortality worldwide: IARC cancer base no. 11 [Internet]. Inter-
national Agency for Research on Cancer, Lyon. http://globo can.
iarc.fr. Accessed 26 July 2018

 2. Polanski J, Jankowska-Polanska B, Rosinczuk J, Chabowski M, 
Szymanska-Chabowska A (2016) Quality of life of patients with 
lung cancer. OncoTargets Ther 9:1023–1028

 3. Gift AG, Stommel M, Jablonski A, Given W (2003) A cluster 
of symptoms over time in patients with lung cancer. Nurs Res 
52:393–400

 4. Fairchild A, Goh P, Sinclair E, Barnes EA, Ghosh S, Danjoux C, 
Barbera L, Tsao M, Chow E (2008) Has the pattern of practice 
in the prescription of radiotherapy for the palliation of thoracic 
symptoms changed between 1999 and 2006 at the rapid response 
radiotherapy program? Int J Radiat Oncol Biol Phys 70:693–700

 5. Farina E, Capuccini J, Macchia G, Caravatta L, Nguyen NP, 
Cammelli S, Zanirato Rambaldi G, Cilla S, Wondemagegnhu 
T, Uddin AFMK, Sumon MA, Genovesi D, Buwenge M, Cellini 
F, Valentini V, Deodato F, Morganti AG (2018) Short course 
accelerated radiation therapy (SHARON) in palliative treatment 
of advanced solid cancer in older patients: a pooled analysis. J 
Geriatr Oncol. https ://doi.org/10.1016/j.jgo.2018.01.004

 6. Farina E, Capuccini J, Macchia G, Caravatta L, Nguyen NP, 
Cammelli S, Farioli A, Rambaldi GZ, Cilla S, Wondemagegnhu 
T, Uddin AFMK, Sumon MA, Genovesi D, Buwenge M, Cellini 
F, Valentini V, Deodato F, Morganti AG (2018) Phase I-II Study 
of Short-course Accelerated Radiotherapy (SHARON) for pal-
liation in head and neck cancer. Anticancer Res 38:2409–2414

 7. Caravatta L, Padula GDA, Macchia G, Ferrandina G, Bonomo 
P, Deodato F, Massaccesi M, Mignogna S, Tambaro R, Rossi M, 
Flocco M, Scapati A, Scambia G, Pacelli F, Valentini V, Cellini 
N, Morganti AG (2012) SHort course Accelerated RadiatiON 
therapy (SHARON) in palliative treatment of advanced pelvic 
malignancies: a phase I study. Int J Radiat Oncol Biol Phys 
83:e627–e631

 8. Caravatta L, Deodato F, Ferro M, Macchia G, Massaccesi M, Cilla 
S, Tambaro R, Mignogna S, Padula GD, Musacchio M, Flocco M, 
Cantore G, Scapati A, Bogale S, Balducci M, Valentini V, Cel-
lini N, Morganti AG (2015) Results of a phase II study of Short-
course Accelerated Radiation Therapy (SHARON) for multiple 
brain metastases. Am J Clin Oncol 38:395–400

 9. Capuccini J, Macchia G, Farina E, Buwenge M, Genovesi D, 
Caravatta L, Nguyen NP, Cammelli S, Cilla S, Wondemagegnhu 
T, Uddin AFMK, Sumon MA, Cellini F, Valentini V, Deodato F, 
Morganti AG (2018) Short-course regimen of palliative radio-
therapy in complicated bone metastases: a phase I-II study (SHA-
RON project). Clin Exp Metastasis. https ://doi.org/10.1007/s1058 
5-018-9931-9

 10. Melzack R (1975) The McGill Pain Questionnaire: major proper-
ties and scoring methods. Pain 1:277–299

 11. Salazar OM, Sandhu T, da Motta NW, Escutia MA, Lanzós-Gon-
zales E, Mouelle-Sone A, Moscol A, Zaharia M, Zaman S (2001) 
Fractionated half-body irradiation (HBI) for the rapid palliation of 
widespread, symptomatic, metastatic bone disease: a randomized 
Phase III trial of the International Atomic Energy Agency (IAEA). 
Int J Radiat Oncol Biol Phys 50:765–775

 12. Sutherland HJ, Walker P, Til JE (1988) The development of a 
method for determining oncology patients’ emotional distress 
using linear analogue scales. Cancer Nurs 11:303–308

 13. Cox JD, Stetz J, Pajak TF (1995) Toxicity criteria of the Radiation 
Therapy Oncology Group (RTOG) and the European Organiza-
tion for Research and Treatment of Cancer (EORTC). Int J Radiat 
Oncol Biol Phys 31:1341–1346

 14. Simon R, Wittes RE, Ellenberg SS (1985) Randomized phase II 
clinical trials. Cancer Treat Rep 69:1375–1381

 15. Morgan-Fletcher SL (1999) Prescribing, recording and reporting 
photon beam therapy (Supplement to ICRU Report 50), ICRU 
Report 62. ICRU, pp ix + 52, 1999 (ICRU Bethesda, MD) $65.00 
ISBN 0-91339

 16. Fowler FF (1992) Brief summary of radiobiological principles in 
fractionated radiotherapy. Semin Radiat Oncol 2:16–21

 17. Morganti AG, Deodato F, Zizzari S, Cilla S, Digesù C, Macchia 
G, Panunzi S, De Gaetano A, Piermattei A, Cellini N, Valentini 
V (2008) Complexity index (COMIX) and not type of treatment 
predicts undetected errors in radiotherapy planning and delivery. 
Radiother Oncol 89:320–329

 18. Deodato F, Cilla S, Massaccesi M, Macchia G, Ippolito E, Cara-
vatta L, Picardi V, Romanella M, Di Falco C, Bartollino A, Valen-
tini V, Cellini N, De Spirito M, Piermattei A, Morganti AG (2012) 
Daily on-line set-up correction in 3D-conformal radiotherapy: is 
it feasible? Tumori 98:441–444

http://globocan.iarc.fr
http://globocan.iarc.fr
https://doi.org/10.1016/j.jgo.2018.01.004
https://doi.org/10.1007/s10585-018-9931-9
https://doi.org/10.1007/s10585-018-9931-9


746 Clinical & Experimental Metastasis (2018) 35:739–746

1 3

 19. Kaplan EL, Meier P (1958) Nonparametric estimation from 
incomplete observations. J Am Stat Assoc 53:457–481

 20. Rodrigues G, Videtic GM, Sur R, Bezjak A, Bradley J, Hahn 
CA, Langer C, Miller KL, Moeller BJ, Rosenzweig K, Movsas B 
(2011) Palliative thoracic radiotherapy in lung cancer: an Ameri-
can Society for Radiation Oncology evidence-based clinical prac-
tice guideline. Pract Radiat Oncol 1:60–71

 21. Senkus-Konefka E, Dziadziuszko R, Bednaruk-Młyński E, Pliszka 
A, Kubrak J, Lewandowska A, Małachowski K, Wierzchowski M, 
Matecka-Nowak M, Jassem J (2005) A prospective, randomised 
study to compare two palliative radiotherapy schedules for non-
small-cell lung cancer (NSCLC). Br J Cancer 92:1038–1045


	Radiotherapy in palliation of thoracic tumors: a phase I–II study (SHARON project)
	Abstract
	Introduction
	Materials and methods
	Eligibility
	Patients evaluation
	Study design
	Phase I trial
	Phase II trial

	End-points
	Planning
	Treatment
	Follow-up
	Statistical analysis
	Ethical issues

	Results
	Patient characteristics
	Phase I: definition of the MTD
	Phase II: symptomatic response
	Phase II: performance status and QoL assessment
	Follow-up

	Discussion
	References


